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PREFACE

This Programed Text has been designed to teach you the nomenclature,
function and operational use of various types of helicopter hardware.

Start with Frame 1 and work each frame in succession. Work all odd
numbered pages first, then the evén numbered pages. Fach frame will usually
ask you a question. The correct answer is printed on top of the next frame.
If you were incorrect, turn back and restudy the information before continuing
on the the next frame. When vou have finished the text, complete the self-
evaluation exercise., Now, bhegin by studying the performance cbjectives on
page 1iv,




PERFORMANCE OBJECTIVES

Given 1llustrations of hardware items used in the construction of a
helicopter, you will:

1, Label correctly each item by proper nomenclature,

2. Select from a list of statements, the gtatement which best

- describes the function and/or operation of the item as it is
used on the helicopter,

3. Examine the illustrations of hardware items and determine 1if

the items would he serviceable or unserviceable if ingtalled
o a helicopter,




FRAME 1 BOLTS

\ SHANK
h i ) l
| I
tr .
‘GRIP  THREADS

HEAD

A bolt 1s a threaded connector having a head, grip, and shank, (See
illustration) S
There are five basic types of bolts used on Army aircraft.
1. Standard hex head bolt - Used in general application, an X 1is
marked on the head of the bolt for identification purposes.

2, Clevis bolt - Used in applications subject to shearing stresses;
often used as nmechanical pins., The bolt has a slotted head like

T -

v o

Tt
o

3. Eyebolt - Used to carry external tension loads such as attachment
of cables to a turnbuckle.

O I




b. 1is a teflon bearing

FRAME 10
Teflon, a new type of Beariug. is finding increased usage in the Army.
Teflon offers high reliability and 1s fairly easy to maintain. It
requires no lubrication because it is impregnated with a self-lubricant.

It 1s shock resistant and has an extremely low coefficient of friction.

At the present, teflon is widely used in rod end bearings and in the
rotor system of late production models of the UH~1C and the Huey Cobra,

Teflon is bonded to either the inner or outer race of a bearing and

must be sealed from dirt. ,Dirt will deterforate and tear the teflon
coating without proper cleaning. o

Whi§h of the following listed-maiﬁtenance'ﬁeasurés should be
performed frequently to insure long teflon bearing life?

a. Lubricates with light oil daily;‘- B

b. Lubricates withigrease twice per day.

¢. Replace bearing seals at every 25 hours Af operation.

'@ - Wash away the dust and dirf'ﬁhiéh‘aécumg1atgs around
- “the bearings, - ¢ ST .



FRAME 1 (Continued)

4. Drilled head bolt - Originally designed for use as engine bolts.

There are drilled holes in the head for safety wire.

5. Close tolerance bolt = Used where tight fitting bokts are pre--
scribed. In .areas where high ahear and load reveraals are '
present, It is identified by a triangle on the heed

What type of holt would be used to secure a qomponhnt which is ex~
posed to high' shear tension loads, vibration andnlaad reVersals.

a, Standard hex head bolt

’ﬁ:f‘Clevis bolt ,:'jm.yili uﬁ; Vlf':¢¥3 oL P
b oy
¢. Eyebolt
@ Close tolerance bolt i
-



Ds Wash away dust and dire,
FRAME 11

Rod end bearings wear away rapidly when they are exposed to continu-
ous load reversals, Therefore, they should be inspected to insure that
they are not too loose.
Note illustrations below.

Figure 1 - This_bearing is normal

Figure 2 and figufe 3 - Thé bearing surfaée has worn and the inper part of
the bearing 18 free to move radially inside the outer bearing race,

Figure 4 « The bearing is free to move laterally,

L
1

To check for worn rod end bearings you must move the push-pull tube
"in and out" and sideways and feel for excessive play between the inner
and outer bearing races,

- _—
IN & OUT SIDEWAYS




d.

close tolerance bolt.

FRAME 2
A nut . is a device used to secure a threaded bolt in place,
‘Aircraft nuts can be divided intp twb general groups; non-self-

locking nuts which must be safetied by external locking devices and self-
locking nuts ‘which contain the locking feature as an integral part,

)

PLAIN METAL NUT CASTEI.I.A-'I'ED NUT . SHEAR NUT

Group 1 - non-self locking nuts:

NOTE: The shear nuts are deéigned for use with devices that are normally
exposed to shear loads.

Group 2 -‘self-locking—nuts-afe:

NUT,_SEI.FI.O_CI(ING - FIBRE CENTER Al.l. ME'I'AI. LOCKNUT

NOTE: In most self-locking nuts, the 1ocking-action will cause some
permanent change in the design of the nut. R :

Would it be advisable to reuse self locking nuts after their initial
inatallation? o - p _ .

a, Yes

B we



FRAME 12 PUSH-PULL TUBES

ROD END PUSH-PULL TURE

2ts

1

1

Push-Pull tubes are used to transmit the pilot s control responses to
the engine and flight controls of the helicopter: Mggt  are constructed of
aluminum:. alloy with either a forked or a rod end fitting installed at both

ends.

‘The ‘length of the tube will detérmine the ‘diametér:” As the length of

the tube increases, the diameter of the tube increases to strengthen the
tube proportionately.

To insure the serv1ceability of a push—pull tube, you must check these
areas of importance. ’ ‘

1.

Move the push-pull tube to insure that it does not strike any other
part of the structure. If it does strike another object, 1t will.
restrict its operational range and possibly wear the push—pull tube

- at the point of contact.

AoExamine the push-pull tube for straightness.‘ A careless person will
- use the push- pull tubes as a step or: handle to climb up on the

aircraft and will bend the tube.

: When the‘pdShwpoll tube is correctly installed you should be able

to twist 1t to see 1if ‘the bearings are free to move.

If the push~pull tube binds as it is twisted, the binding may

indicate one of the follow1ng

a. The rod ends areé not’ properly indtalled Emproperly'installed
rod ends could cause controls to malfunction.

[P

b. The bearings in the rod end are corroded or scarred



b. Mo -
FRAME 3 '  WASHERS '
| | o FLAT  WASHER

11N

‘

SPLIT WASHER INTERNAL STAR EXTERNAL STAR

L1

The four types of washers most commonly used on aircraft are the flat
washer, split lock washer, internal star lock washer, and the external
star lock washer,

The flat washer may be used in any situation to prevent the nut from
damaging or scaring the surface of the object to which the bolt is attached,

The lock washer serves to hold the nut‘in place on the bolt,
To hold a nut in place, you should use a:

a, Flat washer

E} Lock washer

c. Either of the above



FRAME 12 cont,

4, Iﬁsure.that:the Jam nut on each end of the push-pull tube ig tight.
- Loose Jam nuts will cayge the rod end to move in, or out, of adjust-




bh. Lock washer

B
FRAME 4 A o o ¢
" Ne— o [ J
“——  SOLID 1;h‘/g&§;
SHANK MUSHRQOM HEAD -~

A rivet is a metal pin used for holding together two or more sheets,
plates or pieces of material. When the rivet is manufactured, a head 1is
formed on one end of the hody shank.

‘Riveting consists of drilling holes in the pleces of metal or other
material, to be joined together, inserting the shank of the rivet through
the holes, and "mushrooming" the shank to form a second head. (See Sketch
C above)

Riveted joints require a group of rivets to insure satisfactory
strength to the joint. The strength of the joint depends on the sum of all
the rivets in the group. If one or more rivets .is.missing, the strength
of the joint is affected. e :

Rivets are divided inte two main proups'. The solid shank rivet (A)
and the special or cherry rivet (B). .

The standard solid shank rivets shown above are-commonly used to

fasten together the aircraft skin. Where one side of the structure is
inaccessahle, special (or cherry) rivets are uaed

If one rivet In a series 1s damaged, Jill it affect. the overall
strength of the remaining rivets? '

a True



FRAME 13 ' CABLES

A cable is a group of wires, or' a’ group of strands of wires, twisted
together into a strong wire rope., They are used to manipulate and regulate
flight controls, engine accesgsories, utility system equipment and various
other helicopter systems. ' S

The cables most commonly used in aircraft controls are fabricated from
extra .flexible, preformed, and_corrosion—;esistant_steelain diameters of

1/16 to 3/8 inch.

' A cable is élaésifiéd;bﬁ the number of strands and wires iﬁ‘conﬁaiﬁag '
For example, a 7 X 7 cable has 7 strands of 7 wires each. (See 11lustration
below) C _ : .

[ _V °° ‘
[«] ao : L
9,0 o ONE “STRAND
o
° .
‘e Og® o e e
°°o 94 O¢———— ONE WIRE
° T
8,0 0,0 %
. %9 .

Check to see that there is sufficient tension on the cable. Loose cables
may drag or hang on other strictural members and cause poor control responses.
Check to see that no strands are broken and, in areas where the cable passes
through a pulley or fairlead, check for wear.

The three main things you are looking for when checking a cable for
serviceability are: a. ,JL@ji RS TR SNy '

and e, ¢uhQZ;;9é .

1n



a. True

FRAME 5
In order for rivets to be useful they mué; be properly installed,
When checking structures joined by rivets, insure that the rivets

are tight and no cracks are present around the rivet head or that no dents

or deep scratches exist around the rivet,

Which of the following rivet installation is acceptable?

A | |

..,...._..w_._,.w_,

Jol 1o,

11




ANSWER: a, cable tension b, broken wire ¢, wear

FRAME 14

Aluminum alloy and corrosion resistant steel tubing is used for fuel,
oil, instrument, hydraulic, and vent.lines. Aluminum alloy tubing isg: used
mostly because of its lighter weight, ease of forming, and resistance to
corrosion and fatigue. Tubing material can be identified by visual .inspec-
tion.or by. the aluminum alloy. designation stamped on the surface. :

Corrosion resistant steel tubing'is used iﬁ hiéh”préSSﬁEé hydréulic.
systems where the pressure.is in the 3000 §§I'rapge.“ :

Aluminum alloy tubing is used for general purpose lines of low fluid
pressure.

1. What type of tubing would you expect to find in a hydraulic line of
low pressure?

ANSWER R Qém:g’”'

2. What type of tubing is found in a high pressure hxﬂraulic system?

ANSWER ., M

L




ANSWER: B (is correct)

FRAME 6

FASTENERS

DZUS CAMLOC AIRLOC

Fasteners are used in ailrcraft constructign to facilitate quick
removal of covers, plates, cowling and fairlin&s The type fasteners
used are the Dzus, Camlock, and Airlock.

The Dzus fastener is comprised of the collar, stud assembly and
cross spring. '

The camloc fastener consists of three parts: the éollar, the spring,
and the stud assembly.

The airlock fastener consists of two parts: the spring receptable
and the stud assembly.

Which type of fastener utilizes the cross spring?

_é} Camloc

@. Dzus
c. Adrlock

13



ANSWER: 1. aluminum alloy : 2, steel
FRAME 15

Flexible hoses are also used in alrcraft for instrument, hydrEﬁlice,
and vent lines.

Flexible hoses come in two types: low-medium pressure, and high pressure.

The 1ow-medium pressure hose has-a rubber center covered with a braided
fabric and 1s used mainly for vent: lines or low pressure installations.

The high pressure hose is constructed of a rubber core with a braided
wire cover over that inner core. ° ; g

Which type of flexible hose has a rubber center covered with a braided
fabric?

a, ..Fdwfmﬁéium pressure hoses R

CE> High ‘pressure hoses

14



b. Dzus

FRAME 7

Identify the items below by proper nomenclature.

A B c _ D

¥
S

t
1

~
&~
N
S

15
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'ANSWER: a. low-medifum pressure hose

FRAME 16

PULLEY

PULLEY

BEARING

=

s]:

- Pulleys are used in the cable control systems to guidé the control cable
and as anchor points in small changes of direction of "'the 'cable.

The location and intended use of the pulley will determine its size.

Pulleys are checked for:

1. Cracks
2. Even wear
3, Freedom of operation

What are the main purpeoses of a pulley in a cable control system?

a, Act as guilde
b. Change direction
| G% Both of the above

d. None of the above

16



ANSWER: a. rivet b. clevis bolt c. castellated nut d. Alrloc
e, split washer ' fastener

FRAME 8. TURNBUCKLES

SLEEVE BARRFL

/ / FYF/ FITTING
—=—w o 1o

Turnbuckles are devices used in control systems to adjust cables and
rods for proper length and tautness. -

A turnbuckle assembly consists of a barrel and two connecting fittings,
either forked, eye-shaped, or sleeve. The barrel is fitted with left and
right-hand threads at opposite ends. Turning of the barrel will cause both
fittings to move in or out simultaneously.

When the turnbuckle 1s used to connect and tighten rods, a forked or
eye fitting may be used., When it is used to connect and tighten cables, a
thredded sleeve screws into the barrel and the cable is attached to the
sleeve., See illustration above.

The turnbuckle is checked to insure that:
1. Both threaded terminals are screwed into the barrel an equal distance.

Yy ' 1

W O

2. No more than three threads on the terminal are exposed.

¥

3. :The turnbuckle and terminals are safety wired.

Where are turnbuckles most commenly found?

a. On structural members. 69 On contrel systems.
b. On tie down equipment. d. On seat belts.

17



ANSWER: ¢, hoth of the above

FRAME 17 BEARING

Bearings are used in various components of the helicopter.

The three general types of bearings used in the components are plain,
roller, or ball bearing. The ball and roller bearings are generally used
in preference to plain bearings. ' :

Bearings are exposed to radial and thrust loads.

When a shaft turns, it produces centrifugal force. This force acts
at 90° from the shaft and 1s known as radial loading. '

T RADTAL

When the force or load on a bearing is parallel to the shaft, it is
known as thrust loading. . o :

————p THRUST

Plain bearings supporting rotating parts are generally subjected to
radial lecads only. However, some have.been designed to take. thrust loads.

Ball bearings are designed to-téké"ﬁa&iél‘or=thrust loads or any
combination thereof. : . Y

Roller bearings are made in.many:typeé and éhapes. Plain and tapered

are the most common types. Plain roller bearings are used for radial loads
only.- Tapered roller bearings will withstand both radial and. thrust loads, -

18 -



¢c. on control systems

FRAME 9 ROD END BEARINGS

LUBRICATION

‘(// FITTING

Rod end bearings are commonly used in conjunction with flight or
engine controls.

This type of bearing is used to reduce friction on connecting parte
and for smoother operation of the controls.

Two distinct types of rod end bearings are:

1. Ball, roller, or needle bearings which require periodic
inspection for cleaning and lubrication. A above

2. Fiber bearing made of Teflon material which require no
lubrication, but do require periodic cleaning. B above

Which of the rod end bearings shown above is made of fiber material?

A.

&

STOP. TURN TO FRAME 10 PAGE 2

10



FRAME 18 CLAMPS

Clamps are used to secure flexible hbéeé; tubing, and wiring. There are

many different types of clamps, but the main things to check on all clamps
are: : _ :

1. tightness _ S
2. to see that the clamp is not chafing whatever it is holding.
3.

that there are enough clamps to keep whatever they are holding
from vibrating, ' . L

If a clamp was used to secure tubing exposed to vibfa;iqng;‘you.should

insure that:

The clamp is tight.
b, The rubber cushion is present.’

c. The clamp is loose.




ANSWER: a, clamp is tight
SELF EVALUATION EXERCISE
ON
. AIRCRAFT WARDWARE .

(Select the best answer)
1, Push-pull tubes are used to transmit control forces from the cocknit

to varifous flight & engine controls and are also used as support for

the crew members to stand-on while inspecting the airecraft .

a. True

63 False

2. To check the rod end bearings of a push-pull tube on pre-flight
inspections you would check for:

a. Side play
b. FEnd play
c. Radialﬂmovémenti

(ﬁ:} All of the above

3. If one jam nut is loose on a push-pull tube assembly, the aircraft is
still safe to fly because the other jam nut will prevent the push-
pull tube from twisting in or out of adjustment.

4. Turnbuckles must have moré than three“thfeadéEshowingﬁbﬁtside of the
harrel.

5. A turnbuckle has one end thfeaded with a right=hand thread and the
other end is threaded with a2 left=hand thread.

b. Falge

21



7.

To lubricate Teflon bearings, you should
a. wash with water theﬁ;apﬁly greése.
b. use air gun to blow sway dirt; then apply grease.
c, purge bearing with fresh grease.
' “none ‘of the ”‘éb"d\‘.fél._
Beafinés are inspected to insure that they.
a, operate smoothly.
b. are installed correctly.
c. do-not have ekcessive playy

d. are clean and properly lubricated.

@ all of the above.

Select from the list below, the type of bolt that is used when a
component, which it secures, is exposed to high shest 'and load

reversals,

m Clevis bolt
T VS B

@ Ologe tolérence 'Boley =

c. Eye bolt

d. Standard hex bolt

Where one side of the s;;qcturg‘is iqaqcesggblg.‘
are used. | | | |

a. solid shank

ﬁggﬂ cherry

22
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10,

11,

12,

13,

14,

1f one rivet in a series of rivets 1s cracked, the aircraft is still
flyable, however it should be repaired as soon as possible because
the bad rivet will weaken the sum strength of the riveted joint.

-y
{ay True
b. False

Alrcraft fasteners are generally of three types. Dzus fasteners,
Alrloc fasteners and Camloc fasteners, Which of these three fasteners
is constructed with a cross spring, collar, and stud assembly.

¢, Camloc

Castellated shear nuts are normally used in locations where they will
be exposed to shear loads. '

&‘ True
{? . False

A castellated nut is a nonnaelf-locking nut that requires a locking
device, ‘

é;? True
b. False

How many times can you use a fiber self-locking nut?

a. @

be 4.
c. 8
d. 12

23



15. What type of wahser is in the illustration below?

8. T;PGf Pin_waéhe;; 
b, ﬁxtarnal star
F} Flat washer
d. Split washer
16. What ié uéed to éh#nge a cable's direction of travel?
a. bearing
b. Turnbuckle

(E; Pulley - = ... e e

d, Fairlead

24






- ANSWERS TO SELF EVALUATION EXERCISE




