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GENERAL PRACTICES FOR USE OF LOCK WIRE, KEY WASHERS, AND COTTER PINS

y only. Their

1. PURPOSE: To establish the requirements of good practices for locking various fasteners and other
parts used on alrcraft powerplants which may require locking.

2. SCOPE: This specification covers those devices whose primary function is locking, and excludes
] those devices which have integral locking features incorporated into the item being locked.
[4 2.1 The practices cover the types of locking devices described in the following sections:
[ ]
b Section I Lock Wire

Section II Key Washers

Section III Cotter Pins

conditions not covered by the' basic principles desc.r-ibed herein
and where contradiction occurs between a drawing and this

2.2 Speclal applications involving
shall be shown on the drawing,

Section 7C of the SAE Technical Board rules provides that: “Ali technicai reports, Including standards approved and pr
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§E§ instruction, the drawing shall prevail
3 58

géé SECTION I LOCK WIRE

8 .
gsg I-1. BASIC RULES FOR THE INSTALLATION OF LOCK WIRE:

'E.:

g; I-1.1 Lock wiring 1is the securing together of two or more parts with a @wire which shall be installed
3 5 in such a manner that any tendency for a part to loosen will b€, counteracted|by an additional
E‘.Es tightening of the wire.
qol

-§ I-1.2 For gernleral purpose lock wiring, the size of the wire shallYbe at least .032|inch diameter,
28

83 except |on parts too small to permit a hole dlameter to accommodate the largepr wire sizes where
EE* a minimum nominal size of .0l6 may be used. Wire sizes 'and tolerances are shown in Table I-1.
‘_é The prgper wire size shall be specified on the drawing\by part number.

3%‘ I-1.3 The lodk wire material for use up to 7OO°F shall .bé“a corrosion resistant stéel such as
‘:‘§§ AMS 5685, and for use up to 1800°F a corrosion andvheat resistant steel such|as AMS 5687 shall
g.... be used. Where AMS or other material specifications are used, the specified|diameter tolerances
EES in Tablle I-1 shall supersede those in the material specifications.
ait I-1.4 The conjmon method of installing lock wire-~shall consist of two strands of wipe twisted together,
S§§ (so callled "Double-Twist" method), wher& 'one twist is defined as being produged by twisting the
as wires fhrough an arc of 180 degrees aud is equivalent to half of a complete furn. The single
035" strand [nethod of lock wiring may be Gsed, when so specified, such as in a clpsely spaced, closed
¢® geometyical pattern (triangle, square, rectangle, circle, etc.), or parts in|electrical systems,
-
ﬁ-f:_'O and in |places that would make the _single strand method more advisable. In sfich cases the
§§ single |strand wire shall be limited to the pattern or group of similar parts
= .
SE’ I-1.5 Where widely spaced multiple\groups are lock wired by the double-twist metho@l, three units
E2 shall Ye the maximum number jin a serles. 1In closely spaced groups employing|the single strand
$c method,| the maximum number in a series shall be determined by the number of ynits that can be

” lock wilred by a twenty-four inch length of wire:

>0 oc wire Yy a wentysiour nc eng o] wWire.
[31
,.i §£ I-1.6 Wire shall be pulléd-taut while being twisted and shall have approximately the number of twists
(]
. per in indicated\in Table I-1.
238
igi TABLE I-1

3 00°F 1800°F Twists

5»§ Wire dia Tolerance 7
r A 8 A 8 er
§='§ inches | ¢ inches | e .2,6::5 e ?,6::7 o

n

oe
335 ©.016 001 | meeee-e- MS9226-01 | 11-14
cud
igg« .020 L0001 | memmmmeee MSQ226-02 9-12
Eza .025* .001 AS100027 MS9226-03 9-12
E &

]

e E .032% .002 AS100028 MSQ226-04 7-10
£2¢
%gg .oko* .002 AS100029 | M39226-05 | 7-10

2
B§§ .051 .002 AS100030 | MS9226-06 5-8
§si .063 .002 AS100031 | MS9226-07 |  5-8

.091 002 | mmemeee—e MS9226-08 47
* Preferred sizes.

Copyright 1959 by Society of Automotive Engineers, Inc. '
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I-1.10

I-1.11

I-1.12

I-1.13
I-1.14

I-2.

I-2

Caution must be exercised during the twisting operation to keep the wire tight without over-
stressing, or allowing it to become nicked, kinked or otherwise mutilated, except that abrasions
normally caused by.commercially available wire twisting-pliers shall be acceptable.

Lock wire shall not be installed in such a manner as to cause the wire to be subjected to
chafing and fatigue through vibration or-additional tenslon other than the tension imposed
the wire to prevent loosening.

on

In all cases wiring must be done through the holes where provided. In the event that no wire
hole 1s provided, wiring should be to a convenlent neighboring part in a manner so as not to
interfere with the function of the parts and in accordance with the basic principles described
herein (see Figures I-14, I-19, and I1-20).

The maximum span of lock wire between tension points shall be six inches unless otherwise
specifiled.

Lock wire shall be new upon each application.

When drawing specifles a 8eal, 1t shall be applied and crimped to lock wire ends

remalining ter a serles has been completed. Ends of strands beyond seal shall |be twisted
and secured| to lock wire ahead of last secured unit (Figure I-l2¥ or to any ainuged lock wire
hole in the| last unit (Figure I1-13). .

Hose and electrical coupling nuts shall be wired in the same manner as tube coug

Various exa
combination|
this specif]
the two-str

DETAIL INSTRU

ples of lock wiring are shown in Figures I-1 through I-28<\ Although

ling nuts.

every possible
tlined in

1s not shown, any combinatlon used must adhere to the basic rules ou
Hcation. Figure I-11 shows the single-strand method,-wWwhile the other
bnd or double-twist method. :

figures show

CTIONS FOR THE INSTALLATION OF LOCK WIRE:

I-2.1

Check the un
torqulng or
is impossibl
unlt and try

In adjacent
to each othe
shall bve ins
pull to the

Insert the 1
unit or arou
such that thi
loop will st

Twist the st
The twilsted

I1f the free
strand throu
Figure I-1).
unimportant.

After wiring
twists and ¢
to prevent 1

Hts to be lock wired to make sure that they have“been correctly torqued. Under-
bver-torquing to 6btain proper allignment of the holes shculd be avoided. If it
e to obtaln a prcoper allgnment wlthin the specifled torque limits{ bajck off the

it agaln or select another unit.

same rellationship
and the|l lock wire
have a |tendency to

inits, it 1s desirable that the holes (Me in approgimately the
r as shown in Figures I-1 through I-4“for right-hand threads,
talled in such a manner that the sfrand through the hole will

right. This should be reversed for left-hand threads.
bck wire through the first undt:and elther bend the upper end over t head of the
hd it. If bent around it,~the direction of wrap and twist of the strignds shall be

so that the

e 1loop around the unlt comes under the strand protruding from the hol )
I-1).

by down and will not tend to slip up and leave a slack loop (see Figu
rands while taut until“the twisted part 1s Just short of a hole in t next unit.
bortion should be_wlthin one-elghth inch from the hole in either unit

strand is to beélbent around the head of the second unit, insert the uppermost
kh the hole ifvthis unit and follow the rules in Para. I-2.3 (see cenfter unit,
If the frée-strand 1s to be bent over the unit the directlon of twist 1s

If theré are more than two units in the series, repeat the above prpcedure.

the Jast unit continue twisting the wires to form a plgtail of three| to five
it of f{ the excess wire.. Bend the pigtall in toward the part in such p manner as
L from becoming a snag. Short pigtalls may be desirable because of vibration.
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RH twlst

I-3

- TH twist
FIGURE Il FIGURE I-3 FIGURE I-4
. FIGURE I-5 FIGURE I-6 PIGURE I-7 FIGURE I-8

These figures show methods for wiring various standard items. Note:
over the pnit rather than around, and should be wrapped over the unit on tapef

FIGURE I-9

Wire may be wrapped
head bolts.

Correct method for wiring bolts
. in different planes. Note that
wire should always be applied
80 that tension is in the
tightening direction. -

FIGURE I-10 FIGURE I-11
Hollow head plugs shall be wired Correct application of
as shown with the pigtail bent single wire to closely
inside the hole to avoid snags spaced multiple group.

and possible injury to personnel
working on the engine.

FIGURE I-12 FIGURE I-13

Methods for attaching seal to protect critical adjustments.
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I-4
000
<)
Figure at left shows
correct method for
wiring adjustable
connecting rod. o)
PIGURE I-14 .
Bolt wired to a right angle
bracket with the wire wrapped
around the bracket. FIGURE I-16

FIGURE I

/3

17

NS

FIGURE I-

Fittings incorporaf
in Figures I-17 & 1
provided, wire shoy
& 1-20 with cautior

\

19 FIGURE I-20

1ng wire—lugs shall be wired as shown
-18. “Mhere no lock wire lug 1is
14 he-applied as shown 1in Figures I-19

wrapped tightly ar

being exercised to insure that wire is
und the £14 ’-’--!ng .

correct method f
coupling nut.on

_to the straight

brazed on rigild

FIGURE

Small size coupl
be wired by wrap
around the nut a
it through the h

or wiring the
flexible line
connector
tube.

I-21

Ing nuts shall
ping the wire
hd inserting

bles as shown.

FIGURE I-22

[

FIGURE I-23

Coupling nuts attached to stralght connectors shall be wired
as shown when hex 1s an 1ntegral part of the connector.
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I-5

D_& AW

FIGURE I-25

Straight connector
(bulkhead type)

FIGURE|I-24

Coupling nuts ¢n a tee shall be wired
as shown above|so that tension 1s
always in the fightening direction.

FIGURE I-26

FIGURE I-27 FIGURE I-28

Above figures show the proper method for wiring various
standard fittings with check nut wired independently so
that it need not be disturbed when removing the coupling
nut.
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SECTION II KEY WASHERS

II-1. LOCKING WITH KEY WASHERS:

II-1.1 Key washers are not reusable and must be replaced with a new key washer after removal.

II-2. LOCKING HEX NUTS WITH KEY WASHERS:

II1-2.1 When single hole key washers are used, the key which is bent down agalnst the stationafy part

shall be posltioned as 1llustrated by Key A in Figure II-1.

Permissible gap
.030 max

Key B

Permissible gap

Key B

Key A—

FIGURE II-1

II-2.1.1 Key B |[shall be bent up across the bottom of only one face of the hex uhtil

face. | Figure II-2 shows acceptable and unacceptable bends.

75% or more
of Key width

Key A
+ ! .010 .max

flat against the

— Key B

_/_J | /
Key A : . Key A

Acceptable

FIGURE II-2

Unacceptable

II-2.1.2 The key shall be bent up against the hex face with which its junction line 1s. 75% or more of

the key width. :

II-2:1.3 1In cases of two or more keys, the key most favorably aligned shall be bent as described. It

1s not mandatory to bend up other keys which may also be aligned.

II-2.1.4 The gap between the hex flat“and the bent up key shall not exceed .010 at the bottom nor .030
at the top as illustrated in Figure II-1. Any excess key protruding above the nut shall be

bent over to avold becoming a snag.
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II-2

II-3. DRIDLED HOLES FOR WASHER KEYS:

II-3.1 If there is no.statlonary part against which to retain the key as illustrated in

Figure 1I-1, a hHole may be drilled to fulfill this functlon as shown in Figure II-3.

II-3.1.1 Key should not be allowed to move within the hole but should be braced against the side to

. prevent objectionable movement. :

Key buttressed
against side
of hole

—

)

FIGURE II-3

II-4. USE OF MULTIPLE HOLE KEY WASHERS:

I1I-4.1 When a multfiple hole key washer is requiredy’dnstallation shall be as for the single hole
key washer fxcept key A provision of paragraph II-2.1 does not apply (sée Figurg I1-4)
When rotatipg parts are involved and a.choeice of keys 1s available, the key shall be bent
that will uftilize centrifugal force to“aid in maintaining its bent positlon.

View showing split line
nuts locked with multiple
key washers

FIGURE II-4
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I1-5. ELLIPTICAL KEY WASHERS:

I1-3

II-5.1 The installation of 180° ellipses shall be accomplished by bending up across one whole face of
the hex as shown in Figure I1I-5.

)

I1-6. LOCKING

SPANNER NUTS WITH KEY WASHERS:

~FIGURE 11-5

II-6.1 For ty
MS1729
series
series
nuts o
shall
keys

e purpose of securing bearings with key washers and spanner buts, MS
35 key washers and MS172236 through MS172270 spanner nuts way be use
bearings. For shaft sizes and dimensions, refer to ARPU62. For sp
bearings, MS172271 through MS172320 key washers and MS172321 throug
ay be used (see Figure II-6). The key most favorably ‘aligned with t
be bent as described in Figures II-6 and II-7. It/ 1svnot mandatory
hich may also be aligned.

(L

172201 through

i for millimeter
Lined shafts or inch
h MS172370 spanner
he spanner nut slot
ko bend up other

MS172271
thru MS172320

wilth

MS172321
////__thru MS172370

Shaft showing
keyway cross
section

Q.

)

NN
(L

Shaft, bearlng, key w3
spanner nut assembly
single key on ID

\\\\——MSI72236

thru MS172270
wlth

———MS172201

thru MS172235

\sher,
howing

RIGURE IT -6
bl — -

II-6.1.1 When double key washers are used to retain bearings, use double key.washers MS9081 and
spanner nuts MS172236 through MS172270 (see Figure I1I-7). For shaft siz
refer to ARPUE2.

MS9081

MS172236
thru MS172270

(
@ |

Shaft, bearing, key washer,
spanner nut assembly showing
double key on ID

FIGURE II-7

es and dimensions,
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I1-4

I1-6.1.2 When clearance probleéms pronhibit the use of spanner nuts with slots in the circumference,

spanner nuts with the slots in the face may be used. Key washers for use with these spanner
nuts are designed with keys on the ID. The keys are long enough to extend through the slot
keyway and past the nut. The part of the key extending out of the keyway is bent up into
the nut slot (see Figure II-8) thereby creating a locked condition.

: //F—Nut
Y

\

Key washer

i__) - I- g Ring

{/ H Follower

Bearlng retainer

Key washer Spanner nut

FIGURE II-8
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