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STARTER M OTOR - U220" and U250"

GENERAL

The following section compris es repair procedures for
electric starter motors on 220 an d 250 models. Two basi c
types of starter motors --each with a forward and reverse
rotation-s-are used. T he larger starter motor has a separate
fi e ld winding, while the smaller motor is a permanent
magnet type. The different s tarter motors can be identified
by a parts number stamped on the assembly .

Refer to Figure 1 for id entificati on by the different types
of end caps .

and armature splines are used, depending upon rota t ion
of the starter motor.

Figure 1. Starter Identification

Both starter motors use th e same basic pillIOn gear, and
its repair is outlined in the be ginning of this section . T he
internal starter moto r repairs are outlined under separate
sections designated by part number. Two diffe rent pinion

0- 50-5326 1 and 0-50-53262A 1
Moun ting St ud s

in Rear End Cap

0 -50-56389A 1 and 0-50-56390
Mounting Ho le

in Rear End Cap
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TROUBLESHOOTING

Trouble Cause Remed y

Starte r moto r has low no- Armature may drag on pole shoes f rom Remove arma tu re an d test on growler fo r short. Re-

load speed and h ig h cu r- bent sha ft, worn bearings or loo se po le place shaft or bear ings and /or t ighten pole shoes.

rent draw. shoes .

T ig ht or d irty bear ings. Loos en o r c lean bearings .

H igh- current draw with no A direc t ground at sw i tch, at te rmina l Replace defect ive parts.

armature rotation. or at bushes o r f ie ld connections .

F ro zen shaft bear ings whi ch pr event L oo sen, clean or rep lace bear ings.

arma ture from rot ati ng.

Starte r motor has grounded F ie l d and/o armature i s burned or l ead Ra ise groun ded brushes f rom commutator and m-

armat ure or f ie l d w in ding . i s Thrown out of commutator bec ause of su la te them with ca rdboard. Use Magneto Ana-

excessive l eakage. Iy zer (Sel ector No . 3) and test poi nt s to check be-

tween in su la ted te rmina l of sta rter motor and start-

er moto r f rame. (R emove ground co nnect ion of shunt

co i I s on motors with thi s feature.) If Anal y zer shows

con ti nuity (meter hand mov es to ri ght) , the re is a

ground. Rai se othe r brushes from armature and check

armat ure and fi elds separ ately to locate grou nd.

Starter motor has grounded Cu rrent pa ss es thru armature f i r st , Di sconn ect gro unded leads, then locat e any abn or -

armature or field winding. then goes to ground thru f ie l d wind- mal ground s in starte r moto r .

i ng.

Starter motor fai I s to op er- Open circuit i n fi elds or armatu re, at Re pa ir or adju st brok en or weak bru sh spr ings,
ate and draws no cur- connecti on s o r bru shes or between worn bru shes , high in su lati on between com mutator

rent and/or high re si stan ce bru shes and commuta tor. bar s, or a dirty, gummy or o i ly commutato r .

condition.

H igh re sistance in starter L ow no- load speed and a low-current C lose
..

open" fi eld windi ng on unit hav ing 2 or 3

motor. draw and low dev el op ed torque. c i rcu i ts in star ter motor (unit in wh ich current d i -

vides as it enters, ta kin g 2 or 3 para llel paths),

High fr ee speed and high Shorted fi el d s in starte r motor. In stall new fiel ds and check for improved perform-

current draw. manc e. (Fi e l d s no rma lly have very low res istance,

thus i t i s diffi cul t to detec t short ed f ie lds, since

difference in cu rrent draw between normal st ar ter

moto r f ield w indi ngs would not be ve ry great. )

High circuit res i sta nce. D irty connec tions . C lean connect ions.

-
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STARTER DRIVE

GEN ERAL

The inertia type drive assembly is mounted on the arma­
ture shaft which has external sprial s plines which match
the internal splines in the drive assembly.

DISASSEMBLY
1. To disassemble drive from armature, slide a standard

half-inch pipe coupling or other metal cylinder onto
shaft so end of coupling or cy linder butts against edge
of pinion stop collar.

2 . Tap end of coupling to drive the top collar toward
armature and off snap ring .

3. Remove snap ring from groove in shaft.
4. Remove drive and spring in order shown in Figure 2.
5. Remove drive end frame from armature and disassem­

bly is complete.
6. Frame and field assembly may be disassembled for

servicing if required.

F igure 2. Starter Drive Assembly

REASSEMBLY (Figur e 2 )

1. Lubricate splined portion of armature shaft with SAE
30 or 10W30 oil.

2 . Place drive re turn spring on armature shaft with small
d iameter of spring toward end frame .

3 . Install first t urn of small end of spring In groove of

7 70

shaft next to end frame. Hook tip of end of spring In

hole at bottom of gro ove . Do not distort spring.

4 . With spring in free position , hold spring out of way
while drive is assembled on shaft in full disengaged
position.

START ERS - 68-3



5. Wind up fre e e nd of spring 3 /4-t urn a nd hook it in to
nearest of four holes in drive plate . Be sure tha t s pring
is s ecurely hoo ked into drive pla te.

6 . Slide pinion stop colla r onto s haft with cupped s urface
fa cing away from drive.

7. Install snap ri ng in groove at e nd of s ha ft. Squeeze
sn ap ri ng (with pliers) so that it fits well into groove .

8 . Positio n pinion s to p co llar next to s na p ring a nd assem­
b le was he r ne xt to oth e r side of snap ring. (Figure 3)
Us e 2 pairs of pl ie rs at the same tim e (one pair on
e ither side of shaft) to grip stop co llar and washe r.
Stop c oll a r wi ll rotate free ly whe n pro pe rly assemble d .

9 . Rotate drive a ga ins t pin io n s top and relie ve a ny turns
which ma y be ove rla p pin g oth er turns . When sprin g is
properly a s se mble d, dri ve should re turn qui ckly from
engaged positi on .

68-4 - ST ARTERS

WASHER
REMOVE AFTER COLLAR IS IN PLACE

0069 4

Figure 3 . Insta ll ing Pinion Stop on Starter

770



D-50-53261 and D-50-53262Al STARTER MOTOR

REMOVAL
1. Remove top cowl and dash assembly .
2 . Remove starter leads.
3. Remove bolts which secure front mounting bracket and

rear starter bracket to crankcase .

4. Lift off starter motorts} .

5. Now remove the front and rear starter brackets from
starterts) .

DISASSEMBLY and REPAIR

f

1. Remove starter drive as outlined .
2. Remove 2 thru bolts, lockwashers and flat washers

from bottom of starter. Pull armature and upper end
cap from body and field.

3. Remove lower end -ca p and release brushes from brush
holder. Do not lose thrust washers from end cap or
armature shaft.

4 . Brushes should be replaced if worn to one-half of orig­
inallength or chipped or worn .

5 . Two brushes and terminal can be removed by pushing
terminal block toward bottom of field housing.

6. Field brushes are removed by loosening solder con ­
nections with a soldering gun .

7. Field winding is an integral part of body, as they are

F igure 1. Armature Test

7 70

F igure 2. Resurfacing Commutator

spot welded togethe r, and must be replaced complete
if found defective.

8. Set Magneto Analyzer on Scale No.3 and check be­
tween field and body. Needle on analyzer should move
completely to the right of Scale No .3, as field and
body are connected .

9 . Check armature on a growler (Figure 1), or by placing
Magneto Analyzer on Scale No .3, and check for shorts
between commutator bars and core. Any movement of
analyze r needle to the right indicates a short. Clean
carbon dust from armature , as this may be cause for short

10. Armature commutator bars can be res urfaced with a re­
conditioning tool, if worn excessively, or cleaned with
No . 00 s andpa per . (Figure 2).

STA RT ERS - 6 8-5



REASSEMBLY

1. Clean connections on field windings and resolder on
new brushes with resin flux solder. Do not apply ex­
cessive solder on brush lead, as lead must remain
flexible.

2 . Place shims and upper end cap on armature shaft. In­
stall armature into body and field and line up detents.

3. Install thrust washers on lower end of armature shaft.

4. Install brushes into brush holder and depress brushes
and brush springs while sliding over commutator bars.
Check for proper alignment of brush and brush holder ,
as th ey will fit only onto field body one way. (Fig. 3)

Figure 3. Brush and Brush Holder Aligned

Terminal
Block

00714

Figure 4. Aligning End Cap with Brush Holder

5. Align lower end cap with brush holder and install. Two
marks on cap line up with terminal block. (Figure 4)
Install 2 thru bolts and tighten.

6. Install starter drive as outlined.

INSTALLATION

1. Install front and rear starter brackets on starterfs).
2. Position starter motorts) on engine assembly.
3. Install rear and front starter mounting bracket bolts.
4. Install starter leads.

68-6 - STARTERS

5 . Manually engage starter drive gear into flywheel nng
gear. Drive should engage and release freely.

6. Install top cowl and dash assembly.

770
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D-SO-S6390 and D-SO-S6389Al STARTER MOTOR

REMOVAL

1. Remove top cow I and dash assembly .

2 . Remove starter leadts) .

3 . L oosen bolts on front starter bracket.

4. Rotate s tartert s) to rear of vehicle eno ugh to-permit
removal of rear starter bracket bolts.

5. L ift off starter motorts ) .
6 . Rem ove mounting brackets from starterts}.

DISASSEM BLY a n d RE PAIR

1. Remove 2 thru bolts and lo ckwashers at bottom of starter.
2. Pull armature and upper end cap from body and field.

3 . Remove lower end ca p and release f ield brush by pull­
ing brush sprin g back with pliers. Do not lose thrust
wa s he r from end cap.

4 . Brus hes
a . Repla ce brushes , if worn 1/2 of origina l length or if

chip ped or broke n.
b . Ground brush may be repla ced by removin g screw In

lower e nd ca p.
c . F ie ld brush
(1) Unwra p tape and slide sleeve from soldered con ­

ne cti on.
(2) Lo osen soldered connec t ion with soldering iron .
(3) Res old er new brush lead to co il connec t ions with

res in flux only . (F igure 1)

0071 5

Figure 1. Soldering New Brush Lead

NO TE : Do not us e excessive so lde r on lead ofbrus h,
as lead mus t remain f lexib le .

(4) Install sleeve and retape soldered co nnec t ion .
d . Brush spring tensi on: 29-36 oz.

770
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Fi gure 2. Check for Shorted Field

5. Body and fie ld assembly
a. Field winding is a n inte gral part of th e bod y and mus t

be repla ced c omplete .
b. Check for shorted field by s e ttin g Magne to Ana lyze r

(C-91 -25213) on Scale No .3 and checki ng between
fie ld terminal and body. (F igure 2) Any movement of
needle to right indicates that fi eld is shorted.

c. F ie ld co il resistance: .025 ohms

6 . Armature
a . Commutator can be resurfaced with a reconditi oni ng

tool, if excessively worn, and mica undercut to 1 /32"

(. 79mm). (F igure 3)
b. If co mmuta tor bars are not worn ex cess ively , they can

be cl eaned with No . 00 s andpa per .
c. Ch eck a rma ture on a grow le r or pla ce Ma gneto An­

a lyzer on Scale o. 3 a nd check for sh orts be tween
commutator bars and co re . (F igure 4)

0) Any movement to right indicates a short .
(2) Clean off ca rbon dust , as this may be cause for

sh ort. '

ST A R T E R S - 68-7



Figure 3. Undercutting Mi ca Figure 4. T esting Armatur e

REA SSEMBLY

1. Place shims and upper end cap on armature shaft . Ar­
mature shaft must be shimmed to allow an end play of
.005 - .015 (.01 3 - .038mm).

2 . Ins tall armature into body and field and line up detent
of upp er end ca p and b ody with marking on body and
end cap .

3. Install th rust washer over lower e nd of armature s ha ft.

4. P ull brush springs back, slide brushes over com mut­
ator ba rs and line up marks on end cap.

5 . Install 2 th ru bolts and washers and torque to 60 - 65
in . lbs . (10 .65 - 11.54 kg /cm).

INSTALLATION

1. Ins tall rear bracket on starter motorl s ).
2. P lace front mount in position a nd insert 2 lockwa shers

a nd bolts in bottom bolt holes, but do not start threads .
Torque cra nkc as e mount bolts to 250 in .lbs .

3. Rotate starterl s ) on rear bracket to permit installation
of forward bolt and lockwasher wh ich secure rear start­
e r bra cket to cra nkc as e . Install rema ining rear bra ck et
bolt.

68-8 - ST A RTE R S

4 . Rotate s tarte rs in to position and secure front s tarter
brac ket.

NOTE : Be sure to reinstall .010" shim und er front
bracket at ea ch bolt (if so equi ppe d when starter [ sJ
was remov ed).

5. Ins ta ll starter lead (s }.
6. Ins tall da sh assembly and top cowl.

770



STARTER MOTOR

ROCKET, LIGHTNING, 440 MAX, 440 MIX and 440 SIR

GENERAL

The following section comprises repair procedures for electric
starte r motor on Rocket, Lightn ing, 440 MAX, 440 MIX and
440 SIR models. The starter motor has a separate field

winding and solenoid engaged pinion gear. Starter drive and
internal repairs are outlined in th is section.

TROUBLESHOOTING

NOTE : For bas ic starte r motor troublesh ooti ng, refer to 220/250 troublesh ooting chart.

Solenoid fails to pul l
in

So lenoid fails to pul l
in

Solenoid chatters but
does not hol d in

Drive pin ion does not
mesh with flywheel

Starter motor keeps
running

275R3

Cause

Excess vo ltage drop in soleno id contro l c ir­
cuit

Poor contact of solenoid contact po ints

Burned or poor contact of so le no id contact
disc

Open c irc uit of so lenoid "pull in" windin g

Imprope r pinion c learance

Excessive wea r of so leno id link age

Open "hold in" wind ing

Pin ion gear worn

Defect ive drive

Improper pinion clearance

Worn s tarter bush ings

Worn rin g ge ar

Shorted so lenoid windin gs

Melted solenoid contacts

Ignition switch return s poo rly

Remedy

Repldce solenoid

Rep lace solenoid

Rep lace so lenoid

Rep lace so lenoid

Ad just sole noid plunger le ngth or repl ace
dr ive
Rep lace worn or defec ti ve pa rts

Replace so lenoid

Re place drive

Re place drive

Adju st so le no id plunger len gt h or replace
drive
Re pla ce bushings

Re pla ce ring ge ar

Replace sol enoid

Replace solenoid

Replace ignition switch

STA RT ERS - 68-9
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REMOVAL

1. Open top cowl.
2. Disconnect battery leads from battery.
3. Remove harn ess and battery leads from solenoid.

4. Remo ve sta rte r motor attaching bolts from flywh eel hous­
ing backplate and crankcase.

5. Remove starter assembly.

DISASSEMBLY and REPA IR

06569

01448

0.02" TO 0.14"
PINION CLE ARANCE

Figure 3. Checking Pinion Clearance

PRESS ON CLUTCH
AS SHOWN TO
TAKE UP MOVEM ENT

PINION

Figure 2. Checking Solenoid Plunger Return

Figure 1. Checking Solenoid "Pull-In" Winding

b. Under above condition, disconnect negative battery
lead from solenoid terminal. If solenoid plunger does
not remain pulled in, soleno id is defective and must be
replaced .

c. Check solenoid return performance by connecting
positive battery lead to contact terminal on top of
solenoid and negative lead to solenoid body . (Figure 2)
After pulling out pinion until it reaches pinion stop
collar, release pinion. If pinion returns with 12 volts
applied, solenoid is sat isfactory.

d. Check clearance between pinion end and pinion stop
collar with solenoid being operated as in "a" .above.
Clearance should be from 0.02"to 0.14". (F igure 3) If
it is not within specified limits, adjust solenoid plunger
length or replace pinion.

NOTE: Add or remove gaskets between solenoid and end
cap to change solenoid plunger length.

1. Make the following solenoid electrical checks before
disassembly:
a. Using a fully-charged, 12-volt battery , connect positive

lead to "5 0" termina l and 2 negat ive leads (one to
solenoid body and one to contact terminal on top of
solenoid . (Figure 1) Solenoid plunger should pull in
with 8 volts applied. If not, solenoid is defective and
must be replaced.

68-10 - STARTERS 275 R1



06436

01439

Fi gure 7. Removin g F ie ld Co il Screws

F igure 6 . Removing Stop Collar

10. Remove red and ye llow field co il leads from brush
holder plate and remove plate.

ll . Remove brushes and springs from brush holder plate .
Replace brushes, if worn to less than II / 32" (9mm)
length, or if chipped or hroken .

12. Set Magneto Analyzer (C-91-25213) on Scal e No.3 and
check between field and frame. Ne edle on an al yzer
should move completely to the right of Scal e No.3
as field and body are connected.

13. Remove field coil attaching screws . (Figure 7)

064 4 1Brush Spring_

Figure 4. Frame Assembly Removed

9. Remove drive from armature .
a . Slide a pipe coupling or other metal cyli nder onto

shaft so that end of coupl ing or cylinder butts
against edge of of pini on stop coll ar , as shown
in Figure 6.

b. Tap end of coupling or cyl inde r to drive stop coll ar
toward armature and off s nap ring. (F igure 6)

c. Remove s nap ring from groove in armature shaft
and remove drive.

06440

Figure 5. Removing Armature, Dri ve and Sh iff Lever

Orive
Assembly

>'..Orive
Housing

NOTE: DO NO T bend shift lever arms to remove shift
le ver. Complete as s embly may be removed by position­
ing s hi ft lev er and armatur e as shown.

2. Remove field wire from s ol en oi d.
3. Remove s ole noi d a ttaching scre ws and remove solenoid

and gasket from drive housing.
4. Remove thru-bolts, lockwashers and rear mounting

plate.
5. Remove commutator end cap and "0" ring. Do not

lose thrust washer and wear wa sh er from cummutator.
6 . Remove frame, field coi ls and brush holder pl ate as an

assembly. (Figure 4)

7. Remove hairpin from shift lever clevis pin and remove
clevis pin from drive housing.

8. Remove armature, drive and shift le ver from drive
housing as an assembly. (F igur e 5) Do not lose wear
washer from armature shaft .

171 STAR TERS - 68-11



14. Unso lder terminal from field coil solenoid lead and
remove field coil. (F igure 8)

Figure 8. Unsoldering Field Coil Solenoid Lead Terminal

Figure 9. Armature Test

15 . Check armature on a growler (Figure 9) (or by placing
Magneto Anal yzer on Scale No. 3) and check for shorts
between commutator bars and core. Any movement of
analyzer needle to the right indicates a short. Clean
carbon dust from armature , as th is may be cause for
s hort.

Figure 10. Resurfacing Commutator

16. If arma ture commutato r is not excessively worn, clean
commutator with No. 00 sandpape r. If commuta tor is
excessively worn, resurface with a reconditioning tool, as
outlined following:
a. Resurface commutato r with a reconditioning to ol

(Figure 10) or turn down on lath e until clean.
b. Undercut th e insulation ·between commutator bars

1/32" (.8mm) to full width of insulation and flat at
bottom. A triangular groove is not satisfactory. After
undercutting, clean out slots carefully to remove dirt
and copper dust.

c. Sand commutator lightly with No. 00 sandpaper to
remove any burrs left from undercutting.

d. Recheck armature on growler (Figure 9) for short
circuits.

-

REASSEMBLY
For 'lid in reassembly, refe rto exp loded view. (Figu re 12)

1 . Install fi e ld coil in frame with 4 attaching s crews.
2. l1 eso lder terminal to field coil solenoid lead.
3. Attach red and yellow field coi l leads to brush holder

plate and pos i tio n pla te on frame.

NOTE: Tab on plate mus t be al ign ed wi th not ch in

starte r mot or fram e.

4. Place drive on armature shaft and slide on pinIOn
stop co llar with cupped surface fa cing away from drive .

5. Ins tall snap rin g in groove at end of sh aft. Squeeze
s nap ring (with pl iers ) so that it fits well int o groove.

Figure 11. Installing Pinion Stop

6 8 -12 - STARTE R S 374Rl



23 - Rear Mou nting Plate
24 - Thru Bolt and Lockwasher (2 )
25 - Lockwasher and Screw (2)
26 - Frame

14 - Armature
15 - Steel Wear Washer (2)
16 - Field Coil
17 - Screw (4)
18 - Brush Holder Plate
19 - Bru sh (2)
20 - Spri ng (2)
2 1 - End Cap
22 - "0" Ring

"-
I

l

l- S~"" ' ,,-

Solenoid ~
2 - Gasket
3 - Pin ion Shif t Lever
4 - Lockw asher and Screw (2)
5 - Clevis Pin
6 - Hairp in
7 - Dr ive Hou sing
8 - Bushi ng (2 )
9 - Cover (2)

10 - Fiber Thrust Washer (2)
11 - Dr ive Pin ion
12 - Snap R ing
13 - Pin ion Stop Collar

Figure 12. Starter Motor Exploded View

6. Position pInIOn stop (thrust) c ollar nex t t o other s ide
of snap ring. (F igure 11) Use 2 pairs of pl ie rs at the
s ame time (one pair on either side of s haf t) to grip
s top collar a nd washer . Stop co llar wi ll rotate freely
when properly assembled.

7. Place wear washer on drive end of armature shaft.
8 . Install armature and s hift le ver in drive hou sing by re­

versin g removal procedure shown in Figure 5 .
9. Install clevis pin thru drive housing an d s hift le ver.

Secure clevis pin with hair pin clip.
10. Sli de frame as sembly over armature, depres si ng brushe s

and brus h s pr in gs while sliding frame over commutator.
11. Place wear washer and thrust washer on commutator.

12. Place " 0 " ri ng on fr ame . Install commutator end cap
and rear mount ing bra ck et on starter and secure wi th
2 thru bol ts.

13. Place s olenoid ga s ket in drive hous ing. Install so lenoid
in dri ve housi ng and attach with 2 screws.

NOTE: Be sure that solenoid is s ecu rely hook ed on
shift lever.

14 . Attach field coil lead to s olen oid.

INSTALLATION

1. Insta ll wiring harness and battery lead s on solenoid.

NOTE: On 440 MAX and 440 S IR models (Chassis Serial
No. 3794985 and below), wiring harness ''J'' clip is
attached to upper cap screw.

2. Position starter motor on engine, (Fi gure 13)
3. Install fro nt and rear attaching bo lts. Torque to specifica­

tions. (Refer to " Specifications" Section 8.)
4. Conn ect battery leads to battery .
5 . Close top cowl.

Fi gure 13. Starter Motor Installed on Engine

275R3 STARTERS - 68-13----- ----------------------------



STARTER MOTOR - HURRICANE, MARK:I & MARK D:

DESCRIPTION
This sect ion comprises repair pro cedures for electric starte r
motor on Hurri cane, Mark I and Mark II (644cc) models . Th e
sta rter motor has a permanent magnet type field and inertia

drive gear . Starter drives and internal repairs are outlined in
this sectio n.

PRECAUTIONS
The cranking motor is designed to operate und er great
overload and produce a high horsepower for its size. It can do
this on ly for a short tim e, since considerable heat accumulates
and can cause serious damage. For this reason , the cranking

motor never must be used for more than 30 seconds at an y
one tim e. Cranking should not be repeat ed without a pause of
at least 2 minutes to permit th e heat to escape.

PERIODIC INSPECTION
Cranking motor is completely enclosed in th e motor cowling
to preven t entrance of moisture and dirt. However, as an aid to
preventive maint enan ce, periodi c inspection is required as
follows:

J . Inspect terminals for corrosion and loose connect ions,
2. Inspect wiring for fray ed and worn insulation.
3. Check mounting bolts for tightness.

TROUBLESHOOTING
Trouble Cause Remedy

Sta rter motor has low Armature may be dragging Rep lace shaft or end cap or remove armature and test on

no-load speed and magnet from bent shaft, worn growler for short.
high-cu rrent draw. bearings.

Tight or dirty bearings. Clean bearings .

H i qh-cu rrent draw A direct ground at switch, at Replace defective parts.
with no armature roo terminal or at brushes.
tat ion . Frozen shaft bearings wh ich Clean bearings or rep lace end cap.

prevent armature from rotat-
ing.

Sta rter motor has Armature is burned or lead is Raise grounded brushes from commutator & insulate th em
grounded armature . thrown out of commutator with cardboard. Use Mangeto Analyzer (C-91-25213)

because of excessive leakage. (Selector No.3) & test points to check between insulated
terminal of starter motor & starter motor frame. If
analyzer shows resistance (meter hand moves to right),
there is a ground. Raise other brushes from armature &
check armature and fields separately to locat e ground.

Sta rter motor has Brushes are grounded. Disconnect grounded leads, then locate any abnormal
grounded armature. grounds in starter motor.

Sta rte r motor fails to Open circui t in armature at Repair or adjust broken or weak brush springs, worn
ope rate & draw s no connections or brushes or brushes, high insulation between commutator bars or a
current and/or high between brushes and corn- dirty, gummy or oily commutator.
resistance. mutator.

Excess, voltage drop. Cables not adequate size. Because of high current draw, install larger diameter cables.

High circuit resistance. Dirty connections. Clean connections .
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Trouble

Starter does not op ­

erate.

Starter t urns over too
slowly .

Starter spins free ly
but does not engage
engine.

Starter does not en­
gage properly.

Starter keeps spinning
aft er key is turned t o
"On" pos it ion.

Wires are over-heating.

Battery voltage.

372

Cause

Run do wn battery

Poor contact at te rminals
Wiring or key switch ..
Sta rte r solenoid .

Sta rte r motor . . . . . . . . . .

low battery . . . . . . . . . . .
Poo r contact at battery te rminal
Poor contact at starter motor.
Sta rter mechanism .

Sta rter motor . . . . . . . . . .

l ow battery . . . . . . . . . . .
Poor contact at battery terminal
Poor co ntact at starter motor
Dirt y or corroded drive pinion

Pinion or flywhee l gear

Small ant i-drift spr ing

Key not fully returned .....

Wiring or key switc h .. . . . .

Battery termin als improperly
connecte d.

Sho rt circuit in wirin g system

Battery voltage .

Remedy

(1) Check battery with hydrometer. If reading is below
1.230, recharge or replace battery.

(2) Remove terminals, scrape clean and tighten bolts
secu rely. Coat with sealer to protect against further

corrosion.
Check fo r resistance between: a) Positive (+) te rmi nal of
battery and large input t erminal of starter solenoid, b)
large wire at top of starter motor and negative (-) terminal
of battery, and c) small terminal of starter solenoid and
posit ive battery terminal (key switch must be in "Start"
position). Repair all defective parts.
(3) With a fully cha rged battery, connect a negat ive (-)

jumper wire to upper terminal on side of starter motor
and a pos itive jumper to large lower terminal of sta rte r
motor. If motor still does not operat e, remove fo r
overhaul or replacement.

Complete (1) preced ing.
Complete (2) preceding.
(4) Check all terminals for looseness and tighten all nuts
securely. Disconnect positive (+) battery terminal. Rot ate
pinion gear in disengaged position. Pinion gear and motor
should run freely by hand . If motor does not turn easily,
clean starter and replace all defective parts.
Complete (3) preceding.

Complete (1) preceding.
Complete (2) preceding.
Complete (4) above.
Clean thoroughly and lubricate the spline unde rnea t h
pinion with Multipurpose lubricant (C-92-4958 8l.

Inspect mating gears for excessive wear. Replace all
defective parts.
If dr ive pinion interferes with flywheel gear after eng ine
has started, inspect anti-drift spring located under pinion
gear. Replace all defective parts.

(NOTE: If drive pinion tends to stay engaged in fly wheel
gear when starter motor is in idle position, start motor at
%'-throttle to allow starter pinion gear to release fly wheel
ring gear instantly.)

Check that key has ret urned to normal "On" position
from "Start" position. Replace switch if key constant ly
stays in " Start " pos ition.
Inspect all wires for defects. Open remote control box and
inspect wir ing at switches. Repair or replace all defect ive
parts.

Check that negative marking on harness matches that of
battery. If battery is connected improperly, red wire to
rectifier will overheat.
Inspect all connections and wires for loosen ess or defects .
Open remote control box and inspect wiring at switches.

Battery voltage is checked with Ampere-Volt Tes te r
(C-91-27883) only when battery is under starting load.
Battery must be recharged if it registers und er 9% volts. If
battery is below specified hydrometer reading (1.230), it
will not turn engine fast enough to start.
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REMOVAL
1. Raise top cowl.
2 . Disconnect battery cables and st arte r eable(s).
3 . Remove rubber shroud and fan housing cover (Hurricane

only).

NOTE: Insert screwd river, as show n in Figure 1, to prevent
nut fro m falling behind air shroud.

4. Remove 2 allen head screws from front mount of starter
and 2 cap screws from rear starter mounti ng bracket to
engine. (Figure 1)

NOTE: Mark I and Mark II starter motors are not
attached to fan housing with screws.

5. Remove starter motor. ~

Figure 1. Starter Motor on Enginer
DISASSEMBLY

1. Rcmove rear mounting bracket fro m starter . Scribe a mark
on Bendix gear end of starter ho using to aid in reassc mbIy.

2. Remove 2 starter thru bolts.
3. Remov e end cap assembly.
4 . Remove armature from starter housing.
5. Remove Bendix gear from armature as fo llows:

HURRICAN E

a. Place 13/16" wrench on inner nut on drive assembly.
b. Place 11/16" wrench on front nut on drive assembly.
c. Loosen front nut.

d. Remove nut , collar, spring, Bendix gear , plate assembly
and thrust washer.

MARKIand MARKTI

a. Slide a metal cylinder over the armature shaft so that
end of cylinder butts against edge of pinion stop collar.

b. Tap end of cylinder to drive stop collar toward
arma ture and off snap ring.

c. Remo ve snap ring from groo ve in shaft .
d. Remove pinion stop collar, spring, Bendix gear, drive

end plat e and thrust washer from armature.

CLEA N IN G and INSPECTING
1. Clean all starter moto r parts, but do no t use grease-dis­

solving solvents for cleaning armatu re. Such a solven t will
damage armature insulation.

2 _ Check that pinion teeth have not been chipped, cracked or
excessively worn. Check spring for normal tension and
collar for wear. If necessary, replace spring or collar .

3. Check that brush holders and springs are not damaged and
will hold brushes against commutator.

4. Check condition of brushes. Replace if pitted or worn to
one-half their original length.

5. Check fit of armature shaft in bushi ng in top cap. Shaft
should fit snugly in bushing. Apply SAE No. 10 oil to this
bushing before reassembly . Avoid ex cessive lubrication.

6 . Check fit of bushing in commutator end plate. Apply SAE
No. 10 oil to this bushing before reassembly. Avoid
excessive lubrication. Lubricant fo rced onto commuta tor
will gum and cause poor commutation and cranking motor
performance.

7. Inspect armature commutator. If comm uta tor is rough, it
should be turned down on a lathe and und ercut. Inspect
points, whe re armature conductors join commuta tor bars ,
to make sure that it is a good, firm connection. Burn ed
commuta tor bar usually is evidence of poor connection.
See "Turning the Commuta to r", following.

8. Open-ci rcuited armatures of ten can be saved where the
open circuit is obvious and repairable. Th e most likely
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place for an ope n circuit to occur is at th e comm utator
bars, as a result of excessively long cranking periods. Long
cranking periods overheat the starter motor so that the
solder in t he con nectio ns melts and is thrown out . The
poor connect ions t hen cause arcing and burning of t he
commutator bars as th e starter motor is used. If ba rs are
not to o badl y burned, repair often can be complete d by
resold ering the leads in th e bars (using rosin flux) and
turning down the commuta tor in a lathe to remove t he
burned material. Th e mica then should be undercut.

9. Use a growler to locate short circuits in th e armature.
When th e armature is revolved in th e growler with a steel
strip, such as a hack-saw blade held above it, the blad e will
vibrate abo ve the area of th e armature core in which the
short circuit is located. Copper or brush dust in the slots
between th e commuta tor bars som etimes produces shorts
between the bars which can he eliminate d by cleaning out
the slots.

10 . Grounds in th e armature can be detected on th e Magneto
Analyzer (C-91-25213), No.3 "Continuity Test". If the
needl e moves across the meter, when one test point is
placed on the commutator with the other point on th e
core or shaft, the armature is grounded. Grounds often
occur as a result of insulation failure, which is often
brought about by overheating of the starter motor
produced by excessively long cranking periods.
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Figure 2. Starter Motor Exploded View - Hurricane, MarkI and Mark]I (644cc)
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TURNING the COMMUTATOR
When inspection shows commutator roughness, clean as
follows:
1. Tum down commutator in a lathe unt il throughly clean.

CAUTION: Do not cut beyond section previously turned.

2. Undercut th e insulation between commuta tor bars 1/32"
(.8mm) to full width on insulation and flat at bottom. A
triangular groove is not satisfacto ry. After und ercutting,
clean out slots carefully to remove dirt and copper dust.

3. Sand commutato r lightly with No. 00 sandpaper to remove
any slight burns left from und ercutting.

4. Recheck armature on growler for short circuits.

BRUSH REPLACEM ENT
NOTE: Replace starter brushes when worn down to !4"
(6.35mm), or if chipped or broken. A lways install a
complete set of new brushes.

1. Remove 2 ground brushes and plasti c brush holders.

2. Remove 2 positive brushes by removing nut from bolt in
cap. Do not unsolder brush leads from bolt head .

3. Install new positive brushes and replace insulated washer,
flat washer and lockwasher on bolt. Tighten nut on bolt.

4. Replace plastic brush holders.
5. Install new ground brushes.

1. Install Bendi x gear on armature as follows:

HURRICANE

REASSEMBLY

to grip stop collar and washer. Sto p collar will
rotate freely when pro perly assembled. Remove
washer .

a. Install thrust washer, drive end plate, Bendix gear,
spring, collar and nut on armature assembly.

b. Torque nut to 60-65 in . lbs.

MARK rand MA RKTI

a. Install thrust washer, drive end plat e, Bendix gear,
spring and pinion sto p collar on armature. Cupped
surface of sto p collar must be away from Bendix
gear .

b. Install snap ring in groove at end of armature shaft .
Squeeze snap ring (with pliers) so that it fits well
into th e groove.

c. Position pinion stop collar next to snap ring and
place a washer (standard automotive crank ing
thrust washer, if available) over armature shaft and
next to other side of snap ring. Use 2 pairs of pliers
at thc same tim e (on e pair on eit her side of shaft)

WARNING: Magnets in motor housing will pull arma­
ture into housing. Be careful when installing armature.

2. Install armature assembly into motor housing. Drive end of
housing (mark ed in disassembly) must be toward Bendix
gear.

NOTE: Slots in end caps must align with bosses on motor
housing.

3. Install end cap assembl y.

NOTE: Brushes and springs MUST be prope rly posit ioned
in end cap.

4. Install 2 starte r motor thru bolts.
5. Instal l rear mounting brack et to starte r motor-

INSTALLATION

NOTE: Mark I and Mark II starter motors have 2 rubber
stops located in slots in drive end plate, Stops must be
properly positioned after installation.

1. Position starter motor on engine. Start er motor must be
tight against backplate.

2. Install 2 cap screws finger-tight in rear mounting bracket
to engine .

3. Install 2 allen head screws in front mount and to rque front
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and rear mount screws to specifica tions. (Refer to " Speci­
fications" Section 8 .)

NOTE: Mark I and Mark II starter motors are not attached
to fan housing with screws.

4. Install fan housing cover and rubber shroud (Hurricane
only).

5. Connect starter cablc(s) and battery cables.
6. Close top cowl.
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