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PREFACE

This handbook was developed and first printed in 1970 as one of a series of
three handbooks for persons preparing for -mechanic certification with airframe or
powerplant ratings, or both. It is intended that this handbook will provide basic
information on principles, fundamentals, and technical procedures in the subject
maiter areas common to both the airframe and powerplant ratings, Emphasis in this
volume is on theory and methods of application.

The handbook is designed to aid students enrolled in a formal course of instrue-
tion as well as the individual who is studying on his own. Since the knowledge
requirements for the airframe and powerplant ratings closely parallel each other in
some subject areas, the chapters which discuss fire protection systems and electrical
systems contain some material which is also duplicated in the Airframe and Power-
plant Mechanics Powerplant Handbook, AC 65-12A, and the Airframe and Power-
plant Mechanics Airframe Handbook, AC 65-15A.

This volume eontains information on aircraft drawings, weight and balance, air-
craft materials and processes, physics, electricity, Inspection, ground support, and
toals, Knowledge gained from the study of this handbook is essential before pro-
ceeding in a course of study in either the airframe or powerplant handbooks.

Because there are so many different types of airframes and powerplants in use
today, it is reasonable to expect that differences exist in the components and systems
of each. To avoid undue repetition, the practice of using representative systems and
units is carried out throughout the handbook. Subject matter treaiment is from a
generalized point of view, and should be supplemented by reference to manufacturers’
manuals or other texthooks if more detail is desired. This handbook is not intended
to replace, subshitute for, or supersede official regulations or the manufacturers’
instructions.

Grateful acknowledgement is extended to the manufacturers of airframe and
airframe components for their cooperation in making material available for inclusion.

Copyright material is used by special permission of the following organizations
and may not be extracted or reproduced without permission of the copyright owner.

Monsanto Chemical Skydrol ® Fluids
Townsend Corporation Cherry Rivets
Acres Sleeves

J. 0. King, Inc. Acres Sleeves
Gravines, Inc. Fire Extinguishers
Walter Kidde Iire Extinguishers
DuPont DeNemours Fire Extinguishants
National Fire Protection Fire Extinguisher and

Association Extinguishant Specifications
National Association of

Fire Extinguisher Distributors Fire Extinguishers
Flight Safety Foundation Refueling Data
American Petroleum Institute Aviation Fuels
Exxon Aviation Fuels
Parker Hannifin Aircraft Fittings

The advancements in aeronautical technology dictate that an instructional hand-
book must be under continuous review and brought up to date periodically to be
valid. Flight Standards requested comments, from the certificated aviation mainte-
nance technician schools, on the three handbooks. As a result of this survey, the
handbooks have been updated to this extent: new material has been added in the
areas which were indicated as being deficient, and some material has been rearranged
to improve the teachability of the handbooks.
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We would appreciate having errors brought to our attention, as well as receiving
suggestions for improving the usefulness of the handbooks, Comments and sugges-
tions will be retained in our files until such time as the next revision will be accom-
plished.

Address all correspondence relating to these handbooks to:

U.S. Department of Transportation
Federal Aviation Administration
Flight Standards National Field Off
P.0. Box 25082 ’
Oklahoma City, Oklahoma 73125

The companion handbooks to AC 65-9A are the Airframe and Powerplant Me-
chanics Powerplant Handbook, AC 65-12A, and the Airframe and Powerplant Me-
chanics Airframe Handbook, AC 65-15A.
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INTRODUCTION

The use of mathematics is s0 woven into every
area of everyday life that seldom if ever does one
fully realize how very helpless we would be in the
performance of most of our daily work without
the knowledge of even the simplest form of mathe-
matics. Many persons have difficulty with rela-
tively simple computations involving only ele-
mentary mathematics. Performing mathematical
computations with success requires an under-
standing of the correct procedures and continued
practice in the use of mathematical manipulations.

A. person entering the aviation field will be
required to perform with accuracy. The aviation
mechanic is often involved in tasks that require
mathematical computations of some sort. Toler-
ances in aircraft and engine components are often
critical, making it necessary to measure within a
thousandth or ten-thousandth of an inch. Because
of the close tolerances to which he must adhere,
it is important that the aviation mechanic be
able to make accurate measurements and mathe-
matical calculations.

Mathematics may be thought of as a kit of
tools, each mathematical operation being com-
pared to the use of one of the tools in the solving
of a problem. The basic operations of addition,
subtraction, multiplication, and division are the
tools available to aid us in solving a particular
problem.

WHOLE NUMBERS

Addition of Whole Numbers

The process of finding the combined amount of
two or morée numbers is called addition. The
answer is called the sum.

When adding several whole numbers, such as
4567, 832, 93122, and 65, place them under each
other with their digits in columns so that the last,
or right hand, digits are in the same column.
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When adding decimals such as 45.67, 8.32,
9.8122, and .65, place them under each other so
that the decimal points are in a straight “up-and-
down” line. :

To check addition, either add the figures again
in the samte order, or add them in reverse order.

Subtraction of Whole Numbers

Subtraction is the process of finding the differ-
ence hetween two numbers by taking the smaller
from the larger of the two numbers. The number
which is subtracted is called the subtrahend, the
other number the minuend, and their difference is
called the remainder. To find the remainder, write
the subtrahend under the minuend, as in addition.
Beginning at the right, subtract each figure in the
subtrahend from the fizure above it and write the
individual remainder below in the same column.
When the process is completed, the number below
the subtrahend is the remainder.

To check subtraction, add the remainder and
the subtrahend together. The sum of the two
should equal the minuend.

Multiplicafion of Whole Numbers

The process of finding the quantity obtained
by repeating a given number a specified number
of times is called multiplication. More simply
stated, the process of multiplication is, in effect,
a case of repeated addition in which all the num-
bers being added are identical. Thus, the sum of
646+ 6+ 6 =24 can be expressed by multi-
plication as 6 X 4 = 24. The numbers 6 and 4
are known as the factors of the multiplication,
and 24 as the product.

In multiplication, the product is formed by
multiplying the factors. When one of the factors
is a single-digit Integer (whole number). the
product is formed by multiplying the single-digit
integer with each digit of the other factor from
right to left, carrying when necessary.




When both factors are multiple-digit integers,
the product is formed by multiplying each digit in
the multiplying factor with the other factor.
Exercise. care, when writing down the partial
products fermed, to make certain that the exireme
right digit lines up under the muitiplying digit.
It is then a matter of simple addition to find the
final product.

EXAMPLE

Determine the cost of 18 spark plugs that cost
$3.25 each.
3.25

X183
2600
325
58.50

When multiplying a series of numbers together,
the final product will be the same regardless of the
order in which the numbers are arranged.

EXAMPLE
MULTIPLY: (7)(3)(5)(2) = 210
7 21 105 7 3 35
X3 X5 X2 or X5 X2 X6
21 105 210 35 6 210

Divisien of Whole Numbers

The process of finding how many times one
number is contained in a second number is called
division. The first number is called the divisor,
the second the dividend, and the result is the
quotient, ’

Of the four basic operations with integers, di-
vision is the only one that involves trial and error
in its solution, It is necessary to guess at the
proper quotient digits, and though experience will
tend to lessen the number of irials, everyone will
guess incorrectly at some time or another.

Placing the decimal point correctly in the quo-
tient quite often presents a problem. When di-
viding a decimal by a decimal, an important step
is to first remove the decimal from the divisor.
" This is accomplished by shifting the decimal point
to the right the number of places needed to
eliminate it. Next, move the decimal point to the
right as many places in the dividend as was
necessary to move it in the divisor, and then
proceed as in ordinary division.

FRACTIONS

A fraction is an indicated division that ex-
presses one or more of the equal parts into which
a unit is divided. For example, the fraction % indi-
cates that the whole has been divided into 3 equal
parts and that 2 of these parts are being used or
considered. The number above the line is the
numerator; and the number below the line is the
denommnator.

If the numerator of a fraction is equal to or
larger than the denominator, the fraction is known
as an improper fraction. In the fraction 4%, if the
indicated division is performed, the improper
fraction is changed to a mixed number, which is
a whole number and a fraction:

15 7
1=

8 8

A complex fraction is one that contains one or
more fractions or mixed numbers in either the
numerator or denominator. The following frac-
tions are examples:

LA

1
2

to[oolw

wlm[mn—a
ool:nls{:-iw

P2
3

A decimal fraction is obtained by dividing the
numerator of a fraction by the denominator and
showing the quotient as a decimal. The fraction’
% equals 5 + 8 = .625.

A fraction does not change its value if both
numerator and denominator are multiplied or di-
vided by the same number.

The same fundamental operations performed
with whole numbers can also be performed with
fractions. These are addition, subtraction, multi-
plication, and division.

Addition and Subtraction of Common Fractions

In order to add or subtract fractions, all the
denominators must be alike. In working with
fractions, as in whole numbers, the rule of likeness
applies. That is, only like fractions may be added
or subtracted.

When adding or subtracting fractions that have
like denominators, it is only necessary to add or



subtract the numerators and express the result
as the numerator of a fraction whose denominator
is the common depominator. When the denomi-
nators are unlike, it is necessary to first reduce the
fractions to a common denominator before pro-
ceeding with the addition or subtraction process.

EXAMPLES

1. A certain switch installation requires §-inch
plunger travel before switch actuation occurs. If
F-inch travel is required after actuation, what will
be the total plunger travel?

FIRST: Add the numerators.
54+1=6

NEXT: Express the result as the numerator
of a fraction whose denominator is
the common denominator.

5,1 6

+ - =
8 '8 8

2. The total travel of a jackscrew is 1§ of an
inch. If the travel in one direction from the
neutra] position is % of an inch, what is the travel
in the opposite direction?

FIRST: Subtract the numerators.
13 —7=6

NEXT: Express the result as the numerator
of a fraction whose denominator is
the common denominator.

13 7 6

16 16 16

3. Find the outside diameter of a section of
tubing that has a }-inch inside diameter and a
combined wall thickness of ¥ inch.

FIRST: Reduce the fractions 16 a2 common
dentominator.
I 2 5 5
R
NEXT: Add the numerators, and express the

result as the numerator of 2 fraction
whose depominator is the common

denominator.
2, 58_7
8 '8 8

4. The tolerance for rigging the aileron droop
of an airplane is § inch plus or minus ¢ inch.

What is the minimum droop to which the aileron
can be rigged?

FIRST: Reduce the fractions to a common
denominator.

735

B 1_38

8 40 5 40
NEXT: Subtract the numerators, and express
the result as in the above examples.

| Finding the Least Common Denominator

When the dexominators of fractions to be added
or subtracted are such that a common denomi-
nator cannot be determined readily, the LCD
(least common denominator) can be found by the
continued division method.

To find the LCD of a group of fractions, write
the denominators in a horizontal row. Next, divide
the denominators in this row by the smallest
integer that will exactly divide two or more of the
denominators. Bring down to a new row all the
quotients and numbers that were not divisible.
Continue this process until there are no two num-
bers in the resulting row that are divisible by
any integer other than one. Multiply together all
the divisors and the remaining terms in the last
row to obtain the least common denominator.

EXAMPLE
What is the LCD for §, 43, 5%, 47
FIRST:

Write the depominators in a hori-
zontal row and divide this row by the
smallest integer that will exactly di-

vide two or more of the numbers.

218 20 36 45
4 10 13 45
Continue this process until there are

no two numbers in the resulting row
that are divisible by any integer other

NEXT:

than one.
28 20 36 45
24 10 18 45
32 5 9 45
32 5 3 15
52 5 1 5
2 1 1 1




THEN: Multiply together all the divisors and
remaining terms in the last row to

obtain the LCD.
ICD =2 X2 X3 X3X5X2=2360

Multiplication of Fractions

The preduct of two or more {ractions is obtained
by multiplying the numerators to form the numer-
ator of the product and by multiplying the denomi-
nators to form the denominator of the product.
The resulting fraction is then reduced to its lowest
terms. A common denominator need not be found
for this operation, as the new denominator in most
cases will be different from that of all the original
fractions,

EXAMPLE
What is the product of X 3% X 37
FIRST: Multiply the numerators together.

3X12X1 =236

NEXT: Multiply the denominators together.
5X22X2=22
THEN: Reduce the resulting fraction to its
lowest terms.
36 _9
220 55
Cancellation

Cancellation is a technique of dividing out or
cancelling all common factors that exist between
numerators and denominators. This aids in locat-
ing the ultimate product by eliminating much of
the burdensome multiplication.

EXAMPLE

What is the product of 1§ X 3?

The product could be found by multiplying
18 X 5 and 10 X 3, then dividing the product of
the numerators by the product of the denomi-
nators. However, a much easier method of solution
is by cancellation. It is apparent that the 10 in the
denominator and the 5 in the numerator can both
be divided an exact number of times by 5.

1
18 3
973
2

Also, the 18 and 3 are both exaetly divisible
by 3. ‘

6
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The resulting 6 in the numerator and the 2 in
the denominator are both divisible by 2.
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The fraction is thus reduced to its lowest terms,
and the final multiplication and division steps are
performed with ease when compared with the
task of multiplying and dividing the larger
fractions.

Division of Common Fracfions

The division of common fractions is accom-
plished most conveniently by converting the prob-
lem into a multiplication of two common fractions.
To divide one fraction by another fraction, invert
the divisor fraction and multiply the numerators
together and the denominators together. This is
known as the inverted divisor method.

Always keep in mind the order in which the
fractions are written. It is important in division
that the operations be performed in the order
indicated. Also, remember that it is always the
divisor that is inverted, never the dividend.

MIXED NUMBERS

Mixed numbers can be added, subtracted, multi-
plied, or divided by changing them to improper
fractions and proceeding as when performing the
operations with other fractions.

EXAMPLE

A piece of tubing 6% inches long is cut from a
piece 24% inches long. Allowing % inch for the
cut, what is the length of the remaining piece?

FIRST: Reduce the fractional parts to like
fractions and complete the subtrac-
tion process,



NEXT: Subtract the integer parts.

24 — 6 =18
THEN: Combine the results obtained in each
step.
1 1
8 + ~ = 18- inches.
18 + 1 134 inches
DECIMALS

Decimals are fractions whose denominators are
10 or some multiple of 10, such as 100, 1,000,
10,000, etc. They are indicated by writing one
or more digits to the right of a reference mark
called a decimal point. Thus:

6
o= .6, both read six tenths.

6 .
00 = .06, both read six hundredths.

6 :
——— = .006, both read six .
1.000 06, both read six thousandths
When writing a decimal, any number of zeros
may be written at the right end without changing

the value of the decimal. This may be illustrated
m the following manner:

50

100

L
I

-
; .50 =

; 500 =

B |
b | =

glﬂn

A decimal fraction that is written where there
is no whole number as .6, .06, etc., is called a pure
decimal. When a whole number and a decimal
fraction are written together as 3.6, 12.2, 131.12,
etc,, the number is known as a mixed decimal.

2.34 Ohms
AN

37.%5 Ohms

l

3
t

.08 Ohms

Ficure 1-1. A series circuit.

Addition of Decimals
When computing decimals, the rule of likeness
requires that we add or subtract only like de-
nominations. This rule was discussed previously
under addition and subtraction of whole numbers.
To add or subtract decimal expressions, arrange
the decimals so that the decimal points align
vertically, and add or subtract as with integers.
Place the decimal point in the result directly
below the decimal points in the addends or minu-
end and subtrahend.
EXAMPLES
The total of {figure
1-1) is equal to the sum of the individual re-
sistances, What is the total resistance for the
diagram shown in this example?

resistance series circuit

FIRST: Arrange the decimals in a vertical
column so that the decimal points
are in alinement,

2.34
37.5
LY
NEXT: Complete the addition following the

technique used in adding whole num-
bers. Place the decimal point in the
result directly below the other decimal
points.

frany

-3 bk
= Y1 WL

3
9

39.93 ohims

Subtraction of Decimals

A serics circuit containing two resistors has a
total resistance of 37.27 ohms. One of the resistors
has a value of 14.88 ohms. What is the value of
the remaining resistor?

‘FIRST:

Arrange the decimais in a vertical
column so that the decimal points are
in alinement.
37.27
—14.88
Perform the subtraction process using
the procedure for subtracting whole
numbers. Place the decimal point in
the result directly below the other
decimal points.
37.27
-14.88

2:379 ohms

NEXT:




Meltiplication of Decimals

The multiplication of a decimal by another
decimal will always produce an answer smaller
than either of the two numbers. When a decimal
is multiplied by a whole number or by a mixed
decimal, the answer will lie between the two
numbers,

When multiplying a decimal fraction by an
integer or another decimal, establishing the po-
sition of the decimal point in the product causes
the greatest amount of difficulty.

To multiply decimals, ignore the decimal points
and multiply the terms as though they were whole
numbers. To locate the decimal point in the
product, begin at the right of the product and
point off toward the left the number of decimal
places that will equal the sum of the decimal
places in the quantities multiplied.

EXAMPLE

Using the formula, Watts = Amperes X Volt-
age, what is the wattage of an electric heater that
uses 9.45 amperes from a 120-volt source?

FIRST: Arrange the terms and multiply. Ig-

nore the decimal point.

9.45
X120
000
1890
945
113400

NEXT: Locate the decimal point. Begin at
the right of the product and point off
toward the left the number of places
that will equal the sum of the decimal

places in the quantities multiplied.

9.45
X120

18900
945

1134.00

In some problems the number of digits in the
product will be less than the sum of the decimal
places in the quantities multiplied. Where this
occurs, merely add zeros to the left of the product
until the number of digits equals the sum of the
decimal places in the guantities multiplied.

EXAMPLE
Multiply .218 by .203.

FIRST: Arrange the terms and multiply, ig-

noring the decimal point.

218
.203
654
4360
44254

NEXT: Locate the decimal point. Add a zero
to the left of the product so that the
number of places will equal the sum
of the decimal places in the quantities

muft plied.

218
X .203

654
4360

044254

Division of Decimals

When one or both of the terms of a division
problem involve decimal expressions, the quotient
is found by converting the problem to one in-
volving a whole number.

Two facts relating to division of decimals that
must be borne in mind are: {1) When the dividend
and divisor are multiplied by the same number,
the quotient remains unchanged; and (2) if the
divisor is a whole number, the decimal place in
the quotient will align vertically with the decimal
in the dividend when the problem is expressed in
long division form.

To divide decimal expressions, count off to the
right of the decimal point in the dividend the
same number of places that are located to the
right of the decimal point in the divisor. Insert
a caret (A) to the right of the last digit counted.
If the number of decimal places in the dividend
is less than the number of decimal places in the
divisor, add zeros to the dividend, remembering
that there must be at least as many decimal
places in the dividend as in the divisor. Divide
the terms, disregarding the decimal points en-
tirely. Place the decimal point in the quotient so
that it alines vertically with the caret mark in
the dividend.



EXAMPLE

The wing area of a certain airplane is 245 square
feet; its span is 40.33 feet. What is the mean
chord of its wings?

FIRST: Arrange the terms as in long division
and move the decimal point to the
right, adding zeros as necessary, and

insert a caret.
40.33,]245.00,

NEXT: Divide the terms, disregarding the
decimal points entirely. Add ad-
ditional zeros to the right to permit
carrying the quotient to the desired

accuracy.
6 07
40.33,[245.00,00
241 98
3 020
0 000

3 0200
2 8221

1979

THEN: Place the decimal point in the quo-
tient so that it alines vertically with
the caret mark in the dividend.

. 8.07 feet
40.33,|24500,00
24198

1000

30200

Rounding Off Decimals

There is a general tendeney to think of all
numbers as being precise. Actually the whole
realm of measurement involves numbers that are
only approximations of precise numbers. For
example, measurements of length, area, and vol-

ume are al best approximations. The degree of

accuracy of these measurements depends on the
refinement of the measuring instruments,

Occasionally it is necessary to round a mumber
to some value that is practical to use. For example,
a measurement is computed to be 29.4948 inches.
It is impractical, if not impossible, to measure
this accurately with a steel rule which is accurate
only to ¢ of an inch.

To use this neasurement, we can use the process
of "rounding.” A decimal expression is “rounded
off” by retaining the digits for a certain number
of places and discarding the rest. The retained
number is an approximation of the computed or
exact number. The degree of accuracy desired
determines the number of digits to be retained.
When the digit immediately to the right of the
last retained digit is a 5, or greater than 5,
increase the last retained digit by 1. When the
digit immediately to the right of the last retained
digit is less than 5, leave the last retained digit
unchanged.

EXAMPLE

Round 29.4M8 to the nearest tenth.

FIRST: BDetermine the number of digits to
retain. In this case one—tenths being
the first place to the right of the
decimal point.

29.4948
NEXT: Change the value of the last retained

digit, if required. In this case, since 9

is greater than 5, the final decimal is
expressed thus:

29.4948 becomes 29.5 inches.

Converting Decimals to Common Fractions

To change a decimal fraction to a common
fraction, count the number of digits to the right
of the decimal point. Express the number as the
numerator of a fraction whose denominator is 1
followed by the number of zeros that will equal
the number of digits to the right of the decimal
point.

EXAMPLE

Express .375 as a common fraction.

FIRST: Count the number of digits to the
right of the decimal point.

.375

/ I\

1 2 3

Express the number as the numerator
of a fraction whose denominator is 1
followed by the number of zeros that
will equal the number of digits to the
right of the decimal point.

s 375
T 1000

NEXT:
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Ficure 1-2. Locating the hole center.

Many times a dimension appearing in a main-
tenance manual or on a blueprint is expressed in
decimal fractions. In order to use the dimension,
it must be converted to some equivalent approxi-
mation applicable to the available measuring de-
vice. From the mechanic’s standpoint, the steel
rule will be the device most frequently used.

To change a decimal to the nearest equivalent
fraction having a desired denominator, multiply
the decimal by the desired denominator. The
result will be the numerator of the desired fraction.

EXAMPLE

When accurate holes of uniform diameter are
required, theyv are first drilled !y inch undersize
and reamed 1o the desired diameter. What size
drill would be used before reaming a hole to 7637

FIRST:

Multiply the decimal by the desired

denominator of 6l

NEXT: HRound the product toa whole number
and express it as the numerator of the

desired denominator,

{

19
48,832 = —
64

THEN: To determine the drill size. subiraet
w7 inch from the finished hole size.

18 3
-1-in('h drill.

Convering Common Fractions to Decimals

To convert a common fraction, whether proper
or improper, to a decimal, divide the numerator
by the denominator. Add zeros to the right to
permit carrying the quotient to the desired accu-

racy.

EXAMPLE

Find the distance the center of the hole (figure
1-2) is from the plate edges when the center of
the hole is in the center of the plate. Express the
length and width of the plate in decimal forms,
and then divide each by 2. Express the final result
to the nearest 32nd.

FIRST: Change the mixed numbers to im-
' proper fractions.
S L% 5 29
16 16° "8 8
NEXT: Convert the improper fractions to
decimal expressions.
87 29
— = 5.4375; -— = 3.625
16 g
THEN: Divide the decimal expressions by 2
to find the center of the plate.

5.4375 3.625
2200 27188 Tt = 1.813
2 2
FINALLY: Express the final results to the
nearest 32nd.
23 26
2.7188 = 2—; 1.813 = 1—
32 32
PERCENTAGE

There are many problems that arise every day
involving the percent expression. The greatest
mninber of percentage problems involve some kind
of comparison of a part to the whole. Such com-
parisons become percentage problems when the
ratio fraction is expressed as a percent.

A fraction having the specific power of 100 for
the denominator is given the name percent. When
writing these fractions, the percent symbol {%)
is substituted for the denominator. Any common
fraction or decimal can be expressed as a percent.
The fraction } can thus be expressed as .20 or as
20 percent or simply as 209;. Note that the per-
cent is the same as the decimal fraction except
that the decimal point-has been moved two places
to the right and deleted after “percent” or the
svmbol 747 has been added.



Expressing a Decimal as a Percent

To express a decimal as a percent, move the
decimal point two places to the right (add a zero
if necessary) and affix the percent symbol.

EXAMPLE

Express .90 as a percent.

FIRST: Move the decimal point two places
to the righr.
90.
NEXT: Affix the percent symbol to the right

after dropping the decimal point.
9209%,
Expressing a Percent as a Decimal
Sometimes it may be necessary to express a
percent as a decimal. Keeping in mind that a
percent is simply a decimal with the decimal
point moved two places to the right, all that is
necessary to express-a percent as a decimal is to
move the decimal point two places to the left.

Expressing a Common Fraction as a Percent

The technique involved in expressing a common
fraction as a percent is essentially the same as
that for a decimal fraction. The one difference is
the procedure necessary to convert the fraction to
a decimal.

EXAMPLE

Express | as a percent.

FIRST: Convert the fraction to a decimal,
3 -
= =5+ 8 = .625
8
NEXT: Moave the dectmal point two places

to the right and affix the percent
symbol.

625 = 62.59
Finding What Percent One Number is of Another

Determining what percent one number is of
another is done by writing the part number as
the numerator of a fraction and the whole number
as the denominator of that fraction, and expressing
this fraction as a percentage.

EXAMPLE

A motor rated as 12 horsepower is found to be
delivering 10.75 horsepower. What is the motor
efficiency expressed in percent?

FIRST: Write the part number, 10.75, as the
numerator of a fraction whose de-
nominator is the whole number, 12,

10.75
12

NEXT: Convert the fraction to its decimal

equivalent.
10.75 = 12 = 8958
THEN: Express the decimal as a percent.

3958 = 89.587 efficient.

Finding a Percent of a Given Number

The technique used in determining a percent
of a given number is based on the fundamental
process of multiplication. It is necessary to state
the desired percent as a decimal or common frac-
tion and multiply the given number by the percent
expressed as a decimal or other fraction.

EXAMPLE

The cruising speed of an airplane at an altitude
of 7.500 feet is 290 knots. What is the cruising
speed at 9,000 feet if it has increased 6 percent?

FIRST: State the desired percent as a decimal.
6% = .06

NEXT: Multiply the given number by the
decimal expression.
290 X .06 = 17.40

THEN: Add the new product to the given

number. This is the new cruising
speed.

290 4 17.4 = 307.4 knots.

Finding a Number When o Percent of It is Knewn

To determine a number when a percent of it
is known, express the percent as a decimal and
divide the known number by the decimal expres-
sion.

EXAMPLE

Eighty ohms represent 52 percent of a circuit’s
total resistance, Find the total resistance of this
circuit.




FIRST: Express the percent as a decimal.
529, = .52

NEXT: Divide the known number by the
decimal expression.

80 = .52 = 153.8 ohms total resistance.

RATIO

An important application of the common frac-
tion is that of ratio. A ratio represents the com-
parison of one number to another number. Com-
parison by the use of ratios has widespread appli-
cation in the field of aviation. A ratio is used to
express the comparison of the volume of a cylinder
when the piston is at bottom center to the volume
of a cylinder when the piston is at top center.
This is referred to as the compression ratio. The
aspect ratio of an aircraft wing is a comparison
of the wing span to the wing chord. The relation-
ship of maximum speed, wing area, wing span,
loaded weight, and horsepower of different makes
and models of aircraft may be compared through
the use of ratios.

A ratio is the quotient of one number divided
by another number, expressed in like terms. A
ratio, therefore, is the fractional part that one
number is of another. A ratio may be expressed
as a fraction, or it may be wrilten using the
colon (:) as the symbol for expressing ratio; thus
the ratio § can be written 7:8.

Finding the Ratio of Two Quanititites

To find a ratio, the first term is divided by the
second term. Both quantities of both terms must
be expressed in the same units, and reduced to
their lowest terms.

EXAMPLES

1. What is the weight ratio of a fuel load of
800 gallons to one of 10,080 pounds? Assume that
the fuel weighs 7.2 pounds per gallon,

FIRST: Express the fuelload in gallons as the
numerator of a fraction: whose de-
nominator is the fuel load in pounds.

800 gal.
~ 10,080 Ib.

NEXT: Express both quantities in the same

unit (pounds).

(800 X 7.2} Ib.

R = = 0.080 b,

10

THEN: Perform the indicated mathematical
manipulations and reduce to lowest

terms.
(800 X 7.2) 5760 4
R = = == or 47
10,080 10080 7

"What is the ratio in gallons?

FIRST: Express the ratio in fractional form.

_ 800 gal.
10,080 1b.
NEXT: Express both quantities in the same
unit {gallons).
_ 800 gal.
10,080
7.2

THEN: Perform the indicated mathematical
manipulations and reduce to lowest

terms.
_ 800 _ 800 4 ..
TT0080 1400 T
7.2

2. If the cruising speed of an airplane is 200
knots and its maximum speed is 250 knots, what
is the ratio of cruising speed to maximum speed?

FIRST: Express the cruising speed as the
numerator of a fraction whose de-
nominator is the maximum speed.

_ 200
250
NEXT: Reduce the resulting fractiom to its
lowest terms.

200
50

R

[eu3
Ur | A

THEN: Express the result as a ratio of one.

4
=3 or .8:1 (Read 8/10ths to one)

Finding the Quantity of the First Term

Now consider the situation when the ratio and
the quantity that corresponds to the second term
are given, and it is required 1o find the quantity
that corresponds to the first term. To solve this
type problem, multiply the term that corresponds
to the second term by the fraction that represents
the ratio.



EXAMPLE

The given ratio is 5/7 and the quantity that
corresponds to the second term is 35. Find the
quantity that corresponds to the first term.

FIRST: Express the problem as the product

of the second term times the ratio.

35 X 5/7 =

Perform the indicated operation.

5
38 X 5/1 =25
1

NEXT:

The first term is 25. The proof of this
can be demonstrated by showing that
the ratio of 25 to 35 1s 5:7, reduced
to lowest terms.

25/35 = 5/7

Finding the Quantity of the Second Term

To solve a problem of this type, the ratio of
the two quantities and the quantity that corre-
sponds to the first term must be known. The
solution is obtained by dividing the known number
. by the fraction thal represents the ratio.

EXAMPLE

The ratio of two quantities is 2/3; the quantity
that corresponds to the first term js 100. Find
the quantity that corresponds to the second term.

FIRST: Express the problem as the quotient
of the first term divided by the ratio.
100 ~ 2/3 =
NEXT: Perform the indicated operation.
100 = 2/3 =
50
188 X 3/2 = 150
1

The second term is 150. Again, this
can be proved by expressing 100 as a
ratio of 150.

100/150 = 2/3
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PROPORTION

A proportion is a statement of equality between
two or more ratios. Thus,

6
= g; or 3:4 = 6:8.

W

This is read 3 is to 4 as 6 is to 8. The first and

last terms of the proportion are called the extremes.

The second and third terms are called the means.

In any proportion, the product of the extremes

is equal to the product of the means. In the
proportion )

2:3

4:6

the product of the extremes, 2 X 6, is 12; the
product of the means, 3 X 4, also is 12. An in-
spection of any proportion will show this to be
true. This rule simplifies the solution of many
practical problems.

An airplane flying a distance of 300 miles used
24 gallons of gasoline. How many gallons will it
need to travel 750 miles?

300:750 = 24:x
(300) (x) = (750) (24)
300x = 18,000
x = 60

Sixty gallons of gasoline will be required to travel
a distance of 750 miles. '

POSITIVE AND NEGATIVE NUMBERS

Positive and negative numbers are numbers that
have directional value from a given starting point
or from zero. Numbers above or to one side,
usually right, of zero are designated as positive
(+); those helow or to the opposite side, usually
left, of zero are designated as negative (—).
Figure 1-3 is representative of signed numbers on
a horizontal scale.

-5 -4 3 <2 «1 9 41 42 43 44 45
R TR

!
I ]

Ficure 1-3. A scale of signed numbers.

The sum of positive numbers is positive.
The sum of negative numbers is negative.




Addition

To add a positive and a negative number, find
the difference in their actnal values and give this
difference the sign (+or—) of the larger number.

EXAMPLE
The weight of an aircraft is 2,000 pounds. A

radio rack weighing 3 pounds and a transceiver
weighing 10 pounds are removed from the aircraft.
What is the new weight? For weight and balance
purposes, all weight removed from an aircraft is
given a minus sign, and all weight added is given
a plus sign.

FIRST: Add the values for the removed
weights,
10+3=13
NEXT: Prefix the sign for removed weights.
—-13
THEN: Add the sum of the removed weights

to the total weight, following the rule
for unlike signs.

+2000—13=--1987 pounds.

Subtraction

To subtract positive and negative numbers,
change the sign of the subtrahend (the number to
be subtracted from another) and proceed as in
addition.

EXAMPLE

What is the temperature difference between a
temperature reading of +20 at 5000 feet and a
reading of —6 at 25000 feet? Follow the rule,
“a change in temperature is equal to the first read-
ing, subtracted from the second reading.”
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FIRST: Change the sign of the number to be
subtracted. +20 becomes —20.
NEXT: Combine the two terms, following the

rule for adding like signs.
{—6) +(—-20) =26 degrees.

Multiplication

The product of two positive numbers is positive
{(+). The product of two negative numbers is
positive (+}. The product of a positive and a
negative number is negative {—).

EXAMPLES
3X6=18 —3X6=—18
—3X —6=18 IX—6=-—18

Division
The quotient of two positive numbers is positive.
The quotient of two negative numbers is positive.

The quotient of a positive and negative number is
negative.

EXAMPLES
6+3=2 —6-3=—2
—6+—3=2 6+—3=—2

POWERS AND ROOTS

Power

When one number, the base, is used as a factor
two or more times, the result is a power of the
base. A positive integral exponent, written as a
small number just to the right and slightly above
the base number, indicates the number of times
the base is used as a factor. Thus, 4 squared, or



4% means 4 X 4, which is 16. The 4 is the base,
the 2 is the exponent, and the 16 is the power.
Roots

A root of a number is one of two or more equal
numbers that, when multiplied together, will pro-
duce the number. Such a pumber is called an
equal factor. Thus, two equal factors that will
produce 9 when multiplied together are 3 and 3.
Therefore, the square root of 9 equals 3. This
may be written /9 = 3. The symbol 1/ is called
a radical sign. Another method of indicating the
square root of a number is to use a fractional
exponent such as 912 = 3. If the root to be taken
is other than a square root, it may be shown in a
similar manner; that is, the cube root of 9 may
be written 9'%, For example, the cube root of 8
equals 2 and may be written 8 =2, or 8% = 2;
the fourth root of 256 equals 4 and may be
written /256 = 4, or 25614 = 4.

Computation of Square Root

It is comparatively easy to determine the square
root of such numbers as 4, 9, 16, and 144. The
numbers are the perfect squares of small numbers.
Unfortunately, all numbers are not perfect
squares; neither are they small. The square of a
number is the product of that number multiplied
by itself. Extracting the square root of a number
is the reverse process of squaring a number, and
is essentially a special division process. A descrip-
tion of this process follows and is presented in
example form.

EXAMPLE
Find the square root of 213.16

FIRST: Starting at the decimal point, and
marking off in both directions from
the decimal point, separate the num-
ber into periods of two figures each.
The last period at the left end need
not have two figures; all others must
have two figures. A zero may be
added to the right end so that the

period will have two figures.
VIT316
NEXT:

Select the largest number that can
be squared in the first period. Place
the selected number above the radical

sign, and place the square of this
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THEN:

number under the first period and
subtract.

[

V4
1

[~
=

13.1

b | et

Bring down the next pair.

(1) Multiply the root by 2 and place
the product to the left of the
remainder as the trial divieor.

Determine the number of times
the trial divisor will go into that
portion of the remainder that is
one digit more than the trial di-
visor. Write this number to the
right of the digit in the trial di-
visor to form the final divisor and
also to the right of the digit in
the root.

(2)

(3) Multply this number times the
completed divisor. If the result-
ing product is larger than the
remainder, reduce the number by
one, both in the root and in the
final divisor, and repeat the

multiplication process.

(4) Subtract the product formed
from the remainder and bring
down the next pair to form a new
remainder.

(5) To complete the solution of ex-
tracting the square root, simply
repeat the procedure set forth in
this step for each period of num-
bers remaining. It is unnecessary
to carry the root beyond the
number of digits possessed by the
original number.

14.6

V213.16
I

24 113
96

286 1716
17 16




Two will divide into 11, 5 times,
However, 5 X 25 is greater than
113, so the 5 must be reduced to
a 4.

The decimal is placed in the root so that the
number of digits in the whole number portion of
the root is equal to the sum of the periods, or
pairs, in the whole number portion of the number
from which the root was extracted.

Powers of Ten

 The difficulty of performing mathematical prob-
lems with very large {or very small) numbers and
the counting and writing of many decimal places
are both an annoyance and a source of error.
The problems of representation and caleulation
are simplificd by the use of “powers of ten.” (See
figure 1-4.). This system, somctimes referred to as
"Engineer’s Shorthand,” requires an understand-
ing of the principles of the exponent. These are
summarized as [ollows:

(1} The positive exponent (or power) of a
number is a shorthand method of indi-
cating how many times the number is
multiplied by itself. For example, 2°
{read as 2-cubed or 2 to the third
power) means 2 is to be multiplied by
iself 3 times: 2 X 2 X 2 = §. A num-
ber with a negative exponent may be
defined as its inverse or reciprocal (1
divided by the number) witl the same
exponent made positive. For example,
2-% (read as 2 o the minus 3 power)
is the same as

o r

2¢ 2x2x2 8§

(2) Any number, except zero, to the zero
power is equal to 1. When a number
is written without an exponent, the
value of the exponent is 1. When an
exponent has no sign (4 or —) pre-
ceding it, the exponent is positive.

(3) The value of a nunber does not change
when it is both multiplied and divided
by the same factor (5 X 10 + 10 = 5).
Moving the decimal point of a number
to the left is the same as dividing the
number by 10 for each place the deci-
mal point moves. Conversely, moving
the decimal point to the right is the
same as multiplying the number by 10
for each place the decimal point moves.

POWER OF
TEN

EXPANSION VALUE
Positive Exponent
10 10 X 10 X 10 x 10 x 10 x10 1,000,000
1° 10> 10 % 10 x 10 x 10 100,000
1 10 X 10 x 16 x 10 10,000
1 12 X 10 x 10 1,000
109 10 > 10 100
10 16 10
jhg 1

The velocity of light, 30, 000, 000, 000 centimeters per sccond, simplifies to 3 % 10'* centi-
meters per sceond.

Negative Exponent

o= L L 1
10 10 10=01
ot e SN L
1 16 % 10 100 = 0.01
ot = L ' 1
1w 10 % 10 % 10 1,000 = 0.061
0 = — _ &
10 16 X 10 % 10 x 10 16.000 = 0.0001
o= e 1 L
1 10 % 10 % 10 % 10 x 10 TH0.000 = 0.00001
s L ! 1
10° 10 X 10 3 10 % 10 x 10 » 10 LONDKIO = 0.000001

The mass of an clectren, 0.000, 000, 000, 000, 000, 000, 000, GO0, 000, 911 pram, becomes
9.11 > 107* gram.

Ficure 1-4. Powers of ten and their equivalents.

The procedure for use of powers of ten may be
summarized as follows:

(1). Move the decimal point to the place
desired. Count the number of places
the decimal point is moved.

(2) Multiply the altered number by 10 to
a power equal to the number of places
the decimal point was moved.

{3} The exponent of 10 is negative if the
decimal point is moved to the right,
and it is positive if the decimal point
is moved to the left. An aid for re-
membering the sign to be used is: L,

14



A, R, D. When the decimal point
moves Left, you Add; and when the
decimal point moves Right, you De-
duect.

In most instances, you will find it convenient
to reduce the numbers used to numbers between
1 and 10 times 10 to the proper power. Unless
otherwise specified, all answers to problems using
powers of ten will conform to that requirement.

Powers of Ten Added and Subtracted

Before using powers of ten in mathematical
operations, it will be beneficial to review a few
more principles governing exponents:

If two or more numbers are written with the

same bage, their product is equal to the base
raised to a power equal to the algebraic sum of
their exponents.

EER Y TS g SIS T S IO RV 11

If two numbers are written with the same base,
their quotient is equal to the base raised to a
power equal to the algebraic difference of their
exponents {numerator’s exponent minus denomi-
nator’s exponent).

ilf = 458 = 42
43

A factor may be moved from numerator to
denominator or from denominator to numerator
by changing the sign of its exponent. Thus we have

32 43 1
23 A= — = —
43 3 X 32 4% w 32

The bases must be the same before numbers
can be multiplied or divided by the addition or
subtraction of their exponents. Thus, ¢® X b can-
not be combined because the bases (@ and b) are
not the same,

Note particularly that the rules specify alge--

braic addition and algebraic subtraction of the
powers. Here are some summarizing examples:

E Y 1 s . o %‘

45 W 47 = 45H8 = 4 =

]
—_— = 58_(—'6) = 58+6 = Hlt,

56
6° L1
_6_1—2-2 6512 = 4 =_6_4_

Maltiplication and division employing powers of
ten may be performed i three simple steps as
follows:

{1) Reduce all numbers to values between 1
and 10 multiplied by 10 to the proper
poOwer.

(2) Perform the indicated operations.

{3) Change the result to a number between
1 to 10 multiplied by 10 multiplied by
10 to the proper power.

COMPUTING AREA

Mensuration formulas deal with the dimensions,
areas, and volumes of geometric figures. There are
five geometric figures with which you should be
familiar, and there is a separaie formula for
finding the area of each. The area of a plane
figure is equal to the number of square units it
contains. Areas are measured in different units as
compared to measuring length. An area that is
square and 1 inch on each side is called a square
inch, All area units are square units, such as
square inch, square foot, square yard, square rod,
and square mile. Other area units are the square
centimeter, the square meter, et cetera, found in
the metric system of measurement.

TABLES OF AREAS

144 square inches (sq. in.) = 1 square foot

(sq. ft.).
9 square feet = 1 square yard
(sq. yd.).
304 square vards = 1 square rod
(sq. rd.).

160 square rods = 1 acre (A).
640 acres = 1 square mile
(sq. mile}.

The technique for determining the area of any
geometric shape is based upon the use of formulas,
To solve a problem by formula, it is necessary to—

(1) select the formula that covers the
problem situation, '

{2) insert the known values in the selected
formula, and




AREA = LW

w

Figure 1-5. A rectangle.

{3) then make the necessary mathematical
manipulations to fAnd the unknown
quantity.

The Rectangle

A rectangle is a four-sided plane figure whose
opposite sides are equal and all of whose angles
are right angles (90°). The rectangle is a very
familiar area in mechanics. It is the cross-sectional
area of many beams, rods, fittings, ete. (See
figure 1-5.)

The atea of a rectangle is the product of the
measures of the length and width when they are
expressed in the same units of linear measure.
The area may be expressed by the formula:

A=LW
A
L

where: area.

length of rectangle.

W = width of rectangle.

EXAMPLE

A certain aircraft panel is in the form of a
rectangle having a length of 24 inches and a
width of 12 inches. What is the area of the panel
expressed in square inches?

FIRST: Determine the known values and sub-
stitute them in the formula.
A=LW
A =24 X12
NEXT: Perform the indicated multiplication;

the answer will be the total area in
square inches.

A = 24 X 12 = 288 sq. in.
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AREA — §*

s

Ficure 1-6. A square.

The Square

A square iz a plane figure having four equal
sides and four right angles (figure 1-6).

To determine the area of a square, find the
product of the length of any two sides. Since a
square is a figure whose sides are equal, the
formula can be expressed as the square of the
sides or:

4=

where A4 is the area and S is the length of a side.

EXAMPLE

What is the area of a square plate whose side
measures 25 inches?

FIRST:

Determine the known value and sub-
stitute it in the formula

A=8
A = 25%

NEXT: Perform the indicgited mnultiplication;
the answer will be the total area in

square inches,

A = 25X 25 = 625 sq. in.

Triangles

A triangle is a three-sided polygon. There are
three basic types of triangle: scalene, equilateral
or equiangular, and isosceles. A scalene triangle
is one in which all sides and angles are unequal,
whereas the equilateral triangle, being just the
opposite, has equal sides and equal angles. A tri-
angle that has two equal sides and angles is
known as an isosceles triangle.

Triangles may be further classified as to right,
obtuse, or acute. These terms are descriptive of
the included angles of the triangle. A right triangle
is one that has one angle measuring 90°. In an
obtuse triangle, one angle is greater than 90°,



SCALENE EQUILATERAL OR ISOSCELES

Unequal Sides and EQUIANGULAR

Al Equal Sides and Angles Two Equal Sides and Angles

|
I
I
h h
I
{
|
1

—

RIGHT ACUTE RIGHT

OBTUSE OBTUSE

Right A — ome / = 90°
Obtuse & — one / > 90° -
Acute A — all 4 < 90°

_—

b—>

ACUTE ACUTE

'y
y

Ficure 1-7. Types of triangles.

while in an acute triangle all the angles are less  line drawn from the vertex to the base. In some
than 90°, The various types of triangles are shown  triangles, as in figure 1-8, it may be necessary to
m figure 1-7. extend the base so that the altitude will meet it.

The altitude of a triangle is the perpendicular The base of a triangle is the side upon which
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ALTITUDE

j«— 32" BASE —»]

Ficurr 1-8. Triangle.

the triangle is supposed to stand. Any side may
be taken as the base.

The area of any triangle may be calculated by
using the formula:

1
A =§ab

where A is equal 10 Area; } is a given constant;
a is the altitude of the triangle; and b is the base.

EXAMPLE
Find the area of the triangle shown in figure 1-8.

FIRST: Substitute the known values in the

area formula.

1
= —gb = 4

A
2

1 .
= 5 X 2!611 X 3I2H'

Solve the formula for the unknown
value.

NEXT:

114
X 30X 38 = 2—0

o=

A

A = 570 sq. in.

Circumference and Area of a Circle

To find the circumference (distance around) or
the area of a circle it is necessary to use a number
called pi {r). This number represents the ratio of
the circumference to the diameter of any circle.
Pi cannot be found exactly because it is a never-
ending decimal, but expressed to four decimal
places it is 3.1416, which is accurate enough for
most computations. {See figure 1-9.)
Circumference

The circumference of a circle may be found by

using the formula:
C=xd

where C is the circumference; = is the given con-
stant, 3.1416; and d is the diameter of the circle.

i8

Ficure 1-9. A circie.

EXAMPLE

The diameter of a certain piston is 5 inches.
What is the circumference of the piston?

FIRST: Substitute the known values in the
formula, C = nd.

C = 31416 X 5
NEXT: Solve the formula for the unknown
value.

C = 15.7080 inches.

Area

The area of a circle, as in a rectangle or triangle,
must be expressed in square units. The distance
that is one-half the diameter of a circle is known
as the radius. The area of any circle is found by
squaring the radins and multiplying by #. The
formula is expressed thus:

A

wrt

where A is the area of a circle; # is the given
constant; and r is the radius of the circle.

EXAMPLE

The bore (inside diameter) of a certain aircraft

_engine cylinder is 5 inches. Find the cross sectional

area of this bore.

FIRST: Substitute the known values in the
formula, 4 = #r2
A4 = 3.1416 X 2.3%
NEXT: Solve the formula for the unknown

value.
A = 3.1416 X 6.25
4 = 19.635 sq. in.



Ficure 1-10. A trapezoid.

The Trapezoid

A trapezoid (figure 1-10} is a quadrilateral
having one pair of parallel sides. The area of a
trapezoid is determined by using the formula:

1
A= (b b

where 4 is the area; § is the given constant;

b and b are the lengths of the two parallel sides;
and h is the height,
EXAMPLE

What is the area of a trapezoid whose bases are
14 inches and 10 inches, and whose altitude is
6 inches? (Sce fig, 1-11.)

FIRST: Substitute the known values in the
formula.

A= %(b] + bg)h

1
A = 5(10 +14)6.

NEXT: Solve the formula for the unknown

value.
A = %(24-)6
1
A ==X 111
2 X
A =12 sq.in

Wing Area

To describe the planform of a wing (figure 1-12),
several terms are required. To calculate wing area,
it will be necessary to consider the meaning of the
terms—span and chord. The wing span is the
length of the wing from wing tip 1o wing tip.
The chord is the width of the wing from leading
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Ficure 1-11. Computing the area of a trapezoid.

I 4”

edge to trailing edge. If the wing is a tapered
wing, the average width or chord, known as the
mean chord, must be known in finding the area.
The formula for caleulating wing area is:

A =38C

where 4 is the area expressed in square feet,
S is the wing span, and € is the average chord. -

The process used in calculating wing area will
depend upon the shape of the wing. In some
instances it will be necessary to use the formula
for finding wing area in conjunction with one of
the formulas for the area of a quadrilateral or a
circle.

EXAMPLES

1. Find the area of the wing illustrated in
figure 1-13.
To determine the area, it is necessary to decide
what formula to use. It can be seen that the wing
tips would form a 7-foot-diameter circle; the re-
mainder of the wing planform is then in the
shape of a rectangle. By combining the formulas
for wing area and area of a circle, the area of a
wing having circular tips can be calculated.

FIRST: Substitute the known value in the

formula.
A= SC + =Rt
A= (25 — ) (T) + (3.1416) (3.5%).

The value for S is represented by the original wing
span less the diameter of the circular tips.

NEXT: Solve the formula for the unknown
value.
A= (18 X 7) + (3.1416 X 12.25)
A =120 4+ 38.5
A = 164.5 sq. ft.




A = Wing Area, ft?
C = Average chord, ft.
§ = Span, ft.

[

Ficure 1-12.

2. Find the area of a tapered wing {figure 1-14)
whose structural span is 50 feet and whose mean

chord is 6’8"

FIRST: Substitute the known values in the

formula.
A4 =8C
A =50 X 68",
NEXT: Solve the formula for the unknown
value.
A = 50" X 6.67

A = 333.5 sq. ft.

3. Find the area of a trapezoidal wing (shown
in figure 1-15) whose leading edge span measures
30 feet, whose trailing edge span measures 34 feet,
and whose chord is 5 feet.

FIRST: Substitute the known values in the
formula.
1
1
A = :2-(30 + 34)5.
NEXT: Solve the formula for the unknown
value.
1
A = 5(64)5
A= ~}:(320)
T2
A = 160 sq. f1.

7’

1

Ficure 1-13. Wing with circular tips.

|

Wing planform.

COMPUTING THE VOLUME OF SOLIDS

Solids are objects with three dimensions—
length, breadth, and thickness. They are of many
shapes, the most common of which are prisms,
cylinders, pyramids, cones, and spheres. Occa-
sionally, it is necessary to determine the volume
of a rectangle, a cube, a cylinder, or a sphere.

Since all volu: 1es are not measured in the same
units, it is necessary to know all the common
units of volume and how they are related to each
other. For example, the mechanic may know the
volume of a tank in cubic feet or cubic inches,
but when the tank is full of gasoline, he will be
mnterested in how many gallons it contains. The
following table shows the relationship between
some of the common units of volume.

UNITS OF SPACE MEASURE
1,728 cu. in. = 1 cu. ft.
27 cu. ft. = 1 cu. yd.
231 cu. in. = 1 gal.
7.5 gals, = 1 cu. ft.

Il

2 pts. 1 qt.

4 qts. = 1 gal.

Volume of a Rectangular Solid

A rectangular solid is a solid bounded by ree-
tangles. In other words, it is a square-cornered

Figure 1-14. Tapered wing with sweepback.



30 feet

ﬁ feet \
¥ .

34 feet
Ficure 1-15. Trapezoid wing.

volume such as a box (figure 1-16). If the solid
has equal dimensions, it is called a cube.

The formula for determining the volume of a
rectangular solid may be expressed thus:

V = lwh
where: V' = Volume.
! = length.
w = width.
k = height.
EXAMPLE

A rectangular-shaped baggage compartment
measures 5 feet 6 inches in length, 3 feet 4 inches
in width, and 2 feet 3 inches in height. How many
cubic feet of baggage will it hold?

FIRST: Substitute the known values into the
formula.

V = lwh
V . 5!611 X 3!4H X 213”_
NEXT: BSolve the formula for the unknown

value.
1 1 1
V = 55- X 3:9’* X 24—
1 _ 10 9
V=——X—X~-
5 X3 %1
165
V= T = 41.25 cu. ft.

FiGURE 1-16. A rectangular solid.

i
: ’
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Ficure 1-17. A cube.

If the rectangular solid is in the shape of a
cube (figure 1-17), the formula can be expressed
as the cube of the sides:

V=8

where V' is the volume and S is the side measure-
ment of the cube.

Area and Volume of a Cylinder

A solid having the shape of a can, length of
pipe, or other such object is called a cylinder.
The ends of a cylinder are identical circles as
shown in figure 1-18.

Surface Area
The surface area of a cylinder is found by

multiplying the circumference of the base by the
altitude. The formula may be expressed as:

A = ndh

where A4 is the area, 7 is the given constant,
d is the diameter, and k is the height of the

cylinder.

I

\__ -
Ficure 1-18. A cylinder.
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Ficure 1-19. Cylinder displacement.
EXAMPLE FIRST: Substitute the known values in the
formula.
How many square feet of aluminumn sheet would A = dl
be needed to fabricate a cylinder 12 feet long and -
3 feet 6 inches in diameter? A = 3.1416 X 3’6" X 12".
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NEXT: Solve the formula for the unknown

value.
A = 3.1416 X 3.5" X} 12’
A = 13293, or 133 sq. ft.

Volume

The volume of a cylinder may be found by
multiplying the cross-sectional area by the height
of the cylinder. The formula may be expressed as:

V = nrh

where ¥ is the volume; = is the given constant;
r? is the square of the radius of the cylinder; and
h is the height of the cylinder (figure 1-19).

EXAMPLE

The cylinder of an aircraft engine has a bore
(inside diameter) of 5.5 inches, and the engine
has a stroke of 5.5 inches. What is the piston
displacement of one cylinder? The siroke repre-
sents the height of the cylinder to be measured,
uecause the volume displaced by the piston de-
pends on the length of the stroke.

FIRST: Substitute the known values in the
formula.

V = =rih
V = {3.1416)(2.75%) (5.5).

Solve the formula for the unknown
value,

V =17.28 X 7.56
V = 130.64 cu. in.

NEXT:

GRAPHS AND CHARTS

Graphs and charts are pictorial presentations
of data, equations, and formulas. Through their
use the relationship between two or more quan-
tities may be more clearly understood. Also, a
person can see certain conditions or relationships
at a glance, while it would require considerahle
time to obtain the same information from a written

description. Graphs may be used in a number of

ways, such as representing a single equation or
formula, or they may be used to solve two equa-
tions for a common value.

Graphs and charts take many forms. A few of
the more common forms are called bar graphs,
pictographs, broken-line graphs, continuous-
curved-line graphs, and circle graphs. An example
of each is shown in figure 1-20. The most useful
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of these graphs in technical work is the continuous-
curved-line graph.

interpreting or Reading Graphs and Charts

It is more important, from the mechanic’s view-
point, to be able to read a graph properly than it
is to draw one. The relationship between the
horsepower of a certain engine at sea level and at
any altitude up to 10,000 feet can be determined
by use of the chart in figure 1-21. To use this
type of chart, simply find the point on the hori-
zontal axis that represents the desired altitude;
move upward along this line to the point where it
intersects the curved line; then move to the left,
reading the percent of sea level horsepower avail-
able on the vertical axis.

EXAMFPLE

What percent of the sea level horsepower is
available at an altitude of 3,000 feet?

FIRST: Locate the point on the horizontal

axis that represents 5,000 feet. Move
upward to the point where the line
intersects the curved line.

NEXT: Move to the left, reading the percent
of sea level horsepower available at
3,000 feet. The available horsepower
is 807,
Nomograms

It is often necessary to make calculations using
the same formula, but using different sets of values
for the variables. It is possible to obtain a solution
by use of a slide rule or by preparing a table
giving the solution of the formula resulting from
successive changes of each variable. However, in
the case of formulas involving several mathe-
matical operations, the labor entailed would usu-
ally be very great.

It is possible to avoid all this labor by using a
diagram representing the formula, in which each
variable is represented by one or more graduated
lines. From this diagram, the solution of the
formula for any given variable may be read by
means of an index line. A diagram of this type is
known as a nomogram.

Much of the information needed to solve aero-
nautical problems will be presented in nomogram
form. Instruction manuals for the various aircraft
contain numerous nomograms, many of which
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Frcure 1-20, Types of graphs.
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Frcure 1-21. Horsepower vs. altitude chart.

appear quite complex. Many of the presentations
will possess several curves on the same coordinate
axis, each curve drawn for different constants in
the equation. In the latter case, it is essential to
select the proper curve for the desired conditions.

Again, as with the simpler graphs, it is more
important for the mechanic to be able to read
nomograms than it is to draw them.

The following example is taken from the main-
tenance mantual for the Allison 501-D13 turboprop

engine. A nomogram (figure 1-22) is used to de-
termine the power requirements when the engine
is operating at minimum torque. The OAT (out-
side air temperature), station barometric pressure,
and engine r.p.m. are three factors that must be
known to use this particular nomogram.

EXAMPLE

Determine the calculated horsepower of a cer-
tain engine, using the nomogram in figure 1-22.
Assume that the OAT is 10° C., the barometric
pressure is 28.5 in. Hg, and the engine is operating
at 10,000 r.p.m.

FIRST: Locate the reference points on the
OAT scale and on the barometric
pressure scale that correspond to the
given temperature and pressure read-
ings. These are identified as () and
(2), respectively, on the chart. With
the aid of a straightedge, connect
these two points and establish point
(@ on the pivot line.

NEXT: Locate the engine speed, identified
as (1), on the engine speed r.p.m.
scale. Using a straightedge, connect
points (3 and (i) and establish point
(& on the calculated horsepower
scale. The calculated horsepower is
read at point (). The calculated

horsepower is 9897.
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MEASUREMENT SYSTEMS

Our customary system of measurement (figure
1-23) is part of our cultural heritage from the days
when the thirteen colonies were under British rule,
It started as a hodge-podge of Anglo-Saxon, Roman,
and Norman-French weights and measures. Since
medieval times, commissions appointed by various
English monarchs had reduced the chaos of meas-
urement by setting specific standards for some of
the most important units. FEarly records, for in-
stance, indicate that an inch was defined as the
iength of “three barleycorns, round and dry” when
laid together; a pennyweight, or one-twentieth of
a Tower ounce, was equal to 32 wheatcorns from
the “midst of the ear.”

The U.S. gallon is the British wine gallon, stand-
ardized at the beginning of the 18th century {and
about 20 percent smaller than the Imperial gallon

that the British adopted in 1824 and have since

used to measure most ligquids) .

In short, as some of the founders of this country
realized, the customary systemm was a makeshift
based largely on folkways.

Metric System

The metric system is the dominant language of
measurement in use today. Most of the world
countries used the metric system prior to World
War II. Since the war, more countries have con-
verted or are in the process of converting to the
metric system. Only the United States and 13
smaller countries have not made the conversion.

Congress has the power to define the standard
of weights and measures. Repeatedly the metric
system has been proposed and each time the ques-
tion has been voted down.

The metric system was developed by a French
statesman, Talleyrand, Bishop of Autum, using a
“meter” as a standard; the meter being a specific
portion of the circumference of the earth at the
equator. From this base measurement the meter
was developed and accepted as the standard. Di-
visions and multiples of the meter are based on the
decimal system.

ELECTRIC
LENGTH MASS VOLUME TEMPERATURE CURRENT TIME
METRIC
Celsius
Meter Kilogram Liter { Centigrade) Ampere Second
CUSTOMARY
inch ounce fluid ounce Fahrenheit ampere second
foot pound teaspoon
year ton tablespoon
fathom grain cup
rod dram pint
mile quart
gallon
barrell
peck
bushel

Ficure 1-23.

Some common units.




The Logic of Metric

No other system of measurement that has been
actually used can match the inherent simplicity of
International Metric. It was designed deliberately
to fll all the needs of scientists and engineers.
Laymen need only know and use a few simple
parts of it. It is logically streamlined, whereas
other systems developed more or less haphazardly.
At this time there are only six base units in the
International Metric System. The unit of length
is the meter. The unit of mass is the kilogram.
The unit of time is the second. The unit of electric
current is the ampere. The unit of temperature iz
the kelvin (which in common use is translated into
the degree Celsius, formerly called degree centi-
grade). The unit of luminous intensity is the
candela.

All the other units of measurement in the Inter-
national Metric System are derived {rom these six
base units. Area is measured in sguare meters;
speed in meters per second; density in kilograms
per cubic meter. The newton, the unit of force,
is a simple relationship invelving meters, kilograms,
and seconds; and the pascal, unit of pressure, is
defined as one newton per square meter. In some
other cases, the relationship between the derived
and base units must be expressed hy rather more
comnplicated formulas—which is inevitable in any
measurctment system, owing to the innate complex-
ity of some of the things we measure. Similar
refationships among mass, area, time and other
quantitics in the customary system usually require
simifar formulas, made 2all the more complicated
hecause they can contain arbitrary constants. For
example, one horsepower is defined as 550 {oot-
}!Uul'ld.‘,"- i)(’!‘ FﬂCO]‘l‘d.

The third intrinsic advantage is that metric is
based on the decimal system. Multiples and sub-
nltiples of any given unit are always related by
powers of 10, For instance, there are 10 milli
meters in one centimeier; 100 centimeters in one
meter; and 1,000 meters in one kilometer. This
greatly simplifies converting larger to smaller
measurcments.  For example, in order to calculate
the number of meters in 3.7%4 kilometers, multiply
by 1,006 (move the decimal point three places to
the right) and the answer is 3,794. For compari-
son, in order to find the number of inches in 3.794
miles, it is necessary to multiply first by 5,280 and
then by 12.

Moreover, multiples and submultiples of all the
International Metric units follow a consistent nam-
ing scheme. which consists of attaching a prefix to
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the unit, whatever it may be. For example, kilo
stands for 1,000: one kilometer equals 1,000 meters,
and one kilogram equals 1,000 grams. Micro is
the prefix for one millionth: one meter equals one
millior micrometers, and one gram equals one mil-
lion micrograms (figure 1-24).

PREFIX MEANS

One trillion times

tera (10'%)

giga (10°) One billion times
mega (10°%) One million times
kilo (10%) One thousand times
hecte (10?) One hundred times
deca (10) . Ten times

deci {1071) One tenth of

centi (107%) One hundredth of
milli {107%) One thousandth of

One millionth of
One billionth of
One

micro (107?)
nano (107%)

pico (107%%) trillionth of

Froume 1-24.  Names and symbels for metric

prefixes.

Conversion: Metric To Conveniional

People tend to resist changes, usually because
they do not understand either the purpose of the
change or the new order. Terminology for custom-
ary units and metric units have been discussed. A
conversion table also has been included. Examples
of its use follow:

To convert inches to millimeters, multiply the
number of inches by 25, (Ex. 25 inte mm=25
X 25=625 mm)

To convert millimeters to inches multiply milit-
meters by .04. (Ex, 625 mm>.04=25 inches.)

To convert square inches to square centimeters
multiply by 6.5, (Ex. 100 sq. in.2X0.5=650

§q. cm.)

To convert square centimeters to square inches
multiply by .16. (Ex. 1003.16==16 sq. in.)



Gl b e i

WHEN YOU KNOW:

IF YOU

YOU CAN FIND:

MULTIPLY BY:

LENGTH inches millimeters 25
feet centimeters 30
yards meters 0.9
miles kilometers 1.6
millimeters inches 0.04
centimeters inches 0.4
meters yards 1.1
kilometer miles - 0.6
AREA square inches square centimeters 6.5
square feet square meters 0.09
square yards square meters © 0.8
square miles square kilometers 2.6
acres square hectometers (hectares) 0.4
square centimeters square inches 0.16
square meters square yards 1.2
square kilometers square miles 0.4
square hectometers (hectares)  acres 2.5
MASS ounces grams 28
pounds kilograms 0.45
short tons megagrams {metric tons) 0.9
grams ounces 0.035
kilograms pounds 2.2
megagrams (metric tons) short tons 1.1
LIQUID  ounces milliliters 30
VOLUME pints liters 0.47
quarts liters 0.95
gallons liters 3.8
milliliters ounces 0.034
liters pints 2.1
liters quarts 1.06
liters gallons 0.26
TEMPER- degrees Fahrenheit degrees Celsius 5/9 (after subtracting 32)
ATURE

degrees Celsius

degrees Fahrenheit 9/5 (then add 32)

Ficure 1-25.

Converting customary to metric.
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Figure 1-26 is practically self explanatory, Meas-  been converted to decimal divisions of inches and
urements starting at 143 inch up to 20 inches have  to millimeters.

[nches Tnches tnches inches
b M MM MM MM
Fractions l Decimals Fractions | Decimals Fractions | Decimals I'ractions | Decimals

- 0004 .01 a5/32 181 19,844 — 2165 55. 3-11/16 | 3.6875 93,863

— 004 10 — 1874 20, 2-3/16 21875 53.563 - 37008 4.

— 01 .25 51/64 157 20241 - 2.2047 36. 3-23/32 | 3719 94,456
1/64 0136 397 13/16 .8125 20.638 | 2.7/32 36.356 - 3.7401 5.

- 0197 80 - 5268 21, - 7. 1-3/4 3750 095.250

- 0295 i1 53/64 2-1/4 57.150 - 7795 96.
1/38 03125 T a7/32 2432 57944 | 3-35/32 96044

— 0384 1. 55764 - 38, 3-13/18 96,838
3/64 0469 1191 - 2-5/16 58738 - 97.

= .039 15 7/8 — 54. 3-27/32 07.631
1/16 e 1.588 57/64 2-11/32 59.531 - 08,
5/64 0T8T 1.984 — - &0, 3T/8 08425

- 0787 2. 29732 2-3/8 60,325 — 99,
3/32 094 2,381 5964 61. 3.29/32 99.214

— 0834 a5 15/16 G61.114 - 100,
T/64 109 2778 - 2438 61.912 | 3-15/18 1n 0 XeN ke

- 1181 3. 61/64 - 24404 6a. 351732 100806

178 125 3.0TH 31/32 215716 | 2468 62.706 - Lo,

- 1378 3.5 - - 2.4803 83. 4 101.800
/84 141 3572 £3/64 2-1/2 2.500 653.500 | 4-1/16 103.188
5/32 .156 3989 1 . ~ 2.51%7 64. 4-1/8 104.775

- 1573 4, - 10238 217732 X 64.294 - 105,
11/84 172 4.366 1-1/32 L0312 65, 4-3/16 106.363

- 177 45 1.1/16 1.062 G5.088 | 4-1/4 17,950
3/18 1875 4763 — 1.063 65,481 4-5/16 109.538

- 1969 5. 1-3/32. 1.094 66, - 110,
13/64 203 5159 - L1024 FG.67S 1-3/8 111.125

- 2185 5.5 [-1/8 1.123 T 1-7/18 112,713
7/32 219 5556 - 1.1417 67486 | 4.1/2 114.300
15/64 5.953 i-5/32 1.156 68. - 115.

- 8. - 11811 30, 65,267 | 4-9/16 NEET

1/4 £.350 1-3/16 1.1875 S1E3 9. 4.3/H 17475

- B3 T-7/32 1.219 301456 69.036 4-11/16 119.063
17/64 6747 - 3l 69,850 - 120,

— 7 1-174 1750 70. 4-3/4 120,650
9/32 7144 - 1.2504 32, TOA4%4 | 4-13/16 122 235

- 75 1.9/32 1281 32,544 7L 4748 123825
15/64 7.541 — 1.2652 33, - 128,
3/16 7.8938 1 1-5/16 1.312 33.308 4-15/16 125.413

- 8. — 1.3386 34. 5 127.000
21/64 8334 | 1-11/32 | 1.344 34.131 73. - 130.

- 8.5 1-3/8 LT 34 925 73025 | 5-1/4 133.350
11/32 8,731 - 1.3779 35 73.818 5-1/2 139.700

- 9. 1-13/32 | 1406 35718 4. — 140,
23/64 5.128 — 1.4173 38, 74613 3-3/4 146.050

- 9.5 1-7/16 1438 36513 73 - 150,

3/8 9.525 - 1.4367 a7, 406 | 6 152,400
25/64 . 9922 1 1-15/32 | 1469 37.308 76 6-1/4 138750

- 3927 10, — 14561 a8, 76.200 — 160.
13/32 ADE 10.319 1-1/2 1.500 38.100 76.594 6-1/2 165100

- 413 10.5 1-17/32 | 1331 35.894 7. - 6.6929 170.
27/84 428 10.716 - 1.5354 39. TTTRY | 6-3/4 6.730 171.450

- 4331 il. 1-9/18 1.562 39.688 ) ¢ 8. ki 7.000 L77.800
/16 438 Inns - 1.5748 40, 3-3/32 3 78.581 - T.NB6E 180,
29/64 .453 11.509 | 1-19/32 | 1.554 40.481 — T8, - TA4RO3 190
15/32 469 11.906 - 1.6142 41, 9578 | 71/ 7.500 180.500

- 4724 12, 1-5/8 1.625 41.275 8. - 78740 | 200,
31/64 484 12.303 — 1.5535 42, BOL1GG | & 8.004) 203.200

- 493 12.5 1-21/732 | 1.6562 42.084 80963 - 82677 | 210,
1/2 500 12700 | 1-11/16 | 1.6875 42 863 81. §-1/2 5.5 215900

_ 5118 13. - 16926 | 43. 81.756 = B.GA14 | o0
33/64 5156 13.097 | 1-23/32 | 1.719 43 656 82 o 1,000 238,600
17/32 531 13464 - 1.7323 a4, £2.350 - 20551 | 230.
35/64 547 13.80 i34 1750 44.450 - 83. - 4488 240,

- 5512 14 - 13T 43. 34732 /3344 | 9-1/2 9.500 241.300
9/18 563 14.288 1.35/32 1.781 45.244 84, - 9.8425 250,

- 37 14.5 - 1.8116 46, 1-5/16 841377 {0 10000 234.0M
37/64 5T 14.684 1-13/16 1.8125 48038 [ 3-11/32 84.9314 10,2562 260,

- 5908 15. 1-27/32 | 1.844 46.831 - 83. - 106299 1 270,
19/32 594 15.081 — 1.8504 47. 3-3/8 B5.72% 1] 11.000 AT9.401
39/64 609 15478 § 1-7/8 1.873 47.625 - ELR — 11.0236 { 280,

5/8 625 15,875 — 1.8898 48, 3-13/32 86.509 - 114173 1 290,

- 6299 18. 1-25/32 1.9062 45419 - /7. — 11.8110 300,
41/64 8408 16.272 - 19291 49, 3-7/18 RT.313 112 12,004 304501

- 6496 16.5 1-15/16 | 1.6375 49.213 - 58, 13 13.000 330.2m
21/32 .36 16.669 - 1.9885 50, 3-15/32 88.108 - 13,7795 330,

- 6693 11, 131732 1989 50006 | 3-1/2 88500 | 14 14.000 335.801
43/64 BT2 17.066 | 2 2.000 50,800 -_ A9, 15 15.000 381001
il/16 BRT. 17.463 - 20079 51, 3-17/32 89.694 - 15.7480 400.
45/64 703 17.859 | 2.1/32 203125 51.594 — 90, 16 16.000 406.401

- TORT 18. - 20472 | 52 3916 00.4877] 17 7000 | 431801
23/32 718 18.256 | 2-1/16 2.082 30.388 - a1 — 17.7165 450,

- 7983 185 - 2.0R68 53, 3-18/32 9).281 | 18 18.000 457.201
47/64 st 18653 | 2-3/32 2.004 33181 - Q2. 19 19.000 482 801
- 7480 19. 2-1/8 2,123 53.975 3-5/8 92,075 — 19.8350 B0,
3/4 750 19.050 - 2.126 od. 3-21/32 92.869 | 20 20.000 508.001

49/64 7858 19.447 | 2.5/32 2.156 54,769 - 3.8614 3.

FI1cure 1-26.  Fractions, decimals, and millimeters.
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FUNCTIONS OF NUMBERS

The Functions of Numbers chart (figure 1-27)
is included in this chapter for convenience in mak-

ing computations.

Familiarization with the various
parts of this chart will illustrate the advantages of
using “ready-made” computations.

LE e T

Square Cube Circum-
No. Square Cube Root Root ference Area
1 1 1 1.0000 1.0000 3.1416 0.7854
2 4 3 1.4142 1.2599 6.2832 3.1416
3 9 27 1.7321 1.4422 94248 7.0686
4 16 64 2.0000 1.5874 12.5664 12.5664
5 25 125 2.2361 1.7160 153.7080 19.635
6 36 216 2.4495 1.8171 18.850 28.274
7 49 343 2.6458 1.9129 21.991 38,485
8 64 512 2.8284 2.0000 25.133 50.266
9 81 729 3.0000 2.0801 28.274 63.617 S
10 100 1,000 3.1623 2.1544 31416 78.540 <
11 121 1,331 3.3166 2.2240 34.558 95.033 :
12 144 1,728 3.4641 2.2804 37.699 113.10
13 169 2,197 3.6056 2.3513 40.841 132.73
14 196 2,744 3.7417 24101 43.982 153.94 B
15 225 3,375 3.8730 2.4662 47.124 176.71
16 256 4,096 4.0000 2.5198 50.265 201.06
17 289 4,913 4.1231 2.5713 33407 226.98
18 324 5,832 4.2426 2.6207 56.549 254.47
19 361 6.859 4,3589 2.6684 - 50.690 283.53
20 400 8,000 4.4721 2.7144 62.832 314.16
21 441 9,261 45826 2.7589 65.973 346.36
22 484 10.648 4.6904 2.8020 69.115 380.13
23 329 12,167 4.7958 2.8439 72.257 415.48
24 576 13,824 4.8550 2.8845 75.398 452.39
25 625 15,625 5.0000 2.9240 78.540 490.87
26 676 17,576 5.0990 2.9625 81.881 530.93
27 729 19,883 5.1962 3.0000 84.823 572.56
28 784 21,952 52915 3.0366 87.965 615.75
29 841 24,389 5.3852 3.0723 §1.108 660.52
30 900 27,000 54772 3.1072 94.248 706.86
31 1,961 29,791 5.5678 3.1414 97.389 754.77
32 1,024 32,768 5.6569 3.1748 100.53 804.25
33 1,089 35,037 5.7446 3.2075 103.67 855.30
34 1,156 39,304 5.8310 3.2398 106.81 907.92
35 1,225 42,875 59161 3.2717 108.96 962,11
36 1,296 46,656 6.0000 3.301¢ 113.10 1,017.88
37 1,369 50,653 6.0828 3.3322 116,24 1,0675.21
38 1,444 54,872 6.1644 3.3620 119.38 1,134.11
39 1,521 59,319 6.2450 3.3912 122.52 1,194.59
40 1,600 64,000 6.3246 3.4200 125.66 1,256.64
41 1,681 68,921 6.4031 3.4482 128.81 1,320.25
42 1,764 74,088 6.4807 34760 131.85 1,385.44
43 1,849 79,507 6.5574 3.5034 135.089 1,452.20
44 1,936 85,184 6.6332 3.5303 13823 1,520.53
45 2,025 91,125 6.7082 3.5569 141.37 1,590.43
46 2,116 97,336 6.7823 3.5830 144.5!1 1,661.90
47 2,209 103,823 6.8557 3.6088 147.65 1,734.94
48 2,304 110,592 6.9282 3.6342 150.80 1,809.56
49 2,401 117,649 7.0000 3.6593 153.94 1,885.74
50 2,500 123,000 7.0711 3.6840 157.08 1,963.50

Fieure 1-27.
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Numbers through 100. The other columns contain compu-

The number column contains the numbers 1 tations for each number.
Square Cube Circurm-
No. Square Cube Root Root ference Area
51 2,601 132,651 7.1414 3.7084 160.22 2,042.82
52 2,704 140,608 7.2111 3.7325 163.36 2,123.72
33 2,809 148,877 7.2801 3.7563 168.50 2,206.18
54 2,916 157,464 7.3485 3.7798 169.65 2,260,22
55 3,025 166,375 7.4162 3.8030 172.79 2.375.83
58 3,136 175,616 7.4833 3.8259 175.93 2,463.01
57 3,249 185,193 7.5498 3.8485 179.07 2.551.76
58 3,364 195,112 7.6158 3.8709 182.21 2,642.08
59 3,481 205,379 7.6811 3.8930 185.35 2,733.97
60 3,600 216,000 7.7460 3.9149 188.50 2,827.43
61 3,721 226,981 7.8102 3.9365 191.64 2,922.47
62 3,844 238,328 7.8740 3.9579 194.78 3,019.07
83 3,969 250,047 7.9373 3.9791 197.92 3,117.25
64 4,096 262,144 8.0000 4.0000 201.06 3,126.99
65 4,225 274,625 8.0623 4.0207 204.20 3,381.31
66 4,356 287,496 §.1240 4.0412 207.34 3,421.19
67 4,489 300,763 8.1854 40615 210,49 3,525.65
68 4,624 314,432 8.2462 4.0817 213.83 3,631.68
69 4,761 328,500 8.3066 4.1016 216.77 3,739.28
70 4 900 343,000 8.3666 4,1213 219.91 3,848.45
71 5,041 357,911 8.4261 4,1408 233.05 3,959.19
72 5,184 373,248 8.4853 4.1602 226.19 4.071.50
73 5,329 389,017 8.5440 4.1793 220.34 4,185.39
74 5,476 405,224 8.6023 4.1983 232.48 4,300.84
75 5,625 421,875 8.6603 42172 235.62 4417.86
76 5,776 438,976 8.7178 42358 238.76 4,536.46
77 5,929 456,533 8.7750 42543 241.90 4,656.63
78 6,084 474 552 8.8318 42727 245.05 4,778.36
79 6,214 493,039 §.8882 4.2908 248.19 4.901.87
80 6,400 512,000 8.9443 4,3089 251.33 5,026.55
81 6,561 531,441 9.0000 4.3287 254 .47 5,153.00
82 6,724 551,368 9.0554 4.3445 257.81 5,281.02
83 6,889 571,787 9.1104 4.3621 260.75 5,410.61
84 7,056 . 582,704 9.1652 43795 263.89 5,541.77
85 7,225 614,125 9,2185 4.3968 267.04 5,674.50
86 7,396 636,058 9.2376 4.4140 270.18 5,808.80
87 7,569 638,503 9.3274 44310 273.32 5,944.68
85 7,744 681,472 9.3808 4.4480 276.46 6,082.12
89 7,921 704,969 9.4340 4.4647 279.60 6,221.14
90 8,100 729,000 9.4868 4.4814 282,74 8,361.73
91 8,281 753,571 9.5394 4.4979 285.88 6,503.88
92 8,464 778,688 9.5917 45144 289.03 6,647.61
93 8,649 804,357 9.6437 45307 292.17 6,792.91
94 8,836 830,584 9.6954 4.5468 295.31 6,939.78
gk 9,025 857,375 9,7468 4.5629 298.45 7,088.22
96 9,216 884,736 9.7980 4.5789 301.59 7,283.23
a7 9,409 912,673 9.8489 45947 304.73 7,389.81
98 9,604 941,192 9.8995 4.6104 307.88 7,542.96
99 . 9,801 970,299 9.9499 46281 311.02 7.,697.69
100 10,000 1,600,000 10.0000 46416 314.186 7,853.98

Ficure 1-27. Functions of numbers (continued).
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Square

Square is the product obtained by multiplying a
number by itself: 1 X1=1, 2X2=4, 17X17=289.
Squaring may be considered a special form of area
computation: Area=Length multiplied by Width,
A=LXW.

Cube

Cube is the product obtained by multiplying a
number by itself, then multiplying that product
by the number again: 1X1X1=1, 2X2X2=8§,
1313x13=2,197. Cubing may be considered
a specialized form of volumn computation:
Volume =Length multiplied by Width by Heighth,
V=LXWXH.

Square Root

Square root is the opposite of a “squared” num-
ber. The square root of a number is, that number
which when multiplied by itself (squared) will
produce the original or desired number: For ex-
ample, the square root of 1 is 1, 1X1=1, The
square root of 4 is 2. The square root of 24 is
4.8990. If an area of 24 square inches must be a
perfect square, the length of each side would be
4.8990 inches.

Cube Root

A cube root is the opposite of a “cubed” number,
The cube root of a number is that number which

when multiplied by itself (cubed) will produce the
original or desired number. The cube root of
1is 1, 1X1XI=1. The cube root of 27 is 3,
3X383x3=27. If a container of 100 cubic inches
and cubic in shape is desired, then the length of
each side would be 4.6416.

Circumference of A Circle

Circumference is the linear measurement of the
distance around a circle. The circumference is
calculated by multiplying the diameter of the circle
by the constant 3.1416 (wx). This constant was
calculated by dividing the circumierence of circles
by their diameter. For example, diameter=1],
circumference =3.1416, 1x3.1416=3.1416. Di-
ameter=10, 10X3.1416=31.4160, diameter=12,
12X3.1416 =37.699.

Area of A Circle

Area of a circle is the number of square units of
measurement contained in the area circumscribed
by a circle of the diameter of the listed number.
This is calculated by the formula (x) Xr?*=a,
(v) multiplied by the radius squared equals area.
The radius is equal to one half the diameter. For
example, diameter=2, radius=1. 3.1416X1=
3.1416 square units in a circle which has a diam-
eter of 2. Another example, diameter =4, radius=
2. 3.1416x2°=3.1416X4=12.5664 square unifs.
lion micrograms.




PRINTS

" The exchange of ideas is essential to everyone,
regardless of his vocation or position. Usually,
this exchange is carried on by the oral or written
word; but under some conditions the use of these
alone is impractical. Industry discovered that it
could not depend entirely upon written or spoken
words for the exchange of ideas because mis-
understanding and misinterpretation arose fre-
quently. A written description of an object can
be changed in meaning just by misplacing a
comma; the meaning of an oral description can
be completely changed by the use of a wrong
word. To avoid these possible errors, indus-
try uses drawings to describe objects. For -this
reason, drawing is called the Draftsman’s Lan-
guage.

Drawing, as we use it, is a method of conveying
ideas concerning the construction or assembly of
objects. This is done with the help of lines, notes,
abbreviations, and symbols. It is very important
that the aviation mechanic who is to make or
assemble the object understand the meaning of
the different lines, notes, abbreviations, and sym-
bols that are used in a drawing. (See especially
“The Meaning of Lines™ section of this chapter.)

Prints are the link between the engineers who
design an aircraft and the men who build, main-
tain, and repair it. A print may be a copy of a
working drawing for an aircraft part or group of
parts, or for a. design of a system or group of
systems. They are made by placing a tracing of
the drawing over a sheet of chemically treated
paper and exposing it to a strong light for a
short period of time. When the exposed paper is
developed, it turns blue where the light has
penetrated the tramsparent tracing. The inked
lines of the tracing, having blocked out the light,
show as white lines on a blue background. Other
types of sensitized paper have been developed;
prints may have a white background with colored
lines or a colored background with white lines.

LM Demer o

CHAPTER 2

AIRCRAFT DRAWINGS

A print shows the various steps required in
building anything from a simple component to a
complete aircraft.

WORKING DRAWINGS

Working drawings must give such information
as size of the object and all of its parts, its shape
and that of all of its parts, specifications as to
the material to be used, how the material is o be
finished, how the parts are to be assembled, and
any other information essential to making and
assembling the particular object.

Working drawings may be divided into three
classes: (1) Detail drawings, {2) assembly draw-
ings, and (3) installation drawings.

Detail Drawing

A detail drawing is a description of a single
part, given in such a manner as to describe by
lines, notes, and symbols the specifications as to
gsize, shape, material, and methods of manufacture
that are to be used in making the part. Detail
drawings are usually rather simple; and, when
single parts are small, several detail drawings may
be shown on the same sheet or print. (See detail
drawing at the top of figure 2-1.)

Assembly Drawing

An assembly drawing is a description of an
object made up of two or more parts. Examine
the assembly drawing in the center of figure 2-1.
It describes the object by giving, in a general
way, the size and shape. Its primary purpose is to
show the relationship of the various parts. An
assembly drawing is usually more complex than
a detail drawing, and is often accompanied by
detail drawings of various parts,
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Ficure 2-1. Working drawings.
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Installation Drawing

Aqn installation drawing is one which includes
all necessary information for a part or an assembly
of parts in the final position in the aircraft. It
shows the dimensions necessary for the location
of specific parts with relation to the other parts
and reference dimensions that are helpful in later
work in the shop. (See installation drawing at the
bottom of figure 2-1.)

CARE AND USE OF DRAWINGS

Drawings are both expensive and valunable;
consequently, they should be handled carefully.
Open drawings slowly and carefully to prevent
tearing the paper. When the drawing is open,
smooth out the fold lines instead of bending them
backward.

To protect drawings from damage, never spread
them on the floor or lay them on a surface covered
with tools or other objects that may make holes
in the paper. Hands should be free of oil, grease,
or other unclean matter than can soil or smudge
the print.

Never make notes or marks on a print, as they
may confuse other persons and lead to incorrect
work. Only authorized persons are permitted to
make notes or changes on prints, and they must
sign and date any changes they make.

When finished with a drawing, fold and return
it to its proper place. Prints are folded originally
in a proper size for filing, and care should be taken
so that the original folds are always used.

TITLE BLOCKS

Every print must have some means of identifi-
cation. This is provided by a title block (see
figure 2-2). The title block consists of a drawing
number and certain other data concerning the
drawing and the object it represents. This infor-
mation is grouped in a prominent place on the
print, usually in the lower right-hand corner.
Sometimes the title block is in the form of a strip
extending almost the entire distance across the
bottom of the sheet.

Although title blocks do net follow a standard
form, insofar as layout is concerned, all of them
will present essentially the following information:

1. A drawing number to identify the print for
filing purposes and to prevent confusing it
with any other print.
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Ficure 2-2. Title block.

. The name of the part or assembly.

. The scale to which it is drawn.

. The date.

The name of the firm.

The name of the draftsmen, the checker, and
the person approving the drawing,.

oo oo

Drewing or Print Numbers

All prints are identified by a number, which
appears in a number block in the lower right-hand
corner of the title block. It may also be shown in
other places--such as near the top border line,
in the upper right-hand corner, or on the reverse
side of the print at both ends—so that the number
will show when the print is folded or rolled. The
purpose of the number is for quick identification
of a print. If a print has more than one sheet and
each sheet has the same number, this information
is included in the number block, indicating the
sheet number and the number of sheets in the
series.

Reference and Dash Numbers

Reference numbers that appear in the title
block refer a person to the numbers of other
prints. When more than one detail is shown on a
drawing, dash numbers are used. Both parts would
have the same drawing number plus an individual
number, such as 40267-1 and 40267-2.

In addition to appearing in the title block, dash
numbers may appear on the face of the drawing
near the parts they idemtify. Dash numbers are
also used to identify right-hand and left-hand
parts.

In aircraft, many parts on the left side are
like the corresponding parts on the right side but
in reverse. The left-hand part is always shown in
the drawing. The right-hand part is called for in
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the title block. Above the title block will be found
a notation such as: 470204-1LH shown; 470204~
2RH opposite. Both parts carry the same number,
but the part called for is distinguished by a dash
number. Some prints have odd nrumbers for left-
hand parts and even numbers for right-hand parts.

Universal Numbering System

The universal numbering system provides a
means of identifying standard drawing sizes. In
the universal numbering system, each. drawing
number consists of six or seven digits. The first
digit is always 1, 2, 4, or 5 (figure 2-3), and
indicates the size of the drawing. The remaining
digits identily the "drawing. Many frms have
modified this basic system to conform to their
particular needs. Letters may be used instead of
numbers. The letter or number depicting the
standard drawing size may be prefixed to the num-
ber, separated from it by a dash. Other number-
ing systems provide a separate box preceding the
drawing number for the drawing size ideniifier.
In other modification of this system the part num-
ber of the depicted assembly is assigned as the
drawing number.

SIZE ! 2 | 4 5
LENGTH | 11" | 17" | 2o | INDEFINITE
{ROLL)
R v |17,22,25.50,34
I _ H 3 . *
WIDTH |{8-1/2"] il 17" 1 and 36 inches ’

Ficure 2-3.  Standard blueprint paper sizes.

BILL OF MATERIAL

A list of the materials and parts necessary for
the fabrication or assembly of a component or
system is often included on the drawing. The list
usually will be in ruled columns in which are
listed the part number, name of the part, material
from which the part is to be constructed, the
quantity required, and the source of the part or
material. A typical bill of material is shown in
figure 2—-4. On drawings that do not have a bill
of material, the data may be indicated directly
on the drawing.

On assembly drawings, each item is identified

by a number in a circle or square. An arrow con- -

necting the number with the item assists in lo-
cating it in the bill of material.




BiLL OF MATERIAL
PART NO. | REQUIRED

ITEM SOURCE

CONNECTCOR UG-210/u 2 STOCK

Ficure 2-4. A typical bill of material.
OTHER DATA

Revision Block

Revisions to a drawing are necessitated by
changes in dimensions, design, or materials, The
changes are usually listed in ruled columns either
adjacent to the title block or at one corner of the
drawing. All changes to approved drawings must
be carefully noted on all existing prints of the
drawing,

When drawings contain such corrections, atten-
tion is directed to the changes by lettering or
numbering them and listing those changes against
the symbol in a revision block (figure 2-5). The
revision block contains the identification symbol,
the date, the nature of the revision, the authority
for the change, and the name of the draftsman who
made the change.

To distinguish the corrected drawing from its
previous version, many firms are including, as part
of the title block, a space for entering the appro-
priate symbol to designate that the drawing has
been changed or revised.

2 CHANGED PART NO. 5 E.0.1 [2/3/70] B.X.
1 REVISED DIMENSIONS . JLM. | T/L/E9 EKP
NO. REVISION AUTH.| DATE [SIGN.
Frcure 2-5. Revision block.
Notes

Notes are added to drawings for various rea-
sons, Some of these notes refer to methods of
attachment or construction. Others give alter-
natives, so that the drawing can be used for
different styles of the same object. Still others
list modifications that are available.

Notes may be found alongside the item 1o
which they refer. If the notes are lengthy, they
may be placed elsewhere on the drawing and
identified by letters or numbers. Notes are used

only when the information cannot be conveyed
in the conventional manner or when it is desirable
to avoid crowding the drawing. Figure 2-1 illus-
trates one method of depicting notes.

When the note refers to a specific part, a light
line with an arrowhead leads from the note to the

- part. If it applies to more than one part, the note

38

is so worded that no mistake can be made as to
the parts to which it pertains. When there are
several notes, they are generally grouped together
and numbered consecutively.

Zone Numbers

Zone numbers on drawings are similar to the
numbers and letters printed on the borders of a
map. They are there 10 help locate a particular
point. To find a point, mentally draw horizontal
and vertical lines from the letters and numerals
specified; the point where these lines would inter-
sect is the area sought,

Use the same method to locate parts, sections,
and views on large drawings, particularly as-
sembly drawings. Parts numbered in the title
block can be located on the drawing by finding
the numbers in squares along the lower border.
Zone numbers read from right to left.

Station Numbers

A numbering system is used on large assemblies
for aircraft to locate stations such as fuselage
frames. Fuselage ¥rame-S5ta 185 indicates that
the frame is 185 inches from the datum of the
aircraft. The measurement is usually taken from
the nose or zero station, but in some instances it
may be taken from the fire wall or some other
point chosen by the manufacturer.

The same station numbering system is used for
wing and stabilizer frames. The measurement is
taken from the center line or zero station of the
aircraft.

Finish Marks

Finish marks are used to indicate the surface
that must be machine finished. Such finished
surfaces have a better appearance and allow a
closer fit with adjoining parts. During the finishing
process the required limits and tolerances must
be observed. Po not confuse machined finishes
with those of paint, enamel, chromium plating,
and similar coating.



Ficure 2-6. Pictorial drawing.

Tolerances

When a given dimension on a print shows an
allowable variation, the plus (4) figure indicates
the maximum, and the minus (—) figure the
minimum, allowable variation. The sum of the
plus and minus allowance figures is called toler-
ance. For example, using .225 + .0025 — .0003,
the plus and minus figures indicate the part will
be acceptable if it is not more than .0025 larger
than the .225 given dimension, or not more than
.0005 smaller than the .225 dimension. Tolerance
in this example is .0030 (.0025 max. plus .005 min.).

If the plus and minus allowances are the same,
you will find them presented as .224 & .0025. The
tolerance would then be .0050. Allowance can be
indicated in either fractional or decimal form.
When very accurate dimensions are necessary,
decimal allowances are used. Fractional allow-
ances are sufficient when close dimensions are not
required. Standard tolerances of —.010 or — 14,
may be given in the title block of many drawings,
to apply throughout the drawing.

METHODS OF ILLUSTRATING OQOBJECTS

A number of methods are used to illustrate
objects graphically. The most common are pic-
torial drawings, orthographic projections, and
diagrams.

Pictorial Drawings

A pictorial drawing, figure 2-6, is similar to a
photograph. It shows an object as it appears to
the eye, but it is not satisfactory for showing
complex forms and shapes. Pictorial drawings are
useful in showing the general appearance of an
object and are used extensively with orthographic
projection drawings. Pictorial drawings are used
in maintenance, overhaul, and part numbers.
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Orthographic Projection Drawings

In order 1o show the exact size and shape of all
the parts of complex objects, a number of views
are necessary. This is the system used in ortho-
graphic projection.

In orthographic projection there are six possible
views of an object, because all objects have six
sides—front, top, bottom, rear, right side. and
left side. Figure 2-7(a) shows an object placed
in a transparent box, hinged at the edges. The
projections on the sides of the box are the views
as seen looking straight at the object through each
side. If the outlines of the object are drawn on
each surface and the box opened as shown in (b),
then laid flat as shown in (¢), the result is a six-
view orthographic projection.

It is seldom necessary to show all six views to
portray an object clearly; therefore, only those
views necessary to illustrate the required char-
acteristics of the object are drawn. One-view, two-
view, and three-view drawings are the most com-
mon. Regardless of the number of views used,
the arrangement is generally as shown in figure
2-1, with the front view being the principal one.
If the right-side view is shown, it will be to the
right of the front view. If the left-side view is
shown, it will be to the left of the front view.
The top and bottom views, if included, will be
shown in their respective positions relative to the
front view. _ .

One-view drawings are commonly used for ob-
jects of uniform thickness, such as gaskets, shims,
and plates. A dimensional note gives the thickness
as shown in figure 2-8. One-view drawings are
also commonly used for cylindrical, spherical, or
square parts if all the necessary dimensions can
be properly shown in one view.

When space is limited and two views must be
shown, symmetrical objects are often represented
by half views, as illustrated in figure 2-9.

Aircraft drawings seldom show more than two
principal, or complete, views of an object. In-
stead, generally there will be one complete view
and one or more detail views or sectional views.

Defail View

A detail view shows only a part of the object
but in greater detail and 1o a larger scale than the
principal view. The part that is shown in detail
elsewhere on the drawing is usuaily encircled by
a heavy line on the principal view. Figure 2-10
is an example of the use of detail views. The
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Figure 2-7. Orthographic projection.

principal view shows the complete control wheel,
while the detail view is an enlarged drawing of a
portion of the control wheel.

Sectional Views

A section or sectional view is obtained by cutting
away part of an object to show the shape and
construction at the cutting plane. The part or
parts cut away are shown by the use of section
{cross-hatching) lines.

Sectional views are used when the interior con-
struction or hidden features of an object cannot
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be shown clearly by exterior views. For example,
figure 2-11, a sectional view of a coaxial cable
connector, shows the internal construction of the
connector. This is known as a full section. Other
types of sections are described in the following
paragraphs.

Half Sections

In a half section, the cutting plane extends only
halfway across the object, leaving the other half
of the object as an exterior view. Half sections are
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Fi1curE 2-10. Detail view.
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Ficure 2-9. Symmetrical object with exterior
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FicurE 2-11. Sectional view of a cable connector.

used to advantage with symmetrical objects to
show hoth the Interior and exterior.

Figure 2-12 is a half-sectional view of a quick
disconnect used in aircraft fluid systems.

Revolved Sections

A revolved section drawn directly on the ex-
terior view shows the shape of the cross section
of a part, such as the spoke of a wheel. An example
of a revolved section is shown in figure 2-13.

Removed Sections

Removed sections illustrate particular parts of
an object. They are drawn like revolved sections,
except that they are placed at one side and, to

bring out pertinent details, are often drawn to a
larger scale than the view on which they are
indicated.

Figure 2-14 js an illustration of removed sec-
tions, Section A—A shows the cross-sectional shape
of the object at cutting plane line A-A. Section
B-B shows the cross-sectional shape at cutting
plane line B-B. These sectional views are drawn
to the same scale as the principal view; however,
as already mentioned, they are often drawn to a
larger scale to bring out pertinent details.

THE MEANING OF LINES

Every drawing is composed of lines. Lines mark
the boundaries, edges, and intersection of surfaces.
Lines are used to show dimensions and hidden
surfaces, and to indicate centers. Obviously, if
the same kind of line is used to show all of these
things, a drawing becomes a meaningless collection
of lines. For this reason, various kinds of standard-
ized lines are used on aircraft drawings. These are

llustrated in figure 2-15, and their correct uses are

shown in figure 2-16.

Most drawings use three widths, or intensities,
of lines: thin, medium, or thick. These lines may
vary somewhat on different drawings, but there
will always be a noticeable difference between a
thin and a thick line, with the width of the
medium line somewhere between the two.

QUICK
DISCONNECT COUPLING — %

lum

Fioune 2-12. Half section,
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Ficure 2-13. Revolved sections.

Center Lines

Center lines are made up of alternate long and
short dashes, They indicate the center of an object
or part of an object. Where center lines cross,
the short dashes intersect symmetrically. In the
case of very small circles, the center lines may be
shown unbroken.

Dimension Lines

A dimension line is a light solid line, broken at
the midpoint for insertion of measurement indi-
cations, and having opposite pointing arrowheads
at each end to show origin and termination of a
measurement. They are generally parallel to the
line for which the dimension is given, and are
usually placed outside the outline of the object
and between views if more than one view Is shown.

All dimensions and lettering are placed so that
they will read from left to right. The dimension
of an angle is indicated by placing the degree of
the angle in its arc. The dimensions of circular
parts are always given in terms of the diameter of
the circle and are usually marked with the letter D
or the abbreviation DIA following the dimension.
The dimension of an arc is given in terms of its
radius and is marked with the letter R following
the dimension. Parallel dimensions are placed so
that the longest dimension is farthest from the
outline and the shortest dimension is closest to
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Ficure 2-14. Removed sections.

the outline of the object. On a drawing showing
several views, the dimensions will be placed upon
each view to show its details to the best advantage.

In dimensioning distances between holes in an
object, dimensions are usually given from center
to center rather than from outside to outside of
the holes. When a number of holes of wvarious
sizes are shown, the desired diameters are given
on a leader followed by notes indicating the ma-
chining operations for each hole. If a part is to
have three holes of equal size, equally spaced,
this information is given. For precision work,
sizes are given in decimals. Diameters and depths
are given for counterbored holes. For countersunk
holes the angle of countersinking and the diam-
eters are given. Study the examples shown in
figure 2-17.

The dimensions given for fits signify the amount
of clearance allowable between moving parts. A
positive allowance is indicated for a part that is
to slide or revolve upon znother part. A negative
allowance is one given for a force fit. Whenever
possible, the tolerance and allowances for desired
fits conform to those set up in the American
Standard for Tolerances, Allowances, and Gages
for Metal Fits. The classes of fits specified in the
standard may be indicated on assembly drawings.
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Lecder Lines

Leaders are solid lines with one arrowhead and
indicate a part or portion to which a note, number,
or other reference applies.

Break Lines

Break lines indicate that a portion of the object
is not shown on the drawing, Short breaks are
made by solid, freehand lines. For long breaks,
golid ruled lines with zigzags are used. Shafts,
rods, tubes, and other such parts which have a
portion of their length hroken out, have the ends
of the break drawn as indicated in figure 2-16.

Phantom Lines

Phantom lines indicate the alternate position of
parts of the object or the relative position of a
missing part. Phantom lines are composed of one
long and two short evenly spaced dashes.

Sectioning Lines

Sectioning lines indicate the exposed surfaces
of an object in sectional view. They are generally
thin, full lines, but may vary with the kind of
material shown in section.
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Hidden Lines

Hidden lines indicate invisible edges or com-
tours. Hidden lines consist of short dashes evenly
spaced and are frequently referred to as dash lines.

Qutline or Visible Lines

The outline or visible line is used for all lines
on the drawing representing visible lines on the
object.

Stitch Lines

Stitch lines indicate stitching or sewing lines
and consist of a series of evenly spaced dashes,

Cutting Plane and Viewing Plane Lines

Cutting plane lines indicate the plane in which
a sectional view of the object is taken. In figure
2-16, plane line A-A indicates the plane in which
section A~A is taken.

Viewing plane lines indicate the plane from
which a surface is viewed.

READING DRAWINGS

A drawing cannot be read all at once any more
than a whole page of print can be read at a
glance. Both must be read a line at a time. To
read a drawing effectively, follow a systematic
procedure. :

Upon opening a drawing, read the drawin
number and the description of the article. Next,
check the model affected, the latest change letter,
and the next assembly listed. Having determined
that the drawing is the correct one, proceed to
read the illustration(s).

In reading a multiview drawing, first get a
general idea of the shape of the object by scanning
all the views; then select one view for a more
careful study. By referring back and forth to the
adjacent view, it will be possible to determine
what each line represents.

Each line on a view represents a change in the
direction of a surface, but another view must be
consuited to determine what the change is. For
example, a circle on one view may mean either a
hole or a protruding boss, as in the top view of
the object in figure 2-18. Looking at the top view,
we see two circles; however, the other view must
be consulted to determine what each cirele repre-
sents. A glance at the other view tells us that the
smaller circle represents a hole, and the larger
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Ficony 2-18. Reading views.

circle represents a protroding boss. In the same
way, the top view must be consulted 1o dejermine
the shape of the hole and the protruding hoss.

It can be seen from this example that ore cannet
read a print by looking at a single view, when
more than one view is given, Two views will not
always describe an object, aud when three views
are given. all three must be consuited 1o be sure
the shape has been read correctiy.

After determining the shape of an object. de-
termmine its size. Information on dirnensions anid
tolerances is given so that certzin design requive-
ments may be met. Dimensions are indicated by
figures etther with or without the ineh mark. 1f
no inch mark iz vnsed, the dimension is in inches.
It is customary to give part dimensions and an
ovetall dimension that gives the greatest length
of the part. If the overall dimension is missing,
it can be determined by adding the separate part
dimensions.

Drawings may be dimensioned in decimals or
fractions. This is especizally true in relerence to
tolerances. Many firms, instead of using plus and
minus signs for tolerances, give the complete di-
mension for both tolerances. For oxample. if a
dimension is 2 inches with a plus or minus toler-

ance of 0.01, the drawing would show the total
dimensions as: 0L A print tolerance {usually
found in the title block) is a general tolerance that
can be applied to parts where the dimensions are

noncritical. Where a tolerance is not shown on a

~dimension line, the print tolerance applies.

To complete the reading of a drawing, read the
general notes and the contents of the material
block, check and find the various changes in-
corporated, and read the special information given
in or near views and sections.

DIAGRAMS

A diagram may be defined as a graphic represen-
tation of an assembly or system, indicating the
various parts and expressing the methods or
principles of operation.

There are manv tvpes of diagrams; however,
those with which the aviation mechanic will be
concerned during the performance of his job may
instajlation

be grouped into two classes or types
dizgrams and schematic diaprams,
Instaliation Diagroms

Figure 2-19 iz an example of an installation
diagram. This is a diagram of the gust lock sys-
teras of an aireraft. Tt identifies each of the com-
ponents in the svstems and shows their location
tier {A, I3, C, ete.) on the
principal view refers to a detail view located else-

i tae aiveraf(t, Yach le

whers on the disgram. Bach detail view is an
enlarged drawing of a portlon ol a system. The
numbers on the various views are referred to as
call puts, and serve 1o Mdentify each component.

installation diagrams are used extensively in
aircraft inainicnance and repair manuals and
are invaluable in identifsing and jocating com-
ponents and undecstanding the operation of vari-
o Ry stems,

Schemaie Ricgram

Schematic diagrams do not indicate the location.
of individual compenents in the aircraft, but do

focate compenents with respoert to each other
within the svstem. Figure 2-20 illustrates a sche-

matic diagram
The hydravlic pressuce zage is not necessarily
located gbove the landing gear selector valve in

of an aircraft hvdraulic system.

the ajrerafis however, it is connected to the pres-

sure jine that lead: to the selector valve.
Sehematic diagrams of this type are used mainly

m trosbleshooting. Note that each lae is coded
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1. Gust lock handle 7. Elevator latch
2. Right aileron latch 8. Turnbuckles
3. Retracting springs (3) 9. Seals

4. Spring bungee 10. Left aileron
5. Push Rod 11. Tie cable

6. Rudder latch 12. Lock cable

13. Unlock cable

e — T —

Figure 2-19. Example of installation diagram (gust lock system). §
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Froure 2-20. Aircraft hydraulic system schematic.

for ease of reading and tracing the flow. Each
component is identified by name, and its location
within the system can be ascertained by noting
the lines that lead into and out of the unit.

In tracing the flow of fluid through the system,
it can be seen that the engine-driven pumps re-
ceive a supply of fluid from the reservoir. One-way
check valves are installed in both left and right
pump pressure lines so that failure of one pump
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will not render the pressure from the other pump
ineffective. Fluid flows to the relief side of the
unloading and relief valve, and through the check
valve, which will hold pressure built up beyond
this point. Pressure is then directed through all
lines leading to each selector valve, where it is
checked if no units are being operated.

Pressure builds up in the line routed to the
control port of the unloading valve and begins to
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Frcure 2-21, Steps in sketching.

charge the system accumulator. Pressure to charge
the brake accumulater is routed through a check
valve incorporated in the thermal relief valve; this
prevents the pressure from returning to the general
system.

Although the general system accumulator starts
charging at the same time, it will not charge as
fast, because the fluid passes through a restrictor
valve. The general system pressure will bleed into
the brake system whenever the brake pressure
drops below system pressure.

As soon as the pressure reaches the relief valve
setting, the valve will open slightly. General sys-
tem pressure increases until it reaches the value
established as the system operating pressure. At
this point, through the line leading to the control
part of the unloading valve, the pressure will
force the unloading and relief valve completely
open. The pressure trapped in the system by the
one-way check valve holds the value open to
create an idling circuit, which prevails until some
unit-of the hydraulic system is operated.

Schematic diagrams, like installation diagrams,
are used extensively in aircraft manuals.

DRAWING SKETCHES

A sketch is a simple, rough drawing that is -

made rapidly and without much detail. Sketches
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may take many forms—from a simple pictorial
presentation to a multiview orthographic pro-
jection.

A sketch is frequently drawn for use in manu-
facturing a replacement part. Such a sketch must
provide all necessary information to those persons
who must manufacture the part.

A mechanic need not be an accomplished artist.
However, in many situations, he will need to
prepare a drawing to present an idea for a new
design, a modification, or a repair method. The
medium of sketching is an excellent way of ae-
complishing this.

The rules and conventional practices for making
mechanical drawings are followed to the extent
that all views needed to portray an object accu-
rately are shown in their proper relationship. It
is also necessary to observe the rules for correct
line use {figures 2-15 and 2-16) and dimensioning.

To make a sketch, first determine what views
are necessary to portray the object; then block
in the views, using light construction lines. Next,
complete the details, darken the object outline,
and sketch extension and dimension lines. Com-
plete the drawing by adding notes, dimensions,
title, date and, when necessary, the sketcher’s
name. The steps in making a sketch of an object
are illustrated in figure 2-21.
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Ficure 2-22. Material symbols.

The degree to which a sketch is complete wil
depend on its intended use. Obviously, a sketch
used only to represent an object pictorially need
not be dimensioned. If a part is to be manu-
factured from the sketch, it should show all the
necessary construction details.

DRAWING SYMBOLS

The drawings for a component are composed
largely of symbols and conventions representing
its shape and material. Symbols are the shorthand
of drawing. They graphically portray the char-
acteristics of a component, with a miinimum
amount of drawing.

Material Symbols

Section-line symbols show the kind of material
from which the part is to be constructed. The
material may not be indicated symbolically when
its exact specification must also be shown else-

a0

where on the drawing. In this case, the more
easily drawn symbeol for cast iron is used for the
sectioning, and the material specification is listed
in the bill of materials or indicated in a note.
Figure 2-22 iilustrates a few standard material
symbols.

Shape Symbols

Symbols can be used to excellent advantage,
when it is desired to show the shape of an object.
Typical shape symbols used on aircraft drawings
are shown in figure 2-23. Shape symbols are
usuafly shown on a drawing as a revolved or
removed section.

Electrical Symbkols

Electrical syn bols (figure 2-24) represent vari-
ous electrical de -ices rather than an actual draw-
ing of the units. Having learned what the various
symbols indicate, it becomes relatively simple to
look at an electrical diagram and determine what
each unit 1s, what function it serves, and how it is
connected in the system.

CARE OF DRAFTING INSTRUMENTS

Good drawing instruments are expensive pre-
cision tools. Reasonable care given io them during
their use and storage will prolong their service life.

T-squares, triangles, and scales should not be
used, or placed, where their surfaces or edges
may be damaged. Use a drawing board only for
its intended purpose, and not in a manner that
will mar the working surface.

Compasses, dividers, and pens will provide
better results with less annoyance, if they are
correctly shaped and sharpened, and they are not
damaged by careless handling.

Store drawing instruments in a place where they
are not likely to be damaged by contact with
other tools or equipment. Protect compass and
divider poinis by inserting them into a piece of
soft rubber or similar material. Never store ink
pens without first cleaning and drying them
thoroughly. '

MICROFILM

The practice of recording drawings, parts cata-
logs, and maintenance and overhaul manuals on
microfilms was introduced in recent years. Micro-
film is regular 16-mm. or 35-mm. film. Since
35-mm. film is larger, it provides a’better repro-
duction of drawings. Depending on the size of
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Ficure 2-23.

the drawing to be reproduced, a varying number
of drawings can be photographed on one reel of
35-mm. film, To view or read drawings or manuals
on a reel of film, you need either a poftable 33-mm.
film projector or a microfilm reader or viewer.

The advantage of microfilm is that several reels,
which represent perhaps hundreds of drawings,
require only a small amount of storage space.
Too, a person working on an aircraft may need
to refer to a specific dimension. He can place the
reel of microfilm in a projector, locate the drawing
or desired information, and read the dimension.
If he has to study a detail of the drawing, or work
with the draWing for a long period of time, an
enlarged photographic reproduction can be made,
using the microfilm as a negative.

Microfilm of drawings has many other uses and
advantages. However, microfilm is not intended
to replace the need for original drawings, especially
where the originals are modified and kept current
over a long pericd of time.
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Shape symbols.

51

When drawings are filmed on continuous reels,
corrections can be made by cutting out super-
seded drawings and splicing in the revised ones.
When these corrections become numerous, the
procedure becomes impractical and is discarded
in favor of again filming all the related drawings.

A method that allows corrections to be made
easily is to photograph the drawings and then
cut up the film into individual slides. This has
one disadvantage; it requires considerable time
to convert the film into slides, insert them into
transparent protective envelopes, and arrange
them in sequence so that desired drawings can be
located quickly.

A 70-mm. microfilm has become available very
recently. With it, larger size drawings can be
reproduced as individual frames or slides, and
these can be inserted in regular paper envelopes
and kept in an ordmmary file. When held to the
light, this large microfilm can be read with the
naked eye.
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PURPOSE

The primary purpose of aircraft weight and
balance control is safety. A secondary purpose is
to achieve the utmost in efficiency during flight,

Improper loading reduces the efficiency of an

aircraft from the standpoint of ceiling, maneuver-
ability, rate of climb, speed, and fuel consumption.
It can be the cause of failure to complete a flight,
or even to start it. Possible loss of life and de-
“struction of valuable equipment may result from
overstressed structures or from a sudden shift in
cargo and consequent change in flight character-
istics.

The empty weight and the corresponding e.z.
(center of gravity) of all civil aircraft must be
determined at the time of certification. The manu-
facturer can weigh the aircraft, or he can compute
the weight and balance report. A manufacturer is
permitted to weigh one aircraft out of each 10
produced. The remaining nine aircraft are issued
a computed weight and balance report based on
the averaged figures of aircraft that are actually

" weighed. The condition of the aircraft at the time
of determining empty weight must be one that is
well defined and can be easily repeated.

NEED FOR REWEIGHING

Aircraft have a tendency to gain weight because
of the accumulation of dirt, greases, etc., in areas
not readily accessible for washing and cleaning.
The weight gained in any given period of time will
depend on the function of the aircraft, its hours
in flight, atmospheric conditions, and the type
landing field from which it is operating. For this
reason, periodic aircraft weighings are desirable
and, in the case of air carrier and air taxi aircraft,
are required by Federal Aviation Regulations.

Privately owned and operated aircraft are not
required by regulation to be weighed periodically,
They are usually weighed when originally certifi-
cated, or after making major alterations that can
affect the weight and balance. Even though the

CHAPTER 3
AIRCRAFT WEIGHT AND BALANCE

atrcraft need not be weighed, it must be loaded
s0 that the maximum weight and c.g. limits are
not exceeded during operation.

Airline aircraft (scheduled and nonscheduled}
carrying passengers or c'argo are subject to certain
rules that require owners to show that the aircraft
is properly loaded and will not exceed the author-
ized weight and balance limitations during oper-
ation.

THEORY OF WEIGHT AND BALANCE

The theory of weight and balance is extremely
simple. It is that of the familiar lever that is in
equilibrium or balance when it rests on the fulcrum
in a level position. The influence of weight is
directly dependent upon its distance from the
fulerum. To balance the Jever the weight must he
distributed so that the turning effect is the same
on one side of the fulcrum as on the other. In
general, a lighter weight far out on the lever
has the same effect as a heavy weight near the
fulerum. The distance of any object from the
fulerum is called the lever arm. The lever arm
multiplied by the weight of the object is its turning
effect about the fulecrum. This turning effect is
known as the moment.

Similarly, an aircraft is balanced if it remains
level when suspended from an imaginary point.
This point is the Jocation of its ideal c.g. An air-
craft in balance does not have to be perfectly level,
but it must be reasonably close to it. Obtaining
this balance is simply a matter of placing loads so
that the average arm of the loaded aircraft falls

hY24
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Ficure 3-1. An airplane suspended from its
center of gravity (c.g.).




within the c.g. range. The exact location of the
range is specified for each type of airplane.

MATHEMATICAL PROOF

Weight and balance control consists of mathe-
matical proof of the correct weight, balance, and
loading within specified limits. These limits are
set forth in the specifications for a particular air-
craft. The removal or addition of equipment
changes the aircraft empty weight and the c.g.
The useful load is affected accordingly. The effects
these changes produce on the balance of an air-
craft must be investigated to determine the effect
on the flight characteristics of the aircraft.

WEIGHT AND BALANCE DATA

Weight and balance data can be obtained from
the following sources:

a. The aircraft specifications.

b. The aircraft operating limitations.

c. The aircraft flight manual.

d. The aircraft weight and balance report,

When weight and balance records have been
lost and cannot be duplicated from any source,
the aircraft must be re-weighed. A new set of
weight and balance records must be computed
and compiled.

TERMINOLOGY

In the study of weight and balance principles,
computation, and control, it is necessary to know
the meaning of the terms used. The following
terminology is used in the practical application
of weight and balance control, and should be
thoroughly studied.

The Datum

The datum is an imaginary vertical plane from
which all horizontal measurements are taken for
balance purposes, with the aircraft in level flight
attitude. It is a plane at right angles to the
longitudinal axis of the aircraft. For each aircraft
make and meodel, all locations of equipment,
tanks, baggage compartments, seats, engines, pro-
pellers, etc., are listed in the Aircraft Specification
or Type Certificate Data Sheets as being so many
inches from the datum. There is no fixed rule for
the location of the datum. In most cases it is
located on the nose of the aircraft or some point
on the aircraft structure itself. In a few cases,
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it is located a certain distance forward of the
nose section of the aircraft. The manufacturer has
the choice of locating the datum where it s most
convenient for measurement, locating equipment,
and weight-and-balance computation.

The datum location is indicated on most air-
craft specifications. On some of the older aircraft,
where the datum is not indicated, any convenient
datum may be selected, However, once the datum
is selected, It must be proper]y identified so that
anyone who reads the figures will have no doubt
about the exact datum location. Figure 3-2 shows
some datum locations used by manufacturers.

The Arm

The arm is the horizontal distance that an item
of equipment is located from the datum. The
arm’s distance is always given or measured in
inches, and, except for a location which might-
be exactly on the datum (0), it is preceded by
the algebraic sign for plus (+) or minus (—). The
plus (+) sign indicates a distance aft of the datum
and the minus (—) sign indicates a distance for-
ward of the datum. If the manufacturer chooses a
datum that is at the most forward location on an
aircraft (or some distance forward of the aircraft),
all the arms will be plus (-+) arms. Location of
the datum at any other point on the aircraft will
result in some arms being plus (4), or aft of the
datum, and some arms minus {—), or forward of
the datum.

The arm of each item is usually included in
parentheses immediately after the item’s name
or weight in the specifications for the aircraft,
e.g., seat (+23). When such information is not
given, it must be obtained by actual measurement.
Datum, arm, c.g., and the forward and aft c.g.
limits are illustrated in figure 3-3.

The Moment

A moment is the product of a weight multiplied
by its arm. The moment of an item about the
datum is obtained by multiplying the weight of
the item by its horizontal distance from the
datum. Likewise, the moment of an item about
the ¢.g. can be computed by multiplying its weight
by the horizontal distance from the e.g.

A 20-pound weight located 30 inches from the
datum would have a moment of 20 X 30 or 600
Ib.-in. Whether the value of 600 Ib.-in. is preceded
by a plus (4+) or minus {-—) sign depends on



Datam

{2) Firewall location

{e) Nose location

{2} Center line of rotation location

Frevre 3-2. Various datam locations.

whether the moment is the resnlt of a weight  Any weight item removed is a minus weight.
heing removed or added and its location in relation  When multiplying a weight by an arm, the re-
to the datum. Any item of weight added to the  sulting moment is plus if the signs are alike and
aireraft either side of the datum is plus weight.  minus if the signs are unkke.
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Figure 3-3. Datum, arm, c.g., and c.g.

Center of Gravity

The c.g. of an aireraft is a point about which
the nose-heavy and tail-heavy moments are ex-
actly equal in magnitude. An aircraft suspended
from this point would have no tendeucy to rotate
in either a noseup or nosedown attitude. It is the
point about which the weight of an airplane or
any object is concentrated.

Maximum Weight

The maxiinum weight is the maximum author-
ized weight of the aireraft and its contents, and
is indicated in the specifications. For many air-
eraft there are variations lo the maximum allow-
able weight, depending on the purpose and con-
ditions under which the aircraft is to be flown.
For example. a certain aireraft may be allowed a
maximum  gross weight of 2,730 pounds when
flown in the normal category, but when flown in
the atility category, the samne aircraft’s maximum
allowable gross weight would be 2,175 pounds.

Empty Weight

The empty weight of an aircraft includes all
operating equipment that has a fixed location and
1s actually installed in the aireraft. It includes
the weight of the airframe, powerplant, required
equipment, optional or special equipment, fixed
ballast, hydraulic Auid, and residual fizel and oil.

Residual fuel and oil are the fluids that will
not normally drain ont because they are trapped
in the fuel lines, oil lines, and tanks. They must
be included in the aireraft’s empty weight, Infor-
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mits.

mation regarding residual fluids in aircraft systems
which must be included in the empty weight will
be indicated in the Aircraft Specification.

Useful Load

The useful load of an aircraft is determined by
subtracting the empty weight from the maximum
allowable gross weight. For aircraft certificated in
both the normal and utility categories, there may
be two useful loads listed in the aircraft weight
and balance records. An aircraft with an empty
weight of 900 pounds will have a useful load of
850 pounds, if the normal category maximum
weight is listed as 1,730 pounds. When the aircraft
is operated in the utility category, the maximum
gross weight may be reduced to 1,500 pounds,
with a corresponding decrease in the useful load
1o 600 pounds. Some aircraft have the same useful
load regardless of the category in which they are
certificated. _

The useful load consists of maximum oil, fuel,
passengers, baggage, pilot, copilot, and crew-
members, A reduction in the weight of an item,
where possible, may be necessary to remain within
the maximum weight allowed for the category in
which an aircraft is operating. Determining the
distribution of these weights is called a weight
check.

Empty Weight Center of Grﬁvify

The empty weight c.g., abbreviated EWCG, is
the c.g. of an aircraft in its empty weight con-
dition. It is an essential part of the weight and



balance record of the aircraft. It has no usefulness
in itself, but serves as a basis for other compu-
tations and not as an indication of what the
loaded c.g. will be. The EWCG is computed at
the time of weighing, using formulas established
for tailwheel- and nosewheel-type aircraft.

Empty Weight Center of Gravity Range

The EWCG range is an allowable variation of
travel within the c.g. limits. When the EWCG
of the aircraft falls within this range, it is impos-
sible to exceed the EWCG limits using standard
specification loading arrangements. Not all air-
craft have this range indicated on the Aircraft
Specifications or Type Certificate Data Sheets.
Where it is indicated, the range is valid only as
long as the aircraft is loaded according to the
standard specification. The installation of items
not listed in the speciftcation will not permit use
of this range.

Operating Center of Gravity Range

The operating c.g. range is the distance be-
tween the forward and rearward c.g. limits indi-
cated in the pertinent Aircraft Specification or
Type Certificate Data Sheets. These limits, de-
termined at the time of design and manufacture,
are the extreme loaded c.g. positions allowable
within the applicable regulations controlling the
design of the aircraft. These limits are shown in
either percent of MAC {mean aerodynamic chord)
or inches from the datum of the aircraft.

The loaded aircraft c¢.g. location must remain
within these limits at all times. Accordingly, de-
tailed instructions for determining load distri-
bution are provided on placards, loading charts,
and load adjusters,

Mean Aerodynamic Chord

The MAC js the mean average chord of the
wing. An airfoil section is a cross section of a
wing from leading edge to trailing edge. A chord
is usunally defined as an imaginary straight line

drawn paraliel to the airfeil through the leading

and trailing edges of the section. The MAC of a
constant chord wing would be the same as the
actual chord of the wing. Any departure from a
rectangular wing plan form will affect the length
of the MAC and the resulting distance from the
MAC leading edge to the aircraft wing leading
edge. Figure 3—4 shows the MAC for a sweptwing
aircraft.
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The aircraft c.g. is usually placed at the maxi-
mum forward position of the center of pressure
on the MAC to obtain the desired stability. Be-
cause of the relationship between the c.g. location
and the moments produced by aerodynamic forces,
the greatest of which is lift, the c.g. location is
generally expressed with respect to the wing. This
is done by specifying c¢.g. in percent of the wing’s
MAC.

The location of the MAC, in relation to the
datum, is given in the Aircraft Specifications or
Type Certificate Data Sheets, the weight and
balance report, or the aircraft flight manual.
Compute the c.g. location in percent of MAC
as follows:

(1} Find the difference between the distance
to the empty weight c.g. location from
the datum and the distance to the leading
edge of MAC from the datum.

(2) Divide the difference by the length of
the MAC.

(3} Multiply the answer by 100.

{4). The final answer s then expressed in
percent.

An example problem that utilizes the equation
for computing percent of MAC is shown in figure
3-5.

Aircraft Leveling Means

‘Reference points are provided for leveling the
aircraft on the ground. They are designated by
the manufacturer and are indicated in the perti-
nent Aircraft Specifications, The most common
leveling procedure is to place a spirit level at
designated points on the aircraft structure. Some
aircraft have special leveling scales built into the
airframe structure. The scale is used with a plumb
hob to level the aircraft longitudinally and
laterally.

Weighing Points

In weighing an aircraft, the point on the scale
at which the weight is concentrated is called the
weighing point. When weighing light- to medium-
weight land planes, the wheels are usnally placed
on the scales. This means that the weighing point
is, in effect, the same location obtained by ex-
tending a vertical line through the center line of
the axle and onto the scale.

Other structural locations capable of supporting
the aircraft, such as jack pads on the main spar,




848.27

786.27

-

Datum

may also be used if the aircraft weight is resting
on the jack pads. The weighing points should be
clearly indicated in the weight and balance report.

Zero Fuel Weight .

The zero fuel weight is the maximum allowable
weight of a loaded aircraft without fuel. Included
in the zero fuel weight is the weight of cargo,
passengers, and crew. All weights in excess of the
zero fuel weight must consist of usable fuel.

Ficure 3—4. The ¢.g. shown in relation to MAC.

Minimum Fuel

The term “minimum fuel” should not be inter-
preted to mean the minimum amount of fuel re-
quired to fly an aircraft. Minimum fuel, as it

" applies to weight and balance, is the amount of

fuel that must be shown on the weight and balance
report when the airplane is loaded for an extreme-
condition check.

The minimum fuel load for a small aircraft with
a reciprocaling engine for balance purposes is based
on engine horsepower. It is calculated in the
METO {maximum except take-off) horsepower and



Datum

MAC

g———— H

H = Distance from the datum to the EWCG = 170
inches.
X = Distance from the datum to the MAC leading
edge = 150 inches.

C = Length of MAC = 80 inches.

c.g. in % of MAC= B-X 100
% of MAC = 172 = 150 100 =
20
= x 100 = 25%
80

Ficure 3-5. Finding percent of MAC.
is the figure used when the fuel load must be re-
duced 1o obtain the most critical loading on the
c.g. limit being investigated. Either of 2 formulas
may be used.

Formula 1:

=1/

g horsepower.

Minimum  {uel gallons per
hp X114, X6 1b.
12002} 115 X 6=1200X14 5, X 6=600 Ib. {uel.

Formula 2:

Minimum fuel=1% 1. per engine horsepower.

hp< 15 = minimum fuel.

120014 =600 b, fuel,

This will be the minimum pounds of fuel required
for the forward or rearward weight check.

For turbine-engine powered aircraft, the mini-
mum fuel load is specified by the aircraft manu-
facturer.

The fuel tank location in relation to the c.g. limit
affected by the computation determines the use of
minimum {fuel. For example, when a forward
weight check is performed, if the fuel tanks are
located forward of the forward c.g. limit, they are
assumed to be full, If they are located aft of the
forward c.g. limit, they are assumed to be empty.
If the minimum fnel required for a particular air-
craft exceeds the capacity of the tanks located
forward of the forward c.g. limit, the excess fuel
must be loaded in the tanks that are aft of the
forward c.g. limit. When a rearward weight check
is conducted, the fuel loading conditions are oppo-
site t6 those used for the forward check,
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Full Qil

Full oil is the quantity of oil shown as oil
capacity in the Aircraft Specifications. When
weighing an aircraft, the oil tank may either
contain the number of gallons of oil specified or
be drained. When an aircraft with full oil tanks is
weighed, the weight of the oil must be subtracted
from the recorded readings to arrive at the actual
empty weight. The weight and balance report
must show whether weights include full oil or if
the oil tanks were drained.

Tare Weight

Tare includes the weight of all extra items, such
as jacks, blocks, and chocks on the weighing scale
platform, except that of the item being weighed.
The weight of these items, when included in the
scale reading, s deducted to obtain the actual
weight of the aircraft.

AIRCRAFT WEIGHING PROCEDURE

Before beginning a study of aircraft weighing
procedure or attempting the actual weighing of
an aircraft, it is necessary to become familiar with
the weight and balance information in the ap-
plicable Aircraft Specification or Type Certificate
Data Sheet.

The specification for Taylorcraft, model BC and
BCS airplanes, illustrated in figure 3-6 has been
reproduced in its entirety. A few of the items
need explaining; the rest are self-explanatory.

The designation 2 PCLM is read “2-place,
closed land monoplane” and indicates that the
airplane seats two persons, has an enclosed cock-
pit, can be operated from the solid part of the
carth’s surface, and has only one wing. Two
PCSM indicates that the airplane is a “2-place,
closed sea monoplane.” It should be noted that
the c.g. range, EWCG range, and the maximum
weight are different for the landplane and ihe
seaplane. The location of the seats indicates a
side-by-side arrangement. The datum and the
leveling means are shown in the portion of the
specification that is pertinent to all models. Since
the datum and the leveling means are directly
connected to weight and balance, they would be
among the first items referred to in planning the
weighing operation.

Although the location or arrangement of the




Type Certificate Holder.

FEDERAL AVIATION ADMINISTRATION

DEPARTMENT OF TRANSPORTATION A-696

Revision 16

TAYLORCRAFT
BC BCS12-D
BCS BC12-D1
BC-65 BCS12-D1
BCS-65 BC12D-85
BC12-65 (Army L-2H) BCS12D-85
BCS12-65 BC12D-4-85
BC12-D BCS12D-4-85

9 September 1969
ATRCRAFT SPECIFICATION NO. A-696

Taylorcraft Aviation Corporation
104 Prospect Street
Alliance, Ohio 44601

I—Model BC, 2 PCLM, Approved August 24, 1938; Model BCS, 2 PCSM, Approved April 5, 1939

Engine.

Fuel.

Engine Limits.
Propeller Limits.

Airspeed Limits,
{True Ind.)

Center of Gravity (C.G.) Range.

Empty Weight C.G. Range.

Maximuam Weight.

Number of Seats.
Maximum Baggage.
Fuel Capacity.

0Oil Capacity.

Control Surface Movements.

Serial No. Eligible.
Required Equipment.

Continental A-50-1 (see itemn 114{a) for optional engines)
73 min. grade aviation gasoline .

For all operations, 1900 rp.m, (50 hp.)

Diameter: Maximum 83 in.

Landplane: Level flight or climb 105 m.p.h. (91 knots)
Glide or dive 131 m.p.h. (114 knots)

Seaplane: Level flight or climb 95 m.ph. (83 knots)
Clide or dive 129 m.p.h. (112 knots)

Landplane: {(+14.3) to (+19.7}

Seaplane: {+151) to (+194)

Landplane: (+13.3) tc {+18.5)

Seaplane: {+159) to (+183)

When empty weight C.G. falls within pertinent range, computation of eritical for and
aft C.C. positions is unnecessary. Ranges are not valid for non-standard arrangements.

Landplane: 1100 Th. {S/N 1407 and up are eligible at 1150 1b.)
Seaplane: 1228 1b.

9 (+23)

30 1b. (+40)

12 gal. {-9). Seeitem 115 for auxiliary tank.

4 quart.  {-21)

Elevators: Up 25° Down 27°
Rudders: Right 26° Left 26°
Ailerons: (Not available}

1001 and up

Landplane:
Seaplane:

1 or 4, 104, 202, 203, 210(a}, 401
1 or 4, 104, 205, 401

Specifications Pertinent to All Models.

Datum.
Leveling Means.

Certification Basis.

Production Basis.

Leading edge of wing
Upper surface of horizontal stabilizer

Part 04 of the Civil Air Regulations effective as amended to May 1, 1938. Type
Certificate No. 696 issued.

None. Prior to original certification, an FAA representative must perform a detailed
inspection for workmanship, materials and conformity with the approved technical
dlata, and a check of the flight characteristics.

FIGURE 3-6. A typical aircraft specification,

60



landing gear is not shown In figure 3-6, this
information is given In the Aireraft Specification
or Type Certificate Data Sheets and the main-
tenance manual. The location of the wheels has
important significance, since this can be used as
a doublecheck against actual measurements taken
at.the time of weighing.

Weighing an Aircraft

Weighing an aircraft is a very important and
exacting phase of aircraft maintenance and must
be carried out with accuracy and good workman-
ship. Thoughtful preparation saves time and pre-
vents mistakes.

To begin, assemble all the necessary equipment,
such as:

1. Scales, hoisting equipment, jacks, and
leveling equipment.

2. Blocks, chocks, or sandbags for holding
the airplane on the scales,

3. Straightedge, spirit level, plumb bobs,
chalk line, and a measuring tape.
4. Applicable Aircraft Specifications and

weight and balance computation forms.

If possible, aircraft should be weighed in a
closed building where there are no air currents to
cause incorrect scale readings. An outside weighing
is permissible if wind and moisture are negligible.

Prepare Aircraft For Weighing

Drain the fuel system until the quantity indi-
cation reads zero, or empty, with the aircraft in
a level attitude, If any fuel is left in the tanks,
the aircraft will weigh more, and all Iater caleu-
lations for useful load and balance will be affected.
Only trapped or unusable fuel (residual fuel) is
considered part of the aircraft empty weight. Fuel
tank caps should be on the tanks or placed as
close as possible to their correct locations, so that
the weight distribution will be correct.

In special cases, the aircraft may be weighed
with the fuel tanks full, provided a means of
determining the exact weight of the fuel is avail-
able. Consult the aircraft manufacturer’s instruc-
tions to determine whether a particular model
aircraft should be weighed with full fuel or with
the fuel drained.

If possible, drain all engine oil from the oil
tanks. The system should be drained with all
drain valves open. Under these conditions, the
amount of oil remaining in the oil tank, lines, and
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engine is termed residual oil and is included in
the empty weight. If impractical to drain, the
oil tanks should be completely filled.

The position of such items as spoilers, slats,
flaps, and helicopter rotor systems is an important
factor when weighing an aircraft. Always refer to
the manufacturer’s instructions for the proper
position of these items.

Unless otherwise noted in the Aircraft Specifi-
cations or manufacturer’s instructions, hydraulic
reservoirs and systems should be filled; drinking
and washing water reservoirs and lavatory tanks
should be drained; and constant-speed-drive oil
tanks should be filled.

Inspect the aircraft to see that all items in-
cluded in the certificated empty weight are in-
stalled in the proper location. Remove items that
are not regularly carried in flight. Also look in
the baggage compartments to make sure they are
empty. '

Replace all inspection plates, oil and fuel tank
caps, junction box covers, cowling, doors, emer-
gency exits, and other parts that have been re-
moved. All doors, windows, and sliding canopies
should be in their normal flight position. Remove
excessive dirt, oil, grease, and moisture from the
aircraft.

Properly calibrate, zero, and use the weighing
scales in accordance with the manufacturer’s in-
structions.

Some aircraft are not weighed with the wheels
on the scales, but are weighed with the scales
placed either at the jacking points or at special
weighing points. Regardless of what provisions
are made for placing the aircraft on the scales or
jacks, be careful te prevent it from falling or
rolling off, thereby damaging the aircraft and
equipment. When weighing an aircraft with the
wheels placed on the scales, release the brakes to
reduce the possibility of incorrect readings caused
by side loads on the scales.

All aircraft have leveling points or lugs, and
care must be taken to level the aircraft, especially
along the longitudinal axis. With light, fixed-wing
airplanes, the lateral level is not as critical as it
is with heavier airplanes. However, a reasonable
effort should be made to level the light airplanes
around the lateral axis. Accuracy in leveling all
atreraft longitudinally cannot be overemphasized.

Measurements

The distance from the datum to the main
weighing point centerline, and the distance from




the main weighing point centerline to the tail
{or nose) weighing point centerline must be known
to determine the c.g. relative to the main weighing
point and the datum.

An example of main weighing point to datum
and main weighing point to tail weighing point
is shown in figure 3-7. See figure 3-8 for an
example of main weighing point to datum and
main weighing point to nosewheel measurements.

These distances may be calculated using infor-
mation from the Aircraft Specifications or Type
Certificate Data Sheets. However, it will often
be necessary to determine them by actual meas-
urement.

After the aircraft has been placed on the scales
(figure 3-9) and leveled, hang plumb bobs from
the datum, the main weighing point, and the tail
or nose weighing point so that the points of the
plumb bobs touch the floor. Make a chalk mark
on the floor at the points of contact. If desired,
a chalk line may be drawn connecting the chalk
marks. This will make a clear pattern of the
weighing point distances and their relation to the
datum.

Record the weights indicated on each of the
scales and make the necessary measurements
while the aircraft is still level. After all weights

FIcUre 3-7. Main weighing point to datum and main weighing point to tail weighing point.

Datum

Qg

]

-

|
——t

Ficure 3-8. Main weighing point to datum and main weighing point to nose weighing point.
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FicUrE 3-9. Weighing an aircraft using platform scales.

and measurements are obtained and recorded,
the aircraft may be removed from the scales,
Weigh the tare and deduct its weight from the
scale reading at each respective weighing point
where tare is involved,

Balance Computation

To obtain gross weight and the c.g. location of
the loaded sairplane, first determine the empty
weight and the EWCG location. When these are
known, it s easy to compute the effect of fuel,
crew, passengers, cargo, and expendable weight as
they are added. This is done by adding all the
weights and moments of these additional items
and re-calculating the c¢.g. for the loaded
airplane.

The scale readings and measurements recorded
on the sample form in figure 3-10 form the basis
for the examples of computing the empty weight
and the empty weight c.g. ‘

Empty Weight

The empty weighi of the aircraft is determined
by adding the net weight on each weighing point.
The net weight is the actual scale reading, less
the tare weight.
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Scule Net
Weighing scale  reading  Tare weight
point (ibs.)  (lbs.) {Ibs.)
Left main wheel 622.00 —5.00 617.900
Right main wheel 618.00 —4.00 614.00
Nogewheel 155.00 —3.00 152.00
Total 1,383.00

This gives the aircraft weight as weighed.

Empty Weight C.G.

The c.g. location is found through the pro-
gressive use of two formulas. First calculate the
total moments using the following formulas:

Moment = Arm X Weight

Net
Weight point  weight Arm Moment
{(ibs.) {in.) {ib.-in.)
Left main 617.0 X 687 = 41,956.0
wheel _
Right main 614.0 X 687 = 41,752.0
wheel
Nosewheel 152.0 X —26" = —3,952.0
1,383.0 79,756.0




makg Rotay
DATUM LOCATION
Aircraft weighed with full oil.

1. Main weighing point is located {—

WEIGHING FORM
weeeeeermes MODEL A

Leading edge of wing at root

” forwgrd) ( 4-88” aft) of datum.

2. Teil or vose weighing point is located { —26" forward) (4ooooveennn... * aft)of datum.
Weighing Point RSCal.e = Net = Moment
& eading — Tare Weight » Arm
5 | Left Main Wheel 622.00 —5.00 817.00 88" 41,956,00
4, Right Main Wheel 618.00 —4.00 6814.00 68 41,752.00
5. Sub-Total 1.240.00 —9.00 1,231.00 68" 83,708.00
8. TFail or Nose Wheel 155.00 —3.00 152.00 —28" --3,952.00
7. Total as Weighed 1,395.00 —12.00 1,383.00 57.87 79,756.00
Space for listing of Htems when Aircraft is not Weighed Empty.
Net
Itemn Weight A Moment
8. Oil - 8 gallons @ 7.5 p/p/g — 80,00 —30.00 1,800.00
9, Aircraft Empty Weight & e.g. 1,323.00 61.64” 81,556.00
Maximum Allowable Gross Weight 1,773 pounds
Useful Load 430 pouncds
Computed by: Frank A. Adams
A & P Number: 1366568
Ficure 3-10. Sample weighing form.
Ttem Net Arm Moment
weight
(lbs.) (in.) (Ib,-in.)
then divide the sum of the moments by the total  __
weights involved: Acft. 1otal as 1,383.0 57.67  T9,756.0
weighed
Less oil, 8 gallons, —60.0 ~30.00 1,800.0
Total moment 79,7560 @ 7.5 lbs. per
c.g. = - = gallon
Total weight 1,383 R
Acft. empty 1,323.0 81,556.0
= 57.67 in, weight and

Consequently, the c.g., as weighed, is 57.67 in.
from the datum.
c.g =
Since the aircraft was weighed with the oil
tank full, it is necessary to remove the oil to
cbtain the empty weight and empty weight c.g.
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Again using the formula:
Total moment 81,556.0
Total weight B
= 61.64 in.
The EWCG is located 61.64 in. aft of the datum.

1,323



Datum +23”
+ 6” + 34"
417 /

+56"

+9.07|  |+187

._plr(_.

Tail wheel weight = 50 Ibs.

Tail wheel arm = 198.*

Empty weight (without oil) = 950 Ibs.
Datum location = leading edge of wing.
Engine = 100 hp.

CG range = (49.0) to { +18.77).

196.0”

i

Fuel capacity = 40 gal @ +23".

Number of seats = 3 (one @ + 6” and two @ +34*).
Maximum gross weight = 1775 lbs.

Oil capacity — 8 qts @ —41”".

Maximum baggage =501bs @ +56".

Note: (This airplane can be flown from either the front or rear seat.)

Ficure 3-11. Schematic diagram for forward weight and balance check.

The maximum allowable gross weight as shown
in the Aircraft Specifications is 1,733 pounds. By
subtracting the aircraft empty weight from this
figure, the useful load is determined to be 450
pounds.

WEIGHT AND BALANCE EXTREME CONDITIONS

The weight and balance extreme conditions
represent the maximum forward and rearward
c.g. position for the aircraft.

An aircraft has certain fixed points, fore and
aft, beyond which the c.g. should not be permitted
at any time during flight. A check should be made
to ensure that the ¢.g. will not shift out of limits
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when crew, passengers, cargo, and expendable
weights are added or removed. If the limits are
exceeded and the aircraft is flown in this condition,
it may lead to insufficient stability, with resulting
difficulty in controlling the aircraft.

Adverse loading checks are a deliberate attempt
to load an aircraft in a manner that will create
the most critical balance condition and still remain
within the design c.g. limits of the aircraft.

It should be noted that when the EWCG falls
within the EWCG range. it is unnecessary to
perform a forward or rearward weight and balance
check. In other words, it is impossible to load the
aircraft to exceed the c.g. limits, provided standard
loading and seating arrangements are used.




Forward Weight and Balance Check

To make this check, the following information
is needed:

1. The weight, arm, and moment of the empty
aircraft.

2. The maximum weights, arms, and moments
of the items of useful load that are located

ahead of the forward c.g. limit.

. The minimum weights, arms. and moments
of the iterns of useful load that are located
aft of the forward c.g. limit.

- The example shown in figure 3-11 presents one
method of eonducting an extreme-condition check.
This method makes it easy to visualize exactly
where the weights of various loading arrangements
are distributed and how they affect c.g. location.

Using the data given in figure 3-11, determine
if the airplane can be loaded to cause the c.g. to
go beyond its limits.

FIRST STEP: Load the airplane as follows:
0il—8 gqts. @ —41 in.=(15.0 lbs.) {—4l in.).
Pilot—170 Ibs. @ +6 in.= (170.0 Ibs.) (+6 in.).
Fuel, minimum—30 lbs. @ 423 in.= (50.0 lbs.)

(-+23 in.).
No passengers.
No bageage.
Fill any fuel tanks which are ahead of the for-
ward limit. If the fuel tarks are to the rear of the
forward limit, use the minimum required amount

of fuel.

SECOND STEP: Total all weights and moments.

Weight Arm Moments
Item (Ibs.) (in.} (1b.-in.)
Acft. EW 950.0 +12.3 +11,685.0
Oit 15.0 —-41.0 —  615.0
Pilot 170.0 + 6.0 + 1,020.0
Fuel (min.) 50.0 +23.0 + 1,150.0
Total 1,185.0 13,240.0

The above figures require careful consideration.
Notice that each weight iz multiplied by its arm
to obtain its moment. All the weights are added
to obtain 1,185 lbs., the total weight. However,
when adding the moments, all the plus moments

are added:

11,685.0
1,020.0
1,150.0

13,855.0
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The minus moment of —615.0 is subtracted
from the sum of the plus moments:

13,855.0
== 615.0

13,2400

THIRD STEP: Find the most forward c.g. position
by dividing the total moments by the total weight.

13,240.0

1.185 =11.17 in.

Since the total moment is plus, the answer must
be plus, Therefore, the forward extreme position
of the c.g. is located at 11.17 aft of the datum.

The forward c.g. limit for this example airplane
is +9.0 in. aft of the datum; therefore, it is easy
to see that it can be safely flown with this loading
arrangement.

Rearward Weight and Balance Check

To establish that neither the maximum weight
nor the rearward c.g. limit is exceeded, the follow-
ing information is needed:

1. The weight, arm, and moment of the empty
aircraft.

2. The maximum weights, arms, and moments

of the items of useful load that are located aft

of the rearward c.g. limit.

. The minimum weights, arms, and moments
of the items of useful load that are located
ahead of the rearward c.g. limit.

The most rearward c.g. position is found by
repeating the three steps that were followed in
making the most forward c.g. check, except in this
case the airplane is loaded so that it will be tail-
heavy. ‘

FIRST STEP: Load the airplane in a manner that
will make it most tail-keavy.
0il—8 gts. @ —41 in.={(15.0 1bs.) {—41 in.).
Pilot—170 1bs. @ +6 in.= (170.0 1bs.) (46 in.}.
Fuel {max.) —40 gals. @ +23 in.= (240.0 ]bs.)
{+23 in.).
Passengers—two @ 170 lbs. each=340 lbs. @
+34 in.= {340 1bs.) (+34 in.).
Baggage (max.) —50 Ths. @ +56 in.= (50 lbs.)
(56 in.).
Fill any fuel tanks which are aft of the rear

limit. If the fuel tanks are forward of the rear
limit, use the minimum required amount of fuel.



SECOND STEP: Total all weights and moments

as shown here:

Weight Arm Moments

Ttem {1bs.) (in.) (1b.-in.)
Acft, EW 9500  +123  +11,685.0
0il 15.0 —41.0 —  615.0
Pilot 170.0 + 6.0 + 1,020.0
Fuel (max.) 240.0 4-23.0 + 5,520.0
Passengers {two) 340.0 +34.0 +11,560.0
Baggage (max.)  50.0 +56.0 + 2,800.0
Total 1,765.0 31,970.0

THIRD STEP: Find the most rearward c.g. posi-
tton by dividing the total moments by the total
weight.

Most rearward c.g. when loaded as shown in
figure 3-11;

31,970.0
1,765

The rearward ¢.g. limit for this example airplane
is --18.7 in. aft of the datum; therefore, it can be
flown safely with this loading arrangement.

=18.11 in.

INSTALLATION OF BALLAST

Ballast is used in an aircraft to attain the
desired c.g. balance. It is usually located as far
aft or as far forward as possible to bring the c.g.
within limits using a minimum amount .of weight.
Ballast that is installed to compensate for the
removal or installation of equipment items and
that is to remain in the aireraft for long periods
is called permanent ballast. It is generally lead
bars or plates bolted to the aircraft structure. It
may be painted red and placarded: PERMA-
NENT BALLAST—DO NOT REMOVE. In
most cases, the installation of permanent ballast
results in an increase in the aircrait empty weight.

Temporary ballast, or removable ballast, is used
to meet certain loading conditions that may vary
from time to time. It generally takes the form of
lead shot bags, sand bags, or other weight items
that are not permanently installed. Temporary
ballast should be placarded: BALLAST __ LBS.
REMOVAL REQUIRES WEIGHT AND BAL-

ANCE CHECK. The baggage compartment is

usually the most convenient location for tempo-
rary ballast,

The places for carrying ballast should be prop-
erly designed, installed, and plainly marked. The
aircraft operation manual must include instruc-
tions regarding the proper placement of the re-
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movable ballast under all loading conditions for
which such ballast is necessary.

Controlling c.g. Position With Ballast

Figure 3-12 shows an example aircraft whose
c.g. exceeds the forward c.g. limit under certain
loading conditions. ‘The forward weight and bal-
ance check proves that with only the pilot and
minimum fuel aboard, the forward c.g. is exceeded.

Most forward e.g. check

Weight Arm Moments

Item {1bs.) (in.} (1b.-in.)
Acft, EW 1,600.0 +15.6 +24,960.0
Oil ) 225 —22.0 — 4950
Fuel (min.) 115.0 +18.0 4+ 2,070.0
Pilot 170.0 +10.0 -+ 1,700.0
Total 1,907.5 +28,235.0

Total moment

Most forward ¢.g.== “Total weisht
o

Without ballast placed somewhere aft to bring
the c.g. within the designated limits of +16.5 in.
to +20.0 in., the aircraft is unsafe 1o fly when
loaded with the pilot and minimum fuel. The
problem of determining how many pounds of bal-
last are needed to move the c.g. within the ap-
proved limits can be solved by using the following
formula:

Ballast weight needed:
(Weight of acft as loaded} (Distance out of limits)

Arm from variable weight location to limit affected
" Inserting in the formula the applicable values:
Weight of the aircraft as loaded=1907.5

Distance out of limit=+1.7 in.

Arm from variable weight location to the
limit affected =53.5 in.

We obtain the following:

60.6 Ibs., ballast weight
_(19072____)5_(1_7_) needed in the baggage
93 compariment.

When the mathematical computation ends in a
fractional pound, use the next higher- whole pound
as the actual ballast weight. Consequently, 61.0
pounds must be placed in the baggage compart-
ment to bring the c.g. safely within the c.g. range.




Datum

Tail wheel arm = 166.

Tail wheel weight = 115 Ibs.

CG range = (+18.5") to (4-20.0")

Fuel capacity = 38 gal @ 18” {19 gal. in each wing
Maximurn baggage = 100 Ibs @ 70

Maximum gross weight = 2620 Ibs.

lg2”

+18
\'-—__
— 99" +10” +34 +70

| /Fﬁ'/ N _

l , |

’ CG range \®

- 16.5” to 20.0 I

|

| |

- |

|

at

L

A/C EW (without oil} = 1600 lbs.

Datum = leading edge of wing.

Engine = 230 hp.

Oil capacity =12 gts @ —22"".

Number of seats = 4 (two @ + 10 and two @ +34"").

Note: Flight controls in front seat only.

Froure 3-12. Example aircraft whose c.g. exceeds the forward c.g. limit.

A final forward weight and balance check should
be made to prove that by adding 61.0 pounds of
ballast in the baggage compartment, this aircraft
could be safely flown with minimum fuel aboard.
Place o placard in the cockpit in a conspicuous
place for the pilot, or anyone concerned, to see.
The placard should read: FOR SQLO FLIGHT
CARRY A MINIMUM OF 61.0 POUNDS IN
BAGGAGE COMPARTMENT.

Maximum Load Conditions

A rearward weight and balance check will de-
termine whether the airplane shown in figure 3-12
can be flown safely when fully loaded without ex-
ceeding the aft c.g. limit or its maximum gross
weight,

Most Rearward c.g. check.

Weight Arm Moments
Item (1bs.) (in.) (1b.-in,)
Acft. EW 1,600.0 +15.6 24,960.0
0il 22.5 —22.0 - 495.0
Fuel (max.) 228.0 -+18.0 4,104.0
Pilot 170.0 +10.0 1,700.0
Passenger 170.0 +10.0 1,700.0
Passengers {two}  340.0 +34.0 11,560.0
Baggage (max.) 100.0 +10.0 7,000.0
Total 2,630.5 50,529.0
. __ Total moments
Most rearward c.g.= Total weight
85290 =19.21 in.
2,630.5
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Frcure 3-13. Typical loading graph.

The c.g. is well within the c.g. range when fully
loaded; however, the maximum allowable gross
weight is exceeded by 10.5 pounds. In this case a
number of alternatives are available to remedy this
overloaded condition without appreciably reducing
the aircraft payload or flight range, as follows:

Alternative No. 1—reduce baggage by 10.5
Ibs.

Alternative No. 2—reduce fuel by 10.5 Ilbs.,
or L.75 gals.

Alternative No. 3—reduce passenger load by
one passenger.

Each alternative listed will require a placard stat-
ing the loading arrangement by which the gross
weight and c.g. will be retained within their desig-

“nated limits. Compute a new c¢.g. position for each
alternate loading arrangement.

LOADING GRAPHS AND C.G. ENVELOPES

The weight and balance computation system,
commonly called the loading graph and c.g. en-
velope system, is an excellent and rapid method
for determining the c.g. location for various load-
ing arrangements. This method can be applied to
any make and model of aircraft.

Aircraft manufacturers using this method of
weight and balance computation prepare graphs
similar to those shown in figure 3-13 and 3-14

for each make and model aircraft at the time
of original certification. The graphs become a
permanent part of the aircraft records. Along
with the graphs are the data for the empty weight
arm and moment (index number) for that par-
ticular make and model aircraft.

The loading graph illustrated in figure 3-13 is
used to determine the jndex number of any item
or weight that may be involved in loading the
aircraft. To use this graph, find the point on the
vertical scale that represents the known weight.
Project a horizontal line to the point where it
intersects the proper diagonal weight line (i.e.,
pilot, copilot, baggage, etc.). From the point of
intersection, read straight downward to the hori-
zontal scale to find the moment or index number.

After the moment for each item of weight has
been determined, all weights are added and all
moments are added. With knowledge of the total
weight and moment, project a Line from the re-
spective point on the c.g. envelope shown in
figure 3-14, and place a point at the intersection
of the two lines. If the point is within the diagonal
lines, the loading arrangement meets all balance
requirements.

The following is an actual weight and balance
computation using the graphs in figure 3-13 and
3-14. For this example, assume that the aircraft
has an empty weight of 1,386.0 pounds and a
moment of 52,772.0 pound-inches. The index
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number for the empty weight of the aircraft is
developed by dividing the empty-weight moment
by 1,000. This gives an index number of 52.8 for
the airplane’s empty-weight moment. Load the
aircraft to determine whether the c.g. will fall
within the diagonal lines of figure 3—14. Arrange
item weights and index numbers in an orderly
form to facilitate adding.

Moment
Weight (thousands

Item {Ibs.) of ib.-m.)
Acft. EW 1,386.0 52.8
0Oil 19.0 — 0.4
Pilot & copilot 340.0 12.2
Rear passengers (two) 340.0 241
Baggage 20.0 1.9
Fuel 245.0 11.8
Total 2,350.0 102.4

The total airplane weight in pounds is 2,350.0,
and the moment is 102.4. Locate this point
(2,350 @ 102.4) on the c.g. envelope illustrated
in fipure 3-14. Since the point falls within the
diagonal lines, the loading arrangement meets
all weight-and-balance requirements.
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ELECTRONIC WEIGHING EQUIPMENT

Electronic weighing equipment greatly simpli-
fied the mechanics of weighing large, heavy air-
craft. Figure 3~15 shows one type of electronic
scales. The complete weighing kit is contained in
a portable carrier. Included in the kit are a steel
tape, plumb bobs, spirit level, straightedge, hy-
drometer (for determining the fuel specific gravity)
and the load cells. The load cells are actually
strain gages that reflect the load imposed upon
them by the aircraft in terms of voltage change.
This change is indicated on a scale that is cali-
brated to read in pounds.

One load cell is placed between the jack-pad
and the jack at each weighing point. Each load
cell must be balanced or “zeroed™ before applying
any load to the cell. After completing the weighing
operation, remove all load from the cells and check
to see if the cell reading is still zero. Any deviation
from zero is referred to as the “zero scale shift”
and constitutes the tare when using electronic
weighing scales. The direction of shift is the factor
that determines whether the tare is added to or
subtracted from the scale reading. Always follow
the instructions of the manufacture whose scales
you are using.

HELICOPTER WEIGHT AND BALANCE

The weight and balance principles and proce-
dures that have been described apply generally to



Frcure 3-15. Aircraft electronic weighing kit.

helicopters. Each model helicopter is certificated
for a specific maximum gross weight. However, it
cannot be operated at this maximum weight under
all conditions. Combinations of high altitude, high
temperature, and high humidity determine the
density altitude at a particular location. This, in
turn, critically affects the hovering, takeoff, climb,
autorotation, and landing performance of a heli-
copter. A heavily loaded hg[icopter has less ability
to withstand shocks and additional loads caused
by turbulent air. The heavier the load, the less
the margin of safety for the supporting structures,
such as the main rotor, fuselage, landing gear, ete.

Most helicopters have a much more restricted
c.g. range than do a;rplancs In some cases this
range is less than 3 inches, The exact location and

length of the c.g. range is specified for each heli-
copter and usually extends a short distance fore
and aft of the main rotor mast or the centroid of a
dual rotor system. Ideally, the helicopter should
have such perfect balance that the fuselage re-
mains horizontal while in a hover, and the only
cyclic adjustment required should be that made
necessary by the wind. The fuselage acts as a
pendulum suspended from the rotor. Any change
in the center of gravity changes the angle at
which it hangs from this point of support. More
recently designed helicopters have loading com-
partments and fuel tanks located at or near the
balance point. If the helicopter is not loaded
properly and the c.g. is not very near the balance
point, the fuselage does not hang horizontally in a
hover. If the c.g. is too far aft, the nose tilts up,
and excessive forward cyclic control is required to
maintain a stationary hover. Conversely, if the
c.g. is too far forward, the nose tilts down and
excessive aft cyelic control is required. In extreme
out-of-balance conditions, full fore or aft cyclic
control may be insufficient to maintain control.
Similar lateral balance problems may be en-
countered if external loads are carried.

Upon delivery by the manufacturer, the empty
weight, empty weight c.g., and the useful load
are noted on the weight and balance data sheet
in the helicopter flight manual. If, after delivery,
additional fixed equipment is added or removed,
or if a major repair or alteration is made, which
may affect the empty weight, empty weight c.g.,
or useful load, the weight and balance data must
be revised. All weight and balance changes shounld
be entered m the appropriate aircraft record.




GENERAL

Fuel is a substance that, when combined with
oxygen, will burn and produce heat. Fuels may
be classified according to their physical state as
solid, gaseous, or liquid.

Solid Fuels

Solid fuels are used extensively for external.
combustion engines, such as a steam engine,
where the burning takes place under boilers or in
furnaces. They include such fuels as wood and
coal. Solid fuels are not used in reciprocating
engines, where the burning takes place inside the
cylinder, because of their slow rate of burning,
low heat value, and numercus other disadvantages.

Gaseous Fuels

Gaseous fuels are used to some extent for
internal-combustion engines, where a large supply
of combustible gas is readily available. Natural
gas and liquefied petroleum gas are two of the
more common types. Gaseous fuels can be dis-
regarded for use In aircraft engines. The large
space they occupy limits the supply of fuel that
can be carried.

Liquid Fuels

Liguid fuels, in many respects, are the ideal
fuel for use in intermal-combustion engines.
Liquid fuels are classified as either nonvolatile or
volatile. The nonvolatile fuels are the heavy oils
used in diesel engines. The volatile class includes
those fuels that are commonly used with a fuel
metering device and are carried into the engine
cylinder or combustion chamber in a vaporized
or partially vaporized condition. Among these are
alcohol, benzol, kerosene, and gasoline.

Aviation fuel is a liquid containing chemical
energy that, through combustion, is released as
heat energy and then converted to mechanical
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CHAPTER 4
FUELS AND FUEL SYSTEMS

energy by the engine. This mechanical energy is
used to produce thrust, which propels the aircraft.
Gasoline and kerosene are the two most widely
used aviation fuels,

OF

CHARACTERISTICS AND  PROPERTIES

AVIATION GASOLINE

Aviation gasoline consists almost entirely of
hydrocarbons, namely, compounds -consisting
of hydrogen and carbon. Some impurities in
the form of sulphur and dissolved water will be
present. The water cannot be avoided, since
the gasoline is exposed to moisture in the at-
mosphere. A small amount of sulphur, always
present in crude petroleum, is left in the process
of manufacture.

Tetraethyl lead (TEL) is added to the gasoline
to improve its performance in the engine. Organic
bromides and chlorides are mixed with TEL so
that during combustion volatile lead halides will
be formed. These then are exhausted with the
combustion products, TEL, if added alone, would
burn to a solid lead oxide and remain in the
engine cylinder. Inhibitors are added to gasoline
to suppress the formation of substances that would
be left as solids when the gasoline evaporates.

Certain properties of the fuel affect engine per-
formance. These properties are volatility, the
manner in which the fuel burns during the com-
bustion process, and the heating value of the fuel.
Also important is the corrosiveness of the gasoline
as well as its tendency to form deposits in the
engine during use, These latter two factors are
important because of their effect on general cleanli-
ness, which has a bearing on the time between
engine overhauls,

Volatility

Volatility is a measure of the tendency of a
liquid substance to vaporize under given con-
ditions. Gasoline is a complex blend of volatile
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Ficure 4-1. Vapor pressure test apparatus.

hydrocarbon compounds that have a wide range
of boiling points and vapor pressures. It is blended
in such a way that a straight chain of boiling

points is obtained. This is necessary to obtain

the required starting, acceleration, power, and
fuel mixture characteristics for the engine.

If the gasoline vaporizes too readily, fuel lines
may become filled with vapor and cause decreased
fuel flow. If the fuel does not vaporize readily
enough, it can result in hard starting, slow warm-
up, poor acceleration, uneven fuel distribution to
cylinders, and excessive crankcase dilution,

The lower grades of automobile fuel are not
held within the tolerances required for aviation
gasoline and wsually contain a considerable
amount of cracked gascline, which may form
excessive gum deposits. For these reasons, auto-
mobile fuels should not be used in aircraft engines,
especially air-vooled engines operating at high
cylinder temperatures.

Vapor Lock

Vaporization of gasoline in fuel lines results in
a reduced supply of gasoline to the engine. In
severe cases, it may result in engine stoppage.

This phenomenon is referred to as vapor locking,
A measure of a gascline’s tendency to vapor lock
is obtained from the Reid vapor pressure test. In
this test a sample of the fuel is sealed in a “bomb™
equipped with a pressure gage. The apparatus
{see figure 4-1) is then immersed in a constant-

temperature bath and the indicated pressure is
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noted. The higher the corrected vapor pressure of
the sample under test, the more susceptible it is
to vapor locking. Aviation gasolines are limited
to a maximum of 7 p.s.i. because of their increased
tendency to vapor lock at high altitudes.

Carburetor Icing

Carburetor icing is also related to volatility.
When the fuel changes from a liquid to a vapor
state, it extracts heat from its surroundings to
make this change. The more volatile the fuel,
the more rapid the heat extraction will be. As
the gasoline leaving the carburetor discharge
nozzle vaporizes, it can freeze water vapor con-
tained in the incoming air. The moisture freezes
on the walls of the induction system, the venturi
throat, and the throttle valves. This type of ice
formation restricts the fuel and air passages of
the carburetor. It causes loss of power and, if
not eliminated, eventual engine stoppage. Ex-
treme icing conditions can make operation of the
throtile controls impossible. This icing condition
is most severe in the temperature range of 30° to
40° F. ouuside air temperature.

Aromatic Fuels

Some fuels may contain considerable quantities
of aromatic hydrocarbons, which are added to
increase the rich mixture performance rating of
the fuel. Such fuels, known as aromatic fuels,
have a strong solvent and swelling action on some
types of hose and other rubber parts of the fuel
system. For this reason, aromatic-resistant hose
and rubber parts have been developed for use
with aromatic fuels.

Detonation

In an engine that is operating in a normal man-
ner, the flame front traverses the charge at a
steady velocity of about 100 feet per second until
the charge is consumed. When detonation oceurs,
the first portion of the charge burns in a normal
manner but the last portion burns almost instan-
taneously, creating an excessive momentary pres-



sure unbalance in the combustion chamber. This
abnormal type of combustion is called detonation.
This tremendous increase in the speed of burning
causes the cylinder head temperature to rise. In
severe cases, the increase in burning speed will
decrease engine efficiency and may cause structural
damage to the cylinder head or piston.

During normal combustion, the expansion of
the burning gases presses the head of the piston
down firmly and smoothly without excessive
shock. The increased pressure of detonation ex-
erted in a short period of time produces a heavy
shock load to the walls of the combustion chamber
and the piston head. It is this shock to the
combustion chamber that is heard as an audible
knock in an automobile engine. If other sounds
could be filtered out, the knock would be equally
audible in an aircraft engine. Generally, it is
necessary to depend upon instruments to detect
detonation in an aircraft engine.

Surface Ignition

Ignition of the fuel/air mixture by hot spots or
surfaces in the combustion chamber is called
surface ignition. If this occurs before the normal
ignition event, the phenomenon is referred to as
preignition. When it is prevalent, the result is
power loss and engine roughness. Preignition is
generally attributed to overheating of such parts
as spark plug electrodes, exhaust valves, carbon
deposits, etc. Where preignition is present, an
engine may continue to operate even though the
ignition has been turned off.

Present information indicates that gasoline high
in aromatic hydrocarbon content is much more
likely to cause surface ignition than fuels with a
low content.

Octane and Perfermance Number Rating

Octane and performance numbers designate the
antiknock value of the fuel mixture in an engine
cylinder. Aircraft engines of high power output
have been made possible principally as a result
of blending to produce fuels of high octane ratings.
The use of such fuels has permitted increases in
compression ratio and manifold pressure, resulting
in improved engine power and efficiency. However,
even the high-octane fuels will detonate under
severe operating conditiohs and when certain
engine controls are improperly operated. '

Antiknock qualities of aviation fuel are desig-
nated by grades. The higher the grade, the more

compression the fuel can stand without detonating.

. For fuels that have two numbers, the first number
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indicates the lean.mixture rating and the second
the rich-mixture rating. Thus, grade 100/130 fuel
has a lean.mixture rating of 100 and a rich-
mixture rating of 130. Two different scales are
used to designate fuel grade. For fuels below
grade 100, octane numbers are used to designate
grade. The octane number system is based on a
comparison of any fuel with mixtures of iso-octane
and normal heptane. The octane number of a
fuel is the percentage of isc-octane in the mixture
that duplicates the knock characteristics of the
particular fuel being rated. Thus, grade 91 fuel
has the same knock characteristics as a blend of
91 percent iso-octane and 9 percent normal hep-
tane.

With the advent of fuels having antiknock
characteristics superior to iso-octane, another
scale was adopted to designate the grade of fuels
above the 100-octane number. This scale repre-
sents the performance rating of the fuel—its
knock-free power available as compared with that
available with pure iso-octane. It is arbitrarily
assumed that 100 percent power is obtained from
iso-octane alone. An engine that has a knock-
limited horsepower of 1,000 with 100-octane fuel
will have a knock-limited horsepower of 1.3 times
as much (1,300 horsepower) with 130 performance
number fuel.

The grade of an aviation gasoline is no indi-
cation of its fire hazard. Grade 91/96 gasoline is
as easy to ignite as grade 115/145 and explodes
with as much force. The grade indicates only the
gasoline’s performance in the aircraft’s engine.

A convenient means of improving the antiknock
characteristics of a fuel is to add a knock inhibitor.
Such a fluid must have a minimum of corrosive
or other undesirable qualities, and probably the
best available inhibitor in general use at present
is TEL (tetraethyl lead). The few difficulties en-
countered because of the corrosion tendencies of
ethylized gasoline are insignificant when compared
with the results obtained from the high antiknock
value of the fuel. For most aviation fuels the ad-
dition of more than 6 ml. per gallon is not per.
mitted. Amounts in excess of this have little
effect on the antiknock value, but increase cor-
rosion and spark plug trouble.

There are two distinct types of corrosion caused
by the use of ethyl gasoline. The first is caused
by the reaction of the lead bromide with hot
metallic surfaces, and occurs when the engine is




in. operation; the second is caused by the con-
densed products of combustion, chiefly hydro-
bromic acid, when the engine is not running.

Purity

Aviation fuels must be free of impurities that
would interfere with the operation of the engine
or the units in the fuel and induction system.

Even though all precautions are observed in
storing and handling gasoline, it is not uncommon
to find a small amount of water and sediment in
an aircraft fuel system. A small amount of such
contamination is usually retained in the strainers
in the fuel system. Generally, this is not con-
sidered a source of great danger, provided the
strainers are drained and cleaned at frequent
intervals. However, the water can present a serious
problem because it settles to the bottom of the
fuel tank and can then be circulated through the
fuel system. A small quantity of water will flow
with the gasoline through the carburetor metering
jets and will not be especially harmful. An ex-
cessive amount of water will displace the fuel
passing through the jets and restrict the flow of
fuel; it will cause loss of power and can result in
engine stoppage.

Under certain conditions of temperature and
humidity, condensation of moisture (from the air)
occurs on the inner surfaces of the fuel tanks.
Since this condensation occurs on the portion of
the tank above the fuel level, it is obvious that the
practice of servicing an airplane immediately after
flight will do much to minimize this hazard.

Ficure 4-2.

Fuel Identification

Gasolines containing TEL must be colored to
conform with the law, In addition, gasoline may
be colored-for purposes of identification. - For ex-
ample, grade 100 low lead aviation gasoline is blue,
grade 10G is green and grade 80 is red. See
figure 4-2, ' :

100/130 gasoline is manufactured (1973) in
two grades—high-lead, up to 4.6 milliliters of lead
per gallon and low-lead, not over 2.0 milliliters per
gallon. The purpose being to eliminate two grades
of lower octane fuel (80,/87) and 91/96). The
high-lead will continue to be colored green whereas

the low-lead will be blue.

The low-lead will replace the 80/87 and 91/96
octane fuels as they are phased out. Engine manu-
facturers have prepared instructions to be followed
in making adjustments necessary for changeover
to the 100 octane fuel.

A change in color of an aviation gasoline usually
indicates contamination with another product or a
loss of fuel guality, A color change can also be
caused by a chemical reaction that has weakened
the lighter dye component. This color change in
itself may not affect the quality of the fuel.

A color change can also be caused by the pre-
servative in a new hose. Grade 115/145 gasoline
that has been trapped for a short period of time
in new hose may appear green. Flushing a small
amount of gasoline through the hose usually re-
moves all traces of color change.

Military or
' Special Use Civilian

Civilian

Civilian

Civilian

Identification of avgas.
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Ficure 4-3.

ruel fdentification Markings

The most positive method of identifying the type
and grade of f{uel includes the following:

1. Marking of Hose. A color band not less than
one foot wide painted adjacent to the fitting on
each end of hose used to dispense [uel. The bands
completely encircle the hose, and the name and
grade of the product is stenciled longitudinally in
one-inch letters of a contrasting color over the color

band.

2. Marking of Fuel Carriers, Pits and Fill
Stands. Tags identifying the name and grade of
the product permanently afixed to each discharge
meter and fill pipe. Porcelain tags (47X6")
carrying the same information permanently bolted
to the outside of the rear compartment of fuel
servicing equipment. The delivery pipes of truck
fill stands are banded with colors corresponding to
that used on the dispensing hose.

TURBINE ENGINE FUELS

The aircraft gas turhine is designed to operate
on a distillate fuel, commonly called jet fuel. Jet
- fuels are also composed of hydrocarbons with a
little more carbon and usually a higher sulphur
content than gasoline. Inhibitors may be added
to reduce corrosion and oxidation. Anti-icing
additives are also being blended to prevent fuel
icing,

Two types of jet fuel in common use today are:
(1) Kerosene grade turbine fuel, now named Jet A;
and (2} a blend of gasoline and kerosene fractions,
designated Jet B. There is a third type, called
Jet A-1, which is made for operation at extremely
low temperatures. See figure 4--3.
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Civilian

Military

Military

Identification of jet fuels.

There is very little physical difference between
Jet A (JP-5) fuel and commercial kerosene. Jet A
was developed as a heavy kerosene having a higher
flash point and lower freezing point than most
kerosenes. It has a very low vapor pressure, so
there is little loss of fuel from evaporation or boil-
off at higher altitudes. It contains more heat
energy per gallon than does Jet B (JP-4).

Jet B is similar to Jet A. It is a blend of gasoline
and kerosene fractions. Most commercial turbine
engines will operate on either Jet A or Jet B fuel.
However, the difference in the specific gravity of
the fuels may require fuel control adjustments.
Therefore, the fuels cannot always be considered
interchangeable. _

Both Jet A and Jet B fuels are blends of heavy
distillates and tend to absorb water. The specific
gravity of jet fuels, especially kerosene, is closer
to water than is aviation gasoline; thus, any
water introduced into the fuel, either through
refueling or condensation, will take an appreciable
time to settle out. At high altitudes, where low
temperatures are encountered, water droplets com-
bine with the fuel to form a frozen substance
referred to as “gel.”” The mass of “gel” or ““icing™
that may be generated from moisture held in
suspension in jet fuel can be much greater than in
gasoline.

Volatility

One of the most important characteristics of a
jet fuel is its volatility. It must, of necessity, be
a compromise between several opposing factors.
A highly volatile fuel is desirable to aid in starting
in cold weather and to make aerial restarts easier
and surer. Low volatility is desirable to reduce
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Ficure 4-4. Vaporization of aviation fuels at
atmospheric pressure.

the possibility of vapor lock and to reduce fuel
losses by evaporation.

At normal temperatures, gasoline in a closed
container or tank can give off so much vapor that
the fuel/air mixture may be too rich to burn.
Under the same conditions, the vapor given off
by Jet B fuel can be in the flammable or explosive
range. Jet A fuel has such a low volatility that at
normal temperatures it gives off very little vapor
and does not form flammable or explosive fuel/air
mixtures. Figure 4-4 shows the vaporization of
aviation fuels at atmospheric pressure.

Identification

Because jet fuels are not dyed, there is no on-
sight identification for them. They range in color
from a colorless liquid 1o a straw-colored (amber)
liquid, depending on age or the crude petroleum
source.

Jet fuel numbers are type numbers and have
no relation to the fuel’s performance in the aircraft
engine. '

FUEL SYSTEM CONTAMINATION

There are several forms of contamination in
aviation fuel. The higher the viscosity of the fuel,
the greater is its ability to hold contaminants in
suspension, For this reason, jet fuels having a
high viscosity are more susceptible to contami.
nation than aviation gasoline. The principal con-
taminants that reduce the quality of both gasoline
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and turbine fuels are other petroleum products,
water, rust or scale, and dirt.

Water

Water can be present in the fuel in two forms:
(1) Dissolved in the fuel or (2) entrained or
suspended in the fuel. Entrained water can be
detected with the naked eye. The finely divided
droplets reflect light and in high concentrations
give the fuel a dull, hazy, or cloudy appearance.
Particles of entrained water may unite to form
droplets of free water,

Fuel can be cloudy for a number of reasons.
If the fuel is cloudy and the cloud disappears at
the bottom, air is present. If the cloud disappears
at the top, water is present. A cloud usually indi-
cates a water-in-fuel suspension. Free water can
cause icing of the aircraft fuel system, usually in
the aircraft boost-pump screens and low-pressure
filters. Fuel gage readings may become erratic
because the water short-circuits the airerafts elec-
trical fuel cell quantity probe. Large amounts of
water can cause engine stoppage. If the free water
is saline, it can cause corrosion of the firel system
components.

Foreign Particles

Most foreign particles are found as sediment
in the fuel. They are composed of almost any
material with which the fuel comes into contact.

" The most common types are rust, sand, aluminum

and magnesium compounds, brass shavings, and
rubber.

Rust is found in two forms: (1) Red rust, which
is nonmagnetic and (2) black rust, which is mag-
netic. They appear in the fuel as red or black
powder (which may resemble a dye), rouge, or
grains. Sand or dust appears in the fuel in a
crystalline, granular, or glasslike form.

Aluminum or magnesium compounds appear in
the fuel as a form of white or gray powder or
paste. This powder or paste becomes very sticky
or gelatinous when water is present. Brass is
found in the fuel as bright gold-colored chips or
dust. Rubber appears in the fuel as fairly large
irregular bits. All of these forms of contamination
can cause sticking or malfunctions of fuel metering
devices, flow dividers, pumps, and nozzles.

Contamination with Other Types or Grades of Fuel

The unintentional mixing of petroleum products
can result in fuels that give unacceptable per-



formance in the aircraft. An aircraft engine is
designed to operate most efficiently on fuel of
definite specifications. The use of fuels that differ
from these specifications reduces operating effi-
ciency and can lead to complete engine failure.

Operators of turbine-powered aircraft are some-
times forced by circumstances to mix fuels. Such
mixing, however, has very definite disadvantages.
When aviation gasoline is mixed with jet fuel,
the TEL in the gasoline forms deposits on the
turbine blades and vanes. Continuous use of mixed
fuels may cause a loss in engine efficiency. How-
ever, on a limited usage basis, they will have no
detrimental effects on the engine.

Aviation gasoline containing by volume more
than 0.5 percent of jet fuel may be reduced below
the allowable limits in knock rating. Gasoline
contaminated with turbine fuel is unsafe for use
in reciprocating engines.

Microbial Growth

Microbial growth is produced by various forms
of micro-organisms that live and multiply in the
water interfaces of jet fuels. These organisms may
form a slime similar in appearance to the deposits
found in stagnent water. The color of this slime
growth may be red, brown, gray, or black. If not
properly controlled by frequent removal of free
water, the growth of these organisms can become
extensive. The organisms feed on the hydrocarbons
that are found in fiels, but they need free water
in order to multiply.

Micro-organisms have a tendency to mat, gener-
ally appearing as a brown blanket which acts as a
blotter to absorb more moisture. This mixture or
mat accelerates the growth of micro-organisms.
The buildup of micro-organisms not only can in-
terfere with fuel low and quantity indication, but,
more important, it can start electrolytic corrosive
action.

Sediment

Sediment appears as dust, powder, fibrous ma-
terial, grains, flakes, or stain. Specks or granules
of sediment indicate particles in the visible size
range, l.e., approximately 40 microns or larger in
size. {See figure 4-5.) The presence of any
appreciable number of such particles indicates
either a malfunction of the filter/separators or a
source of contamiration downstream of the filter/
separator, or else an improperly cleaned sample
container. [Even with the most efficient flter/
separators and careful [uel handling, an occasional
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Ficure 4~5. Comparison of particle’s rate of
settling in three types of fuel.

visible particle will be encountered. These strays
are usually due to particle migration through the
filter media and may represent no particular: prob-
lem to the engine or fuel control. The sediment
ordinarily encountered is an extremely fine powder,
rouge, or silt. The two principle components of
this fine sediment are normally sand and rust,

Sediment includes both organic and inorganic
matter. The presence of appreciable quantities of
fibrous materials (close to naked eye visibility) is
usually indicative of filter element breakdown,
either because of a ruptured element or mechanical
disintegration of a component in the system.
Usually, high metal content of relatively large par-
ticles suggest a mechanical failure somewhere in
the system which is necessarily not limited to a
metallic filter failure.

In a clean sample of fuel, sediment should not
be visible except upon the most meticulous inspec-
tion. Persistent presence of sediment is suspect
and requires that appropriate surveillance tests and
corrective measures be applied to the fuel handling
system.

Sediment or solid contamination can be separated
into two categories: (1) coarse sediment and (2)
fine sediment.

Course Sediment

Sediment that can be seen and that easily settles
out of fuel or can be removed by adequate filtera-
tion is coarse sediment. Ordinarily, particles 10
microns in size and larger are regarded as coarse
sediment. {See figure 4-6.)
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Figure 4-6. Enlargement of small particles and
comparison to human hair.

Coarse particles clog orifices and wedge in slid-
ing valve clearances and shoulders, causing mal-
tunctions and excessive wear of fuel controls and
metering equipment. They are also effective in
clogging nozzle screens and other fine screens
throughout the aircraft {uel system.

Fine Sediment

Particles smaller than 10 microns may be de-
fined as fine sediment. (See figure 4-6.) Ninety
eight percent of the fine sediment in fuel can be
removed by proper settling, filtration, and centri-
fuging. Particles in this range accumulate through-
out fuel controls, appearing as a dark shellac-like
surface on sliding valves, and may also be centri-
tuged out in rotating chambers as sludge-like mat-
ter, causing sluggish operation of fuel metering
equipment, Fine particles are not visible to the
naked eye as distinet or separate particles; they
will, however, scatter light and may appear as
point flashes of light or a slight haze in fuel.

Maximum possible settling time should be al-
lowed in fuel tanks after filling to allow reasonable
settlement of water and sediment.
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Contamination Detection

Coarse contamination can be detected visually.
The major criterion for contamination detection
is that the fuel be clean, bright, and contain no
perceptible free water. Clean means the absence
of any readily visible sediment or entrained water.
Bright refers to the shiny appearance of clean,
dry fuels. Free water is indicated by a cloud,
haze, or a water slug. A cloud may or may not
be present when the fuel is saturated with water.
Perfectly clear fuel can contain as much as three
times the volume of water considered to
tolerable.

Several field methods for checking water content
have been devised. One is the adding of a food
color that is soluble in water, but not in fuel.
Colorless fuel samples acquire a definite tint if
water is present. Another method uses a gray
chemical powder that changes color to pink
through purple, if 30 or more p.p.m. (parts per
million) of water are present in a fuel sample.
In a third method a hypodermic needle is used
to draw a fuel sample through a chemically
treated filter. If the sample changes the color of
the filter from yellow to blue, the fuel contains at
least 30 p.p.m. of water.

Since fuel drained from tank sumps may have
been cold-soaked, it should be realized that no
method of water detection can be accurate while
the fuel entrained water is frozen into ice crystals.

There is a good chance that water will not be
drained or detected if the sumps are drained while
the fuel is below 32°F. after being cooled in
flight. The reason for this is that the sump drains
may not be at the lowest point in the fuel tank
while the airplane is in a flight attitude, and
water may accumulate and freeze on other areas
of the tank where it will remain undetected until
it thaws.

Draining will be more effective if it is done
after the fuel has been undisturbed for a period
of time during which the free water can precipitate
and settle to the drain point. The benefits of a
settling period will be lost, however, unless the
accumulated water is removed from the drains
before the fuel is disturbed by internal pumps.



Contamination Control

The aircraft fuel system can be considered as
being divided into three parts when discussing
clean fuel. The manufacturer produces clean fuel.
Contamination can occur at any time after the fuel
is produced. The first part of the fuel system is
the delivery and storage system between the re-
finery and the airport fuel service truck. Although
this system is not physically a part of the aircraft,
it is of equal importance in controlling contami-
nation.

Anytime fuel is transferred it is susceptible to
contamination. Therefore, all aviation maintenance
personnel should be familiar with the following
means of contamination control.

Fundamental in the control of contamination of
turbine fuels are the methods followed by the in-
dustry in receiving and storing any bulk shipment
of a petroleum product. These methods have long
been established as sound, and they are too well
known to need repetition here. The refueling fa-
cilities used by operators of turbine powered air-
craft should incorporate the following features:

1. Fuel being pumped into airport storage
should pass through a filter-separator. The filter
should meet the requirements of 1.5, Government
Specification MIL-F-8508A.

2. Turbine fuels should be allowed to settle for
a period of one hour per foot of depth of the fuel
before being withdrawn for use. This means that
ordinarily more than one storage tank must be
provided for each grade of product.

3. Storage tanks should be checked with litmus
paper after each new load of fuel is received and
the fuel has settled. The litmus paper should re-
main submerged for a minimum of 15 seconds.
During periods of heavy rain underground tanks
should be checked with litmus paper more fre-
quently.

4. Suction lines should be a minimum of 6
inches from the bottom of the tank. Kerosene
storage lanks should be equipped with floating type
suction lines. Floating suction does not remove the
bottom product, which may not have settled suf-
ficiently. It also prevents reintroduction into the
fuel of any contamination at the bottom of the
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tank. Floating suction is the only logical way to
take full advantage of gravily in removing water
and particulate matter contamination. Its import-
ance must not be minimized.

5. Fuel being withdrawn from storage should be
passed through a filter-separator meeting the speci-
fication MIL-F-8508A.

6. Great care should be exercised in loading
mobile fuelers to exclude airborne dust and dirt,
rain or other foreign material.

7. To lessen the likelihood of rust and scale the
tarks of mobile fuelers should be constructed of
either stainless steel. nonferrous material or steel
coated with a reliable, inert material.

8. As turbine fuel is being dispensed into the
aircraft from truck or hydrant it should be filtered
to a degree of 5 microns for solid particles and
contain no more than 0.0015 per cent of free and
entrained water. Bypass valves around the filter
should not be permitted.

9. All the quality control procedures usually
followed in handling aviation gasoline should be
employed. These include regular and frequent
check of filter-separators; frequent quality check
such as the “clear and bright” test; and continual
emphasis on cleanliness. Examples: “Don’t let the
hose nozzle drag on the apron.” “Keep the dust
cap on the nozzie at all times when nozzle is not
in use,”

FUEL SYSTEM

The aircraft fuel system stores fuel and delivers
the proper amount of clean fuel at the right pres-
sure to meet the demands of the engine. A well-
designed fuel system ensures positive and reliable
fuel flow throughout all phases of flight, which
include changes in altitude, violent maneuvers and
sudden acceleration and deceleration. Further-
more, the system must be reasonably free from
tendency to vapor lock, which can result from
changes in ground and in-flight climatic conditions.
Such indicators as fuel pressure gages, warning
signals, and tank quantity gages are provided to
give continuous indications of how the system is
functioning.
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FIGURE 4-7. Gravity feed fuel system.

The simplest type of fuel system is the gravity
feed, which is still in use on many low-powered
airplanes. A gravity feed system is shown in
figure 4-7. The fuel tanks are mounted above the
carburetor, with gravity causing the [uel to flow
from the tanks to the carburetor. A selector valve
is provided to stop the fuel flow or to select a par-
ticular tank in the system from which to draw
fuel. A strainer filters the fucl before it reaches
the carburetor. A drain is provided for removing
water and sediment trapped at the strainer. A
primer furnishes the additioral fuel required for
engine starting.

Airplanes equipped with a high-output engine
require a fuel system that supplies fuel to the
carburetor at a positive pressure. The basic source
for this pressure is an engine-driven fuel pump,
but awxiliary fuel pumps or booster pumps are
required in every pressure feed system ro: (1)
supply fuel pressure for starting the engine; (2)
supply fuel to the primer system; and (3) to serve
as an emergency pump In case the engine-driven
pump fails.

FUEL SYSTEM COMPONENTS

The basic components of a fuel system inelude
tanks, lines, valves, pumps, filtering units, gages,
warning signal, and primer. Some systems wilt
include central refueling provisions, fuel dump
valves, and a means for transferring fuel. In order
to clarify the operating principles of complex air-
craft fuel systems, the various units are discussed
in the following paragraphs.
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Fuel Tanks

The location, size, shape, and construction of
fuel tanks vary with the type and intended use
of the aircraft. In some aircraft, the fuel tanks
are integral with the wing or other structnral
portions of the aircraft.

Fuel tanks are made of materials that will not
react chemically with any aviation fuel. Aluminum
alloy is widely nsed, and synthetic rubber bladder.
type fuel cells are used in some installations.

Usually a sump and a drain aré provided at the
lowest point in the tank as shown in figure 4-8.
When a sump or low point is provided in the
tank, the main fuel supply is not drawn from the
bottom of the sump, but from a higher point in
the tank.

The top of each tank is vented to the outside
air in order to maintain atmospheric pressure
within the tank. Air vents are designed to min-
imize the possibility of their stoppage by dirt
and ice formation. In order to permit rapid
changes in internal air pressure, the size of the
vent is proportional to the size of the tank, thus
preventing the collapse of the tank in a steep
dive or glide. All except the very smallest of
tanks are fitted with internal baffles to resist fuel
surging caused by changes in the attitude of the
aircraft. Usually an expansion space is provided
m fuel tanks to allow for an increase in fuel
volume due to expansion.

The filler neck and cap are usually located in
a recessed well, equipped with a2 scupper and
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Ficere 4-8. A typical metal fuel tank.

drain. The scupper is designed to prevent over-
flowing. fuel from entering the win'g or fuselage
structure. Fuel caps have provisions for locking
devices to prevent accidental loss during flight.
Filler openings are clearly marked with the word
“FUEL”, the tank capacity, and the type of fuel
to be used. Information concerning the capacity
of each tank js usually posted near the fuel se.
lector valves, as well as on the tank filler caps.
Some fuel tanks are equipped with dump valves
that make it possible to jettison fuel during flight
in order to reduce the weight of the aircraft to its
specified maximum landing weight, In aircraft
equipped with dump valves, the operating control
1s located within reach of the pilot, copilot, or
flight engineer. Dump valves are designed and
installed to afford safe, rapid discharge of fuel.

Fuel Cells

Present day aircraft may be equipped with one
or more of the following types of fuel cells: the
bladder-type fuel cell and the integral fuel cell.

Bladder-Type Fuel Cells

The bladder-type fuel cell is a nonself-sealing
cell that is used to reduce weight. It depends en-
tirely upon the structure of the cavity in which it
sits to support the weight of the fuel within it.
For this reason, the cell is made slightly larger
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than the cavity. The bladder cells in use are made
either of rubber or of nylon.

Integral Fuel Cells

Since integral fuel cells are usually built into
the wings of the aircraft structure, they are not
removable. An integral cell is a part of the aircraft
structure, which has been so buiit that after the
seams, structural fasteners, and access doors have
been properly sealed, the cell will hold fuel without
leaking. This type of construction is usually re-
ferred to as a ““wet wing.”

Fuel Lines and Fitings

In an aircraft fuel system, the various tanks
and other components are usually joined together
by fuel lines made of metal tubing connected,
where flexibility is necessary, by lengths of flexible
hose. The metal tubing usvally is made of
aluminum alloy, and the flexible hose is made
of synthetic rubber or Teflon. The diameter of
the tubing is governed by the fuel flow require-
ments of the engine.

Each fuel line is identified by a color-coded
band near each end. Except for short lines be-
tween flexible connections, tubing should be prop-
erly supported by clamping to structural members
of the aircraft.

A special heat-resistant hose is used where the
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Ficure 4-9.  Main fuel strainer for light aircraft.

flexible lines will be subjected to intense heat.
For all flexible fuel lines located forward of the
firewall, fAire-resistant hose is used.

In many installations, the fuel lines are designed
to be located within the tanks. Therefore, minor
leaks occurring within the tank are classified as
internal leaks and will not cause fire hazards.

Fuel Strainers

Strainers are installed in the tank outlets and
frequently in the tank filler necks. These are of
fairly coarse mesh and prevent only the larger
particles from entering the fuel system. Other,
fine-mesh, strainers are provided in the carburetor
fuel inlets and in the fuel lines,

The function of the main strainer is important:
it not only prevents foreign matter from entering
the carburetor, but also, because of its location
at the low point of the fuel system, traps any
small amount of water that may be present in the
system, In multiengine aircraft, one main strainer
is usually installed in each engine nacelle.

A main fue}l strainer for a light airplane is
shown in figure 4-9, It consists of a cast metal
top, a screen, and a glass bowl. The bowl is
attached to the cover by a clamp and thumb nut.
Fuel enters the unit through the inlet port, filters
through the screen, and exits through the outlet
port. At regular intervals the glass bowl is drained,
and the screen is removed for inspection and
eleaning.

The main fuel strainer shown in figure 4-10 is so

Fuel outlet —

/3

Fuel inle

¥ — Drain cock

Fuel flow
through strainer
element

Ficure 4-10. Main fuel strainer.

installed that the fuel flows through it before
reaching the engine-driven pump. It is located at
the lowest point in the fuel system. The shape
and construction of the fine-mesh screen provides
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Ficure 4-11. Centrifugal fuel booster pump.

a large screening surface encased in a compact
housing. Reinforcing the screen is a coarse, heavy-
wire mesh. ‘

Avuxiliary Fuel Pumps

The electrically driven centrifugal booster
pump, shown in figure 4-11, supplies fuel under
pressure to the inlet of the engine-driven fuel
pump. This type of pump is an essential part of
the fuel system, particularly at high altitudes, to
keep the pressure on the suction side of the
engine-driven pump from becoming low enough
to permit the fuel to beil. This booster pump is
also used to transfer fuel from one tank to another,
to supply fuel under pressure for priming when
starting the engine, and, as an emergency unit,
to supply fuel to the carburetor jn case the engine-
driven pump fails. To increase the capacity of the
pump under emergency conditions, many pumps
are equipped with a two-speed or variable-speed
control so that the recommended fuel inlet pres-
sure to the carburetor can be maintained. As a
precautionary measure, the booster pump is al-
ways turned on during takeoffs and landings to
ensure a positive supply of fuel.

The booster pump is mounted at the tank outlet
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within a detachable sump or is submerged in fuel
at the bottom of the fuel tank. The seals between
the impeller and the power section of the pump
prevent leakage of fuel or fumes into the motor.
If any liquid or vapor should leak past the seal,
it is vented overboard through a drain. As an
added precaution in nonsubmerged-type pumps,
air i1s allowed to circulate around the motor to
remove dangerous fuel vapor.

As fuel enters the pump from the tank, a high-
speed impeller throws the fuel outward in all
directions at high velocity. The high rotational
speed swirls the fuel and produces a centrifuge
action that separates air and vapor from the fuel
before it enters the fuel line to the carburetor.
This results in practically vapor-free fuel delivery
to the carburetor and permits the separated vapors
to rise through the fuel tank and escape through
the tank vents. Since a centrifugal-type pump is
not a positive-displacement pump, no relief valve
is necessary.

Although the centrifugal type is the most
common type of booster pump, there are still a
few sliding-vane-type booster pumps in service.
This type, too, is driven by an electric motor.
Unlike the centrifugal type, it does not have the
advantage of the centrifuge action to separate
the vapor from the fuel. Since it is a positive-
displacement-type pump, it must have a relief
valve to prevent excessive pressure. Its construc-
tion and operation are identical to the engine-
driven pump.

Hand Pump

The hand, or wobble, pump is frequently used
on light aircraft. It is generally located near other
fuel system components and operated from the
cockpit by suitable controls. A diagram of a
wobble pump is shown in figure 4-12. When the
handle attached to the central blade is operated,
the low pressure created on the chamber below
the upward moving blade, permits the incoming
fuel pressure to lift the lower flapper and allows
fuel to flow into this chamber. At the same time
fuel flows through a drilled passageway to fill the
chamber above the downward moving blade. As
the blade moves downward, the lower flapper
closes, preventing fuel from escaping back into
the inlet line. The fuel below the downward mov-
ing blade flows through a passageway into another
chamber and is discharged through an outlet
flapper valve to the carburetor. The cycle is re-
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Ficure 4-12. Schematic diagram of a wobble

pump.

peated each time the handle is moved in either
direction.

Engine-Driven Fuel Pump

The purpose of the engine-driven fuel pump is
to deliver a continuous supply of fuel at the
proper pressure at all times during engine oper-
ation. The pump widely used at the present time
is the positive-displacement, rotary-vane-type
pump. :

A schematic diagram of a typical engine-driven
pump (vane-type) is shown in figure 4-13. Regard-
less of variations in design, the operating principle
of all vane-type fuel pumps is the same.

Booster pump pressure
Engine-driven pump pressure

A. Balance line B. Pump outlet
C. Pump inlet

Ficure 4-13. Engine-driven fuel pump
(pressure delivery).
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Figure 4-14. Engine-driven fuel pump
(bypass flow].

The engine-driven purp-is usually mounted on
the accessory section of the engine. The rotor,
with its sliding vanes, is driven by the crankshaft
through the accessory gearing. Note how the
vanes carry fuel from the inlet to the outlet as
the rotor turns in the direction indicated. A seal
prevents leakage at the point where the drive
shaft enters the pump body, and a drain carries
away any fuel that leaks past the seal. Since the
fuel provides enough lubrication for the pump,
no special lubrication is necessary.

Since the engine-driven fuel pump normally
discharges more fuel than the engine requires,
there must be some way of relieving excess fuel
to prevent excessive fuel pressures at the fuel inlet
of the carburetor. This is accomplished through
the use of a spring-loaded relief valve that can
be adjusted 10 deliver fuel at the recommended
pressure for a particular carburetor. Figure 4-13,
shows the pressure relief valve in operation, by-
passing excess fuel back 1o the inlet side of the
pump. Adjustment is made by increasing or de-
creasing the tenston of the spring.

The relief valve of the engine-driven pump is
designed to open at the set pressure regardless of
the pressure of the fuel entering the pump. To
maintain the proper relation between fuel pressure
and carburetor inlet air pressure, the chamber
above the fuel pump relief valve is vented either
to the atmosphere or through a balance line 1o
carburetor air inlet pressure. The combined pres-
sures of spring tension and either atmospheric or



carburetor inlet air pressure determine the abso-
lute pressure at which the relief valve opens. This
balanced-type relief valve has certain objection-
able features that must be investigated when en-
countering fuel system troubles. A sylphon or
diaphragm failure will allow air to enter the fuel
on the inlet side of the pump if the pump inlet
pressure is less than atmospheric. Conversely, if
the pump inlet pressure is above atmospheric
pressure, fuel will be discharged from the vent.
For proper altitude compensation the vent must
be open. If it should become clogged by ice or
foreign matter while at altitude, the fuel pressure
will decrease during descent. If the vent becomes
clogged during ascent, the fuel pressure will in-
crease as the altitude is increased.

In addition to the relief valve, the fuel pump
has a bypass valve that permits fuel to flow
around the pump rotor whenever the pump is
inoperative. ' This valve, shown in figure 4-14, con-
sists ‘of a disk that is lightly spring-loaded against
a series of ports in the relief valve head. When
fuel is needed for starting the engine, or in the
event of engine-driven pump failure, fuel at
booster-pump pressure is delivered to the fuel
pump inlet, When the pressure is great enough to
move the bypass disk from its seat, fuel is allowed
to enter the carburetor for priming or metering.
When the engine-driven pump is in operation,
the pressure built up on the outlet side of the
pump, together with the pressure of the bypass
spring, holds the disk on its seat and prevents
fuel flow through the ports.

Valves

Selector valves are installed in the fuel system
to provide a means for shutting off the fuel flow,
for tank and engine selection, for crossfeed, and
for fuel transfer. The size and number of ports
(openings) vary with the type of installation. For
example, a single-engine aircraft with two fuel
tanks and a reserve fuel supply requires a valve
with four ports—three inlets from the tanks and
a common outlet. The valve must accommodate
the full flow capacity of the fuel line, must not
leak, and must operate freely with a definite
“feel” or “click™ when it is in the correct position.
Selector valves may be operated cither manually
or electrically. A tube, rod, or cable is attached
to a manually operated valve so that it can be
operated from the cockpit. Electrically operated
valves have an actuator, or motor. The three
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main types of selector valves are the poppet,
cone, and disk.

The poppet-type selector valve has an indi-
vidual poppet valve at each inlet port. A cam and
yoke on the same shaft act to open the selected
poppet valve as the yoke is turned. Figure 4-15
shows how the cam lifts the upper poppet valve
from its seat when the control handle is set to
the “number 2” tank. This opens the passage
from the “number 2 tank to the engine. At the
same time, a raised portion of the index plate
drops into a notch in the side of the cam. (See
the detail of the index mechanism.) This pro-
duces the “feel” that indicates the valve is in the
wide open position. The control handle should
always be set by “feel”” rather than by the mark-
ing on the indicator dial. The index mechanism
also keeps the valve int the desired position and
prevents creeping caused by vibration. Some
valves have more than one raised portion on the
cam to allow two or more ports to be opened at
the same time.

The cone-type selector valve has either an all-
metal or a cork-faced aluminum housing. The
cone, which fits into the housing, is rotated by
means of a cockpit control. To supply fuel from
the desired tank, the cockpit control is turned
until the passages in: the cone align with the
correct ports in the housing. An indexing mecha-
nism aids in obtaining the desired setting and
also holds the cone in the selected position. Some
cone-iype valves have a friction release mechanism
that reduces the amount of turning torque re-
quired to make a tank selection and that can be
adjusted to prevent leakage.

The rotor of the disk-type selector valve fits
into a cylindrical hole in the valve body. A disk-
type valve is shown in figure 4-16. Note that the
rotor has one open port and several sealing disks—
one for each port in the housing. To select a tank,
the rotor is turned wntil the open port aligns with
the port from which fuel flow is desired. At this
time, all other ports are closed by the sealing
disks. In this position, fuel will flow from the
desired tank to the selector valve and out through
the engine-feed port at the bottom of the valve.
To ensure positive port alignment for full fuel
flow, the indexing mechanism {(shown in the center
of figure 4-16 forces a springloaded ball into a
ratchet ring. When the selector valve is placed
in the closed position, the open port in the rotor
is opposite a blank in the valve body, while each
sealing disk covers a tank port.
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Fuel tank shutoff valves have two positions,
open and closed. They are installed in the system
to prevent fuel loss when a fuel system component
is being removed or when a part of the system is
damaged. In some installations they are used to
control the fuel flow during fuel transfer. They
are operated either manually or electrically. An
electrically operated fuel shutoff valve includes
a reversible electric motor linked to a sliding-valve
assembly. The motor moves the valve gate in
and out of the passage through which the fuel
flows, thus, shutting off or turning on the fuel flow.

FUEL SYSTEM INDICATORS
Fuel Quantity Gages

Fuel quantity gages are necessary so that the
operator may know the quantity of fuel remaining

Index

To main
strainer

The index mechanism

Tank No, 1

S0

mechanism

Poppet-type selector valve.

in the tanks during operation of the aircraft. The
four general types of fuel pages are: (1} Sight
glass, (2) mechanical, (3) electrical, and (1) elec-
tronic. The type of fuel gage installation depends
on the size of the aircraft and the number and
location of the fuel tanks. Since the sight glass
and mechanical fuel gages are not suitable for
aircraft where tanks are located an appreeiable
distance from the cockpit, larger aireraft use either
electrical or electronic fuel quantity gages. On
some aircraft, onc fuel gage, called a totalizer,
indicates the total amount of fuel remaining in
all the fuel tanks.

The sight glass is the simplest form of fuel
quantity gage. The indicator is a glass or plastic
tube placed on the same level as the tank. It
operates on the principle that a liquid seeks its

Rotor
mechanism
e

Sealing disk

Ficure 4-16. Disk-type selector valve.
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Ficure 4-17. Float-and-lever type fuel level gage.

own level. The tube is calibrated in gallons or
has a metal scale near it. The sight glass may have
a shutoff valve so that the fuel can be shut off
for cleaning and for preventing loss of fuel if the
tube is broken.

The mechanical-type fuel quantity gage is usu-
ally located in the tank and is known as a direct
reading gage. It has an indicator connected to a
float resting on the surface of the fuel. As the
fuel level changes, the float mechanically operates
the indicator, thus showing the level of fuel in
the tank. One type of mechanical fuel gage is
illustrated in figure 4-17.

The electrical-type quantity gage consists of an
indicator in the cockpit and a float-operated
transmitter installed in the tank. As the fuel level
changes, the transmitter sends an electric signal
to the mdicator, which shows the changing fuel
level. Two important advantages of this fuel
quantity gage (and the electronic type discussed
in the next paragraph) are that the indicator can
be located any distance from the tank and the
fuel levels of several tanks can be read on one
indicator. ‘

The electronic-type (capacitance) fuel quantity
gage differs from the other types in that it has
no movable devices in the fuel tank. Instead of
floats and their attendant mechanical units, the
dielectric qualities of fuel and air furnish a meas-
urement of fuel quantity. Essentially, the tank
transmitter is a simple electric eondenser. The
dielectric (or nonconducting material) of the con-
denser is fuel and air (vapor} above the fuel.
The capacitance of the tank unit at any one time
will depend on the existing proportion of fuel and
vapors in the tank. The capacitance of the trans-
mitter is compared to a reference capacitor in a
rebalance-type bridge circuit. The unbalanced sig-
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nal is amplified by the voltage amplifiers that
drive a phase discriminating power stage. The
output stage supplies power to one phase of a
two-phase a.c. motor that mechanically drives &
rebalancing potentiometer and indicator pointer.
The eclectronic type system of measuring fuel
quantity is more accurate in measuring fuel level,
as it measures the fuel by weight instead of in
gallons. Fuel volume will vary with temperature
{a gallon of gasoline weighs more when it is cold
than when it is hot}; thus, if it is measured in
pounds instead of gallons, the measurement will
be more accurate.

In addition to the cockpit fuel quantity indi-
cating system, some aircraft are provided with a
means to determine the fuel quantity in each
tank when the aircraft is on the ground. This is
accomplished in several different ways. Some
manufacturers use float-operated, direct-reading
fuel gages mounted in the lower surface of the
wing. Another means is to use under-wing bayonet
gages. There are two types in use, the drip gage
and the sight gage.

When using the drip gage it is necessary to
proceed slowly, using the trial-and-error method
to find the exact fuel level. In large area tanks a
proportionately large amount of fuel is represented
by a fraction of an inch variation in fuel level.
The long, hollow drip tubes require some time to
drain once they are filled with fuel, and a sub-
stantial error in reading will be made if the di-
minishing drainage drip is mistaken for the steady
drip that signifies that the tube is properly po-
sitioned.

When the cap and hollow drip tube are drawn
out from the lower wing surface, the fuel enters
the open top of the tube when it reaches the
level of the fuel. As stated previously steady drip
from a drip hole signifies that the tube is properly
positioned with a tiny head of fuel above the
opening. The drip gage tube may be: calibrated
in pounds or inches. When calibrated in inches,
the reading is compared with a special chart to
give a reading of fuel quantity in gallons.

The sight gage is somewhat simpler in con-
struction than the drip gage, and offers unmis-
takable visual evidence when it is properly po-
sitioned for reading, As shown in figure 4-18, the
sight gage is basically a long lucite rod, protected
by a calibrated tube, which terminates at the top
in an exposed quartz tip. When the tip is above
the fuel it acts as a reflector. Light rays traveling
up the lucite rod are deflected at right angles by
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Freure 4-18. Under-wing sight gage.

the 45° surface at one side of the tip and deflected
90° again by the 45° surface at the opposite side
and returned down the hucite rod.

Any portion of the tip submerged in fuel will
not act as a reflector. Consequently, when the
fuel level is part way up the taper, a light pattern
is created that is visible at the lower end of the
Iucite rod and that has the dimension and shape
described by the intersection of the tip and the
fuel. When the reflected light is reduced to the
smaliest perceptible point in the case of cone-
tipped gages, or hairline in the case of chisel-tipped
gages, the rod is properly positioned. The fuel
tank quantity can be read on the tube where it
emerges from the recessed guide housing. Drip
gage readings are taken at this location also.

Fuel Flowmefer

The fuel flowmeter is normally used only in
multiengine aircraft. The system consists of a
transmitter and an indicator. The transmitter is
installed in the fuel inlet line to the engine, where
it measures the rate of fuel flow. The transmitter
is electrically connected to the indicator located
in the cockpit. This gage shows the rate of fuel
consumption in pounds per hour,

The transmitter signal may be developed by a
movable vane mounted in the funel flow path.
The impact of fuel causes the vane to swing and
move against the restraining force of a calibrated
spring. The final position assumed by the vane
represents a measure of the rate at which fuel is
passing through the flowmeter and the corre-
sponding signal to be sent to the indicator. A
vane-type fuel flowmeter system is illustrated in
figure 4-19,

The transmitter used with turbine engines is
the mass-flow type having a range of 500 to 2,500
pounds per hour. It consists of two cylinders
placed in the fuel stream so that the direction of
fuel flow is parallel to the axes of the eylinders.
{See figure 4-20.) The cylinders have small vanes
in "the outer periphery. The upstream ecylinder,
called the impeller, is driven at a constant angular
velocity by the power supply. This velocity im-
parts an angular morentum to the fuel. The fuel
then transmits this angular velocity to the turbine
(the downstream cylinder), causing the turbine
to rotate until a restraining spring force balances
the force due to the angular momentum of the
fuel. The deflection of the turbine positions a
magnet in the second harmonic transmitter to a
position corresponding to the fuel flow. The tur-
bine position is transmitted to the flight station
indicator by means of a selsyn system.

Fuel Pressure Gage

The fuel pressure gage indicates the pressure of
the fuel entering the carburetor. This gage may
be included with the oil pressure gage and the oil
temperature gage in one casing, called the engine
gage unit. Most aircraft today have separate gages
for these functions. An engine gage umit is shown
in figure 4-21.

The fuel pressure gage is a differential pressure
indicator with two connections on the back of
the indicator housing. The air connection (see
figure 4-22) is vented to the carburetor air inlet,
and the fuel commection is attached to the fuel
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Ficure 4-19. Vane-type fuel flowmeter systern.

inlet chamber of the carburetor. In this way the
gage indicates the difference between the fuel
pressure entering the carburetor and the air pres-
sure at the carburetor air inlet. In some instal-
lations, the air fitting on the gage is left open to
the air pressure of the cockpit, which is generally
‘the same as the pressure of the atmosphere. When
this venting arrangement is used, the relief valve
of the engine-driven fuel pump is also vented to
the atmosphere, and the gage indicates the fuel

pressure resulting from the adjusted spring pres:
sure only. In order to dampen pressure pulsations
that cause pointer fluctuation, a restrictor fitting
(A) is installed at the carburetor end of the fuel
gage line. (See the Y connection shown in figure
4-22.) The second restrictor {B) meters fuel to
the oil system during oil dilution. The arrange-
ment of these restrictors provides an indicated
drop in fuel pressure when the oil dilution system
is used. The oil-dilution system will be discussed
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F1GURE 4-20. Schematic of a turbine engine fuel flow indicating system.
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Ficurk 4-21. Engine gage unit.

thoroughly in the Powerplant Handbook, and is
mentioned at this time only because the fuel
pressure indicator provides a means for a check
on the operation of other fuel systemn units.

In small aircraft the fuel pressure gage may be
actuated by a Bourdon tube (an instrument that
converts changes in pressure to mechanical mo-
tion), or an aneroid and bellows type, installed
with a pressure line leading directly from the
carburetor to the indicator. On larger aircraft,
where the fuel pressure gage is located some dis-
tance from the carburetor, a transmitter is usually
installed. The pressure transmitter may be a
simple cast metal cell that is divided into two
chambers by a flexible diaphragm, Pressure ap-
plied by the fuel source to the transmitter inlet
pushes against the diaphragm and builds up an
equal pressure to a thin fluid (highly refined
kerosene), which transfers the pressure to the
indicator mechanism. Some installations, however,
use electrical transmitters to register fuel pressure
on the gage. In this electrical arrangement, the
pressure-indicating unit is contained in the trans-
mitter. Fuel pressure, acting upon the aneroid
and bellows portion of the unit, causes motion
of one part of an elecirical unit (the synchro
transmitter ), As the unit turns, it causes a similar
movement .of a corresponding unit (the synchro
motor). This receiving unit actuates the indicator
on the instrument panel. These pressure and
electrical arrangements make it unnecessary for
combustible fuel to enter the cockpit or flight
deck, thereby reducing fire risk.

92

A fuel pressure gage often used with fuel in-
jection systems on light aircraft engines is illus-
trated in figure 4-23. A gage of this type registers
metered fuel pressure at the fuel injection unit
distributor valve and is a direct indication of
engine power output when installed in a fuel
injection system for light aireraft engines. The
dial of the gage is marked to indicate percent of
power. The gage dues not indicate either the
engine-driven pump or the boost pump pressure.

Pressure Warning Signat

In an aircraft with several tanks, there is always
the possible danger of allowing the fuel supply in
one tank to become exhausted before the selector
valve is switched to another. To prevent this,
pressure-warning signals are installed in some
aircraft. The complete instailation, shown in figure
4-22, consists of a pressure-sensitive mechanism
and a warning light. The warning mechanism has
both a fuel and an air connection.

The connection marked “fuel” is connected to
the fuel pressure line of the carburetor. The air
connection is vented to either atmospheric or
carburetor air inlet pressure. This arrangement
prevents the warning mechanism from acting in
response to changes in the absolute pressure of the
fuel. If, for example, the absolute pressure of the
fuel decreases because of a change in atmospheric
or carburetor air inlet pressure, the change is also
reflected at the warning mechanism, which then
cancels the effects of the change. Normal fuel
pressure against the power surface of the dia-
phragm holds the electrical contacts apart. When
the fuel pressure drops below specified limits, the
contacts close and the warning light is turned on.
This alerts the operator to take whatever action
is necessary to boost the fuel pressure.

Valve-In-Transit Indicator Lights

On large multiengine aircraft, each of the fuel
crossfeed and line valves may be provided with
a valve-in-transit indicator light. This light is on
only during the time the valve is in motion and
is off when movement is complete.

Fuel Temperature Indicator

A means for checking the temperature of the
fuel in the tanks and at the engine is provided
on some turbine-powered aircraft. During ex-
treme cold, especially at altitude, the gage can
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be checked to determine when fuel temperatures
are approaching those at whica there may be
danger of ice crystals forming in the fuel.

MULTIENGINE FUEL SYSTEMS

The design of the fuel system for an ..craft
having two or more engines presents probiems
not mormally encountered in single-engine fuel
systems. A large number of tanks are often re-
quired to carry the necessary fuel. These tanks
may be located in widely separated parts of the
aircraft, such as the fuselage and the inbcard and
outboard sections of the wings. The mdividual
engine fuel systems must be interconnected so

F1cURE 4-23. Fuel pressure gage for fuel-injection
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that fuel can be fed from the various tanks to any
engine. In case of engine failure, the fuel normally
supplied to the inoperative engine must be made
available to the others.

Crossfeed Sysfem

The twin-engine fuel system illustrated in figure
4-24 is the simple crossfeed type. As shown, the
tank selector valves are set to supply fuel from
the main tanks to the engines. These valves can
also be positioned to supply fuel from the auxiliary
tanks. The crossfeed valve is shown in the off
position. It can also be set to supply fuel from the
fuselage tank to either or both engines and to
crossfeed. A few of the numerous combinations
in which the three valves can be set are also
illastrated.

Manifold System

The main feature of the four-engine system
shown in figure 4-25 is the fuel manifold. This
fuel manifold system is actually a variation of the
crossfeed. As shown, fuel is being supplied from
the main tanks directly to the engines. The mani-
fold valves can also be set so that all tanks feed
into the manifold and each engine receives its fuel
supply from this line. The auxiliary fuel supply
can be delivered to the engines only through the
manifold. The main advantage of this system is
its flexibility. Should an engine fail, its fuel is
immediately available to the other engines. If a
tank is damaged, the corresponding engine can be
supplied with fuel from the manifold.

Another advantage of this system is that all
fuel tanks can be serviced at the same time
through a single line manifold connection. This
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method of fuel servicing has greatly reduced
servicing time on large aircraft because fuel can
be introduced into the fueling manifold under
high pressure.

FUEL JETTISON SYSTEMS

A fuel jettison system is required for transport
category and general aviation -aircraft if the maxi-
mum take-off weight exceeds the maximum landing
weight. The maximum take-off and landing
weights are design specifications and may be found
in the Aircraft Type Certificate data sheets.

A fuel jettison systern must be able to jettison
enough fuel within 10 minutes for general aviation,
or 15 minutes for fransport category aircraft, to
meet the requirements of the specifications and
Federal Air Regulations. It must be operable un-
der the conditions encountered during all opera-
tions of the aircraft.

Design requirements are that fuel jettisoning
must be stopped with a minimum of fuel for 45
minutes of crulse at maximum continuous power
for reciprocating engines. Turbine powered air-
craft require enough fuel for take-off and landing
and 45 minutes cruising time.
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The fuel jeltisoning system is usually divided
into two separate, independent systems, one for
each wing, so that lateral stability can be main-
tained by jettisoning fuel from the “heavy”™ wing
if it is necessary to do so. Normally, if an unbal-
anced fuel load exists, fuel will be used from the
“heavy” wing by supplying fuel to engines on the
opposile wing.

The system consists of lines, valves, dump chutes
and chute.operating mechanisms. Each wing con-
tains either a fixed or an extendable dump chute
depending upon system design. In either case the
fuel must discharge clear of the airplane.

TROUBLESHOOTING THE FUEL SYSTEM

In order to become proficient at the art of
troubleshooting, one must be familiar with the
complete system. To do this, one can become
familiar with the schematics of various portions
of the system, the nomenclature of the units, and
their particular function within the system by
studying aircraft and engine maintenance
manuals.
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Location of Leaks and Defects

The location of leaks and defects within the
internal portions of the fue] system is usually a
matter of observation of the pressure gage and
operation of the selector valves to determine
where the trouble lies. Troubleshooting of the
internal fuel system can be aided by visualizing
the path of flow of the fuel from the fuel tank to
the fuel-metering device, noting the location of
the pump(s), selector valves, emergency shutoff
valves, etc.

The location of leaks or defects in the external
portions of the fuel system involves very litile
time in comparison to locating leaks within the
internal system. Usually, fuel leaks are evidenced
by stains or wet spots, if they are newly developed,
and by the presence of fuel odor. The plumbing,
clamps, gaskets, supports, etc., are to be examined
carefully at each inspection period. Any defect or
leak in the internal or external fuel system is z
potential hazard.

Replacement of Gaskets, Seals, and Packings

In order to prevent leakage of fuel, it is of
utmost importance that all gaskets, seals, and
packings b¢ properly installed. Listed below are
some of the general precautions that should always
be ohserved.
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Ficure 4-25. A typical manifold crossfeed system.

When replacing units of the fuel system, it is
ne¢cessary to check each part for cleanliness, ensure
that all of the old gasket material is removed, and
ensure that none of the old seal remains in the
groove seat. Always replace old gaskets and seals
with new ones, check the new gaskets and seals
for cleanliness and integrity, and ensure that it is
the right part for the job. Mating surfaces should
be perfectly flat so that the gasket can do the
job for which it is designed. Serews, nuts, and
bolts that hold units together should be evenly
tightened or torqued to prevent leakage past the
gasket or seal.

FUEL TANK REPAIRS

There are three basic type fuel cells used in air-
craft. Welded sheet metal integral and fuel cell.
No fuel system is airworthy if it will not contain
fuel. Inspection of the fuel tank bays or aircraft
structure for evidence of fuel leaks is a very im-
portant part of the preflight inspection.

Welded Steel Tonks

Welded tanks are most common in the smaller
single and twin engine aircraft. If the access
plates to the fuel tank compartment are discolored
the tank should be inspected for leaks. When
leaks are found, the tank must be drained and
inerted. Fuel will be drained in accordance with




local instructions and the manufacturer’s recom-
mendations. Inerting the tank may be accom-
plished by slowly discharging a CQ, fire
extinguisher (5 lb. minimum size) into the tank.
Dry nitrogen may be used if it is available. If the
tank is to be welded, removal is necessary,

Before welding, the tank must be steamed for a
minimurm of 8 hours. This is to remove all traces
of fuel. Air pressure not over 14 psi may be
used to detect the leaking area. Liquid soap or
bubble solution brushed in the suspected area may
identify the leak. Aluminum tanks are fabricated
from weldable alloys. After riveting patches in
place, the rivets may be welded to insure no leaks
from that area. Pressure checks should be per-
formed after repairs are completed to assure that
all leaks were corrected.

Fuel Celis

Fuel cell leaks will usually appear on the lower
skin of the aircraft. A fuel stain in any area
should be investigated immediately. Fuel cells
suspected of leaking should be drained, removed
from the aircraft and pressure checked. When
performing a pressure check, 14 to 15 psi air pres-
ure is adequate. All fuel cell maintenance must
be accomplished in accordance with the manufac-

turer’s specifications.
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Integral Fuel Tanks

The integral tank is a nonremovable part of the
aircraft.  Because of the nature of an integral
tank, some leaks allow fuel to escape directly to
the atmosphere. This makes it completely feasible
to disregard certain minute leaks that do not repre-
sent a fire hazard or too great a loss of fuel, In
order to standardize -the procedures for integral
tank fuel storage maintenance, the various rates of
fuel leakage are classified.

Fuel Leak Classification

The size of the surface area that a fuel leak
moistens in a 30-minute period is used as the
classification standard. Wipe the leak area com-
pletely dry with clean cotton cloths. Compressed
air may also be used to dry the leak areas that are
difficult to wipe., Wear goggles when using com-
pressed air to dry the leak area. Dust the leak
area with dyed red talcum powder. The taleum
powder turns red as the fuel wets it, making the
wel area easier to see.

At the end of 30 minutes, each leak is classified
into one of four classes of leaks: slow seep, seep,
heavy seep, or running leak. The four classes of
leaks are shown in figure 4-26. A slow seep is a
leak in which the fuel wels an area around the

AREA WHERE FUEL

APPEARS TO FLOW

- OR RUN, FOLLOWING
CONTOUR OF SKIN
WHEN THIS AREA IS

WIFED DRY.

D — RUNNING LEAK

Ficure 4-26. Fuel leak classification.
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leak source not over 34 of an inch in diameter.
A seep is a leak that wets an area from 3, inches
to 114 inches in diameter. A heavy seep is a fuel
leak that wets an area around the leak source from
1Y% inches to 3 inches in diameter. In none of
these three leak classifications does the fuel rum,
flow, drip, or resemble any of these conditions at
the end of the 30-minute time period.

The last classification, a running leak, is the
most severe and the most dangerous. It may drip
from the aircraft surface, it may run down vertical
surfaces, or it may even run down your finger
when you touch the wet area. The aircraft is un-
safe for fight and must be grounded for repair.
When possible, the fuel from the leaking tank
should be removed after you mark the leak location.
If it is impossible to defuel the tank immediately,
the aircraft should be isolated in an approved area.
Place appropriate warning signs around the air-
craft until qualified personnel can defuel the leak-
ing tank.

Grounding of the aircraft for slow seeps, seeps,
and heavy seeps, is determined by the applicable
aircraft handbook. This determination may de-
pend on the location of the fuel leak. For example,
can the leakage progress to a potential fire source?
The number of fuel leaks in a given area is also a
contributing factor. There is no rule of thumb for
determining if the aircraft is to be grounded.
Running leaks ground the aircraft regardless of
location.

You may only have to make appropriate entries
on the aircraft forms and periodically observe the
progress of the [uel leak if it is determined that
the aircraft is airworthy and no repair is required.
When repair is required, you must find the cause
of the fuel leak and make an effective repair.

Leak Repairs

Repair of leaks in integral fuel tanks must be
accomplished in accordance with the aircraft
manufacturer’s specifications, No attempt will be
made in this handbook to discuss integral tank
repairs further, ‘ :
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Fire Safety

The first and most difficult step in the achieve-
ment of fire safety is to correct the misconceptions
about the “safety” of turbine fuels. At the time
these fuels were first introduced many people said,
“fire problems in aircralt are over, turbine fuel is
completely safe.” This is obviously nonsense but
it has been persistent nonsense.

Flight line personnel have agreed that aviation
gasoline will burn, and therefore they have exer-
cised reasonable care and caution in handling it.
However, it has been difficult to convince them
that under some circumstances turbine fuels are
just as dangerous from the fire standpoint.

The characteristics of turbine fuel do vary from
those of gasoline. Kerosene, for example, has a
slow flame propagation and burning rate, which
makes it less hazardous in the event of spill or a
ground accident. However, it does ignite readily
when vaporized or when misted, as when sprayed
through a small leak in a service hose.

One disadvantage of the low volatility fuels is
that they will not evaporate readily and completely
if spilled on the ramp, so special treatment of the
spill area is required. Small spills of kerosene
should be removed with a commercial absorb-
ent cleaning agent. On large spills it is better to
apply an approved emulsifier and then flush away
the resulting mixture with large volumes of water.
This will prevent or appreciably lessen any oily
residue.

Just as with gasoline, an electrostatic charge
may be built up in pumping turbine fuel through a
service hose, In fact, the amount of the charge is
higher in kerosene because of the higher specific
gravity and wider boiling range, Also, the amount
of the charge increases with high linear rate of
fuel flow, such as is required for servicing turbine
powered aircraft.

In consequence, all of the fire safety precautions
observed in the handling of gasoline must he fol-
lowed with equal care in the handling of turbine
fuels. These precautions are well known and have
been detailed by the National Fire Protection
Association in its bulletin No. 407. It is recom-
mended that this bulletin be made required read-
ing for all personnel handling turbine fuel.




GENERAL

The term “‘aireraft plumbing” refers not only
to the hose, tubing, fittings, and connectors used
in. the aircraft, but also to the processes of forming
and installing them.

Occasionally it may be necessary to repair or
replace damaged aireraft plumbing lines. Very
often the repair can be made simply by replacing
the tubing. However, if replacements are not
available, the needed parts may have to be fabri-
cated. Replacement tubing should be of the same
size and material as the original line. All tubing
is pressure tested prior to initial installation, and
is designed to withstand several times the normal
operating pressure to which it will be subjected.
If a tube bursts or cracks, it is generally the
result of excessive vibration, improper installation,
or damage caused by collision with an object.
All tubing failures should be carefully studied and
the cause of the failure determined.

PLUMBING LINES

Aircraft plumbing lines usually are made of
metal tubing and fittings or of flexible hose. Metal
tubing is widely used in aireraft for fuel, oil, cool-
ant, oxygen, instrument, and hydraulic lines
Flexible hose is generally used with moving parts
or where the hose is subject to considerable vibra-
tion.

-Generally, aluminum alloy or corrosion-resistant
steel tubing have replaced copper tubing: The
high fatigue. factor of copper tubing is the chief
reason for its replacement. It becomes hard and
brittle from vibration and finally breaks, however
it may be restored to its soft annealed state by
heating it red hot and quenching it in cold water.
Cooling in air will result in a degree of softness
but not equal to that obtained with the cold water
quench. This annealing process must be accom-
plished if copper tubing is removed for any reason.
Inspection of copper tubing for cracks, hardness,
brittleness and general condition should be accom-
plished at regular intervals to preclude failure. The
workability, resistance to corrosion, and lightweight
of aluminum alloy are major factors in its adop-
tion for aircraft plurnbing.

CHAPTER 5

FLUID LINES AND FITTINGS

In some special high-pressure (3,000 p.s.i.)
hydraulic installations, corrosion-resistant steel tub-
ing, either annealed or Y/}-hard, is used. Corrosion-
resistant steel tubing does not have to be annealed
for flaring or forming; in fact, the flared section
is somewhat strengthened by the cold working and
strain hardening during the flaring process. Iis
higher tensile strength permits the use of tubing
with thinner walls; consequently the final installa-
tion weight is not much greater than that of the

- thicker-wall aluminum alloy tubing.

IDENTIFICATION OF MATERIALS

Before making repairs to any aircraft plumbing,
it is important to make accurate identification of
plumbing materials. Aluminum alloey or steel tub-
ing can be identified readily by sight where it is
used as the basic plumbing material. However,
it is difficult to determine whether a materia] is
carbon steel or stainless steel, or whether it is 1100,
3003, 5052-0, or 2024-T aluminum alloy.

It may be necessary to test samples of the ma-
terial for hardness by filing or scratching with a
scriber. The magnet test is the simplest method
for distinguishing between the annealed austenitic
and the ferritic stainless steels. The austenitic
types are nonmagnetic unless heavily cold worked,
whereas the straight chromium carbon and low
alloy steels are strongly magnetic. Figure 5-1
gives the methods for identifying five common

Magnet Nitric acid
Material test test
Carbon steel_.  Strongly Slow chemical
magnetic. action, brown.

Nonmagnetic. No action.

Pure nickel___. Strongly Slow action,
magnetic. pale green.

Monel.____. . Slightly Rapid action,
magnetic. greenish blue.

Nickel steel_ _ _ Nonmagnetic. Rapid action,

greenish blue.

Fieure 5-1. Identification of metallic materials.




metallic materials by using the magnet and concen-
trated nitric acid tests.

By comparing code markings of the replacement
tubing with the original markings on the tubing
being replaced, it is possible to identify definitely
the material used in the original installation,

The alloy designation is stamped on the surface
of large aluminum alloy tubing. On small alumi-
num alloy tubing, the designation may be stamped
on the surface, but more often it is shown by a
color code. Bands of the color code, not more
than 4 inches in .-width, are painted at the two
ends and approximately midway between the ends
of some tubing. When the band consists of two
colors, one-half the width is used for each color.

Painted color codes used to identify aluminum
alloy tubing are:

Aluminum alloy number Color of band

1100 White

3003 Green

2014 Gray

2024 Red

5052 Purple -

6053 Black

6061 Blue and Yellow

7075 Brown and
Yellow

Aluminum alloy tubing, 1100 (l4-hard) or 3003
(Vo-hard), is used for general purpose lines of
low or negligible fluid pressures, such as instrument
lines and ventilating conduits. The 2024-T and
5052-0 aluminum alloy materials are used in gen-
eral purpose systems of low and medium pressures,
such as hydraulic and pneumatic 1,000 to 1,500
p.s.i. systems and fuel and oil lines. Occasionally,
these materials are used in high-pressure (3,000
p.sd.) systems, :

Tubing made from 2024-T and 5052-0 materials
will withstand a fairly high pressure before burst-
ing. These materials are easily flared and are soft
enough to be formed with handtools. They must
be handled with care to prevent scratches, dents,
and nicks.

Corrosion-resistant steel tubing, either annealed
or l4-hard, is used -extensively in high-pressure
hydraulic systems for the operation of landing gear,
flaps, brakes, and the like. External brake lines
should always be made of corrosion-resistant steel
to minimize damage from rocks thrown by the tires
during takeoff and landing, and from careless
eround handling. Although identification markings
for steel tubing differ, each usually includes the
manufacturer’s name or trademark, the SAE num-
ber, and the physical condition of -the metal.

Metal tubing is sized by outside diameter, which
is measured fractionally in sixteenths of an inch.
Thus Number 6 tubing is % (or 3§ inch) and
Number 8 tubing is 8{4 (or 14 inch), ete.

In addition to other classification or means of
identification, tubing is manufactured in various
wall thicknesses. Thus, it is important when in-
stalling tubing to know not only the material and
outside diameter, but also the thickness of the wall.

FLEXIBLE HOSE

Flexible hose is used in aircraft plumbing to
connect moving parts with stationary parts in
locations subject to vibration or where a great
amount of flexibility is needed. It can also serve
as a connector in metal tubing systems.

Synthetics

Synthetic materials most commonly used in the
manufacture of flexible hose are: Buna-N, Neo-
prene, Butyl and Teflon (trademark of DuPont
Corp.}. Buna-N is a synthetic rubber compound
which has excellent resistance to petroleum pro-
ducts. Do not confuse with Buna-S. Dpe not use
for phosphate ester base hydraulic fluid (Skyrol®).
Neoprene is a synthetic rubber compound which
has an acetylene base. Its resistance to petroleum
products is not as good as Buna-N but has better
abrasive resistance. Do not use for phosphate ester
base hydraulic fluid {Skydrol ® ). Busyl is a syn-
thetic rubber compound made from petroleum raw
materials, Tt is an excellent material to use with
phosphate ester based hydraulic fluid (Skydrol ® ).
Do not use with petroleum products. Teflon is the
DuPont trade name for tetrafluoroethylene resin.
It has a broad operating temperature range {—65°
F. to +450° F.). It is compatible with nearly
every substance or agent used. It offers litile re-
sistance to flow; sticky viscous materials will not
adbere to it. It has less volumetric expansion than
rubber and the shelf and service life is practically
limitless.

Rubber Hose

Flexible rubber hose consists of a seamless syn-
thetic rubber inner tube covered with layers of
cotton braid and wire braid, and an outer layer of
rubber-impregnated cotton braid. This type of
hose is suitable for use in fuel, oil, coolant, and
hydraulic systems. The types of hose are normally
clagsified by the amount of pressure they are de-
signed to withstand under normal operating con-
ditions.

1. Low pressure, any pressure below 250 p.s.i.
Fabric braid reinforcement.
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Two cotton braids ~ impregnated
with synthetic compound

Single wire braid
Synthetic inner tube

A. Flame- and aromatic-resistant hose

White numerals, letters and stripe —

- (Views showing opposite sides of hose)

B.  Nonself-sealing, Aromatic and Heat-resistant hose

\-—~Red numerals and letters

C.  Flame-, Aromatic-, and Qil-resistant hose

Yellow numerals, letters and stripe Red numerals, letters and stripe

D. Nonself-sealing, Aromatic-resistant hose.

E. Self-sealing, Aromatic-resistant hose

Ficure 5-2. Hose identification markings.
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2. Medium pressure, pressures up to 3,000
p.s..
One wire braid reinforcement.
Smaller sizes carry pressure up to 3,000
p-sd.
Larger sizes carry pressure up to 1,500
p-s.i.
3. High pressure (all sizes up to 3,000 p.sd.
operating pressures).

Identification markings consisting of lines, letters,
and numbers are printed on the hose. (See figure
5-2.) These code markings show such informa-
tion as hose size, manufacturer, date of manufac-
ture, and pressure and temperature limits. Code
markings assist in replacing a hose with one of the
same specification or a recommended substitute.
Hose suitable for use with phosphate ester base
hydraulic fluid will be marked “Skydrol ® use”.
In some instances several types of hose may be
suitable for the same use. Therefore, in order to
make the correct hose selection, always refer to the
maintenance or parts manual for the particuler
airplane.

Teflon Hose

Teflon hose is a flexible hose designed to meet
the requirements of higher operating temperatures
and pressures in present aircraft systems. It can
generally be used in the same manner as rubber
hose. Teflon hose is processed and extruded into
tube shape to a desired size. It is covered with
stainless steel wire, which is braided over the tube
for strength and protection.

Teflon hose is unaffected by any known fuel,
petroleum, or synthetic base oils, alcohol, coolants,
or solvents commonly used in aircraft. Although
it is highly resistant to vibration and fatigue, the
principle advantage of this hose is its operating

strength.

Size Designation

The size of flexible hose is determined by its
inside diameter. Sizes are in one-sixteenth-inch
increments and are identical to corresponding sizes
of rigid tubing, with which it can be used.

Identification of Fluid Lines

Fluid lines in aircraft are often identified by
markers made up of color codes, words, and geo-
metric symbols. These markers identify each line’s
{unction, content, and primary hazard, as well as
the direction of fluid flow. Figure 5-3 illustrates
the various color codes and symbols used to desig-
nate the type of system and its contents.

In most instances, fluid lines are marked with
1-inch tape or decals, as shown in figure 5-4 (A).

LiC

Lic

OO00O0O

LUBRICATION D

LUBRICATION D

LUBRIGATIO! ﬂ

WARNING
SYMBOL

Frcure 5-3. Identification of aircraft fluid lines.

On lines 4 inches in diameter {or larger), lines in
oily environment, hot lines, and on some cold
lines, steel tags may be used in place of tape or
decals, as shown in figure 5-4 (B). Paint is used
on lines in engine compartments, where there is
the possibility of iapes, decals, or tags being
drawn into the engine induction system.
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FUELi FLAM

FUEL |9~ FLAM

)4

/

Red (A)

-] [-)
(=] [~ ]
S| FUEL fﬂ ,}\ e

FLAM

(B)

Frcure 5—4. Fluid line identification using:
(A) tape and decals and (B} metal tags.

In addition to the above-mentioned markings,
certain lines may be further identified as to spe-
cific function within a system; for example,
DRAIN, VENT, PRESSURE, or RETURN.

Lines conveying fuel may be marked FLAM;
lines containing toxic materials are wmarked
TOXIC in place of FLAM. Lines containing
physieally dangerous materials, such as oxygen,
nitrogen, or freon, are marked PHDAN.

The aircraft and engine manufacturers are re-
sponsible for the original installation of identifi-
cation markers, but the aviation mechanic is re-

sponsible for their replacement when it becomes
necessary.

Generally, tapes and decals are placed on both
ends of a line and at least once in each compart-
ment through which the line runs. In addition,
identification markers are placed immediately ad-

- jacent to each valve, regulator, filter, or other

accessory within a line. Where paint or tags are
used, location requirements are the same as for
tapes and decals.

PLUMBING CONNECTORS

Plumbing connectors, or fittings, attach one
piece of tubing to another or to system units.
There are four types: (1) Flared fitting, (2) flare-
less fitting, (3) bead and clamp, and (4) swaged.
The amount of pressure that the system carries is
usually the deciding factor in selecting a con-
nector. The beaded type of joint, which requires
a bead and a section of hose and hose clamps, is
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sleeve

“ANS18 nut
Tubing

FicURE 5-5. Flared-tube fitting.
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Ficure 5-6. AN and AC fitting differences.
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used only in low- or medium-pressure systems,
such as vacuum and coolant systems. The flared,
flareless, and swaged types may be used as con-
nectors in all systems, regardless of the pressure.

Flared-Tube Fittings

A flared-tube fitting consists of 2 sleeve and a
nut, as shown in figure 5-5. The nut fits over the
sleeve and, when tightened, draws the sleeve and
tubing flare tightly against a male fitting to form
a seal. Tubing used with this type of fitting must
be flared before installation.

The male fitting has a cone-shaped surface with
the same angle as the inside of the flare. The
sleeve supports the tube so that vibration does
not concentrate at the edge of the flare, and
distributes ‘the shearing action over a wider area
for added strength. Tube flaring and the instal-
lation of flared-tube fittings are discussed in detail
later in this chapter.

The AC (Air Corps) flared-tube fittings have
been replaced by the AN (Army/Navy} Standard
and MS (Military Standard) fittings. However,
since AC fittings are still in use in some of the
older aircraft, it is important to be able to identify
them. The AN fitting has a shoulder between the
end of the threads and the flare cone. (See figure

A\
| "
@
| | N

X BT FT

5-6.) The AC fitting does not have this shoulder.

Other differences between the AC and AN
fittings include the sleeve design, the AC sleeve
being noticeably longer than the AN sleeve of
the same size. Although certain flared-tube fittings
are interchangeable, the pitch of the threads is
different in most cases. Figure 5-7 shows the
AN and AC811 fittings that can be safely inter-
changed. Combinations of end connections, nuts,

Type End  Type Type

Tube Connection ut Type  Tube

Sizes OD (Male {Female Sleeve Flare

Thread) Thread)

All Sizes! AN ANY AN? AN
All Sizes? 8112 8112 8112 8112
All Sizes AN AN AN 811
All Sizes AN AN 811 811
All Sizes AN AN 811 AN
All Sizes 811 811 811 AN
All Sizes 811 811 AN AN
All Sizes 811 811 AN 811
14,36 14,54, 13,2 AN 811 AN 811
L4, %, U4, 345, 134, 2 AN 811 AN AN
16,86 14,54, 134,2 AN 811 81l AN
16, %6, 24, 545, 134,2 AN 811 811 AN

! This is the normal assembly of AN fittings.
2 This is the normal assembly of AC811 fittings.

Ficure 5-7a. Interchangeability of AN and AC811
fittings.

MT

FicurE 5-7 b. AC8I1 selderless fittings.
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—— AN744 to AN932 ——

Material:
Aluminum alloy
Sl ettt eb e

Size:

The dash number following the AN number indicates the size of the tubing (or hose} for which the
fitting is made, in 16ths of an inch. This size measures the O. D. of tubing and the k. D. of hose.
Fittings having pipe threads are coded by a dash number, indicating the pipe size in 8ths of an inch.
The material code letter, as noted above, fol lows the dash number,
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777

i
NUT AN818 AN819
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e
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ELBOW ANs22 ELBOW ANs23 TEE ANs24

F1cure 5-8. AN plumbing fittings.
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FicURE 5-8. AN plumbing fittings.—Continued
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NIPPLE AN911

COUPLING
AN910

CROSS AN92S

AN%12

ELBOW AN927

PLUG AN93%

F1roure 5-8, AN plumbing fittings.—Continued

sleeves, and tube flares are allowed to make up a
complete fitting assembly. The use of dissimilar
metals should be avoided since their contact will
cause corrosion.

When combining AC and AN end connections,
nuts, sleeves, or tube flares, if the nut will not
move more than two threads by hand, stop and
mvestigate for possible trouble,

The AN standard fitting is the most commonly
used flared-tubing assembly for atiaching the
tubing to the various fittings required in aircraft
plumbing systems. The AN standard fittings in-
clude the AN818 nut and ANS19 deeve. {See
figure 5-8.) The AN819 sleeve is used with the
ANBI8 coupling nut. All these fittings have

straight threads, but they have different pitch for
the various types.

Flared-tube fittings are made of aluminum
alloy, steel, or copper base alloys. For identifi-
cation purposes, all AN steel fittings are colored
black, and all AN alwminum alloy fittings are
colored blue. The AN 819 aluminum bronze
sleeves are cadmium plated and are not colored.
The size of these fittings is given in dash numbers,
which equal the nominal tube outside diameter
(0.D.) in sixteenths of an inch.

Threaded flared-tube fittings have two types
of ends, referred to as male and female. The
male end of a fitting is externally threaded, where-
as the female end of a fitting is internally threaded.
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Cone angle
Sleeve pilot
Tube shoulder,

Sleeve

Sleeve /
cutting
edge

/-:-
Body Nut

Ficure 5-9. Flareless-tube fitting.

Flareless-tube Fittings

The MS (Military Standard) flareless-tube fit-
tings are finding wide application in aircraft
plumbing systems. Using this type fitting elimi-
nates all tube flaring, yet provides a safe, strong,
dependable tube connection. The fitting consists
of three parts: a body, a sleeve, and a nut. The
body has a coun.terbored shoulder, against which
the end of the tube rests. (See figure 5-9.) The
angle of the counterbore causes the cutting edge
of the sleeve to cut into the outside of the tube
when the two are joined. Installation of flareless-
tube fittings is discussed later in this chapter.
Quick-disconnect Couplings

Quick-disconnect couplings of the self-sealing
type are used at various points in many flnid
systems. The couplings are installed at locations
where frequent uncoupling of the lines is required
for inspection and maintenance.

Quick-disconnect couplings provide a means of
quickly disconneeting a line without loss of fluid
or entrance of air into the system. Each coupling
assembly consists of two halves, held together by
a union nut. Each half contains a valve that is
held open when the coupling is connected, allowing
fluid to flow through the coupling in either di-
rection. When the coupling is disconnected, a
spring in each half closes the valve, preventing
the loss of fluid and entrance of air,

The union nut has a quick-lead thread which
permits connecting or disconnecting the coupling
by turning the nut. The amount the nut must be
turned varies with different style eouplings. One
style requires a quarter turn of the union nut to
lock or unlock the coupling while another style
requires a full turn,

Some couplings require wrench tightening;
others are connected and disconnected by hand.
The design of some couplings is such that they
must be safetied with safety wire. Others do not

require lock wiring, the positive locking being

assured by the teeth on the locking spring, which
engage ratehet teeth on the union nut when the
coupling is fully engaged. The lock spring auto-
matjcally disengages when the unien mut is un-
screwed. Because of individual differences, all
quick disconnects should be installed according to
instructions in the aircraft maintenance manual.
Flexible Connectors

Flexible connectors may be equipped with either
swaged fittings or detachable fittings, or they may
be used with beads and hose clamps. Those
equipped with swaged fittings are ordered by
correct length from the manufacturer and ordi-
narily cannot be assembled by the mechanic.
They are swaged and tested at the factory and
are equipped with standard fittings.

The fittings on detachable connectors can be
detached and reused if they are not damaged;
otherwise new fitlings must be used.

The bead and hose clamp connector is often
used for connecting oil, coolant, and low-pressure
fuel system tubing. The bead, a slightly raised
ridge around the tubing or the fitting, gives a
good gripping edge that aids in holding the clamp
and hose in place. The bead may appear near the
end of the meta! tubing or on one end of a fitting.

TUBE FORMING PROCESSES
Damaged tubing and fluid lines should be re-

placed with new parts whenever possible. Some-
times replacement is impractical and repair is
necessary. Scratches, abrasions, and minor cor-
rosion on the outside of fluid lines may be con-
sidered negligible and can be smoothed out with
a burnishing tool or aluminum wool. Limitations
on the amount of damage that can be repaired
in this manner are discussed later in this chapter
under “Repair of Metal Tube Lines.” If a fluid
line assembly is to be replaced, the fittings can
often be salvaged; then the repair will involve
only tube forming and replacement.

Tube forming consists of four processes: (1)
Cutting, (2) bending, (3) flaring, and (4) beading.
If the tubing is small and of soft material, the
assembly can be formed by hand bending during
installation. Tf the tubing is }4-inch diameter, or
larger, hand bending without the aid of tools is
impractical.

Tube Cutting

When cutting tubing, it is important to produce
a square end, free of burrs. Tubing may be cut
with a tube cutter or a hacksaw. The cutter can
be used with any soft metal tubing, such as copper,
aluminum, or aluminum alloy, Correct use of the
tube cutter is shown in figure 5--10.
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Ficure 5-10, Tube eutting.

A new piece of tubing should be cut approxi-
mately 10 percent longer than the tube to be re-
placed to provide for minor variations in bending.
Place the tubing in the cutting tool, with the cutting
wheel at the point where the cut is to be made.
Rotate the cutter around the tubing, applying a
light pressure to the cutting wheel by intermit-
tently twisting the thumbscrew, Too much pressure
on the cutting wheel at one time could deform the
tubing or cause excessive burring. After cutting
the tubing, carefully remove any burrs from inside
and outside the tube. Use a knife or the burring
edge attached to the tube cutter,

When performing the deburring aperation use
extreme care that the wall thickness of the end of
the tubing is not reduced or fractured. Very slight
damage of this type can lead to fractured flares or
defective flares which will not seal properly. A
fine tooth file can be used to file the end square
and smooth.

Ii a tube cutter is not available, or if tubing of
hard material is to be cut, use a fine-tooth hacksaw,
preferably one having 32 teeth per inch. The use
of a saw will decrease the amount of work harden-
ing of the tubing during the cutting operation.
After sawing, file the end of the tube square and
smooth, removing all burrs.

An easy way to hold small-diameter tubing, when
cutting it, is to place the tube in a combination
flaring tool and clamp the tool in a vise. Make the
cut about one-half inch from the flaring tool. This
procedure keeps sawing vibrations to a minimum
and prevents damage to the tubing if it is acci-
dentally hit with the hacksaw frame or file handle
while cutting. Be sure all filings and cuttmgs are
removed from the tube.

Tube Bending .

The objective in tube bending is to obtain a
smooth bend without flattening the tube. Tubing
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under one-fourth inch in diameter usually can be
bent without the use of a bending tool. For larger
sizes, a hand tube bender similar to that shown in
figure 5-11 is usually used.

To bend tubing with the hand tube bender,
insert the tubing by raising the slide bar handle
as far as it will go. Adjust the handle so that the
full length of the groove in the slide bar is in
contact with the tubing. The zero mark on the
radius block and the mark on the slide bar must
align. Make the bend by rotating the handle until
the desired angle of bend is obtained, as indicated
on the radius block.

Bend the tubing carefully to avoid excessive
flattening, kinking, or wrinkling. A small amount
of flattening in bends is acceptable, but the small
diameter of the flattened portion must not be
less than 75 percent of the original outside di-
ameter. Tubing with flattened, wrinkled, or jr-
regular bends should not be installed. Wrinkled
bends usually result from trying to bend thin-wall
tubing without using a tube bender. Examples of
correct and incorrect tubing bends are shown in
figure 5-12.

Tube bending machines for all 1ypes of tubing
are generally used in repair stations and large
maintenance shops. With such equipment, proper
bends can be made on large diameter tubing and
ont tubing made from hard material. The pro-
duction tube bender is an example of this type of
machine.

The ordinary productmn tube bender will ac-
commodate tubing ranging from Y4-inch to 114-
inch outside diameter. Benders for larger sizes are
available, and the principle of their operation is
similar to that of the hand tube bender. The
radius blocks are so constructed that the radius
of bend will vary with the tubing diameter. The
radius of bend is usually stamped on the block.

When hand or production tube benders are not
available or are not suitable for a particular
bending operation, a filler of metallic composition
or of dry sand may be used to facilitate bending.
When using this method, cut the tube slightly
longer than is required. The extra length is for
inserting a plug (which may be wooden) in each
end.

After plugging one end, fill and pack the tube
with fine, dry sand and plug tightly. Both plugs
must be tight so they will not be forced out when
the bend is made. The tube can also be closed by
flattening the ends or by soldering metal disks in
them. After the ends are ciosed, bend the tubing




Note: This bender can be slipped over
partially connected tubes as it is
applied at direct point of bend.

Left hand

2. Place tube

1. Raise slide

Right hand

bar upward -
w/
=P\ /Lo

Note: Zero mark coincides with mark

on block

To remove bent tube. lift
slide bar handle to original
position and raise c¢lip

4. With right hand continue to bend
tube to desired angle by pressing
handie as shown below.

FIGURE 5-11. Tube bending.

over a forming block shaped to the specified
radius. _

In a modified version of the filler method, a
fusible alloy is used instead of sand. In this
method, the tube is filled under hot water with a
fusible alloy that melts at 160° F. The alloy-filled
tubing is then removed from the water, allowed
to cool, and bent slowly by hand around a forming

block or with a tube bender. After the bend is
made, the alloy is again melted under hot water
and removed from the tubing.

When using either filler method, make certain
that all particles of the filler are removed so that
none will be carried into the system in which the
tubing is installed. Store the fusible alloy filler
where it will be free from dust or dirt. It can be
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Wrinkled bend Kinked bend
Ficure 5~12. Correct and incorrect tubing bends,

re-melted and re-used as often as desired. Never
heat this filler in any other than the prescribed
method, as the alioy will stick to the inside of the
tubing, making them both unusable.

Tube Flaring

Two kinds of flares are generally used in aircraft
plumbing systems, the single flare and the double
flare. Flares are frequently subjected to extremely
high pressures; therefore, the flare on the tubing
must be properly shaped or the conmection will
leak or fail.

A flare made too small produces a weak joint,

which may leak or pull apart; if made too large it
interferes with the proper engagement of the screw
thread on the fitting and will cause leakage. A
crooked flare is the result of the tubing not being
cut squarely. If a flare is not made properly, flaws
cannot be corrected by applying additional torque
when tightening the fitting. The flare and tubing
must be free from cracks, dents, nicks, seratches,
or any cther defects.

The Haring tool used for aircraft tubing .has
male and female dies ground to produce a flare of
35° to 37°. Under no circumstances is it per-
missible to use an automotive type flaring tool
which produces a flare of 45°.

Single Flare

A hand flaring tool similar to that shown in
figure 5-13 is used for flaring tubing. The tool

Grip die
shown
in vise

Tubing
Grip die —
-

Top view
| Steel pilots

Flaring toel
rlunger

Side view

el
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Frcure 5-13. Hand flaring tool (single flare).

consists of a flaring block or grip die, a yoke, and
a flaring pin. The flaring block is a hinged double
bar with holes corresponding to various sizes of
tubing. These holes are countersunk on one end
to form the outside support against which the
flare is formed. The voke is used to center the
flaring pin over the end of the tube to be flared.

To prepare a tube for flaring, cut the tube
squarely and remove all burrs. Slip the fitting nut
and sleeve on the tube and place the tube in the
proper size hole in the flaring tool. Center the
plunger or flaring pin over the end of the tube.
Then project the end of the tubing slightly from
the top of the flaring tool, about the thickness of
a dime, and tighten the clamp bar securely to
prevent slippage.

Make the flare by striking the plunger several
light blows with a lightweight hammer or mallet.
Turn the plunger a half turn after each blow and
be sure it seats properly before removing the
tube from the flaring tool. Check the flare by
sliding the sleeve into position over the flare.
The outside diameter of the flare should extend
approximately onc-ijénth inch beyond the end
of the sleeve, but should not be larger than the
major outside diameter of the sleeve.

Double Flare

A double flare should be used on 5052-O and 2 ,’5;': )
6061-T aluminum alloy tubing for all sizes from e
1¢- to %4-inch outside diameter, This is necessary
to prevent cutting off the flare and failure of the
tube assembly under operating pressures. Double
flaring is not necessary on steel tubing. See figure
5-14 for an illustration of single- and double-
flared tubing. The double flare is smoother and
more concentric than the single flare and, there-
fore, seals better. It is also more resistant to the
shearing effect of torque.
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B. Double-flared end

Ficure 5-14. Cutaway view of single- and
double-flared tube ends.

To make the double flare, separate the clamp
blocks of the double-flaring tool and insert and
clamp the tubing with the burred end flush with
the top of the clamp. Insert the starting pin into
the flaring pin guide and strike the pin sharply
with a hammer until the shoulder of the pin stops
against the clamp blocks. Remove the starting pin
and insert the finishing pin: hammer it until its
shoulder rests on the clamp block.

Beading

Tubing may be beaded with a hand-beading
tool, with machine-beading rolls, or with grip dies.
The method to be used depends on the diameter
and wall thickness of the tube and the material
from which it was made.

The hand-beading tool is used with tubing
having }4- to l-inch outside diameter. The bead
is formed by using the beader frame with the
proper rollers attached. The inside and outside

of the tube is lubricated with light oil to reduce
the friction between the rollers during beading.
The sizes, marked in sixteenths of an inch on the
rollers, are for the outside diameter of the tubing
that can be beaded with the rollers.

Separate rollers are required for the inside of
each tubing size, and care must be taken to use
the correct parts when beading. The hand-beading
tool works somewhat like the iube cutter in that
the roller is screwed down intermittently while
rotating the beading tool around the tubing. In
addition, a small vise (tube holder) is furnished
with the kit.

Other methods and types of beading tools and
machines are available, but the hand-beading tool
is used most often As a rule, beading machines
are limited to us. with large-diameter tubing,
over 1134 inch, unl ss special rollers are supplied.
The grip-die method of beading is confined to
small tubing.

Flareless-Tube Assemblies

Although the use of flareless-tube fittings elimi-
nates all tube flaring, another operation, referred
to as presetting, is necessary prior Lo installation
of a new flareless-tube assembly. Figure 5-15
(steps 1, 2, and 3) illustrates the presetting oper-
ation, which is performed as follows:

(a.) Cut the tube to the correct length, with
the ends perfectly square. Deburr the inside
and outside of the tube. Slip the nut, then
the sleeve, over the tube {step 1}.
(b.) Lubricate the threads of the fitting and
nut with hydraulic fluid. Place the fitting in
a vise (step 2), and hold the tubing firmly and
squarely on the seat in the fitting, (Tube
- must bottom firmly in the fitting.) Tighten
the nut until the cutting edge of the sleeve
grips the tube. This point is determined by
glowly turning the tube back and forth while
tightening the nut. When the tube no longer
turns, the nut is ready for final tightening.
(c.) Final tightening depends upon the tub-
ing. For aluminum alloy tubing up to and in-
cluding 14-inch outside diameter, tighten the
nut from one to one and one-sixth turns.
For steel tubing and aluminum alloy tubing
over L4.nch outside diameter, tighten from
one and one-sixth to one and one-half turns,

After presetting the sleeve, disconnect the tub-
"ing from the fitting and check the following points
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Sleeve pilot Tube nut

Fitting

Sleeve Tube

Sleeve cutting edge

Step 2

3/32 to
1/8 inch

Step 3

Slight deformation permissible

005 inch maximum ~ aluminum
alloy tubing

’ S ,
015 inch maximum — corrosion

resistant steel tubing

Ficure 5-15. Presetting flareless-tube assembly.

(illustrated in step 3):

(a.) The tube should extend 3¢ to 1§ inch
beyond the sleeve pilot;. otherwise blowoff
may occur.

(b.) The sleeve pilot should contact the tube
or have a maximum clearance of 0.005 inch
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for aluminum alloy tubing or 0.015 inch for
steel tubing.

(e.) A slight collapse of the tube at the sleeve
cut is permissible. No movement of the sleeve
pilot, except rotation, is permissible.

REPAIR OF METAL TUBE LINES

Scratches or nicks no deeper than 10 percent
of the wall thickness in aluminum alley tubing
may be repaired, if they are not in the heel of
a bend. Replace lines with severe die marks,
seams, or splits in the tube. Any crack or de-
formity in a flare is also unacceptable and is
cause for rejection. A dent of less than 20 percent
of the tube diameter is not objectionable, unless
it is in the heel of 2 bend. Dents can be removed
by drawing a bullet of proper size through the
tube by means of a length of cable.

‘A severely -damaged line should be replaced.
However, the line can be repaired by cutting out
the damaged section and inserting a tube section
of the same size and material. Flare both ends of
the undamaged and replacement tube sections
and make the comnection by using standard
unions, sleeves, and tube nuts. If the damaged
portion is short enough, omit the insert tube and
repair by using one union and two sets of con-
necting fittings.

When repairing 2 damaged line, be very careful
to remove all chips and burrs. Any open line that
is to be left unattended for some time should be
sealed, using metal, wood rubber, or plastic plugs
or caps.

‘When repairing a low-pressure line using a
flexible fluid connection assembly, position the
hose clamps carefully in order to prevent overhang
of the clamp bands or chafing of the tightening
screws on adjacent parts. If chafing ecan oceur,
the hose clamps should be repositioned on the
hose. Figure 5-16 illustrates the design of a flexible
fluid connection assembly and gives the maximum
allowable angular and dimensional offset.

Layout of Lines

Remove the damaged or worn assembly, taking
care not to further damage or distort it, and use
it as a forming template for the new part. If the
old length of tubing cannot be used as a pattern,
make a wire template, bending the pattern by
hand as required for the new assembly. Then
bend the tubing to match the wire pattern.

Never select a path that does not require bends
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Minimum gap "G shall be 1/2#/ or Tube OD/4, whichever
is greater.

Maximum gap “G” is not limited except on suction
On suck
suction lines, maximum G shall be 1-1/2 inch or

lines using other than self-sealing hose.

one tube diameter, whichever is greater.

Frcure 5-16. Fiexible fluid connection assembly,

in the tubing. A tube cannot be cut or flared
accurately enough so that it can be installed
without bending and still be free from mechanical
strain. Bends are also necessary to permit the
tubing to expand or contract under temperature
changes and to absorb vibration. If the tube is
small (under one-fourth inch} and can be hand
formed, casual bends may be made to allow for
this. If the tube must be machine formed, definite
bends must be made to avoid a straight assembly.

Start all bends a reasonable distance from the
fittings, because the sleeves and nuts must be
slipped back during the fabrication of flares and
during inspections. In all cases the new tube as-
sembly should be so formed prior to installation
that it will not be necessary to pull or deflect the
assembly into alignment by means of the coupling
nuts.

FABRICATION
FLEXIBLE HOSE

AND  REPLACEMENT OF

Hose and hose assemblies should be checked for
deterioration at each inspection period. Leakage,
separation of the cover or braid from the imner
tube, cracks, hardening, lack of flexibility, and
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Ficure 5-17. Sleeve-type fittings.

excessive “‘cold flow” are apparent signs of de-
terioration and reason for replacement. The term
“cold flow” describes the deep, permanent im-
pressions in the hose produced by the pressure of
hose clamps or supports.

When failure cecurs in a flexible hose equipped
with swaged end fittings, the entire assembly must
be replaced. Obtain a new hose assembly of the
correct size and length, complete with factory-
installed end fittings.

When failure occurs in hose equipped with
rensable end fittings, a replacement line can be
fabricated with the use of such tooling as may be
necessary to comply with the assembly instruc-
tions of the manufacturer.

Assembly of Sleeve-Type Fittings

Sleeve-type end fittings for flexible hose are
detachable and may be reused if determined to
be serviceable. The inside diameter of the fitting
is the same as the inside diameter of the hose to
which it is attached. Common sleeve-type fittings
are shown in figure 5-17.

To make a hose assembly, select the proper size
hose and end fittings. Cut the hose to the correct
length using a fine-tooth hacksaw. Place the
socket in a vise. Screw the hose into the socket
counterclockwise until the hose hottoms on the
shoulder of the socket (figure 5-18); then back
off one-quarter turn. Lubricate inside of hose and
nipple threads liberally. Mark the hose position



Ficure 5-18. Assembly of MS fitting to flexible

hose.

around the hose at the rear of the socket using a
grease pencil or painted line. Insert the nipple
into the nut and tighten the nipple and nut on
the assembly tool. If an assembly tool is not
available, a mating AN815 adapter may be used.
Using a wrench on the assembly tool, screw the
nipple into the socket and hose. A lg- to Y-inch
clearance between the nut and sleeve is required
so that the nut will swivel freely when the as-
sembly tool is removed. After assembly, always
make sure all foreign matter is removed from
inside the hose by blowing out with compressed
air.

Proof-test After Assembly

All flexible hose must be proof.tested after as-
sembly by plugging or capping one end of the
hose and applying pressure to the inside of the
hose assembly. The proof-test medium may be a
liquid or a gas. For example, hydraulic, fuel, and
oil lines are generally tested using hydraulic oil or
water, whereas air or instrument lines are tested
with dry, oil-free air or mitrogen. When testing
with a liquid, all trapped air is bled from the

assembly prior to tightening the cap or plug.
Hose tests, using a gas, are conducted underwater.
In all cases follow the hose manufacturer’s in-
structions for proof-test pressure and fluid to be
used when testing a specific hose assembly.

Place the hose assembly in a horizontal position
and chserve for leakage while maintaining the
test pressure. Proof-test pressures should be main-
tained for at least 30 seconds.

Instaliation of Flexible Hose Assemblies

Flexible hose must not be twisted on instal-
lation, since this reduces the life of the hose con-
siderably and may aleo loosen the fittings. Twist-
ing of the hose can be determined from the identifi-
cation stripe running along its length. This stripe
should not spiral around the hose.

Flexible hose should be protected from chafing
by wrapping it with tape, but only where neces-
sary.

The minimum bend radius for flexible hose
varies according to size and consiruction of the
hose and the pressure under which the hose is to
operate. Bends that are too sharp will reduce the
bursting pressure of flexible hose considerably
below its rated value (figure 5-19}.

Flexible hose should be installed so that it will
be subject to a minimum of flexing during oper-
ation. Although hose must be supported at least
every 24 inches, closer supports are desirable, A
flexible hose must never be stretched tightly be-
tween two fittings. From 5 percent to 8 percent
of its total length must be allowed for freedom of
movement under pressure. When under pressure,
flexible hose contracts in length and expands in
diameter.

Protect all flexible hose from excessive temper-
atures, either by locating the lines so they will
not be affected or by installing shrouds around
them.

INSTALLATION OF RIGID TUBING

Before installing a line assembly in an aireraft,
inspect the line carefully. Remove dents and
scratches, and be sure zll nuts and sleeves are
snugly mated and securely fitted by proper flaring
of the tubing. The line assembly should be clean
and iree of all foreign matter.

Connection and Teorque

Never apply compound to the faces of the fitting
or the flare, for it will destroy the metal-to-metal
contact between the fitting and flare, a contact
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PLANNING HOSE LINE INSTALLATIONS

WRONG

!

BiE=

||

RIGHT

1... provide slack or bend in the hose line to provide
for changes in length that will secur when pressure is
applied.

/ /
EU RIGHT

3...relieve sharp bends, avoid strain or hose collapse
and make cleaner installations by using Aeroquip
elbows or other adapter fittings. Provide as large a
bend radius as possible. Never use less than the

;ecommended minimum bend radius specified for the
ose.

WRONG

2...observe linear stripe. The hose must not be
twisted. High pressures applied to a twisted hose may
cause failure or loosen the nut.

4...provide additional bend radius when lines are
subject to flexing and remember that the metal end
fittings are not flexible. Flace line support clamps so
as not to restrict hose flexing,

FicUure 5-19. Flexible hose installation.

Do not deflect into place
Replace tube assembly

ﬁﬁ

Incorrect — Will damage flare
or threads, or cause slesve to
ctack under vibration if tight-
ened

Incorrect — May pull off or
distort flare if tightened

Correctly fitted
and tightsned

.025 clearance betwwen
Flare and shoulder
before tightening

Ficure 5-20. Correct and incorrect methods of

tightening flared fittings.
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which is necessary to produce the seal. Be sure
that the line assembly is properly aligned before
tightening the fittings. Do not pull the installation
into place with torque on the nut. Correct and
incorrect methods of installing flared-tube assem-
blies are illustrated in figure 5-20. Proper torque
values are given in figure 5-21. It must be re-
membered that these torque values are for flared-
type fittings only. Always tighten fittings to the
correct torque value when installing a tube assem-
bly. Overtightening a fitting may badly damage
or completely cut off the tube flare, or it may ruin
the sleeve or fitting nut. Failure to tighten suf-
ficiently also can be serious, as this condition may
allow the line to blow out of the assembly or to
leak under system pressure.

The use of torque wrenches and the prescribed
torque values prevents overtightening or under-
tightening. [f a tube fitting assembly is tightened
properly, it can be removed and retightened many
times before re-flaring is necessary.



Alumioum Alloy

Minimum bend
radii (inches)

Hose End Fittings
and Hose Assemblies

Tubing, Bok, Steel Tubing, Bolt MS28740 or Equivalent Alum.
Fitting or Nut Fitting, or Nut End Fitting _alloy
Tubin Fitting Bolt Forque Torque 1100-H14
0.D, ar Nut Size inch—-lhs. inch~—Ibs. Minimum quimum 5052-0 Steel
1/8 -2 20—30 3/8
3/16 -3 30 40 50— 100 70 120 7/16 21732
1/4 -4 40—~ 65 135 - 150 100 250 9/16 7/8
5/16 -5 60 — 85 180 — 200 210 420 3/4 11/8
3/8 - 75~ 125 970 - 300 300 480 15/16 15/16
12 & 150 — 250 450 — 500 500 850 11/4 1 3/4
5/8 -10 200 — 350 650 — 700 700 1150 112 2 3/16
3/4 —i2 300 — 500 900 — 1000 1 3/4 2 5/8
7/8 -14 500 — 600 1000 — 1100 .
1 ~16 500 — 700 1200 — 1400 3 3 1/2
1-1/4 —20 600 - 500 1200 — 1400 3 3/4 4 3/8
1—1s2 24 600 -- 500 1500 — 1800 5 5 1/4
B ‘ 850 - 1050
1—53/4 —28 050 — 1150 7 6 1/8
2 -32 . 8 7

Ficure 5-21.

Flareless Tube Installation

Tighten the nut by hand until an increase in
resistance to turning is encountered. Should it be
impossible to run the nut down with the fingers,
use a wrench, but be alert for the first signs of
bottorning. It is important that the final tightening
commence at the point where the nut just begins
to bottom.

With a wrench, turn the put 1f turn {one flat
on a hex nut). Use a wrench on the connector to
prevent it from turning while tightening the nut.
After the tube assembly is installed, the system
should be pressure tested. Should a connection
leak, it is permissible to tighten the nut an addi-
tional 14 turn {making a total of 14 turm). If,
after tightening the nut a total of 14 turn, leakage
still exists, the assembly should be removed and
the components of the assembly inspected for scores,
cracks, presence of foreign material, or damage
from overtightening.

NOTE: Overtightening a flareless-tube nut drives
the cutting edge of the sleeve deeply into the tube,
causing the tube to be weakened to the point where
normal in-flight vibration could cause the tube to
shear., After inspection {if no discrepancies are
found), reassemble the connections and repeat the
pressure test procedures.

CAUTION: Do not in any case tighten the nut
beyond 14 turn (two flats on the hex nut); this is
the maximum the fitting may be tightened without
the possibility of permanently damaging the sleeve
and nut. :
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Flared fitting data.

Common faults are:
. Flare distorted into nut threads.
. Sleeve cracked.
. Flare cracked or split.
. Flare out of round.
. Inside of flare rough or scratched.
. Fitting cone rough or scratched.
Threads of nut or union dirty, damaged or
broken.
Some manufacturers service instructions will spec-
ify wrench torque values for flareless tubing in-

e = RN R

“stallations (e.g., see figure 5-22}.

PLUMBING ASSEMBLY PRECAUTIONS

Make certain that the material in the fittinge
used is similar to that of the tubing; for example,
use steel fittings with steel tubing and aluminum
alloy fittings with aluminum alloy tubing. Brass
fittings plated with cadmium may be used with
aluminum alloy tubing.

For corrosion prevention, aluminum alloy lines
and fittings are usuvally anodized. Steel lines and
fittings, if not stainless steel, are plated to prevent
rusting or corroding. Brass and steel fittings are
usually cadmium plated, although some may come
plated with nickel, chromium, or tin.

To ensure proper sealing of hose :connections and
to prevent breaking hose clamps or damaging the
hose, follow the hose clamp tightening instructions
carefully. When available, use the hose clamp
torque-limiting wrench. These wrenches are avail-
able in calibrations of 15 and 25 inch-pounds. In
the ahsence of torque-limiting wrenches, the finger-
tight-plus-turns method should be followed. Be-




WRENCH TORQUE FOR 304 1/8 H STEEL TUBES

Tube

Qutside Diameter

Wall Thickness

Wrench Torque
Inch—Pounds

3/16 0.016 90— 110
3/16 0.020 90 — 116
1/4 0.016 110 — 140
1/4 0.020 110 — 140
5/16 0.020 100 — 120
3/8 0.020 170 — 230
3/8 0.028 200 — 250
1/2 €.020 300 — 400
1/2 0.028 400 — 500
1/2 0.035 500 — 800
5/8 0.020 300 — 400
5/8 0.035 600 — 700
5/8 0.042 700 — 830
3/4 0.028 650 — 800
3/4 0.049 800 - 980
1 0.020 800 — 950
1 0.085 1690 — 1750
WRENCH TORQUE FOR 304-1A or 3471A STEEL T JBES
3/8 0.042 145 — 175
1/2 0.028 300 — 400
1/2 0.049 500 — 600
1 ¢.035 750 — 900
WRENCH TORQUE FOR 6061-T6é OR T4 TUBES
1/4 0.035 110 — 140
3/8 0.033 145 - 175
/2 0.035 270 — 330
/2 0.049 320 — 380
5/8 0.035 360 - 440
5/8 0.045 425 - 525
3/4 0.035 380 — 470
1 0.035 750 — 960
1 174 0,035 900 — 1100

FIGURE 5-22. Torque values for flareless fittings.

Hose Jlamp tightening, finger-tight-plus turns method

Initial installation
only

Worm serew type
clamp 10 threads
per inch

Clamps—radial and
nther tvpe—28
threads per inch

Self sealing hose
approximately 15
inch-pounds

Finger-tight-nlus
2 complete tims

Finger-tight-plus
2-1/2 complete tumns

Al other aireraft
hose
approximately 235
inch-pounds

Finger-tight

Plus 1% complete
turns

Finger-tight

Plus 2 complete turns

Retightening of Hose Clamps

If Clamps do not seal at specified tightening, examine hose
connections and replace parts as necessary

The abave is for initial installation and should not be used

or loose clamps
for 1 Tamy

For re-tightening loose hose clamps in service prncootl

HE fl)]]()\\'_‘.:

1. Noa-self-scaling hose — I the clamp serew cannot be
tightened with the fingers do not disturb unless Jeakage

is evident.

2

finger tight and add 1/4 tuen.

If lealage is present tighten 1/4 turn.

2. Self-sealing hose — 1 tooser than finger-tight, tighten to

Ficure 5-23. Hose clamp tightening.
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cause of the variations in hose clamp design and
hose structure, the values given in figure 5-23 are
approximate. Therefore, use good judgment when
tightening hose clamps by this method. Since hose
connections are subject to “cold flow™ or a setting
process, a followup tightening check should be
made for several days after installation.

SUPPORT CLAMPS

Support clamps are used to secure the various
lines to the airframe or powerplant assemblies.
Several types of support clamps are used for this
purpose. The rubber-cushioned and plain are the
most commonly used clamps. The rubber-cushioned
clamp is used to secure lines subject to vibration;
the cushioning prevents chafing of the tubing. The
plain clamp is used to secure lines in areas not
subject to vibration.

A Teflon-cushioned clamp is used in areas where
the deteriorating effect of Skydrol ® 500, hydraulic
Auid (MIL-0-5606), or fuel is expected. However,
because it is less resilient, it does not provide as



good a vibration-damping effect as other cushion
materials,

Use bonded clamps to secure metal hydraulic,
fuel, and il lines in place. Unbonded clamps
should be used only for securing wiring. Remove
any paint or anodizing from the portion of the tube
at the bhonding clamp location. Make certain that
clamps are of the correct size. Clamps or support-
ing clips smaller than the outside diameter of the
hose may restrict the flow of fluid through the hose.

All plumbing lines must be secured at specified
intervals. The maximum distance between sup-
ports for rigid fluid tubing is shown in figure 5-24.

119

le_be )OD . Distance between supports (in.)
n.
Aluminum Alley Steel
1g 91z 1134
%6 12 14
p A 1315 16
35 15 18
3 1614 20
1 19 23
34 22 2514
34 24 2744
1 2014 30

Ficure 5-24. Maximum distance between
supports for fluid tubing.




CHAPTER &

AIRCRAFT HARDWARE, MATERIALS, AND PROCESSES

AIRCRAFT HARDWARE

Aircraft hardware is the term used to describe
the various types of fasteners and miscellaneous
gmall itemns used in the manufacture and repair
of ajrcraft.

The importance of aircraft hardware is often
overlooked because of its small size; however, the
safe and efficient operation of any aircraft is
greatly dependent upon the correct selection and
use of aireraft hardware.

Identification

Most items of aircraft hardware are identified
by their specification number or trade name.
Threaded fasteners and rivets are usually identi-
fied by AN (Air Force-Navy), NAS (National
Aircraft Standard), or MS (Military Standard)
numbers. Quick.release fasteners are usually
identified by factory trade names and size desig-
nations.

THREADED FASTENERS

Various types of fastening devices allow quick
dismantling or replacement of aircraft parts that
must be taken apart and put back together at
frequent intervals. Riveting or welding these parts
each time they are serviced would soon weaken
or ruin the joint. Furthermore, some joints require
greater tensile strength and stiffness than rivets
can provide. Bolts and screws are two types of
fastening devices which give the required security
of attachment and rigidity. Generally, bolts are
used where preat strength is required, and screws
are used where strength is not the deciding factor.

Bolts and screws are similar in many ways.
They are both used for fastening or holding, and
each has a head on one end and screw threads
on the other. Regardless of these similarities,
there are several distinct differences between the
two types of fasteners. The threaded end of a
bolt is always blunt while that of a screw may
be either blunt or pointed. '
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The threaded end of a bolt usually has a nut
serewed onto it to complete the assembly. The
threaded end of a screw may fit into a female
receptacle, or it may fit directly into the material
being secured. A bolt has a fairly short threaded
section and a comparatively long grip length or
unthreaded portion, whereas a screw has a longer
threaded section and may have no clearly defined
grip length. A bolt assembly is generally tightened
by turning the nut on the bolt; the head of the
bolt may or may not be designed for turning.
A screw is always tightened by turning its head.

When it becomes necessary to replace aircraft
fasteners, a duplicate of the original fastener
should be used if at all possible. If duplicate
fasteners are not available, extreme care and
caution must be used in selecting substitutes.

Classification of Threads

Aircraft bolts, screws, and nuts are threaded
in either the NC (American National Coarse)
thread series, the NF (American National Fine}
thread series, the UNC (American Standard Uni-
fied Coarse) thread series, or the UNF (American
Standard Unified Fine) thread series. There is one
difference between the American National series
and the American Standard Unified series that
should be pointed out. In the l-inch-diameter
size, the NF thread specified 14 threads per inch
(1-14NF), while the UNF thread specifies 12
threads per inch (1-12UNF). Both type threads
are designated by the number of times the incline
(threads) rotates around a l-inch length of a
given diameter bolt or screw. For example, a
4-28 thread indicates that a 14-inch-diameter bolt
has 28 threads in 1 inch of its threaded length.

Threads are also designated by Class of fit.
The Class of a thread indicates the tolerance
allowed in manufacturing. Class 1 is a loose fit,
Class 2 is a free fit, Class 3 is a medium fit, and
Class 4 is a close fit. Aircraft bolts are almost
always manufactured in the Class 3, medium fit.
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Ficure 6-1. Aircraft bolt identification.

MAGNETICALLY
INSPECTED

A Class 4 fit requires a wrench to turn the nut
onto a bolt, whereas a Class 1 fit can easily be
turned with the fingers. Generally, aircraft screws
are manufactured with a Class 2 thread fit for
ease of assembly.

Bolts and nuts are also produced with right-
hand and left-hand threads. A right-hand thread
tightens when turned clockwise; a left-hand thread
tightens when turned counterclockwise.

AIRCRAFT BOLTS

Aireraft bolts are fabricated from cadmium- or
zinc-plated corrosion-resistant steel, unplated cor-
rosion-resistant steel, and anodized aluminum
alloys. Most bolts used in aircraft structures are
either general-purpose, AN bolts, or NAS internal.
wrenching or close-tolerance bolts, or MS bolts.
In certain cases, aircraft manufacturers make
bolts of different dimensions or greater strength
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than the standard types. Such bolts are made for
a particular application, and it is of extreme
importance to use like bolts in replacement.
Special bolts are usually identified by the letter
“3” stamped on the head.

AN bolts come in three head styles—hex-head,
clevis, and eyebolt (see figure 6-1). NAS bolts
are available in hex-head, internal-wrenching, and
countersunk head styles. MS bolts come in hex.
head and internal-wrenching styles.

General-Purpose Bolts

The hex-head aircraft bolt (AN-3 through
AN-20) is an all-purpose structural bolt used for
general applications involving tension or shear
loads where a light-drive fit is permissible (.006-
inch clearance for a 9¢-inch hole, and other sizes
in proportion).

Alloy steel bolts smaller than No. 10-32 and



aluminum alloy bolts smaller than !4-inch di-
ameter are not used in primary structures. Alumi-
num alloy bolts and nuts are not used where they
will be repeatedly removed for purposes of main-
tenance and inspection. Aluminum alloy nuts may
be used with cadmium-plated steel bolts loaded
in shear on land airplanes, but are not used on
seaplanes due to the increased possibility of dis.
similar-metal corrosion.

The AN-73 drilled-head bolt is similar to the
standard hex-bolt, but has a deeper head which
is drilled to receive wire for safetying. The AN-3
and the AN-73 series bolis are interchangeable,
for all practical purposes, from the standpoint of
tension and shear strengths.

Close-Tolerance Bolts

This type of bolt is machined more accurately
than the general-purpose bolt. Close-tolerance
bolts may be hex-headed (AN-173 through AN-
186) or have a 100° countersunk head (NAS-80
through NAS-86). They are used in applications
where a tight-drive fit is required (the bolt will
move into position only when struck with a 12- to
14-ounce hammer).

Internal-Wrenching Bolts

These bolts, (MS-20004 through MS-20024 or
NAS-493) are fabricated from high-strength steel
and are suitable for use in both tension and shear
applications. When they are used in steel parts,
the bolthole must be slightly countersunk to seat
the large corner radius of the shank at the head.
In Dural material, a special heat-treated washer
must be used to provide an adequate bearing
surface for the head. The head of the internal-
wrenching bolt is recessed to allow the insertion
of an internal wrench when installing or removing
the bolt. Special high-strength nuts are used on
these bolts. Replace an internal-wrenching bolt
with another internal-wrenching bolt. Standard
AN hex-head bolts and washers cannot be substi-
tuted for them as they do not have the required
strength.

identification and Coding

Bolts are manufactured in many shapes and
‘varieties. A clear-cut method of classification is
difficult. Bolts can be identified by the shape of
the head, method of securing, material used in
fabrication, or the expected usage.

i e S P VEUR S

AN-type aircraft bolts can be identified by the
code markings on the boltheads. The markings
generally denote the bolt manufacturer, the ma-
terial of which the bolt is made, and whether the
bolt is a standard AN-type or a special-purpose
bolt. AN standard steel bolts are marked with
either a raised dash or asterisk; corrosion-resistant
steel is indicated by a single raised dash; and
AN aluminum alloy bolts are marked with two
raised dashes. Additional information, such as
bolt diameter, bolt length, and grip length may
be obtained from the bolt part number.

For example, in the bolt part number
AN3DDS5A, the “AN” designates that it is an
Air Force-Navy Standard bolt, the “3” indicates
the diameter in sixteenths of an inch (3{), the
“DD” indicates the material is 2024 aluminum
alloy. The letter “C™ in place of the “DD”* would
indicate corrosion.resistant steel, and the absence
of the letters would indicate cadmium-plated steel.
The “5” indicates the length in eighths of an
inch (3%), and the “A” indicates that the shank is
undrilled. If the letter “"H™ preceded the “5” in
addition to the “A” following it, the head would
be drilled for safetying.

Close-tolerance NAS bolts are marked with
either a raised or recessed triangle. The material
markings for NAS bolts are the same as for AN
bolts, except that they may be either raised or
recessed. Bolts inspected magnetically (Magna-
flux) or by fluorescent means (Zyglo) are identified
by means of colored lacquer, or a head marking
of a distinctive type.

SPECIAL-PURPOSE BOLTS

Bolis designed for a particular application or
use are classified as special-purpose bolts. Clevis
bolts, eyebolts, Jo-bolts, and lock bolts are special-
purpose bolts.

Clevis Bolts

The head of a clevis bolt is round and is either
slotted to receive az common screwdriver or re-

"cessed to receive a crosspoint screwdriver, This

type of bolt is used only where shear loads occur
and never in tension. It is often inserted as a
mechanical pin in a control system.

Eyebolt

This type of special-purpose bolt is used where

* external tension loads are to be applied. The eye -

123




is designed for the attachment of such devices
as the fork of a turnbuckle, a clevis, or a cable
shackle. The threaded end may or may not be
drilled for safetying.

Jo-Bolt

Jo-bolt is a trade name for an internally
threaded three-piece rivet. The Jo-bolt consists
of three parts—a threaded steel alloy holt, a
threaded steel nut, and an expandable stainless
steel sleeve. The parts are factory preassembled.
As the Jo-bolt is installed, the bolt is turned while
the nut is held. This causes the sleeve to expand
over the end of the nut, forming the blind head
and clamping against the work. When driving is
complete, a portion of the bolt breaks off. The
high-shear and tensile strength of the Jo-bolt
makes it suitable for use in cases of high stresses
where some of the other blind fasteners would not
be practical. Jo-bolts are often a part of the
permanent structure of late-model aircraft. They
are used in areas which are not often subjected
to replacement or servicing. (Because it is a three-
part fastener, it should not be used where any
part, in becoming loose, could be drawn into the
engine air intake.} Other advantages of using
Jo-bolts are their excellent resistance to vibration,
weight saving, and fast installation by one person.

Presently, Jo-bolts are available in four diam-
eters: The 200 series, approximately 3f-inch in
diameter; the 260 series, approximately l4-inch
in diameter; the 312 series, approximately 3s-inch
in diameter; and the 375 series, approximately
34-inch in diameter. Jo-bolts are available in three
head styles which are: F(flush), P(hex-head), and
FA(flush millable).

Lockbolts

The lockbolt combines the features of a high-
strength bolt and rivet, but it has advantages over
both. The lockbolt is generally used in wing-splice
fittings, Janding-gear fittings, fuel-cell fittings,
longerons, beams, skin-splice plates, and other
major structural attachments. [t is more easily
and quickly installed than the conventional rivet
or bolt and eliminates the use of lockwashers, cotter
pins, and special nuts. Like the rivet, the lockbolt
requires a pneumatic hammer or “pull gun” for
installation; when installed, it is rigidly and perma-
nently locked in place. Three types of lockbolts
are commonly used, the pull type, the stump type,
and the blind type. (See figure 6-2.)

Pull type. Pull-type lockbolts are used mainly
in aircraft primary and secondary structures. They
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Pull type Stump type

Ficure 6-2. Lockbolt types.

are installed very rapidly and have approximately
one-half the weight of equivalent AN steel holts
and nuts. A special ppeumatic “pull gun” is re-
quired to install this type of lockbolt. Installation
can be accomplished by one person since bucking
is not required.

Stump type. Stump-type lockbolts, although they
do not have the extended stem with pull grooves,
are companion fasteners to pull-type lockbolts. They
are used primarily where clearance will not permit
installation of the pull-type lockbolt. A standard
pneumatic riveiing hammer (with a hammer set
attached for swaging the collar into the pin-locking
grooves) and a bucking bar are tools necessary for
the installation of stump-type lockbolts.

Blind type, Blind-type lockbolts come as com-
plete units or assemblies. They have exceptional
strength and sheet pull-together characteristics.
Blind lockbolts are used where only one side of the
work is accessible and, generally, where 1t is diffi-
cult to drive a conventional rivet. This type of
lockbolt is installed in the same manner as the pull-
type lockbolt.

Common features. Common features of the
three types of lockbolts are the annular locking
grooves on the pin and the locking collar which is
swaged into the pin’s lock grooves to lock the pin
in tension. The pins of the pull- and blind-type
lockbolts are extended for pull installation. The
extension is provided with pulling grooves and 2
tension breakoff groove.



Composition. The pins of pull- and stump-type
lockbolts are made of heat-treated alloy steel or
high-strength aluminum alloy. Companion collars
are made of aluminum alloy or mild steel. The
blind lockbolt consists of a heat-treated alloy steel
pin, blind sleeve and filler sleeve, mild steel collar,
and carbon steel washer. '
" Substitution. Alloy steel lockbolts may be used
to replace steel hi-shear rivets, solid steel rivets, or
AN bolts of the same diameter and head type.
Aluminum alloy lockbolts may be used to replace
solid aluminum alloy rivets of the same diameter
and head type. Steel and aluminum alloy lock-
bolts may also be used to replace steel and 2024T
aluminum alloy bolts, respectively, of the same
diameter, Blind lockbolts may be used to replace
solid aluminum alloy rivets, stainless steel rivets, or
all blind rivets of the satne diameter.

Numbering system. The numbering systems for
the various types of lockbolts are explained by
the following breakouts (see figure 6-4).
Pull-type lockbolt—

_ALPP __H _7_; 8 8
’_ TCrip length in 16ths of an

inch.

Body diameter in 32nds of an
inch.

“Pin materials—
E = 7535-T6 aluminum aloy.
T = heat-treated alloy steel,

~Class fit—
H = hole filling (interference fit).
N = non-hole filling {(clearance fit).

~Head type—
ACT 509 = close tolerance AN-304 C.sink
head.
ALPP = pan head.
ALPB = brazier head.
ALP509 = standard AN-509 C-sink head.
ALP426 = standard AN-426 C-sink head.
Blind-type lockbolt—
BL 8 4

-E}rip length in 16ths of an inch, +14
inch. :
Diameter in 32nds of an inch.
1

3lind lockbolt.

GRIP GRIP RANGE GRIP GRIP BANGE
NO. NO. -

Min. Max. Min. Max.

1 031 .094 17 1.031 1.094

2 094 .156 18 1.094 1.156

3 156 219 19 1.156 1.219

4 219 .281 20 1.219 1.281

5 .281 344 21 1.281 1,344

6 .344 .406 22 1.344 1.406

7 .406 . .469 23 . 1.406 1.469

8 .469 .531 24 1.469 1.531

9 .531 .504 25 1.531 1.594

10 .594 656 26 1.504 1.656

11 656 .718 27 1.656 1.718

12 ,718 181 28 1.718 1.781

13 .781 .843 29 1.781 1.843

14 .843 906 30 1.843 1.906

15 906 963 31 1.906 1.968

16 968 1.031 32 1.968 2.031

33 2.031 2.094

Ficure 6-3. Pull- and stump-type lockbolt grip

ranges.
Lockbolt collar—
Lc ¢ 8
—|:TDiameter of pin in 32nds of an inch,
*Material-—

C = 248T aluminum alloy (green color).
F = 618T aluminum alloy {(plain color).
R = mild steel {cadmium plated).

—Lockbolt collar.

* Use 258T aluminum alloy with heat-treated alloy
lockbolts only.

Use 615T aluminum zlloy with 738T aluminum alloy
lockbolts only. :

Use mild steel with heat-treated alloy steel lockbolts
for high temperature applications only.

Stump-type lockbolt—
ALSE E 8 8
-[ TGrip length in 16ths of an inch.
Body diameter in 3211ds of an inch.

Pin material—
I: = 735-T6 aluminum alloy.
T = heat-treated alloy steel.

LHead type—

ASCT309 = close tolerance AN-309 C-sink
head.

ALSEF = flat head type.

ALS509 = standard AN-509 C-sink head.

ALS126 = standard AN-426 C-sink head.

Ficure 6—4. Lockbolt numbering system.
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14{-inch Diameter 34-inch Diameter

GNRIP GRIP RANGE %{R&P GRIP RANGE
Min. Max. Min. Max.
1 031 .094 2 .094: 156
2 .094 156 3 .156 .219
3 156 219 4 .219 .281
4 219 .281 5 .281 344
5 .281 .344, 6 344 . 406
6 .344 .406 7 406 .469
7 406 .469 8 469 .531
8 469 531 9 .531 .594
9 .531 .594 10 .594 656
10 .594 .656 11 656 718
11 .636 .718 12 .718 7181
12 718 .781 13 .781 .843
13 .81 843 14 .843 .906
14 843 906 15 .906 .968
15 906 .968 16 .868 1.031
16 968 1.031 17 1.031 1.094
17 1.831 1.094 18 1.094 1.156
18 1,094 1,156 19 1.156 1.219
19 1.156 1.219 20 1.219 1.281
20 1.219 1.281 21 1.281 1.343
21 1.281 1.343 22 1.343 1.406
22 1.343 1.406 23 1.406 1.469
23 1.406 1.469 24 1.460 1.531
24 1.469 1.531
25 1.531 1.594

Ficure 6-5. Blind-type lockbolt grip ranges.

Grip Range. The bolt grip range required for
any application should be determined by measur-
ing the thickness of the material with a hook
scale inserted through the hole. Once this measure-
ment is determined the correct grip range can be
selected by referring to the charts provided by
the rivet manufacturer. Examples of grip-range
charts are shown in figures 6-3 and 6-5.

When installed, the lockbolt collar should be
swaged substantially throughout the complete
length of the collar. The tolerance of the broken
end of the pin relative to the top of the collar
must be within the following dimensions:

Pin Tolerance
diameter Below Above
3 .079 to .032
4 .079 to .050
545 .079 to .050
34 079 to .060

When removal of a lockbolt becomes necessary,
remove the collar by splitting it axially with a
sharp, cold chisel. Be careful not to break out or
deform the hole. The use of a backup bar on the
opposite side of the collar being split is recom-

mended. The pin may then be driven out with
a drift punch. '

AIRCRAFT NUTS

Aircraft nuts are made in a variety of shapes
and sizes. They are made of cadmium-plated

. carbon steel, stainless steel, or anodized 2024T
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aluminum alloy, and may be obtained with either
right- or left-hand threads. No identifying marking
or lettering appears on nuts. They can be identified
only by the characteristic metallic luster or color
of the aluminum, brass, or the insert when the
nut is of the self-locking type. They can be farther
identified by their construction.

Aircraft nuts can be divided into two general .
groups: Non-self-locking and self-locking nuts.
Non-self-locking nuts are those that must be
safetied by external locking devices, such as
cotter pins, safety wire, or locknuts. Self-locking
nuis contain the locking feature as an integral
part.

Non-self-locking Nuts

Most of the familiar types of nuts, including
the plain mut, the castle nut, the castellated shear
nut, the plain hex nut, the light hex nut, and the
plain check nut are the non-self-locking type.
(See figure 6-6.)

The castle nut, AN310, is used with drilled-
shank AN hex head bolts, clevis bolts, eyebolts,
drilled head bolts, or studs. It is fairly rugged
and can withstand large tensional loads. Slots
{called castellations) in the nut are designed to
accommodate a cotter pin or Jock wire for safety.

The castellated shear nut, AN320, is designed
for use with devices (such as drilled clevis bolts
and threaded taper pins) which are normally sub-
jected to shearing stress only. Like the castle nut,
it is castellated for safetying. Note, however, that
the nut is not as deep or as strong as the castle
nut; also that the castellations are not as deep
as those in the castle nut.

The plain hex nut, AN315 and AN335 (fine and
coarse thread), is of rugged construction. This
makes it suitable for carrying large tensional
loads. However, since it requires an auxiliary
locking device such as a check nut or lockwasher,
its use on aircraft structures is somewhat limited.

The light bex nut, AN340 and AN345 (fine and
coarse thread), is a much lighter nut than the
plain hex nut and must be locked by an auxiliary



Ficure 6-6. Non-self-locking nuts,

device. It is used for miscellaneous light-tension
requirements.

The plain check nut, AN316, is employed as a
locking device for plain nuts, set screws, threaded
rod ends, and other devices,

The wing nut, AN350, is intended for use where
the desired tightness can be obtained with the
fingers and where the assembly is frequently
removed.

Self-Locking Nuts

As their name implies, self-locking nuts need no
auxiliary means of safetying but have a safetying
feature included as an integral part of their con-
struction.  Many types of self-locking nuts have
been designed and their use has become quite
widespread. Common applications are: (1) At
tachment of antifriction bearings and control
pulleys; (2} Attachment of accessories, anchor nuts
around inspection holes and small tank installation
openings; and (3) Attachment of rocker box covers
and exhaust stacks. Self-locking nuts are accept-
able for use on certificated aircraft subject to the
restrictions of the manufacturer.

Self-locking nuts are used on aircraft to provide
tight connections which will not shake loose under
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severe vibration. Do not use self-locking nuts at
joints which subject either the nut or bolt to rota-
tion. They may be used with antifriction bearings
and control pulleys, provided the inner race of the
bearing is clamped to the supporting structure by
the nut and bolt. Plates must be attached to the
structure in a positive manner to eliminate rotation
or misalignment when tightening the bolts or
SCrews.

The two general types of self-locking nuts cur-
rently in use are the all-metal type and the fiber-
lock type. For the sake of simplicity, only three
typical kinds of self-locking nuts are considered in
this handbook: The Boots sell-locking and the
stainless steel self-locking nuts, representing the
all-metal types; and the elastic stop nut, represent-
ing the fiber-insert type.

Boots Self-Locking Nut

The Boots self-locking nut is of one-piece, all-
metal construction, designed to hold tight in spite
of severe vibration. Note in figure 6-7 that it has
two sections and is essentially two nuts in one, a
locking nut and a load-carrying nut. The two
sections are connected with a spring which is an
integral part of the nut. The spring keeps the
locking and load-carrying sections such a distance



Fiber locknut

Flexloc nut Elastic stop nut

Ficure 6-7. Self-locking nuts.

apart that the two sets of threads are out-of-phase;
that is, so spaced that a bolt which has been screwed
through the load-carrying section must push the
locking section outward against the force of the
spring lo engage the threads of the locking section

properly.

Thus, the spring, throngh the medium of the
locking section, exerts a constant locking force on
the bolt in the same direction as a force that would
tighten the nut, In this nut, the load-carrying sec-
tion has the thread strength of a standard nut of
comparable size, while the locking section presses
against the threads of the bolt and locks the nut
firmly in position. Only a wrench applied to the
nut will loosen it. The nut can be removed and
rensed without impairing its efficiency.

Boots self-ocking nuts are made with three dif-
ferent spring styles and in various shapes and sizes.
The wing type, which is the most common, ranges
in size for No. 6 up to 1 inch, the Rol-top ranges
from 14 inch to %{g inch, and the bellows type
ranges in size from No. 8 up to 34 inch. Wing-
type nuts are made of anodized aluminum alloy,
cadmium plated carbon steel, or stainless steel, The
Rol-top nut is cadmium-plated steel, and the bellows
type is made of aluminum alioy only.

Stainless Steel Self-Locking Nut

The stainless steel self-locking nut may be spun
on and off with the fingers, as its locking action
takes place only when the nut is seated against a
solid surface and tightered. The nut consists of
two parts; a case with a beveled locking shoulder
and key, and a threaded insert with a locking
shoulder and slotted keyway. Until the nut is
tightened it spins on the bolt easily, because the
threaded insert is the proper size for the bolt. How-
ever, when the put is seated against a solid surface
and tightened, the locking shoulder of the insert is
pulled downward and wedged against the locking
shoulder of the case. This action compresses the

threaded insert and causes it to clench the bolt
tightly. The cross-sectional view in figure 6-8
shows how the key of the case fits into the slotted
keyway of the insert o that when the case is turned
the threaded insert is turned with it. Note that
the sfot is wider than the key. This permits the
slot to be narrowed and the insert to be compressed
when the nut is tightened.

Elastic Stop Nut

The elastic stop nut is a standard nut with the
height increased to accommedate a fiberlocking
collar. This fiber collar is very tough and durable
and is unaffected by immersion in hot or cold
water or ordinary solvenls such as ether, carbon
tetrachloride, oils, and gasoline. It will not dam-
age bolt threads or plating.

As shown in figure 6-9, the fiber-locking collar
is not threaded and its inside diameter is smaller
than the largest diameter of the threaded portion
or the outside diameter of a corresponding bolt.
When the nut iz screwed onto a belt, it acts as an
ordinary nut untii the bolt reaches the fiber collar,
When the bolt is screwed into the fiber collar, how-
ever, friction (or drag) causes the fiber to be
pushed upward, This creates a heavy downward
pressure on the load-carrying part and automatic-
ally throws the load-carrying sides of the nut and
bolt threads into positive contact. After the bolt
has been forced all the way through the fiber
collar, the downward pressure remains constant.
This pressure locks and holds the nut securely in
place even under severe vibration.

| Nut case

Iy

=
a———
=3
;
= Locking
= shoulder
—_
= Untightened nut

‘ Threaded

nut core
Keyway Tightened nut

Ficure 0-8. Stainless steel self-locking nut.
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Fiber collar

Ficure 6-9. Elastic stop nut.

Nearly all elastic stop nuts are steel or aluminum
alloy. However, such nuts are available in prac-
tically any kind of metal. Aluminum alloy elastic
stop nuts are supplied with an anodized finish.
Steel nuts are cadmium plated.

Normally, elastic stop nuts can be used many
times with complete safety and without detriment
to their locking efficiency. When reusing elastic
stop nuts, be sure the fiber has not lost its locking
friction or become brittle. If a nut can be turned
with the fingers, replace it.

After the nut has been tightened, make sure the
rounded or chamfered end of the bolts, studs, or
screws extends at least the full round or chamfer
through the nut. Flat end bolts, studs, or screws
should extend at least 14, inch through the nut.
Bolts of 5{g-inch diameter and over with cotter
pin holes may be used with self-locking nuts, but
only if free from bhurrs around the holes. Bolts
with damaged threads and rough ends are not
acceptable. Do not tap the fiber-locking insert.
The self-locking action of the elastic stop nut is the
result of having the bolt threads impress themselves
into the untapped fiber.
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Do not install elastic stop nuts in places where
the temperature is higher than 250° F., because
the effectiveness of the self-locking action is reduced
beyond this point. Self-locking nuts may be used
on aircraft engines and accessories when their use
is specified by the engine manufacturer.

Self-locking nut bases are made in a number of
forms and materials for riveting and welding to
aircraft structure or parts. (See figure 6-10.)
Certain applications require the installation of self-
locking nuts in channels, an arrangement which
permits the attachment of many nuts with only a
few rivets. These channels are tracklike bases
with regularly spaced nuts which are either remov-
able or nonremovable, The removable type car-
ries a floating nut, which can be snapped in or out
of the channel, thus making possible the easy re-
moval of damaged nuts. Nuts such as the clinch-
type and spline-type which depend on friction for
their anchorage are not acceptable for use in air-
craft structures.

Sheet Spring Nuis

Sheet spring nuts, such as speed nuts, are used
with standard and sheet-metal self-tapping screws
in nonstructural locations. They find various uses
in supporting line clamps, conduit clamps, elec-
trical equipment, access doors, and the like, and
are available in several types. Speed nuts are
made from spring steel and are arched prior to
tightening. This arched spring lock prevents the
screw from working loose. These nuts should be
used only where originally used in the fabrication

of the aircraft.

Internal and Externa! Wrenching Nuts

Two commercial types of high-strength internal
or external wrenching nuts are available; they are
the internal and external wrenching elastic-stop
nut and the Unbrako internal and external wrench-
ing nut. Both are of the self-Jocking type, are
heat-treated, and are capable of carrying high-
strength bolt-tension loads.

Identification and Coding

Part numbers designate the type of nut. The
common types and their respective part numbers
are: Plain, AN315 and AN335; castle AN310;




Elastic stop nut channel assembly

Ficure 6-10. Self-locking nut bases.

plain check, AN316; light hex, AN340 and AN345;
and castellated shear, AN320. The patented self-
locking types are assigned part numbers ranging
from MS20363 through MS520367. The Boots, the
Flexloe, the fiber locknut, the elastic stop nut,
and the self-locking nut belong to this group.
Part number AN350 is assigned to the wing nut.

Letters and digits following the part number
indicate such items as material, size, threads per
inch, and whether the thread is right or left hand.
The letter “B™ following the part number indi-
cates the nut material to be brass; a “D’” indicates
2017-T aluminum alloy; a "DI)” indicates 2024-T
aluminum alloy; a “C” indicates stainless steel;
and a dash in place of a letter indicates cadmium-
plated carbon steel. ’

The digit (or two digits) following the dash or
the material code letter is the dash number of
the nut, and it indicates the size of the shank
and threads per inch of the bolt on which the
nut will fit. The dash number corresponds to the
first figure appearing in the part number coding
of general-purpose bolts. A dash and the number
3, for example, indicates that the nut will fit an
AN3 bolt (10-32); a dash and the number 4
means it will fit an AN4 bholt (1{-28); a dash
and the number 5, an ANS5 bolt (3{3-24); and so on.

The code numbers for self-locking nuts end in
three- or four-digit numbers. The last two digits
refer to threads per inch, and the one or two
preceding digits stand for the nut size in 16ths
of an inch.
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Some other commeon nuts and their code num-
bers are:

Code Number AN310D5R:

AN310 = aircraft castle nut.
D = 2024-T aluminum alloy.
© 5 = 3{5-inch diameter.
R = right-hand thread (usually 24 threads
per inch).

Code Number AN320-10:

AN320 = aircraft castellated shear nut,
cadmium-plated carbon steel.
10 = %%-inch diameter, 18 threads per inch
(this nut is usually right-hand
thread).

Code Number AN350B1032:

AN350 = aircraft wingnut.
B = brass.

10 = number 19 bolt.

32 = threads per inch.

AIRCRAFT WASHERS
Aircraft washers used in airframe repair are
either plain, lock, or special type washers.

Plain Washers

Plain washers (figure 6-11), both the AN960
and AN970, are used under hex nuts. They pro-
vide a smooth bearing surface and act as a shim
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Ficure 6-11. Various types of washers.

in obtaining correct grip length for a bolt and
nut assembly. They are used to adjust the position
of castellated nuts in respect to drilled cotterr pin
holes in bolts. Plain washers should be used under
lockwashers to prevent damage to the surface
material,

Aluminum and aluminum alloy washers may
be used under boltheads or nuts on aluminum
alloy or magnesium structures where corrosion
caused by dissimilar metals is a factor. When
used in this manner, any electric current flow will
be between the washer and the steel bolt. How-
ever, it is common practice to use a cadmium-
plated steel washer under a nut bearing directly
against a structure as this washer will resist the
cutting action of a nut better than an aluminum
alloy washer.

The AN970 steel washer provides a greater
bearing area than the AN960 washer and is used
on wooden stractures under both the head and
the nut of a bolt to prevent crushing the surface.

Lockwashers

Lockwashers, both the AN935 and AN936, are
used with machine screws or bolts where the self-
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locking or castellated type nut is not appropriate.
The spring action of the washer {AN933) provides
enough friction to prevent loosening of the nut
from vibration. (These washers are shown in
figure 6-11.)

Lockwashers should never be used under the
following conditions:

1. With fasteners to primary or secondary
structures.

With fasteners on any part of the aircraft
where failure might result in damage or
danger to the aircraft or personnel.

. Where failure would permit the opening

of a joint to the airflow.

2.

4. Where the screw is subject to frequent
removal.

5. Where the washers are exposed to the
airflow.

6. Where the washers are subject to corrosive
conditions.

7. Where the washer is against soft material

without a plain washer underneath to pre-
vent gouging the surface,

Shakeproof Lockwashers

Shakeproof lockwashers are round washers de-
signed with tabs or lips that are bent upward
across the sides of a hex nut or bolt to lock the
nut in place. There are various methods of securing
the lockwasher to prevent it from turning, such
as an external 1ab bent downward 90° into a small
hole in the face of the umit, or an internal tab
which fits a keyed bolt.

Shakeproof lockwashers can withstand higher
heat than other methods of safetying and can be
used under high-vibration conditions safely, They
should be used only once because the tabs tend
to break when bent a second time.

Special Washers

The ball-socket and seat washers, AC950 and
ACO55, are special washers used where a bolt is
installed at an angle to a surface, or where
perfect alignment with a surface is required.
These washers are used together. They are shown
in figure 6-11.

The NASI43 and MS20002 washers are used
for internal wrenching bolts of the NAS144
through NAS158 series. This washer is either
plain or countersunk. The countersunk washer
(designated as NASI43C and MS20002C) is used




to seat the bolt head shank radius, and the plain
washer is used under the nut.

INSTALLATION OF NUTS AND BOLTS

Bolt and Hole Sizes

Slight clearances in boltholes are permissible
wherever bolts are used in tension and are not
subject to reversal of load. A few of the appli-
cations in which clearance of holes may be per-
mitted are in pulley brackets, conduit boxes, lining
trim, and miscellaneous supports and brackets.

Boltholes are to be normal to the surface in-
volved to provide full bearing surface for the
bolthead and nut and must not be oversized or
elongated. A bolt in such a hole will carry none
of its shear load until parts have yielded or de-
formed enough to allow the bearing surface of the
oversized hole to contact the holt. In this respect,
remember that bolts do not become swaged to
fill up the holes as do rivets,

In cases of oversized or elongated holes in
critical members, obtain advice from the aircraft
or engine manufacturer before drilling or reaming
the hole to take the next larger bolt. Usually,
such factors as edge distance, clearance, or load
factor must be considered. Oversized or elongated
holes in noneritical members can usually be drilled
or reamed to the next larger size.

Many boltholes, particularly those in primary
connecting elements, have close tolerances. Gener-
ally, it is permissible to use the first lettered drill
size larger than the normal bolt diameter, except
where the AN hexagon bolts are used in light-
drive fit (reamed) applications and where NAS
close-tolerance bolts or AN clevis bolts are used.

Light-drive fits for bolts (specified on the repair
drawings as .0013-inch maximum clearance be-
tween bolt and hole} are required in places where
bolts are used in repair, or where they are placed
in the original structure,

The fit of holes and bolts cannot be defined in
terms of shaft and hole diameters; it is defined
in terms of the friction between bolt and hole
when sliding the bolt into place. A tight-drive fit,
for example, is one in which a sharp blow of a
12. or 14-ounce hammer is required to move the
bolt. A bolt that requires a hard blow and sounds
tight is considered to fit too tightly. A light-drive
fit is one in which a bolt will move when a hammer
handle is held against its head and pressed by the
weight of the body.
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Installation Practices

Examine the markings on the bolthead to de-
termine that each bolt is of the correct material.
It is of extreme importance to use like bolts in
replacement. In every case, refer to the applicable
Maintenance Instructions Manual and Illustrated
Parts Breakdown.

Be sure that washers are used under both the
heads of bolts and nuts unless their omission is
specified. A washer guards against mechanical
damage to the material being bolted and prevents
corrosion of the structural members. An aluminum
alloy washer should be used under the head and
nut of a steel bolt securing aluminum alloy or
magnesium alloy members. Any corrosion that
occurs then attacks the washer rather than the
members. Steel washers should be used when
joining steel members with steel bolts.

Whenever possible, the bolt should be placed
with the head cn top or in the forward position.
This positioning tends to prevent the bolt from
slipping out if the nut is accidently lost.

Be certain that the bolt grip length is correct.
Grip length is the length of the unthreaded portion
of the bolt shank. Generally speaking, the grip
length should equal the thickness of the material
being bolted together. However, bolts of slightly
greater grip length may be used if washers are
placed under the nut or the bolthead. In the
case of plate nuts, add shims under the plate.

Safetying of Bolts and Nuts

It is very important that all bolts or nuts, except
the self-locking type, be safetied after installation.
This prevents them from loosening in flight due to
vibration. Methods of safetying are discussed
later in this chapter.

TORQUE AND TORQUE WRENCHES

As the speed of an aircraft increases, each struc-
tural member becomes more highly stressed. Tt is
therefore extremely important that each member
carry no more and no less than the load for which
it was designed. In order to distribute the loads
safely throughout a structure, it is necessary that
proper torque be applied to all nuts, bolts, studs
and screws. Using the proper torque allows the
structure to develop its designed strength and
greatly reduces the possibility of failure due to
fatigue.



Torque Wrenches

The three most commonly used torque wrenches
are the flexible beam, rigid frame, and the ratchet
types (figure 6-12). When using the flexible beam
and the rigid frame torque wrenches, the torque
value is read visually on a dial or scale mounted
on the handle of the wrench.

To use the ratchet type, unlock the grip and
adjust the handle to the desired setting on the

Basic formula FX L =T
F = Applied force

micrometer type scale, then relock the grip.
Install the required socket or adapter to the square
drive of the handle. Place the wrench assembly
on the nut or bolt and pull the wrench assembly
on the nut or bolt and pull in a clockwise direction
with .a smooth, steady motion. (A fast or jerky
motion will result in an improperly torqued unit.)
When the applied torque reaches the torque value
which indicated on the handle setting, the handle
will automatically release or “break” and move

L = Lever length betwen centerline of drive and center-

line of applied force (F must be 90 degrees to L)

T = Torque

”E) DEGREES
¥ A

—

90
DEGREES

T
Yy : :

FLEXIBLE
BEAM

77
7

RATCHET

RIGID FRAME

Formula for use with extensions Tw = Te X A

B

A Lever length of wrench
B Lever length of wrench plus extension
Te Required torque on bolt

Tw Torque reading on wrench dial

Ficure 6-12. Common torque wrenches.
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Torque Values in Inch-Pounds for Tightening Nuts

On standard bolts, studs, and
serews having @ tensile strength
of 125,000 to 140,000 p.s.i,

On holts, studs,
and screws having
i tensile strength

of 140,000 to

On high-strength
bolts, studs,
and screws having
a tensile strength

Bolt, Stud 160,000 p.s.i. 160,000 p.s.i.
or Screw Size and over
Shear type nuts | Tension tvpe nuts
(AN320, AN364 and threaded Any nut, Any nut,
or cquivalent) machine parts except, except
{AN-310,AN365 shear type shear tvpe
or equivalent)
8.32 8-36 7-9 12-15 14-17 15-18
10-24 10-32 12-15 20-25 23-30 25.35
1/4-20 25-30 40-50 45-49 50-68
1/4-28 30-40 50-70 60-80 70-90
5/168-18 48-85 80-90 83-117 90-144
5/16-24 60-85 100-140 120-172 140-203
3/8-16 95-110 160-1385 173-217 185-248
3/8-24 95-110 160-180 175-271 190-351
7/16-14 140-155 235-255 245-342 255-428
7/16-20 270-300 450-500 475-628 300-758
1/2-13 240-290 400-480 440-636 480-792
1/2-20 290-410 480-690 585-840 690-990
9/16-12 300-420 300-700 800-845 700-950
9/16-18 480-600 800-1,000 900-1.220 1,000-1,440
5/8-11 420540 T00-300 800-1,125 900-1,350
5/8-18 660-780 1,160-1,300 1,200-1,730 1,300-2,160
3/4-10 700-950 1,150-1,600 1,380-1,925 1,600-2,250
3/4-16 1,300-1,500 2,300-2,500 2,400-3,500 2,500-4,500
7/8-9 1,300-1,800 2,200-3,000 2,600-3,570 3,000-4,140
7/8-14 1,500-1,800 2,500-3,0600 2,750-4,650 3,000-8,300
1"-8 2,200-3,000 3,700-5,000 4,350-5,920 5,000-6,840
17-14 2,200-3,300 3,700-5,500 4,600.7,250 5,300-9,000
11/88 3,300-4,000 3,500-6,500 6,000-8,65( 6,500-10,804
11/8-12 3.000-4,200 53,000-7,000 6,000-10,250 7,000-13,500
11/4-8 4,000-5,000 6,500-8,000 7,250-11.000 8,000-14,000
11/4-12 5,400-8,600 9,000-11.000 10,&00-16,750 11,000-22,500

Ficure 6-13. Standard torque table (inch-pounds}.
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freely for a short distance. The release and free
travel is easily felt, so there is no doubt about
when the torquing process is completed.

To assure getting the correct amount of torque
on the fasteners, all torque wrenches must be tested
at least once a month or more often if necessary.

NOTE: It is not advisable to nse a handle exten-
sion on a flexible heam type torque wrench at any
time. A handie extension alone has no effect on
the reading of the other types. The use of a drive-
end extension on any type of torque wrench makes
the use of the formula mandatory. When applying
the formula, force must be applied to the handle of
the torque wrench at the point from which the
measurements were taken. If this is not done, the
torque obtained will be in error.

Torque Tables

The standard torque table should be used as a
guide in tightening nuts, studs, bolts, and screws
whenever specific torque values are not called out
in maintenance procedures. The following rules
apply for correct use of the torque table (figure
6--13}) :

1. To obtain values in foot-pounds, divide

inch-pounds by 12.

Do not lubricate nuts or bolts except for

corrosion-resistant steel parts or where spe-

cifically instructed to do so.

. Always tighten by rotating the nut first if
possible. When space considerations make
It necessary to tighten by rotating the bolt-
head, approach the high side of the indi-
cated torque range. Do not exceed the
maximum allowable torque value.

. Maximum torque ranges should be used
only when materials and surfaces being
joined are of sufficient thickness, area, and
strength to resist breaking, warping, or
other damage.

. For corrosicn-resisting steel nuts, use torque
values given for shear type nuts,
The use of any type of drive-end extension
on a torque wrench changes the dial read-
ing required to obtain the actual values
indicated in the standard torque range
tables, When using a drive-end extension,
the forque wrench reading must be com-
puted by use of the proper formula, which
is included in the handbook accompanying
the torque wrench.

Cotter Pin Hole Line-Up
When tightening castellated nuts on bolts, the

cotter pin holes may not line up with the slots in

the nuts for the range of recommended values.

Except in cases of highly stressed engine parts, the

nut may be over tightened to permit lining up the

2.

2

el - o e

next slot with the cotter pin hole. The torque
loads specified may be used for all unlubricated
cadmium-plated steel nuts of the fine- or coarse-
thread series which have approximately equal
number of threads and equal face bearing areas.
These values do not apply where special torque
requirements are specified in the maintenance
manual.

If the head end, rather than the nut, must be
turned in the tightening operation, maximum
torque values may be increased by an amount
equal to shank friction, provided the latter is first
measured by a torque wrench.

AIRCRAFT SCREWS

Screws are the most commonly used threaded
fastening devices on aircraft. They differ from
bolts inasmuch as they are generally made of
lower strength materials. They can be installed
with a loose-fitting thread, and the head shapes
are made to engage a screwdriver or wrench.
Some screws have a clearly defined grip or un-
threaded portion while others are threaded along
their entire length.

Several types of structural screws differ from
the standard structural bolts only in head style.
The material in them is the same, and a definite
grip length is provided. The AN525 washer-head
screw and the NAS220 through NAS227 series
are such screws.

Commonly used screws are classified in three
groups: (1) Structural screws which have the
same strength as equal size bolis; (2) machine
screws, which include the majority of types used
for general repair; and (3) self-tapping screws,
which are used for attaching lighter parts. A
fourth group, drive screws, are not actually screws
but nails. They are driven into metal parts with
a mallet or hammer and their heads are not
slotied or recessed. ‘

Structural Screws

Structural screws are made of alloy steel, are
properly heat treated, and can be used as struc-
tural bolts. These screws are found in the NAS204
through NAS235 and AN509 and AN525 series.
They have a definite grip and the same shear
strength as a bolt of the same size. Shank toler-
ances are similar to AN hex-head bolts, and the
threads are National Fine. Structural screws are
available with round, brazier, or countersunk
heads. The recessed head screws are driven by
either a Phillips or a Reed and Prince screwdriver.

The AN5S09 (100°) flathead screw is used in




countersunk holes where a flush surface is neces-
sary.

The AN525 washer-head structural screw is
used where raised heads are not objectionable.
The washer-head screw provides a large contact
area.

Machine Screws

Machine screws are usually of the flathead
(countersunk), roundhead, or washer-head types.
These screws are general-purpose screws and are
available in low-carbon steel, brass, corrosion-
resistant steel, and aluminum ailoy.

Roundhead screws, AN515 and AN520, have
either slotted or recessed heads. The ANS13 screw
has coarse threads and the ANS20 has fine
threads.

Countersunk machine screws are listed as
ANS505 and ANS10 for 82°, and ANS5Q7 for 100°
The AN505 and AN510 correspond to the AN515
and AN520 roundhead in material and usage.

The fillister-head screw, AN500 through ANS03,
is a general-purpose screw and is used as a cap-
screw in light mechanisms. This could include
attachments of cast aluminum parts such as gear-
box cover plates.

The AN5S00 and ANS50] screws are available in
low-carbon steel, corrosion-resistant steel, and
brass. The ANS0U has coarse threads while the
ANS501 has fine threads. They have no clearly
defined grip length. Screws larger than No. 6 have
a hole drilled through the head for safetying
Purposes.

The AN502 and ANS503 fillister-head screws
are made of heat-treated alloy steel, have a small
grip, and are available in fine and coarse threads.
These screws are used as capscrews where great
strength is required. The coarse-threaded screws
are commonly used as capscrews in tapped alumi-
num alloy and magnesium castings because of the
softness of the metal.

Self-tapping Screws

Machine self-tapping screws are listed as AN504
and AN506. The AN504 serew has a roundhead, and
the ANS506 is 82° countersunk. These screws are
used for attaching removable parts, such as name-
plates, to castings and parts in which the screw
cuts its own threads.

AN530 and ANS531 self-tapping sheet-metal
screws, such as the Parker-Kalon Z-type sheet-
metal screw, are blunt on the end. They are used
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in the temporary attachment of sheet metal for
riveting, and in the permanent assembly of non-
structural assemblies. Self-tapping screws should
not be used to replace standard screws, nuts,
bolts, or rivets.

Drive Screws

Drive screws, AN535, correspond to the Parker-
Kalon U.-type. They are plain-head self-tapping
screws used as capscrews for attaching nameplates
in castings and for sealing drain holes in corresion
proofing tubular structures. They are not intended
to be removed after installation.

Identification and Coding

The coding system used io identify screws is
similar to that used for bolts. There are AN and
NAS screws. INAS screws are structural screws.
Part numbers 510, 515, 550, and so on, catalog
screws into classes such as roundhead, flathead,
washerhead, and so forth. Letters and digits
indicate their material composition, length, and
thickness. Examples of AN and NAS code num-
bers follow.

ANS01B-416-7
AN = Air Forece—Navy standard.
501 = fillister-head, fine thread.
B = brass.
416>= 4{-inch diameter.
7 = g-inch length.

The letter “D” in place of the “B” would
indicate that the material is 2017-T aluminum
alloy. The letter *C” would designate corrosion-
resistant steel. An “A” placed before the material
code letter would indicate that the head is drilled
for safetying.

NAS1I44DH-22
NAS = National Aircraft Standard.
144 = head style; diameter and thread—
14-28 holt, internal wrenching,
DH = drilled head.
22 = screw length in 16ths of an inch—
124 inches long.

The basic NAS number identifies the part. The
suffix letters and dash numbers separate different
sizes, plating material, drilling specifications, etc.
The dash numbers and suffix letters do not have
standard meanings. It is necessary to refer to a
specific NAS page in the Standards book for the
legend.



REPAIR OF DAMAGED INTERNAL THREADS

Installation or replacement of bolts is simple
when compared to the installation or replacement
of studs. Bolt heads and nuts are cut in the open,
whereas studs are installed into internal threads in
a casting or built-up assembly. Damaged threads
on bolts or nuts can be seen and only require re-
placement of the defective part. If internal threads
are damaged, two alternatives are apparent: the
part may be replaced or the threads repaired or
replaced.  Correction of the thread problem is
usually cheaper and more convenient. Two meth-
ods of repairing are by replacement bushings or
heli-coils.

Replacement Bushings

Bushings are usuvally special material (steel or
brass spark plug bushings into aluminum cylinder
heads). A material that will resist wear is used
where removal and replacement is frequent. The
external threads on the bushing are usually coarse.
The bushing is installed, a thread lock compound
may or may not be used, and staked to prevent
loosening. Many bushings have left-hand threads
external and right-hand threads internal. With
this installation, removal of the bolt or stud {right-
hand threads) tends to tighten the bushing.

Bushings for common installations such as spark
plugs may be up to .040 oversize (in increments
of .005). Original installation and overhaul shop
replacements are shrunk fit: a heated cylinder head
and a frozen bushing.

Heli-coils

Heli-coils are precision formed screw thread
coils of 18-8 stainless stee! wire having a diamond
shaped cross-section {figure 6-14), They form
unified coarse or unified fine thread classes 2-band
3B when assembled into (heli-coil) threaded holes.
The assembled insert accommodates UNJ (con-
trolled radius root} male threaded members. Each
insert has a driving tang with a notch to facilitate
removal of the tang after the insert is screwed into
a heli-coil tapped hole.

They are used as screw thread bushings. In
addition to being used to restore damaged threads,
they are used in the original design of missiles,
aircraft engines, and all types of mechanical equip-
tnent and accessories to protect and strengthen
tapped threads in light materials, metals, and
plastics, particularly in locations which require fre-
quent assembly and disassembly, and/or where a
screw locking action is desired.

Ficure 6-14. Heli-coil insert.

Heli-Coil Installation

Heli-coil installation (figure 6-15) is a 5 to 6
step operation, depending upon how the last step is
classed. The following steps are for instructional
purposes only. The manufacturer’s instructions
should be followed during installation.

Step 1: Determine what threads are damaged.

Step 2: (a) New installation of heli-coil, drill
out damaged threads to minimum
depth specified.

{b) Previously instailed heli-coil.
Using proper size extracting tool,
place edge of blade in 90° from
the edge of the insert. Tap with
hammer to seat tool. Turn to left,
applying pressure, until insert backs
out. Threads are not damaged if
insert is properly removed.

Step 8: Tap. Use the tap of required nominal
thread size. The tapping procedure is
the same as standard thread tapping.
Tap length must be eqgual to or exceed
the requirement.

Step 4: Gage. Threads may be checked with a
heli-coil thread gage.

Step 5: Insert Assembly. Using proper tool, in-
stall insert to a depth that puts end of
top coil ¥ to 34 turn below the top
surface of the tapped hole.
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Step 6: Tang break-off.
Seleet proper break-off tool. Tangs
should be removed from all drilled
through holes. In blind holes the tangs
may be removed when necessary if
enough hole depth is provided below
the tang of the installed insert.

These are not to be considered specific instructions
on heli-coil installation. The manufacturer’s in-
struction must be followed when making an in-
stallation.

Heli-coils are available for the following threads:
unified coarse, unified fine, metric, spark plug and
national taper pipe threads.

REPAIR OF DAMAGED HOLES WITH ACRES
FASTENER SLEEVES

Acres fastener sleeves -are thin wall, tubular,
elements with a flared end. The sleeves are in-
stalled in holes to accept standard bolts and rivet
type fasteners. The existing fastener holes are
drilled 14,-inch oversize for installation of the
sleeves. The sleeves are manufactured in one inch
increments.  Along their length grooves provide
a place to break or cut off excess length to match
fastener grip range. The grooves also provide a
place to hold adhesive or sealing agents when
bonding sleeve into the hole.

TAP

DRILL

FIGURE 6-15.

Advantages and Limitations

The sleeves are used in holes which must be
drilled Y,-inch oversize to clean up corrosion or
other damage. The oversize hole with the sleeve

‘installed allows the use of the original diameter

fastener in the repaired hole. The sleeves can be
used in areas of high galvanic corrosion where the
corrosion must be confined to a readily replaceable
part. Oversizing of holes reduces the net cross
sectional area of a part and should not be done
unless absolutely required.

The manufacturer of the aireraft, aircraft engine
or aircraft component should be consulted prior to
repair of damaged holes with acres sleeves.

Identification

The sleeve is identified by a standard code num-
ber {figure 6-16A) which represents the type
and style of sleeve, a material code, the fastener
shank diameter, surface finish code letter and grip
tang for the sleeve. The type and material of the
sleeve is represented by the basic code number.
The first dash number represents the diameter of
the sleeve for the fastener installed and the second
dash represents the grip length of the sleeve. The
required length of the sleeve is determined on
installation and the excess is broken off of the
steeve. A JK5512A-05N-10 is a 100° low profile
head sleeve of aluminum alloy. The diameter is
for a 54, inch fastener with no surface finish and
is 34 inch in length.

GAGE INSTALL

Heli-coil installation.
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ACRES Basic SLEEVE BOLT [[2) SLEEVE
SLEEVE TYPE Part Number PART NO. sm?l- LENGTH
\ i)
100 509 ‘
Tension JK5516()04 (J) | /8 8
Head Plus | JKS610 JK5517()04 (X)
Flange
}ﬁ%i;{ M5 (X))
, TKS516045 () #5 8
Protrudin, JKS517( 45 ()}
Head (SI\%ar) JKs511
chsgug ;05 ( ;8 L
JKS5512()05 (
106° Low JKss1e(0s (X) | 3% |
Profile Head | JK5512 JKS517()05 ()()
4
JK5511{)55 (X )
JK5512()55 (X )
100° Standard JK5516()55 (}) | #8 ¢!
Profile Head JK5516 IK5517()55 (X}
a {509 Type) JK5810()55()()
JK5511()08 {X)
JK5312()06 (X()
. JK5516( 08 (X) | #1o 12
Protruding K5517 JK5517()08 ( )()
Head (Tension) | J JK5610{ )08 (X )
JK5511(508 (X)
JK3512()08 { )()
100° Oversize TKS5180)08 () | 174 18
Tension Head 3 JKS517()08 ())
(1/64 Oversize JRS53 JK5610{ )08 {)()
V Bolt)
JKS511()10()()
JK5512()10()X)
‘ JK5516()10 () ) | 5/16 18
PART NUMBER BREAKDOWN JK551T( N0 ()}
JK5511 A 04 N 08 L JK5610()10 ()}
L—“L" at end of part number indicates
cetyl alchol lubricant ﬁégg}ég ;ig E 38
Length in sixteenth inch increments. JK5518{)12 (X) | 3/8 16
(R gr.:irecl installation length by JKS517(012 ()} )
breaking off at proper groove} JK5610()12 (X )
o+ .
Su z}ﬁe:ﬁ:fl}inish ACRES SLEEVE FOR 1/64 OVERSIZE BOLT
C = Chemical film per
SLEEVE BOLT SLEEVE
MIL-C-554) PART NO. (1] |sizE Ot
Fastener shank diameter JK5533()06 ()() | 13/64 12
n s pm gk
i 21/64 18
Material eode @ ' JK5533()12 (X ) | 25/24 18
Basic part number
— NOTES
MATERIAL
MATERIAL ‘ CODE D Acres sleeve, JK5533 1/64 oversize available in
5052 Aluminum alloy (1/2 hard) A A286 steel only.
606! Aluminum alloy (T6 condition) B @ Acres sleeve length in sixteenth inch increments.
A286 Stainless steel {passivate) c

Ficure 6-16A. Acres sleeve identification.
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HOLE PREPARATION FOR 1/64 OVERSIZE BOLT

BOLT | DRILL | DRILL | %
SIZE NO. DIA.

Existing
13/64 7/32 0.2187 Fastener
17/64 9/32 0.2812
21§B4 11/32 0.3437
25/64 13/32 0.4062 R—A
=

Acres Sleeve

HOLE PREPARATION

STANDARD CLOSE
FIT FIT 1/64 Oversize Hole .

BOLT | DRILL | DRILL | DRILL | DRILL Structure
SIZE NO. DIA. NO. DIA.

1/8 9/64 (1.1406 28 0.1405

#8 23 0.1540 24 0.1520

5/32 11/64 0.1719 18 0.1695

#8 15 .0.1860 18 0.1770

#10 5 0.2055 6 0.2040

1/4 14 0.2660 17/64 0.2656

5/16 21/64 | 0.3281

3/8 25/64 0.3808

[ INSTALLATION PROCEDURE]
A. DRILI, OUT CORROSION OR DAMAGE
TO EXISTING HOLE TO 1/64 OVERSIZE.
B. SELECT PROPER TYPE AND LENGTH '
ACRES SLEEVE FOR EXISTING FASTENER. ACRES SLEEVE INSTALLATION
C. BOND SLEEVE IN STRUCTURE HOLE
WITH MIL-5-8802 CLASS A 1/2 SEALANT.

Ficure 6-16B. Acres sleeve identification.

Hole Prepardtion 8802A1/2 sealant. Reinstall original size fastener
See figure 6-16 for drill number for standard and torque as required.

or close fit holes. Inspect hole after drilling to S| R I

assure all corrosion is removed before installing eeve Remova '

the sleeve. The hole must also be the correct shape Sleeves not bonded in the hole may be removed

and free from burrs. The countersink must be Dy either driving them out Wi‘ih 2 drift pin of the
enlarged to receive the flare of the sleeve so the same diameter as the outside diameter of the sleeve

sleeve is flush with the surrounding surface. or. they may be deformed and removed with a
pointed tool. Bonded sleeves may be removed by
Installation this method, but care should be used not to damage

After the correct type and diameter sleeve have  the structure hole. If this method cannot be used,
been selected, use the 6501 sleeve breakoff tool for  drill the sleeves out with a drill 0.004 to 0.008
final installation length. See figure 6-16B for the  smaller than the installation drill size. The re-

sleeve breakoff procedure. The sleeve may be in-  maining portion of the sleeve after drilling can be
stalled with or without being bonded in the hole.  removed using a pointed tool and applying an
When bonding the sleeve in a hole, use MIL-S-  adhesive solvent to the sealant.
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Ficure 6-17. Dzus fastener.

TURNLOCK FASTENERS

Turnlock fasteners are used to secure inspection
plates, doors, and other removable panels on air-
craft. Turnlock fasteners are also referred to by
such terms as quick-opening, quick-action, and
stressed-panel fasteners. The most desirable fea-
ture of these fasteners is that they permit quick
and easy removal of access panels for inspection
and servicing purposes.

Turnlock fasteners are manufactured and sup-
plied by a number of manufacturers under various
trade names. Some of the most commonly used
are the Dzus, Camloc, and Airloc.

Dzus Fasteners

The Dzus turnlock fastener consists of a stud,
grommet, and receptacle. Fignre 6-17 illustrates
an installed Dzus fastener and the various parts.

The grommet is made of alaminum or aluminum
alloy material. It acts as a holding device for the
stud. Grommets can be fabricated from 1100
aluminum tubing, if none are available from
normal sources,

The spring is made of steel, cadmium plated to
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prevent corrosion. The spring supplies the force
that locks or secures the stud in place when two
assemblies are joined.

The studs are fabricated from steel and are
cadmium plated. They are available in three head
styles; wing, flush, and oval. Body diameter,
length, and head type may be identified or de-
termined by the markings found on the head of
the stud, (See figure 6-18.) The diameter is always
measured in sixteenths of an inch. Stud length is
measured in hundredths of an inch and is the
distance from the head of the stud to the bottom
of the spring hole.

A quarter of a turn of the stud (clockwise)
locks the fastener. The fastener may be unlocked
only by turning the stud counterclockwise. A

DZUS '

6%

A

F — Flush head
6%—Body diameter in 16th’s of an inch
.50 — Length (50/100th’s of an inch)

Ficure 6-18. Dzus identification.




sunk, or counterbored hole, depending upon the
location and thickness of the material involved.

A quarter turn {clockwise)} of the stud locks the
fastener. The fastener can be unlocked only by
turning the stud counterclockwise.

Airlec Fasteners

The Airloc fastener shown in figure 6-20 con-
sists of three parts, a stud, a cross pin, and a stud
receptacle. The studs are manufactured from steel
and case hardened to prevent excessive wear. The
stud hole is reamed for a press fit of the cross pin.

The total amount of material thickness to be
secured with the Airloc fastener must be known
before the correct length of stud can be selected
for installation. The total thickness of material
that each stud will satisfactorily lock together is
stamped on the head of the stud in thousandths
of an inch (040, .070, .190, ete.). Studs are manu-
factured in three head styles; flush, oval, and wing.

Figure 6-19. Camloc fastener.

Dzus key or a specially ground screwdriver locks
or unlocks the fastener.

Camloc Fasteners

Camloc fasteners are made in a variety of styles
and designs. Included among the most commonly
used are the 2600, 2700, 40351, and 4002 series
in the regular line, and the stressed-panel fastener
in the heavy-duty line. The latter is used in
stressed panels which carry structural loads.

The Camloc fastener is used to secure aircraft
cowlings and fairings. It consists of three parts;
a stud assembly, a grommet, and a receptacle.
Two types of receptacles are available, the rigid
type and the floating type. Figure 6-19 illustrates
the Camloc fastener.

The stud and grommet are installed in the

removable portion'; the receptacle is riveted to the Cross pin
structure of the aircraft. The stud and grommet
are installed in either a plain, dimpled, counter- Ficure 6-20. Airloc fastener.
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1/8-3/8 Diameter 7 X 19

1/16 ~ 3732 Diameter 7 x 7

7 sh'ands_, 19 wires
to each strand

e e e

Ficure 6-21. Cable cross sections.

The cross pin. (figure 6-20) is manufactured
from chrome-vanadium steel and heat treated to
provide maximum strength, wear, and holding
power. It should never be used the second time;
once removed from the stud, it should be replaced
with a new pin.

Receptacles for Airloc fasteners are manufac-
tured in two types, rigid and floating. Sizes are
classified by number—No. 2, No. 5, and No. 7.
They are also classified by the center-to-center
distance between the rivet holes of the receptacle:
No. 2, 3{ inch; No. 5, 1 inch; and No. 7, 134 inch.
Receptacles are fabricated from high-carbon, heat-
treated steel. An upper wing assures ejection of
the stud when unlocked and enables the cross pin
to be held in a Jocked position between the upper
wing, cam, stop, and wing detent, regardless of
the tension to which the receptacle is subjected.

CONTROIL. CABLES

Cables are the most widely used linkage in
primary flight control systems. Cable-type linkage
is also used in engine controls, emergency exten-
sion systems for the landing gear, and various
other systems throughout the aircraft,

Cable-type linkage has several advantages over

the other types. It is strong and light in weight,

and its flexibility makes it easy to route through
the aircraft. An aircraft cable has a high me.
charical efficiency and can be set up without back.
lash, which is very important for precise control.

Cable linkage also has some disadvantages.
Tension must be adjusted frequently due to
stretching and temperature changes.

Aircraft control cables are fabricated from car-

bon steel or stainless steel.

Cable Construction

The basic component of a cable is a wire. The

- diameter of the wire determines the total diameter

of the cable. A number of wires are preformed into
a helical or spiral shape and then formed into 2
strand. These preformed strands are laid around
a straight center strand to form a cable.

Cable designations are based on the number of
strands and the number of wires in each strand.
The most common aircraft cables are the 7 X 7
and 7 X 19.

The 7 X 7 cable consists of seven strands of
seven wires each. Six of these strands are laid
around the center strand (see figure 6-21).This
i a cable of medium flexibility and is used for
trim tab controls, engine controls, and indicator
controls.

The 7 X 19 cable is made up of seven strands
of 19 wires each. Six of these strands are laid
around the center strand (see figure 6-21). This
cable is extra flexible and ig used in primary
control systems and in other places where oper-
ation over pulleys is frequent.

Aircraft control cables vary in diameter, ranging
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from lf; to 24 inch. The diameter is measured as
shown in figure 6-21.

Cable Fittings

Cables may be equipped with several different
types of fittings such as terminals, thimbles,
bushings, and shackles.

Terminal fittings are generally of the swaged
type. They are available in the threaded end,
fork end, eve end, single-shank ball end, and
double-shank ball end. The threaded end, fork
end, and eye end terminals are used to connect
the cable to a turmbuckle, bellcrank, or other
linkage in the system. The ball-end terminals are
used for attaching cables to quadrants and special
connections where space is limited. Figure 6-22
illustrates the various types of terminal fittings.

The thimble, bushing, and shackle fittings may
be used in place of some types of terminal fittings
when facilities and supplies are limited and im-
mediate replacement of the cable is necessary.

Turmbuckles

A turnbuckle assembly is a mechanical screw
device consisting of two threaded terminals and
a threaded barrel. Figure 6-23 illustrates a typical
turnbuckle assembly.

Turnbuckles are fitted in the cable assembly for
the purpose of making minor adjustments in cable
fength and for adjusting cable tension. Ome of
the terminals has right-hand threads and the
other has left-hand threads. The barrel has match-
ing right- and left-hand internal threads. The end
of the barrel with the left-hand threads can usually
be identified by a groove or knurl around that
end of the barrel.

When installing a turnbuckle in a control sys-
tem, it is necessary to screw both of the terminals
an equal number of turns into the barrel. It is
also essential that all turnbuckle terminals be
screwed into the barrel until not more than three
threads are exposed on either side of the turn-
buckle barrel.

After a turnbuckle is properly adjusted, it must
be safetied. The methods of safetying turnbuckles
are discussed later in this chapter.

PUSH-PULL TUBE LINKAGE

Push-pull tubes are used as linkage in various
types of mechanically operated systems. This

SSS —g m———

ANB63 Double shank ball end terminal

m

AN864 Single shank ball end terminal

AN685 Rod end terminal

e —

AN666 'Threaded cable terminal

AN688 Eye end cable terminal

Ficure 6-22. Types of terminal fittings.

type linkage eliminates the problem of varying
tension and permits the tramsfer of either com-
pression or tension stress through a single tube.

A push-pull tube assembly consists of a hollow
aluminum alloy or steel tube with an adjustable
end fitting and a checknut at either end. (See
figure 6-24.) The checknuts secure the end fittings
after the tube assembly has been adjusted to its
correct length. Push-pull tubes are generally made
in short lengths to prevent vibration and bending
under compression loads.

PINS

The three main types of pins used in aircraft
structures are the taper pin, flathead pin, and
cotter pin. Pins are used in shear applications and
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Swaged terminal

Length ( Threads flush with ends of barrel)

Pin eye

Figure 6-23. Typical turnbuckle assembly.

for safetying. Roll pins are finding increasing
uses in aircraft construction.

Taper Pins

Plain and threaded taper pins (AN385 and
AN386) are used in joints which carry shear
loads and where absence of play is essential. The
plain taper pin is drilled and usually safetied
with wire. The threaded taper pin is used with a
taper-pin washer (AN975) and shear nut (safetied
with cotter pin) or self-locking nut.

Flathead Pin

Commonly called a clevis pin, the flathead pin
(MS20392) is used with tie-rod terminals and in
secondary controls which are not subject to con-
tinuous operation. The pin is customarily installed
with the head up so that if the cotter pin fails or
works out, the pin will remain in place.

Cotter Pins

The AN380 cadmium-plated, low-carbon steel
cotter pin is used for safetying bolts, screws, nats,
other pins, and in various applications where such
safetying is necessary. The AN381 corrosion-
resistant steel cotter pin is used in locations where
nonmagnetic material is required, or in locations
where resistance to corrosion is desired.

Rollpins

The rollpin is a pressed-fit pin with chamfered
ends, It is tubular in shape and is slotted the full
length of the tube. The pin is inserted with hand
tools and is compressed as it is driven into place.
Pressure exerted by the roll pin against the hole
walls keeps it in place, until deliberately removed
with a drift punch or pin punch.

SAFETY METHODS

Safetying is the process of securing all aircraft,
bolts, nuts, screws, pins, and other fasteners so
that they do not work loose due to vibration. A
familiarity with the various methods and means of
safetying equipment on an aircraft is necessary
in order to perform maintenance and inspection.

There are various methods of safetying aircraft
parts. The most widely used methods are safety
wire, cotter pins, lockwashers, snap-rings, and
special nuts, such as self-locking nuts, pal nuts,
and jamnuts. Some of these nuts and washers
have been previously described in this chapter.

Safety Wiring

Safety wiring is the most positive and satis-
factory method of safetying capscrews, studs, nuts,
boltheads, and turnbuckle barrels which cannot
be safetied by any other practical means. It is a
method of wiring together two or more units in

Self-aligning,
anti-friction
rod end
assembly,
adjustable

Check nut Rod end-threaded

Tube, steel or
aluminum alloy

Ficure 6-24. Push-pull tube assembly.
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Fieure 6-25. Safety wiring methods.

such a manner that any tendency of one to loosen
is counteracted by the tightening of the wire.

Nuts, Bolts, and Screws

Nauts, bolts, and screws are safety wired by the
single-wire or double-twist method. The double-
twist method is the most common method of
safety wiring. The single-wire method may be
used on small screws in a closely spaced closed
geometrical pattern, on parts in electrical systems,
and in places that are extremely difficult to reach.

Figure 6-25 is an illustration of various methods
which are commonly used in safety wiring nuts,
bolts, and screws. Careful study of figure 6-25
shows that: :

a. Examples 1, 2, and 5 illustrate the proper
method of safety wiring bolts, screws, square-
head plugs, and similar parts when wired in
pairs.

b. Example 3 illustrates several components
wired in series.

¢. Example 4 illustrates the proper method
of wiring castellated nuts and studs. (Note
that there is no loop arcund the nut.)

d. Examples 6 and 7 illustrate a single-
threaded component wired to a housing or lug.
e. Example 8 illustrates several components
in a clogely spaced closed geometrical pattern,
using a single-wire method.

146

When drilled-head bolts, screws, or other parts
are grouped together, they are more conveniently
safety wired to each other in a series rather than
individually. The number of nuts, bolts, or screws
that may be safety wired together is dependent
on the application. For instance, when safety-
wiring widely spaced bolts by the double-twist
method, a group of three should be the maximum
number in a series.

When safety-wiring closely spaced bolts, the
number that can be safety-wired by a 24-inch
length of wire is the maximum in a series. The
wire is arranged so that if the bolt or screw begins
to loosen, the force applied to the wire is in the
tightening direction.

Parts being safety.wired should be torqued to
recommend values and the holes aligned before
attempting the safetying operation. Never over
torque or loosen a torqued nut to align safety
wire holes.

Qil Caps, Drain Cocks, and Valves

These units are safety wired as shown in figure
6-26. In the case of the oil cap, the wire is an-
chored to an adjacent fillister head screw.

This system applies to any other unit which
must be safety wired individually. Ordinarily,
anchorage lips are conveniently located near these
individual parts. When such provision is not
made, the safety wire is fastened to some adjacent
part of the assembly.



Drain cocks

Note: The safety wire is
shown installed for
right-hand threads. The
safety wire is routed in the
opposite direction for left-hand
threads.

FIGURE 6-26. Safety wiring oil caps, drain cocks, and valves.

Electrical Connectors

Under conditions of severe vibration, the coup-
ling nut of a connector may vibrate loose, and
with sufficient vibration the connector may come
apart. When this occurs, the circuit carried by
the cable opens. The proper protective measure
1o prevent this occurrence is by safety wiring as
shown in figure 6-27. The safety wire should be
- as short as practicable and must be installed in
such a manner that the pull on the wire is in the
direction which tightens the nut on the plug.

AN3102 receptacle

Bulkhead

Turnbuckles

After a turnbuckle has been properly adjusted,
it must be safétied. There are several methods of
safetying turnbuckles; however, only two methods
will be discussed in this section. These methods
are illustrated in figure 6-28 (A) and 6-28 (B).
The clip-locking method is used only on the most
modern aircraft. The older type aircraft still use
the type turnbuckles that require the wire-wrap-
ping method.

_./ AN Standard fillister head screw {drilled head)

&

=
=
O
ray

AN3106 plug

ii\

ANBOST adapter

Ficure 6-27, Safety wiring attachment for plug connectors.
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Turnbuckle fork

i Turnbuckle barrel
AN161 or AN162 Lack wire

Czble

4 turns wrap

Tumbuckle eye Thimble AN100

-AN170
Lock wire 4 turns wrap
r v o
it RS “”‘:::“*:?’n}
_-““L y l
Swaged terminal
(B) ANGE8 or ANBBY

Ficure 6-28. Safetying turnbuckles;
(A) Clip-locking method; (B) wire-wrapping method.

Double-wrap Method although the single-wrap methods described are

. satisfactory. The method of double-wrap safetying
Of the methods using safety wire for safetying  is shown in figure 6-28 (B)

. Use two separate
turnbuckles, the double-wrap method is preferred,

lengths of the proper wire as shown in figure 6-20.
148



Diameter of Material (annealed

Cable size Type of wrap  safety wire condition}
(in.) (in.)
e = e Single .020 Stainless steel
- e Single .040 Copper, brass
G o Stngle .040 Stainless steel
L i Double .040 Copper, brass
SN Single 057 min Copper, brass!
5% and greater_______.______________________.. Single .057 Stainless steel

1. Galvanized or tinned steel, or soft iron wires are also acceptable.

Ficure 6-29. Turnbuckle safetying guide.

Run one end of the wire through the hole in the
barrel of the turnbuckle and bend the ends of
the wire towards opposite ends of the turnbuckle.
Then pass the second length of the wire into the
hole in the barrel and bend the ends along the
barrel on the side opposite the first. Then pass
the wires at the end of the turnbuckle in opposite
directions through the holes in the turnbuckle
eyes or between the jaws of the turnbuckle fork,
as applicable. Bend the laid wires in place before
cutting off the wrapped wire.. Wrap the remaining
length of safety wire at least four turns around
the shank and cut it off. Repeat the procedure at
the opposite end of the turnbuckle.

When a swaged terminal iz being safetied, pass
the ends of both wires, if possible, through the
hole provided in the terminal for this purpose and
wrap both ends around the shank as described
above.

If the hole is not large enough to allow passage
of both wires, pass the wire through the hole and
loop it over the free end of the other wire, and
then wrap both ends around the shank as de-
gcribed.

Single-wrap Method

The single-wrap safetying methods described
in the following paragraphs are acceptable but
are not the equal of the double-wrap methods.

Pass a single length of wire through the cable
eye or fork, or through the hole in the swaged
terminal at either end of the turnbuckle assembly.
Spiral each of the wire ends in opposite directions
around the first half of the turnbuckle barre! so
that the wires cross each other twice. Thread
both wire ends through the hole in the middle of
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the barrel so that the third crossing of the wire
ends is in the hole. Again, spiral the two wire
ends in opposite directions around the remaining
half of the turnbuckle, crossing them twice. Then,
pass one wire end through the cable eye or fork,
or through the hole in the swaged terminal. In
the manner described above, wrap both wire ends
around the shank for at least four turns each,
cutting off the excess wire.

An alternate to the above method is to pass one
length of wire through the center hole of the turn-
buckle and bend the wire ends toward opposite
ends of the turnbuckle. Then pass each wire end
through the cable eye or fork, or through the
hole in the swaged terminal and wrap each wire
end around the shank for at least four turns,
cutting off the excess wire. After safetying, no
more than three threads of the turnbuckle
threaded terminal should be exposed.

General Safety Wiring Rules

When using the safety wire method of safe-
tying, the following general rules should be fol-
lowed:

1. A pigtail of 4 to 14 inch (three to six
twists) should be made at the end of the
wiring. This pigtail must be bent back or
under to prevent it from becoming a snag.

. The safety wire must be new upon each
application.

. When castellated nuts are to be secured
with safety wire, tighten the nut to the
low side of the selected torque range, unless
otherwise specified, and if necessary, con-
tinue tightening until a slot aligns with
the hole.




Preferred

Optional

Ficure 6-30. Cotter pin installations.

. All safety wires must be tight after instal-
lation, but not under such tension that
normal handling or vibration will break
the wire.

. The wire must be applied so that all pull
exerted by the wire tends to tighten the
nut.

. Twists should be tight and even, and the
wire between the nuts as taut as possible
without overtwisting.

. The safety wire should always be installed
and twisted so that the loop around the
head stays down and does not tend to
come up over the bolthead, causing a
slack loop.

Cofter Pin Safetying

Cotter pin installation is shown in figure 6-30.
Castellated nuts are used with bolts that have
been drilled for cotter pins. The cotter pin should
fit neatly into the hole, with very little sideplay.
The following general rules apply to cotter pin
safetying:

1. The prong bent over the bolt end should
not extend beyond the bolt diameter. (Cut
it off if necessary.)

. The prong bent down should not rest
against the surface of the washer. (Again,
cut it off if necessary.)

If the optional wraparound method is
used, the prongs should not extend out-
ward from the sides of the nut.

All prongs should be bent over a reason-
able radius. Sharp-angled bends invite
breakage. Tapping lightly with a mallet
is the best method of bending the prongs.

Snaprings

A snapring is a ring of metal, either round or
flat in cross section, which is tempered to have

150

springlike action. This springlike action will hold
the snapring firmly seated in a groove, The ex-
ternal types are designed to fit in a groove around
the outside of a shaft or cylinder. The internal
types fit in a groove inside a cylinder. A special
type of pliers is designed to install each type of
snapring.

Snaprings can be reused as long as they retain
their shape and springlike action.

External-type snaprings may be safety wired,
but internal types are never safetied. Safety wiring
of an external type snapring is shown in figure
6-31.

RIVETS

An aireraft, even though made of the best
materials and strongest parts, would be of doubtful
value unless those parts were firmly held together.

Several methods are used to hold metal parts
together; they include riveting, bolting, brazing,
and welding. The process used must produce a
union that will be as strong as the parts that
are joined.

Aluminum and its alloys are difficult to solder.
To make a good union and a strong joint, alumi.
num parts can be welded, bolted, or riveted to-
gether. Riveting is satisfactory from the stand-
point of strength and neatness, and is much easier
to do than welding, It is the most common method
used to fasten or join aluminum alloys in aircraft
construction and repair,

A rivet is a metal pin used to hold two or
more metal sheets, plates, or pieces of material
together. A head is formed on one end when the
rivet is manufactured. The shank of the rivet is
placed through matched holes in two pieces of
material, and the tip is then upset to form a
second head to clamp the two pieces securely
together. The second head, formed either by
hand or by preumatic equipment, is called a
“shop head.” The shop head functions in the

Single-wire
method

Ficure 6-31. External type snap ring with safety
wire installed.
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same manner as a nut on a bolt. In addition to
their use for joining aircraft skin sections, rivets
are also used for joining spar sections, for holding
rib sections in place, for securing fittings to
various parts of the aircraft, and for fastening
innumerable bracing members and other parts
together.

Two of the major types of rivets used in the
aircraft are the common solid-shank type, which
must be driven using a bucking bar, and the
special (blind) rivets, which may be installed
where it is impossible 1o use a bucking bar.

Solid-Shank Rivets

Solid-shank rivets are generally used in repair
work. They are identified by the kind of material
of which they are made, their head type, size of
shank, and their temper condition. The desig-
nation of the solid-shank rivet head type, such as
universal head, roundhead, flathead, countersunk
head, and brazier head, depends on the cross
sectional shape of the head (see figure 6-33). The
temper designation and strength are indicated by
special markings on the head of the rivet.

The material used for the majority of aircraft
solid-shank rivets is aluminum alloy. The strength
and temper conditions of aluminum alloy rivets
are identified by digits and letters similar to those
adopted for the identification of strength and
temper conditions of aluminum and alumpum
alloy sheet stock. The 1100, 2017.T, 2024-T,
2117-T, and 5056 rivets are the five grades usually
availabie.

The 1100 rivet, which is composed of 99.45
percent pure aluminum, js very soft. It is for
riveting the softer aluminum alloys, such as 1100,
3003, and 5052, which are used for nonstructural
parts (all parts where strength is not a factor).
The riveting of map cases is 4 good example of
where a rivet of 1100 aluminum alloy may be
used.

The 2117-T rivet, known as the field rivet, is
used more than any other for riveting aluminum
alloy structures. The field rivet is in wide demand
because it is ready for use as received and needs
no further heat-treating or annealing. It also has
a high resistance to corrosion.
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The 2017-T and 2024.T rivets are used in
aluminum alloy structures where more strength
is needed than is obtainable with the same size
2217-T rivet, These rivets are annealed and must
be kept refrigerated until they are to be driven.
The 2017-T rivet should be driven within ap-
proximately 1 hour and the 2024-T river within
10 to 20 minutes after removal from refrigeration.

The 5056 rivet is used for riveting magnesium
alloy structures because of its corrosion-resistant
qualities in combination with magnesium.

Mild steel rivets are used for riveting steel
parts. The corrosion-resistant steel rivets are for
riveting corrosion-resistant steels in firewalls, ex-
haust stack brackets, and similar structures.

Monel rivets are used for riveting nickel-steel
alloys. They can be substituted for those made of
corrosion-resistant steel in some cases.

The use of copper rivets in aircraft repair is
limited. Copper rivets can be used only on copper
alloys or nonmetallic materials such as leather.

Metal temper is an important factor in the
riveting process, especially with aluminum alloy
rivets. Aluominum alloy rivets have the same heat--
treating characteristics as aluminum alloy sheet
stock. They can be hardened and annealed in
the same manner as sheet aluminum. The rivet
must be soft, or comparatively soft, before a good
head can be formed. The 2017-T and 2024-T
rivets are annealed before being driven. They
harden with age.

The process of heat treating (annealing) rivets
is much the same as that for sheet stock. Either
an electric air furnace, a salt bath, or a hot oil
bath is needed. The heat treating range, de-
pending on the alloy, is 625° F. to 950° F. For
convenient handling, rivets are heated in a tray
or a wire basket. They are quenched in cold
water (70° F.) immediately after heat treating.

The 2017-T and 2024-T rivets, which are heat-
treatable rivets, begin to age-harden within a few
minutes after being exposed to room temperature.
Therefore, they must be used immediately after
quenching or else be placed in cold storage. The
most commonly used means for holding heat-




treatable rivets at low temperature (below 32° F.)
is to keep them in an electric refrigerator. They
are referred to as “icebox™ rivets. Under this
storage condition, they will remain soft enough
for driving for periods up to 2 weeks. Any rivets
not used within that time should be removed for
re-heat treating.

Icebox rivets attain about one-half their maxi-
mum strength in approximately 1 hour after
driving and full strength in about 4 days. When
2017-T rivets are exposed to room lemperature
for 1 hour or longer, they must be subject to
re-heat treatment. This also applies to 2024.T
rivets exposed to room ternperature for a period
exceeding 10 minutes.

Once an icebox rivet has been taken from the
refrigerator. it should not he mixed with the
rivets still in cold storage. If more rivets are
removed from the icebox than can be used in 15
minutes, they should be placed in a separate
container and stored for re-heat treatment. Heat
treatment of rivets may be repeated a numnber of
times if done properly. Proper heating times and
temperatures are:

Heating time—air furnace

Time at Heat treating
Rivet alloy temperature  temperature
2024 ___ . _____ 1 hour 910°F.—930°F.
2007 . 1 hour 925°F.—950°F.
Heating time—salt bath
2024 _._____ 30 minutes 910° F.—930° F.
2007 .. __. 30 minuvtes 925° F.—950° F.

Most metals, and therefore aircraft rivet stock,
are subject to corrosion. Corrosion may be
the result of local climatic conditions or the
fabrication process used. It is reduced to a mini-
mum by using metals which are highly recistant
1o corrosion and possess the correct strength-to-
weight ratio.

Ferrous metals placed in contact with meoist
salt air will rust if not properly protected.
Nonferrous metals, those without an iron base,
do not rust, but a similar process known as cor-
rosion takes place. The salt in moist air (found
in the coastal areas) attacks the aluminum alloys.
It is a common experience to inspect the rivets
of an aircraft which has been operated near salt
water and find them badly corroded.

If a copper rivet is inserted into an aluminum
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Group A Group B
1100 2117
3003 2017
5052 2124
6053 7075

Ficure 6-32. Aluminum groupings.

alloy structure, two dissimilar metals are brought
in contact with each other. Remember, all metals
possess a small electrical potential. Dissimilar
metals in contact with each other in the presence
of moisture cause an electrical current to flow
between them and chemical by-products to be
formed. Principally, this results In the deterior-
ation of one of the metals.

Certain aluminum alloys react to each other
and, therefore, must be thought of as dissimilar
metals. The commonly used aluminum alloys may
be divided into the two groups shown in figure
6-32.

Members within either group A or group B
can be considered as similar to each other and
will not react to others within the same group. A
corroding action will take place, however, if any
metal of group A comes in contact with a metal
in group B in the presence of moisture.

Avold the use of dissimilar metals whenever
possible. Their incompatibility is a factor which
was considered when the AN Standards were
adopted. To comply with AN Standards, the
manufacturers must put a protective surface
coating on the rivets. This may be zinc chromate,
metal spray, or an anodized finish.

The protective coating on a rivet is identified
by its color. A rivet coated with zine chromate is
vellow, an anodized surface js pearl gray, and the
metal-sprayed rivet is identified by a silvery-gray
color. If a situation arises in which a protective
coating must be applied on the job, paint the
rivet with zinc chromate before it is used and
again after it is driven.

Identification

Markings on the heads of rivets are used to
classify their characteristics. These markings may
be either a raised teat, two raised teats, a dimple,
a pair of raised dashes, a raised cross, a single
triangle, or a raised dash:; some other heads have
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no markings. The different markings indicate the
composition of the rivet stock. As explained
previously, the rivets have different colors to
identify the protective surface coating used by
the manufacturers.

Roundhead rivets are used in the interior of
the aircraft, except where clearance is required
for adjacent members. The roundhead rivet has
a deep, rounded top surface. The head is large
enough to strengthen ihe sheet around the hole
and, at the same time, offer resisiance to tension.

The flathead rivet, like the roundhead rivet, is
used on interior structures. It is used where
maximum strength 1s needed and where there
isn’t sufficient clearance to use a roundhead rivet.
It is seldom, if ever, used on external surfaces.

The brazier head rivet has a head of large di-
ameter, which makes it particularly adaptable
for riveting thin sheet stock {skin}. The brazier
head rivet offers only slight resistance to the air-
flow, and because of this factor, it is frequently
used for riveting skin om exterior surfaces, es-
pecially on aft sections of the fuselage and empen.
nage. It is used for riveting thin sheets exposed
to the slipsiream. A modified brazier head rivet

is also manufactured: it is simply a brazier head .

of reduced diameter.

The universal head rivet is a combination of
the roundhead, flathead, and brazier head. It is
used in aircraft construction and repair in both
interior and exterior locations. When replacement
is necessary for protruding head rivets—round-
head, flathead, or brazier head—they can be
replaced by universal head rivets.

The countersunk head rivet is flat topped and
heveled toward the shank so that it fits into a
countersunk or dimpled hole and is flush with
the material’s surface. The angle at which the
head slopes may vary from 78° to 120°. The 100°
rivet is the most commonly used type. These
rivets are used to fasten sheets over which other
sheets must fit. They are also used on exterior
surfaces of the aircraft because they offer only
slight resistance to the slipstream and help to
minimize turbulent airflow.

The markings on the heads of rivets, indicate
the material of which they are made and, there-
fore, their strength, Figure 6-33 identifies the
rivet head markings and the materials indicated
by them. Although there are three materials indi-
cated by a plain head, it is possible to distinguish
their difference by color. The 1100 is aluminum
color; the mild steel is a typical steel color; and
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the copper vivet is a copper color. Any head
marking can appear on any head style of the
same material.

Each type of rivet is identified by a part number
so that the user can select the correct rivet for
the job. The type of rivet head is identified by
AN or MS standard numbers. The numbers se-
lected are in series and each series represents a
particular type of head. (See figure 6-33.) The
most common numbers and the types of heads
they represent are:

AN426 or MS20426—countersunk head rivets
(100°). .

AN430 or M520430—roundhead rivets.

AN441—flathead rivets.

AN456—brazier head rivets.

AN470 or M5320470—universal head rivets.

There are also letters and numbers added to a
part number. The letters designate alloy content;
the numbers, rivet diameter and length. The
letters in common use for alloy designation are:

A-—Aluminum alloy, 1100 or 3003 compo-
sition.

AD—Aluminum alloy, 2117-T compostition.

D— Aluminum alloy, 2017-T' composition.

DD — Aluminum alloy, 2024-T composition.

B—Aluminum alloy, 5056 composition.

C—Copper.

M—Monel.

The absence of a letter following the AN stand-
ard number indicates a rivet manufactured from
mild steel.

The first number following the material compo-
sition letters expresses the diameter of the rivet
shank in 32nds of an inch. Examples: 3, 3%nds;
3, %onds; ete.  ({See figure 6-34).

The last number(s), separated by a dash from
the preceding number, expresses the length of the
rivet shank in 16ths of an inch. Examples: 3,
3eths; 7, Tigths; 11, 1l4gths; etc. (See figure
6-34.)

An example of identification marking of a rivet
is:

AN470AD3-5—complete part number.
AN—Air Force—Navy standard number.
470—universal head rivet.

AD~—2117-T aluminum alloy.

3—3%4nds in diameter.
5—3{sths i length.
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ANADS | ANAZG | ANMET ANA) | ANAS | ANAGL | ANAdz | ANASS | ANASG | ANaTO |
Counter- Counter- Counter- oun oun a at razier razier niversal Heat .
fateria Head M ;}?ﬁa] Sunh Hond | Sunk Hoad | Sunk Head | Head Head Head Head Hea Head ea I'Brerﬁ;;: 532:;{]1 SB:::;J]
‘ Marking Code M$20426 * | Ms20427% | MS20470% | MS20613% MS20470 % | M520470%| MS20470* | MS20470*| Using PSI BSI
MS520815*

1100 Plain O A X X X X X X X No 10000 25000
anrr |Regged @ AD X X X X X X X No 30000 100000
gorrr | Rased @ D X X x X X x X Yes 34000 | 113000

Raised
2017T-HD Dot @ D X X X X X X X No 38000 126000
Raised
2024T  |Double @ DD X X X X X X X Yes 41000 136000
Dash
soso | faised %% B x X x x x X No 27000 50000
Threa
7075.T73 | Raised X X X X X X X No
Dashes
Carbon st [R5 (2) x wsibeine| X No | amswn | oo
Corrosion
s Recessed F X X No 85000 0000
Ressti;leeinl Dach @ MSZ0613*
Copper  |Plain O C X X X No 23000
Monel Plain O M X X No 48000
Monel Recessed
( Nickel-Copper | Double C X No 49000
Alloy) Dots MS20615*
Brass Plain O B MS2’(‘)GI5 - No
Recessed
Titanium Large and MS 2042 X No 95000
Small Dot ’ 8

* New specifications are for Design purposes

Ficunrrk 6-33. Rivet identification chart.




Special (Blind) Rivets

There are many places on an aircraft where
access to both sides of a riveted structure or
structural part is impossible, or where limited
space will not permit the use of a bucking bar.
Also, in the attachment of many nonstructural
paris such as aireraft interior furnishings, flooring,
deicing boots, and the like, the full strength of
solid shank rivets is not necessary.

For use in such places, special rivets have been
designed which can be bucked from the fromt.
They are sometimes lighter than solid-shank
rivets, yet amply strong for their intended use.
These rivets are produced by several manu-
facturers and have unique characteristics that
require special installation tools, special instal-
lation procedures, and special removal procedures.
That is why they are called special rivets. Because
these rivets are often inserted in locations where
one head (uswvally the shop head) cannot be seen,
they are also called blind rivets.

Countersunk

< E7

Length
of rivet

L

Dia. of shank

—

Dia. of shank

FiURE 6-34. Methods of measuring rivets.

Mechanically Expanded Rivets

Two classes of mechanically expanded rivets will
be discussed here:
(1} Non-structural
{a) Self-plugging (friction lock) rivets
{b) Pull-thru rivets
{2) Mechanical lock, flush fracturing,
plugging rivets.

self-

Self-Plugging

The seli-plugging (friction lock) blind rivets are
manufactured by several companies: the same gen-
eral basic information about their fabrication,
composition, uses, selection, installation, inspection,
and removal procedures apply to all of them,

Self-plugging (friction lock) rivets are fabricated
in two parts: A rivet head with a hollow shank or
sleeve, and a stem that extends through the hollow
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Frcure 6-35. Self-plugging (friction lock) rivets.

shank. Figure 6-35 illustrates a protruding head
and a countersunk head self-plugging rivet pro-
duced by one manufacturer.

Several events, in their proper sequence, occur
when a pulling force is applied to the stem of the
rivet: (1) The stem is pulled into the rivet shank;
(2) the mandrel portion of the stem forces the
rivet shank to expand; and (3} when friction (or
pulling action pressure) becomes great enough it
will cause the stem to snap at a breakoff groove on
the stem. The plug portion (bottom end of the
stem) is retained in the shank of the rivet giving
the rivet much greater shear strength than counld
be obtained from a hollow rivet.

Self-plugging (friction lock) rivets are fabricated
in two common head styles: (1) A protruding head
similar to the MS20470 or universal head, and
{2) a 100° countersunk head. Other head styles
are available from some manufacturers,

The stem of the self-plugging (friction lock)
rivet may have a knot or knob on the upper por-
tion, or it may have a serrated portion as shown in
hgure 6-35.

Self-plugging (friction lock) rivets are fabricated
from several materials. Rivets are available in the
following material combinations: stem 2017 alum-
inum alloy and sleeve 2117 aluminum alloy; stem
2017 aluminum alley and sleeve 3056 aluminum
alloy; and stem steel and sleeve steel.




Self-plugging (friction lock) rivets are designed
so that installation requires only one person; it is
not necessary to have the work accessible from
both sides. The pulling strength of the rivet stem
is such that a uniform job can always be assured.
Because it is not necessary to have access to the
oppesite side of the work, self-plugging (friction
lock) rivets can be used to attach assemblies to
hollow tubes, corrugated sheet, hollow boxes, etc.
Because a hammering force is not necessary to in-
stall the rivet, it can be used to attach assemblies
to plywood or plastics.

Factors to consider in the selection of the correct
rivet for installation are: (1) Installation location,
(2} composition of the material being riveted, (3)
thickness of the material being riveted, and (4)
strength desired.

If the rivet is to be installed on an aerodynamic-
ally smooth surface, or if clearance for an assembly
is needed, countersunk head rivets should be se-
lected. In other areas where clearance or smooth-
ness is not a factor, the protruding head type rivet
may be utilized.

Material composition of the rivet shank will de-
pend upon the type of material being riveted.
Aluminum alloy 2117 shank rivets can be used on
most aluminum alloys. Aluminum alloy 5056
shank rivets should be used when the material
being riveted is magnesium. Steel rivets should
always be selected for riveting assemblies fabricated
from steel.

The thickness of the material being riveted de-
termines the overall length of the shank of the
rivet,

should extend beyond the material thickness ap-
proximately 34, inch to 14 inch before the stem
is pulled (see figure 6-36).

A — Thickness of material (grip range)
B—3/64-1/8 Inch
C — Total rivet shank length

Ficure 6-36. Determining length of
friction lock rivets.

As a general rule, the shank of the rivet

=
Countersunk Protruding
head head

Ficure 6-37. Pull-thru rivets.

Pull-Thru Rivets

The pull-thru blind rivets are manufactured by
several companies; the same general basic infor-
mation about their fabrication, composition, uses,
selection, installation, inspection, and removal pro-
cedures apply to all of them.

Pull-thru rivets are fabricated in two paris: A
rivet head with a hollow shank or sleeve and a
stem that extends through the hollow shank. Figure
6-37 illustrates a protruding head and a counter-

sunk head pull-thru rivet.

Several events, in their proper sequence, occur
when a puiling force is applied to the stem of the
rivet: (1) The stem is pulled thru the rivet shank;
(2) the mandrel portion of the stem forces the
shank to expand forming the blind head and filling
the hole.

Pull-thru rivets are fabricated in twoe common
head styles: (1) Protruding head similar to the
MS20470 or universal head, and (2) a 100°
countersunk head. Other head styles are available
from some manufacturers.

Pull-thru rivets are fabricated from several ma-
terials. Following are the most commonly used:
2117-T4 aluminum alloy, 5056 aluminum alloy,
monel. '

Pull-thru rivets are designed so that installation
requires only one person; it is not necessary to
have the work accessible from hoth sides.
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A — Thickness of material (grip range)

B - 3/64 to 1/8 inch
€ — Total rivet shank length

Ficure 6-38. Determining length of
pull-thru rivets.

Factors to consider in the selection of the correct
rivet for installation are: (1) Installation location,
(2} composition of the material being riveted, (3)
thickness of the material being riveted, and (4)
strength desired.

The thickness of the material being riveted de-
termines the overall length of the shank of the
rivet. As a general rule, the shank of the rivet
should extend beyond the material thickness ap-
proximately 354 inch to 1§ inch before the stem
is pulled. See figure 6-38.

Each company that manufactures pull-thru rivets
has a code number to help users obtain correct
rivet for the grip range of a particular installation.
In addition, MS numbers are used for identifica-
tion purposes. Numbers are similar to those shown
on the preceding page.

Self-Plugging Rivets

Self-plugging (mechanical lock) rivets are simi-
lar to self-plugging (friction lock) rivets, except
for the manner in which the stem is retained in the
rivet sleeve. This type of rivet has a positive me-
chanical locking collar to resist vibrations that cause
the friction lock rivets to loosen and possibly fall
out. (See figure 6-41.) Also, the mechanical
locking type rivet stem breaks off flush with the
head and wsually does not require further stem
trimming when properly installed. Self-plugging
(mechanical lock} rivets display all the strength
characteristics of solid shank rivets and in most
cases can be substituted rivet for rivet.

(MINIMUM GRIP
ILLUSTRATED)

Fiure 6-39. Bulbed cherrylock rivet.

Bulbed Cherrylock Rivets

The large blind head of this fastener introduced
the word “bulb” to blind rivet terminology. In
conjunction with the unique residual preload de-
veloped by the high sten break load, its proven
fatigue strength makes it the only blind rivet inter-
changeable structurally with solid rivets (figure
6-39).

Wiredraw Cherrylock Rivefs

A wide range of sizes, materials and strength
levels to select from. This fastener is especially
suited for sealing applications and joints requiring
an excessive amount of sheet take-up (figure 6--40).

(MINIMUM GRIP
ILLUSTRATED)

Ficure 6-40. Wiredraw ::herrylock rivet.
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Ficure 6-41. Self-plugging (mechanical lock)
rivets.

Huck Mechanical Locked Rivets

Self-plugging {mechanical lock) rivets are fabri-
cated in two sections—a head and shank (includ-
ing a conical recess and locking collar in the head),
and a serrated stem that extends through the shank.
Unlike the friction lock rivet, the mechanical lock
rivet has a locking collar that forms a positive lock
for retention of the stem in the shank of the rivet.
This collar is seated in position during the installa-
tion of the rivet,

Materiol

Sell-plugging {mechanical lock} rivets are fabri-
cated with sleeves (rivet shanks) of 2017 and 5056
aluminum alloys, monel, or stainless steel.

The mechanical lock type of self-plugging rivet
can be used in the same applications as the friction
lock type of rivet. In addition, because of its
greater stem retention characteristic, installation in
areas subject to considerable vibration is recom-
mended.

The same general requirements must be met in
the selection of the mechanical lock rivet as for the
friction lock rivet. Composition of the material
being joined together determines the composition
of the rivet sleeve, for example, 2017 aluminum
alloy rivets for most aluminum alloys and 5056
aluminum rivets for magnesium.

Figure 6-42 depicts the sequences of a typical
mechanically locked blind rivet. The form and
function may vary slightly between blind rivet
styles and specifics should be obtained from manu-
facturers.

-
=
§ BEFORE :Edhm
— PULLING dvet deeve and
BEGINS starta to forme
bulbed blind
head
—— Sheat gap Clamp-up and holo
fill action begio
: ey
a8 atem holo Filiag s
coctinues to ool
‘hulb out blied head compl
Shear ring aaw begins
. by gt
b Hiver heud cone to allow stels to
f rh;fl'y seated pull Further into rivet
Showr ring
(1o minimum grip shear ring may not shear)
Shear ring has
moved down stom
cons until pullin GOMPLETELY INSTALLED
hoad sutomatically BULBED CHERRYLOCK
stops stem break
notch flush with
top of rivet head
Pulling hesd kas
inserted lpcking
Locking collar is now collur mnd steon
ready to be inserted has fractured fush
y with rivet head

{MAXIMUM _GRIP
ILLUSTRATED}

Frcure 6-42. Cherrylock rivet installation.

Head Styles

Self-plugging mechanical locked blind rivets are
available in several head styles (figure 6-43) de-
pending on the installation requirements.

Diameters

Shank diameters are measured in 14, inch in-
crements and are generally identified by the first
dash number: 34, diameter=—3; lg diameter=
—4; etc.

Both nominel and 1%, inch oversize diameters
are available.

Grip Length

Grip length refers to the maximum total sheet
thickness to be riveted and is measured in 3§ of
an inch. This is generally identified by the second
dash number. Unless otherwise noted, most blind
rivets have their grip lengths (maximum grip)
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providing wide bearing area for honey-comb
applications.

Ficure 6-43. Cherrylock rivet heads.

marked on the rivet head and have a total grip
range of 14, inch. Figure 6-44 demonstrates a
typical grip accommodation.

To determine the proper grip rivet to use, meas-
ure the material thickness with a grip selection
gage (available from blind rivet manufacturers).
The proper use of a grip selector gage is shown in

figure 6-45.

HEAI\? [N

4 Z : O

Max. » W y. //’/ A 7 - Min. : f -6 . \|
Crip 1/4 R Y NN {@3 3/16 Crip ;\\\ik\‘-
= Zﬂ'iver Grip

Number to
be used: 4

Ficure 6-44. Typical grip length. Ficure 6-45. Grip gage use.
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A — Thickness of material (grip range)
B — 3/64 to 1/8 inch

C — Total rivet shank length
Ficure 6-46. Deétermining rivet length.

The thickness of the material being riveted de-
termines the overall length of the shank of the rivet.
As a general rule, the shank of the rivet should
extend beyond the material thickness approxi-
mately 34, inch to 14 inch before the stem is pulled
(see hgure 6-46).

Rivet ldentification

Each company that manufactures sel{-plugging
(friction fock) rivets has a code number to help
users obtain the correct rivet for the grip range
or material thickness of a particnlar installation.
In addition, MS numbers are used for identifi-
cation purposes. The following examples of part
pumbers for self-plugging (friction lock) rivets are
representative of each.

Huck Manufacturing Company—
9SP-B—- A4 6—3
Grip. range (material thick-
ness) in 16ths of an inch.
hank diameter in 32nds of an
inch:

4 = lginch. 6 = 3{; inch.
5 =¥ inch. 8 = 4 inch.

Material composition of shank:

A = 2017 aluminam alloy.
B = 5056 alominum alloy.
R = mild steel.

Head style:

9SP-B = brazier or universal head.
9SP-100 = 100° countersunk head.

Figure 6.47.

Olympic Screw and Rivet Corporation—
RV 20 0~4-2

N -!:(;
rip range in 16ths of an
inch.
Shank diameter in 32nds of an
inch:
= 14 inch. 6 = 3{; inch.
5 = 3 inch. 8 = 14 inch.
‘Head style:
0 = universal head.
1 = 100° countersunk.

Material composition of shank:

0 = 2017 aluminum alloy.

5 = 5056 aluminum alloy.
7 = mild steel.
Rivet type:

2 = self-plugging (friction lock).
5 = hollow pull-thru.

Manufacturer:
Olympic Rivet and Screw Corporation.

Figure 6-48.

Townsend Company, Cherry Rivet Division—
CR 163 -6-6

-

TGrip range (material thickness):
knob stem in 32nds of an
inch; serrated stem in 16ths
of an inch.

LRivet shank diameter in 32nds of an
inch:

4 = lgimnch. 6 = 34 inch.
5 = % inch. 8 = 1{ inch.

Series number:

Designates rivet material, type of rivet,
and head style (163 = 2117 aluminum
alloy, self-plugging (friction lock} rivet,
protruding head).

.Cherry Rivet.
Figure 6-49.
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Military Standard Number—
MS 20600 B 4 K 2
T 7 TTT 1., .
Grip range (material
thickness) in Y4ths
of an inch.
Type of stem:
K = knot head stem.
W = serrated stem.

hank diameter in 32nds of an
inch:

4 = lginch. 6 = 3 inch.
5=3%inch.3 =} inch.

Material composition of sleeve:

AD = 2117 aluminum alloy.
B = 5056 zZluminum alloy.

Type of rivet and head style:

20600 = self-plugging (friction lock)
protruding head.
20601 = self-plugging (friction Jock)

100° countersunk head.

Military Standard.
Figure 6-30.

Rivnuts

This is the trade name of a hollow, blind rivet
made of 6053 aluminum alloy, counterbored and
threaded on the inside. Rivauts can be installed
by one person using a special tool which heads
the rivet on the blind side of the material. The
Rivnut is threaded on the mandrel of the heading
tool and inserted in the rivet hole. The heading
tool is held at right angles to the material, the
handle is squeezed, and the mandrel crank is
turned clockwise after each stroke. Continue
squeezing the handle and turning the mandrel
crank of the heading tool until a solid resistance is
felt, which indicates that the rivet is set.

The Rivnut is used primarily as a nut plate
and in the attachment of deicer boots to the
feading edges of wings. It may be used as a rivet
in secondary structures or for the attachment of
accessories such as brackets, instruments, or
soundproofing materials.

Rivnuts are manufactured in two head types,
each with two ends; the flat head with open or
closed end, and the countersunk head with open
or closed end. All Rivnuts, except the thin-head
countersunk type, are available with or without
small projections (keys) attached to the head to

Fiar=0.32 Head Thickness
6-45 &-75 &-100

8-45 8-75 8-100
10-45 10-75 10-109
4845 4875 48100
BR4S B8RS 8B100
10845 10875 108100
4K45 &5K7 S 4K100
8K4s 8K75 gK100
10K45 10K75 10K100
8KB4S 6KB7 5 4KM0O0
KR4S BKB7S5 8KB100
10KB4 5 10KB7 5 10K3100

100°—0.48 Heod Thickness
&9t 4121 &-144
8-91 8-121 8-144
10-91 10-121 10-146
1341 68121 &B146
8891 38121 88144
10891 108121 108146

100°-—0.63 Head Thicknass
6106 6-134 é-141
B-104 8.134 8-1471
10-106 10-136 10-181
68106 68136 88161
88104 BB138 8B141
108106 108134 108151
6K106 &K1236 6K181
8K106 8K136 8K141
10K106 10K136 10K161
SKB106 6KB136 6KB141
8KB104 BKB134 8KB1461
10KB106 10K8136 10K818)

Frcure 6-51, Rivnut data chart,

keep the Rivnut from turning. Keyed Rivnuts are
used as a nut plate, while those without keys are
used for straight blind riveting repairs where no
torque loads are imposed. A keyway cutier is
needed when instailing. Rivnuts which have keys.

The countersunk style Rivnut is made with
two different head angles; the 100° with .048- and
.063-inch head thickness, and the 115° with .063.
inch head thickness. Each of these head styles is
made in three sizes, 632, 8-32, and 10-32. These
numbers represent the machine screw size of the
threads on the inside of the Rivnut. The actual
outside diameters of the shanks are 3{; inch for
the 6-32 size, %% inch for the 8-32 size, and 14
inch for the 10-32 size.

Open-end Rivouts are the most widely used
and are recommended in preference to the closed-
end type wherever possible. However, closed-end
Rivnuis must be used in pressurized compart-
ments.
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Rivnuts are manufactured in six grip ranges.
The minimum grip length is indicated by a plain
head, and the next higher grip length by one
radial dash mark on the head. Each succeeding
grip range is indicated by an additional radial
dash mark until five marks indicate the maximum
range.

Notice in figure 6-51 that some part number
codes consist of a 6", an 8", or a 107, a
“dash”, and two or three more numbers. In some,
the dash is replaced by the letters “K” or “KB”.
The first number indicates the machine screw
size of the thread, and the last two or three
numbers indicate the maximum grip length in
thousandths of an inch. A dash between the
figures indicates that the Rivnut has an open end
and is keyless; a “B” in place of the dash means
it has a closed end and is keyless; a K’ means
it is an open end and has a key; and a”"KB”
indicates that it has a closed end and a key. If
the last two or three numbers are divisible by
five, the Rivout has a flathead; if they are not
divisible by five, the Rivout has a countersunk
head.

An example of a part number code is:

10 KB 106
‘!: —[Grip length.
Closed end and key.
Screw and thread size.

Dill Lok-Skrus and Dili Lok-Rivets

Dill "Lok-Skru” and “Lok-Rivet” (see figure
6-52) are trade names for internally threaded
rivets. They are used for blind attachment of
such accessories as fairings, fillets, access door
covers, door and window frames, floor panels, and
the like, lok-Skrus and l.ok-Rivets are similar
to the Rivnut in appearance and application;
however, they come in two parts and require
more clearance on the blind side than the Rivnut
1o accommodate the barrel.

The l.ok-River and the T.ok-Skra are alike in
construction, cxcept the Lok-Skru is tapped in-
ternélly for fastening an accessory by using an
attaching screw, whereas the Lok-Rivet is not
tapped and can be used only as a rivet. Since
both l.ok-Skrus and l.ok-Rivets are installed in
the same manner, the {ollowing discussion for the
Lok-Skru also applies 1o the Lok-Rivet.

FiGuRe 6-52. Internally threaded rivet

The main parts of a Lok-Skru are the barrel,
the head, and an attachment screw. The barrel is
made of aluminum alloy and comes in cither closed
or open ends. The head is either aluminum alloy
or steel, and the attachment screw is made of
steel. All of the steel parts are cadmium plated,
and all of the aluminum parts are anodized to
resist corrosion. When installed, the barrel screws
up over the head and grips the metal on the
blind side. The attaching screw is then inserted
if needed. There are two head types, the flathead
and the countersunk head. The Lok-Skru is tapped
for 7-32, 8-32, 10-32, or 10-24 screws, and the
diameters vary from .230 inch for 6-32 screws,
to .292 jnch for 10-32 screws. Grip ranges vary
from .010 inch to .225 inch.

Deutsch Rivets

This rivet is a high-strength blind rivet used
on late model aircraft. It has a minimum shear
strength of 75,000 p.s.i., and can be installed by
one marn.

The Deutsch rivet consists of two parts, the
stainless steel slecve and the hardened steel drive
pin (see figure 6-53). The pin and sleeve are .
~oaled with a lubricant and a corrosion inhibitor.

MM
Y.

Ficure 6-53. Deutsch rivet.
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The Deutsch rivet 1s available in diameters of
3ig. M, or 3¢ inch. Grip lengths for this rivet
range {rom 3 to 1 inch. Some variation is allowed
in grip length when installing the rivet; for
example, a rivet with a grip ]englh of 3 inch
can be used where the total thickness of materials
is between 0.198 and 0.228 inch.

When driving a Deatsch rivet, an ordinary
hammer or a pneumatic rivet gun and a flathead
set are used. The rivet is seated in the previously
drilled hole and then the pin is driven into the
sleeve. The driving action causes the pin to exert
pressure against the sleeve and forces the sides of
the sleeve out. This siretching {forms a shop head
on the end of the rivet and provides positive
fastening. The ridge on the top of the rivet head
locks the pin into the rivet as the last few blows
are struck.

Pin Rivets

Pin (Hi-shear) rivets are classified as special
rivets but are not of the blind type. Access to
both sides of the material is required to install
this type of rivet. Pin rivets have the same shear
strength as bolts of equal diameters, are about
40 percent of the weight of a bolt, and require
only about one-fifth as much time for installation
as a bolt, nut, and washer combination. They are
approximately three times as . strong as solid-
shank rivets.

Pin rivets are essentially threadless bolts. The
pin is headed at one end and is grooved about
the cireumference at the other. A metal collar is
swaged onto the grooved end cifecting a firm,

tight fit (see figure 6-534).

Collar

| T
|1y

Ficure 6-54. Pin {Hishear) rivet,
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Pin rivets arc fabricated in a variety of ma-
terials but should be used ounly in shear appli-
cations. Thev should never be used where the
grip length is Jess than the shank diameter.

Part numbers for pin rivets can be interpreted
to give the diameter and grip length of the
individual rivets. A typical part number break-
down would be:

NAS 177 — 14~ 17

Maximum grip l.ength in
16ths of an inch.

Nominal diameter in 32rds of
an inch.

177 = 100° eountersunk head rivet.

178 = flathead rivet.

“—National Aircraft Standard.

PLASTICS

Plastics are used in many applications through-
out modern aircraft. These applications range
from structural components of thermosetting plas-
tics reinforced with fiber glass to decorative trim
of thermoplastic materials.

Transparent Plastics

Transparent plastic materials used in aireraft
canopies, windshields, and other similar trans-
parent enclosures may be divided into two major
classes or groups. These plastics are classified
according to their reaction to heat. The two
classes are Thermoplastic and Thermosetting.

Thermoplastic materials will soften when heated
and harden when cooled. These materials can be
heated until soft, and then formed into the desired
shape. When cooled, they will retain this shape.
The same piece of plastic can be reheated and
reshaped any number of times without changing
the chemical composition of the material.

Thermosetting plastics harden upon heating,
and reheating has no softening effect. These
plastics cannot be reshaped after once being fully
cured by the application of heat.

In addition to the above classes, transparent
plastics are manufactured in two forms, mono-
lithic (solid) and laminated. Laminated traps-
parent plastics are made from transparent plastic
face sheets bonded by an inner-layer material,
usually polyvinyl butyral. Because of its shatter-
resistanit qualities, laminated plastic is superior




to solid plastics and is used in many pressurized
aircraft. Most of the transparent sheet used in
aviation is manufactured in accordance with
various military specifications.

A new development in transparent plastics is
stretched acrylic. Stretched acrylic is a type of
plastic which, before being shaped, is pulled in
both directions to rearrange its molecular struc-
ture. Stretched acrylic panels have a greater re-
gistance to impact and are less subject to shatter;
its chemical resistance is greater, edging is simpler,
and crazing and seratches are less detrimental.

Individual sheets of plastic are covered with a
heavy masking paper to which a pressure-sensitive
adhesive has been added. This paper helps to
prevent accidental scratching during storage and
handling. Care should be taken to avoid seratches
and gouges which may be caused by sliding sheets
against one another or across rough or dirty tables.

Sheets should be stored in bins which are tilied
at approximately 10° from vertical, if possible. If
they must be stored horizontally, piles should not
be over 18 inches high, and small sheets should
be stacked on the larger ones to avoid unsup-
ported overhang. Storage should be in a cool, dry
place away from solvent fumes, heating coils,
radiators, and steampipes. The temperature in
the storage room should not exceed 120° F.

While direct sunlight does not harm acrylic
plastic, it will cause drying and hardening of the
masking adhesive, making removal of the paper
difficult. If the paper will not roll off easily, place
the sheet in an oven at 250° F. for 1 minute,
maximum. The heat will soften the masking ad-
hesive for easy removal of the paper.

If an oven is not available, hardened masking
paper may be removed by softening the adhesive
with aliphatic naphtha. Rub the masking paper
with a cloth saturated with naphtha. This will
soften the adhesive and free the paper from the
plastic. Sheets so treated must be washed im-
mediately with clean water, taking care not to
scratch the surfaces.

NOTE: Aliphatic naphtha is not to be confused
with aromatic naphtha and other dry-cleaning
solvents which are definitely bharmful in their
effects on plastic. However, aliphatic naphtha is
flammable and all precautions regarding the use
of lammakle liquids must be observed.
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Reinforced Plustic

Reinforced plastic is a thermosetting material
used in the manufacture of radomes, antenna
covers, and wingtips, and as insulation for various
pieces of electrical equipment and fuel cells. It
has excellent dielectric characteristics which make
it ideal for radomes; however, its high strength-
weight ratio, resistance to mildew, rust, and rot,
and ease of fabrication make it equally suited for
other parts of the aircraft.

Reinforced plastic components of aireraft are
formed of either solid laminates or sandwich-type
laminates, Resins used to impregnate glass cloths
are of the contact-pressure type (requiring little
or no pressure during cure). These resins are
supplied as a liquid which can vary in viscosity
from a waterlike consistency to a thick sirup.
Cure or polymerization is effected by the use of a
catalyst, usually benzoyl peroxide.

Solid laminates are constructed of three or more
layers of resin-impregnated cloths “wet lami-
nated” together to form a solid sheet facing or
molded shape,

Sandwich-type laminates are constructed of two
or more solid sheet facings or a molded shape
eaclosing a fiberglass honeycomb- or foam-type
core. Honeycomb cores are made of glass cloths
impregnated with a polyester or a combination
of nylon and phenolic resins. The specific density
and cell size of honeycomb cores varies over a
considerable Tatitude. Honeycomb cores are norm-
ally fabricated in blocks that are later cut to the
desired thickness on a bandsaw.

Foam-type cores are formulated from combi-
nations of alkyd resins and metatoluene di-iso-
cyanate. Sandwich-type fiberglass components
filled with foam-type cores are manufactured to
exceedingly close tolerances on overall thickness
of the molded facing and core material. To achieve
this accuracy, the resin is poured into a close-
tolerance, molded shape. The resin formulation
immediately foams up to fill the void in the
molded shape and forms a bond between the
facing and the core.

RUBBER

Rubber is used to prevent the entrance of dirt,
water, or air, and to prevent the loss of fluids,



gases, or air. It is also used to absorb vibration,
reduce noise, and cushion impact loads.

The term ‘‘rubber™ is as all-inclusive as the
term “"metal.” It is used to imclude not only
natural rubber, but all synthetic and silicone
rubbers.

Natural Rubber

Natural rubber has better processing and phys-
ical properties than synthetic or silicone rubber.
These properties include: Flexibility, elasticity,
tensile strength, tear strength, and low heat
buildup due to flexing (hysteresis). Natural rubber
is a general-purpose product; however, its suita-
bility for aircraft use is somewhat limited because
of its inferior resistance to most influences that
cause deterioration. Although it provides an excel-
lent seal for many applications, it swells and often
softens in all aircraft fuels and in many solvents
(naphthas, etc.). Natural rubber deteriorates more
rapidly than synthetic rubber. It is used as a
sealing material for water/methanol systems.

Synthetic Rubber

Synthetic rubber is available in several types,
each of which is compounded of different ma-
terials to give the desired properties. The most
widely used are the butyls, Bunas, and neoprene.

Butyl is a hydrocarbon rubber with superior
resistance to gas permeation. It is also resistant
to deterioration; however, its comparative physi-
cal properties are significantly less than those of
natural rubber. Butyl will resist oxygen, vegetable
oils, animal fats, altkalies, ozone, and weathering.

Like natural rubber, butyl will swell in pe-
troleum or coal tar solvents. It has a low water-
absorption rate and good resistance to heat and

low temperature. Depending on the grade, it is -

suitable for use in temperatures ranging from
—65° F. to 300° F. Butyl is used with phosphate
ester hydraulic fluids (Skydrol), silicone fluids,
gases, ketones, and acetones.

Buna-S rubber resembles natural rubber both
in processing and performance characteristics.
Buna-S is as water-resistant as natural rubber,
but has somewhat better aging characteristics.

It has good resistance to heat, but only in the
absence of severe flexing. Generally, Buna-S has
poor resistance to gasoline, oil, concentrated acids,
and solvents. Buna-8 is normally used for tires
and tubes as a substitute for natural rubber.

Buna-N js outstanding in its resistance to
hydrocarbons and other solvents; however, it has
poor resilience in solvents at low temperature.
Buna-N compounds have good resistance to tem-
peratures up to 300° F., and may be procured for
low temperature applications down to —75°F.
Buna-N has fair tear, sunlight, and ozone re-
sistance. It has good abrasion resistance and good
breakaway properties when used in contact with
metal. When used as a seal on a hydraulic piston,
it will not stick to the eylinder wall. Buna-N is
used for oil and gasoline hose, tank linings,
gaskets, and seals.

Neoprene can take more punishment than
natural rubber and has better low-temperature
characteristics. It possesses exceptional resistance
to ozone, sunlight, heat, and aging. Neoprene
looks and feels like rubber. Neoprene, however,
i5 less like rubber in some of its characteristics
than butyl or Buna. The physical characteristics
of neoprene, such as tensile strength and elon-
gation, are not equal to natural rubber but do
have a definite similarity. Its tear resistance as
well as its abrasion resistance is slightly less than
that of natural rubber. Although its distortion
recovery is complete, it is not as rapid as natural
rubber.

Neoprene has superior resistance to oil. Al
though it is good material for use in nonaromatic
gasoline systems, it has poor resistance to aromatic
gasolines, Neoprene is used primarily for weather
seals, window channels, bumper pads, oil-resistant
hose, and carburetor diaphragms. It is also recom-
mended for use with Freons and silicate ester
lubricants.

Thiokol, known also as polysulfide rubber, has
the highest resistance to deterioration but ranks
the lowest in physical properties. Thiokol, in
general, is not seriously affected by petroleam,
hydrocarbons, esters, alcohols, gasoline, or water.
Thiokols are ranked low in such physical proper-
ties as compression set, tensile strength, elasticity,
and tear abrasion resistance. Thiokol is used for
oil hose, tank linings for aromatic aviation gaso-
lines, gaskets, and seals.
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Silicone rubbers are a group of plastic rubber
materials made from silicon, oxygen, hydrogen,
and carbon. The silicons have excellent heat sta-
bility and very low temperature flexibility. They
are suitable for gaskets, seals, or other applications
where elevated temperatures up to 600° F. are
prevalent. Silicone rubbers are also resistant to
temperatures down to —150° F. Throughout this
temperature range, silicone rubber remains ex-
tremely flexible and useful with no hardness or
gumminess, Although this material has good re-
sistance to oils, it reacts unfavorably to beth
aromatic and nonaromatic gasolines.

Silastic, one of the hest known silicones, is used
to msulate electrical and electronic equipment.
Because of its dielectric properties over a wide
range of temperatures, it remains flexible and free
from crazing and cracking. Silastic is also used for
‘gaskets and seals in certain oil systems.

SHOCK ABSORBER CORD

Shock absorber cord is made from natural
rubber strands encased in a braided cover of
woven cotton cords treated to resist oxidation
and wear. Great tension and elongation are ob-
tained by weaving the jacket upon the bundle of
rubber strands while they are stretched about
three times their original length.

There are two types of elastic shock-absorbing
cord. Type I is a straight cord, and type Il is a
continuous ring, known as a “bungee.” The ad-
vantages of the type II cord are that they are
easily and quickly replaced and do not have to
be secured by stretching and whipping. Shock
cord is available in standard diameters from 14
inch to 135 inch.

Three colored threads are braided into the
outer cover for the entire length of the cord.
Two of these threads are of the same color and
represent the year of manufacture; the third
thread, a different color, represents the quarter
of the year in which the cord was made. The
code covers a S-year period and then repeats
itself. This makes it ecasy to figure forward or
backward from the years shown in figure 6-55.
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Year marking

Year Threads Color
1968 ... 2 blue
1969 _ .. ___ 2 yellow
1970_____.. e 2 black
1971 L L. 2 green
1972 o __. 2 red
Quarer marking

Quarter Threads Color
Jan., Feb., Mar._ _______ 1 red
Apr., May, June________ 1 blue
July, Aug., Sept.________ 1 green
Oct., Nov., Dec.________ 1 yellow

Ficure 6-55. Shock absorber cord color coding.

SEALS

Seals are used to prevent fluid from passing a
certain point, as well as to keep air and dirt out
of the system in which they are used. The increased
use of hydraulics and pneumatics in aircraft
systems has created a need for packings and
gaskets of varying characteristics and design to
meet the many variations of operating speeds and
temperatures to which they are subjected. No
one style or type of seal is satisfactory for all
installations. Some of the reasons for this are:
(1) Pressure at which the system operates, (2) the
type fluid used in the system, (3) the metal finish
and the clearance between adjacent parts, and
(4) the type motion {rotary or reciprocating), if
any. Seals are divided into three main classes:
(1) Packings, (2} gaskets, and (3) wipers.

Packings

Packings are made of synthetic or natural
rubber. They are generally used as “running
seals,” that is, in units that contain moving parts,
such as actuating cylinders, pumps, selector
valves, etc. Packings are made in the form of
O-rings, V-rings, and U-rings, each designed for
a specific purpose. (See figure 6-56.)



U-ring G-ring
V-ring U-cup
Male V-ring adapter Female

Fi6ure 6-56. Packing rings.

O-Ring Packings

O-ring packings are used to prevent both in-
ternal and external leakage. This type of packing
ring seals effectively in both directions and is the
type most commonly used. In installations subject
to pressures above 1,500 p.s.i., backup rings are
used with O-rings to prevent extrusion.

When an O-ring packing is to be subjected to
pressure from both sides, as in actuating cylinders,
two backup rings must be used (one on either
side of the O-ring). When an O-ring is subject to
pressure on only one side, 2 single backup ring
is generally used. In this case the backup ring
is always placed on the side of the O-ring away
from the pressurc.

The materials from which O-rings are manu-
factured have been compounded for various oper-
ating conditions, temperatures, and fluids. An
O-ring designed specifically as a static (stationary)
seal will probably not do the job when installed
on a moving part such as a hydraulic piston. Most
O-rings are similar in appearance and texture,
but their characteristics may differ widely. An
O-ring will be useless if it is not compatible with
the system fluid and operating temperature.

Advances in aircraft design have necessitated
new Q-ring compositions to meet changed operat-
ing conditions. Hydraulic O-rings were originally
established under AN specification numbers (6227,
6230, and 6290) for use in MIL-H-5606 fluid at
temperatures ranging from —65° F, to +160° F.
When new designs raised operating temperatures
to a possible 275° F., more compounds were de-
veloped and perfected.

Recently a compound was developed that
offered improved low.-temperature performance
without sacrificing high-temperature performance,
rendering the other series obsolete. This superior
material was adopted in the MS28775 series. This
series is now the standard for MIL-H-5606 sys-
tems where the temperature may vary from

—65° F. to +275° F.

Manufacturers provide color coding on some
O-rings, but this is not a reliable or complete
means of identification. The color coding system
does not identify sizes, but only system fluid or
vapor compatibility and in some cases the manu-
facturer. Color codes on O-rings that are com-
patible with MIL-~H-5606 fluid will always con-
tain blue, but may also contain red or other
colors. Packings and gaskets suitable for use with
Skydrol fluid will always be coded with a green
stripe, but may also have a blue, grey, red, green,
or vellow dot as a part of the color code. Color
codes on Q-rings that are compatible with hydro-
carbon fluid will always contain red, and will
never contain blue. A colored stripe around the
circumference indicates that the O-ring is a boss
gasket seal. The color of the stripe indicates fluid
compatibility: red for fuel, blue for hydraulic

fluid.
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The coding on some rings js not permanent.
On others it may be omitted due to manufacturing
difficulties or interference with operation. Further-
more, the color coding system provides no means
to establish the age of the O-ring or its temper-
ature limitations.

Because of the difficulties with color coding,
O-rings are available in individual hermetically
sealed envelopes, labeled with all pertinent data.
When selecting an O-ring for installation, the basic
part number on the sealed envelope provides the
most reliable compound identification.
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FiGure 6-57. V.ring installation.

Although an O-ring may appear perfect at first
glance, slight surface flaws may exist. These
flaws are often capable of preventing satisfactory
O-ring performance under the variable operating
pressures of aircraft systems; therefore, O-rings
should be rejected for flaws that will affect their
performance. Such flaws are difficult to detect,
and one aircraft manufacturer recommends using
a 4-power magmfymg glass with adequate lighting
to inspect each ring before it is installed.

By rolling the ring on an inspection cone or
dowel, the inner diameter surface can also be
checked for small eracks, particles of foreign ma-
terial, or other irregularities that will cause leakage
or shorten the life of the O-ring. The slight stretch-
ing of the ring when it is rolled inside out will
help to reveal some defects not otherwise visible.

Backup Rings

Backup rings (MS28782) made of Teflon do not
deteriorate with age, are unaffected by any system
fluid or vapor, and can tolerate temperature ex-
tremes in excess of those encountered in high-
pressure hydraulic systems. Their dash numbers
indicate not only their size but also relate directly
to the dash number of the O-ring for which they
are dimensionally suited. They are procurable
under a number of basic part numbers, but they
are interchangeable; that is, any Teflon backup
ring may be used to replace any other Teflon
backup ring if it is of proper overall dimension to
support the applicable O-ring. Backup rings are
not color coded or otherwise marked and must be
identified from package labels.
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The inspection of backup rings should include
a check to ensure that surfaces are free from
irregularities, that the edges are clean-cut and
sharp, and that scarf cuis are parallel. When
checking Teflon spiral backup rings, make sure
that the coils do not separate more than 14 inch
when unrestrained.

V-Ring Packings

Vering packings (AN6225) are one-way seals
and are always installed with the open end of the
V> facing the pressure. Vring packings must
have a male and female adapter to hold them in
the proper position after installation. It is also
necessary to torque the seal retainer to the value
specified by the manufacturer of the component
being serviced, or the seal may mot give satis-
factory service. An installation using V-rings is
shown in figure 6-57.

U-Ring Packings

U-ring packings (AN6226) and U-cup packings
are used in brake assemblies and brake master
cylinders. The U-ring and U-cup will seal pressure
in only one direction; therefore, the lip of the
packings must face toward the pressure. U.ring
packings are primarily low-pressure packings to
be used with pressures of less than 1,000 p.s.i.

GASKETS

Gaskets are used as static (stationary) seals
between two flat surfaces. Some of the more



common gasket materials are asbestos, copper,
cork, and rubber. Asbestos sheeting is used
wherever a heat-resistant gasket is needed. It is
used extensively for exhaust system gaskets. Most
asbestos exhaust gaskets have a thin sheet of
copper edging to prolong their life.

A solid copper washer is used for spark plug
gaskets where it is essential to have a noncom-
pressible yet semisoft gasket.

Cork gaskets can be used as an oil seal belween
the engine crankcase and accessories, and where
a gasket is required that is capable of occupying
an uneven or varying space caused by a rough
surface or expansion and contraction.

Rubber sheeting can be used where there is a
need for a compressible gasket. It should not be
used in any place where it may come in contact
with gasoline or oil because the rubber will de-
teriorate very rapidly when exposed to these
substances.

Gaskeis are used in fluid systems around the
end caps of actuating cylinders, valves, and other
units. The gasket generally used for this purpose
16 in the shape of an O-ring, similar to O-ring
packings.

WIPERS

Wipers are used to clean and lubricate the
exposed portions of piston shafts. They prevent
dirt from entering the system and help protect
the piston shaft against scoring.

Wipers may be either the metallic or the felt
type. They are sometimes used together, with the
felt wiper installed behind the metallic wiper.

SEALING COMPOUNDS

Certain areas of all aircraft are sealed to with-
stand pressurization by air, to prevent leakage of
fuel, to prevent passage of fumes, or to prevent
corrogion by sealing against the weather. Most
sealants consist of two or more ingredients prop-
erly proportioned and compounded to obtain the
best results. Some materials are ready for use as
packaged, but others will require mixing before
application.

One-Part Sealants

One-part sealanis are prepared by the manu-
facturer and are ready for application as packaged.
However, the consistency of some of these com-
pounds may be altered to satisfy a particular
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method of application. If thinning is desired, the
thinner recommended by the sealant manufacturer
should be used.

Two-Part Sealants

Two-part sealants are compounds requiring
separate packaging to prevent cure prior to app]i-
cation and are identified as the base sealing com-
pound and the accelerator. Any alteration of the
prescribed ratios will reduce the quality of the
materjal. Generally two-part sealants are mixed
by combining equal portions (by weight) of base
compound and aceelerator.

All sealant material should be carefully weighed
in accordance with the sealant manufacturer’s
recommendations. Sealant material is usually
weighed with a balance scale equipped with
weights specially prepared for various quantities
of sealant and accelerator.

Before weighing the sealant materials, both the
base sealant compound and the accelerator should
be thoroughly stirred. Accelerator which is dried
out, lumpy, or flaky should not be used. Pre-
weighed sealant kits do not require weighing of
the sealant and accelerator before mixing when
the entire quantity is to be mixed.

After the proper amount of base sealant com-
pound and accelerator has been determined, add
the accelerator to the base sealant compound.
Immediately after adding the accelerator, thor-
oughly mix the two parts by stirring or folding,
depending on the consistency of the material. The
material should be mixed carefully to prevent
entrapment of air in the mixture. Too rapid or
prolonged stirring must be avoided as it will
build up heat in the mixture and will shorten
the normal application time (working life) of the
mixed sealant.

To ensure a well-mixed compound, it may be
tested by smearing a small portion on a clean,
flat metal or glass surface. If flecks or lumps are
foind, continue mixing, If the flecks or lumps
cannot be eliminated, the batch should be rejected.

The working life of mixed sealant is from one-
half hour to 4 hours {depending upon the class of
sealant); thercfore, mixed sealant should be ap-
plied as soon as possible or placed in refrigerated
storage. Figure 6-58 presents general information
concerning various sealants.

The curing rate of mixed sealants varies with
changes in temperature and humidity. Curing of
sealants will be extremely slow if the temperature




0.1

Storage (shelf)

Accelerator Mixing ratio Application life after Storage (shelf) Temperature Application and
Sealant Base { catalyst) by weight life {work} mixing life unmixed range Yimitations

EC-801 (black}) EC-807, 12 parts of EC-  2-4 hours. 5 days at 6 months, —B3°F, to Faying surfaces,
MIL-S- 807 to 100 —20°F, after 200°F. fillet seals, and
7502A Class parts of EC- flash freeze packing gaps.
B-2. 801. at -—65°F.

EC-800 {red) None. Use as is. 8-12 hours. Not applicable. 6-9 months. —63°F. to Coating rivets.

200°F. .

EC-612 P None. Use as is. Indefinite non- Not applicable. 6-9 months. —40°F. to Packing voids
(pink) MIL-P- drying. 200°F. up to 1/4 inch.
20628.

PR-1302HT PR-1302HT-A. 10 parts of PR- 2-4 hours, 5 days at 6 months. —65°F. to Sealing access.
{red) MII.-S&- 1302HT-A to —200F, after 200°F. door gaskets.
8784. 100 parts of fash freeze

PR-1362HT. at —B5°F.

PR-T27 potting PR-T2TA. 12 parts of PR- 1% hours mini- 5 days at 6 months. —65°F, to Potting electrical
compound T27A to 100 mum. —20°F. after 2000 F. connections
MIL-S- parts of PR- flash frecze and bulkhead
8516B. 727. at —65°T. seals.

HT-3 (greygreen) None. Use as is. Solvent release,  Not applicable. 6 to 8 months. —60°F. to Sealing hot air

sets up in 2 850°F, ducts passin,
to 4 hours. through bulk-
heads.

EC-776 (clear None. Use as is. §-12 hours. Not applicable. Indefinite in —65°F. to Top coating.
amber) MIL- airtight con- 250°F,
5-4383B. tainers.

Ficure 6-58. General sealant information.
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is below 60° F. A temperature of 77° F. with 50
percent relative humidity is the ideal condition
for curing most sealants.

Curing may be accelerated by increasing the
temperature, but the temperature should pever
be allowed to exceed 120° ¥. at any time in the
curing cycle. Heat may be applied by using infra-
red lamps or heated air. If heated air is used, it
must be properly filtered to remove moisture and
dirt.

Heat should not be applied to any faying surface
sealant installation until all work is completed.
All faying surface applications must have all at-
tachments, permanent or temporary, completed
within -the application limitations of the sealant.

Sealant must be cured to a tack-free condition
before applying brush top coatings. (Tack-free
counsistency is the point at which a sheet of cello-
phane pressed onto the sealant will no longer
adhere.)

CORROSION CONTROL

Metal corrosion is the deterioration of the
metal by chemical or electrochemical attack and
can take place internally as well as on the surface.
As in the rotting of wood, this deterioration may
change the smooth surface, weaken the interior,
or damage or loosen adjacent parts.

Water or water vapor containing salt combine
with oxygen in the atmosphere to produce the
main source of corrosion in aircraft. Aircraft
operating in a marine environment or in areas
where the atmosphere contains industrial fumes
which are corrosive are particularly susceptible
to corrosive attacks.

Corrosion can canse eventual structural failure
if left unchecked. The appearance of the corrosion
varies with the metal. On aluminum alloys and
magnesium it appears as surface pitting and
etching, often combined with a grey or white
powdery deposit. On copper and copper alloys the
corrosion forms a greenish film; on steel a reddish
rust. When the grey, white, green, or reddish
deposits are removed, each of the surfaces may
appear etched and pitted, depending upon the
length of exposure and severity of attack. If
these surface pits are not too deep, they may not
significantly alter the strength of the metal; how-
ever, the pits may become sites for crack develop-
ment. Some types of corrosion can travel beneath
surface coatings and can spread until the part fails.
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Types of Corrosion

There are two general classifications of corrosion
which cover most of the specific forms. These are
direct chemical attack and electrochemical attack.
In both types of corrosion the metal is converted
into a metallic compound such as an oxide, hy-
droxide, or sulfate. The corrosion process always
involves two simultaneous changes: The metal
that is attacked or oxidized suffers what may be
called anodic change, and the corrosive agent is
reduced and may be considered as undergoing
cathodie change.

Direct Chemical Attack

Direct chemical attack, or pure chemical cor-
rosion, is an attack resulting from a direct ex-
posure of a bare surface to caustic liguid or
gaseous agents. Unlike electrochemical attack
where the anodic and cathodic changes may be
taking place a measurable distance apart, the
changes. in direct chemical attack are occurring
simultaneously at the same point. The most
commen agents causing direct chemical attack on
aircraft are: (1) Spilled hattery acid or fumes
from batteries; (2) residual flux deposits resulting
from inadequately cleaned, welded, brazed, or
soldered joints; and (3) entrapped caustic cleaning
solutions. Spilled battery acid is becoming less of
a problem with the advent of aircraft using
nickel-cadmium batteries which are usually closed
units. The use of these closed units lessens the
hazards of acid spillage and battery fumes.

Many types of fluxes used in brazing, soldering,
and welding are corrosive and they chemically
attack the metals or alloys with which they are
used. Therefore, it is important that residual flux
be removed from the metal surface immediately
after the joining operation. Flux residues are
hygroscopic in nature; that is, they are capable of
absorbing moisture, and unless carefully removed,
tend to cause severe pitting.

Caustic cleaning solutions in concentrated form
should be kept tightly capped and as far from
aircraft as possible. Some cleaning solutions used
in corrosion removal are, in themselves, potentially
corrosive agents, and particular attention should
be directed toward their complete removal after
use on aircraft. Where entrapment of the cleaning
solution is likely to oecur, a noncorrosive cleaning
agent should be used even though it is less
efficient.




Electrochemical Attack

An electrochemical attack may be likened chem-
ically 1o the electrolvtic reaction which takes
place in electroplating, anodizing, or in a dry-
cell battery. The reaction in this corrosive attack
requires a medium, usually water, which is capable
of conducting 2 tiny current of electricity. When
a metal comes in contact with a corrosive agent
and is also connected by a liquid or gaseous path
through which electrons may flow, corrasion be-
gins as the metal decays by oxidation. During the
attack, the quantity of corrosive agent is reduced
and, if not renewed or removed, may completely
react with the metal (become neutralized). Dif-
ferent areas of the same metal surface have
varying levels of electrical potential and if con-
nected by a conductor, such as salt water, will
set up a series of corrosion cells and corrosion will
conmence.

All metals and alloys are electrically active and
have a specific electrical potential in a given
chemical environment. The constituents in an
alloy also have specific electrical potentials which
are generally different from each other, Exposure
of the alloy surface to a conductive, corrosive
medium causes the more active metal 10 become
anodic and the less active metal to hecome
cathodic, thereby establishing conditions for cor-
rosion. These are called local celis. The greater the
difference in electrical potential between the two
metals, the greater will be the severity of a cor-
rosive attack, if the proper conditions are allowed
to develop.

As can be seen, the condilions for these corrosion
reactions are a conductive fluid and metals having
a difference in potential. If, by regular cleaning
and surface refinishing, the medium is removed
and the minute electrical circuit eliminated, cor-
rosion cannot occur; this is the basis for effective
corrosion control.

The electrochemical attack is responsible for
most forms of corrosion on aircraft structure and
component parts.

FORMS OF CORROSION

There are many forms of corrosion. The form
of corrosion depends on the metal involved, its
size and shape, its specific function, atmospheric
conditions, and the corrosion-producing agents
present. Those described in this section are the
mere common forms found on airframe structures.
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Surface Corrosion

Surface corrosion appears as a general roughen-
ing, etching, or pitting of the surface of a metal,
frequently accompanied by a powdery deposit of
corrosion products. Surface corrosion may be
cansed by cither direct chemical or electrochemical
attack. Somectimes corrosion will spread under
the surface coating and cannot be recognized by
either the roughening of the surface or the
powdery deposit. Instead, the paint or plating
will be lifted off the surface in small blisters which
result from the pressure of the underlying aceumun-
lation of corrosion products.

Dissimilar Metal Corrosjon

Extensive pitting damage may result from con-
tact hetween dissimilar metal parts in the presence
of a conductor. While surface corrosion mav or
may not be taking place. a galvanic action, not
unlike electroplating, occurs at the points or
arcas of contact where the msulation has hroken
down or been omitted. This electrochemical attack
can be vers serious because the action bs, in many
instances, taking place out of sight. and the only
wayv lo detect it prior to structural failure is by
disassembly and inspection.

Intergranular Corrosion

This type ol corrosion is an altack along the
grain boundaries of an alloy and commonly results
from a lack of uniformity in the alloy structure.
Aluminum allovs and some stainless stecls are
partieularly susceptible to this form of electro-
chiemical attack, The lack of uniformity is caused
l)_\' ('llangl‘s that occur in the a”u) cluring Iu'aling
and cooling. Tatergranular corvosion may exist
without wvisible surlace evidencee. Very severe
inlt-rgranular corrosion may sometines canse the
surface of a metal to Texfoliare.” This is a lilting
or flaking of the wetal at the surface due o
delamination of the grain boundaries caused by
the pressure of corrosion residual product butldup.
This Ly pe of corrosion iy difficult o deteet inoits
original stage. Ultrasonic and eddy current in-
spection methods are being used with a great

deal of suceess,

Stress Corrosion

Stress corrosion occurs as the result of the
combined effect of sustained tensile stresses and
a corrosive environment. Stress corrosion cracking



is found in most metal systems; however, it is
particularly characteristic of aluminum, copper,
certain stainless steels, and high-strength ailoy
steels (over 240,000 p.s.i.). It usually occurs along
lines of cold working and may be transgranular
or intergranular in nature. Aluminum alloy bell-
¢ranks with pressed-in bushings, landing gear
shock struts with pipe-thread type grease fittings,
clevis pin joints, shrink fits, and overstressed
tubing B-nuts are examples of parts which are sus-
ceptible to stress corrosion cracking.

Fretting Corrosion

Fretting corrosion is a particularly damaging
form of corrosive atiack which occurs when two
mating surfaces, normally at rest with respect to
one another, are subject to slight relative motion.
It is characterized by pitting of the surfaces, and
the generation of considerable quantities of finely
divided debris. Since the restricted movements
of the two surfaces prevent the debris from escap-
ing very easily, an extremely localized abrasion
occurs. The presence of water vapor gready in-
ereases this type of deterioration. If the contact
areas are small and sharp, deep grooves resembling
brinell markings or pressure indentations may be
worn in the rubbing surface. As a result, this type
of corrosion (on bearing surfaces) has also been
called false brinelling. '

FACTORS AFFECTING CORROS|ON

Many factors affect the type, speed, cause, and
seriousness of metal corrosion. Some of these
factors can be controiled and some cannot.

Climate

The environmental conditions under which an
aircraft is maintained and operated greatly affect
corrosion characteristics. In a predominately ma-
rine environment (with exposure to sea water and
salt air), moisture-laden air is considerably more
detrimental to an aircraft than it would be if all
operations were conducted in a dry climate.
Temperature considerations are important be-
cause the speed of electrochemical attack is in-
creased in a hot, moist climate.

Size and Type of Metal

It is a well known fact that some metals will
corrode faster than others. It is a less known fact
that variations in size and shape of a metal can
indirectly affect its corrosion resistance.
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Good heat
tregtment zone

Poor heat
treatment zone

— g o e e m— —— —

Original surface

Tapering exposes zone of poor heat .
treatment to corrosive environment

Froure 6-59. The effect of machining thick heat-
treated wrought aluminum alloys.

Thick structural sections are more suscepiible
to corrosive attack than thin sections because
variations in physical characteristics are greater.
When large pieces are machined or chemically
milled after heat treatment, the thinner areas
will have different physical characteristics than
the thicker areas. (See figure 6-59.)

From a corrosion control standpoint, the best
approach is to recognize the critical nature of

“the integrity and strength of major structural

parts and to maintain permanent protection over
such areas at all times to prevent the onset of
deterioration.

Foreign Maierial

Among the controllable factors which affect
the onset and spread of corrosive attack is foreign
material which adheres to the metal surfaces.
Such foreign material includes:

(1) Soil and atmospheric dust.

{2) Qil, grease, and engine exhaust residues.

(3) Salt water and salt moisture condensation.

(4) Spilled battery acids and caustic cleaning
solutions.

(5) Welding and brazing flux residues.

It is important that aircraft be kept clean,
How often and to what extent an aircraft should
be cleaned depends on several factors, such as
location, model of atrcraft, and type of operation.

PREVENTIVE MAINTENANCE

Much has been done to improve the corrosion
resistance of aircraft: improvement in materials,
surface treatments, insulation, and protective
finishes. All of these have been aimed at reducing




maintenance effort as well as improving reliability.
In spite of these improvements, corrosion and its
control is a very real problem that requires con-
tinuous preventive maintenance.

Corrosion-preventive maintenance includes the
following specific functions:

(1)
(2}
(3)

An adequate cleaning.

Thorough periodic lubrication.

Detailed inspection for corrosion and failure
of protective systems.

Prompt treatment of corrosion and touchup
of damaged paint areas.

Keeping drainholes free of obstruction.
Daily draining of fuel cell sumps.

Daily wipe-down of exposed critical areas.
Sealing of aircraft against water during foul
weather and proper ventilation on warm,
sunny days.

Making maximum use of protective covers
on parked aircraft.

(4)

)
(6)
(M
(8)

9

After any period during which regular cor-
rosion-preventive maintenance is interrupted, the
amount of maintenance required to repair ac-
cumulated corrosion damage and bring the am-
craft back up to standard will usually be quite
high.

INSPECTION

Inspection for corrosion is a continuing problem
and should be handled on a daily basis. Over-
emphasizing a particular corrosion problem when
it is discovered and then forgetting about corrosion
until the next crisis is an unsafe, costly, and
troublesome practice.

Most scheduled maintenance checklists are com-
plete enough to cover all parts of the aireraft or
engine, and no part of the aircraft should go
unchecked. Use these checklists as a general guide
when an area is to be inspected for corrosion.
Through experience it will be learned that most
aircraft have trouble areas where corrosion will set
in despite routine inspection and maintenance.

In addition to routine maintenance inspections,
amphibians or seaplanes should be checked daily
and critical areas cleaned or treated, as necessary.

CORROSION-PRONE AREAS

Discussed briefly in this section are most of
the trouble areas common to all aircraft. However,
this coverage is not necessarily complete and may
be amplified and expanded to cover the special
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characteristics of the particular aircraft model
involved by referring to the applicable mainte-
nance manual,

Exhaust Traif Areas’

Both jet and reciprocating engine exhaust de-
posits are very corrosive and give particular
trouble where gaps, seams, hinges, and fairings
are located down the exhaust path and where
deposits may be trapped and not reached by
normal cleaning methods. Special attention should
be paid to areas around rivet heads and in skin
crevices. Fairings and access plates in the exhaust
areas should be removed for inspection. Exhaust
deposit buildup in remote areas such as the
empennage surfaces should not be overlooked.
Buildup in these arcas will be slower and some-
times completely absent, but it has become a
problem on some currently operating aireraft.

Battery Compartments and Battery Vent Openings

Despite improvements in protective paint
finishes and in methods of sealing and venting,
battery compartments contine to bhe corrosion
problem areas. Fumes from overheated electrolyte
are difficult to contain and will spread to adjacent
cavities and cause a rapid, corrosive attack on all
unprotected metal surfaces. Battery vent openings
on the aircraft skin should be included in the
battery compartment inspection and maintenance
procedure. Regular cleaning and neutralization of
acid deposits will minimize corrosion from this
cause.

Bilge Areas

These are natural sumps for waste hydraulic
fluids, water, dirt, and odds and ends of debris,
Residual oil quite often masks small quantities
of water which settle to the bottom and set up a
hidden chemical cell. Seaplane and amphibian
aircraft bilge areas are protected by small bags
of potassium dichromate inhibitor suspended near
the low point in each bilge compartment. These
crystals dissolve in any waste water and tend to
inhibit the attack on exposed metal surfaces.

Inspection procedures should include replace-
ment of thesec bags when most of the chemical
has been dissolved. Particular attention must be
paid to areas located under galleys and lavatories
and to human waste disposal openings on the air-
craft exteriors. Human waste products and the



chemicals used in lavatories are very corrosive
to the common aircraft metals. Clean these areas
frequently and keep the paint touched up.

Wheel Well and Landing Gear

This area probably receives more punishment
due to mud, water, sait, gravel, and other flying
debris than any other area on the aircraft.

Because of the many complicated shapes, as-
semblies, and fittings, complete area paint film
coverage is difficult to attain. A partially applied
preservative tends to mask corrosion rather than
prevent it. Due to heat generated by braking
action, preservatives cannot be used on some main
landing gear wheels. During inspection of this
area, pay particular attention to the following
trouble spots:

1. Magnesium wheels, especially around bolt-

heads, lugs, and wheel web areas, particu.

larly for the presence of entrapped water or

its effects.

Exposed rigid tubing, especially at B-nuts

and ferrules, under clamps and tubing identi-

fication tapes.

Exposed position indicator switches and

other electrical equipment.

. Crevices between stiffeners, ribs, and lower
skin surfaces, which are typical water and
debris traps.

+

Water Entrapment Areas

Design specifications require that aircraft have
drains installed in all areas where water may
collect. Daily inspection of Jow-point drains should
be a standard requirement. 1f this mspection is
neglected, the drains may become ineffective be-
cause of accumulated debris, grease, or sealants.

Engine Frontal Areas and Cooling Air Vents

These areas are being constantly abraded with
airhborne dirt and dust, bits of gravel from run-
ways, and rain erosion which tend to remove the
protective finish. Inspection of these areas should
include all sections in the cooling air path, with
special attention to places where salt deposits
may be built up during marine operations. It is
imperative that incipient corrosion be inhibited
and that paint touchup and hard film preservative
coatings be maintained intact on seaplane and
amphibian engine surfaces at all times.

. Wing Flap and Spoiler Recesses
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Dirt and water may collect in flap and spoiler
recesses and go unnoticed because they are norm-
ally retracted. For this reason these recesses are
potential corrosion problem areas.

External Skin Areos

External aireraft surfaces are readily visible
and aceessible for inspection and maintenance.
Even here, certain types of configurations or com-
binations of materials become troublesome under
certain operating conditions and require special
attention.

Relatively little corrosion trouble is experienced
with magnesium skins if the original surface finish
and insulation are adequately maintained. Trim-
ming, drilling, and riveting desiroy some of the
original surface treatment which iz never com-
pletely restored by touchup procedures. Any in-
spection for corrosion should include all magne-
stum skin surfaces with special attention to edges,
areas around fasteners, and cracked, chipped, or
missing paint.

Piano-type hinges are prime spots for corrosion
due to the dissimilar metal contact between the
steel pin and aluminum hinge. They are also
natural traps for dirt, salt, and moisture. Inspec-
tion of hinges should include lubrication and actua-
tion through several cycles to ensure complete
[ubricant penetration.

Corrosion of metal skin joined by spot welding
1s the result of the entrance and entrapment of
corrosive agents between the layers of metal. This
type of corrosion is evidenced by corrosion pro-
ducts appearing at the crevices through which the
corrosive agents enter. More advanced corrosive
attack causes skin buckling and eventual spot
weld fracture. Skin buckling in its early stages
may be detected by sighting along spot-welded
seams or by using a straightedge. The only tech-
nique for preventing this condition is to keep
potential moisture entry points, including seams
and holes created by broken spot welds, filled with
a sealant or a suitable preservative compound.

Miscelianeous Trouble Areas

Helicopter rotor heads and gearboxes, in addi-
tion to being constantly exposed to the elements,
contain bare steel surfaces, many external working
parts, and dissimilar metal contacts. These areas
should be inspected frequently for evidence of




corrosion. The proper mamtenance, lubrication,
and the use of preservative coalings can prevent
corrosion in these areas.

All control cables, whether plain carbon steel
or corrosion-resistant steef, should be inspecied
to determine their condition at each inspection
period. Cables should be inspected for corrosion
by random cleaning of short sections with solvent-
soaked cloths. If eaxternal corrosion is evident,
tension should be relieved and the cable checked
for internal corrosion. Cables with internal corro-
sion should be replaced. Light external corrosion
should be removed with a steel-wire brush. When
corrosion products have been removed, re-coat
the cable with preservative.

CORROSION REMOVAL

In general, uny complete corrosion treatment
involves the following: (1} Cleaning and stripping
of the corroded area, (2) removing as much of the
corrosion products as practicable, (3) neatralizing
any residual materials remaining in pits and
crevices, (4) restoring protective surface films,
and (3) applying temporary or permanent coat-
ings or paint finishes. '

The following paragraphs deal with the correc-
tion of corrosive altack on aircraft surfaces and
components where deterioration has not pro-
gressed to the point reguiring rework or structural
repair of the part involved.

Surface Cleaning and Paint Removal

The removal of corrosion necessarily includes
removal of surface finishes covering the attacked
or suspected arca. In order to assure maximum
efficiency of the stripping compound, the area must
be cleaned of prease, oil, dirt, or preservatives.
This preliminary cleaning operation is also an aid
in determining the extent of corrosion spread, since
the stripping operation will be held to the mini-
mum consistent with full exposure of the corro-
sion damage. lxtensive corrosion spread on any
panel should bLe corrected by fully treating the
entire section.

The selection of the type of materials to be
used in cleaning will depend on the nature of the
matier to be removed. Drycleaning solvent may
be used for removing oil, grease, or soft preserva-
tive compounds. For heavy-duty removal of thick
or dried prescrvatives, other compounds of the
solvent-emulsion type are available.
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The use of a general-purpose, water-rinsable
stripper is recommended for most applications.
Wherever practicable, paint removal from any
large area should be accomplished outside (in
open air) and preferably in shaded areas. If in.
side removal is necessary, adequate ventilation
must be assured. Synthetic rubber surfaces, in-
cluding aircraft tires, fabric, and acrylics, must
be thoroughly protected against possible contact
with paint remover. Care must also be exercised
in using paint remover around gas or watertight
seam sealants, since this material will tend to
soften and destroy the integrity of these sealants.

Mask off any opening thai would permit the
stripping compound to get into aircraft interiors
or critical cavities. Paint stripper is toxic and con-
tains ingredients harmful to both skin and eyes.
Rubber gloves, aprons of acid-repellent material,
and goggle-type eyeglasses should be worn if any
extensive paint removal is to be accomplished.
The following 1s a general stripping procedure:

1. Brush the entire area to be stripped with a
cover of stripper to a depth of L4 to I{; inch.
Any paint brush makes a satisfactory appli-
cator, except that the bristles will be loosened
by the effect of paint remover on the binder,
and the brush should not be used for other
purposes after being exposed to paint re-
mover.
Allow the stripper to remain on the surface
for a sufficient length of time to wrinkle
and lift the paint. This may be from 10
minutes to several hours, depending on both
the temperature and humidity, and the con-
dition of the paint coat being removed. Scrub
the surface with a bristle brush saturated
with paint remover to further loosen finish
that may still be adhering to the metal.

Reapply the stripper as necessary in areas

that remain tight or where the material has

dried, and repeat the above process. Only
nonmetallic scrapers may be used to assist
in removing persistant paint finishes.

. Remove the loosened paint and residual
stripper by washing and scrubbing the sur-
face with water and a broom or brush. If
water spray is available, use a low-to-medium
pressure stream of water directly on the
scrubbing broom or brush. If steam cleaning
equipment is available and the area is suffi-
ciently large, cleaning may be accomplished
using this equipment together with a solution



of steam cleaning compound. On small areas,
‘any method may be used that will assure
complete rinsing of the cleaned area.

CORROSION OF FERROUS METALS

One of the most familiar types of corrosion is
ferrous oxide (rust), generally resulting from at-
mospheric oxidation of steel surfaces. Some metal
oxides protect the underlying base metal, but rust
is not a protective coating in any sense of the word.
Its presence actually promotes additional attack
by attracting moisture from the air and acting
as a catalyst in causing additional corrosion to
take place. As a result, all rust must be removed
from steel surfaces, if complete control of the cor-
rosive attack is to be realized.

Rust first shows on boltheads, holddown nuts,
or other unprotected aircraft hardware. Jts pres-
ence in these areas is generally not dangerous and
has no immediate effect on the structural strength
of any major components. However, it is indica-
tive of a need for maintenance and of possible
corrosive attack in more critical areas, It is also
a factor in the general appearance of the equip-
ment. When paint failures occur or mechanical
damage exposes highly stressed steel surfaces to
the atmosphere, even the smallest amount of
rusting is potentially dangerous in these areas and
must be removed and controlled.

Mechanical Removal of Iron Rust

The most practicable means of controlling the
corrosion of steel is the complete removal of cor-
sion products by mechanical means and restor-
ing corrosion-preventive coatings. Except on
highly stressed steel surfaces, the use of abrasive
papers and compounds, smail power buffers and
buffing compounds, hand wire brushing, or steel
wool are all acceptable cleanup procedures. How-
ever, it should be recognized that in any such use
of abrasives, residual rust usually remains in the
bottom of small pits and other crevices. It is
practically impossible to remove all corrosion
products by abrasive or polishing methods alone.
As a result, once a part has rusted it usuvally
corrodes again more easily than it did the first
time.

Chemical Surface Treatment of Steel

There are approved methods for converting ae-
tive rust to phosphates and other protective
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coatings. Parco Lubrizing and the uvse of other
phosphoric acid proprietary chemicals are ex-
amples of such treatments. However, these pro-
cesses require shop-installed equipment and are
impracticable for field use. Other commercial pre-
parations are effective rust converters where toler-
ances are not critical and where thorough rinsing
and neutralizing of residual acid is possible. These
situations are generally not applicable to as-
sembled aireraft, and the use of chemical inhibitors
on installed steel parts ie not only undesirable but
very dangerous. The danger of entrapment of cor-
rosive solutions and the resulting uncontrolled
attack which could eccur when such materials are
used under field conditions outweigh any advan-
tages to be gained from their use.

Removal of Corrasion From Highly Stressed Steel
Parts

Any corrosion on the surface of a highly stressed
steel part is potentially dangerous, and the careful
removal of corrosion products is required. Surface
scratches or change in surface structure from
overheating can also cause sudden failure of these
parts. Corrosion products must be removed by
careful processing, using mild abrasive papers such
as rouge or fine grit aluminum oxide, or fine buffing
compounds on cloth buffing wheels. It is essential
that steel surfaces not be overheated during buf-
fing. After careful removal of surface corrosion,
protective paint finishes should be re-applied im-
mediately.

CORROSION OF ALUMINUM AND ALUMINUM
ALLOYS

Corrosion attack on aluminum surfaces is usu-
ally quite obvious, since the products of corrosion
are white and generally more voluminous than the
original base metal. Even in its early stages,
aluminum corrosion is evident as general etching,
pitting, or roughness of the aluminum surfaces.
NOTE: Aluminum alloys commonly form a
smooth surface oxidation which is from .001 in.
to .0025 in. thick. This is not considered detri-
mental as such a coating provides a hard shell
barrier to the introduction of corrosive elements.
Such oxidation is not to be confused with the
severe corrosion discussed in this paragraph.

General surface attack of aluminum penetrates
relatively slowly, but is speeded up in the presence
of dissolved salts. Considerable attack can usually
take place before serious loss of structural strength




develops. However, at least three forms of attack
on aluminum alloys are particularly serious: (1)
The penetrating pit-type corrosion through the
walls of aluminum tubing, (2) stress-corrosion
“eracking of materials under sustained stress, and
(3) the intergranular attack which is characteristic
of certain improperly heat-treated aluminum al-
loys.

In general, corrosion of aluminum can be more
effectively treated in place than corrosion occur-
ing on other structural materials used in aircraft.
Treatment includes the mechanical removal of as
much of the corrosion products as practicable, and
the mhibition of residual materials by chemical
means, followed by the restoration of permanent
surface coatings.

Treatment of Unpainted Alumivm Surfaces

Relatively pure aluminum has considerably
more corrosion resistance compared with the
stronger alominum alloys. Advantage is taken of
this by laminating a thin sheet of relatively pure
aluminum over the base aluminum alloy. The
protection obtained is good, and the alclad surface
can be maintained in a polished condition. In
cleaning such surfaces, however, care must be
taken to prevent staining and marring of the
exposed aluminum and, more important from a
protection standpoint, to avoid unnecessary me-
chanical removal of the protective alclad layer
and the exposure of the more susceptible alumi-
num alloy base material. A typical aluminum
corrosion treatment sequence follows:

1. Remove 0il and surface dirt with any suitable
mild cleaner prior to abrasive cleaning of
aluminum surfaces.

. Hand polish the corroded areas with fine
abrasives or with metal polish. Metal polish
intended for use on clad aluminum aircraft
surfaces must not be used on anodized alumi-
num since it is abrasive enough to actually
remove the protective anodized film. It effec-
tively removes stains and produces a high,
lasting polish on unpainted alclad. If a sar-
face is particularly difficult to clean, a cleaner
and brightener compound for aluminum, can
be used before polishing to shorten the time
and lessen the effort necessary to get a clean
surface. ’

Treat any superficial corrosion present, using

an inhibijtive wipe-down material. An alter-

nate treatment js processing with a solution
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of sodium dichromate and chromium tri-
oxide. Allow these solutions to remain on the
corroded area for 5 to 20 minutes, and then
remove the excess by rinsing and wiping the
surface dry with a clean cloth.

Overcoat the polished surfaces with water-
proof wax.

Aluminum surfaces that are to be subsequently
painted can be exposed to more severe cleaning
procedures and can also be given more thorough
corrective treatment prior to painting. The fol-
lowing sequence is generally used:

1. Thoroughly clean the affected surfaces of all
soil and grease residues prior to processing.
Any general aircraft cleaning procedure may
be used.

If residual paint films remain, strip the area
to be treated. Procedures for the use of paint
removers, and the precautions to observe,
were previously mentioned in this chapter
under “Surface Cleaning and Paint Re-
moval.”

Treat superficially corroded areas with a 10
percent solution of chromic acid and sul-
phuric acid. Apply the solution by swab or
brush. Scrub the corroded area with the
brush while it is still damp. While chromic
acid is a good inhibitor for aluminum alloys,
even when corrosion products have not been
completely removed, it is important that
the solution penetrate to the bottom of all
pits and underneath any corrosion that may
be present. Thorough brushing with a stiff
fiber brush should loosen or remove most
existing corrosion and assure complete pene-
tration of the inhibitor into crevices and
pits. Allow the chromic acid to remain in
place for at-least 5 minutes, then remove
the excess by flushing with water or wiping
with a wet cloth. There are several com-
mercial chemical surface treatment com-
pounds, similar to the type described above,
which may also be used.

Dry the treated surface and restore recom-
mended permanent protective coalings as
required in accordance with the aircraft
manufacturer’s procedures. Restoration of
paint coatings should immediately follow any
surface treatment performed. In any case,
make sure that corrosion treatment is ac-
complished or is re-applied on the same day
that paint refinishing is scheduled.



Treatment of Anodized Surfaces

As previously stated, anodizing is a common
surface treatment of aluminum alloys. When this
coating is damaged in service, it can be only
partially restored by chemical surface treatment.
Therefore, any corrosion correction of anodized
surfaces should avoid destruction of the oxide
film in the unaffected area. Avoid the use of steel
wool, steel wire brushes, or severe abrasive ma-
terials.

Aluminum wool, aluminum wire brushes, or
Afiber bristle brushes are the approved tools for
cleaning corroded anodized surfaces. Care must be
exercised in any cleaning process to aveid un-
necessary breaking of the adjacent protective film.

Take every precaution to maintain as much of
the protective coating as practicable. Otherwise,
treat anodized surfaces in the same manner as
other aluminum finishes. Chromic acid and other
inhibitive treatments tend to restore the oxide
film.

Treatment of Intergranular Corrosion in
Heal-Treated Aluminum Alloy Surfaces

As previously described, intergranular corro-
sion is an attack along grain boundaries of im-
properly or inadequately heat-treated alloys, re-
sulting from precipitation of dissimilar constituents
following heat treatment. In its most severe form,
actual lifting of metal layers (exfoliation) occurs.
More severe cleaning is a must when intergranular
corrosion is present. The mechanical removal of all
corrosion products and visible delaminated metal
layers must be accomplished to determine the
extent of the destruction and to evaluate the re-
maining structural strength of the component.

Corrosion depth and removal limits have been
established for some aircraft. Any loss of structural
strength should be evaluated prior to repair or
replacement of the part.

CORROSION OF MAGNESIUM ALLOYS

Magnesium is the most chemically active of the

metals used in aircraft construction and is, there-
fore, the most difficult to protect. When a failure
in the protective coating does occur, the prompt
and complete correction of the coating failure is
imperative if serious structural damage is to be
avoided. Magnesium attack is probably the easiest
type of corrosion to detect in its early stages, since
magnesium corrosion products occupy several
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times the volume of the original magnesium metal
destroyed. The beginning of attack shows as a
lifting of the paint films and white spots on the
magnesium surface. These rapidly develop into
snowltke mounds or even “white whiskers.” Re-
protection involves the removal of corrosion prod-
ucts, the partial restoration of surface coatings by
chemical treatment, and a re-application of pro-
tective coatings.

Treatment of Wrought Magnesium Sheet and
Forgings.

Magnesium skin' attack will usually occur
around edges of skin panels, underneath holddown
washers, or in areas physically damaged by shear-
ing, drilling, abrasion, or impact. If the skin sec-
tion can be removed easily, this should be done to
assure complete inhibition and treatment. If in-
sulating washers are involved, screws should be
loosened, at least sufficiently to permit brush
treatment of the magnesium under the insulating
washer. Complete mechanical removal of corro-
sion products should be practiced insofar as prac-
ticable. Such mechanical cleaning should be
limited to the use of stiff, hog-bristle brushes and
similar nonmetallic cleaning tools, particularly if
treatment is to be performed under field condi-
tions. Any entrapment of steel particles from steel-
wire brushes or steel tools, or contamination of
treated surfaces by dirty abrasives, can cause more
trouble than the initial corrosive attack. Corroded
magnesium may generally be treated as follows:

1. Clean and strip the paint from the area to
be treated. (Paint stripping procedures
were discussed earlier in this chapter.)
Using a stiff, hog-bristle brush, break loose
and remove as much of the corrosion prod-
ucts as practicable. Steel-wire brushes, car-
borundum abrasives, or steel cutting tools
should not be used.

Treat the corroded area liberally with a
chromic acid solution, to which has been
added sulphuric acid, and work into pits
and crevices by brushing the area while
still wet with chromic acid, again using a
nonmetallic brush.

Allow the chromic acid to remain in place for
5 to 20 minutes before wiping up the excess
with a clean, damp cloth, Do not allow the
excess solution to dry and remain on the
surface, as paint lifting will be caused by
such deposits.

2.




5. As soon as the surfaces are dry, restore the
original protective paint.

Treatment of Installed Magnesium Castings

Magnesium castings, in general, are more porous
and more prone to penetrating attack than
wrought magnesium skins, However, treatment is,
for all practical purposes, the same for all mag-
ne-ium areas. Engine cases, bellcranks, fittings,
*wamnerous covers, plates, and handles are the most
common rmagnesium castings.

When attack occurs on a casting, the earliest
practicable treatment is required if dangerous cor-
rosive penetration is to be avoided. In fact, en-
gine cases submerged in salt water overnight can
be completely penetrated. If it is at all practicable,
parting surfaces should be separated to effectively
treat the existing attack and prevent its further
progress. The same general treatment sequence in
the preceding paragraph for magnesium skin
should be followed.

If extensive removal of corrosion products from
a structural casting is involved, a decision from
the manufacturer may be necessary to evaluate
the adequacy of structural strength remaining.
Specific structural repair manuals usually include
dimensional tolerance limits for critical structural
members and should be referred to, if any ques-
tion of safety is involved.

TREATMENT OF TITANIUM AND TITANIUM
ALLOYS

Attack on titanium surfaces is generally dif-
ficult to detect. Titanium is, by nature, highly cor-
rosion resistant, but it may show deterioration
from the presence of salt deposits and metal im-
purities, particularly at high temperatures. There-
fore, the use of steel wool, iron scrapers, or steel
brushes for cleaning or for the removal of corro-
sion from titanium parts is prohibited.

If titanium surfaces require cleaning, hand
polishing with aluminum pelish or a mild abrasive
is permissable, if fiber brushes only are used and
if the surface is treated following cleaning with a
suitable solution of sodium dichromate. Wipe the
treated surface with dry cloths to remove excess
solution, but do not use a water rinse.

PROTECTION OF DISSIMILAR METAL
CONTACTS

Certain metals are subject to corrosion when
placed in contact with other metals. This is com-

180

monly referred to as electrolytic or dissimilar
metals corrosion. Contact of different bare metals
creates an electrolytic action when moisture is
present. If this moisture is salt water, the electro-
lytic action is accelerated. The result of dissimilar-
metal contact is oxidation (decomposition) of one
or both metals, The chart shown in figure 6-60
lists the metal combinations requiring a protective
separator. The separating materials may be metal
primer, aluminum tape, washers, grease, or seal-
ant, depending on the metals involved.

Contacts Not Invelving Magnesivm

All dissimilar joints not involving magnestum
are protected by the application of a minimum of
two coats of zine chromate primer in addition to
normal primer requirements. Primer is applied by
brush or spray and allowed to air-dry 6 hours be-
tween coats.

Contacts Involving Magnesium

To prevent corrosion between dissimilar-metal
joints in which magnesium alloy is involved, each
surface is insulated as follows:

At least two coats of zinc chromate are applied
to each surface, Next, a layer of pressure-sensitive
vinyl tape 0.003-inch thick is applied smoothly
and firmly encugh to prevent air bubbles and
wrinkles. To avoid creep-back, the tape is not
stretched during application. When the thickness
of the tape interferes with the assembly of parts,
where relative motion exists between parts, or
when service temperatures above 250° F. are an-
ticipated, the use of tape is eliminated and extra
coats (minimum of three) of primer are applied.

CORROSION LIMITS

Corrosion, however slight, is damage. Therefore,
corrosion damage is classified under the four stand-
ard types, as is any other damage. These types
are: (1) Negligible damage, (2) damage repairable
by patching, (3} damage repairable by insertion,
and (4) damage necessitating replacement of parts.

The term “negligible,” as used here, does not
mmply that little or nothing should be done. The
corroded surface should be cleaned, treated, and
painted as appropriate. Negligible damage, gener-
ally, is corrosion which has scarred or eaten away
the surface protective coats and begun to etch
the metal.
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Ficure 6-60. Dissimilar metal contacts that will result in electrolytic corrosion.

Corrosion damage extending to classilications
ge 4

of “repairable by patching™ and “repairable by
insertion” should be rapaired in accordance with
the applicable structural repair manual.

When corrosion damage exceeds the damage
limits to the extent that repair is not possible, the
component or strueture should be replaced.

PROCESSES AND MATERIALS USED IN
CORROSION CONTROL

Metal Finishing

Aircraft parts are almost always given some
type of surface finish by the manufacinrer. The
main purpose is o provide corrosion resistance;
however, surface finishes may also e applied to
increase wear resistance or to provide a suitable
base for paint.

In most instances the original finishes cannot be
restoredd in the field due to nonavailability of
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equipment or other limitations. However, an un.
derstanding of the various types of metal finishes
is necessary if they are to be properly maintained
in the field and if the partial restoration techniques
used in corrosion control are to be effective.

Surface Preparation

‘Original surface treatments for steel parts usuo-
ally include a cleaning treatment to remove all
traces of dirt, oil, grease, oxides, and moisture,
This is necessary to provide an effective bond be-
tween the metal surface and the final finish, The
cleaning process may be either mechanical or
chemical. In mechanical cleaning the following
methods are employed: wire brush, steel wool,
emery cloth, sandblasting, or vapor blasting.

Chemical cleaning is preferred over mechanical
since none of the base metal is removed by clean-
ing. There are various chemical processes now in
use, and the type used will depend on the material




being cleaned and the type of foreign matter
being removed.

Steel parts are pickled to remove scale, rust,
or other foreign matter, particularly before plat-
ing. The pickling solution can be either muriatic
{hydrochloric) or sulfuric acid. Cost-wise, sulfuric
acid is preferable, but muriatic acid is more effec-
tive in removing certain types of scale.

The pickling solution is kept in a stoneware tank
and is usually heated by means of a steam coil.
Parts not to be electroplated after pickling are
immersed in a lime bath to neutralize the acid
from the pickling solution.

Electrocleaning is another type of chemical
cleaning used to remove grease, oil, or organic mat-
ter. In this cleaning process, the metal is suspended
in a hot alkaline solution containing special wet-
ting agents, inhibitors, and materials to provide
the necessary electrical conductivity., An electric
current is then passed through the solution in a
manner similar to that used in electroplating.

Aluminum and magnesium parts are also
cleaned by using some of the foregoing methods.
Blast cleaning is not applicable to thin aluminum
sheets, particularly alclad. Steel grits are not used
on aluminum or corrosion-resistant metals..

Polishing, buffing, and coloring of metal surfaces
play a very important part in the finishing of metal
surfaces. Polishing and buffing operations are
sometimes used when preparing a metal surface for
electroplating, and all three operations are used
when the metal surface requires a high-luster

finish.

Electroplating

Electroplating is the process of transferring
metal from one object to another by chemical and
electrical means. Several reasons for applying
plated coatings are:

1. To protect the base metal (metal being
plated) against corrosion. Tin, zine, nickel,
and cadmium are some of the metals used to
form a protective coating on another metal
by electrolytic action.

2. To protect the base metal against wear,
caused by abrasion or fretting corrosion.
Chromium plating is extensively used for
wear resistance on gages, dies, oleo pistons,
and cylinder barrels. Nickel plating can also
be used for this purpose.

3. To produce and retain a desired appearance
(color and luster), as well as improve

resistance to tarnish, Gold, mickel, or chrom-
ium plating can be used in this application.

4. To protect a base metal against some special
chemical reaction; for example, copper
plating is sometimes used to prevent certain
parts of a component manufactured of steel
from absorbing carbon during casehardening.

5. To increase the dimensions of a part. This
process, known as “building up,” may be
applied to parts accidentally made undersize,
or to worn parts. Nickel or chromium plating
is commeonly used for this purpose.

6. To serve as a base for further plating
operations, reduce buffing costs, and ensure
bright deposits of nickel or nickel and
chromium. Copper is commonly used for this
purpose.

All electroplating processes are basically similar.
The equipment used consists of a tank or hath
containing a liquid solution called an electrolyte,
a conirol panel, and a source of direct current.

When a current is passed through the circuit, .
the plating material is the positive electrode or
anode of the circuit. The part on which the plating
is deposited is the negative electrode or cathode
of the circuit. The source of power anode, cathode,
and electrolyte form the plating electrical circuit
and cause tiny particles of the plating material to
be deposited on the surface of the part being
plated. The process is continued until a plating of
the required thickness is obtained. The electrolyte,
anode, cathode, and current setting will vary with.
the type of plating material being used.

Some plating operations do not use anodes of the
metal being deposited but obtain the metal from
the electrolyte alone. Chromjum plating is an
example of this type plating. Lead anodes, in-
stead of chromium anodes, which are unsatis-
factory, are employed to complete the electrical
circuit. The chromium for the plating comes from
the chromic acid in the electrolyte.

Metal Spraying

Metal spraying, or metallizing, is the surface
application of molten metal on any solid base
material. It is possible to spray aluminum,
cadmium, copper, nickel, steel, or any of several
metals using this process. In aircraft work the
process is used primarily to spray a coat of pure
aluminum on steel parts to improve their corrosion
resistance,

182



el e R s T T

The base material must be roughened (usually
by sandblasting) and perfectly clean in order for
the sprayed metal to adhere to the surface of the
base material.

Metal-spraying equipment consists of a supply
of oxygen and acetylene piped to the spray gun,
which ends in a nozzle. At this point they can be
ignited as in a welding torch. A supply of com-
pressed air is also piped to the spray gun. This
compressed air operates a feeding mechanism that
draws the wire through the spray gun. The wire is
melted by the hot oxyacetylene flame and is
thrown against the surface being metallized by the
compressed air.

CHEMICAL TREATMENTS

Parco Lubrizing

Parco Lubrizing is a chemical treatment for iron
and steel parts which converts the surface to a
nonmetallic oil-absorptive phosphate coating. It is
designed primarily to reduce wear on moving parts.

The process is a modification of Parkerizing, and
consists of a precleaning treatment in which vapor
degreasing, acid pickle, or spray emulsion is used,
followed by a 15-minute dip in a solution of water
and 10 percent by volume of Parco Lubrite. This
is followed by a water rinse and a dip in water-
soluble oil. The phosphate surface soaks up oil and
retains it.

Anodizing

Anodizing is the most common surface treatment
of nonclad aluminum alloy surfaces. The alumi-
num alloy sheet or casting is the positive pole in an
electrolytic bath in which chromic acid or other
oxidizing agent produces an aluminum oxide film
on the metal surface. Aluminum oxide is naturally
protective, and anodizing merely increases the
thickness and density of the natural oxide film.
When this coating is damaged in service, 1t can
only be partially restored by chemical surface treat-
ments. Therefore, any processing of anodized sur-
faces, including corrosion removal, should avoid
unnecessary destruction of the oxide film.

The anodized coating provides excellent resist-
ance to corrosion. The coaling is soft and easily
scratched, making it pecessary to use extreme cau-
tion when handling it prior fo coating it with
primer.

Aluminum woel, nylon webbing impregnated
with aluminum oxide abrasive or fiber bristle
brushes are the approved tocls for cleaning anodized
surfaces. The use of stee] wool, steel wire brushes,
or harsh abrasive materials on any aluminum sur-
faces is prohibited. Producing a buffed or wire
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brush finish by any means is also prohibited. Other-
wise, anodized surfaces are treated in much the
same manner as other aluminum finishes.

In addition to its corrosion-resistant qualities,
the anodic coating is also an excelient bond for
paint. In most cases parts are primed and painted
as soon as possible after anodizing. The anedic
coating is a poor conductor of electricity; there-
fore, if parts require bonding, the coating is re-
moved where the bonding wire is to be attached.

. Alclad surfaces that are to be left unpainted re-
quire no anodic treatment; however, if the alclad
surface is to be painted, it is usually anodized to
provide a bond for the paint.

Alodizing

Alodizing is a simple chemical treatment for all
aluminum alloys to increase their corrosion
resistance and to improve their paint-bonding
qualities. Because of its simplicity, it is rapidly
replacing anodizing in aircraft work.

The process consists of precleaning with an
acidic or alkaline metal cleaner that is applied by
either dipping or spraying. The paris are then
rinsed with fresh water under pressure for 10 to 15
seconds. After thorough rinsing, alodine is applied
by dipping, spraying, or brushing. A thin, hard
coating results which ranges in color from light,
bhluish-green with a slight iridescence on copper-
free alloys to an olive green on copper-bearing
alloys. The alodine is first rinsed with clear, cold
or warm water for a period of 15 to 30 seconds. An
additional 10- to 15-second rinse is then given in a
Deoxylyte bath., This bath is to counteract
alkaline material and to make the alodyzed
aluminum surface slightly acid on drying.
Chemical Surface Treatment and Inhibitors

As previously described, aluminum and mag-
negium alloys in particular are protected originally
by a variety of surface treatments. Steels may have
been Parco Lubrized or otherwise oxidized on the
surface during manufacture. Most of these coatings
can only be restored by processes which are
completely impractical in the field. But, corroded
areas where such protective films have been
destroyed require some type of treatment prior to
refinishing. The following inhibiting materials are
particularly effective in the field treatment of
aluminum, are beneficial to bare magnesium, and
are of some value even on bare steel parts.

The labels on the containers of surface treatment
chemicals will provide warnings if a material is
toxic or flammable. However, the label might not
be large encugh to accommodate a list of all the




possible hazards which may ensue if the materials
are mixed with incompatible substances. For ex-
ample, some chemicals used in surface treatments
will react violently if inadvertently mixed with
paint thinners. Chemical surface treatment ma-
terials must be handled with extremeé care and
mixed exactly according to directions.

Chromic Acid Inhibitor

A 10-percent solution by weight of chromic acid,
activated by a small amount of sulfuric acid, is
particularly effective in treating exposed or
corroded aluminum surfaces. It may also be used
to treat corroded magnesium.

This treatment tends to restore the protective
oxide coating on the metal surface. Such treatment
must be followed by regular paint finishes as soon
as practicable, and never later than the same day
as the latest chromic acid treatment. Chromium
trioxide flake is a powerful oxidizing agent and a

fairly strong acid. It must be stored away from
organic solvents and other combustibles. Wiping
cloths used in chromic-acid pickup should either be
rinsed thoroughly after use or disposed of,

Sodium Dichromate Solution

A less active chemical mixture for surface
treatment of aluminum is a solution of sodium
dichromate and chromic acid. Entrapped solutions
of this mixture are less likely to corrode metal
surfaces than chromic acid inhibitor solutions.

Chemical Surface Treatments

Several commercial, activated chromate acid
mixtures are available under Specification MIL-C-
5541 for field treatment of damaged or corroded
aluminum surfaces. Precautions should be taken
to make sure that sponges or cloths used are
thoroughly rinsed to avoid a possible fire hazard
after drying. (See figure 6-61)

STEP } STEP 2 STEP 3 STEP 4
TYPE OF CLEANING TO PAINT STRIPFING CORROSION SURFACE TREAT-
CORROSION REMOVE FOREIGN (WHEN APPLI- REMOVAL MENT (WHEN
MATTER CABLE) APPLICABLE)
Light or heavy pitting | Remove foreign mat- | Readily accessible Remove corrosion Chromate conversion

or etching of alu-
minum {clad)

ter with cleaner, Spec
MIL-C-25769

areas: Strip with
stripper, Spec MIL-
R-25134

Confined areas:
Strip with solvent

with brightener,
Spec MIL-C-25378

coating Spec MIL-
C-5541

Light or heavy pitting [ As above As above Remaove corrosion by | As above
or etching of mechanical method
aluminum (clad) —or—
Remove corrosion
with brightener,
Spec MIL-C-25378
Intergranular or As above As above Remove corrosion by | As above

exfoliation ¢orrosion
of aluminum

mechanical method

Light or heavy
corrosicn on small
aluminum parts
which can be
removed for
treatment

Painted Parts

Clean and strip in
solution of paint and
varnish remover,
Spec MIL-R-7751
Unpainted Parts
Clean with com-
pound, Spec P-C-
426, MIL-C-5543
or vapor degrease

Not Required

If cleaning accom-
plished with paint
and varnish remover
Spec MIL-R-7751

Remove corrosion
and oxide film by
immorsion of parts
in phosphoric-
chromate acid
solution

Immersion chromate
conversion coating,

Spec MIL-C-5541

Stress corrosion
cracking of
aluminum

Not Applicable

See Step 1

See Step I

See Step 1

Ficure 6-61. Typical corrosion removal and treatment procedures for aluminum alloys.
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PROTECTIVE PAINT FINISHES

A good, intact paint finish is the most effective
barrier between metal surfaces and corrosive
media. The three most common finishes are a
nitrocellulose finish, an acrylic nitrocellulose
finish, and an epoxy finish. In addition, high-
visibility fluorescent materials may also be used,
along with a variety of miscellaneous combinations
of special materials. There may also be rain-
erosion-resistant coatings on metal leading edges,
and several different baked enamel finishes on
engine cases and wheels.

AIRCRAFT CLEANING

Cleaning an aircraft and keeping it clean are
extremely important. A cracked landing gear
fitting covered with mud and grease may be easily
overlooked, Dirt can hide cracks in the skin. Dust
and grit cause hinge fittings to wear excessively.
A film of dirt if left on the aircraft’s outer surface,
reduces flying speed and adds extra weight. Dirt
or trash blowing or bouncing around the inside of
the aircraft is annoying and dangerous. Small
pleces of dirt blown into the eyes of the pilot at a
critical moment can cause an accident. A coating
of dirt and grease on moving parts makes a sort of
grinding compound that can cause excessive wear,
Salt water has a serious corroding effect on exposed
metal parts of the aircraft, and should be washed
off immediately.

There are many different kinds of cleaning
agents approved for use in cleaning aircraft. It is
impractical to cover each of the various types of
cleaning agents since their use varies under
different conditions, such as the type of material
to be removed, the aircraft finish, and whether the
cleaning is internal or external.

In general, the types of cleaning agents used on
aircraft are solvents, emulsion cleaners, soaps, and
synthetic detergents. Their use must be in accord-
ance with the applicable maintenance manual. The
types of cleaning agents named above are also
classed as light- or heavy-duty cleaners. The soap
and synthetic detergent type cleaners are used for
light-duty cleanmg, while the solvent and emulsion
type cleaners are used for heavy-duty cleaning.
The light-duty cleaners, which are nontoxic and
nonflammable, should be used whenever possible.

Exterior Cleaning
There are three methods of cleaning the aircraft
exterior: (1) Wet wash, (2) dry wash, and (3)

polishing. Polishing can be further broken down
into hand polishing and mechanical polishing. The
type and extent of soiling and the final desired
appearance determine the cleaning method to be
used.

Wet wash removes oil, grease, or carbon
deposits and most soils, with the exception of
corrosion and oxide films. The cleaning compounds
used are usually applied by spray or mop, after
which high-pressure running water is used as a
rinse. Either alkaline or emulsion cleaners can be
used in the wet-wash method.

Dry wash is used to remove airport film, dust,
and small accumulations of dirt and soil when the
use of liquids is neither desirable nor practical.
This method is not suitable for removing heavy
deposits of carbon, grease, or oil, especially in the
engine exhaust areas. Dry-wash materials are
applied with spray, mops, or cloths, and removed
by dry mopping or wiping with clean, dry cloths.

Polishing restores the luster to painted and
unpainted surfaces of the airplane, and is usually
performed after the surfaces have been cleaned.
Polishing is also used to remove oxidation and
corrosion. Polishing materials are available in
various forms and degrees of abrasiveness. It is
important that the aircraft manufacturer’s in-
structions be used in specific applications.

The washing of aircraft should be performed in
the shade whenever possible as cleaning com-
pounds tend to streak the surface if applied to hot
metal, or permitted to dry on the area. Install
covers over all openings where water or cleaners
might enter and cause damage.

Various areas of aircraft, such as the sections
housing radar and the area forward of the cockpit
that are finished with a dull paint, should not be
cleaned more than necessary and should never be
scrubbed with stiff brushes or coarse rags. A soft
sponge or cheesecloth with a minimum of mannal
rubbing is advisable. Any oil or exhaust stains on
the surface should first be removed with a sclvent
such as kerosene or other petroleum-base solvent,
The surfaces should be rinsed immediately after
cleaning to prevent the compound from drying on
the surface.

Before applying soap and water to plastic
surfaces, flush the plastic surfaces with fresh water
to dissolve salt deposits and wash away dust
particles. Plastic surfaces should be washed with
soap and water, preferably by hand. Rinse with
fresh water and dry with chamois or absorbent
cotton. In view of the soft surface, do not rub
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plastic with a dry cloth since this is not only likely
to cause scraiches, but it also builds up an
electrostatic charge which attracts dust particles
to the surface. The charge as well as the dust may
" be removed by patting or gently blotting with a
clean, damp chamois. Do not use scouring powder
or other material which can mar the finish, Remove
oil and grease by rubbing gently with a cloth wet
with soap and water. Do not use acetone, benzene,
carbon tetrachloride, lacquer thinners, window
cleaning sprays, gasoline, fire extinguisher or deicer
fluid on plastics because they soften the plastic
and cause crazing.

Surface oil, hydraulic fluid, grease, or fuel can
be removed from aircraft tires by washing with a
mild soap solution.

After cleaning, lubricate all grease fittings,
hinges, etc., where removal, contamination, or
dilution of the grease is suspected during washing
of the aircraft.

INTERIOR CLEANING

Keeping the interior of the aircraft clean is just
as important as maintaining a clean exterior sur-
face. Corrosion can establish itsell on the inside
structure to a greater degree because it is difficult
to reach some areas for cleaning. Nuts, bolts, bits
of wire, or other metal objects carelessly dropped
and neglected, combined with moisture and dis-
similar-metal contact, can cause electrolytic cor-
rosion.

When performing structural work inside the air-
craft, all metal particles and other debris should
be cleaned up as soon as possible. To make clean-
ing easier and prevent the metal particles and
debris from getting into inaccessible areas, a drop-
cloth can be used in the work area to caich this
debris. )

A vacuum cleaner can be used to pick up dust
and dirt from the interior of the cockpit and cabin.

Aireraft interior present certain problems during
cleaning operations, The following is taken from
The National Fire Protection Association (NFPA)
Bulletin #410F “Aircraft Cabin Cleaning Opera-
tion”.

Basic to an understanding of the problem is the
fact that aircraft cabin compartments constitute
relatively small enclosures as measured by their
cubic footage. This presents the possibility of re-
stricted ventilation and the quick build-up of flam-
mable vapor-air mixtures where there is any
indiscriminate use of flammable cleaning agents or
solvents. Within the same volume there may also
exist the possibility of an ignition source in the
form of an elecirical fault, a friction or static
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spark, an open flame device, or some other poten-
tial introduced by concurrent maintenance work.

Wherever possible, nonflammable agents should
be wsed in these operations to reduce to the mrini-
mum the fire and explosion hazards.

Types of Cleaning Operations
The principal areas of aircraft cabins which may
need periodic cleaning are:

(1} Aircraft passenger cabin areas (seats,
carpets, side panels, headliners, overhead
racks, curtains, ash trays, windows, doors,
decorative panels of plastic, wood or simi-
lar materials).

Aircraft flicht station areas (similar ma-
terials to those found in passenger cabin
areas plus Instrument panels, control ped-
estals, glare shields, flooring materials,
metallic surfaces of instruments and flight
control equipment, electrical cables and
contacls, etc.).

Lavatories and buffets (similar materials
to those found in passenger cabin areas
plus toilet facilities, metal fixtures and
trim, trash containers, cabinets, wash and
sink basins, mirrors, ovens, etc.).

(2)

(3)

Nonflammable Aircraft Cabin Cleaning Agents
and Solvents -
(1) Detergents and Soaps. These have wide-
spread application for most aircraft cleaning op-
erations involving fabrics, headliners, rugs, windows
and similar surfaces that are not damageable by
water solutions since they are colorfast and non-
shrinkable. Care is frequently needed to prevent
leaching of water soluble fire-retardant salts which
may have been used to treat such materials in
order to reduce their flame spread characteristics.

(2) Alkaline Cleaners. Most of these agents are
water soluble and thus have no fire hazard proper-
ties. They can be used on fabrics, headliners, rugs
and similar surfaces in the same marmer as de-
tergent and soap solutions with only minor added
limitations resulting from their inherent caustic
character which may increase their efficiency as
cleaning agents but result in somewhat greater de-
teriorating effects on certain fabrics and plastics.

{3} Acid Solutions. A number of proprietary
acid solutions are available for use as cleaning
agents. They are normally mild solutions designed
primarily 1o remove carbon smut or corrosive
stains. As water based solutions, they have no
flash point but may require more careful and
judicious use not only to prevent damage to fabries,
plastics, or other surfaces but alse to protect the
skin and clothing of those using the materials.



{(4) Deodorizing or Disinfecting Agents. A
number of proprietary agents useful for aircraft
cabin deodorizing or disinfecting are nonflammable.
Most of these are designed for spray application
{aerosol type) and have a nonflammable pressur-
izing agent but it is well to check this carefully as
some may contain a flammable compressed gas for
pressurization.

{(5) Abrasives. Some proprietary nonflammable
mild abrasive materials are available for rejuvenat-
ing painted or polished surfaces. They present no
fire hazard.

(6} Dry Cleaning Agents. Perchlorethylene and
trichlorethylene as used at ambient temperatures
are examples of nonflammable dry cleaning agents.
These materials do have a toxicity hazard requiring
care in their use. Fire retardant treated materials
may be adversely affected by the application of
these agents as is true of the water-soluble agents,

Flammable and Combustible Agents

(1) High Flash Point Solvents. Specially re-
fined petroleum products, first developed as “Stod-
dard Solvent” but now sold under a variety of
trade names by different companies, have solvent
properties approximating gasoline but have fire
hazard properties similar to those of kerosene as
commonly used (not heated). Most of these are
stable products having a flash point from 100° F.
to 140° F. with a comparatively low degree of
toxicity.

(2) Low Flash Point Solvents. Class I (flash
point at below 100° F.} flammable liquids should
not be used for aircraft cleaning or refurbishing.
Common materials falling into this “Class’ are ace-
tone, aviation gasoline, methyl ethyl ketone, naph-
tha and toluol.

In cases where it is absolutely necessary to use
a flammable liquid, high flash point liquids (those
having a flash point of 100° F. or more) should
be uscd. 7 :

(3) Mixed Liquids. Some commercial solvents
are mixtures of liquids with differing rates of
evaporation such as a mixture of one of the various
naphthas and a chlorinated material. The different
rates of evaporation may present problems from
both the toxicity and fire hazard viewpoints and
such mixtures should not be used unless they are
stored and handled with full knowledge of these
hazards and appropriate precautions taken.

Confainer Conirols

Flammable liquids should be handled only in
approved containers or safety cans appropriately
labeled.
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Fire Prevention Precautions

During aircraft cleaning or refurbishing opera-
tions where flammable or combustible liquids are
used, the following general safeguards are recom-
mended:

(1) Aircraft cabins should be provided with

ventilation sufficient at all times to prevent
the accumulation of flammable vapors. To
accomplish this, doors to cabins shall be
open to secure maximum advantage of nat-
ural ventilation, Where such natural ven-
tilation is insufficient under all conditions
to preveni the accumulation of flammable
vapors, approved mechanical ventilation
equipment shall be provided and used. The
accumulation of flammable vapors above 25
percent of the lower flammability limit of
the particular vapor being used, measured
at a point five feet from the location of use,
shall result in emergency revisions of opera-
tions in progress.
All open flame and spark producing equip-
ment or devices that might bhe hrought
within the vapor hazard area should be
shut "'down and not operated during the
period when flammable vapors may exist.

Electrical equipment of a hand portable
nature used within an aircraft cabin shall
be of the type approved for use in Class I,
Group D, Hazardous Locations as defined
by the National Electrical Code.

Switches to aircraft cabin lighting and to
the aircraft electrical system components
within the cabin area should not be worked
on or switched on or off during cleaning
operations.

Suitable warning signs should be placed in
conspicuous locations at aireraft doors to
indicate that flammable liquids are being or
have been used in the cleaning or refurbish-
ing operation in progress.

(3)

(4)

Fire Protection Recommendations

During aircraft cleaning or refurbishing opera-
tions where flammable lquids are used the follow-
ing general fire protection safeguards are recom-
mended:

(1) Aircraft undergoing such cleaning or re-
furbishing should preferably be located
outside of the hangar buildings when
weather conditions permit. This provides
for added natural ventilation and normally
assures easier access to the aircraft in the

 event of fire.




(2) It is recommended that during such clean-
ing or refurbishing operations in an aircraft
outside of the hangar that portable fire ex-
tinguishers be provided at cabin entrances
having a minimum rating of 20-B and, at
minimum, a bhooster hoseline with an ad-
justable water spray nozzle be available
capable of reaching the cabin area for use
pending the arrival of airport fire equip-
ment. As an alternate to the previous ree-
ommendations a Class A fire extinguisher
having a minimum rating of 4-A plus or a
Class B fire extinguisher having a minimum
rating of 20-B should be placed at aircraft
cabin doors for immediate use if required.

NOTE 1: All-purpose {dry chemical) type ex-
tinguishers should not be used in situations where
aluminum corrosion is a problem.

NOTE 2: Portable and semi-portable fire de-
tection and extinguishing equipment has been
developed, tested and installed to previde pro-
tection to aircraft during construction and main-
tenance operations, Operators are urged to
investigate the feasibility of utilizing such equip-
ment during aircraft cabin cleaning and refur-
bishing operations.

(3) Aircraft undergoing such cleaning or re-
furbishing where the work must be done
under cover should be in hangars equipped
with automatic fire protection equipment,

POWERPLANT CLEANING

Cleaning the powerplant is an important job and
should be done thoroughly. Grease and dirt
accumulations on an air-cooled engine provide an
effective insulation against the cooling effect of air
flowing over it. Such an accumulation can also
cover up cracks or other defects.

When cleaning an engine. open or remove the
cowling. Beginning with the top, the engine and
accessories are washed down with a fine spray of
kerosene or solvent. A bristle brush may be used to
help clean some of the surfaces.

Fresh water and soap, and approved cleaning
solvents may be used for cleaning propeller and
rotor blades. Except in the process of etching.
caustic material should not he used on a propeller.
Scrapers, power buffers, steel brushes, or any tool
or substances that will mar or scratch the surface
should not be used on propeller blades, except as
recommended for etching and repair.

Water spray, rain, or other airborne abrasive
material strikes a whirling propeller blade with
such force that small pits are formed in the blade’s

leading edge. If preventive measures are not taken,
corrosion causes these pits to rapidly grow larger.
The pits may become so large that it is necessary
to file the blade’s leading edge until it is smooth.

Steel propeller blades have more resistance to
abrasion and corrosion than aluminum alloy
blades. Steel blades, if rubbed down with oil after
each flight, retain a smooth surface for a long time.

Propellers should be examined regularly because
cracks in steel or aluminum alloy blades can
become filled with oil which tends to oxidize. This
can readily be seen when the blade is inspected.
Keeping the surface wiped with oil serves as a
safety feature by helping to make cracks more
obvious.

Propeller hubs must be inspected regularly for
cracks and other defects. Unless the hubs are kept
clean, defects may not be found. Steel hubs should
be cleaned with soap and fresh water, or with an
approved cleaning solvent. These cleaning solvents
may be applied by cloths or brushes. Tools and
abrasives that scratch or otherwise damage the
plating should be avoided.

In special cases in which a high polish is desired,
the use of a good grade of metal polish is recom-
mended. Upon completion of the polishing, all
traces of polish must be removed immediately, the
blades cleaned, and then coated with clean
engine oil.

All cleaning substances must be removed
immediately after completion of the cleaning of
any propeller part. Soap in any form can be
removed by rinsing repeatedly with fresh water.
After rinsing, all surfaces should be dried and
coated with clean engine oil.

After cleaning the powerplant, all control arms,
belleranks, and moving parts should be habricated
according to instructions in the applicable main-
tenance manual,

SOLVENT CLEANERS

In general, solvent cleaners used in aircraft
cleaning should have a flashpoint of not less than
105° F., if explosion proofing of equipment and
other special precautions are to be avoided.
Chlorinated solvents of all types meet the non-
flammable requirements but are toxic, and safety
precautions must be ohserved in their use. Use of
carbon tetrachloride should be avoided.

Dry-cleaning Solvent

Stoddard solvent is the most common petro-
leum-base solvent used in aircraft cleaning. Its
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flashpoint is slightly above 105° F. and can be used
to remove grease, oils, or light soils. Drycleaning
solvent is preferable to kerosene for all cleaning
purposes, but like kerosene it leaves a slight
residue upon evaporation which may interfere with
the application of some final paint films.

Aliphatic and Aromatic Naphtha

Aliphatic naphtha is recommended for wipe-
down of cleaned surfaces just before painting. This
material can also be used for cleaning aerylics and
rubber. It flashes at approximately 80°F. and
must be used with care.

Aromatic naphtha should not be confused with
the aliphatic material, Tt is toxie and attacks
acrylics and rubber products, and must be used
with adequate controls,

Safety Solvent

Safety solvent, trichloroethane (methyl chloro-
form}, is used for general cleaning and grease
removal. It is nonflammable under ordinary
circumstances, and is used as a replacement for
carhon tetrachloride. The use and safety pre-
cautions necessary when using chlorinated solvents
must be observed. Prolonged use can cause
dermatitis on some persons.

Methyl Ethyl Ketone (MEK)

MEK is also available as a solvent cleaner for
metal surfaces and paint stripper for small areas.
This is a very active solvent and metal cleaner,
with a flashpoint of about 24° F. It is toxic when
inhaled, and safety precautions must be observed
during its use.

Kerosene

Kerosene is mixed with solvent-emulsion type
cleaners for softening heavy preservative coatings.
It is also used for general solvent cleaning, but its
use should be followed by a coating or rinse with
some othes type of protective agent. Kerosene does
not evaporate as rapidly as dry cleaning solvent
and generally leaves an appreciable film on cleaned
surfaces, which may actually be corrosive. Kero-
sene films may be removed with safety solvent,
water emulsion cleaners, or detergent mixtures.

Cleaning Compo