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PRE-ENGAGED STARTER MODEL 3M100PE
{With Actuating Selenoid Model 195 and Roller Clutch Drive Model 75D)
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1. DESCRIPTION

The model IMINOPE pre-cngaged starter 18 i Howre
pole four-brush machine, 4 1o, {1060 o) dimeler, witl a
serics parnflel feld, an armatare with o face-type com-
satator and a solenoid-operated rolior chutch drive.

The face-type comunuaior on 1he end face of the
arnatire works in conjunchion with a Tally-insulated
hrushgesr assembly, comprising two pairs of wesdpe
shaped brushes and coil fype springs asseinbled inte 2
hrushbos moulding, which is riveted 1o the iaside of the
comemutator end cover. The brushes are provided with a
keyway to enaure correct fitting and the springs are held
captive in the brush-box moulding.

The supply vollage to the starier is applied {win the
solenoid) ditect to a pair of brushes. The four feld cails
afe manufactured in series, with the start and finish of the
windings ferminating at a hrash, and the centre fue
between two pairs of the coils & earthed direct 1o the
feasne of the starter by a riveted connection o the yoke.
This methad of connecting the field colls provides a
series-paraliel field cirenit {see Fig. 23

End-float and sxind movemenl of the anmature is
determined by the position in which a special type of
“Spire’ retaining ring i fised 1o the armature shaft, where
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it extends theough the conunutator end hracket (refer
Fig. 1, tom Mo, 21

There is no nedd to set the drive pinion and therefon
the operating position of the drive engagement lever I8
non-adjasable. The plaintype pivol pin on which the
lever swivels s retgined in the fxiog brackel by 2 small
special type of ‘Spire” retaining ring (refer Fig 1, ltem 14}

A feature of 3 pre-sngaped starter is dhat the pinion
is fuliv-cngaped with the engine Sywhee! before cranking
torgue is developed.  Mowmally, when the stater &
operated, the pinion moves into full engagement with the
engine Mywheel and the solenoid contacts Close (o connect
the starter 1o the hacterv. Foll cranking torgus is then
developed. On cocasions when tooth-to-tooth abutment
oecirs, the solencid plunger conlinges to move by cons
pressing a drive cogagerment spring inside the plunger.
This plunger movement cases the solenoud contacts o
close, connecting the starter to the battery. The starler
armRlure now commences Lo rolsie and the pressure of
the drive engagement spring, combined with push-screw
aszistance from the drive heliz, couses the pinfon (o move
iodey mesh, Pl ceanking torguee i Hwen developed.

The roller cluteh prevents the srrmature from rofating
excessively if the drive remains in mesh after the engioe
has started.
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Pre-engaged Starter Model 3M100PE
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2 Armalute

3 Terminal "STA”
4 Hold-on winding

§ Clogin

Mopder Ol and waterdihi versions of this starier
will inchede spocial sealing features, Particularly in the
citse of the sukenoid plungor and drive operating mechan-
ismm, which will be effectively sealed from the bell housing.

2. ROUTINE MAINTENANCE

Mo routing suinienance is netessary, but the tight-
e of the elotrical conmections should be checked
penigdicaliy,

The starjer should be dispmntled for delailed in-
spechion during major eoging overbaul, The coprmstator
should then be servieed if neosssery and ihe brushes and
armsturs bearings reaewed (refer 4 {c} §, 1, and 3.

3. TECHNICAL DATA

The performance of the starer depends on the
capacity and stule of charge of the sssociated battery,
The following are typical performanee figures obtaimed
with g 12-v0lt 60 ARl (20 hr, rate} battery s 707 charged
comdition at 2000 3}

Lock torgue: 165 TR0 {2237 M with 545 A (max).
Torgue at 1000
rev/min:  9.01bEF(12.20 N} with 365 A (max),

winding

8 Small (upmarked}
terminal on salannid

¥ Battary supply terminal

& Terminal |GN'

# Bolinst resistor
0 To ignition ool
A1 To ignition sweilch

Light running
oryend 654 a1 6000 rov/nrin {approx).

Closing {or seriesy winding resist-
anee {measured boiween the small
unmarked ‘Luowmrs’ termdnal and
ihe main terminal murked "STA’: 025027 ohim
Hold-on (or shant) winding re-
asstanee (measured belween the
smal unmarked ‘Lucar® terminal
amd a good earth point on ihe

solenoid beady: 0,76-0,80 ol

4, SERVICING

For satisfactory starter performance, the batiory
must be in 2 good condition and at least 70%; charped.
Check with o bydrometer the specific gravily of the
clectrolyte in cach of the battery <ol I there & o
vagation of more than 40 poins (0UE0] in any el
readings, the batlery is suspect and should be removed
for testing by o batiery agent.
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Pre-engaged Starter Model 3M100PE

Specific gravity reading should be-
' T Specific gravity readings

correct fo 15°C (60°F)

 Climares noemally Clisates normally :
State of chaege | below 25°C (F7°F) | above 28°C(77°F)
Fully churged 1.270-1.290 12101230
7O, chargod L230-1.250 1.490-1.150
Discharged 1.1 120 11070

Electralyte Temperature Correction
For avery 10°C (18°F) below 15°C (60 F), subtract 0.007
above o, ., udd 0007

¥ L 8 T

IF e budtery i 50 good condition and sufliciently
charped, and the wiring associated with the Bultery,
siavfer and operating switch, and the switch iteelf =
satisBactory, & low crunking speed ar fadlure of the stnrter
to crank the engine mesns Gul the stecler omst be
removed from the engine Tor deradiad msting and exame-
mation, {Proceed 1o bonch testing 4 ).

{a} Bench Testing
Determdne i the Solenald Is the Cause of the Fault
(i} Lsing heavy-duly hattery cable and a 0.704
range mevingsorml ammetes in serics with a 1%-vnit
battery, connect one side of the supply valtage dircct
1o the solenoid-to-stiner conpecting ok and conmect
the other side of the supply woltage o the starter
frame.
Thg starter <hould sow run woder light rusning
conditions, independent of the solenoid unit,
i the startor dogs pot tun, or it runs bup $he
Hzhi yunning vurrent sl speed are snantisfaciory
{eefer 3, Technical Data), procesd 1o 4 ) and
dismantle the sturter sufficiensly 10 enahle the
commutater and bnuahpear to be inspected.
I the starter runs and the light ronning carrent
el spevt] are aatistaviary, the Sl could be dus
b ihe selenoid unis or the starter, Provesd lo
further testing (para. &g
{ii} Transfer the previous test-cireuil comnection
{fromn the solencid-to-starier connecting liek) to the
solencid muin input fermingl, MNow conpect a
erporary ink Peiwees this wermingl and the smal
{unniached) “Lacar’ teeminal blade, to snergre the
solennid operting windine,
The selencid should operste and the starler
should yam under light running condibons,
If the starter runs sed the light ronning current
and speed aee s8Il satlsfactory {as well us in the
provious test, pars. ik, cheek that there s not a
high resistanee ot the solespid contacs, which
would cisse n Jow coanking soeed.  Procesd
direcl t pars, 1,
if the starter docs not run when supply voltage

=

5 apphed belween anienold main input ferminsd

and frame. and between soknoid opersting

winding terminal and frame, the solenoid unit

is Bulty. Proveed direct to parm. v,
{iiiy Check that the solenoid contacts close sats-
feclorily, under load condiions. Connect 2 low-
range moving-coll voltmeter beiween the soleaeid
main terminals, and perform Jock torgue test

Hvoltmeter registers practically zero, the solenaid
is sutisfactory, In that case, 2 low cranking speed
and an wnsatisfaetory lock torque performance indie
cate that the siarter &= foulty. Proceed to 4¢b1 and
disrmantke the aarfer swfhiciently 1o enahle the
copumutator and brushgear o be inspectad,

Noter If lock torgue cquipment is not available,
cheek the soknoid by substitution, and, if necseary
dismantle the starter for inspection.

{iv} In reference to previous testing (para. ith, @
selenoid faul could be due fo open-ciroult contacts
iin which Gasd 2 satisfactioy fepaie con Be carsied ot
by temewing the terminaland-base assembly com-
plete with pew conlucts), or the operating windings
may be faulty fn which case the solenoid wnit mus
e rencwed),

Providing the snlenoid-to-staster connseting link
i fest disconnectad from the solenoi! terminad
*5TA’, both selenold windings con be dimultanconaly
checked {in serfes) ns fntionws:

Commeet & pood guality ohsseter between
solenoid termingl “STA” and a good carth poim
o the solenoid body or starter frame, & reading
of LAI-1.07 oloos should be ofibainsd,

Mote: Alternative to wsing an chmmeter, con-
nect o 9-I0A mimge moving-ooll ammeier in
sgries wah g 12-vnle battery, solencdd terominad
'STA” and & good eavth point on the solesoid
bodly or sterter frve, A resding of 10L.73-1L8A
should be obtained,

if the solenoid oporating windings are satis.
factory, it confirms thas the solenoid failure is
due 1o fauliy conracts. The selencld unit should
therefore Do repived or rencwed.

{b) Dismantling
I access t the commutator and brushgear only
s requived, proceed direct to para. (i) which deals
with rernoving the commutator end eover,

{i} Removing the Solensid

Remove the nut aid washer which seoures the
solemimid-to-stanter  connedting  fnk ro solenoid
ferminal "§TA™

Bemove the auts and wishers which securs the
soleoold wnit to the fixiop bracket, Pull back the
connecting link from the solencid torminal, and at
the wame tme i the terminal end of the solenoid
chear of the counecting Hok, then withdraw the o
part of the solenold from the fdne bracket, Removn
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the plunger from the deive engagement lever, by
goppeng the plunger in the hand and applving an
wpwied 1t at the front end of the plunger.

{ii} Removing the Commutator End Cover
ficfore romoving the comomatator ond Sover
enstze that a service replacernent “Spire’ retiining
ring is aveilable as i new fitngat for use during re-
assembly of the sarter, This & necessary bocpuse
thix type of refaining 1ing is a press fit {or drive 1
ot the armatice shaft and if the arigieal fiting of the
rotpining ring s distarbed, it becomes unsatisfoctory
$or further 1se.
Remove the end cap seal 1o gain acesss 1o the
“Bpire” retaining ring.
Rernpve the relsiging nog bofore unscrewing
the through bolts, Using an enginsess chiscl,
cut through & nupber of the retaining riag claws
il the grip on the armare shaft s sufMciently
selieved to allow the refaming ring fo Be ne-
movel,
Bemove the nul and washer which sexures the
solenoid-to-starter ¢conpecting Hink 1o sclenoid
terminat STAY {Ths will alrcady have boon
dime, i the sobenoid has previously been removed
a3 o peeliminary to complete disnantling}.
wemove the twa through bols,
Afier removing the through bolis, the com-
iy end eover can be removed from the jest
of the starter by partiaily withdeawing the cover
from the yoke amd then discagaging the two
field ooit brushes from the briesh box moulding,
Mate: Al this stuge of disamaniling, check the
comentator and brushgear (refer 4 ¢, para, § und i),

(il

After rermwing the commmutnior énd  Gover,
continue dismantling by withdrawing the yoke and
fiold-cotl assenaily from the anmature and Dxing
bracket sub-assembly, Do not disterb he feld-cod
assernbly in the voke {refer to 4 ¢, pars. jilk

{iv)

I7 the “Spice’ relaining ring is romoved from the
drive engagement lever pivol-pin and the pivol-pin
i then withdrawn fromn the fixing bracker. the
armature sssenibly comprising rotler ehuch drve snd
lever assernbly can then be separated from the Axng
brackst.

Note: The pivot-pin relaining ring, sunilac 1o
the one at the commusater ond {except for aizel,
smist be renewed if the original Giting is disturbed,

{v}

The soller cluteh drive and lever assanbly i
removable from the armature shalt as a complele
urit, Using & mubular tool fe.g. o bow spunner) drive
fhe thrust collar squarcly off the jumg ring and then
after removing the jump cing from the groove in the
armature shafy, slide the theust collar and the roller

e}

clean with & petrobpoistenzd cloth.

Pre-engaged Starter Model 3M100PE

elisteh dete amd Jever assembly off the shaft, It s
utmeressary to dismantle the drive engagemant Jever
fram the roller chiich drive, since both 1hese pariare
serviced as 5 complele sssembly. {The aperation of
the roller clutch deive should be cheched as detiled
in 4 ¢, para, v

Bench Inspection

After dismantling the =starter, cxamne the
individual itans as follows:
{i} Armature

The face of the commutator should be clean snd
free from burnt spots. Clesn the commutalor with a
petrol-maisienzd cloth and, if & should be necessary,
use @ flst surface of very fine glass paper to rectily
burnt spots, of grooving, prior (o using the pelrol
msistered clath,

o sopnie cases i may be neoessary 1o skim the
commutator, The minimum thickpes to which the
oty copper may be skimmed, before a
seplacemont arraature Beooenes DOCCESATY, 15 i7, 141 im,
{35 mmy The skimming operation shoukd be fermin-
ared by polishing the commutator surface with s flat
pad of vory fine glass paper or emery cloth, then wipe
1y MOT
UNDERCUT THE INSULATION 5LOTS.

If the armature shows signs of ‘thrown' solder,
or lifted condusions, aver-speeding of the armaiure
& wdeated. {Check the operation of the rolfer
chutch dove, 4 ¢, pam, vh

The semature wamlanon con ho chosked by
connecting a 110-wveolt ac. [5-wall test lump between
a corumutuior segment uod the shalt (refer Fig 31,
The bump should not lighe.

Short-cirenited armature windiogs (indicated by
a high current corsumption, fow light rumsmng appid
amd low loek forgque performance) can only be
detected by the use of specialised armnlure Testing
‘Growler equipment, 5T this sguipreent i not
available, the only alternative is to check the srma-
rure by substitution.

W

Fig. 3 Armature insulation test
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Pre-engaged Starter Model 3M100PE

1 the arasture laminations have been in contet
with the pole-shoes, the armature bearingz are
probably excessively wom, First, check that the polke-
shies are Gight amd tat the armstere ryas tae i o
fathe. Then, if necessary, renew the armature bear-
ings {refer 4 ¢, pars. ivh
{1} Brushgear

Check that the brushes move frealy in the brush
box moulding  Sticking brushes should be cleancd
with a petrol-moistened cloth, Brushes which sre
worn to approximately 0.375 in. (9.3 mm) in length,
mist e renewed.

Renewing the brushes: Mote which of e two
field coil conductors is fitted with the long and short
broshoffesibles, then cut the wors brisheflexibdes from
the fleld coils and selder the new brushes in positon.
Replace the other two brashes compicte with ferminal
lisk snd moulded subber grommet. Frsure the new
brush set is correctly fitted in aocordance with Fig. 4.

MNote: Use only resin-cored type solder,

Fig- 4 Brushgear amd terminal arangemant

1 Short bresh-foubls, C/E cover
2 Long brush-flesible, -
3 Long bruss-flexible, iold windging
4 Bhort bresh-llaxinis, ™
5 lusulation piece
Brudh spring pressure: To measure the brush
SPANg pressure, position a mew brosh in cach of the
brush boses in ture and then press on top of the
Brush with a push-Type spring mweee {eler Fig 5
until the top of the brush protrudes about 0.062 in.
{1.5 ) from the brush box moulding, when the
spring pressure resdiog should be 36 oef (100 NL
Check the insulation of the brush springs by
cormeeting o Hldaolt se 1Swait test Sunp helween
a clean part of the commutator end cover and cach
of the spriogs in tuen, The Jamp should pot light,
Uheck that the connecting link gromaset is in
pondd condition,
(i} ¥oke and Field Cail Assembly
The field coils should be visually inspected
inesitn Tor signs of obvious fnduls). Check the inder-

SECTION
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Fig. 5 Checking brush spring prossurs
¥ Push tepe apring gaugs, with sliding marke
intHeating reading whem ‘wrrowsd
Z G062 in, (1.5 mm) npprox.
gonnpeting 1omis between coils, the carthed conpec-
tion of the field winding where it i riveted 1o the
yoke, aod ook for discolosration {due 1o burening)
of the winding insulation ape, which could indicate
short-cirvpited windings or 2 shortcirouit bebwoen
the windings and the woke. A visible fanlt will
shinimate the need Tor testing and in such cases i
necesanry the feld codl sssembly should be removed
from the yoke 1o enable it to be repaired or rencwod,

I there are no obvious signs of o fael, the field
cofl continuity amd the insdation between the feld
coils and yoke can be checked without removing the
fiedd ool assambly fromm the voke,

Fleld cofl contimady: Cheek by comnecting a
12wel battery-operated test Jamp betwesn each of
the brushes in turn and 4 cleas part of the voke,
T bnrap shoubd ght.

Fleld coil insulation: Hefore being able to check
the insulation between the fleld coils and voke, it will
first be pecessary 1o disconpect the carthed end of the
winding from the voks, Before disconnecting the
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winding {refer to the heading “Rencwing the field
cotls™y, determing whether it is justifiml. Consider
the results of the light renning and lock torgue lesis,
or aitermuiively onnsider the Tosll symploms, i e
speed and torque were low, sl the current con-
surnption Righ, or the fault symptom was Jow crank-
ing spesd, fanlty field winding irsulation could be
the cause and this interpretation of the starting
metor performmnee would justily disconnecting the
earthed end of the field winding to enable & positive
check o be carried out.

The field winding insulation can be checked
{after disconnecting the winding at the voke} by
connecting & | Hvolt a.c E3watt test tump betwen
sh disconpected ead of the winding and g clean part
of the voke, The lunp should sof Rght. Fraure that
reesther of the brushes, or bare parts of their flexibles,
contact the yoke during the test.

Pote: Dhue to the very low resistance of the field
coit conductors, the presence of a shortcirant
hetween the feld coil windings can only be cheter-
mined by specialised equipment. 17 the resulls of all
previous testing has been satisfactory, short-cirguited
field enil windings could be the cause of the fault and
the field coil nssembly should now be further proved
By substitution.

Repewing the field onils: Disconnest the ook of
the fietd winding where it is riveled 1o the yoke, To
do this, file away the riveted-over end of the voie-
nectingeyelet securing rivet, sufficienr 10 enable the
rivet 10 be tapped out of e yoke, Remove the four
pobe-shoe screws with & wheel-operated or power-
operated screwdriver and withdmw the field coil
assernbly [rom the yoke, Wipe clean the inside of
the voke, and the insulsting pieces through which the
through balis locnte,

Loosely fit the now field cofl assembly {with
poleshoes) into the yvobe, with the threads of the
pole-shoe fixing screws only partially engaged, The
ihrough bolt insulating pieces should now be assori-
bled into the yoke, by sliding the shoulders of the
tulating piecss between the field coits and the voke.
in a position 1807 apart and 507 cach side of the field
el brush connection point {refer Fig. 4). Mow
tighten the peleshoe screws progressively o @
torgue of 30 [bi [t (40,70 Nm). Finally, make a good
earth connection between the end of the ficld winding
amd the voke,

{iv) Boarings

The armature bearings, Bited in the commmutalor
end cover and the drive end fixing bracket, are seil-
jubsicnting porous-bronas baihes,

Mew bushes must be completely unmersed in
Shell *Turbo 417 oil, of in clean engine oil, for 74
hours at reom tempernture, before they are fitied.
Adternatively, if the lubricant is reated 10 & wompara-
wre of 100°C, 2-hours inuncrsion of the bushes i

Pre-engaged Starter Model 3M100PE

sufficient, providing the lubricant is allowed to cool
tefore the bushes are removed.

The bushes mmst not be reamed after fitting
otherwise the seli-lubricating gualities will be
amspatred.

The bushes mst be renowed when there B
excessive side-play of the apmature shafl. Fouling of
the pole-shoes by the armature, or inefficient opers-
tion of the starfer, is hikely 1o occur when the miser
dinmeter of the bushes exceeds the following dimen-
sions:- commutator end cover bush §.841 in, (1 et
men, drive end fixing bracket bush 0.476 in. (1209
sl

YW bushes should be removed by using =
wheel-operated  press.  Alfernatively, support the
bearing housing and then with 3 mandsel carefully
tap the bush out of 1he cover or bracket.

Mew bushes should be pressed into posinon by
means of a shouldersd polished mandrel with
dimensions as follows - commutator end cover bush
04377 in (1L.117 mm, drive end fxiog boacket
bush (4729 in, (12011 mmb

f¥} The Roller Cluteh Drive Assembly

Check the choseh action, Fhe pinion should have
ipstaptaneoan tshe-ap of the drive in one dircctiom
ged b fres 1o rotale in the vther,

Chock that the assembly moves Treely along the
armaiure shaft sphines. The armatare shaft aplines
st moving parts of the engagement jever should be
fborally smneared with Shell SB.2628 (home market
and cold chimatesl: Betinax “A° (hot climaies). The
robler clutch mechanism s a sealed uanit, which
is pre-packed with sufficient grease to last {he jife of
the starting motor. In the unlikely eveni of the clulch
action heooming Tanhy, it will not be possible o
rectify the fault and the whole af the drive assembly
will have to be repewed,

{wi} The Seolenold Unit

Asgspciated with the solencid pluager are three
springs: the plunger and drive retum spring, the shrive
engagement spring which 15 incorporated inside the
plunger to overcome the difficulty of engaging the
pinion on eccasions of woth-t-toodh abutment, and
the *lost motion” spring which is assembled o the
commecting part of the solencid plunger to provide a
measure of lost moiion i the drive operating
mechanisn as the drive copunenoes o disengage, It
is sufficient to check only thal the springs are ool
broken, In the case of the drive cngagement Spring
finside the plungery, 1o check the spring it will be
pecessary o ensure that o spring-loaded pull action
exists between the plunger body and the connecting
part of the plonger.

Checking the solenoid contacts and winding is
desty with 0 4 48), para. i and iv,
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Flg. 8 Selenald model 188, dismantied

1 Main torminal ‘STA’ 5 ‘Lucar torming! {main T Woving spindls and 4 Solenold body

2 Sl ‘Lucar” fereninat exturnal circuits) conisct aspembly 10 Solenoid fizing shids

3 HEN' ) § Hase sssembly, com- 8 Stort of shust aod #1 Plunger and drive
Mulde Input ferminal prislng, fed maln garies windings et apting

& “Luear® tlerminal contacts oad ballast Ulucar” ferminal 12 Loxt mation spring
{aplenoid operating) ignition TGN confsct poienald operating) 13 Spring retaining plsis

MNote: The solenoid may incorposste s very small
additional “Lucar’ terminal blade {marked “TGNT,
whiech = for use in conjunciion with ballast ignition
systerns, It Bs sullicent {o check that this ferminal
Becomes elecwricaliv connected 1o the solenoid main
st cerminad, when the solenodd s enereised,

Henewing the solesoid conlacts: Remove the
fwo sorews securing the terminal and base assembly
to the solenoid body, Apply o hot solderiog fron
slternately {0 ¢ach of the two soldered termingl
connections and wait for the solder by rum fres,
Shake most of the melted solder oul of the joinis, by
tapping the solepoid terminal ends sharply down on
the hench. Mow clemp the solenoid body in a vige
(terminals uppermost) aad while applying a constant
pull on the moulded cover, apply the soldering fron
shernately to the twe soldered connections until e
ierminaband-tase aseombly 5 freed.  When e
msking the solenoid connsctions, nvoid dryesoldend
joings by essuring that the parts are ofesn and
adequately  heated before applyving the solder.
Tighten the lerminal-and-base assembly fiving serevs
o tovspues of 1.8 160§ {244 W,

{d) Reassembly

Assembling the siarter s simply o reversal of

4 End of gerigs winding
fenain befminal "STAT

the dismantling procedure. Sequence of mssembling
components i3 illustrated in Fig L. Fiting the
solenoid unit should take place afier the commutator
end cover has been fitted, otherwise It will ke
dificult to ft the block-shaped grormmet which,
when assembled, is compressed between the woke,
selennd and fixing bracket,

B sot overdook refitting the interaal thrust
washer {© the comnutator emd of the armature shaft
{refer Fig. 11

Tightening torgmes
Through bols 2R (08 N

Solenoid-unit fixing stud nuts 4.5 IbF ft (6,10 Nim)
Solenoid upper-terminal nuts 3.0 1hf (4.1 Nm)

Other tightening torgues are guoled elseadens
il wesocinted with a particular fitting operation.
Artmurfare solflaaf

After completing the ssembly of the stariee,
drive the “Spine’ refaining ring oo the stmatore shalt
into a position which provides a masimem of
0.810 in, {0.25 oun) clearsnce botwoen the romining
ring and the bearing bush shoulder.

Finally, fit the end cap seal to the commutator
e cover,
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