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: " SECTION 1
DE!‘:CRIFTIDN

1. IDENTIFICATIDN

This chapter is applicable to alI Echpsa t}rpns 306,
207, 308, 400, 401, 402, 403, 404, 602, - TS-G and 817

direct cranking electric starters. - ForAAT, Navy, and
British type designations refer to the lndExJ
T .'"

2. GENERAL DESCRIPTION.  'i- ugnioa o
The uwnits are all of the samc_bst'sic_c:)ns'j:rué:iun,;’cﬁn-
sisting of a series wound electric driving motor, reduc-

tion gearing, overload torque release which - consists *
aummm:"-

of an adjustable multiple disc  clutch,

-\,_.-fh.mp e T .

mgagin[., devm:. and drwmg jaw.

3, srscmcn‘rlnus

The varidus types differ mainly with regard to voltage,
capacity, clutch setting, gear ritio, and the presence

" or absence of an emergency hand crank mechanism.

The units are furnished either shielded or unshielded,
with one grounded terminal post or two insulated posts
for one-wire grounded or two-wire insulated systems,
respectively, with either 3 or 12 tooth driving juws and
5., G-, or 7-inch SAE mounting Hnn'ge. =

* Capacity

Eclipse Type Rated Voltage - o Clusch Seiting Hand Crank
396 (Y-150) i1 A 00 Theft 450 cuin. " No
397 (E-10) wdidis ; o300 db-ft 750 cu in, _ Mo
398 (F-141) 1207 © 350 1bh-ft 1000 cu in, Mo
400 (E-160) o 550 Ib-ft 1830 cu.in. Yes
401 (E-160) 24 550 Th-ft /2600 cu in. Yes
402 (E-160) : 12 550 th-ft 1830 cuin, No
403 (E-160) = '550 Ib-ft | 2600 cu in, No
404 (F-160) 12 550 Ih-ft 1830 cu in. Yes
602 (A-160) 24 925 Ib-ft 3350 cu in. No
756 (E-80) 24 300 Ib-ft 750 cu in. MNa
817 (E-160) .24 550 Ih-Ft 2600 cu in. Yes
SECTION | .

IHSTALLATIDN AND OFERATIGN

FiLd

1. GENERAL.

In order to assure pruper n]:cratlon uf thc equtpment 2

the following pmccdure should be Gbser\'ed nt i
of inscallation. KL (8 o

|w._-.... Pt

Starters which have ]chn it storage - for-'a
:Ecdmg 1 year, should be- furwa.tded 10 nﬂ l:"!"-rerhaul dc-

qtnilntu:m on the Engmc This mfubncatinl‘l, s cxtreme- ;
ly lmportnn: as failure to take the nEh.WE ‘precautions
will permit dried out lubricants to remain in the starter =
. making cranking difficult with resultant loss. in starter
perfnrmanl:e and causing serious. damugﬂ duc to 1m-_

3 MI‘JUNTING STARTER

_' 7 Bcfore mounting the starter on the engine, remove the
il mver over the starter jaw which is provided for ship-
“ping and storage purposes only. To install the starter,

remove the engine crankcase plate and gasket covering

_the starter drive-and moynting flange. Examine the
end of the eﬁgInE"éj--tnkshaft and ascertaim if the engine -
Gjaw and startet’ jaw are of the same type and are of the

correct rotation ‘for proper engmgement. With the en-
gine  gasket :emnved_the distance from the mounting
flirige to: the outermost part of the engine jaw must be
1 114, inches =34, inch. The clearance between the cn-

ol gine jaw and starter jaw must be not less than 14, inch
" or more than, dg{ inch when the latter is fully retracted.
~Wipe: the.mo o

p.gwlgnn and replace gasket. The
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mounting flange of each starter is provided with a num-
ber of mounting holes to permit locating the starger
in different positions in order to facilitate installation,

‘CAUTION

Avoid inseallation of Y-150 starters with motor
housing tilted more than 60 degrees from the
vertical as oil may seep into motor housing
and foul the commutator.

NOTE
When installing ¥-150 SLarters uﬁ."ﬂ-"arner en-
gines, refer to applicable engine manufacturer's
instructions for special adapring parts.

FILED WAND CRAME EXTENSION

EwgiaE

BEAK 100 SAPPORT 0B ENDINE

EXTERS Fdd BOLITER
10 ITARTEM CHARK

DETACAABLE HAWD CRARK EXTENSIDM :

BEARFWE SuPFDAT Dw

Ediin¥ FUIELLBE

WAMS CHARE
BOLTED T@
EITLII I-IH

InIHII IH.l.II:
co M3 ERTEm=

ITANTEE

) Figum .Mnsmuaﬁun of Huﬁd Cl.-;nltﬂ'éxlunﬂon Rt

4, HAHD CRANI{ ANIJ EITENSIDH

_ Some E-160 starters are furnished with a hand cmnk st

attachment (specifications chart, -paragraph 3., secrion
13, hur due to the gear ratio of the starter and the high . .
f__tapered-tnd of .the ‘extension rod, and bolt assembly

compression racios of modern engines this hand crank
cannot be used, excepr under ideal conditions, to hand

crank engingsowith a displacement exceeding 1,000 cubic
£ . Rk ST L A ]
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inches. The main purpose of this actachment is to facili-
tate magnem timing. The hand crank and extension as-
“sembly furnished with the E-160 starter consists of a rod
having a pin at the tapered end, a sleeve that must be
assembled to the rod; and a pin, The sleeve contains a
spiral ‘slot and twol holes, one at cach end drilled
through both sides of sleeve. The extension assembly
may be mounted - directly on the starter or it may be
permﬂncn:ly attached to the hand crank so that it is re-
moved from the airplane when not in use, The methods
of installation which povern thc above choice are out-
lined below.

a, DETACHADBLE IEXTENS]DN.—-—IF it s desired
that the hand crank and excension be removable as a
cunit, the external mounting support bearing should be
attached to a structural member of che fuselage. Remove
the bolt supplied with the starter crank collar. Allow.
.ing for the fact that the extension rod must be inserted

ca distance of 114 inches into the extension sleeve and

..that the sleeve must project beyond the outer end of the
cexternal mounting support bearing to clear the hale
holding the crank to the extension, determine the length

- of extension required and cut to length, Using the hole

deilled through the tapered end of the sleeve as a pilot,
- drill through the extension rod and ream extension rod
and sleeve to a diameter of .250 inch, plus .001 inch,
- minug 000 inch, Press in pin, supplied with extension
assembly, flush with OD of sleeve. Press ouc pin in

chand crank and bolt hand erapk to sleeve using the

bolt and nut supphed with the cranl collar of each
starier,

b, FIXED EXTENSIOMN.—IF it is desired that the ex-
tl:f.!sf:ﬂn_ assembly be permanently attached to the starter,
the~ external  mounting  support bearing should he

Hey .:muunred directly on the engine or shock mounted to a
" structural ‘member of the fusclage. Remove the baole

supplied wnh the crank collar of each starter, Allowing

¢ for the fact that the extension rod must be inserted a

2 dssmnu of 14 inches into the extension sleeve and that
“the sleeve ‘must project beyond the outer edge of the

':---_j:_mnqnnng support bearing to clear the spiral slot, de-

-ter;mne ‘the length of extension required and cur to

lr.ngth Make certain chac the Jipiral slot in the extension
 sleeve ls correct for. the rotation of the starter. Using

the hole, drilled through the apered end of the sleeve
as a- p.d?t, drill “through the exrension rod, and ream
rod and sleeve to a diameter of .250 inch, plus 001 inch,

“minus .000 inch, Insert pin supplied with extension as-

Z_si:rnhl}r ﬂush with E}D of sleeve, Press out the pin in the

‘to the crank collas of thE starter using the bole and nut

su pplied. with starter.

RESTRICTED

g "

S



e b ——— - R St o _,-_ ﬁf-' i e e ._,‘I_“-ﬁiw..:-...:..'::'_-;-u-s—-.m..._- S -_,'a..- = --.. %
RESTRICTED T. 0. No. 03-1-6 Chapter 46
: : Part A

¢, UNTVERSAL JOINT.—IFf the construction of the
fuselage or engine nacclle is such that it is impossible to
use a straight extension, a universal joint may be located
berween the crunk collar and the mounting support bear-
ing. The latter should be of the self-aligning t}'[.‘rI: '

d. EXTERNAL MOUNTING SL'PPDRT
BEARING. 3 .

(1} If the engine is rigidly mounted to the fuse-

lage or nacelle, the external mounting .H.Il!Pﬂl:t beﬂrmg
should also be rigidly mounted regardless of the type
of extension used. When wused on a shock mounted en-
gine the bearing can either be rigidly mounted to the
engine or shock mounted on the fuselage. (See figure
6.) lIn any case, it is recommended that a self- -aligning

ball bearing be used on all installations takmg care to '

provide for lubrication of the bearing.-

(2) Should a plain bronze bearing be utilized for

supporting the hand crank extension, it is recommended

that the length of bearing surface be_kep:_u__shuri s
possible and that a clearance of .005 inchi be main- .

tained between the OD of the extension sleeve and the
ID of the bearing.

(3) Care should be taken that the alignment of the

‘extension shaft-is as accurate as possible in order to

facilitate hand cranking and prevent undue strain on
the starter huusmg during hand crank-operation.

5. WIRING.

a. Starters, incorporating one terminal post, are de-
signed for one-wire grounded operation only and are
grounded internally. Units having two terminal posts
are designed for either one-wire or two-wire grounded
or two-wire insulated operation.

b, When intended for one-wire upcmtinn, one ter-

- minal post incorporates a steel grounding washer; how-

ever, prior to making connections examine the motor
terminals to determine the system utilized. In addition,

' refer to the name plate date to ascertain the propec
voltage required.

. T]_'je same precaution should be noted when install-
ing the accessories used with the starter, and when in-

- stalling gruunded systems on airplanes having shock
" mounted engines, be sure engines are sccutzl_;.r grounded

tor alrplane structure,
d. Sct_ﬂgures 7 and 8 for proper cable sizes.

| 2 VOLT SFSTEM 24 VOLT SFSTEM
TABLE BASED —f ¥ CABLE OROP AT 500 AMPS | TABLE BASED OW 4 ¥ CAALE ORDP AT 3OO0 _AMPAS '
FOTal CARLE g i :ronu I:-‘-'.E LENGTHN
LET|wwoE 5176 | “amea wor ‘o gacege | LET |wiwE sizE | “era fo erceco
Al ro 125 500 40 FEET c | ez 68370 30 FEET
g | *#2z 66,3 70 23 FEET o Yy | <700 | 21 FEET .

BATTERKF

| PUSH SWiTCH

N EAID ETARTIMNG SWITCH |
JTA-'FTEP Ao oS

FOOT SWITCH - 500 ENOID
START MG S EL MiAA reo |

i [ IT-IIM""\-

NOTE: ALk _GROUND WIRES MUST

“BE CONNECTED TO_THE ENGINE

FiT M TWO TERMINALS Mar BE
.- COMVERTED TO ONE_WIRE _GROUNDED S¥STEMS BY
- IREPLACING  THE F.-'-';f_u:t..l TING WASHER ON EITHER

FOQSTER oL
| T3 e s TRIBUTOR
| MO CAMBRIC IS CARLE

RRELR

MO I CAMBRIC INSUL CABLE | |-
- 4

MOTE

£ OWME WHRE GROCINGED "
S¥STEMS ES

F_FOR TWO W ORI e

SEETEMS NSCONNECT ALL GROUND | i 4
MWIRES AND USE FULL [INES SN i TH

TERMINAL POST WITH A GROUNDING BUSHING
WD _WiRE SN ENOID SWITE

WITCHES
MAF B CONVERTED MO ONE WIRE GROUND =
ED_SYSTEMS BY REPLACING E/THER TERMINAL
INSULATING _BUSHING WITH A GROUND ING _BUSHING,
IO CONVERT_ONE_WIRE_GROUNDED B00STER
O FOR THD WRE IAVGROUNDED OFESATION REMOVE
THE_GROUNDING WASHERS AND INSULATE THE PRI-

MARY TERMINAL POST
MOUNT ALl SOOSTER CONLS ON A GROUNDING

FT INTERNALLY FOR BOTH ONE AND TWOD WIRE SYSTEMS.

THE GROUNDING BASE MUST BE GROUNDED TO THE
ENGINE.
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SAVOLT SFETEM
-41 BASED ON 2 ¥ CABLE OROD AT 500 AMPS
LLerimee size | Sacdt | TONG, SEE LIMGTH
A ¥ J0E 500 M) FEET
N2 - 25 FEET

BATTERF

PUSH SWITEH

SOLENND STARTING SWITCH
STARTER MOTOR

START NG SW_ELMINA TED

d“‘ R M HIRES MUST
- BE_CONNET TED TO THE ENGINE
| MOTORS FITTED WiTH THT TERMINALE MAY G
CCDWPESRTED TO DN WAl GROUNDED SPSTEMS B
BB ACING  THE (NSULATING WASHER ON EiTHER

BOOSTER CoiL
To 5 rauTros
MO CAMGRIT WNELE . CARE £

/
2
e
<
L5 | FOOT SWTCH - S04 ENGD
4]
L
-
El

MO S CAAERE IWSLIL. CARLE

i ﬂf:ﬁﬂ'ﬂ'ﬂ SHITCH WIRE =

TERMINAL POST WITH A GROUNDING SN,
THD WRE SO ENDID  SWITEHES
MAY SE CONVERTED TO ONE W/RE GROLND-
Gl S TEME B ACPLACING EITHER TERMEAL
INSURL ATING  QUSIHING WITH A GROUNGING SUSHING,
ME&J_M&FEJRDU#E{LM_EF
COML FOR THO WIRE UNGROUNDED OPERA TION REMWNE
THE WM HASHERS AND NS ATE FHE Bay-

QLY _FOR TWO WIRE UNGROUNGED T MOONT ALL_SCOSTER COLS OW A GROUNDING

SESTEMS GISCONMECT ALi GROUND 216 BOOSTER COLL_WIRE -MaX MMWW

NIRES AMD LSE FILL LSS o . PERMISSARLE LEMGTH S0 FT INTERNALLY FOR SOTH OWE AMD TWO #ISE SPSTEAS,
QITION TO SECTIONED L INES AT PN it THE  EROUAAING &&_mem T

Figurg 8—Typical Wiring Diagl;um for A-160 Starters

6, ACCESSORIES.

A direct starting switch of the foot. type, .Il_:.b.r_..‘.l re-
motely controlled solenoid switch, fnaj.i' be employed

to control the starters, In either case, refer to the typical

obtained from the chaprers t_uvermg :}’ I‘h¢
upits. T'o insure a hot spark during the :rﬂnk[qs P'Eﬂ(!ﬂ'
a4 booster coil is recommended for use wuh smr:ers 1‘:{1

supplc:mem: the spark of the engme magnems.

7. FRINC!FLE OF DI‘EI‘.ATIDH

a. When the battery circuit is -:lm‘ed,_ torque i5 trans-
mitted from the driving motor through the’ ‘reduction
gearing to the driving barrel which contains the mult-
ple disc clutch, automatic engaging mechanism and the

,driving jaw. The purpose of the muitiple disc clutch is -
. to provide a release should the static torque of the en-
gine be too large due to climatic onditions or other ™
abnormal situations such as engme hﬁckh:e whlch would '

damage the starter mechanism.

I;.,r ‘r

&, The automatic engaging mechanism consists of an

_ in'ternslly threaded spline nut and an externally threaded
“screw shaft which moves longimdinally in the spline

nut ‘and causes the starter jaw (o travel oue at zero rpm

R | hes with tl . When th
'l.w:lng dmgmms {ﬁgurcs ‘.-" and B); fn:r aIl wu‘e ale$ and B unty |t l:nﬂ 5 Wi e Engmt jaw en the engine

connections. Details rngardmg l:h& msmﬂntmn Df IIDI'I-_.
trol switches and the booster msl :1f upede shnuld he._.
g i d_ivid_u,q!-

i §tarts, the rotation of the engine jaw being faster than
- that Df the st:m:er jaw causes the latter to aucomacically

i 4 d|sengn.ge

LF 8 R,erurn the’ starter control switch to the “NEU-

"IBAU' Busmqn :b apen the starter circuit as soon ias

8 QPEHATJOH.

F(:n: bast resu_ltx m 5:amng, prepare englnﬂ in accurd

cal Order and’ operate starter either by pressing the foot

--f-'sw:tr.h or by operating-the push switch controlling the
_ -}lmmd swm:h depem‘hng upon the method empluved

CA. UTIQH

Ehould th: engme “fail ‘to stare readily, the
cause shm,;ld be ascerrained J.mmq,dxatcly o
=1‘I-rmd runmng down the stura_ge bntter}-’

liES'rchEn'

F
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SECTION 1l
INSPECTION, MAINTENANCE, AND LUBRICATION

1. INSPECTION AND MAINTEMANCE.

NOTE

In accordance with T, O, Mo, 00-20A-2 a sum-
mary of the period inspections prescribed here-
in will be enrered on the Master Airplane
Maintenance Instruction Forms maintained in
the back of the Form 41B for the airplanes
affected.

When properly installed and operated, the starters
should not require any attention between major over-
haul periods other than that outlined below,

COLUMN NO, 22—IGNITION AND ELECTRICAL,
50-HOUR INSPECTIOM.

¢. ELECTRICAL CONNECTIONS —Remove win-
dow strap and examine motor for dirty or loose con-
nections. Clean and tighten all connections. Replace
all defective wiring.

b. BRUSHES.

{1} LExamine brushes. They should be a free fit
without excessive side play. Binding brushes and brush
boxes should be wiped clean with a cloth moistened
with undoped gasoline. Do not use fuels which con-
tain lead compounds as the lead will plate on the com-
mutator and cause poor commutation and impair starter
efficiency. Worn brushes should be replaced before their
maximum wear limit is reached to insure proper opera-
tion berween inspection periods, The maximum per-

missible brush wear for the various types of stariers
is as shown in table 1.

TABLE 1

Minimum

Starter New Length Length
e LE-B0 14 inch 114, inch
F-141 174, inch (useful Jength) %4, inch
¥-150 0. inch (useful length) 4. inch
A-160 114, inch 145 inch
E-160 L4 inch 114, inch

(2) Where the proper facilities are available new
brushes should be run in on the motor until a 50 per-
cent seat is obtained.

(3) If the above method is not feasible, brushes
may be seated by inserting a steip of Mo, 0000 sand-
paper between' the brush and the commutator with
sanded side next to the brushes and pulling in the direc-
tion of rotation. Repeat until brushes are at least 50
percent seated.

CAUTION
DO NOT USE COARSE SANDPAPER OR
EMERY CLOTH. REMOVE SAND OR
METAL PARTICLES WITH COMPRESSED
AlR.

¢, BRUSH SPRINGS.

Check brush spring tension and replace springs
if tension is not within limits as given in table 2.

TABLE 2
Minimum Mazximum

Starter Pressure (o0z) Pressure Test

E-80 24 28 End of spring 14, inch above brush box

F-141 40 44 , Compressed to 74, inch

Y-150 41 43 Compressed to 7, inch

E-160 24 28 End of spring 14, inch above brush box

A-160 24 1_ 28 End of spring Y4 inch above brush box

"
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a, Starter motor fails to operate or
operates ar oo low speed,

RESTRICTED
"

d. COMMUTATOR —Rough or dirty commutators
should be smoothed and polished with No. 0000 sand-
paper. DO NOT USE COARSE SANDPAPER OR
EMERY CLOTH. After sanding, clean thoroughly to
remove all sancd particles, otherwise excessive wear of
brushes and commutator will result. Very rough or
badly pitted commutators must be turned on a lathe in
accordance with the applicable overhaul instructions in
this chaprer. (See index.)

7. 0. No. 03-1-6

Chapter 4&

Part A

e, CRANK EXTENSION SUPPORT BEARING.—

After every 50 hours of engine operation the crank ex-

tension support bearing should be lubricated with en-
gine oil,

2, LUBRICATION.

Starters are properly lubricated at the factory and
should require no lubrication except at overhaul,

SECTION 1V
SERVICE TROUBLES AND REMEDIES

1. SERVICE TROUBLES.

In all cases of starter failure or improper operation,
the trouble should be investigated immediately to pre-
vent furcher dumage to the unit. DO NOT ATTEMPT
TO OPERATE A STARTER WHICH IS NOT FUNC-

TIONING PROPERLY,

MOTE

Disassembly of faulty units should only be
done by an overhaul activity, If no such repiLiE
depors are accessible, return units to the manu-
facturer for inspection, repair, and test,

Tronbile

terminals,
(3) Wiring

2 MECHInnS,

(4} Brushes binding in brush

boxes.

{5) Worn brushes
under parageaph 3.b, section I,

this chapter).

(6} PBrushes not properly seared,

A7) Exeessive brush side play.

Probable Cause

(1} Low voltge
charged batrery.
(2) Loose or corcoded bactery

properly  cone
nected, loose or high resistance con-

Remedy

due to dis- fa) Check and recharge if neces-

SAry.
{6} Clean, tighten, and coar with
petrolarem, Specification No, AN-

YV-P236.

(e} Refer o applicable wiring
diagram (fgure 7 or 8) and clean
and cighten all connecrions.

{d) Remove and clean as directed
under puragraph 3., secdon 1L this
chapeer.

(see  chare (¢} Replace and seat new brushes
as instructed under paragraph 3.,
section U1, this chapter,

{(f) Besear as instructed under
paragraph 3., section 111, chis chap-
ter, using No. 0000 sandpaper.

(g) Replace and sear as inscructed
under paragraph 3., section I, this
chapter,

RESTRICTED
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Trouble Probable Canse Remedy

(8) Dirty commutator, (k) Smooth and polish with No,
0000 sandpaper. See paragraph 3,

section I1I, this chapter.
{9) Eccentric, rough or pitted (i) Remove and proceed as in-
commutator, structed in applicabie part of this
chapter. (Parts B to F, see index.)
. {10) Shorted, grounded, or open (1) Disassemble and test as in-
ki circuit in starter motor. structed in applicable part of chis

chapter. (See index.)

(&) Insert jumpers across switch
terminals; if starter then operates,
switch must be replaced.

{11) Starter switch inoperative.

{a) Check spring tension with
MT-237. Replace if tension is less
than 9 ounces.

b. Starter operates but fails to crank (1) Friction ring spring tension
engine, too low,

(&) Disassemble, clean, replace
worn parts, lubricate, and reassem-
ble as instructed in applicable part
of this chapter. (See index.)

{a) Items (d) to (f).

(2} Slipping clutch.

¢. Arcing brushes. {1} See trouble a. above,

SECTION ¥
MAJOR OVERHAUL

At every major engine overhaul, the starter and asso-
ciated accessories should be removed from the airplane
and forwarded to an overhaul activity, or returned to
the factory for overhauling. This procedure constitutes
a complete disassembly of the units and involves the
use of special tools and equipment available only at
the above piace.

SECTION VI
SHIPMENT AND STORAGE

accordance with the latest issue of AAF Specification
™o, 100-2,

1. PACKING FOR SHIPMENT,

For domestic shipment, units should be wrapped

in warerproof paper and packed securely in a wooden 2. STORAGE.

box (Army Specification MNe. 23-53). Packing for ex-
port is identical except that the case should be lined
with waterproof paper and fastened with metal straps.
For AAF units, cases are to be marked for shipment in

No special prcpnraﬂun is required prior to placing
starters in storage except that they be individually
wrapped in waterproof paper and stored in a dry,
cool place.

RESTRICTED
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SECTION VII
PARTS CATALOG

e T e e

i-._ngf{ence to T, O. No. 03-1-5 is required when ordering service replacement
| parts, Refe?“tlc;-_ﬂ;; .E-f;l-:t'l'i'&'ﬁﬁiu"&Fﬁ_S;—sccti{}naI assembly drawing for identification of
' pare number and local quantity of parts required. To determine pare name, refer
{I numerical list of service pares, When ordering parts, specify part name and number
: as well as type, model, and style letter appearing on name plate of unit for which
parts are desired.

Revised 3-30-43 -1y - - RESTRICTED
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OVERHAUL INSTRUCTIONS
. ko I .
Direct Cranking Electric Starters
- "___'_-'_'_“*“‘_--"""“-,,
(Types 397 and 756
A
TABLE OF CONTENTS.

Section Page Section 2 Fage
I Description 3 9. Motor Inspcctiun 6-8
1, Identification 3 10. Clearance Chart 9

2. General Description 3 11. Motor Lubrication 9

. M z

Il Disassembly, Inspection, Repair, Lubrication, 12, Mincat; Reaxseonly 10
Reassembly, and Test (Depots Only) 3-12 13, Starter Reassembly 10

1. General 3 14, Starter Conversion 10

2. Taols 4 15. Clutch Adjustment and Test 10-12

3. Disassembly 4 16, Performance Tests 12

4. Starter Inspection 4 17. Final Rensse_mbl}r and Test 12

5, Clearance Chart 5 _HI  Parts Catalog 13

. Lubrication 5 IV Packing for Shipment 13

7. Reassembly 5-0 1. Packing for Shipment 13

8, Motor DlS‘-ﬂ-SSEmh]}' G 2. SMIEEE 13
=1-= RESTRICTED



RESTRICTED T. O. Ne. 03-1-6 Chapter 46
Part B
SECTION 1|
DESCRIPTION

1. IDENTIFICATION,

This chapter is applicable to all Eclipse types 397 (12-
volt) and 756 (24-volt) direct cranking electric starters,
For AAF, Mavy, and British type numbers, refer to the
index of this Technical Order.

"
2. GEMNERAL DESCRIPTION.

The units consist of a heavy-dury, series wound, elec-
tric driving motor, reduction gearing, multiple-dise
clutch, auvtomatic engaging device, baffle plate oil seal
and driving jaw,

d. MOTOR.—The motor consists of a set of _four,

field coils into which the pole shoes are assembled and
attached to the voke, Two terminal posts protrude from
the motor front head (commutator end), one of which
incorporates a steel grounding washer when used on
one-wire ‘grounded systems, The ball-bearing mounted
Aarmature rotates within the yoke and field coil assembly.
The commutatar, on_the antidrive_gnd of the armature
shalt, contacts the four brushes which are mounted on
an insulated brush board attached to the motor front
head. The drive end of the armature is supported by a
ball bearing mounted in the intermediate head. The
-ball bearing incorporates an oil seal to prevent possible
leakage of engine oil into the motor.

b REDUCTION GEARING. —The drive pinion is
located between the two ball bearings supporting the
planetary cage, and is keyed to the armature shaft. The

cum}mund planetary gears, mounted on ball bearings
in the planctary cage, are driven by the drive pinion
and rotate in the fixed annulus gear, at the same time
driving the internal gear cut into the driving barrel.

¢, DRIVING BARREL —The driving batrel contains
- multiple disc clutch undet adjustable spring_tension.
The alternate discs are splined to the driving barrel on
the OD and to the spline nut on the ID. The tension
of the clutch springs is controlled by the clutch adjust-
__!'r_‘LE_ ﬂyl_w'_l'_:j_{;h is_threaded to the spline nut and may he,

member which engages with a longitudinally movable
screw shaft which, in turn, is splindd to the starter jaw,

d. BAFFLE PLATE AND STARTER JAW.—The
bafiic plate assembly, attached to the mounting head,
ingorporates an _oil seal which fits snugly around the
shank of the starter jaw to prevent leakage of engioe
il into the starter, Three friction shoes are assembled
around the driving jaw. Each shoc incorporates a tooth
that fits into a corresponding slot in the jaw. The three
shoes ride on the curved lip of the baffle plate. The fric-
tion between the shoes and baffle plate is controlled by a
spring which also serves to hold the shoes in place. The
[riction shoes prevent rotation of the starter jaw until
the screw shaft has caused it to advance into full engage-
ment with the engine jaw.

SECTION 1I

DISASSEMBLY, INSPECTION, REPAIR, LUBRICATION,
REASSEMBLY, AND TEST (DEPOTS ONLY)

1. GENERAL.

At the time of every engine overhaul, the starter with
its accessories should be removed from the airplane and
sent to an overhaul activity or returned to the manu-
facturer for disassembly, inspection, and lubrication.

a. CLUTCH TEST.—Before disassembling unirt, check
clutch setting on a Prony brake clutch test stand (tool
MT-327). If the torque setting is 300 pound-feet within
plus 20 pound-fect, or minus 60 pound-feet, clutch need
not be disassembled except to permit final adjustment,
If suitable clutch test equipment, as outlined under

- -3-

paragraph 15., this scction, is not available and starter
has operated satisfactorily up to the time of overhaul,
the clutch need not be disassembled.

CAUTION

If the clutch has been left intact for two suc-
cessive overhaul periods, it must be disassem-
bled at the third overhaul.

. b. ACCESSORIES—Tor the overhaul procedure rela-
tive to solenoid switches and booster “coils, refer to the
applicable chapter listed in the index to this Technical
Order: ..
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2. TOOLS. _

In order to facilitate disassembly, reassembly, and ad-
jusement of the various parts, the following tools are
rcr@i'iu_‘lln:nded. )

Toal &
C Number Description
MT-73 Cluech adjusting aut wrench
MT-146 Slotted nue wrench for drive end
armature shaft nue
MT-237 Tool for checking friction ring tension
MT-309 Bench-type screw driver
MT-327 Prony brake clutch test stand
MT-1140 Pole shoe expander
T-21626A4  Pole shoe aligning plug

3. DISASSEMBLY,

a. GENERAL.—Refer to T. O. No. 03-1-5 and pro-
ceed as follows: remove the window strap and lift our
the brushes, allowing springs to rest against the brush
box. Separare the motor and planetary i:ug: assemblies
from che mounting head assembly by removing the six
through bolts, Remove the drive end armacure shafe
nut, using slotted nur wreach MT-146, and pull plane-
tary cage off the drive end of the armature shafr. Re-
move the drive pinion spacer, drive pinion, and motor
end cage plate ball bearing.

b, MOUNTING HEAD ASSEMBLY.—Remove the
friction ring spring, friction ring, meshing rod nut,
starter jaw, meshing rod il seal, spring and baffle plate
assembly. Ac this point the driving barrel assembly
may be removed from the mounting head and the screw
shaft may be removed from the back end of the spline

nut.

(1) CLUTCH.—If starter clutch assembly has given
satisfactory operation up to the time of overhaul and is
not to be disassembled, or if suitable clutch test equip-
ment is not available, DO NOT disassemble driving

barrel further. If, however, the clutch is to be disassem-
bled, first NOTE THE DISTANCE BETWEEN THE

~ OUTER EDGE OF THE CLUTCH ADJUSTING NUT

AND THE END OF THE SPLINE NUT. Loosen the
“cluech adjusting nur lockwscrew and remove eluech ad-

justing nut, using wrenc -73. Remowval of the ad-
Justing nut permits the $Wine nut to be slid out the
back end of the cluich barrel as well as releasing the

. spring Eir.' +1clutch springs, and spring spacer. Remove

snap r'h rom driving barrel and lift out the entire

clutch pack at once. TIEWIRE CLUTCH PACK TO-
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;GETHER TO RETAIN THE RELA'_[IVE ORDER OF
THE DISCS. To complete the disassembly of the driv-
ing barrel assembly, remove the clurch 'slmccr and thrust
washer.

(2) PLANETARY CAGE ASSEMBLY.—Hold
planetary cage assembly rigidly and remove the nuts
from the three planetary cage bolis. Hold che slotred
end of the planetary gear studs with a screw driver and
remove the nuts from the drive end of the soud. Sepa-
rate the cage plates and remove planetary gears with
the studs and ball bearings attached. To disassemble
the planetary gear and stud assembly, -hold che gear,
being carcful not to damage the tecth, and ap one end
of the gear stud to drive out the stud and one bearing.
Then remove the ball bearings from the stud and gear,

respecrively.

4. STARTER INSPECTION.

After the starter gear section has been completely
disassembled, thoroughly clean all parts with carbon
teerachloride, undoped gasoline, or any other suitable
solvent and dry off with compressed air. Examine and
check all pares for wear in accordance with the follow-
ing outline and-clearance chart.

a. BALL BEARINGS.—Replace bearings that are
loose or rough turning. DO NOT wash new bearings
removed  from factory sealed boxes; simply lubricace
and use. For lubrication procedure, refer to paragraph
g For AAF units, refe® o T, O, No. 29-13.

b, CLUTCH BARREL.—If the clutch has not been
disassembled, simply wipe the exterior with a carbon
tetrachloride moistened cloth, DO NOT immerse in
carbon teerachloride. However, if‘{h'{: cluech has been
disassembled, thoroughly clean all parts and repluce
worn or scored clutch discs. The procedure for assem-
bling and secting the clutch is outlined under para-
graphs 7.a. and 15., this secrig.

&, BAFFLE PLATE.—If the oil-seal leathers are worn
or torn to the extent cthat they are a clearance fit an the
neck of the starter jaw, the baflle plate assembly should
be replaced. The presence of engine oil in the stareer
housing indicates a worn baffle plate or meshing rod
oil seal and replacement should be made.

(2) When replacement of the baffle plate oil-seal
leather is required, a complete baflle plate assembly
s be substicuted. Do not break down che assembled
unit under any conditions. '
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New balffle plate assemblies should be soaked in
neat's-foot oil at 37.8°C (100°F) for a period
of 1 hour prior to assembly, to insure free
travel of the starter jaw in the baffle plate as-
sembly,

d. MESHING ROD OIL SEAL—Replace the mesh-
ing rod neoprene oil seal at every overhaul and the oil-
seal cup washer if distorted or cracked.

e. MESHING ROD SPRING.—Check meshing rod
spring tension and replace if force required to compress
it to 14 inch is less than 13 pounds.

f- SCREW SHAFT AND SPLINE NUT.—At every
overhaul the screw shaft should be magnafluxed and
closely examined for cracks. If the clutch has been

T. O. Mo. 03-1-6
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disassembled, the spline nut should also be magna-
Auxed and examined for cracks., Any evidence of cracks
is sullicient cause for rejection.

- g STARTER ]hW.-—-'I;h: starter jaw should be mag-
nafluxed and examined for wear at each overhaul. Re-
place if any evidence of cracks is detected or if the
depth of the Aat on the leading edges of the jaw teeth is
less than Ly inch.

b, GEARS.—Replace all gears when face of tecth
become worn or rolled to the extent that the original
involute curvature is obliterated.

5. CLEARANCE CHART.

Table 1 is prﬁvided to facilitate the inspection of parts

for wear and to check clearances when reassembling

starters at overhaul:

TABLE 1

Descriftion

Planetary cage ball bearings on armature shaft
Planetary cage ball bearings in cage plate

nPlanetary gear ball bearings on studs
Planetary gear ball bearings in gears
Driving barrel in mounting head
Clutch pack thrust washer
Driving barrel thrust washer

6. LUBRICATION.

Before assembly, all bearings, gears, and other moving
parts should be lubricated according to the instructions

" given below. It is important that only the specified lubri-

cants be used as they have been chosen as a result of
extensive tests under various operating and climatic
conditions.

. BALL BEARINGS.—Lubricate all ball bearings
after cleaning and before assembly with a light film of
Navy Department Specification No, M-372, grade A,
or AAF Specification No. 3560, soft grease (commercial
equivalent—Royco No. 7, manufactured by the Royal
Engincering Company of East Hanover, New Jersey).
For proper lubrication procedure refer to AAF T. O.
No. 29-1-3.

b. GEARS, PLAIN B['EARINGS, AND SCREW
SHAFT ASSEMBLY.—Brush all gear teeth, bearing
surfaces, and splines of the screw shaft and spline nut

assembly with a light coating of Bureau of Engineering

i

Clearance
L0001L-.0008L
L0004 T-.00041L
0001 T-.0006L
002 T-.0006L "
L0051 max
020 inch min
030 inch min

Specification No. 14-g-2, No. 3592 {commercial equiva-
lent—Royeqg Mo, S0—manufactured by the Royal En-
gineering Company of East Hanover, New Jersey).

e. CLUTCH DISCS.—If clutch has been disassem-
bled, the clutch discs shall be coated with a mixture of
one part by volume of Acheson graphite No. 38 as
manufactured by National Carbon Company (AAF
Specification MNo. 3593), and one part'by volume of
No. 1 Esso motor oil, SAE 10 W, made by thé Standard

Oil Company of MNew Jersey (AAF Specification No.

3582).

7. REASSEMBLY.

To reassemble the starter gear section, follow the
disassembly procedure in the reverse order and make
certain that all parts are properly lubricated as speci-
fied under paragraph 6., this section. Replace all lock-
ing devices and safety wire. In addition, observe the
precautions outlined below to facilitate and insure
proper assembly.

#

o
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o, CLUTCH REASSEMBLY.—If worn or scored
clutch discs have been replaced, or if an encirely new
cluteh pack has been installed, it is necessary that the
clucch ‘be “run in” before installing in the starrer, in
order to facilitace final cluech adjustment,

{1y CLUTCH "RUN IN."—To ™"run in" the
clutch, first lubricate the discs as instructed above un-
der parageaph 6., this section. Set up in clutch “run-in”
stand (MT-1603), set clutch ar 300 pound-feet and slip
at BL5 rpm for o period of 1 hour and 30 minutes.

LEd

CAUTION

During the “run-in® period, the barrel must
be cooled by circulating water through the tesc
fixeure, To eliminace the above procedure, new
clucch packs already “run in"™ may be obrained
under part No, G034,

NOTE

If it is necessary to install new clutch discs
which have not been “run in,"” and a cluech
“run-in" stand is noc available, the entire
clurch “run-in" process can be accomplished
by fiest assembling the cluech in the starter and
then serring up the assembled starter on a
Frony brake test stand (MT-327) as explained
under paragraph 15.4,, this section.

&. BAFFLE PLATE REASSEMBLY —Do not re-
assemble. the buaflle plate, friction shoes, and friction

_spring to the starter wncil after the clutch has been

properly checked or ser as outlined below under para-
graph 15, this section.

o MESHING ROD OIL SEAL.—Before reassem-
Piing the wil seal on the meshing rod, the neoprene
witslhier must be cemented to the steel cup washer with

3-M weatherserip coment EC-226, made by the Mione-

sota Mining & Mfg. Co. of St. Paul, Minn.

d. STARTER JAW.—With the starter jaw" com-
pletely recracted, the travel to full advanced position
should be 114, inch,

e. PLANETARY CAGE ASSEMBLY. — Assemble

planetary gears on studs and assemble thruse washer

and gears to drive end cage plate and turn stud nucs
up tight. Assemble thrust washers and motor end cage
plate to the rest of the cage assembly and bole the as-
sembly togecher.

NOTE"

Do not assemble motor end cage plate ball

P
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"bearing in cage plate. This bearing should he
« assembled on the armarure shafe frst,

B.. MOTOR DISASSEMBLY.

Remove front head bearing cap and armaturc shaft
nut, #nd tap end of armature shaft with a mallee o
drive shaft out of bearing, Remove the intermediate
head from the drive end of the armature shafr, Remove
the terminal shields and nuts and the frone head o yole
screws, Separate the frone head from the yoke assembly,

NOTE

DO NOT DISASSEMBLE POLE SHOES
AND YOKE AND FIELD COIL ASSEM-
BLY, OR REMOVE BRUSH BOARD AS-
SEMELY FROM FRONT HEAD UNLLSS
REPLACEMENT 15 FOUND NECESSARY
AFTER COMPLETING INSPECTION -AND
TEST.

?. MOTOR INSPECTION,

After motor has been completely  disassembled,
thoroughly clean all parts with carbon retrachloride or
undoped pasoline and dry off with compressed air ex-
cept where otherwise noted. Examine and check jarrs
for wear in accordance with che following oudine and
clearance chare.

g, BALL BEARINGS.—Replace bearings if exces-
sively loose or rough turning, Do noe wash new hear-
ings removed from facrory sealed boxes; simply lubei-
cate and use, For lubrication procedure, refer to paras
graph 6., this section. For AAF uniw, refer o T. O,
Mo, 29.1-3,

b, BRUSH BOARD ASSEI‘#IBLY.ﬁ]lmpuct hrush
board assembly for weakened, cracked, and burned in-
sulation and resc each brush box for grounds, us'mg:ln
220-volt test lamp circuit. Touch one terminal o the
front head and touch the other terminal of the rest
lamp circuit to each brush box in turn, If the lamp lights,

© the brush board is prounded and the entice assembly

must be replaced. To replace brush board assembly re®
move the two brush board screws which secure it o the
front head. '

[

e ARMATURE—Dip the armarture in a container of
carbon tetrachloride or undoped gasoline and scrub
thoroughly with a stff brush. Do not soak. Dry arma-
ture assembly wich compressed air. If, however, the
armature appears 0 be oil soaked it should be placed
in an oven and baked from 2 w0 4 hours ad6.7°C
(200F). This baking process allows any oil which may
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have collected in erevices in the assembly to quuef}r and {d) Smooth and polish the commutator with
i flow out. After baking, clean armature again as in- No., 0000 sandpaper at‘nppmximu[c]y 700 surface feet
k structed immediately above. After cleaning, the arma: per minute to remove any burrs, DO NOT USE
ture asscmbly should be :-ub;r.clcd to the following COARSE SANDPAPER OR EMERY CLOTH, AFTER
h‘h peals SANDING, THOROUGHLY CLEAN COMMUTA-
o (1) SHORTED ARMATURE—To test for a TOR TO REMOVE ALL SAND AND METAL TPAR-
. shorted armature, a "growler” should be used. TICLES; OTHERWISE EXCESSIVE WEAR WILL
RESULT. DO NOT GET OIL ON THE COMMU-
(2) GROUNDED ARMATURE.—To test for a TATOR AT ANY TIME.
1 grounded armature, touch one side of 110-volt lamp
{ circuit to the armature shaft, Touch the other terminal d. RESEATING BRUSHES. —If the commutator has
i of the lamp circuit to the commutator bars. If the arma- been turned, or the armature roplaced, the brushes will,
: ture is grounded, the lamp will light not seat properly and it is recommended that they be
¢ (3) OPEN ARMATURE.—Inspect the commutator _ Fun in” on the motor until at least 50 percent seated.
tor Blude o butned  conimiutitor bags. and be sioe that If facilities are not available for "running in” brushes,
,"\ all conductors are firmly soldered into the riser. Loose they should be properly seated by inserting a suip of
3 conductor or blackened commutator bars indicate the No. 0000 sandpaper between the brush and commutator
: possibility of an open circuit. with the sanded side in contact with the brush and pull-
.ﬁ“ ing in the direction of motor rotation which in all cases

":r.-.-_

e

.

(4) COMMUTATOR,

fa) Smooth commutator with No. 0000 sand-
paper. DO NOT USE COARSE SANDFPAPER OR
EMERY CLOTH. Afrer sanding; thoroughly clean com-
mutator to remove all sand particles; otherwise, ex-
cessive wear will result.

(k) If the commutator is extremely rough, pitted,
or badly scored, check armature for concentricity. Com-
mutator, bearing surfaces, and shaft centers muse be
concentric within 0005 inch full indicator reading. If
centers are ot true, mount armature on a lathe and
true up. Commutator may then be turned on the centers,

taking a light cut across the face, repeating if necessary,

to remove all evidence of pitting or scoring. An alter
native method is to assemble bearings on shaft mount
on a lathe in a "steady rest.” Concentricicy of .0005 inch
must be held in any case between bearing surfaces and
commutator, When turning commutator, only very
light cuts should be taken as there is a decided tendency
for the cutting tool to l:hg in at the edge of the slot
and spring away at the middle of the bar. Use a sharp
pointed lathe tool at a curting speed of approximately
200 surface feet per minute, The minifium diameter to
which the commutator may be turned'df’"l 194, inches.

{¢) On all 24-volt units and those 12-volt units
which incorporate a special high speed motor (type
397, models 19, 20, 49, and 50), after turning the com-
mutator, undercut mica, using a cutting tool slightly
wider than the slot, to a depth equal to the width of the
slot. DO NOT UNDERCUT MICA ON COMMUTA-
TORS OF STANDARD 12-VOLT UNITS.

. PARTICLES.

is the same as the jaw rotation of the particular unit
Be careful to keep the sandpaper in the same contour
as the commutator, Repeat until brushes are at least 40
percent seated, DO NOT USE COARSE SANDPAPER
OR EMERY CLOTH, WHEN SEATING BRUSHES,
CARE SHOULD BE TAKEN TO KEEP MOTOR
BALL BEARING FREE FROM SAND OR METAL
AFTER SEATING, CLEAN THOR-
OUGHLY TO REMOVE ALL FOREIGN PARTICLES

- FROM THE MOTOR ASSEMBLY; OTHERWISE, EX.

CESSIVE WEAR WILL RESULT.

e, BRUS'!-IES,—_TIH: maximum  permissible brush
wear is 4. inch from a new length of 14 inch, or when
the remaining portion of the brush is 134. inch.
Brushes should be repliced before their maximum weat
limit is reachéd, in order to insure satisfactory opera-
tion until the next inspection period, To insure the
proper seating of new brushes, refer to instructions in
paragraph d. immediately above. Inspect brush lead
sleeving and replace if burned or frayed. When install-
ing new brushes make sure leads are properly covered
with sleeving,

f. YOKE AND FIELDD COIL ASSEMBLY —Dip
yoke and field coil assembly in a container of carbon
tetrachloride or undoped gasoline and scrub with a
stiff brush. Dry off with compressed air. After cleaning,
the field coils should be subjected to the following tests,
using a test lamp circuit and a power supply of 220
volts either ac or de. If 200 volts are not available, 110
will suffice. %
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Figure 1

(1) OPEN FIELD CIRCUIT.—Due to the fact
that the field coils on 12-volt motors are connected in
_parallel and thus have a very low field resistance, it is
impossible to obtain a positive check on open circuits
either by a test lamp circuit or by a Wheatstone bridge,
unless all four coils are open. The presence of an open
coil can best be determined after assembly when run-
ning performance tests. This condition may be detected
by a low torque ourput accompanied by an excessive
high current draw under load run. The field coils of
24-volr units, however, are connected in series, parallel
through the armacture (figure 1), and will give positive
results when a test lamp circuit is connected across the
brush terminals. Connect one terminal of the test lamp
circuit to any one of the brush terminals and touch the
other terminal of the test lamp to the opposite brush
terminal. Repeat this procedure on the other pair of
field coils and if, in either case, the lamp does not light,
replace the pair of field coils.

CAUTION

If only one pair of coils is defective, do not

i % MM o T b s
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loosen or disturb the other pair as this may
necessitate replacement of thar assembly also.

{2) GROUNDED FIELD CIRCUIT.—To test for
grounded field circuit, connect one terminal of the tesc
lamp circuir to one of the held terminals, the other
field terminal being free. Touch the other lamp circuit
terminal to. the yoke momentarily. The lamp will light
if the field is grounded.

(3) FIELD COIL REPLACEMENT.—If after
completing the above tests, replacement of the field coils
is found necessary, proceed as inscructed below. The
screw  driver press (MT-309), pole shoe expander
(MT-4140), and pole shoe aligning plug gage
(T-21626A) of 3.021 inches diameter are the necessary
tools required to replace field coils.

(a) 12-VOLT MOTORS.—Remove pole shoe
screws, using MT-309, pole shoes and feld coil assem-
bly. Assemble replacement coil assembly into yoke, ex-
pand pole shoes with MT-4140 drawing up pole shoe
screws with MT-309. To assure proper alignment of
pole shoes and prevent interference with the armature
windings, check the inside diameter of the yoke and
field coil assembly with T-21626A. The complete assem-
bly of yoke, field coils, and pole shoes must then be
placed in an oven and baked at 126.7°C (260°F) for a
period of 2 hours. As replacement field coils have been
dipped in Harvel varnish No. 512C (specific Eravity
B30-.840) and partially baked before shipment, chis
2-hour baking period causes the varnish to solten and
flow into any crevices in the assembly and then finally
harden during the remainder of the haking process. The
entire procedure as outlined above results in a well
bonded assembly and prevents the field coils from
loosening in service.

(&) 24VOLT MOTORS.—To replace either
pair of field coils, remove only the two pole shoe screws
necessary to replace the defective pair of coils, using
MT-309. Remove the pole shoes and defective field coils
and assemble new replacement coils in yoke, Expand
pole shoes with MT-4140 and check the alignment and
inside diameter of the yoke and field coil assembly with
plug gage T-21626A to insure proper alignment of the
pole shoe and preclude the possibilicy of interference
with the armarure assembly,

NOTE

Do oot bake 24-volt field coils after reas-
sembly.

£. INSULATORS.—Replace terminal post insulators
if they are burned, worn, or cracked.

RESTRICTED
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10. CLEARANCE CHART.

Table 2 is provided to facilitate the inspection of
parts for wear and to check clearance when reassem-
bling the unit.

TABLE 2
Description i Clearance
Front head ball bearing on armature shaft 0003 T-.0004L
Front head ball bearing ourtside diameter in housing L0005T-, 00031
Intermediate head ball bearing on armature shafe - 0001 L-.0008L
Intermediate head ball bearing in bushing 0004 T-.0004L
11. MOTOR LUBRICATION, d. "FREE-RUN" TEST.

(1) Lo.sen carbon stack to get the highest resise-
ance possible, then close the motor circuit. Check the
ance possible, then close the motor circuit, Check the
motor “free-run” characteristics. Adjust the variable re-
particular unit as given in table 3.

Coat the armature bearing with a light film of grease,
AAT Specification No. 3560—soft, Navy Specification
Mo M-372, grade A (commercial equivalent—Royco
Mo, 7—manufactured by the Royal Engineering Co.,
East Hanover, IN. ).

12, MOTOR REASSEMBLY. * P
Foilow the disassembly procedure in reverse order ?
noting the following precautions.
g ®
e
-

. BRUSH SPRINGS.—Check brush spring tension at
reassembly and replace if tension is less than 24 or more
than 28 ounces as measured when spring is 1, inch
above the top of the brush box.

.5 MATTERY JOPELT - I} MO OI§ RELTY

A, MOTOR TEST AT REASSEMBLY.—After motor
has been reassembled it is recommended that it be given
a free run test to check performance. ’

carpr g vl iadyf PiFITTEE - JamEd @, EaBRIT CE. | MO LESTIMIA, RL -
me o T @ e BERCETARCY dused - isop EEITE - 18 TH soe EeFL]

-

B deETER - TR (03TEEENT £R, - mRTL vl - TR EUL, S-100 L
[ N

Fiwigl FELT, SimdlY Tedda 39 N0E

& ELECTRICAL CONNECTIONS.—Refer to test

diugrnm {ﬁgure 2}_ Connect the d-c power SUPPIF { 1}, ' t::tul':l‘u-llsrll SEFTERET (A, - WGP W - TN Eaif, S am

which may he either a bactery or a motor generator, o e s

through the carbon stack variable resistor (2), a Weston " Teareirie i . Thwsid gt mis 1% SomREETD T4 T FWHTIVE 31 97
. Tl mAFFERT, Fof sfRafrvd §idi alimd GERMEFD (AVPORRSLLT B T Mol

model 45 ammetec (0-100) scale wsing a 100-ampere e e e

shunt, and a single pole-single throw switch (6) from
which a lead is connected to one of the starter terminals.
Connect a Weston model 45 voltmeter across the motor Figure 29— Schematic Electrical Test Diogram
terminals as shown, E-BO Starfer

=k RESTRICTED
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TABLE 3
, Maximum Marefon i
Motor Rated Voltape Test Voltage Current Draw RPM
307 ' 12 40 9,000
¥397 12 55 13,500
(High speed)
23 2,000

756 24

*Type 397, models 19, 20, 49 and 50, :'ncnrpurﬂ.;é:; a speci -

al high speed motor.
CAUTION

DO NOT APPLY MORE THAN THE
ABOVE LISTED TEST YOLTAGE ACROSS
MOTOR TERMINALS, AS EXCESSIVE
SPEED WILL RESULT AND MAY CAUSE
SERIOUS DAMAGE TO THE MOTOR.

volt_motor, t_lle_cug_rm_t dmw__l_a in f:.)ccl.s-g__n,‘lf_tlj:r mgx;
mum_listed above for that unit, the brushes spark ex-
cessively, and the armature speed is_above normal, it

indicates the paﬁuh;lu}* of an apen fle-ld cml in whu:h_

case_the entire field cml usq_cmhl}r'mus: be repliued
{Rl.ftr to paragraph Qf (1), this section.)

e, INSULATIOMN TEST.—Afeer “free-run™
while motor is sull hot, the unit should be checked for
insulation break-down. Remove the grounding washer
from the terminal post on grounded units and apply
one terminal of the a-c or d-c test lamp circuit to one
of the motor terminals and touch the other tesc lamp
terminal to the motor housing. If. ;he lamp lights, the
unit is grounded and must be disassembled for replace-
ment of worn insulation.

13. STARTER REASSEMBLY.,

#. Reassemble spacer, motor end planetary cage ball
bearing, drive pinion and spacer on armature shafe,
fiest coating shafe lighely with Royco Mo, 5, or equiva-
lent, to facilitate assembly. Reassemble annulus pear to

test and

_EEE!:}di:Et head w::h temporary screws to hold it ig

place.
CAUTION

REASSEMBLE WITH RED ARROWS OUT,
PRESS THE PLANETARY CAGE ON THE
ARMATURE SHAFT 50 THAT THE
TEETH WITH THE ARROWS ON THE
ANNULUS GEAR MESH BETWEEN THE
TWO BEVELED TEETH OF EACH PLANE
TARY GEAR.

<10 -

b. Reassemble armature shaft nut and cotter pin. He-
assemble mounting head assembly to motor and plane-
tary cage assembly, first removing the temporary screws
holding annulus gear in place. Fasten the assemblics

together with the chrough bols.

14. STARTER CONVYERSION

In the event that it is desired to convert a starter of
one rotation to that of the opposite rotation or tw
change from 12 to 24 volts or vice versa, obserye the
M\W In either case the name plare of
the unit should be replaced with one indicating the
correct model designation and rating for the unic as
converted. Refer to the applicable assembly drawing
in T. 0. No. 03-1-5 for part numbers involved.

4. CONVERSION (ROTATION ONLY).—To con-
vert a starter of one rowation to the opposite rotacon,
disassemble to permit replacement of the field coil
assemnbly, screw shaft assembly, spline nut, and searier
jaw with equivalent parts for oppusite romation,

b. CONVERSION (VOLTAGE ONLY).—To con-
vert a starter designed for operarion from a 12-volt
bartery to 24-volt operition, or vice versa, disassemble
to permit ceplacement of the armature assembly, feld
coil assembly and brushes, with equivalent parts, -
pending on the voltage required.

15. CLUTCH ADJUSTMENT AND TEST.

In order to check or adjust starcer clutches and o test
the units for proper operation after reassembly, u Prony
brake test stand (MT-327), figure 3, with a placform
scale is required. With baflle plate removed, mount
starter on test stand and adjust mounting bracker of
stand so that the distance berween searcer jaw anel cest
stand jaw is %, inch when starter jaw is reteacted fully.
Removal of bafile plate necessitates manual engagement
of starter jaw with rest stand juw. When adjusting
starter clucch, as outlined below, care should be mken o
gradually attain  che required serting WITHOUT
OVERHEATING.

0
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Figure 3—Prony Brake Test Stand MT-327

a. CHECK CLUTCH SETTING.—If clutch discs
have not been disturbed or the setting altered during
overthaul, or if a new "run-in" pack has been installed,
the clutch setting may be checked as follows:

(1) Lock the brake drum and operate starter for
a period of 2 seconds. Repeat the above procedure five
times at 1-minute intervals. If the torque reading on the
scale remains constant at 300 pound-feet within = 20
pounds-feet, it can be considered satisfactory.

(2) To lower setting, loosen clutch adjusting nut;
_to raise setting, tiphten nut. If in the above operation,
when setting a new "run-in" clutch, the sctting tends to
climb, simply readjust to the proper value and give five
more engagements. Repeat until setting remains con-
stant.

{3) If when checking the setting on a clutch which
has been in service, a constant reading can not be ob-
trined for five consecutive engagements, replacement of
the clutch is necessary.

b, WHEN REPLACEMENT CLUTCH DISCS
HAVE NOT BEEN "RUN IN."—IF the clutch dises
have not been previously “run-in,” observe the follow-
ing pmcr:dure, bearing in mind that during the entire
process the clutch barrel housing should not be allowed
to heat up so that it cannot be touched with the hand.
If the clutch does hear up, allow it to cool before con-
tinuing with the “run-in" process.

(1} Adjust clurch to 150 pound-feet.

(2) Lock brake and operate starter 30 times (2
seconds each time) at I-minute intervals,

-11- RESTRICTED
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(3) After completing the 30 engagements, increase
setting to 250 pound-feet, Operate starter three times
(for 2 seconds each) at 1-minute intervals.

(4) Increase setting to 300 pound-feet and operate
three times as above.

{5) Allow clutch to cool for 145 hour.

(6) After cooling, operate starter 20 times (2 sec-
onds cach time) at 1-minute ineervals. If clurch setting
shows a tendency to climb (readjusc to 300 pound-feet
and repeat engagement until secting remains constant
for 20 engagements.

{7) Allow clutch to cool for 14 hour.

Bat. Voltage Terminal Voltage

12 ' 10
*12 (H.S.) 10
24 20

T. O. No.

03-1-6 Chapter 46

Part B

(8) After cooling, engage starter three times as a
final check that the correct setting is maintained.

16. PERFORMANCE TESTS.

Connect starter motor as shown (figure 2) under
pacagraph 12.b., this section, and reassemble unit on
Prony brake test stand (figure 3) and proceed as
follows:

a. FREE RUN.—Operate the starter for 2 minutes
and check the teeminal voleage, curreat draw, and motor
speed against the following chare. It should be noted that
a free run speed that is excessively high indicares the
possibility of an open field in the case of 12-volt units,

Amp (Max) RPM (Min)
50 8,004
65 14,000
" 30 0,000

*Type 397, models 19, 20, 49 and 50, includes a special

high speed motor.

h. LOAD RUN.—Apply a load of 200 pound-feet
to the starter and check starter performance against
the figure given below. Do not close ammeter circuit
until it has begun to turn, as the initial surge of current
may damage the inscrument. The motor must deliver

Bat. Voliage Terminal Voltage
12 8.8

*12 (H.S.) 7.3
24 17.6

the minimum speed, wsing not more than the maximum
current as given below. On 12-volt units if the torque
output is low, the current draw is excessively high, and
the brushes spark, one or more of the field coils may
be open as explained under paragraph 9., this section.

Amp (Max) RPM (Min)
273 2600
440 2600
155 2600

*Type 397, models 19, 20, 49 and 50, includes a special

high speed motor,

17. FINAL REASSEMBLY AND TEST.

-

Revised 15 June 1944

a. Remove starter from test stand and reassemble
baftle plate, friction shoes, and fricton spring. Tests
have proved that the clutch adjusting nut lock is not
necessary.

b. Check the friction ring assembly on the bafile plate
to ascertain if spring has sufficient tension to hold the
starter jaw in position so that it will advance full for-
ward to mesh wich the engine jaw before starting to ro-
tate. If the jaw fails to advance when the starter is
operated, or if the spring cension, as measured with
Tool MT-237 is less than 9 or more than 15 ounces,
replace the Friction spring.

% b
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SECTION 1l
4 . PARTS CATALOG

£y Reference to T. O. No. 03-1-5 is required when order-
r‘"' lng service rcp!ucement parts. Refer to the :pphcahlc
cross-sectional assembly drawmg for identification of |

part number and local quantity of parts required. To

determine part name, refer to numerical list of service

. parts, When ordering parts, specify part name and num-

f ber as well as type, model, and style letrer appearing

on name plate of unit for which parts are desired.

SECTION IV
PACKING FOR SHIPMENT
1. PACKING FOR SHIPMENT.

For domestic shipment, units should be wrapped: in

waterproof paper and packed securely in a wooden box

(Army Specification No. 23-534), Packing for export is

identical except that the case should be lined with wa-

terproof paper and fastened with metal seraps. For

AAF units, cases should be marked for shipment in ac-

o cordance with AAF Specification No. 100-2, latest issue.

e e

Ty

2. STORAGE.

After completing overhaul and prior to installing
starter on engine, it is recommended that reference be
g made to part A, this section, for the installation proce-
' dure. However, if the unit is to be placed in storage

first, no special preparations are necessary other than to
{ wrap cach unit individually in oiled waterproofed paper
and store in a cool, qry place.

J =13 - RESTR];T_ED
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SERVICE PARTS LIST

WITH RECOMMEMDED QUAMTITIES BASED OW ONE AVERAGE OVERHAUL OF 100 UNITE

Accessory Parts Catalog
Starter -Direct Cranking
AT — S I M

" —

E=B0 DIRECT CHAMKINE ELECTRIC STARTERS

TIFE K. MODELS ETTLE PAGES
i) 1, 2, 3, 4 B &C 1 =43
any B, 8, 7, 8 B e & =8
agT P, 10, 11, 12 E & C T =6
387 13, 14, 16, 148 E &C 0 - 12
387 17, 18, 1&, 20 L 13 = 16
JBT i, 31, 32, 33 B &g 18 - L8
agT 94, a5, 34, 27 B &G ig = 21
BT 58, 38, 20, 41 B &C 2T = B4
asT A2, &d, 44, 40 B&C oh - 2
J87 458, 7, 48, 4% B &C a8 = 30
28T B, &1L, B4, 0O B &t a1 - 32

ROTE

All Bell Bearinge used on eguipmant of OUF MANU-
facture aro epecially selected by Leolipse-Plionear
for esch epacific application. Besrings purchosed
through other sourcee may not meet spplicetlon
gpoaifisetion with the result that unseticlfectory

imit operetion meF be erperienced.
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UTICA, MNEW YORE
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STARTER-E-80 DIFECT CHANKING ELECTRIC

SERVICE PARTS LIST

WITH RECOMMENDED QUAMTITIES BASED ON OME AVERAGE OVERHAUL OF 100 UNITS

STARTER=-E-B0 DIRECT CRANEING ELECTRIC
397=-1-B 37-2-H 397-3-B 397-4~D
gr-1-C 397-2-C 397=3-C 397-4-C

NOTE: KINDLY SPECIFY COMPLETE TYPE MUMBER OF UNIT WHEN ORDERING PARTS

FlG.
MNC.

ITEM
NO.

PART MUMBER

DESCRIPTION

QUANTITY FER ASSEMBLY

97-4-B

RECOMMENDED
CUANTITY
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SERVICE PARTS LIST

QUANTITY PER ASSEMBLY —|

e [ 2

: e ¢

FIG. I TEM ! W e
no.| No.| PART NUMBER DESCRIPTION f’}???m?:" © iz
vafwﬂr*f;{ga

WEEEEE,EE\R“

L 46913 33335333330
7 4E915 3| 3] 31 3] 3] 3] 3| 3] 45
48 117071 3| 3| 3] 3| 3] 3] 3| 3| 45
49 20504-23 6] 6] & & 6] &) &] 6] &0
50 LE916 tary 31 31 3] 3] 31 3] 3 3]
51 45914 L] 31 3| 3| 3} 3| 3| 3| 3| 4s
52 217971 3| 2| 3] 3| 3| 3| 3| 3| 45
53 AN320-5 6l 6| 6| & & & &| &] &0
54 AN3B0-2-2 & 6| 6] & 6] 6] & B] &850
55 20504~-14 2t 1l ) 1| 1| 2} 1} 1 =20
5 21529 3f 3f 3 3| 3| 3| 3| 3| >
57 13235 W il 2] 1| 3f 2| 2 2] 1] =20
58 AN3B0-2-3 P 1| 2] 2} af 2| 1} 1] 2] 120
59 21531 g5 1111111l1 -
&0 21585 F 1 af af 2] 1] 1] 1|1} 10
61 20521-7 K o 2 1} 2f 1f 2f 1] 1f 30
&2 20504-14 B 1] 1] 1 1{ 1] 1] 1] 1] =20
&3 21532 (5 1 =) = - 1] =] =] =] -
&4 B37&25 [ {2 a2} -] 2] 2] 3] -
65 21590 5 6| & & &| 6] 6] & 6] &0
&6 13357 6l 6l 6| 6] &] & & &) &0
&7 21524 i edinte il 2} a4 2} 1) 1] 1| 2 -
&8 45753 | 1 { (S4rvice) 1|1 1} 1 1{ 1] 1| 1} 10
69 | 83e7s2 Jﬁré.:g lodting Bearing bt 17 [ 7 o Sy b B QT

I eld Colls Asmy il af 1| 3] 1| 2| 1| 1
o 21596 | il 1) 3 af af 2} 2 1] -
71 21182 | T P P I ) Y
72 21592 | = =11 2 - = 22 s
73 12059 i 1| 2| 1f 2 1y x| 1f 2| 15
T 11.L036 | ol 1} 1) af af 3} 32| 2] -
s 21015 &l &l &] & &] A &) 4] -
7 21014 &) &) &) 4 &] 4| 4| 4] 60
7 21537 Al 1l 1] 1f 1) 1{ 1| 1{ 1| 25
74 836527 |Bea 1| =} =| =] 1| =} =| =] =20
79 B38215 B = 1] 1] 1f =] 2| 1f 1} =0
: alaf 1) 2]1f1y2

2o 21595 I (1) 3§13 1]} -
81 117360 . 12| 113 11]1 1o
B2 50512 | 11| 1| 2} 2f 2f1l1f s
B3 50511 103 1) 1) 2]z}l 15
84 21010 41 & &1 4] 4] 4] 4] &] 40
as 12552 2|2 2| 2| 21 2| 2] 2| =0
85 2426 212 21 2] 2| 2] 2| 21 30
a7 29589 I e L 8 S B
es 56334 1j1f 2| 1} 2] 2| xrj1f 30
89 BO6I—1 1|1} 1f1]z2]2]1]2] 15
50 20500-9 alxf 1} 1] af 2] 1| 2] =0
91 18917-1 ilabz] 2]l 22l 25
92 29539 T 1|1f 1} 1]1]2l1]1] 30
g3 82280 e il i1 -] -1 -|-] 3
o4, £045-1 {‘:'fmj 1l -]-1=-1=] 15
95 20500-9 Mg she il1)zj1]1]1]2fx| 20
96 18917=1 Hdt 21 2] 2| 2| 2| 2| 2| 2| 30
a7 20500-21 1{1]zfafxfzjrfr} 20
98 L4987 ug+T ifa}afa}a]ajrlay -
55 7318 9 1)1|1]1f-]-|-|-{10
100 | 113ss52 ar Llalalaslal 4{ 4| 4] &0
101 | aN935-8 ilu f.l.]J.AL&iL]W

NOTE: KINDLY SPECIFY COMPLETE TYPE MUMBER OF UMIT WHEN ORDERING PARTS
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SERVICE PARTS LIST

SERVICE PARTS LIST

WITH RECOMMENDED QUANTITIES BASED ON ONE AVERAGE OVERHAUL OF 100 UMITS
STARTER=Z=20 DIRECT CRANEING ELECTRIC

397-5-8
39760

19778
397-7-L

397-5-8
aT-5-C

FT-G-8
-0

-_ﬂ

rae

NOTE: KINDLY SPECIFY COMPLETE TYPE NUMBER OF UNIT WHEN ORDERIMG FARTS

QUANTITY PER ABSEMBLY a
| £k
i [
IFSITEM paRT NUMBER DESCRIPTION o | o m ool 32
ND.[ND‘. ul'\ ‘?jg J‘-;'DIFD? Ua
| | ]| H
| HREERERERE
i [ e ! _
! DatLEs.s.l,.-Dr“in; llhllllﬁl
1 Pietel and Friction Ring Assy-Baffle tl=l1]=f2]=11]=
2 BL5TEL Plat ﬂsj’y affle -jaf-|1|=f1)-j1|1l00
3 48520 |Plajtd Nsay-Balfles 1t=-|1|=|2|-|2|=-]|100
4 15130 | Il-13|=|3f-|3;-]| &0
5 15132 | BT 1{-fj1|-|2f=-]2f=}100
& 837637 Spring il =|3L|=f1]=j1]l0
7 21582 Head 50 1 s 8 BT Y [0 O ) SN
g 29150 | Link: 1afrf1|2pai1f1} 10
9 21594 Barrel-Priving 1|Lf1(2|2f2i1f1] -
10 21593 Gear-fom B [ T T 5 e T B D
1 AR 50565 Straw tﬂa F3 3|3 13|33 [3|3] &5
12 21530 Wesner st 0 I I (I O e [+
13 42088 |@papepr-Clutelh 1(1|1f3j1|{2f1|1 -
1 13210 [Weahep | | ijyfafzfafx]r|L| -
15 15142 spacer-Clatieh N Y e e
16 Gols2 Wat-5pline Li=|=|=11]|=|=|= i
17 | 121253 Hnteshline I ] R WA 5, 5 N (0 [
18 90194 Wht-Shlline o o I T I N
19 121252 Nt.-i-sn,a N N P L S ) R L
20 15191 BEF-Spring ijrjr|y|rfr{r|y| -
21 121212 s thh 9l9!9|9(9|9]9|9]| 90
22 843982 Fack hs uteh ifzfyr|2frfrja|2]| =
23 1450 Dise-{luteh Outer bziziafepepaf2ga| -
24 BLL21T {Disk-flnteh Inner Bl lpilfpl gl lapif -
25 Ligs2 m-tu Ljilfajatalalsie] 1o
26 13207 Nt djusting 1l=l1|=f1}l=]1]= [
27 | l21Eal Hu djusting -j1f-|1f=]1]|=|21 5
28 11138 Serew Adjusting 1l~jL|=|L}={2|-| 10
29 S0153 [Bhaftrs 1j=f=|=j2x]=|=[=| -
30 90195 ta ] [ 6 Wy S L, G W Py
'Isﬁ.ul't..hs,‘,r crew R a1 e [ e SR i B RN )
3l 121254 Sha “llj<|=|=]L|=f=f =
3z 171255 Shaf i e ey (T e, RS UL 5, ) QN
33 121256 Seraw ng =fdl=l1f={21|~{1} 1o
14 81092 S-ﬁ-ﬂ ng sy febadss] 1o
35 L2l Spring-ie -|i|-]1|{=-|1}-|1] 10
35 B1o8é Masher-0i) Seal ;1 I I s 8 S e 1
37 81027 Mda Seal (Rubber) I 0 T I O T O I T ¢
38 76288 Hut e I 1 0 I T e O 1.
39 LN 380-2-2 Pin+ I 0 I e T I e I
40 83633 VEL p 0 R ) e T P I S A
41 121248 B -i|l=|=|=]2|=|= 5
42 B9535 Jaw -f=|1]|=|=|=[1i=} 5
43 121250 Jaws : = e Pl = ==t 8
|c r+Planetary I e 2 B I O O O A I
4, 456918 C ptary #1 p O TR TR0 0 e 3 s )
|i.5 LEALT i : tary #2 1(1 111 l]l 11 a
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STARTING=F~30 DIAFCT C2AMNING ELECTRIC

QUANTITY PCR ASSEMBLY .
| |8,
t i W o
FIGITEM B ART NUMBER DESCRIPTION alol ol o dolelol IE
NG, NO. | P el | ] &3
| | 0 1| 0 (¥ |
HEEEERHEE
oy r-"ql: o .Irﬁ. ™ rﬂ:
46 45913 5l 3| 3; 3] 3 3] 3] 3| 3] 3
47 LETLS maner{ogail 3| 3t 3| 3| 3} 3] 3| 3} 45
AR 117071 freher 3 3] 3| 3| 3] 3 3| 3| 45
49 20504-23 B i fz-Fall &l 6| 6| &) &l &) &| B8] SO
50 46316 PJ—?Janatm 3| 3| 3] 3| 3] 3] 3| 3 30
g1 LB91Y r-Large 3 313 -3) 303 3] 3 A4S
52 117071 SP 313 3|3 3] 3] 3| 3] 3
53 EN320-5 6l 6| 6| &) & &l 6| &] &
54 AN 38022 otiter el 6| 8] 6] 6] 6] 6| &| &60.
55 2050414 eiring-Hell 1f 2| 1| 1| 1} 1} 1| 1| 20
56 21529 l-‘hr 3| 3| 31 3t 31 3| 3| 3| 30
57 13235 NutiGE i)} 1) 1f 1|1} 1| 1] =o
58 AN3BO=2=3 PLo-Cptiter {1y 1f 1} 1} 1f 1§ 14 110
59 21531 Sha ejr:E.z'a:_ing a{afa) o syl -
&0 21585 Pinfon-Driving 1) af 2f 1] 2| 1f 3| 1} 10
&1 20521-7 Eer+Roodsul T 1]1| t| 1| 1] 1] L} 1} 20
&2 20504-14 Bpafing-lall 1§13 1) 1| 1| 1| 2f1f =20
&3 21532 |spater | | I O U T i i
&4, B3IT625 |8pahe ' <t =frfata] -
&8 21530 |s::-ur 6l 6| 6| & &l 5] 6] 8] &0
66 | 18357 Whoher | | | 6| 6| 5| 6| 8] a| 6] 6] &
67 21524 ;HzﬂE-Fr' ediste 1|1 1f 1| 1|}l -
&g 45753 | Ln:t[ls mrice) 1f1) 1] 1) 1{]1{1} x
] 83RTe2 [Spr [loating Hearing . 11| -1 | ~| Y| =| 1} 1O -
[Thke mnd Fileld Colls Assy I 8 T e S e I
o 1 215% | (Tokp | | | 1{1]18 1 1f1j1}1f -
71 21182 | |obils psdy-Fisld 1|1 - =| 22| =] =] =5
72 21592 | |Cbilsl Asdy—Field - =118 1) -| | 1|2 3
73 12059 | | |Pbst-Terminal ila]1) afaf1)af1f 1s
7L 11:036 | | TErpinsd I N B 8 L,
75 21015 | Shoe Asgy-Pole 4| &f 4F 4] 4] 4] 4] 4 -
76 21014 | |sérewl | | L&l 4] 4] 4] 4| 4] L] &0
T 21537 ATmeturs fissy I 1S 0 A % e R 8 I
78 836527 Bearinz-Bell 1= = =11 =|-|~-| 20
e B38215 o 'ng].-EEJJ]. “latal ol ={alifaf 20
Head ks nt lyiapalil gL
20 21595 Head—Front (Sand—Casting) 2B} b R T o T R T 5 T
81 117360 Lingr| (Bervice) T ke ] En B R (e Tl 1
a2 50512 Biba LE-Bru.ah : I T O 8 T O T Y+
83 50511 |Poat-hrpature Llajijrjajz|2|l2]| 15
TA 21010 |sprink-Rrush L Ll & 4| d]a|dlal 40
as 12582 Sirf 2lz2l2b2|l2|2]lalz! 20 &
26 2426 Masha 2fafz)a|l2|lz|2j2] 30
BT 29589 I ator| I O 5 O e T e s
I! as 82280 E:aﬁ-nu.].atiug 1l1{1{1|=|=f=-]=] 20
89 | 6069-1 fligzie ifafal )=l =}=} 15
90 205009 dafar-Lotk i B B o B e Tl b T -
91 18917-1 'jt. ziz|lzlztzlz|2|(2]| 30
52 20500—21 isHer-Labi 1fafaiiaiatigafr] 2o
93-| L4967 yg+Tarmi hifabir i ilakal -
%4 7318 avar-Terinal i) i{=-|=|=f=}100
95 70448 d;\l.-'taﬂiml =]l =222 }2} -
=11 T2621 | Tasuleting =l=]=f{=(2]1]2f1] 30
a7 29274 Esa = =] =] =]2}L}2|1]| 15
Bl 29585 1 o plibitatatalatal 30
P BZ2RO ;ﬂprﬁlfr!tim‘ L|ljlfrl=f=1=|~| 30
100 | 60691 %o plijifal=|=-|=|=-1{ 25
10l | 20500-9 o 1fi|1]1|1{rjnjL]| 20
j02 | 18917-1 HPT 1 glalafaflslalala]l »

NOTE: KINDLY SPECIFY COMPLETE TYPE MUMBER OF UMIT WHEN ORDERING PARTS
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SERVICE PARTS LIST
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STARTER-E-80 DIRECT CRANEIWS ELECTRIC

e e -~ b e
SERVICE PARTS LIST
WITH RECOMMEMDED QUANTITIES BASED ON ONE AVERAGE OVERHAUL OF 100 UNITS
STARTER-E—80 DIRECT CRANKING ELECTRIC
397-9-8  397-10-5 397-11-B 357=12-8
IFT=9-0  397-10-C 7-11-C 397=-12-0
NOTE: KIMDLY SPECIFY COMPLETE TYPE NUMBER OF UNIT WHEN ORDERING PARTS
QUANTITY PER ASSEWMBLY =
FlIG iITEM 3 a ! :.-j gl @ g § E
B o=
i 1 1 £ E
nenl Ne. PART NUMBER DESCRIPTION :; ;‘:“ EF 'i*i, .':]| :.1 .r—:i ﬁ. E g
fas u o
R EEEEELE
Drn.iring it L 1 1f 1§ 1f 1f 1
1 late a.nﬂ iction. Ring Ammy il = 1f = 1f - 1f -
2 BL5LB3 1ate | af{le =l L4 - 4 H 1 - =| 1m0
3 Larzui2 atEr .h —paffle -l o 4 1 | 4 < 1| 100
& L5095 Plate| Azsy-Baffle 4 Y4 4 1 4 1| = 120
5 15130 i—Friction o= 3 4 3 4 3 - &0
& 15132 5 3:4; I = 1f o 1f = 1| = 1o
T BITEIT Spr =l L = o o U = =] 1
B 42425 ng-Filel | 14 y 1 o d i -
a ANSO0—R-6 rdle | oM A Hx 3 O 3 3 45
10 AN9354-8 dsher-Lo 3| H 3 A 3 3 3| 3| &0
11 21536 EﬂomEi iy Uy y o -
12 21594 irrel-Dri g d o dy oy -
13 21553 er-innul vy yyyyayy -
L LN505-5-5 rew| oM 4 4 4 & 4 & B0
15 21530 asker- t 14y 1 1y 11 1w
15 42088 s'#e :Ltl:h X T | 1 O 1 e | -
17 13210 4 A 4 u i i1 -
18 LaLiz lT.itr:h 4 3 4 3 i 1 11 -
19 90192 E i <4 444 4 <4 < =
20 171253 i -l Y 4 4 41 4 = £
21 DO194 1.,lt--».ui> n - o H 4 4 4 3 o -
22 171252 Kut-Epling | - o 41 44 =
23 15191 lefFSpring 4 1 3 4y 1y 1 -
24 1z q; litkh 99 % A % > 9 9 90
25 Bi3Ga2 uteh Yy Y i X i i 1 g
26 11450 Dis —¢l‘|’,il‘t- o Quter 1213 1214 17 13 12| 12| -
27 844219 Da-'FlLthIn.usr D) 1Y 3 11 1 13 114 11 -
<8 14942 y 1 o 1 4 1 1w
29 13207 ml: ch pdjusting 1 4 3 4 4y <4 1) 4 5
30 121825 ml lutch hdjusting - 4 4 U 418 44y s
il 11138 - uteh Adjusting U4 1 431 41 - 1o
32 Q0193 ‘ *=¢ e 1 4 o = I 4 o -
33 90195 erpw = 4 Y 4 4 4 1L -
5 t ﬁ.ﬂff crew -l 4 O o4 Y < 1
3L 121254 st Erem Y 4 4 4y - -
asg 121255 _ |¢hni‘t4€~{:raw FE e e 1 1 e i P
|36 121256 : Isn:r I -4 3 44 <4 1431 10
|37 Bl092 Spred E Yy 41427 44 10
] 12 E‘.pri% - Y 44 41 41U 1w
| 33 81086 esher-0il feal 4 4 4 ¥ Y J N 1s
40 B1087 dshe sal (Rubber) 411y 31 3 11 o0
FAR 89633 | ter = <4 9 Y o = 4 5
L2 121248 r =Y 4 o 4 U 4 4 3
43 89635 =l 4 4 = = = L - 5
4L 121250 Lo - 444 4444 5
45 76288 1 1 1 h vy 1s
Lb ARB0-2-2 1] 1 1 ]..L | l.J U 1 1ap
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SERVICE PARTS LIST
1
QUANTITY PER ASSCMaLY
8
1 FIG, I TEM . ) . EE
no.| No, | PART NUMBE: DESCRIPTION ol ol Al = e §§
: [ | L LN ] it o2
| & i = e s g R
) Lo I S B IR O
TFIEERIETR R
LE918 s{1f ol afatalap -
LEQLT I e I B e 5 e Y R 0 -
LEFL3 3t 3] 3l 3| 31333} 30
LEILS 3| 3| 3| 3| 3| 3 3| 3] &5
17071 31 3l 3 3| 3| 3| 3| 3] 45
20504-23 6l 6] 6| &) & &| 6] &] %0
21529 30 3| 3| 3| 3] 3| 3] 3 30
FA LEG16 3f 3] 3| 3| 3 3| 3| 3| 20
5% L5914 3| 31 3| 3| 31 3| 3| 3| 45
58 117071 30 3l 3 3| 3] 3| 3] 3| 45
57 AN 3205 &l &l &| & 6] 6] 6] & &0
58 ENIB0=2=2 6| &l 8| 8] &) & &l & &80
59 20504-14 a| 1f x| 1f 1| 2| 1} 1| =20
&0 13235 | 1} 3| 2| 1| 1} 1f 1| =0
£1 AN 3E0=2=3 1| b al 1] 19 1 2] 1| 11D
1 &2 21531 1| 1} af 2| zf i 2f 1| -~
1 &3 215845 1| 1| 1| 1| 1| 2} 1f 1| 1@
J 20521~ 1| 1l 1] 1| 1| 2| 1} 1| 30
&5 20504=14 1| 2 1| x| 1| 3 3} i =0
&6 21532 1| = 1 A 1 A 14 -] -
% &7 837625 ol il ikl el 1 -
£ 21530 6 6l & & & & & & &0
&9 18357 &l B & & 6| & & & &0
70 21528 1 2/ 1 3 1 1 1j 1 =
L s 45752 il 1 3 3 3 3 1 1f 10
72 838752 1 41 4 u-1 1o
a T T T I 4 e
i 73 21594 11 ¥ 1 1y 31 -
1 Th 71182 11 4 4 13y - 35
E 75 21592 --111—115
76 12059 1lﬂlhlll 15
i 114036 1| 1 oy 1y 1yl -
i} 21018 7 I I Y S B A A T
i) 2101 4 4 & 4 4 4 4 4 &0
20 21537 1 1 1 iy 1 1 a3
a1 20504~13 :L—I.il-l—i 20
2 838215 =] I | . 41 41
Ads T A 1 1 1 3
83 21595 add{Front (Send Casting) 1 1 1 11 3 3
I 117360 irler (Service) il i I Y Y i i
85 50512 ja gsy—Brush 1 1 i 1 1 3 y
86 50511 | sturs 1 1 i Y 3y 1
a7 21010 Brusk A 4 4 & & 4 4 &
L2121 12582 ’ 2l d 44 o4 4 2 2
B 2406 of 2 44 2 2 & 2
90 29589 1 4 1 o o o 3 3
gL 55334 1o1.|m!1:\g‘ 1 1 ¥ 2 ¥ 1 3 2
g2 G061 o1 ¥ ¥ y i 3 1
93 205009 hok 101 2 ¥ 3 3y y o
G 18917-1 11y 3 4 3 i 1
95 29589 1 3 1 Y Y X 1
o 82280 Uy 1 1 A .
g7 |- 60691 B e | I -
oa 20500-9 1 1y y 3 1
9 18917-1 24 4 3
100 20500-21 : 1 Y 3 1 bl
101 LASET 1 3 1 1
102 | 7318 Tnu il 1 4 1
PARTS

NOTE: KINDLY SPECIFY COMPLETE TYPE HUMBER OF UNIT WHEN ORDERING
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HEING ELECTRIC

ETARTER-E-B0 DIRECT Cf
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HOTE: KINDLY SPECIFY COMPLETE TYPE NUMBER OF UNIT WHEN ORDERING PARTS
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[T FreT I TP

SFFAVICE PARTS LIST

SERVICE PARTS LIST
WITH RECOWMMENDED QUANTITIES BASED OM ONE AVERAGE OVERHAUL OF 100 UMITS
STANTER=-E-BC DIRECT CAAHRING ELECTRIC
397-13-8 I97-LL-E 3F7-15-B 397-16-B
397=15-C T-1LL-C 397-15-C 97-16-C

o v
HOTE: KINDLY SPECIFY COMPLETE TYPE WUMBER OF UMNIT WHEN ORDERING FARTS

QUANTITY PER ASSEMBLY "
| §t
FIG.ITEM - = == W o=
“"'| PART NUMBER DESCR iyl 0 B B I ¢ B A (I
i e EEEREEREE
o g
| SEEEREEEE

I i il

I | ] I ]

ﬂétaik *55&11:' y Drawing 1|11 1'1 1|11

1 {Platel ah iction Ring Assy-Baffle 1l=|1]=y2}=|2|~-
2 B45LE3 ?]_.a.te'}.'bsp'-‘éll-:fﬂ.a T N I b O I I e
3 121242 Plate| Asy-Baffle -|=]=l2f=-}=]-]1 100
& LEG9S [Plate [ oy -Beflle 1f-f1]-|1f-{2}-[100
s | 15130 |Ring-Fristion 4T i | - ey o
& | 15132 i Spr 1|=|1|-]2|=|2|-|100
7 837637 spri ' 5 N P N R T
B L2L25 "’.ir{—]?‘luch.. 1{1j111131]|1 1'1 -
Q AN500-8-6 Sgrew 3la1213|13|1313}3 L5
10 ANFIEA-S FFEEL‘. el 3|laj3|3|a|3fj3|3]| &0
ol 21536 Henf-{icjnting G e B B ) R T
12 21594, Bpstel-Priving 1f{ijijajlirjajr} -
13 21593 Gear-Annulys alapajajajr]alay =
1 Al 505=5=5 ,EF:E:E Llb|b| b L) 4| 44| 8O
15 21530 (Tes t il1]1{1 1[1 1({1] 10
16 L2088 |Spater h 1jrlajajzfafajz]| -
17 13210 Fasher T o O e Y o o W R ]
18 15142 Spate B rii)zfajrjafaji] -
19 §0192 HusiEpld 1= =|=|2f=] =[=] -
20 121253 FhtSplise =l1] =] =f=}2]=]=] -
21 90194 HftrSpline -{-l2]-]-f-]2|-]| -
22 121252 Hut-Splime |-} =11f=-]-} -1 -
23 15161 | hsey-Spring ylalalafafa) o] -
2L ik balk] Spring-{ g9 9/9| 9|9 9|9 ¥
25 B43982 Phck fis uteh Llafalalalxpali) s
26 11450 Disp teh Cuter 12 L2|lz(lz (12 1= |12 02| -
27 BLLZ10 | |Pisp=Clutch Inner 11 11 }11 (11 {11 {11 (13 3L -
28 Ligi2 |R.Ln.:-t.oc1n. [ Lilirfajiji1;1|ly]| 1o
29 13207 Hut—CL djustin; 1({=-{1|=]1]-{21]~- -
30 121824 NutrCl r.lh djusting {1 -l1]-]11] =1 5
n 11138 Serem{Clutoh Adjusting 1=l 2f-]2]-12]-] 20

32 90193 Shaltisene 1] =| =f =] 2] =} =| -
33 90195 sah-—s:m L =|=]3| =|={=} 2] - &

Shelti As oTEw -l =] 1|=f{1} -]1
34 121254 Shalt-sexen -j1] =] -} =2l =|={ =~
kL 1x1255 Sha[t»—Ex: =] =] 2] =] =] =12 -
i6 121256 !serewteshing =|1] =] Lj -1 -|1| 1O
37 81092 1Springdlesiting |- -] 2]~} 2
38 121241 |Spring e -l -1 -]2] -]1| 1O
39 81086 Washe ifafy|v]ilafafzf 1s
40 81087 Teshe 1|af1f1j2{1|1f{1]|1c0
4 89633 Jew.5 a.b‘..er i ababalal )= 5
42 121248 Jam5 -1 =] -] =2} =f=] 5
43 89635 [Tam. =l vba]=d Sl - %
i 121250 1 =] =] <j1]l =] =] =]1] =
45 6288 1}:11*; 6 B 5 e I 5 [
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STARTER-E-30 DIRFCT CRANKINS FLRCTRIC

QUAMTITY Pﬂ:l ASSEMBLY
T 8
ITEM Ty 5 LE‘]‘r‘ = EE
FIi., = 1 § o 1 i F I;
Mo i, T LIS R o —"?[ I "? z. Eé
Liet ot | e e | e u
SEHEEHEEE
3 AN380-2-2 Pinkc tiETI 1 2l o o af of 4 af 110
" fq 3: ¥|=Plenetary Iy 4 4o 1§ 1f 14 1
i &7 L6518 age-Flenetary #1 il a 1f y o 1 1f 1f -
| |48 LEGLT agd-Plangtary #2 oy ooy -
| |49 46913 4 ] 30 3 3| 3 3 3 3| 3] 30
50 46915 asher-n 30 3| 3 3] 3 3 3| 3| 25
51 11707 js e | 313 3 A 32 3 As
52 20504=23 ing-E &) 6| 6 & & B 5 6 90
53 21529 q14 Tg 3| 3l 3| 3 3 3 3l 3| 30
-T2 L0116 in aj—!l netary 3| 3 3 3 3} 3 3 3 30
23 LETLL astey 3| 3 3 3 2 3 2 3 &5
56 117071 Edshe Il 3 3 3 3 3 3 3 45
57 AN320-5 t-iI 6l 6l 6] B & B & & 60
58 AN 330-2-2 En.-c;.e 6| 6| & 6 6 B 6! 6] 660
59 20504-14 mezifgin il 1 1 1 1 1) 1) 1] =0
60 13235 Mut-dear =1 1 1 1f 1 1. 1 1] =20
g1 AN 380-2-3 Pin-Cotter i) | 2| 3 1| xf 1| 1} w0
22 21531 sh:arca_rm; Fing 1 4 1 1 1) 1f L} 1 u
3 21585 irigqnaDerivi 1 1) 1 3 1 3 1 1] 10
64 20521-7 'Ey'—quqﬁnf.l‘ag il 1| 3 2} af 3 1] 1] 30
&5 20504-14 ting-gal 1l 1) 1| 2 3| 3] 2| 1] =20
) 21532 gtiqr i i - 1 = 1 - 1| - -
a7 B37525 Spacar | =l = A = 1 = i =
&8 21550 | Spry 6| 6f & 6] &| & & 5f &O
69 18357 st 6| 6 & & & 8| & 3| 0
70 21524 Hea-Ifternediate a1 af 1] 3| 1| 2} -
i 45753 Liner (Sdrvice) 1f1f af x| a) af 1| 2} 10
i T 838752 Shring-Floating Bearing -l 1] - 1} - 1| =; 1} 1id
| Ybke and Field Coils Aasy 1731 3} 3 1] 1§ 1f 1
73 215% Ha | 2| 1) 2] 1 af 1| 1} -
74 21142 i say-Field 1] - =l Yz -] =[ =
75 21592 ~Field = =1z 1 -] -] 1|1 5
] 12059 eld 111 1) 1 1) 17 1) 1} 15
114036 1l 1| 1] x| 1] 3| ¢f 2} -
F»;' 21015 Fole Ll &) &) &) &) &) &) 4] -
e 21014 L1 4] & AI.’. L 4| & (O
g0 21537 A sy if 1] 1| 2] 1f 2f 2f 1| 15
8L | 20504-13 B | -] 3 = 2f -] 1| -] =
2 838215 ] =l =] 2] -} 2| -] 1] =0
E H iront ) af 2] 1) 1} 2} 1] 1
3 21535 t {Send Casting) 1f 1| 1] 1| LI i 1t g
117360 er (Service 1f 1) 1] 1] 1] | 1| 1] 10
- 5 50512 . -Brush 1 af xf 1y 1y 1} 11 s
& 50511 Fpg sturs i o 1| 1| 2| 3 1| 1| 15
T 21010 Spr rush & L} 4] &) 41 &) 41 4 LD
jae 12582 Str 2| 2f 2| 2| 2| 2| 2| 2{ 20
ki 2426 Wes 2l 2| 2| 2| 2 2| 2] 2| 30
50 29589 Ihs) oy L1y i 30
71 BZZ20 Iw ulating 1l 1 1 2| - -] - -] &0
2 5069-1 | |Wes 1l 1 3f 1| - -1 -] -] 15
3 20500-9 | |Fas sk af af 1| 1| 1] 1| 1/ 1] =0
B4 12917-1 | | vt 2l 20 2| 2| 2 2| 2] 2| 0
@5 20500-21 'I'H:-uw-l 14 1| 2| 2 1} 1} 1| 1] 1} =20
& 14967 Lig |-Te 1l o] 2 2} af 1) 3| 2} -
7318 Cbvpr-lequinal 11 1] 2f 1f - - -| -} 100
TOLLE Shipld inal i S R IR S N 1 [l | -
72621 Blspi sulating = = 4 =1 1] 1] 1| 1] 30
29274 Wes = = = =} 11 1] 1l 1 15
o1 29529 4ITuﬁllt: | 1 2 i ) 1] 1] 11 1] 30

NOTE: KINOLY SPECIFY COMPLETE TYPE NUMBER OF UNIT WHEN ORDERING PARTS
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SERVICE PARTS LIST

QUANTITY FER ASSEmpLY

Sk
iC
tx‘ui

girilolufaf-]-Ia

o
w
I g ;
iFlG. TEM I =T o el = "=
PART NUMBER DESCRIPTION o Bt Bl 1 B (o B j Iz
MO | NO, ™y m i Y = ) T a4
r A A AT A 88
SRR EEEEEEE
1 1 | JI ]
102 82230 iﬁlshe —E’nh ating {rj1|2f=|-|-|-| 2
103 B069-1 as el: t{afr|r|={-]-]~-] 15
10L|  20500-9 Tasher -1, rfifylala)alalr| 20
105 13917-1 1 zlz|lzlzlal2]lz2]|2] 3
106 20500-21 nshe:--;.upaq‘ 1fifafajrjafaj1y 2o
1a7 14967 Ermi;na‘l 1]1j2)1|1}j2{1j1} =~
1n8 | 7313 -c vnrrle tinel 1]1]1|1 il sl B —'I.'LE
109 111852 Lt alalealalefs
1o ANG35-3 "Hs e--}‘lu} slalalale)L]i]s] a0
}Eaig.FndSpna&rlssx 0 N T e T B I B Y Y O O
111 838007 | |Bearipeg| 1fajrfajafa]afa] 20
I BITEZE ‘L‘-ﬁa':er 00 e T A O
113 844187 Nut-Beari Ljajfajrpi|a|LfLt 1o
1L 20503-9 P{na::iie 1jafifrfrja{alijuo
|15 80330 |Cap-Deari 0 10 e [ 5 0 e 8 I O [ -
llbn, 1%558 !52::11' AL Ll 4] & .'Lr:';;'r'. &0
1 117§ 839317 Brusk hbsy L|L| 4| &) 4| &) &y 4| a0
118 | 20506-7 |5¢re# Llalafjalslalafsel 8o
119 ANG3SE-8 Faskber [..ol:k Li4| 4l 4l L] afafsl BO
120 L2096 |Ster£[ —iindow 38 8 O T I O 1:1| 10
121 4072 N ifaf{afa{afajarfr] 1
122 72621 Hus ngIs..lllti.ng- - =|=f=l2|lLjrf2|
123 29274 |- ={L|L|Li1]|] 15
1124 | 70448 1d-'rerm"ml =1=l=]-]2]L]L{2] -
!ug. '?DL;E r-Shield =fafcf<lzi{z)z]|z ”
12 168 =|=]=-l=lal&]ls]s
127 33338 -|-]-]-]4&l&)a]s] 60
128 28383 it LT pslilating =|=|=]=-]2{2|2]|2| &0
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STARTER=£=-80 DIRECT CPRAWKING ELECTRIC

i —
= s
=y DITIED
SERVICE PARTS LIST

WITH RECOMMENDED QUANTITIES BASED OM ONE AVERAGE OVERHAUL OF 100 UMITS
STARTER-E-B0 DIRECT CRANKING ELECTRIG

I97-17-B  3197-13-B 397-19-8  397-20-B
39T-17-C 397-18-C IF-19-C 397-20-C
NOTE: KINDLY SPECIFY COMPLETE TYPE MUMBER OF UNIT WHEN ORDERING PARTS

QUAMTITY PER ASSEWMBLY
. 2]
N R
[T PART NUMBER DESCRIPTION A A2 7G| ik
| o [ = M T I - T
RN Rl e S )
HE HE NR EEE

Detpi aseulﬂybrawiug P T B T

X F ae QF*‘ict.ian Ring hesy-Baflle 1|-]1}~-|Lt]-|1]~
2 845483 F sy-Baflle -|L|=|1|=]~|=|=}100
3 846120 F -.Bs.frla - = =] = =f1|=[2]100
4 46995 pLak {shr-aarna =] 1)=] =} =f=]=]200
5 5525 . |Plate Msay-Baffls m | o= 1|=f1]=]100
6 15130 | |Bine¥digtion 3l<|3|=|3|-]3]-]| &
¥ 18132 ;'T:E 1|=-2]—-|1]=}11-]100
8 BITOIT | Spri -|1f - 2r|-]1|=f1]100
9 ANS00-8-5 Scr { 313 3] 3| == == &5
10 IV 5055 E | LidL| &) 413|333 0
11 AN9IEA-B I{qnd 33|33 -|-]-|=| 60
12 21536 | aurting B B e I e e -
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SERVICE PARTS LIST

b e
YTIER
SERVICE PARTS LIST

WITH RECOMMENMDED QUANTITIES BASED ON ONE AVERAGE OVIRHAUL

STARTER-£~G0 DIRECT CRANRING ELECTHIC
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———

MNOTE: KINDLY SPECIFY COMPLETE TYPE NUMBER OF UNIT WHEN

ORDERING PARTS
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QUANTITY PER ASSEWBLY E

397-21-C

QUARTITY
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STARTER-E-80 DIRECT CRANEING ELECTRIC
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SERVICE PARTS LIST
WITH RECOMMEMDED QUANMTITIES BASED ON ONE AVERAGE OVERHAUL OF 100 UNITS
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| ! QUANTITY PER ASSEMBDLY 5
FIG. ITEM i §t
] =1
NG| No.| PART NUMBER DESCRIPTION 7 ‘f“?‘a‘zi RS

" i s s, <
AAFAANG T 85

]

| | | AEEEEBEEE

L6 | 46913 3| 3] 3] 3| 3 3| 3| 3] 20

47 LEILS 3| 2f 3| 3| 3 3]-3| 3] 45

L8 117071 3 3 3] 3] 3 3 3| 2} A5

49 20504-23 6|l &| 6] 6| 6| &) 6{ &] 90

50 21529 3| 2| 3l 3] 3| 3] 3| 3] 30

5L LEOLE Tlanetary 3] 3] 3 3] 3] 3| 3 3} 3

52 LELL 3| 3| 3| 3| 3| 3] 3| 3] &5
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d [Fleld Coils keay 1i 1] 1) zf 3f 1f 1} 1

it 21598 1) 3] 3§ 1] Lnf i 1] 1 -

T 21592 sgy-Fleld 1| 1} < =] 1] 1| -] = 5

72 21182 .1s ~Fiald - = 1] 1 = - 1] 1 5

73 12059 Plogt+Arnature 1j 1) 1] 1] af 3} 1] 1} 1s

7L 114036 erminal af af 1y 2f 2| 1} 1 -
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He 1l 1 2 1 1] 1] 1] 1
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SERVICE PARTS LIST
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SECTION |

DESCRIPTION

1. IDENTIFICATION.

This chapter is applicable to all Eclipse type 398
direct cranking eleciric starters, These units are de-
signed for operation from 12-volt battery systems.
For AAF, Mavy, and British type numbers, refer to the
index of this Technical Order.

2. DESCRIPTION,

The units consist of a heavy duty integral driving

moter, reduction gearing, muldple disc clurch and en-
gaging mechanism, bafle plate oil seal and starter jaw,

4. MOTOR.—The motor consists of a set of field :

coils into which four pole shoes are assembled and
attached to the inner periphery of the motor yoke,
which in turn, is assembled into the motor housing.
The entirs assembly is held rigidly by four pole shoe
screws. Two tecminal posts protrude from the end of
the motor housing, The ball-bearing mounted armamre
rotates within the yoke and field coil assembly, The
drive end of the armature extends beyond the oil-seal
plate and terminates in a drive pinion which engages
with the first stage of the reduction gearing, The
surface of the commutator on the other end of the
shaft contacts the four brushes which are mounted on
an insulated brush board amached to the moror hous-
ing, A removable window strap, assembled aroond
the outer diameter of the motor housing, permits ac-
cess to the brushes and commucator.

b. REDUCTION GEARING.—The drive pinion is
mountzd on a ball bearing in the intermediate housing

and is keyed to the armature shaft, The pinion cn-

gages with the intermediate gear which drives through
the sun gear to a set of planctary pinions, The planstary
piniend rotate in a fixed apoulus gear and are con-
nected by studs to the driving barrel in the fromt
housing. '

. CLUTCH AND ENGAGIMG DEVICE—The
cluich and engaging device is enclosed in the driving
barrel. The barrel 15 supported by a plain bronze bearing
in the front housing. The clutch consists of a set of discs
under adjustable spring tension with alternate discs
being splined tw the barrel and an internally threaded
nut member, or spline nut, which engages with a
movable screw shaft splined to the starter jaw. Tension
of the clutch springs is conrolled by the claech ad-
justing nut which is threaded to the driviag barrel
and may be rotated inward or outward to roise or
lower the clutch setting as required,

d. BAFFLE PLATE AMD STARTER }h'\,‘ﬂl.—Tl'.lﬁ
jaw is splined to and rotates with the screw shafe
which imparts longitudinal motion to the stareer jaw
for engagement with the e gine jaw. The baflle plate
assembly, which is attach.d to the mouating fange,
incorporates & leather oil-seal element which fits sougly
around the shank or neck of the starter jaw to prevent
lealkage of engine oil into the starter. Three fricion
shoes are assembled on the end of the baflle piat=
around the outer periphery of the starter jaw, Each
shoe incorporates a tooth which fits inte 2 correspand.
ing slot in the jaw. The three shoes ride on the cueved
lip of the baffle plate. The friction berween the ghoss
and the baffle plate is controlled by a spring which
also serves to hold the shoes in place,

SECTION [}

DISASSEMBLY, INSPECTION, REPAIR,
LUBRICATION, REASSEMBLY, AMD TESTS (DEPOTS OMLY)

1. GEMERAL,

At the time of every enginé overhaul, the starter,
with its accessories, should be removed from the en-
gine and forwarded to an overhaul activity, or returned
to the manufacrurer for disassembly, cleaning, inspec-
tion, replacement of worn parts, and lubrication,

a, CLUTCH TEST.—Before disassembling, set the

unit up on a Prony brake test stand (MT-327) as in-
structed under paragraph 14, chis secdon, and check
the clutch sering, If the sewdmg is found to be 330
pound-feet within ples 10 or minus 30 pound-feet
the cluech need not be disassernbled except to permi:
final adjustment, or, if suitable clutch adjusting and
test equipment s not availeble and the sarter has
operated satisfactorily up to the time of everhaul, cluich
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barrel assembly may be left intact. If the clutch setting
does noc fall within the presceibed limis, or if the

reer is to be overhauled for a third time, in which
the clutch has been left intace, the clutch shall be dis-
mantled for inspection and lubrication as outined
herein,

b, ACCESSORIES.—For overhaul procedure on sole-
noid switches and booster coils refer to the applicable
chapter as hsted in the index of this Technical Order.

2. TOOLS.

In order to facilitate disassembly, reassembly, and
adjustment of parts, the following tools are recom-
mended :

Part Na. Descriition

MT-98 Wrench—Drive pinion nut

MT-237 Tool—Friction ring tension checking

MT-309 Screw Driver—Bench type

MT-327 Stand—Prony brake clutch test

MT-806 Wrench—Clutch adjusting nut

MT-119T_- Fixture—Intermediate  housing  as-
sembly

MT-4140 Expander—Fole shoe

T-24460 Ping Gage—Pole shoe aligning

3. DISASSEMBLY—STARTER GEAR SECTION.

* GENERAL—Refer to the applicable detail as-

bly drawing and proceed according 1o the following
cutline. Remove window strap and lift out brushes.
Detach the mountng head assembly from the inter-
mediate housing and motor housing assemblies by re-
moving the housing boles, then separate the intermediate
housing assembly from the motor housing assembly.

b. MOUNTING HEAD ASSEMBLY.—Remove fric-
tion ring spring, friction ring, meshing rod nut, starter
jaw, lock ring, neoprene oil" seal, and sreel washer,
meshing sod spring and baffle plate assembly, The
clutch barrel assembly and sun gear may now be re-
moved from the mounting head. From the clurch
barrel stem, remove the large thrust washer, sun gear,
and small thrust washer. The planetary pinions and
the barrel assembly can be removed by removing the
planetary stud screws, using screw driver press MT-309
and lifting off the planetary ring. DO NOT REMOVE
ANNULUS GEAR FROM THE FRONT HOUSING
UNLESS REPLACEMENT IS NECESSARY,

(1) CLUTCH.—BEFORE DISASSEMBLING
CLUTCH NOTE THE DISTANCE THE CLUTCH
BARREL EXTENDS OVER THE CLUTCH AD-
JUSTING NUT. Remove oil-seal sleeve, clutch adjust-

Mo,
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ing nut lock, cluwch adjusting nut, using clutch ad-
justing nut wrench (MT-806), spring ring, 51-.-|-in'g5,
spring spacer, screw shaft and spline nut assembly, and’
spline nut bushing. Remove cluech dises and clueh
spacer. FASTEN CLUTCH DISCS TOGETHER TO
RETAIN THEIR RELATIVE ORDER.

(2) INTERMEDIATE HOUSING ASSEMBLY.—
Remove sun gear support bracker and spacer anc
mount intermediate housing assembly on assembly fiz-
ture MT-1197, drive end down. Remove the dove
pinion nut lock and nut wsing MT-98, and the inter-
mediate pear nut. Lift intermediate housing assembly
off assembly fixture and press the drive pinion out of
the ball bearing. Drive the intermediare pear out of
the housing and remove intermediate gear ball bear-
ings. Remove drive pinion bearing retainer, spacer, and
bearing.

4. INSPECTION—STARTER GEAR SECTION.

After the starter'has been completely disassembled,
:humughl}' clean all parts with carbon tecrachloride or
uvndoped gasoline and compressed air, except where
otherwise noted. Examine and check all parts for wear
in accordance with the clearance chare, paragraph i..
below.

# BALL BEARINGS—Thoroughly wash all ball
bearings with carbon tetrachioride or undoped gaso-
line and dry off with compressed air. Replace all ball
bearings which are excessively loose or rough turning.
DO NOT wash new bearings removed from factory
sealed boxes, simply lubricate and use, For proper
lubrication procedure see paragraph 5., this section,

b, CLUTCH BARREL —If the clutch has nor been
disassembled, simply wipe the exterior with a doth
moistened with carbon tetrachloride or undoped pas-
oline, DO NOT IMMERSE COMPLETE CLUTCH
BARREL ASSEMBLY IN CLEANING FLUID, If the
clutch has been disassembled, however, thoroupghly
clean all parts and replace worn or scored clutch discs.
See paragraphs 6.b. and 14, this section, for procedurs
on assembly, “running-in” new discs, and final adjust-

ment.

¢. SCREW SHAFT AND SPLINE NUT ASSEM-
BLY.—Art every overhaul, if the cluich has been dis-
assembled, the screw shaft and spline nut assembly
must be magnafluxed and closely examined for cracks.
Any evidence of cracks is sufficient cause for rejection
and the complete assembly must be replaced in order
to preclude the possibility of subsequent failure.
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d. STARTER JAW.—The starter jaw should be mag-
nafluxed at each overhaul and examined for wear, Re-
place if evidence of cracks is detected or if the depth
of the flat on the leading edges of the jaw reeth is
less than 14 inch.

e. BAFFLE PLATE.—If the oil-seal leathers are
worn of torn to the extent that they are a clearance
fit on the shank of the starter jaw, the bafile plate
assembly should be replaced. The presence of engine
oil in the starter housing may indicate a worn baffle
nlate or meshing rod oil seal, and replacement should
be made. If the baffle plate oil seal is worn, the com-
plete baffle plate assembly must be replaced. Do not
break down the complete assembly under any con-
dirions.

MOTE
New baffle plate assemblies should be soaked

T. ©. No. 03-1-6

Chapter 46
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in neat's-foor oil at 37.8°C (100°F) for a
period of one hour, prior to assembly, to in-
sure free travel of the starter jaw in the
baflle plate assembly.

f- MESHING ROD OIL SEAL.—Replace the neo-
prene oil-seal washer at every overhaul, lnspc::t the
steel cup washer and replace if distorted or crackedi -

g. MESHING ROD - SPRING.—Replace meshing
rod spring if the pressure required to compress it to
%@ inch is less than 51 pounds or more than 59 pounds.

b, GEARS—Replace all pears when face of teeth

&

-'_I'!

El

become worn or rolled to the extent that the original -

involure curvature of the teeth is obliterated,

i. CLEARANCE CHART.—Tuable 1 is provided to
facilitate the inspection of parts for wear and to check
clearances at assembly.

TARLE 1
Description Clearance
Drive pinion ball bearing in housing 0004 T- 00031
Drive pinion ball bearing in pinion 0001 T-.0006L
Intermediate gear ball bearings in housing 0008T-.0000L
Intermediate gear hall bearings on shaft L0000T- 00071
Sun gear bushing on shaft 0005L-.001 5L
Planetary pinion bushing on stud 0007L-.0016L
Sun gear shaft in support bracket 0005L-.0020L
L] &
; *'; 5. LUBRICATION—STARTER GEAR SECTIOMN.
8 Before assembly, all bearings, gear, and other moving
parts as specified, should be Iubricated according to the
instrucrions given beiow, The following, lubricants
must be used to insure proper lubrication of all starter
parts. For AAF upits, see T. O. No. 29-1-3:
Commercial Grease Manufacturer AAF Specification - Navy Specification
Royco Mo, 5 Royal Engincering Co., East Hanover, N. J. 3560 Medium M-372 Grade B
Noyco Mo, 7 ) L b o " i ;s 3560 Soft M-372 Grads A
Royeo No. 50 " " noow w3500 14-G-2
Acheson graphite No. 38 National Carbon Co., Cleveland, O. 3503
No. 1 Esso motor oil
(SAE 10%) Standard Qil Co. of N. J. 3582

&. DRIVE PINION BALL BEARING.—Coat with
a light film of Roveo Ne. 5.

b, INTERMEDIATE GEAR BALL BEARINGS.—
Coat with a light film of Royco No. 7.

¢. GEARS, PLAIN BEARINGS5, AND SFLINE

NUT ASSEMBLY.—Brush all gear teeth, bearing suc-
faces, and splines of the screw shaft and spline nut
assembly with a light coating of Royco Mo. 50.

4, CLUTCH DISCS.—If the clutch has been dis-
assembled, Iubricate all discs with a mixmure of. one
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part by volume of Acheson graphite Mo. 38 and one
paret by volume of Me. 1 Esso motor oil.

t. REASSEMBLY—STARTER GEAR SECTION,

T. Q. Me. 03-1-6

To reassemble the sirter, follow the disassembly

procedurs in the reverse order and male certain that
all parts are properly lubricated as speciﬁed above, Re-
place all locking devices and safery wire. In addidon,
ahserve the following precautions:

a. INTERMEDMATE HOUSIMG REASSEMBLY.—
Press the drive pinion and intermediate gear ball bear-
ings into the intermediate housing. Reassemble the
drive pinion and intermediate gear into housing. Place
the partially reassembled intermediate housing assembly
on the assembly fixeure (MT-1197) with drive end
down, and tighten intermediate gear nut. Reassemble
nut fock and nut on drive pinion and spacer and re-
tainer and remove assembly from fixture MT-1197.

b. CLUTCH REASSEMBLY.

(1) Replace clutch discs in the same relative order
zs noted at disassembly. Tighten adjusting nut so that
the barrel extends approximately the same distance
over the adjusting out 25 notsd before disassembly. If
worn ot scored discs have heen mpiaced, or an entirely
new clutch pack installed, it is necessary that the
ciuwtch be “run-in" before installing in the starter in
¢t ro facilitate final clutch adjustment.

{2) To the ciugeh, first lubricate the
dises with a mixture of graphite and oil as instructed
above under paragraph 4.f., then assemble discs in bar-
rel and set up in a clutch “run-in” stand (MT-1603}.
Set clutch at 300 pound-feet and slip at 814 rpm for
a period of 1 hour and 30 minutes. .

“un-in™

CAUTION

Duting the “run-in" peried, the barrel must
be cooled by circuladng water through dhe
test fxmre,

MOTE

If a clutch “run-in" stand is not gvailable, the
"run-in” process can he accomplished
by first essembling the clutch in the starter
and then serring up the assembled starter and
ciuich on a Prony brake test stand (MT-327)
as explained under paragraph 14, this section,
and follow the procedere ouilined under para-
geaph 14.5.01), this section.

entire
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e, MESHING ROD OIL SEAL—Before reassem-
bling the scal on the meshing red, cement the neopren=
seal to the steel eup washer with 3-M weathersirip
cement EC-226 manufactured by the Minnesota Mining

and Manufactering Co., St. Paul, Minn.

d. PLANETARY PINIOMS.—I1 is not necessary to
reassemble the planetary pinions in any specific position
when meshing them with the spur pinion and fixed
annulus gear.

e. BAFFLE PLATE REASSEMBLY.—Do not re-’
assemble the baffle plate, fricdion shoes, and friction
spring to the starter until after the cdurch has been
properly checked or set as outlined under paragraph 14,
this section.

{- STARTER JAW.—With the starter jaw complete-
Iy retracted, the travel to full advanced position should
be 1144 inch,

7. HOTOR DISASSEMBLY.

Remove motor houvsing bearing cap and armamre
shaft nut. From the drive end, remove the oil-seal
assembly and armamre assembly. DO NOT DISAS-
SEMBLE POLE SHOES OR FIELD COIL ASSEMBLY
TUMLESS REPLACEMENT 15 MECESSARY AS DE-
TERMIMED UNDER PARAGRAPH 8., IMMEDI-
ATELY BELOW. Remove front spacer, ball bearing,
god felt oil-seal washer. Further dizsassembly is not
necessary at this rime,

FIELE EDILE 1M PAAALLEL, ORILMOED QWIT EMOWE. T COMVERT FRoW

GRIIBIER TD INFILATER SYSTIH, REMDRE THE GR2UKDIHE WASHER FRON
ARHATEAE TERHIKAL 4AD FERLACE WITH &K IWIULET RHG BNSAER. |

FIELD TEMHIHAL
ARTATURE |
TERRIEAL I

Figure T—S5chematic Infern al Wiring Dlagrom
F-141 Siarter
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6. MOTOR INSPECTION.

After the motor has been completely disassembled,
thoroughly clean all parts with carbon tetrachloride or
undoped gasoline and compressed air except where
otherwise noted, Examine and check all paris for
wear in accordance with the following outline and
clearance chart,

a. BALL BEARING.—Thoroughly wash motor ball
bearing in carbon terrachloride, or undoped pgasoline
and dry off with compressed air. Replace all bearings if
they are cxcessively loose or rough wuraing, DO INOT
wash new bezrings removed from factory sealed boxes,
simply lubricate and use. For Jubrication instructions
refer to paragraph 4., For AAF units refer o T. O.
Mo, 29-1-3.

b, ARMATURE.—Dip the armature assembly in a
container of carbon tetrachloride or undoped gasoline
and scrub thorooughly with a stiff brush. Do not soal.
Dy armamure with compressed air. If, however, the
armamire appears o be oil scaked it should be placed
in an oven and baked from 2 ro 4 hours at 93.3°C
{200°F). This baking process allows any oil which may
have collected in crevices to liquify and flow out. Afrer
baking, clean armature again as insteucted above, After
cleaning, the armamre assembly should be sebjected
ro the following tests.

{1} SHORTED ARMATURE.—Td test for a
shorted armarture, a “growler” should be used.

{(2) GROUNDED ARMATURE—To test for a
prounded armature, touch one side of 110-volt lamp
circuit to the armarure shafe. Touch the other terminal
of the lamp crcuit to the commutator bars. If the
armature is prounded, the lamp will light.

{3y OPEN ARMATURE —Inspect the commuta-
tor for black or burned commurator bars and be sure
that &1l conductors are firmly soldered into che riser,
Loose conductor or blackened commutator bars indi-
care the possibility of an open circuit,

(4) COMMUTATOR,

fa) Smooth commutater with No, 0000 sand-
_paper. DO NOT USE COARSE SANDPAPER OR
EMERY CLOTH. Afrer sanding thoroughly, clean com-
mutator to remove all sand particles, otherwise exces-
- sive wear will resulr,

(&) If the commutator is extremely rough, pit-
ted, or badly scored, check armature for concentriciry.
Commurater, bearing surfaces, and shaft centers must

T. O. No. 03-1-5
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be concentric within .0005-inch full jndzmmr reading.
If centers are not true, mount grmature Dan lathe and
rue l;liL

{¢) Commutator may then be rturned on the
centers, taking a light cut across the face, repeating,
if necessary, to remove all evidence of pitting or scor-
ing. An alernative method is to assemble bearings on
shafr and mount on a lathe in a “steady rest.”” Concen-
tricity of 0005 inch must be held in any case berween
bearing surfaces and commurator, :

(d) When turning commutator, only very light
cuts should be taken as there is a decided tendency
for the cutting tool to dig in at the edge of the slor
and spring away at the middle of the bar. Use a sharp
pointed lathe tool at & curtng spced of approximately
200 surface feet per minute.

{e) The minimum diameter to which the com-
mutator may be mrned i5 18{, inches, DO NOT UN-
DERCUT MICA ON COMMUTATORS. Smooth and
polish the commutator with No. 0000 sandpapsr arv
approximately 700 surface feet per minute to remove
any burrs. DO NOT USE COARSE SANDPAPER QR
EMERY CLOTH. After sanding choroughly clean com.
murator to remove all sand and metal particles, other-
wise excessive wear will resule, DO NOT GLT ML
ON THE COMMUTATOR AT ANY TIME,

¢. RESEATING BRUSHES.

{1} If the commutator has been turned, or the
armature replaced, the brushes will not sear properly
and it is recommended that they be “run-in” on the
motoer until at least 50 percent scated.

(2) If facilities are not available for “running in"
brushes, then they should be properily seated by in
serting a strip of Mo, 0000 sandpaper berween the
brush and commutator, with the sanded side in contact
with the brush, and pulling in the direction of motor
rotation which in all cases is the same a5 the jaw fo-
tation of the pardoular vnic. Be careful to keep the
sandpaper in the same contour 25 the commuimtor,
Repear unril brushes are ae least 50 percent scated. DO
NOT USE COARSE SANDPAPER OR EMERY
CLOTH. WHEN SEATING BRUSHES, CARE
SHOULD BE TAKENM TQ KEEP MOTOR BALL
BEARING FREE FROM SAND OR METAL PAR-
TICLES. AFTER SEATING, CLEAN THORGUGHLY
TO REMOVE ALL FOREIGIN PARTICLES FRDM
MOTOR ASSEMBLY, OTHERWISE EXCESSIVE

WEAR WILL RESULT,
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4. BRUSHES. continuity test is no indication that all coils sre in

{1) Maximum permissible wear of brushes is 14
inch from a new length of 174, inch, or when the
amount of brush remaining is %. inch, All of the
above measurements refer to the exposed carbon por-
tion of the brush and do not include any part of the
copper cap on the top of the brush. Thus the new
length of the brush is 7g-inch over-all with a useful

length of 174, inch.

(2} Brushes should be replaced before their max-
imum wear limit has been reached in order to assure
proper operation uneil the next inspection period. To
insure proper seating of new brushes refer to the in-
ctructions in the preceding paragraph ¢,

{3) Inspect brush lead sleeving and replace if
burped or frayed. When installing new brushes, make
sure leads are properly covered with sleeving,

e, BRUSH SPRIMGS.—Check brush spring pressure
with a spring compressor. Replace if pressure is less
than 40 ouncds or more than 44 punces when com-
pressed to 7, inch,

f. MOTOR HDUSENG.—ThumughI}-‘ clean motor
housing with carbon tetrachloride or undoped gasoline,
~=d dry off with compressed air. Remove the grounding

sher from the grounded terminal on grounded unics
and test the brush board and field coil assemblies as
follows:

(1) BRUSH BOARD ASSEMBLY —With the
brushss removed from the brush boxes, connect one
terminal of a 110- or 220-volt lamp circuir to the
brush box and touch the other lamp circoit terminal
to the motor housing., The Iamp will lighe if the board
is prounded. Repear procedure for other three brush
boxes. If the board is gmu'nded, replace it by removing
the rwo brush board screws which secure ic to the end
of the motor housing.

(2) GROUNDED FIELD CIRCUIT.—To test for
a grounded field circuiz, conpect one terminal of a 220-
volt Iamp ciccuit to one of the field coil termipals, the
other field rerminal being free. Touch the other terminal
of the lamp circuit to the yoke momentarily. The lamp
will light if the field is grounded. If the field coils
have to be replaced due to a grounded circuit, proceed
25 outlined under paragraph 8.p., this section,

(3) OPEN FIELD CIRCUIT.—Since the field coils

are connectel in parallel (see figure 1}, a lamp circuit

satisfactory condition, and since the field circuit re-
sistance is very low, a resistance check by the Wheat-
stone bridge method is impractical, In view of this,
possibility of an open field coil can best be determined
afrer assembly when running performance tests since
if one of the field coils is open, the motor at full load
will draw more current than the maximuom permissibie
limit. Of course, if the entire field circuit is open, the
motor will not operate and this can be checked by
connecting the two terminals of a 220-volt lamp circuit
to the two field terminals. The lamp w:il not light if

. the entire field circuit is open.

g. FIELD COIL REPLACEMENT.

(1) If ic is found that the field coils must be
replaced, remove pole ‘shpe screws, pole shoes, voke,
and field coils. Reassemble new coils in yoke and dow
pole shoes up tight using expander MT-4140, screw
driver press MT-309, and plug gage T-24460 of 277
inches diameter, to assure proper alignment of pole
shoes and prevent intecference with the armotuee wind-
ings.

CAUTION

When first tightening pole shoes, after re-
placement of coils, do mot use the ‘regular
pole shoe screws. The screw heads may be-
come scored or distorted by the yoke in pulling
pole shoes up tight against the yoke, Use
screws of the same diameter and thread but
shorter than repular pole shoe screw by ap-
proximaiely the thickness of the moter hous-

ing.

{2} Afier reassembling field coils in the yoke, and
before final reagsembly in the motor housing, placs
in an oven and bake for 2 hours at 126.7°C {260°T).
As replacement coils have been dipped in Harvel var.
nish No. 512C (specific gravity .830-840) and par-
tially baked before shipment, chis 2-howr baking period
causes che varnish to soften and flow into any crevices
in the assembly and then finally barden during the re-
mainder of the baking process. The entire procedure,
as outlined above, results in a well bonded assembls
and prevents the field coils from loosening in service

{3} Remove the screws used to hold pole shoes in
position, insert the yoke and field coil assembly in the
motor housing and, using the correct pole shos screws,
draw pole shoes up tight with screw driver press MT-
509. Check with plug gage T-24460 to insure prope:
alignment of pole shoes and preclude the pom’m!my
of interference with the armature ar assembly,
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&, FELT OIL SEAL-—If the felts in the motor oil-
seal assenbly become worn or damaged, replace the
complete oil-seal assembly.

i. GASKET —Replace the motor oil-seal gasket at
each pverhaul,

j- INSULATORS —FExamine terminal post insulators
and replace if burned, worn, or cracked.

2, MOTOR CLEARANCE CHART.—Table Z is pro-
vided to facilitate the inspection of parts for wear and
to check clearances when reassembling the motor.

TABLE 2

Deeseri piéion Clearance
Motor hm:lsing ball bearing in housing L0008 T-.0000L
Motor housing ball bearing on armature .0000T-.0007L

9. MOTOR LUBRICATION,

Lubricate the motor housing ball bearing with a
iight coating of Royco MNo. 5. For AAF units refer to
T. 0. No. 29-1-3,

i B[, RETTERTY EUFPLT =

2 arana PILE VARLABLE RESISTOR-0MSES G, BIDILE GO., PRILADELAHIA,
PhoepOl.00 TO 2 oee REAISTAMCE EANGE- 1500 WATTS=33 10 =06 &HPY.)

3 000 AMPERD SHgHT
® DR EPIRL IWUAT
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Figure 2—Electrical Test Ser-Up
F-141 Starter
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10. MOTOR REASSEMBLY.

a, GENERAL.—Follow the disassembly procedure in
the reverse order.

b, BRUSHES.—The brushes should be a free fit with-
out excessive side play in the brush boxes. If brushes
bind in the brush boxes, wipe both brushes and brush
boxes clean with a pgasoline moistened cloth, New
brushes should be seated as instructed under paragraph
8.c., this secton. 5

1. MOTOR TEST AT REASSEMBLY.

After the motor has been reassembled, it is recom-
mended that it be given a fre= run test to check per-
formance. In order to operate the morer alone it will
be nedessary to assemble a temporary intermediate
head to provide support for the drive end of the
armature shaft. Use a discarded intermediate head, with
a drive pinion and ball bearing assembled therein and
attach it to the motor housing, Clamp the outer race
of the motor ball bearing in the housing temporarily
with a washer and a screw uvsing the holes for the
bearing cap screws, otherwise the vibravion may cevss
the bearing to slip out of housing.

a, ELECTRICAL CONNECTIOMS.—Refer o tost

diagram, figure 2, and connect the d-c power supply
{1}, which may be either a bartery or a motor generaror,
through the carbon stack variable resistor {(2), a Weston
model 45 ammeter {0-100} scale using-a 100-ampere
shunt, and a single pole single throw switch {6}, froem
which a lead is conneacted to one of the smarter terminals.
Connect 2 Weston model 45 volmmeter across the motor
terminals as shown.

b, "FREE-RUN" TEST.—Loosen the carbon stack oo | -/

obtain the maximum resistance then close the motor
circuit. Check the moror “fres.run’ characteristics by -
adjusting the variable resistor to obtain 8 volts across
the motor terminals. With the above terminal voltage
the current draw should no: excesd 42 amperss and
the armature speed should be not less than 5500 rpm.
DO NOT APPLY MORE THAN 8 VOLTS ACROSS
MOTQOR TERMINALS DURING “"FREE-RUN" TEST
AS EXCESSIVE SPEED WILL RESULT AND MAY
CAUSE SERIOUS DAMAGE TG THE MOTOR, If,
with 8 volts across the motor terminals, the current
draw exceeds 42 amperes and the motor overspesds,
accompanied by excessive arcing of the brushes, the

indicartions are that one or more of the H2ld coils ace

open, in which case the entire assemnbly must be re-
placed as instructed above in paragraph B.g.
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MNOTE: - THE ECtiPSE PLPONY BPAKE TEST SFrAND
MT -327 18 FUBNISHED COMPLETE wliTH NECESSALY
AESEMALYy LITENCHES, CLAMIT EXTENSIONS
AMD JAKS Fof BoTH FoTATIiONS, AnO A FAIEL -
BANES #IIEA, Soo® PLATFORM ScALE.

PosSiTioN oFf ScALE PolsiTionNn ©F ScAlE
WHEN TFESTING STARPTEARS M EN TESTING STARTEESS
OF cloce BoeraTrion oFf cowWmTER-CLoc

SoTrAaTrTion

o

Figure 3—>5chematic Diagram of Prony Brake Test Stand MT-327
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¢, INSULATION TEST.—Afrer “free-run” test, and
while the motor is still hot, the unit should be checlked
for insulation break-down. Remove the grounding
washer and apply one terminal of the a-c or d-c test
lamp circuit to one of the motor terminals and touch
the other test lamp terminal to the motor housing, 1f
the lamp lights, the unit is grounded and must be dis-
assembled for replacement of faulty parts,

12. STARTER REASSEMBLY.

BRemove temporary intermediate head and reassemble
the proper intermediate head assembly to the motor,
Attach the sun gear shaft support bracket to the inter-
mediate head and then bolt the front housing assembly
to the rest of the starter.

13. STARTER CONYERSION.

In the event that it is desired to convert a starter
of one rotation to that of the opposite rotation, observe
the following procedure. Disassemble to permit re-
placement of field coil assembly, spline nut assembly
and starter jaw with equivalent parts for opposite
rotation, Refer to T, Q. No. 03-1-5 for part numbers
involved. The name plate of the unit should be re-
placed with one indicadng the correct model designa-
tion and rating for the unit as converted.

14, CLUTSH ADJUSTMENT AND TEST.

a. GEMERAL.—In order to check or adjust starter
ciutches and to test the units for proper operarion
after reassembiy, a Prony brake test stand (MT-327})
with a pladform scale is required as shown in the
schematic diagram, figure 3. With the baffle plate
removed, mount the starter on test stand and adjust
mounting bracket of stand so that the distance between
the starter jaw and the test stand jaw is 34, inch when
starter jaw is retracted fully. Removal of baffle plate
necessitares manual engagement of starrer jaw. When
adjusdng starter cluech, as outlined below, care should
be taken to gradually attain the required setting WITH-
OUT OVERHEATING.,

4. CHECKING CLUTCH SETTING.—Jf clutch discs
have not been disturbed or the setring alrered during
overhaul, the cluich sering can be checked as follows:

" lock the braks drom and operate starter for a period

of 2 seconds. Repear the above procedure five times at
I-minute intervals. If the torque reading on the scale
remains constant at 350 pound-feet within = 10
pound-feet, it can be considered satisfactory. To lower
the clutch s=tring, loosen clutch adjusting nut; to raise
serting, tighten nut, After the correcr setting has been
obtzined, allow starter to cool to room temperature

T. 0. No. 03-1-6

Chapter 45 '
Part €

and operate starter five consecutive times to determine
if secting remains constant,

(1) WHEN REPLACEMENT CLUTCH DISCS
HAVE NOT BEEN *RUN IN."—If the clutch discs
have not been previously “run in,” observe the follow-
ing procedurs, bearing in mind that during the entire
process the starter front housing should not be al-
lowed to heat up so that it cannot be touched with
the hand. If the clutch does heat up, allow it to cool
before continuing with the “run-in” process,

fa) Adjust clutch to 175 pound-feet.
. (b) Lock brake and operate starter 30 times

' (2 seconds each time) at 1-minute intervals.

(c) After.completing the 30 engagements, in-
crease setting to 275 pound-feet. Operate starter thres
times (2 seconds each time) at I-minute intervals,

(d) Increase clutch setting to 350 pound-feet
and operate three times as above.

fe) Allow clutch to cool for one-half hour,

{f) After cooling, operate starter 20 times (2
seconds each time) at l-minute intervals, If cluech ser.
ting shows a tendency to climb, readjust to 350 pound-
feer and repeat engagement until setting remaing con-
stant for 20 engapements,

g} Allow clutch to cool for one-half hour.

{h) After cooling, enpape starter three rimes
as a final check that the correct setting is maintzined.

15. PERFORMANCE TEST.

Connect the starter motor es instructed under pare-
graph 11, this secdon (figure 2), and assemble unit
on Prony brake test stand. (Sce figure 3.) Using the
500-ampere shunt on the ammeter, proceed as follows:

«. FREE RUN.—Unlock test stand brake drum ro
permit siarter to operate without a Ioad. Adjust the
terminal voltage applied at the starter to 10.4 velts by
means of the variable resistor. Linder the sbove con-
ditions the starter should operats at & minimum speed
of 7000 epm with a maximum current deaw of 63
amperes,

b. LOAD RUM.—Adjust brake drum to provide a
load of 200 pouad-feet and the termmimal voltage o
8.8 volts. Under these conditions the minimum speed
should be 2800 rpm with a maximum current draw of
225 amperes. A low torque ousput, excessive spacking of
brushes, with a current draw in cxcess of 225 empercs,
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. indicates the possibility of an open field coil as ex- [ necessary. Check the friction ring assembly on the bafl

= - ———— e

‘ained under paragraph 8.f.(3), this scction.

14. FINAL REASSEMBLY AMD TEST.

Remove the starter from test stand and reassemble
baffie plate, friction shoes, and friction spring, Tests
have proved that the clutch adjusting nut lock is not

plate to ascertain i spring has sufficient tension ro hot
the starter jaw in position so that it will advance fr'
forward to mesh with engine jaw before starting
rotate. If the jaw fails to advance when the starter ~
operated, or if the spring tension, as measured with to
MT-237, is less than 9 ounces or more than 15 oupens
replace the friction spring.

SECTION #i
PARTS CATALCG

Reference to T. Q. No. 03-1-5 is required when or-
dering service replacement pares. Refer to the applicable
cross-sectional assembly drawing for identification of
part number and local quantity of parts required. To

determine part name, refer to numerical list of servi-
parts, When ordering parts, specify part name and pu:
ber as well as type, model, and style letter appearing c:
name plate of unit for which parts are desired.

SECTION 1V
- SHIPMENT AND STORAGE

1. PACKING FRR SHIPKENT.

For domestic shipment, units should he wrapped in
waterproof paper and packed securely in 2 wooden box
{Army Specification No. 23-54). Packing for export is

entical except that the case should be lined with water-
proof paper and fastened with metal straps. For AAF
units, cases are to be marked for shipment in accord-
ance with AAF Specification No. 100-2, latest issue.

Revisad 15 .!una' 1944

S

2. STONAGE.

After completing overhanl and prior co iostallic-
starter on engine, it is recommended that reference b
made to part "A" of this chapter for the installatico-
procedure. However, if the unit is to be placed in ste
age first, no special preparations are necessary other che
to wrap each unit individvally in ciled waterproo.
paper and store in a cool, dry place.
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PARTS CATALOG

AND

T. 0. NO, 03-1-5

INTERCHANGEABLE PARTS LIST

FOR

ECLIPSE

AFRCRAET ACCESSORY

_- EQUIPMENT

This Technical Order reploces T. 0. No. 03-1-5 dated
5 Sepitember 1942 and T, O. No. 03-1-5A dated
1 June 1944,

l Fublished by cuthority of the Commonding Generol, Army Air Forees,

ond occepied by the Chief of the Bureau of Aerenculics end the Air Council
of the United Kingdom. As the tex! was prepared prior fo the odoption of
AN Hendbook specifications, o Technical Qrder number is vsed in liov

of an AN number,

NOQTICE: This decument coaleins informalion offecting the nolional defense
of the United Stotes within the meaning of the Espionage Act, 50 U. 5. C,,
31 ond 32, os amended. Its transmission or the revelotion of its con-

fenls in ony meonner to on wnowvihorized persen is prohibited by law,
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