BATTERY CHARGING GENERATOR-31

FAULT SYMPTOMS—ontinued
Alternator Probabic Fauit
Warning Light {Associated Damage)
Temperature | Noise Output
Liuminated at Normal Excessive Very low at all Earth side main
stand-still, dims speeds above output diode short
at cut-in speed cut-in {1,500 circuit or stator
(1,500 rev/min} rev/min) winding short
and remains dim, Approximately: circuited to earth.
but may be exting- TA
uished at very
high speeds.
THluminated at Normal Excessive Very low at Field diode short
stand-still, dims 6,000 rev/min cireuit.
at cut-in speed Approximately:
(1,500 rev/min) TA
and remains dim,
but may be
extinguished at
very high speeds

AC Deleo DN46O Aliernators
456. To overhaui the alternator, observe the following
procedure in conjunction with the exploded diagram

457, To disassemble the alternator, take out the three
through bolts, and separate the drive end frame and
rotor assembly from the stator assembly by prying

below. apart with a screwdriver at the stator slot,
14 pole rotor & field winding assembly Rectifier bridge in heat sink
Pulley Ball bearing Slip rings Diode trio Roller bearing

Brush gear

Drive end frame Stip ring end frame

Assymetric cooling fan

3 phase stator Built-in integrated circuit reguiator

7.1000-456
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BATTERY CHARGING GENERATOR-32

458. A scribe mark will help locate the parts in the
same position during assembly,

459, After disassembly, place a piece of 1ape over the
slip ring frame bearing to prevent entry of dirt and
other foreign material, and also place a piece of tape
over the shaft on the ship ring end.

CAUTION: Use tape which will not leave a gummy
deposit on the shaft,

460, I the brushes are to be reused, clean with a soft
dry cloth.

461. To remove the drive end frame from the rotor,
place the rotor in a2 vice and tighten only enough to per-
mit removal of the shaft nut. Avold excessive tightening
as this may cause distortion of the rotor.

462. Remove the shaft nut, washer, pulley, fan and the
collar and then separate the drive end frame from the
rotor shaft,

Rotor Field Winding Checks

463, To check for opens, connect the test lamp or
ohmmeter 10 each slip ring. If the lamp fails to light or if
the ohmmaeter reading is high (infinite) the winding is
open.

464, The winding is checked for short circuits or ex-
cessive resistance by connecting an chmmeter to the
two slip rings. if the reading is below the specified
value, the winding is shorted, { above the specified
value, the winding has excessive resistance.

2

7.1000-464

465. Remember that the winding resistance reading
will vary slightly with winding temperature changes.

466, If the rotor is not defective bat the generator fails
to supply rated output, the defect is in the diode trio,
rectifier bridge or stator.

Driode Trio Check
467. Connect an ohmmeter using lowest range scale

from brush lead clip to end frame, then reverse lead
connections,
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7.4000-467

468, If both readings are the same, check for grounded
brush iead clp, caused by omission of insulating
washer, omission of insulating sleeve over screw, OF
damaged insulating sleeve. Remove screw 1o inspect
sieeve. If screw assembly is correct, and both ohmmeter
readings are the same, replace regulator.

469. To check the diode trio, remove it from the end
frame assembly by detaching the three nuts, the ar-
taching screw and removing the stator assembly, Note
that the insulating washer on the screw is assembied
over the top of the diode trio connector.

470, Connect an ohmmeter having a 14 voit cell, and
using the lowest range scale, to the single connector and
1o one of the three connectors.

FA000-470

4731, Observe the reading. Then reverse the ohmmeter
leads to the same two connectors. If both the readings
are the same, replace the diode tric. A good diode trie




will give one high and one low reading. Repeat this
same test between the single connector and each of the
ather two connectors.

472, Figares 7.1000-467 and 7.1000-47C iilustrate
two diode trios differing in appearance. The difference
being that on the later models the single connector was
made flexibie to enable fitment to all models.

Rectifier Bridge Check

473. Note that the rectifier bridge has a grounded heat
sink and an insulated heat sink connected to the output
terminal, Also note the insulating washer located
between the insulated heat sink and end frame.

7.1000-473

474. To check the rectifier bridge, connect the
ohmmeter to the grounded heat sink and one of the
three flat metal connectors. Then reverse the iead con-

nections. I both readings are the same, replace the rec-

tifier bridge. A good rectifier bridge will give one high
and one low reading. Repeat this same test between the
grounded heat sink and the other two terminals, and
between the insulated heat sink and each of the three
terminals. This makes a total of six checks with two
readings taken for each check.

475. The ohmmeter check of the rectifier bridge and of
the diode trio as previously covered is a valid and ac-
curate check. Do not replace either unit unless at least
one pair of readings is the same. CAUTION: Do not
use high voltage to check these units such as a 110 volt
test lamp,

476. To replace the rectifier bridge, remove the two at-
taching screws. Note the insulator between the in-
sulated sink and end frame {(7.1000-473). Rectifier
bridges may vary in appearance but are completely in-
terchangeable in these generators.
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Stator Checks

477, The stator windings may be checked with a 110
volt test jamp or an ohmmeter. If the lamp lights, or if
the meter reading is low when connected from any
stator jead to the frame, the windings are grounded. If
the lamp fails to light or i the meter reading is high
when successively connected between each pair of
stator leads, the windings are open.

71000477

478. A short circait in the stator windings is difficult to
locate without laboratory test equipment due 10 the low
resistance of the windings. However, if all other
electrical checks are normal and the generator fails to
suppiy rated ouiput, shorted stator windings are in-
dicated. Also, a shorted stator can cause the indicator
lamp {0 be on with the engine at low speed.

Brush Holder and Regulator Replacement

479, After removing the three atiaching nuts, the siator
and diode trio screw, the brush holder and regulator
may be removed by removing the two remaining
screws. Note the two insulators located over the top of
the brush clips in figure 7.1000-467, and that these two
screws have special insulating sleeves over the screw
body above the threads.

480. The third mounting screw may or may not have
an insulating sleeve. If not, this screw must not be in-
terchanged with either of the other two screws, as a
ground may resuit, causing no ocutput or uncontrolied
generator output. Regulators may vary in appearance
but are completely interchangeable in these generators.

Slip Ring Servicing

481. I the slip rings are dirty, they may be cleaned and
finished with 440 grain or finer polishing cloth. Spin the
rotor and hold the polishing cloth against the slip rings
until they are clean. CAUTION: The rotor must be
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BATTERY CHARGING GENERATOR-34

rotated in order that the slip rings will be cleaned
evenly. Cleaning the slip rings by hand without spinn-
ing the rotor may result in flat spots on the slip rings
causing brush noise.

482. Siip rings which are rough or out of round should
be trued inn a lathe to 002 inch maximum indicator
reading. Remove only enough material to make the
rings smooth and round, Finish with 400 grain or finer
polishing cloth and biow away all dust.

Bearing Replacement and Lubrication

483, The bearing in the drive end frame can be remov-
ed by detaching the retainer plate screws and then
pressing the bearing from the end frame. If the bearing
1s in a satisfactory condition, it may be reused and it
shouid be filled one quarter full with specified grease
before reassembly. CAUTION: Do not overfill as this
may cause the bearing 1o overheat.

484. To install 2 new bearing, press in with a tube or
coliar that just fits over the outer race, with the bearing
and sHinger assembled into the end frame as shown
betow, -

NOTE: Some models use flat washers instead of a
slinger.

BEARING

SLINGER

7.1000-484 ARMATHRE SHAFT

485. It is recommended that a new retainer plate be in-
stalied if the felt seal in the retainer plate is hardened or
excessively worn. Fill the cavity between the retainer
plate and bearing with specified grease.

486. The bearing in the slip ring end frame should be
replaced if its grease supply is exhausted. No attempt
should be made to re-lubricate and reuse the bearing,
487. To remove the bearing from the slip ring end
frame, press out with a tube or collar that just fits inside
the end frame housing. Press from the outside of the
housing towards the inside.

488. To install a new bearing, place a flat plate over
the bearing and press in from the ouwtside towards the
inside of the frame until the bearing is flush with the
outside of the end frame. Support the inside of the
frame with a hollow cylinder to prevent breakage of the
end frame. Use extreme care to avoid misalignment or
otherwise placing undue stress on the bearing.
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489. It is recommended that a new seal be instalied
whenever the bearing is replaced. Press the seal in with
the lip of the seal toward the rotor when assembled,
that is, away from the bearing. Lightly coat the seal lip
with ol to facilitate assembly of the shafl into the
bearing.

490. Reassembly of the alternator is the reverse of dis-
assembly but the following points should be noted.
491. Remember when assembling the pulley to secure
the rotor in a vice only tight enough 1o permit tighten-
ing the shaft nut to 40-60 Ibs. ft. If excessive pressure is
applied against the rotor, the assembly may become
distorted,

492, To install the slip ring end frame assembiy to the
rotor and drive end frame assembly, remove the tape
over the bearing and shaft and make sure the shafl is
perfectly clean afler removing the tape. Insert & pin
through the holes to hold up the brushes. Carefuily in-
siall the shafi into the ship ring end frame assembly to
avoid damage (o the seal,

493, After tightening the through bolts remove the
brush retaining pin 1o allow the brushes to fall down
onto the slip rings.

494, When reassembly is complete, the following
bench test should be carried out,

495, Make connections as shown in figure 7.1000-493,
except jeave the carbon pile disconnected. IMPOR-
TANT: Ground polarity of baitery and generator must
be the same. Use a fully charged battery, and a 16 ohm
resistor rated at & watts or more between the generstor
IND terminal and the battery,
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496. Siowly increase the generator spoed and observe
the voltage.

497. if she voltage is uncontrolied with speed and
increases above 158 volts on & 12 volt system or 31
volts on & 24 volt system, check for grounded brush
lead clips. If not grounded replace the regulstor snd
check fieid winding. NOTE: The battery must be fully
charged when making this check.

498. if voiltage is below 15,5 volts on a 12 volt system
or 3 volts on a 24 volt system, connect the carbon pile
as shown in figure 7.1000-495,

499, Operate the generator at moderate speed as re-
quired and adjust the carbon pile as required 1o obtain
maximuam current output.

500. I outpul is within 10 per cent of rated output as
stamped on generator frame, generator is good.

305, H ouiput is not within 10 per cent of rated output,
keep battery loaded with carbon  pile and ground
generator fieid.

502, Operate generator at moderale speed and adjust
carbon pife as required o obtain maximum output,
503, H output is within 0 per cemt of rated output
replace regulaior as covered in ‘Regulatos
Replacement’ section and check field winding.

504. if output is not within 10 per cent of rated output,
check the field winding, diode trio, rectifier bridge and
stator as previously covered.

Alternators {(Refitting)

505. Position the alternator into the mounting brackets
and install the securing boits, washers and nuts. Do not
fully tighten the bolts.

506. Assembie the slotted brace to the siternator and
engine timing cover.

507. Check that the pulleys are clean before fitting the
beits and adjust 10 the correct tension as detailed below.
308. With the aliernator attaching bolhis and the boit
securing the siotted brace slack, pivot the aiternator
away from the engine to tighten the belts. it is essential
that leverage is apphied 10 the drive end shield and never
against the stator or ship ring end shield,

509, The belts can be checked by depressing ¢
midway between the fan and generator pulley with &
toad of 8 10 Ibs.

$10. When correct tension is obtained, tighten the bolts
in the following sequence.

5i1. Brace to alternator.

582, Drive end shield 1o mounting bracket,

513, Slip ring end shield to mounting bracket, chsuring
that the slotted bush in lug moves to occupy the gap
between the lug and bracket. When bolt is pulled up
tight, slotted bush is foreed to expand in end cover fug.
$14. Brace to engine fromt piate.

515. Recheck the belt tension.

516. Reconnecl the wires to the alternator terminals
and then reconnect the batteries.

BATTERY CHARGING GENERATOR-38
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1.2000
SOLENOID SHUTDOWN

Solencid Shatdown (Desecription}

1. The solenoid actuator used on Bedford Diesel
engines as a fuel shut off is a continuous rated version
with removeabie coils of the 263 type, manufactured by
CAY Limited,

7.2000-1

2. This model has a c¢oil (pull in winding) and a
plunger housed in a suitable body, in addition a second
coil {holding In winding) and a set of non-adjustable
contacts which control the operation of the pull in win-
ding.

SOLENOID COit.

RUBBER PACKING
WASHERS\

.,

SOLENOID SHUTDOWN--1

Operation

5. Both the pull in winding and the hold in winding
are energised when current is supplied, thus drawing the
plunger inwards. As the plunger approaches the end of
its travel, it operates the moving contact stud, which
opens a set of contacts 1o cut off the supply of current
to the pull in winding but leaves the holding-in wind-
ing energised 10 keep the plunger fully drawn in,

&. A retura spring is fitted between the operating rod
and & bracket attached 1o the cylinder block.

Sclenoid Shutdown (Removal}
7. Detach the clamp securing the rubber end cover
and shide the cover off the solenoid body.

MOVING CONTACT

PAPER INSULATION
SHIMS

N
oy T,

Z

NN RN

/ (I AAITTTI LI AIIL TN SR

PLUNGER
7.2000-2

SOLENGID END PLATE

3. The coils are keyed to the solenoid stop to prevent
coil rotation and the coils and end plate are retained by
a circlip at the fink end to enable the interior to be ser-
viced.

4. The letter ‘A’ in the type mamber {263A/) indicated
a2 change in design. This design consists of limiting the
plunger travel by means of a stop pin locating in a key
way in the plunger,

CIRCLIP

MOVING CONTACT

Pi
SPINDLE FIXED SPRING
CONTACT

8. Disconnect the two leads from the rear of the
solenoid.

9. Unhook the retam spring,

1. Remove the split pin at the end of the operating rod
and loosen the retaining screw which will enable the rod
1o be lifted from the siop control lever.

11. Unscrew the operating rod from the solenoid.
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SOLENOID SHUTDOWN-2

12. Remove the four nuts and bolts and lift the
solenoid shatdown assembly from its mounting
bracket.

Solenoid Shutdown {Inspection and Overhaul)

}3. Remove all external dirt and grease from the ac-
tnator.

14. Detach the clamp securing the rubber beliows and
slide the bellows off the solenoid body and the plunger.

15. Remove the piunger stop pin and withdraw the
plunger from the solenoid.

16. Remove the screws securing the contact assembly
and detach the bridge, contact spring and moving con-
tact,

17. Unsoelder the leads from the terminals and remove
the terminal block and insujating washer.

i8. Release the circlip securing the solenoid end plate-
and detach the end plate.

19. Pull off the rubber washer and withdraw the
sotenoid coil from the body.

20. Inspect the rubber bellows and terminal cover for
cracks or damage and if fauity replace with new parts.

21. Clean the terminals and contacts with & brush,
moistened in petrol or white spirit.

Warning: The moving contact and contact strip are
sitver piated. Do not clean them with emery paper of
any other abrasives; if the contacts are pitted or cor-
roded, they must be discarded and replaced by new
parts.

SUPPLY
TERMINAL
BLACK
HOLD~IN COIL
PULL-IN COIL
7.2000-28{b}

22. Clean the plunger and core of the solenoid and
smear them lightly with Shell TelHlus oif No. i1 before
reassembiy,

23, insert the solenoid cotl, lead end first, into the
solenoid body, ensuring that the tag on the coil engages
in the keyway in the body and at the same time feed
the leads through the hole in the solenoid end.

24, Place the rubber washer in position at the end of
the solenoid coil, offer up the solenoid end plate and
secure in position with the circlip,
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25. Fit the insuiating washer for the terminal block
over the coil leads, insert the ieads into the terminals on
the terminal block and soider into position. The correct
wiring sequence of these leads to the terminals is il-
lustrated below.

7.2000-26(a)

SUPPLY
TERMINAL

YELLOW

MOVING
CONTACT

FIXED SPRING
CONTACT

26, Assemble the moving contact, the contact spring
and the bridge plece to the terminal block, and screw
the complete assembily 10 the solenoid body with the
bridge retaining screws.

27. The recommended comact gap is 0.050 - 0.070
ins. (1.27 — 1.78 mm)}, this is set during manufactiure
and should not require re-adiustment, If subsequently
the gap becomes too small after long service, it may be
increased by removing one of the paper insulation
shims, these are indicated in tHustration 7.2000-2.



28. Fit the rubber bellows to the piunger and ensure
that the breather hole in the bellows will be in line with
the base of the solenoid on final assembly. Insert the
plunger into the solencid making certain that ‘the
keyway on the plunger is in line with the stop pin hole.
29. Push the stop pin into the hole and stide the rubber
beliows over the stop pin.

30. Secure the rubber bellows to the solenoid with the
beliows securing clamgp.

Solenold Shutdown (Refitting)

31. Piace the actuator assembly onto the mounting
bracket and replace the four retaining nuts snd bolts,
One nut is to be left loose at this stage for refitting earth
iead.

32. Screw the opersting rod into the soienoid link and
place the other end of the operaung rod onto the post
on the fuel stop lever,

SOLENOH) SHUTDOWN-}

33, Replace the retaining screw and split pin into the
operating rod end.

34, Replace the return spring.

35, Reconnect the two leads to the solenoid and carth
and tighten remaining nut and bolt,

36. Astach the terminal cover to the terminal block and
secure in position with the terminal cover ciamp.
37, The following test should then be carred out to en-
surecorrec!worhngcfzhcwletm

38. Check the wiring circuit supplying current to the
solenoid.

39. Check the ptunger for free movement in its bore.
40. Check the solenoid for continuity from the follow-
ing table.

Pull-In Winding Coil Hold-In Winding Coil
Type Voltage Rating
OChms Amps Ohms Amps
263A 23 24 Contingous i3 18.5 39 0.6
. 263A - 25 12 Continuous 045 £ 9.2 1.3
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7.3000
STARTING MOTORS

Starting Motors (Geoeral Description)

1. Several types of starter motors are used on
220/330 cu. in. Bedford diesel engines. These are listed
in the table below and are dealt with separately in the
foliowing pages:

Manufacturer Type Voit
CAY CA4S'D" 12
CAY CAASDY 4
CAY CA4SE . 12
CAY CA4SF 24

SIMMS 55/12/IR3

LUCAS M50 12
PELCO REMY oMY 12
DELCO REMY IsMT 12
DELCO REMY 40MT 12
DELCO REMY IOMT 24

CAV CA45'D' and 'F (Description)

2. The CAV suarter type CA45D is a 4.5 inch (114
mm) diameter machine suitable for starting malti-
cylinder high compression oil engines. It is designed to
provide maximum efficiency with small overall dimen-
sions withoul awkward protrusions: this is achieved by
mounting the two stage operating solenoid and
switching mechanism internally and co-axially with the
armature shaft. s principal features are (&)
engagement of the pinion with the engine flywheel teeth

STARTING MOTORS1

takes place under reduced power thus avoiding heavy
engagement shock and excessive wear and (b) full
starting torque is exerted only when the pinion is fully
in mesh.

3. When instailing 8 CA45°'D’ starter it is necessary
to include a ST reiay and connect it in series with the
starter internal solencid coil. By this means the ampere
ioad on the starter push switch is reduced 1o that taken
by the 5T relay coil, also voltage drop in the starter
solenoid switch circuit is reduced to a minimum. This
relay is also used as part of an overspeed protection
device described in paragraph 13.

4. On starters wired for insulated return, {see table
below), the reture path for the starter internal solenoid
is made externally by connecting terminal ‘R’ on the
commautator end shield to the terminal marked ‘R’ at
the drive end, that is, the one next to the *5’ terminal,
The cable size shouid be 065/.012 minimum,

GM Part No.  Modet Pespateh No.

7153925 CA4sDIT 8 PYMISES Earth Return
3352002 CAMLELY Y51 FIOF4) ) Earth Return
JasgrTe CALSD2 5 F12151) Earth Return
3352002 CA4SF24.2 1121802 Harth Retura
3350465 CA4SDLI2 2IM 1I0028 barth Return
3352004 CALSFITYIM PAOFO3M Insuiated Return
1350974 CALSD2E 510 F121517 Earth Retumn
315184 CARSDET MM £128034 Insulated Requrn
3351238 CA4S[24.3M 1321003 tnsulgted Return
1353252 CA4S24.Y5M ERFAS I RR] insuiated Return
3354084 CA4SE12 Y92 13907 Farth Return

S. Typical winng diagrams are shown below for the
CA450. The 12 volt and 24 volt versions are
mechanically the same but a dual wound solenoid
winding is used in the 12 voit.
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STARTER Mg
IO
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TV WIKGING ; ]
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12 VOLY AND 24 VOLY INSULATED RETURN
WITH OVERIMID PROTICTION

F.3000-5(8)
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STARTING MOTORS-2
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7.3000-5id;

TYMOAL IPYOLY $ARTH RETURN CHRCINT WHTH STARTES
OVERIFEED PADTECTION WHEN AN ALTEANATOR % USMED

7.3000-5{e}

6. Siarters fitted to certain engines, the fiywheels of
which run in oil or those where extra protection against
ingress of water and abrasive dust is required, are
provided with additional sealing. The precautions com-
prise fitting an oil seal in the drive end shield and a
rubber sealing ring inside the pinion. A dust cover over
the shaft helix at the drive end is fitted to most starters.

Operation

7. In the foliowing text the figures in brackets refer to

the illustration on page 3 unless otherwise stated,

8. When the starter switch is operated current flows
through the coil of the ST relay and closes the reiay
contacts. The solenoid (6} is then cnergised and its
hollow plunger (43) moves forward, pushing pinion (46)
towards the engine flywheel teeth. At the same time, the
movement of the plunger closes the first stage contacts
€7}, connecting the battery to the ficld and armature
windings via a heavy duty resistor {40). The resistor
teduces the volts to the windings with the result that the
armature rotates at low speed.

APRIL 973

9. This combination of forward and rotary movement
partiaily engages the pimion with the engine fiywheel
The pinion, being prevented from rotating by the inertia
of the flywheel is then pushed fully into mesh by the
action of the helix on the sjowly rotating armature
shafi. Shortly before the fully engaged position is
reached, collar (10), carried on the end of the pinion
sleeve, Lrips a trigger (39} on the solenoid. This causes a
second set of contacts {42) 10 close and short ¢ircuil the
resistor, applying full battery voliage to the windings
and {ull siarting torque s exerted.

10. When the pinion is engaged it is locked in position
by a special locking device consisting of steel balis (B)
iocated i holes in the pimion sleeve. These balls drop
inte recesses in the armature shaft when the pinton
reaches its fully engaged position, and a spring loaded
colizr {38} shides over and holds them firmly in position.
Hence, the pinion cannot be ejected prematurely bt
will remain in mesh until the starter bution is reieased,
or the overspeed device {if fitted) switches out the
starter. See paragraph ‘Overspeed protection’.
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STARTING MOTORS-4

11. On rare occasions, the pinion and flywheel may
meet tooth 1o tooth; this will not affect engagement un-
der normal conditions, as the pinion will continue to
rotate until the teeth shide into mesh. if the gear teeth
are worn and burrs present, rotation of the pinion may
be prevented and the pinion may even be heid against
the fiywheel teeth when the starter button is released. in
order to overcome this difficulty, the starter incor-
porates an armature recoil mechanism comprising a
steel ball (18} and recoil spring (34) fitted at the com-
mutator end of the armature shaft.

12. Whenever the pinion is prevented from rotating,
the action of the helix on the siowly rotating armature
shaft will be to force the armature back against the
recoil mechanism, compressing the recoil spring; as
soon as the starier buiton is released, the spring thrusts
the armature forward. At the same lime, rotary motion,
opposite to the normal direction of rotation is imparted
10 the armature by the helix inside the stationary
pinion. When the armature reaches the end of its
forward movement, its momentum is sufficient to rotate
the pinion slightly, freeing it from the burrs. The pinion
then returns to its disengaged position under the in-
fluence of the pinion return spring; its radial position
will now be slightly retarded, so that there is littie
ikelihood of the gears meeting tooth to tooth during
the next engagement.

Overspeed Protection

13. The modern diesel engine accelerates quite guickly
after starting and on occasions it can easily wind the
starter motor round at speeds of 10,000 rpm or more
and this can be damaging to the armature bearings and
brushes. Fo prevent this, an overspeed protection
device can be incorporated whick consists of con-
necting the battery returr circwit from the ST relay to
the dynamo output terminal (on the control board) so
that the 8T relay coll is connected across the cut-out
contacts and therefore in series with the dynamo
armature, As the dynamo voltage rises with increasing
engine speed the voltage across the ST relay falls and
its contacts then open to disconnect the starter from the
battery, See wiring diagram on pages | and 2.

14, When an aiternator is used on the vehicle instead
of a dynamo an additional 414 relay is required and
connected as shown {see wiring diagram on page 2).
The unit consists of an L. relay with one pair of normally
open contacts and a shunt connected ‘pull-in’ winding
in series with an electrolytic capacitor also a heavy
series turn which carries all the starter current, It
operates as follows: When the starter push switch is
closed it connects the battery to the 414 refay unit and
its ‘pull-in’ winding is energised; the return path to earth
being completed via the capacitor, The contacts close
and the ST relay is then energised and its contacts
close. The battery supply is thus fed to the starter
sotenoid compieting the circuit and the starter com-
mences to function. When the second contacts of the
starter sofenoid close, full current is taken by the starter
motor through the heavy series turn of the 414 relay
and the engine is cranked. Approximately one second
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after the ‘pull-in’ winding is energised the capacitor is
fully charged blocking the ‘pull-in’ winding circuit apart
from 2 small current through the leak resistor.
However, sufficient current fiows through the heavy
series turn to hold the relay closed. After the engine
fires the starter speed increases, the current then falls
and when it reaches a predetermined value, the corrent
through the series turn is insufficient to hold the relay
closed and the contacts open, de-energising the starter
solenoid even i the starter switch is held closed. The
capacitor is maintained charged by a small current
through the ‘pull-in’ winding and leak resistor. When
the starter switch is opened the capacitor discharges
through the leak resistor and within 2-3 seconds the
unit is ready for a repeat operation,

‘F* Design Change .

1S. The CA4SE starter is similar to the CA45D
machine in its performance and physical outline, The
object of the ‘F” design change is to provide mechanical
overspeed protection to the starter by means of a
centrifugal over-speed mechanism for reieasing the
pinion from the fiywheel on those occasions when ex-
cessive rotational speeds are reached. This obviates the
necessity of using rising dynamo voltage to cut-out the
starter or the additional ‘under current’ relay when an
AC generator is fitted, as is the case with a CA45D
starter. However, the inchusion of the 8T relay in the
circuit is necessary to reduce voitage drop in the starter
solenoid switch circut,

16. The device incorporates four equi-spaced radial

- holes in the pinion sleeve into which four steel releasing

{overspeed balls) locate. The locking coliar has an inter-
nal core which encircles these balls. Additionally there |
are four steel segments held together and against a
recess in the pinion sleeve by a garter type spring. The
bore of the solenoid also has an annular recess into
which the segments become magnetically latched by the
magnetic fiux of the solenoid during the starting cycle,
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17. When the starter switch is operated the starter
solenoid coil is energised and its plunger moves forward
carrying with it the four segments and garter spring.
These form a shoulder and push the pinion toward the
engine fiywheel teeth and the starter then functions in
the same way as the CA43D machine. During the
forward travel of the pinion, a taper on the sleeve forces
the segments and garter spring outwards and they
become magnetically latched in the recess in the
solenoid plunger by the surrounding magnetic flux, thus
altfowing the uninterrupted movement of pinion and
sleeve assembiy. The segmenis remain there untii the
starter switch is released.
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18. Once the engine has started, normal function is for
the starier button to be released, de-energising the
solenoid. The magnetic fux is thus extinguished, the

solenoid plunger moves back taking with it the four .

segments and garter spring. Simuitaneously the pinion
disengages from the fywheel, the locking collar moves
back under force of its return spring, releases the fock-
ing balls and the pinion flies back to rest. The garter
spring returns the segments to their original position oa
the pinion sieeve ready for the next start.

19, ¥ the starter is driven by the engine due to guick
acceleration and the starter switch is held closed, when
the armagure reaches a speed of between 9000 - 14000
rpra, the automatic overspeed release mechanism com-
¢s into operation. The overspeed balls at this speed ex-
ert sufficient centrifugal force to the internal cone of the
locking collar to push it backwards until the locking
balls are freed from the shaft. The pinion is then able to
move cut of engagement by the pressure of the pinion
return spring and the reverse torque of the fiywheel.
The armature will continue to rotate at light running
speed until the starter switch i1s released.
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20. The basic wiring circuits for the CA435D starter are
applicable 1o the CA45F. The electrical overspeed
protection, where instailed, can be left to provide an ad-
ditional and desirable feature.

CAY CA45'D’ and ‘F’ Removal

21, Disconnect the battery cabiles.

22. Disconnect the two leads to the ignition switch.
23. Remove the three retaining bolts and washers and
remove the starter from the flywheel housing.

CAY CA45D) and °F (Inspection and Overhaul)

24. The starter should be dismantled and overhauled at
regular intervals dependent on operating conditions,
For example the starter motor of an engine being con-
tinually stopped and started will need overhauling at
more frequent intervais than a starter motor on a long
running engine, but overhaul periods must not exceed
two years.

25. Before overhauling the starter, it is advisable to
obtain the special tools listed below. These will reduce
the time spent on overhaul and will enable 2 closer
approach to faciory standards to be obtained.

CAV Tool No. Deseription

5693-222 Setting gauge for machines with a
pinion face to mounting flange dimen-
ston of 1.875 in, {47.63 mm).

5693-240 Extraction and replacement ool for
commutator end bearing.

5693267 Phug pauge for drive-end bearing.

5693-266 Extractor, drive end bearing.

3693.275 Phug gauge for commuiator end
bearing.

5693298 Fitting too! for inspection hole core
plugs.

3693-299 Fitting toel for dust scraper ring on
drive end shieid.

5693-300 Fitting tool for lubricator core plug.

6244-4 End float gauge.

6244-3 Check gauge for circlip on trip coliar.

6244-6 Spiit collar for dust seal protection.
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26. In addition to the tools listed above, a compression
spring balance scaled (-30 lbs in ] tb units is required,
A torque spanner with £ inch square drive and a 7/16
BSF socket with the chamfered lead ground away is re-
guired to tighien the pinion nut to the required torque
value,

27. The figures in brackets refer to illustration 7.3000-
7 unless otherwise stated.

28. Remove the two core plogs (29) in the drive end
shield (5) with a sharp pointed instrument.

29. Unscrew the two field terminal screws 30 that are
exposed when the core plugs are removed.

30. Remove the commutator cover {371

7.3000.30

11. Unscrew the brush lead screws, raise the brush
springs and remove the brushes from the holders. It
should be noted that removal of the brush lead screws
also frees the field coil connections.

7.3000-31

32, Remove the end cap (32). Early-models have a
bayonet type fixing arrangement and should be remov-
ed by pushing inwards and twisting in the opposite
direction of starter rotation. When removing the cap,
care must be taken not to lose steel ball (18) which is
under pressure from spring (34). Later models are fitted
with a hexagon end cap, internally screwed, together
with a thrust pad.
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33. Withdraw spring {34).

P
7.3000-33 ' @

34. Remove circlip (17) and then withdraw thrust
washer (33) {or thrust pad} and shimwshers (16).

35, Unscrew ané remove the two through-bolts {35)

7.30060-35




36. Carefully remove commutator end shield (15) and
colect shims (36) from the end of the armature shaft.
Keep these shims separately so that if the armature is to
be refitted end float adjustment is simplified by refitting
the original shims.

17, Tap drive ¢nd shield (5) away from yoke (14) with
a hide or wooden maliet, and then withdraw end shield
compiete with armature,

38. Secure the armature in an armature clamp, and, us-
ing either a 7/16 in. BSF box spanner or socket with the
chamfered lead ground away, unscrew the pinion stop
aut 49) ieft hand thread. Remove the thrust washer
(48} shim washer (47) pinion return spring (2) and helix
dust cover {1}

39. Remove core plug {4) and spring (3) from the drive
end shieid.
40. Release the ball lock mechanism by pushing the
end shield towards the armatare. With the lock collar
held in this position, unscrew the pinion until the helix
disengages. Finally slide the pinion together with the
drive end shield, off the armature shaft and collect the
four steel balls (8) (six balls on 24 voit models) which
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may fall through into the inside of the pinion sieeve.
Remove the armature from the armature clamp.

41, Using the circlip pliers, remove and discard circlip
{11) from the end of the pinion sleeve,

42. Remove trip coliar (10} lock collar spring (9) and
tock coliar {38),

L7 500002

43, Withdraw pinion assembly (46) from the drive end
shieid. if any burrs can be seen on the pinion, these
should carefully be removed by use of a stone before
withdrawing the pinion.

44. Detach the resistor flexible lead (28) from the mov-
ing contact plate. On insulated return machines, there is
a Hnk to a binding post on the moving contact.

45, Free the resistor {40) from the drive end shicld by
punching out the securing rivet (27) with a suitable
punch. Withdraw the resistor and the two nyion bushes
(26).

46. Unscrew main terminal nots {23) and screw (25)
Remove washers and insulating bush (24) and then
withdraw the main terminal (22) from inside the
housing. (Rotating the terminal axially through 180°
and compressing the solenoid plunger simplifies this
operation}.

47. Remove nuts (20) and insulating bush (19) from
solenoid terminal (21). Push the terminal well into the
drive end shield so that it is clear of its hole.

48. On insulated return starters also remove similar
parts from the adjacent ‘R’ terminal.
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48a. Remove two screws and Hft out the solenoid
assembly.

inspection and Repair of Components

49, 1t is essential to remove all brush dust ete., from
components by using dry compressed air before mak-
ing electrical tests.

Armature Windings

50, If the armature windings are suspect, they can be
tested for continuily and shori circuits by means of a
‘growler’ armature tester; if such a machine is not
avaitable, the armature may be tested by substitution.
In the event of a faulty armature, it should be returned
direct to C.A.V. depot or Agent.

Solenoid Unit

51, Examine the contacts and if necessary clean them
with white spirit or very fine carborundum paper, The
first stage gap should be 0,083 in. (2.1 mm) with a bot-
tom Hmit of 0.076 in. {1.93 mm) and a maximum of
0.098 in. (2.5 mm). Press down the plunger and check
that the second stage contacts make only after the
srigger is tripped.

52. I the contacts are badly burnt or the gap excessive
or the coils appear to have overheated the solenoid can
be replaced as a complete unit. Service exchange units
are available from C.A.V. depots or Agents.

Testing Solenocid Coil Winding

53. The coils can be checked for shorts or open circuits
by measuring current consumption at nominal voitage.
I2VOLT STARTER SOLENOIDS ONLY are dual
wound and consist of a pull in and a hoid in winding.
therefore, before testing these, 2 link should be made
between the base of the contact assembly {(3) and the
terminal lug (H) Fig. 7.3000-53 on EARTH RETURN
versions or between the green lead and terminal lug (H)
on INSULATED RETURN versions.

C

7.3000-83

54, On some starter solenoids the green lead is replac-
ed by a yellow lead.

55, If the solenoid is to be dismantled and defective
parts replaced the following procedure should be
followed:

Dismantling Solenoid

56, Remove the burred over ends of the rivets (C) also
the rivets securing the trigger assembiy {I) using a
0.187 in (4.75 mm) diameter drill,

57, Carefully punch out the rivets and remove contact
stop (B) and trigger assembly. Examine trigger
assembiy for excessive wear on the pivot points,

38. Withdraw the plunger (J) plunger spring (A} mov-
ing contact assembly (D) and inper spring as one
assembiy,

59. Unselder the red solenoid lead connected to the fix-
ed contact lug €H) on 12 volt machines aiso the bare
solenoid lead connected to the fixed contact baseplate
on all sarth return machines,

60. Remove fixed contact assembiy (G)

Test Data
Starter type With ammeter in Read ammeter
supply circuit
CA45D12 Apply 12 volt to black Check current consumption
Earth Return lead and base of fixed is 39 amp approx.
contact assembly.
CA45D12 Appiy 12 volt to black As above.

Insulated Return and green leads,

CA45D24 Apply 24 voit to biack Check current consumption
Farth Return lead and base of fixed is 16 amp approx.

contact assembiy
CA45D24 Apply 24 volt to black As above,

Insulated Return and green leads
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Assembling Solencid

61. Locate fixed contact assembly (G) on solenoid coil

(F) ensuring that the rivet holes in the fixed contact

plate line up with the rivet hoies in the solenoid coil
late.

22. Replace the assembly consisting of the plunger,
moving contact and springs. The rectanguiar shaped
extension on onc side of the moving contact assembly
must face the two rivet holes for the trigger.

63. Push the solenoid plunger fuily home. With the
plunger held in this position replace contact stop (B)
and trigger asembly {1} and rivet in position.

64. Solder the red solenoid lead to the fixed contact lug
{H) on ali 12 volt machines. On al! earth return
machines solder the other bare solenoid jead to the fix-
ed contact base plate confining the solder to within 0.25
in. (6.3 mm)} of the edge of the siot,

65. Check the first stage contact gap is within the
fimits set down in first paragraph héaded ‘Solenoid

Unit’. Slight adjusiment ¢an be made by bending

the brass contact stop (B).

Commuiator End Bearing

66. Ensure that the commutator end bearing is tight in
its housing, and check the side play between armature
shaft and bearing. If this is excessive, either a
replacement  commutator end shieid and bearing
assembly should be fitted, or the bearing shouid be
renewed as follows:

67. Press the old bearing out of the end shicld using
w0oi 5693-240.

68. With the same tool, press the new bearing into the
end shicld. After assembly, the bearing should not
protrude from either end of the housing: no machining
should be atempted. A plug gauge, 5693-278 is
avaiiable for checking the bush bore. The end of the
gauge marked *NOT GO’ should not enter the bush,
69, The bearing need not be soaked in oil prior to
assembly as it is impregnated with a special lubricant
by the manufacturers but a smear of light oil applied
will heip inigally.

0. Under no circumsiances should any attempt be
made (¢ grease this bearing v service as this may
adversely affect its self lubricating properties.

Drive End Shield

71. Check the internal diameter of the drive end bear-
ing with the plug pauge 5693-267. if the bearing is
worn the drive end shield should be replaced as an
assembly.

72. IMPORTANT ON NEW DRIVE END
SHIELDS A LEATHEROID RETAINING PAD IS
FITTED IN THE OILWAY. THIS MUST BE
REMOVED TO PREVENT THE BEARING BEING
Gil. STARVED.

73. Check that the feit pad is free to move under the in-
fluence of the spring.

T4, i facilities exist for accurate machining the bearing

T can be renewed as follows:

75. Press the lubricating wick well away from the bore
so that it does not gel trapped during the pressing
operation,

76, Extract the bearing housing using tool 3693-266. If
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the bearing is loose in its housing the end shield shouid
be renewed.

77. Press the leatheroid retaining pad 5549-608 into
the oil hole in the new bearing so that it completely fills
the aperture. Cut away any material which projects
above the external surface of the bearing.

78. Press the bearing chamfered end leading into the
end shield until # reaches the edge of the oil reservoir,
Ensure that the lubricating wick is well clear of the bore
and then press the bearing fully home.

79. Set up the end shield on-a high class jathe in such a
manner that when machining of the bore is complete,
the bore is perfectly concentric with the internal cir-
cumference of the end shicld where it registers with the
yoke.

8C. Turn the bearing bore to

1127 79 %%in 2863 0 %%m) diameter ensuring
that the finish is of the highest quality. The final dia-
meter of the bore can be checked with plug gauge 5693.
267,

81. The diameter of a new pinion is

1124 209 in a5 10 0%
ance betwsen the bearing bore and pinion diameter of
$.0035 in (0.08 mm) should be maintained even if the
existing pinion is used,

82. Clean off ali swarf and then remove the leatheroid
retaining pad using a pointed instrument, fit felt pad
5933-45.

83. Do not fit the lubricator pad spring (3) and core
plug (4) at this siage, as pressure on the feit pad will
prevent the pinion siceve from being fitted,

84. Clean out the groove in the end shield and fit a new
dust scraper ring (45) using service tool 5693-299 to
press in the new ring.

Pinion

85, If the teeth of the pinion are badly worn or
damaged, the pinion should be changed. See that the
new pinion has the same number of teeth as the old
component and that it is a free slicding Bt on the
armature shafi. Should it be necessary, the pinion and

mm) therefore 2 clear-

" shaft can be lightly lapped together using a fine lapping

paste. Remove all traces of lapping paste, using a bottle
brush to ensure absojute cleanliness of the pinion helix,
When the pinion is Atted with an ol seal inside, all burrs
or sharp edges on the armature shaft and helix must be
removed with an abrasive sione otherwise these will
tear the oil seal

86, Fit & new seal with the "U" channel facing 1owards

the pinton teeth end,
|

il SEAL

Vo i A A AT A ’/A// e
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Springs

87. See that the springs are not damaged and have not
lost tension. The tension of the springs when compress-
¢d shouid be as follows:

Spring Compressed length Tension

Lock Spring 0-375in, 2710 31 oz,
(%-53mm) (G.77 0 0.88 kg)

Recoil Spring  1-313in 424 10472 oz.
{33.35 mm) (12.0t0 13-39kg)

Pindon Spring  1-2501n, 124 w0 136 o1.
{31.75 mm) {3-5t03.85kg)

Pinion Spring  1-469in. 15710 163 oz

O sealed starterX37-3 mm) (4-4t04-6kg)
Commutator

88. If the commutator surface is dirty or discoloured, it
can be cleaned with a very fine grade of glass paper {do
not use emery cloth or carborundum paper). In cases
where the surface is badly pitted or grooved, the
armature should be set up in a ifathe and the
commutator skirnmed. A rough cut shouid first be
made, removing just sufficient copper to clear traces of
grooving or pitting, after which a light cut should be
taken, using a diamond or tungsten carbide tipped tool
to obtain the desired high quality finish. Finally, remove
ail traces of swarf using compressed air or hand
beltows, :

89. The recess in the commutator Is required only for
initial manufacture, and can therefore be climinated
when skimming is undertaken, Minimum diameter to
which the commutaior can be reduced is §.56 in. {39.2
mm} and the radius at the junction of the risers &nd
commuiator must nol exceed 0.040 in. (1.0 mm). The
risers must not be skimmed.

90. The commutator mast notl be undercut otherwise
brush dust tracking may occur.

Armature Shafl

91. Examine the recesses in the armature for burrs
caused by the steel bafls and carefully stone these off.
92, Inspect the shaft helices for signs of damage or ¢x-
cessive wear. Finally, clean the helices with paraflin
and smear them with 2 small quantity of grease. (See
RECOMMENDED LUBRICANTS).

93. No attempt should be made to machine the
armature core.

Field Windings

94. Before making clectrical tests remove all traces of
brusk dirt etc., by blowing with dry compressed air.

$5. The windings can be tested for earth 10 the yoke
and poles using a2 100 volt "Megger’ lype tester,

96, There s no ecasy way of checking for internal
shorts in the coils as their resistance is very low. New
coils should be tried if the existing ones are suspect,
Unserviceable coils shouid be replaced as follows:

97. Unscrew pole screws {(12) and remove the pole
shoes (13} and windings, poting the position of the
windings and pole shoes in order 1o facilitate re-
assembly.
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98, Fit the new windings into the yoke and replace the
poie shoes. Concentricity 5 achieved by machining the
pole shoes and the pole shoes must therefore be
repiaced in their original positions, otherwise they may
foul the armature. As an aid to correct assembly, the
pole shoes are numbered, and must be replaced in the
positions shown.

No. 1 poleshae must
correapond with No. |
stampud on end of
yike.

7.3000-98

99. Insert and tighten the pole fixing screws {12} to 23-
30 ibs. f1. (3.5-4.2 kg m) using a commercial poie shoe
screwdriver. Care must be taken that the pole shoes are
correctiy aligned in the yoke, otherwise they will not
bed down fully and may foul the armature.

108, Care must be taken to ensure that the screws are
firmiy tightened and that no space exists between the
mating surfaces of the pole and yoke.

Brushgear
181, Check the brushgear insulation as detaifed in
paragraphs 102 and 103 using a 100 volt "Megger’ type
tester. Ensure that the brush holders are tight.
i02. Earth returr machines.
Check insulation between insulated brush hoiders
and the frame.
Make sure that the earthed brush boxes are mak-
ing good etectrical contact with the end shieid.
103, Insulated return machines.
Check wmsulation between all brush holders and
the frame.

Brushes

04, The brushes should always be renewed at
overhaul periods in order 1o ensure maximum life
between overhauis. 1 is essential that replacement
brushes are fitted in complete sets, and under ne
circumstances shouid brushes of different grades be
used together. To be sure of obtaining the correct grade
of brush always specify genuine C.A.V. spares.

105, Replacement brushes must be well *bedded’ that is
shaped to the commutator periphery. To do this, wrap
a strip of fine giass paper {not emery cioth or carborun-
dum paper} sround the commutator with the abrasive
side outwards and fasten it \n position with an adhesive,
Hoid the armature in an armature clamping device of in



& vice fitted with soft metal or wood jaw clamps. Slide
the commutator end shieid on to the srmature shafl, fit
the brushes and pisce the brush springs in position,
Rotate the end shield in the opposite direction to the
normai rotation of the armature until the brushes are
bedded over approximately 809 of their contact ares.
Once this has been done, the brushes should not be in-
terchanged, but should be rewained in position in their
hoiders untit the end shield is required for use,

106. Remove all traces of dust and sbrasive, preferably
using compressed air. Examine the brushes to ensure
that no particles of abrasive are embedded in their con-
tact surfices. Do not forget to remove the glass paper
and to ciesn sway all wraces of adhesive from the com-
mutator surisce.

i07. The following checks should be made to the
brushgear at regular intervals between overhaul
periods. '

i08. Remove the commutstor cover, Ensure that the
brushes are free in their holders by lifting the brush
springs clear of the brushes and pulling gently on the
brush leads. If & brush is inclined to stick, remove it
from is holder and clean the brush and the inside of
the holder with a clean cloth moistened in carbon
tetrachioride. Be sure 1o replace the brusk in its
original position so that the curvature of its contact
surface accurately conforms with the commutator
periphery.

109, Sec that the braided sleeving on the brush leads
has not become burmt or charred, thus creating the
danger of short circuits.

110. Brushes must be replaced as soon as & minimum
tength of 0.5 inches (12.0 mm} is reached.

111, Replace the commuiator cover, ensuring that the
windows are fully covered and that the cover fixing
screw is at the bottom of the starter when the starter is
mounted on the engine. This is most important, as fuel,
oil and water may enter the maching if the cover is not
correctly positioned.

Brush Springs

F12. The brush spring pressure should be within the

range of & 1o T4 1b (2.7 to 3.4 Kg) To check the
pressure remove the brushes from the holder and with 8
suitable spring balance hooked under the iip of the
spring raise the lip to the height of the brush, if the
spring pressure is outside the fmuts, fit new brush springs.
113, The starter motor shouid now be reassembled.

§14. Fit the split protection collar {Service tool $244.6)
$O as to protect the dust scraper ring (45) in the drive
¢nd shield and insert the pinion assembly.

115, Detach the split protection collar.

P16, Take the assembled solenoid switch and piace
main terminal insulator under the main terminal fug (H)
{7.3000-53) with the end with the hole upright.

117, Insent the solenpid assembly into the drive end
shield and fasten it in position with screws (31) and
spring washers,

118, Drop the anodized metal strip on the inside face
of the main terminal insulator.
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119, Piace the solenoid terminal tag (E} (73000-53)
{black lead) over the solencid terminal screw (21) and
add the shaped insulator bush (19) over the terminal
screw and push it through its hole in the end shieid. Fit
round insuinting bush, spring washer and nut (20).
120. On insulated return models there is a further
solenoid iead (coloured green or yellow) whick must be
attached to its terminal screw exactiy as above, This is
the ‘R’ terminal.

121, Insert main terminat (22) into position from inside
the housing through the anodized metal strip and in-
sulator and into the hole in the end shieid. {Pressing
down the plunger gives room to insert the main ter
minal). Replace insulating bush (4) rubber ring,
wmsulating washers, pinin washers, spring washers and
sut {23). Do not tighten until item 122 has been
carried out,

122, Insers spring washer and serew (25) and tighten
securely. Now tighten nut {23} to a torque of 5 lbs. ft.
0.7 kg. m.).

123, Fi the lock collar (38) to the pinion sieeve making
sure that the 45° chamfer inside the collar is facing
towards the solenoid assembly.

124. Repiace the spring (9} trip collar {10) and secure
i position with circlip (I1) dished side downwards.
Make sure that the circlip locates in the groove in the
locking collar. Check with gange 6244-3 so that it seats
squarely.

125, insert resistor (48) into its recess in the dnve end
shield and secure it in position by means of bush and
spacer {26} and nivet (27).

126, Connect the resistor flexibie lead to the fug on the
solenoid assembly moving contact by means of washer
and screw (28).

127. On insciated relurn models there is a link bar
between the lug and a corner of the moving contact.
The link is secured to the lug by & washer and a screw
and the other end is attached 10 3 post together with the
resistor flexibie lead by mesans of a washer and nut.
128, insert the lock balls (8) into the pinion sleeve
hotes from inside the bore, using grease to hoid them in
position. |2 volt starters have four lock balls and 24
volt starters have six balls.

129. Assembie the pinion and end shicld assembly
10 the armature as follows;

130, Puii the pinion ocut of the drive end shield uniif the
lock cotlar {39} is pressed back against its spring by the
end of the solenoid plunger (43). Keep it in this position
until vtherwise stated,

L3i. Press lock balls (8) fully into their holes to aliow
free entry of the armature shaft :
132 Shde the pinion and ¢nd shieid assembiy on the
armature shaft, 1aking care not to displace the lock
balls. :

133, Engage the pinion with the shaft helix, and then
rejease the pull on the pinson. Screw the pinion on to the
shafl and check that the pinion locking mechanism
engages.

134. Finally support the weight of the drive end shieid
and rotste the pinion first in one direction and then in
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the other o ensure that the pinion is free on the shaft
snd that the locking mechanism functions correctly.
The locking mechanism can be released by pulling lock-
collar {38) back against its spring.

135, Mount the armature in an armature clamp,
Assemble the helix dust cover (1} the pinion return
spring {2) the shim washer (47) and the thrust washer
{48) on 10 the pinion shaft, Screw &8 NEW pinion stop
nut (49) on to the shaft left hand thread. Using a 1/16
in. BSF socket with the chamfered lead ground away,
tighten the pinion stop nut to a8 torque of 44-50 lbs, f1.
{5.6-6.9 Kg. m}.

136. Assembie the armawure and drive end shieid
assembly 1o yoke {i4) ensuring that the dowel in the
end of the yoke locates in the slot in the end shield.
137, The joint between the yoke and cach end shield
shouid be scaled with Weillseal Compound.

138, Check that shims (36) have all been removed
from the armature shaft and then replace commutator
end shield (15). Fu through bolts (35) and tighten
securely to a torque of 7-74 lbs. 1. (0.95-1.0 Kg. m).
139. Replace thrust washer (33) and circlips (17) but
do rot fit shims (16}

148, The armature end float and the distance between
the pinion and mounting flange must now be adjusted
as follows using gauge 5693-222.

141. Bolt the gauge on to the mounting flange with the
arm marked "CHECK' towards the pinion as shown
below, then push the armature towards the drive end of
the machine until the pinion face just touches the gauge.
With the armature heid in this position, measure gap
‘X' between thrust washers (33) and the commutator
end shield, using feeler gauges. Shim washers, having &
total thickness equivalent to the measurement taken by
the feeler gauges should then be fitted between the
thrust washer and circlip. The shim washers must be
weli greased before use and are available in two
thicknesses 0.008 and 0.004 in. (0.20 and 0.}0 mm).
A combination of these sizes giving the closest approx-
imation to the required dimension shouid be used.

y p———,

- THRUST WASHER (33)

5 |
4-
L.

7.3000-14%

142. When this has been done, push the armature
towards the commutaior end of the machine as shown
below, and again measure gep ' X' which shouid now be
withis the limits 0.079 + 0.02 - 0.0 in. {2.03 + 0.50 ~
0.0 mm). A GO-NO-GO gauge is available under ser-
vice tool number 6244-4,
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143, If the gap is outside this limit, remove the com-
mutator end shield and fit shim washers (36) on the
armature shaft to the value of the excess. For example,
if the gap is 0,120 ins. (3.04 min) shim washers having
& total thickness of 0.030 to 0.040 in. (0.76 10 161 mm)
should be fitted e.g. nine washers cach 0.004 in. thick,
These washers also must be smeared with grease before
use.

144. Replace commutator end shield, thrust washers,
shim washers, (as determined in paragraph (41} and
the circhp.

145, Smear steel ball (18) and spring (34) with grease
and insert them in the bore in the armature shafl.
Replace end cap (32).

146. If a screwed end cap is originally fitted in place of
2 bayonel type the starter must be heid vertically com-
mutator end uppermost and the thrust pad attached to
the cap with grease. The cap must be tightened 10 & tor-
gue of 7-10 ibs, f1. (0.967-).382 Kg.m} and the two thin
corners of the hexagon caulked to slots in the beaning
collar with a punch.

147, Check that any variation in the relationship of
pinion position to check gauge is within the limits of
+0.003 0,002 in.

148. Recify if necessary by varying the shims as in
paragraph 143,

149, Fill the reservoir in the drive tnd shield with oil,
the capacity of this reservoir is such that it requires no
attention between overhaul periods. However in cases
where the starter is not subjected to reguiar overhanls
the reservoir must be replenished at intervals of not
more than two years. This should be done by removing
the starter and adding a supply of oil (See
RECOMMENDED LUBRICANTS), through the il
filler hole in the drive end shield. The filier hole lies
beneath a core piug which must be removed to gain
access 10 the filler hole, Only new plugs must be fitted
and care taken to ensure a positive fit in the filler hole.
130 Insert spring (3} Replace core plug {4) using tool
5693300,

151, Connect the field windings and the free end of the
resistor (o the solenoid switch lugs by means of screws
and washers {30}, And refit new core plugs.

152. Fut the brushes and place the brush springs in
position. Connect the brush leads and the field winding
leads to the brush gear. Check that the brush leads
allow free movement of the brushes in their holders.
Replace the commutator cover,




‘E* Change Stwrters

153. The only difference in the assembling procedure
between the CA45D and CA45F starters is fitting the
overspeed balls to the pinion sieeve and the four
segments with garter spring to the solenoid plunger. All
other operations are the same as detailed previousiy.

Segments

i54. First check that there are no burrs or sharp edges
oty the segments. Place the garter spring on a ciean fist
surface and with the fingers position the four segments
inside the spring so that they lie end to end in a circle.
The garter spring will fit in the outer groove of the
segments and hold them together,

155, Place the soienoid switch on the bench, coil end
upwards and with the fingers gently push in the garter
spring and segment assembly into the bore of the
solenoid plunger so that it fits into the recess provided,
It wiit be found easier if one segment is located into the
recess first and then the other three can be edged into
position.

156. Proceed as for the CAA4SD starter assembly
paragraph 117,

Overspeed Balls

157, The overspeed balls as well as the locking balls
can be inserted into the pinion sleeve holes from inside
the bore as detailed in paragraph 128 of the CA4SD
starter assembly. The biade endt of a smali screw-driver
with a spot of grease will be found useful to feed in the
balis.

TESTING

Engagement Mechankm

158. WARNING: UNDER NO CIRCUMSTANCES
SHOULD BOTH MAIN TERMINALS BE
CONNECTED TO THE SUPPLY DURING THESE
TESTS, OTHERWISE THE PINION WILL
ROTATE AT HIGH SPEED WHEN PULLED
FORWARD, CAUSING INJURY TO THE
QPERATOR.

159. With the machine disconnected, pull the pinion
forward by hand approximately 0.0625 . {1.6 mm)
and release. The pinion should return to its originsl
position.
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16C. Energise the solenoid {when cold} by appiying a
battery voitage of 10 volts for 12 volt starters or 20
volts for 24 volt starters. The battery should be con-
nected between the solenoid terminal ‘8" and earths ter-
minal for machines designed for earth return systems
and between the solenoid terminal ‘S’ and solenoid ter-
minal ‘R’ for insulated return machines, When the
soienoid has been energised, the pinion should move
forward for a distance of 0.25 in. (6.3 mm) minimum,
a1, With the solenoid still energised, pull the pinion
forward by hand. The locking mechanism should now
come into operation iocking the pinion in the forward
position.

162, Disconnect the supply to the solenoid. The pinion
must return to its disengaged position in one sharp
movement,

163. Check the recoil spring action by applying a com-
pression spring balance to the driving end of the
armature shaft, The force required before backward
movement of the shaft occurs should be 30 to 38 1bs.
{13.6 to 17.2 Kg).

Performance Tests

164, For the purpose of these tests, the brushes must
be bedded over at least 80% of their contact area,
165. CAUTION: ¥f the starter is allowed 1o rus
without engaging & suitable fiywheel, the pinion will not
be restrained from rotating in the initial stages and thus
will not complete the forward movement necessary to
trip the second stage contacts. Under these conditions,
the resistor will remain in circoit and may be damaged
by overheating. Moreover, prolonged runniag on the
first stage comacts may cause grooving of the solenoid
trip mechanism. For these reasons, the starter should
always be run in conjunction with a flywheel but if this
is not possible, the running period must not exceed five
seconds.

166, Mount the starter on the starter test bench with a
0.125 in. {3.18 mm) clearance between the face of the
pinion and the face of the test bench flywheel.

. 167. Connect the starter main terminals to 8 battery of

suitable voitage, The solenoid should be energised from
a separate battery giving 9-10 volts for a 12 volt starter
or 19-20 volts for 24 volt starters at the solenoid ter-
minai when the solenoid current is flowing. The battery
should be connected between the solenoid terminal 'S’
and carth terminal for machines designed for carth
return, and between the solenoid terminal S’ and
solenoid terminal ‘R’ for insulated return machines,
168. Compicte ten engagements into a partly locked
flywheel 10 ensure that the engaging mechanism is
operating satisfaciorily. Non-engagement may be caus-
ed by a tight drive end bearing, or by the pinion binding
on the armature shaft.

169, DPisconnect the separate supply to the solenoid,
and connect the machine for normal operation. Then
check the jock torque (LT). the running torque (RT)
and the light running torque (LR} of the starter ac-
cording to the {ollowing table.
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Test Data
Normina
voltage Type of Battery Current Terminal
of test capacity Torque (Ampe) voitage Spoed
starter
id LY 135AH IS 5bh 1240 max. 4.5 0
“-9Kgm)
RT 135AH 1501604 690 max. 8.0 1220 min.
2-1 Kgm)
LR 135AH 0 100150 12.0 7000
24 LT T8AH ot $1C max. 9.2 0
(5-2 Kg m)
RT T8AH 170 A 555 max. 15.2 1550 min.
(23K m) :
LR T8AH 0 60-100 24.0 000

Brush spring tension 6-7-5 ib (2.7-3.4 Kg)
Brush grade 12 volt starter CMIS
Brush length (new) 12 volt starter 24 mm

24 volt starter DM 100
24 volt starter (9 mm

130, After the tests have been successfully completed,
replace core plugs (29} using tool 5693-298, Finally,
teplace the commutator cover ensuring that the win-
dows are fuilly covered and that the cover fixing screw
is at the bottom of the starter when the machine is
mounted on the engine.

414 Relsy Unit Test Procedure

17L. The particular relay fitted 10 the starting system
s been chosen to operste satisfactorily with the
generator and starter as fitted to the engine. The relay is
not adjustable and cannot be serviced. If the relay is
defective in any way # MUST BE REPLACED BY A
NEW ONE OF iDENTICAL TYPE SYMBOIL.. THIS
iS VITAL TO THE PROPER FUNCTION OF THE
STARTER MOTOR,

414 — 1 (12 volt)

172, Check continuity between B+ and ST terminals
and the insulation to frame all terminals (See wiring
diagram on page 1)

173. Connect a variable resistance and miliiammeter in
series with & 12 volt battery and the relay winding
(SW+ terminal and the positrve side of the capacitor).

Increase the variable resistance and set the reiay by ad-
justing the srmature spring tension so that the contacts
open between 32 and 34 milliamps.

174. Connect an B volt bauery between terminals
SWa+ and E and observe that the relay momentarily
cioses. Failure to do this indicates a fauity capacitor,
loose or broken connections.

175. Connect a 12 volt lamp and battery in series with
the relay comacts (SW+ and SOL terminals). Press
armature 1o coil, to close contacts and observe if lamp
lights. Failure to light indicates dirty contacts, loose or
broken connections.

414 - 2 (24 volt)

176. As 12 volt unit but using 2 24 volt battery and
famp, relay contacts open at between 60 and 62
miliamps, Relay to momentarily close at 20 volts.

RECOMMENDED LUBRICANTS
177, The following lubricants are recommended for all
CA45D starers and no departure from these should be
made withou! reference to CAV. Alternative greases
must not be mixed.

Where used Recommended lubricants Alternatives

Drive end bearing Oit to 5.A.E. 20W Castrol 98

{Temperate climates)

Drive end bearing Qil 1o S.AE. SW/20W Casuol 98

{Sub-zero climates)

Pinion helix, fock balis etc. Regal Starfak Grease Mobil Aero 348
Aero Shell 6B

End cap, comm. end and shims Spheerat EP12 Castrolese LM
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CAV CA45'D’ and ‘P (Refitting)

178. Place the unit against the flywheel housing and
replace the three retaining bolts and washers.

179, Connect the terminai and battery leads to the
starter.

180. The starter shouid be examined to ensure that its
mounting bolts are securely fastened and that aji cable
connections are clean and tight. The cables shouid also
be inspected for fractures, particularly at the point
where the cable enters the terminal jug, The cable in-
sulation should be free from chafing or deteriorations
due to oil.

181. If the starter does not function or is sluggish in
operation, check that the battery is in a satisfactory
state of charge and that ail connections are clean and
tight. A defective starter switch, ST relay or badly
worn starter brushes are possibie causes of failure.
182. A defective dynamo can also affect operation of
the starter (when an overspeed protection device is
fitted in the circuit) as the two machines are electrically
connected. When this condition exists the starter can be
made to operate in emergency only, by temporarily
bridging the two main (large} terminals on the ST relay,
thereby closing the starter solenoid circuit and
eliminating  the overspeed protection, The usual
precaution of ensuring that the engine gear lever is in
ncutral MUST be taken before attempting this
emergency start. The dynamo trouble must be rectified
at the first opportunity. When an alternator is fitted in
piace of a dynamo the above conditions do not arise as
the alternator is not electricaily inter-connected, The
proper functioning of the 414 and ST relays however,
shouid be checked f any cexternal cause of non-
operation of the starters is suspected.

Lucas MS0G Starters {Description)
183, The Lucas M30G starter is a four pole brush unit
with a solenoid-operated roller clutch drive. The unit
has a 5 inch diameter windowiess yoke with & parallel
connected fHield.

184, An imermediate bracket incorporating a third
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drive end bracket which together with the commutator
end bracket are clamped together by through bolts.
185. A brake, 10 stop the armature rotating afier
pinion disengagement, is incorporated in a bore in the
commuiator end bracket. The brake comprises a pair of
shoes which engage a cross peg in the armature shaft
and are centrifuged against the wall of the bore.
186. The brush holders are secured to a plate which in
turn is secured to the end bracket by two bolts. Two
brushes are grounded to the end bracket and two in-
sulated brushes are connected to the copper field coll
assembly. A rubber seal is interposed between the com-
mutator end bracket and the yoke.

187. Engagement and disengagement of the pinion is
provided by the solenoid plunger through a lever which
pivots about an adjustable eccentric pin housed in the
drive end bracket.

188. The M30G unit has & solenoid with two sets of
contacts which provides two stage switching of the
starter. Thus in the event of tooth-fo-tooth abutment,
the first stage contacts in the solenoid close so that only
one of the field coils comes into operation. This rotates
the armature at jow speed thus allowing the teeth to
ciear and the pinion to move into mesh. Upon full
pinion engagement the second stage contacts close, and
bring the remaining three field coils into operation.

Eascas MSOG Starters {Removal)

189. Disconnect the battery cables and leads to the
solenoid.

190. Supporting the starter remove the three retaining
bolts and washers between the starter and {lywheel
housing.

191. Remove the starter,

Lucas MS50G Starters {(Inspection and Overhaul)

192, A dismantled view of the compiete machine is
shown below o assist in dismantiing. Numbers in
brackets in the following text refer to this illustration,

armature bush is interposed between the yoke and the @

APRIL 1973



STARTING MOTORS-16

193, The solenocid {7) can be withdrawn after detaching
the connecting links (6) and removing the attaching
bolts and washers.

194, The solenoid plunger can now be disengaged from
the drive engagement lever {10}

195. Remove the two bolts (1) securing the brush gear
ptate {24}, the two through belts (19} and withdraw the
commutator end cover {25).

7.3000-196

196, Withdraw the brushe | {22) which wili then aliow
the brush gear plate (24) to be removed from the com-
muiator.

7.3000-196

197, Withdz‘aw the drive end bracket (11) and in-
termediate bracket (17) complete with armature (21)
from the yoke (20).
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198, The armature (21), intermediate bracket (17) and
drive assembiy {16} can be removed from the drive end
bracket {11} after releasing the locknut and removing
the eccentric pin (12)

199, Remove the intermediate bracket {17) and drive
assembly (16) from the armature shaft (21) by freeing
the thrust coliar (15} from the jump ring {14). This can
be achieved by tapping the collar down with a tube and
then removing the jump ring,




200. Take care not to jose any shims which may be
assembled to the armature shaft between the in-
termediate bracket and armature core.

1.3000:200

201. The brake shoes and springs (5) can be eased out
of the commutator end cover with a small screwdriver,
care must be taken not to damage the fibre and steel
thrust washers (3 and 4) which are situated behind the
brake shoes.

$.3000-201

202, After dismantling the motor each individual item
must be examined for wear.

Replacement of Brushes

203, The two earth brush flexible connectors are
soldered to terminal plates secured by brush box rivets
and the two insulated brush flexible connections are hot
pressed to free ends of the field coiis. Unsolder the earth
brush flexibles and solder the connectors of the new
brush set in their place. .

204. To replace the insulated brushes, cut off their flex-
ibles 3 (approx. 3 mmy} from the hot press joint. Open
out and tin the loop of the replacement brush. Place the
tinned loop over the stub of the flexible, squeeze up and
solder.

205. The brushes are pre-formed so that *bedding’ to
the commutatos i unnecessary.

206. Check that the new brushes move freely in their
boxes.

207, Brush spring tension should be checked with com-
plete brush gear assembled to commutator. Hold
assembiy firmiy centralized whilst checking each spring
in turn. Tension should be 42 oz, minimum, with a new

brush.
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7.3000-297

Commutator

208. A Commautator in good condition will be burnish-
ed and free from pis or burned spots. Ciean the com-
mutator with a petrol moistened cloth. If the commau-
tator is badly worn, mount the armaiure between
centres in a lathe, rotate at high speed and take a light
cut with a very sharp took. Do not remove more metal
than necessary. The minimum diameter to which the
commutator can be machined before a replacement
armature becomes necessary is 1.5'"  Finally polish
with very fine giass paper. The insulators between the
commutator segments MUST NOT BE UNDERCUT.

Armature

209, If the armature conductors are found to be lfted
from the commutator riser, overspeeding is indicated,
In this event, check that the clutch assembly is
operating correctly.

210. Fouling of the armature core against the pole
faces indicates worn bearings or a distorted shafl, A
damaged armature musi in ail cases be replaced and no
attempt should be made to machine the armature zore
or to straighten a distorted armature shaft.

211. To check the insulation of the armature windings
use a 110 volt AC 15 watt test Jamp.
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212, Refore testing, remove all traces of brush dust
with a dry air blast.

213, The test lamp must not light when connected
between the commutator segment and the armature
shaft.

214, If a short circuit in the windings is suspected
check the armature on a ‘growier’.

2E5, If the armature fajlure cannot be remedied, a
replacement must be fitted.

Field Coils

216. Ensure that both brushes are clear of the yoke
and connect a 110 volt AC test lamp between the field
coil eyelet and a clean part of the yoke,

217, U the test lamp lights it indicates that the field
coils are earthed to the yoke and must be replaced,

218. Using the same equipment check also the in-
sulated pair of brush boxes on the commutator end
bracket. Clean off all traces of brush deposit before
testing. Connect the test iamp between each insulated
braush box and the bracket.

219. If the test lamp hghts this indicates faulty in-
sulation and the end bracket must be replaced.

220. To replace the field coils, remove the nuts,
washers and insulation pieces to free the yoke mounted
terminal stud.

221. Unscrew the four pole shoe retaining screws, us-
ing a wheel operated screwdriver. Remove the in-
sulation piece whick is fitted to prevent the intercol
connectors from contacting with the yoke.

222. DPraw the pole shoes and colis out of the yoke and
lift off the coils. Fit the new fieid coils over the pole
shoes and piace them in position inside the yoke. En-
sure that the taping of the feld coills is not trapped
between the mating surfaces of the pole shoes and the
yoke. Locate the pole shoes and fieid coils by lightly
lightening the retaining screws.

223. Replace the insulation piece between the field coil
connections and the yoke, Tighten the screws by means
of the wheel-operated screwdriver while the pole pieces
are held in position by a pole shoe expander or a
mandret of suitable size. Finally, remake the soldered
connections as before.

Bearing Replacement
224, The commutator-end, drive end, and intermediate
brackets are each fitted with a porous bronze bush.
Replace any bush in which the internal diameter is
worn in excess of the maximum permissible measure-
ment, which is given as follows:

Commutator end bracket bearing: 0.505"

intermediate bracket bearing: 1.127%

Drive-End bracket bearing: 0.675"

225. The bushes in the intermediate and drive-end
brackets can be pressed out, while that in the com-
mutator end bracket is best removed by inserting a
9/16"" 1ap squarely into the bearing and withdrawing
the bush with the tap. Before fitting a new porous
bronze bearing bush, immerse it for 24 hours in clean
engine oil.
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226. Press esch new bush into position with a
shouidered, highly polished fitting pin of the correct
diameter, namely:

for Commutator end bracket bush: 0.5005"

for Intermediate bracket bush: 1.123%

for Drive End bracket bush: 0.6705"
227. POROUS BRONZE BUSHES MUST NOT BE
REAMED QUT AFTER FITTING or the porosity of
the bush will be impaired.

Checking the Roller Clutch Drive Assembly
228. A roller clutch drive assembly in good condition
will: (a) Provide instantaneous take-up of the drive in
the one direction.
{b) Rotate casily and smoothly in the other,
(¢} Be free to move round or ajong the shaft
splines without roughness or tendency to bind.
229. Should the assernbly not meet any of these re-
quirements a replacement unit must be fitted.
230. All moving parts shouid be smeared liberally with
Rocol *‘Molydest® grease, starting motor grade, or an
equivalent alternative.
231. After cleaning all parts, reassembly of the starter
motor is the reversal of the dismantiing procedure but
the following special points should be noted:
232, The thrust shims must be refitted between the in-
termediate bracket and the armature. These shims are
provided to limit the end float to 0.005” —0.020". it is
important that after re-assembly the end float be check-
ed and if necessary a further shim added.
2313, When installing brake shoes in the commuiator
end cover, place the fibre washer in the bore first
followed by the steel washer and finally the brake
shoes.
234, Before instailing the end bracket or cover, the
brake shoes and the cross peg in the armature must be
in the correct relative location so that the peg engages
the slots in the shoes.
235. After assembling the brush gear to the com-
mutator, jocate the through bolts in the shaft holes of
the brush gear piate and temporarily screw the bolts a
few threads into the drive end bracket to locate the
brush gear plate in the correct assembled position.
236, Position the armature so that the brake shoe cross
peg is in line with the two threaded holes in the brush
gear plate. Remove the through bolts without disturb-
ing the position of the piate.
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this throws the drive assembly
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(Refitting)
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Both nut and sleeve which can
re carried on the ball threaded
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mainshaft that is screwed into the nut and locked into
the spring sleeve whilst the springs are under a small
pre-compression during the assembiy process.

252. By hoiding the mainshaft stationary and rotating
the sleeve the springs are compressed, and conversely
when the springs are compressed and the sleeve heid
stationary, if the mainshaft is released this will rotate as
the springs return to their stalic position. _
253, The ratchet mechanism for locking and unlocking
the shaft is integral with the bendix drive of the starter
pinion and is carried on an extension of the mainshaft.
254. imtegral with the spring sieeve is a bevel reduction
gear that meshes with the winding shaft which incor-
porates a ratchet mechanism for locking the spring
sieeve,

255, The whole mechanism is contained within a three-
piece carcase which is both moeisture and dustproof.
256. To operate the starter, the trip lever is set in the
WIND position.

237, On rotating the hexagonal winding shaft in 2
ciockwise direction, the spring core assembly rotates
with the exception of the starter pinion which is
restrained from turning by the main ratchet and pawl
mechanism. H does, however, move forward inio
engagement with the flywheel ring gear until # reaches
the end of its axial {ravel, whereupon both pinion and
mainshaft are automatically locked. This takes 12 turns
of the winding handie.

258, Further rotation of the winding shaft rotates the
spring sleeve and ball nut around the stationary
mainshaft which in turn screws the nut into the sleeve
thus compressing the disc springs. After approximately
104 turns (12 total) the starter is fully charged and this
is indicated by the appearance of two red springs coin-
ciding with the inspection windows provided in the car-
case. The winding shaft is prevented from reverse
rotation due to the reaction of the compressed springs
by its own ratchet and pawl system.
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259, On moving the trip lever into the TRIP position,
the pinion and mainshaft are unlocked thus allowing
the ball nut to be driven axially along the spring sieeve
by the springs until they reach their static position, Ax-
13l movement of the nut rotates the mainshaft which in
turn rotates the engine flywheel,

260. As soon as the flywheel speed exceeds the
mainshaft speed the pinion is thrown out of engagement
and returns to its discharged position assisted by a
helicat return spring.

261. Three other important bulit-in features should be
noted: a} It is possible to rotate the engine through the
starter reduction gear without compressing the
springs. This makes tappet adjustment, spill
timing and priming the fuel system 2 simple
operation,
b} It is possible (0 unwind the starter without
discharging the stored esergy into the engine
fiywheel.
¢y The starter need only be part charged when
restarting & hot engine.

Stmms Spring Starter Type $8/1 (Removal)

262, Ensure that there is no load on the main spring by
checking that the green painted discs can be seen
through the inspection windows. If they are not visible
the starter must be unwound.

263, Remove the retaining bolts and lift the starter
from the engine.

Simms Spring Starter Type S$8/1 {Inspection and
Overhaal)

264, When overhauling the starter the carcase must
not be gripped in a bench vice.

265. To help with overhauling the starter, the numbers
in brackets in the following pages refer to the sectional
view 7.3000-265 unless otherwise stated.




266, The starter should first be dismantled into three
sub-assemblies

End housing assembiy

Spring core assembly

Carcase/nosepiece assembly
as follows:
267. Make a note of the starter assembly code
position, see page 28, or scribe lines across the end
housing/carcase and the nosepiece/carcase joints, this
will ensure that these parts can be correctly aligned on
reassemnbly.
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268, Turn the winding adaptor anti-clockwise to break
the winding ratchet friction,

269, Hold the starter vertically on end, with the
nosepiece on the bench or on a special stand (Tool No:
ST120) and remove the 6 socket cap screws {(67) and
spring washers.

10
1 Main Shaft 24 Trip Link 69 'O Seal
2 Bali Cage 25 Plunger 70 Steel Balt {6/16 in. dia)
3 Ball Nut 29 Pawl 71 Steel Ball {7 mm., dia.)
4 Ball Nt Ring 30 link Pin 74 Circlip
5 Main Disc Spring 33 TTrip Lever Shaft 76 Q' Seal
6 Spring Sleeve 34  Trip Lever 78 Socket Cap Screw
7 Ball Seat 38  Jointing 82 Screw
9 Main Pinion 42 Carcase 86 Locknut
10 Spring Retainer 43 inspection Window 87 Shim
11 Return Spring 48  End Housing 95 Return Spring
12 Spacing Ring 52 Winding Shaft 96 Catch Housing
13 Ratchet Ring 58  Friction Disc 87 Jointing
14 Thrust Washer £6 Ratchet Disc 98 Catchplate
156 Nosepiece Disc Ring 87 Winding Adaptor 898 Hook
18 Nosepiece 60 Winding Pawl
22 Needie Roller Bearing 67 Sockst Cap Screw
7.3000-265

APRH. 1975



STARTING MOTORS--22

270, Lift the end housing assembly {45 on 7.3000-270)
if necessary using a rawhide mallet to loosen it.

1013
100
57
56 77
62
55
&
52
7 b
69 /-gi i 5 53
66 q,é 45
54
/ H .
A 9
- 75
7.3000-270 / /
48 87 83 B2 64 45
6 Spring Sleeve 62 Top Plate
7 Ball Seat 63 Cover Plate
45  End Housing 64 Jointing
46 Bearing Bush 66 Shim
48 Bearing Sleeve 68 QO Seal
52 Winting Shaft 7% CE Clp
83 Thrust Washer 77 O Seals
54  Bevel Pinion 82 Screw
585  Friction Disc g7 Shim
56 Ratchet Disc 100 Retaining Screw

57  Winding Adaptor 101 Plug

211, Remove the carcase shim (87} if fitted.

272, Remove shims {66} from bevel gear recess.
273. Operate the trip lever (34) through its full travel in
order to engage the hook (99) with the catch plate (98).
274, Piace hand over the open end of the carcase (42)
to hold the spring sleeve bevel gear, then invert the car-
case, piacing the open end onto the bench. Care must
be taker when turning the carcase upside down
otherwise the spring core assembly will fall out. Lift the
carcase/nosepiece vertically off the mainshaft.

Spring Core Assembiy
275. Remove the nosepiece disc spring {15) and thrust
washer (14} from end of mainsnaft (1%
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276, Lay the assembly on its side. Carefully remove
the main pinion circlip (74) making sure not (o
overstretch it. Slide the ratchet ring {13) sideways and
remove the five steel bails {71). Slide off the main pinion
{9), spring retainer (10}, return spring (11}, spacing ring
{12}, ratchet ring {13) and circlip (74) from the
mainshaft,

277, Slide the spacing tool (No. ST121) over the pinion
end of the shaft and place the main spring assembly
vertically in the special press {T'ool No. ST138) so that
the spring sleeve bevel gear is on top. Place the press
tool {No. §T122) in the bevel gear recess and apply suf-
ficient pressure to depress the main spring about ¢/
(9.5 mm). Whilst the pressure is maintained, lift out the
ten steel balis (70} Siowly release the pressure and
remove the assembly from the press. _
278. Slide the main shaft (1) complete with ball nat (3)
and ball nut ring {4) out of the spung sleeve (6).
Remove the twenty-four spring discs (5) from the
spring sleeve. Examine the ‘(" seal (69) for wear or
damage. To remove this seal the ball seat insert {7}
must be pressed out, an operation which should not be
carried out unnecessarily.

Emd Housing Assembly

279. To dismantle the end housing assembiy. reference
should be made to illustration 7.3000-27% which is
section *CC’ of illustration 7.3000-265.

60 52 46

861

a3 47 85 61 B3

7.3000-279 - Section ‘CC° of 7.3000-265

46 Bearing Bush 80 Pawi

47  Stud 81 Spring

52 Wiinting Shaft 82 Top Plate

83 Thrust Washer 83 Nut

88 Friction Discs 100 Retaining Screw
56 Ratchet Disc 101 Plug

57  Winding Adaptor

280. Remove the two nuts (83) and spring washers,
Remove top plate (62) if necessary tapping it with a
rawhide mallet. Remove the two pawls (60) and springs
61)




281, Remove the hexagon screws (82} and spring
washers. Lift off cover piate (63) and jointing (64).
282, Remove B clip (75) and withdraw the winding
shaft assembly. Place shaft assembly in special tool
{No. ST148; PL900) and prise out plastic plug (101).
283, Remove retaining screw (100). Unscrew winding
adaptor (57) and remove ratchet disc {$6) and the two
friction discs (55).

284. Remove thrust washer (53) and bevel pinion {54)
from housing,

Carcase and Nosepiece Assembly

285. Use extended Alien key (Tool No. STi29) w
remove the six socket cap screws (78) and shakeproof
washers. Scparate the carcase (42) from the nose piece
assembly (18).

286, Press and release the reset button and remove
four screws (82) and spring washers, catch housing (96)
and jointing {97).

287, Ensurc that hook (99) is freed from catchpiste
{98). Lift off catchplate assembly, being careful not to
damage or bend the leal spring beneath, and jointing
{39)

288, Remove the trip lever stop screw (36 in 7.3000-
288) and spring washer,

This iligstration is section ‘BB’ of illustration 7.3000-
265,

102 36 76 34

1.3000- 288 - Secton B8 of 7.3000.285

18 Bush 36  Stop Screw
27 Top lisk 76 'O Seal

33 Shah 85 Return Spring
34  Trip Lever 102 Washer
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285, Withdraw the trip lever shaft (33) complete with
trip lever (34), return spring (95) and ‘O’ sead (76).
290. Use extractor (Tool No. ST136) to remove pawl
pin (3§ in 7.3000-290); & tapped hole (No. 8-32 UNC)
is provided in the end of the pin for this. Lift out the
spring loaded plunger assembly complete with hook
(39) and main pawl {29).

97 96 27 98  96A

7.3000-290 - Ssction "AA’ pf 7.3000-285

1 Main Shatt 31 PawlPin
13 Ratchet Ring 39 Jointing
24 Spring Link Housing96  Catch Housing

25 Plunger 86A Reset Button
26 Spring a7  Jointing

27 Toplink 98 Carwchplate
29 Pawi 98 Mook

30 Link Pin

291. Separate the plunger (25) and the hook {99) from
pawl {29} by pressing out the link pin (30) which is a
press fit into the wide limb of the pawi.

292. Unscrew the top link (27} and withdraw link
spring (26) and plunger (25).

293, Examine needle roller (22} in position. Only press
i out from the nosepiece if it must be renewed.

294, Ciean all parts for examination and renew any
part which 15 excessively worn or damaged. When
ordering spare parts, the starter type number should
always be quoted.

295, Particular attension should be given to the two-
start thread of the main shaft, the corresponding thread
in the ball nut, and the end track of the main shaft. If
the main shaft and bali aut are chipped or cracked or
badly pitted, they should be repiaced. I the spring
sieeve ball seat insert is damaged or worn, it must be
pressed out and replaced. All these components, in-
chuding the ratchet ring and bali cage, should also be in-
spected visually for cracks.

296. The compiete pack of twenty-four disc springs {5)
should be replaced by new ones if:
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{a)} Their surfaces are badly pitted due o atmos-

pheric corrosion

{b) Any of the discs is cracked or broken

{c} The distance from the end of the spring sieeve

{6} 10 the outer odge of the first spring exceeds

0.25" {(6.35 mm).
297. if 2 new ball aut (3) or main shaft (1) have to be
fitted, ensure that ball nut, main shaft, balls and ball
cage, when assembled as a unit, function smoothiy.
298. If a new ball nut is fitted, check that it slides freely
in the slots of the spring siceve.
299. Similarly, if either a new ratchet ring (13) or main
pinion (9) is fitted, when these components are assembl-
¢d together with balis {71) on main shaft, check that the
main pinion assembly functions smoothly along the
whole length of the five stant thread.
300, if the wwo new bearing bushes {46} have to be
fited in the end housing, use & fitting pin 0.5005 in.
{12,713 mm} diameter, the winding shaflt may be used
carefully for this purpose. Press each new bush into the
casting, level with its spot face. Check for free running
011 of winding shaft,

NN

Spot

Face \

L.l L 2.

Bearing
Bushes

Face

1.3000-3006

301, The included angle {(68°) between the ieaf spring
and the catchplate should be checked. If this angle ex-
ceeds 70° a new catchplate assembly (98) must be
fitted.
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L

7.3000-301

302, The hook (99) must be carefully examined for dis-
tortion and cracks inside the hooked end.

303. If two new bushes for pawl pin {(31) have to be
fitted into nosepiece, use a suitable fitting pin (to
maintain alignment and dimension 33.15/32.95 mm)
and press in bushes. Check that pawi pin is a free fit in
bushes.

CQutar bush o be pressed
in flush with this lsce

| inngr Dush 0 be pressec
1 1o dimension shawo

inner
Bush

3315 mem

7.3000-303

304, Similarly, if a new bush has to be fitted for the trip
lever shaft (33), use a suitable fitting pint and press in as
shown in Hustration 7.3000-304. Afterwards drill and
tap (8/16” — 24 UNF ~ 2A} the bush through the stop
screw hole. Remove any internal burrs from bush and
check free running it of trip lever shaft.

- e
2 on (/4




Trip Bush to be pressed in
Lever flush with this face
Bush

7.3000-304

305 The components of the spring starter are
lubricated during assembly with grease as indicated in
Tabie 1 {Page 26). The recommended greases are
Mobilgrease No. 3 {graphited) and Rocol anti-scuffing
paste (Molybdenum disuiphide},

306. Lubricate sll parts as instructed under
'LUBRICATION' with the exception of the winding
bevel pinion teeth {54), the bevel gear of the spring
steeve (6) and the bail seat recess. These parts are
lubricased at a ater stage, afier the gear mesh and the
main shaft end fioat have been adjusted by shims.
307, Reassembling is in the reverse order of dis-
mantling.

308. As a general guide to the tightening of screws and
nuts with an adjustable torque spanner, the setting of
the spanner is given in ib. f. (kg. m.).

309. The recommended sealing compound to be used
on jointings and face joinis {where applicable} is
Hylomar SQ32/M.

Carcase and Nosepiece Ansemnbly

310. I a new needle roller bearing is required (22)
press it into the nosepiece. The pressure shouid be
applied 10 the flat end face of the needle bearing
assembiy.

31t Reassemble the parts of the spring link assembly
i.e. plunger {25), spring(26), spring iink (24) and top
hink (27). Preset the new trip link assembly, using the
setting tool {No. STi47; PLS00}. The correctly set link
should freely drop over the tool pins.

312, Connect the spring link assembly 1o the hook (99}
and paw! (29} with link pin (30); the link pin is & press
fit into the wide limb of the pawl. Assembile the {ree end
of the main pawl sub-assembly into the nosepiece with
the pawl pin {31},

313, Locate trip lever return spring (85) into nosepiece
(18). Fit 'O seal (76) in groove of trip lever shaft (33)

STARTING MOTORS-25

and fit shaft through the return spring into the

nosepiece. At the same time locate the plunger top link

(27) on the offset pin of the shaft.

314. Fit stop screw {36) and spring washer (102) so

that the screw locates in the siot of the lever shaft.

Tighten the screw to 7-9 lbs. ft. (0.97-1.24 Kg. m.). Fit

the hooked end of the return spring over the trip lever

{34) and ensurc that the spring returns the lever o the

end of the siot,

NOTE: To adjust the position of trip lever (34} in shaf

(33), slacken lockmut (86) and turn the trip lever to the

position required, then re-tighten locknut.

315, Apply sealing compound to both faces of jomn-

tings (39) and (97). Fit jointing (39), catchplate {98),

jointing (87) and catch housing assembly (96). Hook

{99) locates freely in the catchplate siot. Tighten the

catch housing screws (82) to 2-3 tbs. ft. (0.27 0.41 kg.

m.).

316, Check the reset trip mechanism as follows:-
{a} ‘The hook should engage in the recess of the
catchpiate during the full movement of the tnp
lever and remain there when the trip jever 18
released.

(b} Pressing the reset button should disengage the
hook from the catchplate,

{¢)} To check that the hook can engage over the
button catch {lustration 7.3000-290) press and
hold reset button then manuaily press pawl up-
wards until hook engages. Release pressure on
pawt and check that hook remains on button
catch. Release button and ensure that the hook
disengages from button catch and re-engages with
the recess in catchplate.

317. Apply sealing compound 1o the mating faces of

nosepicce and carcase, and connect the two parts {in

the position marked when dismantling) with the screws

(78) and shakeproof washer: tightening torque 7-9 Ibs.

ft. (0.97-1.24 kg. m.}.

Main Shaft snd Spring Core Assembly
318, Fit 'O seal {69) in groove provided in ball seat in-
sert ().
319, Assembie the twelve pairs of dise springs {5) on
spring sieeve (6}, Position the painted indicator springs
as follows, numbering them from the nosepiece end of
the starter:

Spring discs Nos. 1, 2, & 3 tred) abut ball nut ring,

No. 4 {whilg)
Nos. 1] & 12 {green}

320. H new spring discs are to be fitted, the peripheries
of six of them must first be painted with the colours
above, 50 that they may serve as indicator springs.
321, Lubricate the ball tracks of the main shaft (1)
with Mobiigrease No. 3 {graphited) to fzcilitate
assembly of the bail cage {2). Slide the ball cage on the
main shaft, fit the sixteen balls (70) inte the ball cage
holes and screw on ball nut (3} Ensure that both the
ball nut and ball cage Pange abut the mam shaft collar.
Locate the ball nut ring (4) over the four lugs of ball mut
and slide assembly into spring sleeve (6} 50 that the nut
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TABLE 1.

MOBILGREASE No. 3. (GRAPHITED):-

SPRING CORE ASSEMBLY,
Main Shaft (1)

Ball Cage (2)

Bali Nut (3)
Spring Sleeve (6)
Main Pinion {9)
Ratchet Ring (13)

NOSEPIECE ASSEMBLY

Needle Roller (22)
Main Pawl (29)
Link Pin (30}
Pawi Pin (31)

Spring Link Assembly (24, 25 & 26)

Hook {99)
‘Trip Lever Shaft (33)

Catchplate Assembly (98)
Catch Housing Assembly (96)

END HOUSING ASSEMBLY
End Housing (45)

Winding Shafl (52)
Bevel Pin{34) _
Friction Discs (35)
Ratchet Disc (56)
Raichet Pawis {60)
Ratchet Springs (61)
Winding Adagptor {57}

LUBRICATION

Roller bearing journal, 5-start screw thread,
2-start screw thread, ‘O' seal shoulder and bali
track on end of shaft.

Al internal and extena! surfaces including holes
for steel balis.

Internal 2-start screw thread and  external
surfaces,

Bevel gear toeth and all internal bores including
ball seat track and bearing surface of bevel gear.

Internal bore and external surface up {0 gear
teeth, including holes for steel balls.

All surfaces including grooves for steel balls.

Al surfaces.

Al surfaces,

Al surfaces.

Al surfaces,

All surfaces.

Lever shank and eceentric pin.
Leaf spring and recess for hook.
Buiton Catch.

Bearing sleeve;, winding shaft bushes and cavity
between them; studs.

All surfaces.

All surfaces.

Al surfaces,

All surfaces.

All surfaces,

Al surfaces,

Thread and end (fniction) face,

Note, Before final sssembly of end housing on carcase, fill the bail seat cavity with about
4 oz. {21 gm.) of Mobilgrease No. 3 {graphited).

ROCOL ANTESCUFFING PASTE:

SPRING CORE ASSEMBLY

Spring Sleeve (6)
Ball Nut Ring (4)
Spring Discs (5)

END HOUSING ASSEMBLY

Top Plate (62)
Winding Adaptor (57}
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Sleeve slots and outer surfsce.
Bore.
The ground mating faces and bore.

Bore and *Q" scal grooves,

Bearing surface, ie., the surface which is in
contact with the top plate on assembly. It is
importan: that paste must not be allowed on to
{riction face.




lugs engage the longitudinal slots of sleeve.

322. Slide spacing tool (No. 8T121; PL9OO} on o
pinion end of main shaft.

323, Place the whole assembly in press (No. STi38)
with bevel gear uppermost, Locate the press toot {(No.
§T22) in the recess in the spring siceve and depress the
spring sleeve (and springs) about 4 in. {9.5 mm)
Distribute the ten steel balls (70) evenly around the
main shaft in the undercut portion between the end
track and Q" seal collar, Siowly release the press, en-
suring that no stect balls are trapped between the shaft
head and edge of ball seat (7). Release the pressure and
check that all ten balls are situated between the track in
the ball seat and shaft. Remove assembly from press.
324, Assembie the main pinton circlip (74) and ratchet
ring (13) on main shaft {1). Assemble spring retainer
(10}, return spring {11) and spacing ring {12) on main
pinion (9). Slide the assembly into position on the main
shaft {1} so that the five 7 mm dia, steel balls (71) may
be inserted in the five-start thread. Slide ratchet ring
over steel balls and fit circlip (74), taking care not to
overstretch it. Check that the pinion assembly moves
freely up and down the five-start thread,

End Housing Assembly

325, Insert winding shaft (52} into new assembly tool
{No. STI48; PLS00). Assembie {Jubricated) friction
disc (55), ratchet disc (56), friction disc {55} and
winding adaptor {57} in that order, on to shaft. The
ratchet-disc rotates clockwise; make sure that its teeth
face in the correct direction {sec Hiusteation 7.3000-
265). Fit adaplor retaining screw {106) and tighten to
19 ths. fi. {0.97-1.24 kg. m.). Check that, with the
winding adaptor turned back against the head of the
retaining screw (100}, the ratchet disc {56) is free to
rotate. Apply sealing compound to flange of plastic
plug (161} and press into adaptor,

326, Locate thrust washer (33) in housing seat. Slide
the winding shafl assembly into the housing. Fit bevel
pinion {54) on 1o the shaft hexagon and fit retaining ‘¥’
chip (75). Check that winding shaft rotates freely,

Bevel Gear Mesh Adjustment

327 Support the end housing, with its register upper-
most, on a bench. A biock of wood, shaped to suit the
beveiled outer face of the end housing will provide a
firm base.

328, Place the thickest shim (66) on the end housing
hub, and {it the spring core assembly on to the hub.
329, Rotate the spring core assembiy and check that
the bevel gears run freely.

330. The shims {66} are supplied in 0.005 in. (0127
mm) increments from 0005 in. (0.127 mm) to 0.020
i, (0.508 mm). Add or remove shims until the bevel
gears are in fuil mesh and will just run freely without
roughness.

3131, The fnal backiash of the gears shouid be from
0.10 mm 1o 0.20 mm. When the correct shim shickness
has been determined, keep it with the end housing for
final assembty,
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332. Fit the two ratchet pawis (60) and springs (61) on
to studs {(4T). Turn the winding adaptor (57) clockwise
and check that the ratchet assembly functions cor-
rectly,

333, Fit the two ‘O seals (77) into the grooves in the
top plate (62). Apply sealing compound 1o the joint face
of the top piate. Fit top plate over winding adaptor and
studs (contour of plate matching that of end housing)
and secure with nuts (83) and spring washers; tighten-
ing torque 5-7 ths, 1. (0.69-0.97 kg. m.}.

334, Apply sealing compound to jointing (64} and
cover plate (63). Fit cover plate to end housing with
serews (82) and washers; tightening torque 2-3 lbs. ft.
(0.27-0.41 kg. m.)

Final Assembly

335, Place the main shaft and spring core assembly
vertically on the bench with the nose journal upper-
most. Place the thinnest thrust washer (14) and
nosepiece disc spring (15) on the end of the mainshaft
{1}. Ensure that the chamfered side of the thrust washer
{Hlustration 7.3000-335 (&)} abuts the shoukder of the
shaft and that the convex side of disc spring
{Hiustration 7.3000-335 (b)) abuts the thrust washer.

Chamier
7.3000-33518) \E l
Convex
Side

7.3000-335ibi

336. Operate the trip lever fully to engage the hook
{99) into the caich plate (98) recess. Lower the carcase
and nosepiece assembiy over the main shaft assembiy
allowing the shafl journal to enter needie rolier in nose.
Place one hand under bevel gear and turn the whole
assembly through 180° so that the nosepicce rests on
bench or on special stand,
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337. Fit end housing shim (66) which was selected as
detailed in Bevel Gear Mesh Adjustment, into the
spring sleeve {6). Place the thickest carcase shim (87)
on end housing spigot and assembie end housing on
to carcase, engaging bevel pinion (54) with bevel gear.
Secure with two cap screws (67) and then slowily rotate
the winding adaptor {37), pushing it inwards {0 seat
thrust washer {53} firmly into its seating.

338. Using a dial gauge, measure the shaft end float by
lifting the main pinion by its teeth. Tool NO. ST140
{PLO0G) comprises the dial gauge fixture which bolts to
the starter nosepisce, plus a forked lever for lifting the
main pinion, Do not exent sufficient force to compress
the nose disc spring or an excessive end fioat figure will
be obtained, The pinion face to mounting flange
dimension should also be checked at this time,

3139, invert the essembly and place nosepiece on bench
or special stand (No. ST120; PL900). Remove end
housing and change the carcase shim (87) and thrust
washer {14) to obtain the correct pinion face to
mounting flange dimension and main shaft end float
(0.05-0.21 mm). _

340. The dimension ‘B’ {pinion face to mounting
flange) varies for the different types of spring starter.
341, With the thinnest thrust washer {14) and thickest
carcase shim {87} the end float is a maximum. A
thinner carcase shim will give a larger pinion face to
mounting flange dimension but will decrease the end
float, The carcase shims are in two sizes 0.5 mm and
1.00 mm thick and the thrust washers vary from 2.4
mm to 1.4 mm in 0.2 mm stages.

342. Fill ball seat cavity with lubricant 1o the level of
the head of the main shaft; see note under 'END
HOUSING ASSEMBLY', in table 1. Lubricate aiso
the bevel pinion, bevel gear and bevel gear recess,

Nosepiece

Pinion

Fiange

t‘——-.--- Dimension '8’

7.3000-340
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‘B Normel
Starter | Dims.. Assy.
Type NoJ mm. | Code

SS 20/1 ] 25-26] ES
8821/
§S22/1] 2829 Al
§§23/1} 28-29 C3
SS 24/11 47-48] E6
§S25/1| 28-29] B2
$526/1 47-48] B3

‘B INormal
Starter | Dims.; Assy.
Type No.i mm. | Code

S8 10/1124-251 BRI
SS11/112021] A7
S812/1147.48 B3
SS 13/1128-29] Al
S8 14/1 126271 Al
8S 15/1126-27 F1
SS16/1128-29) ES

§S17/1147-48! Al
$S 18/1120-21 B

$§ 19/1125-26 DS

343. Apply sealing compound to the joint faces of the
carcase and end housing, and to both sides of shim {84)
if one is to be used. Assemble the housing to the car-
case (in the position marked with dismantling) with 6
socket cap screws (67) and spring washers; tightening
torque 7-9 ths, ft. (0.97-1.24 kg. m.).

Starter Assembly Coding

344. The relative angular position between the tnip
lever and the winding shaft can be varied by equal in-
crements to suit the instaliation requirements for each
starter. An assembly code has been introduced 40
denote these positions and each starter is normaily
assembled to a particular code number when manufac-
tured.

345. The Hustration and the position code tables show
the range of winding shaft positions available. Angle ‘B’
is measured from a datum line 30° from the trip lever
position. This datum coincides with the centre hole of
the mounting flange {shown doued} of the 8§ . . . /1
Type starter,

T rapped holes 0 |
tarcase at and :
housing eng

£ \apped holes in
nosepiece maiching
6 hOIES i Carcase

G holes in end
housing

7.30040-345



[“Angle ‘B’ [Position Code] | Angle ‘B [Position Code
0 Al

|+ 84/7° B2 -~ 84/7° E7
+17 170 C3 RERY -
+25 5/7° D4 25 5/7° DS
+342/7° ES ~342/7° | Ca
+42 6/7° E6 42 6/7° B3

- +513/7° A7 -5 3/7° A2

607 Bl —60° Fl
+68 4/7° Cz | |-—684/7° £

AT D3 —17 Y70 D6
+85 5/1° 4 —85 5/7° 5

..... +94 2/7° Fs5 94 2/7° B4

346. The carcase has 6 holes for the nosepicce screws
and 7 tapped holes in the tail end. Two of the carcase
holes are in Hne and are ilentified by marks ‘O
stamped on the outside of the carcase. The starter
positon codes indicate the holes i the end assemblies
which are in line. In Hlustration 7.3000-345 nosepiece
hole *A’ and end housing hole 7’ mate with carcase
hole 0-0. The starter Type becomes S8 /1AL

Peico Remy MT Siarters {(Description)
347. Delco Remy heavy duty starting motors have a
shift lever and solencid plunger that are totally enclosed
10 protect themn from exposure to dirt, icy conditions
and splashing. The nose housing can be rotated to
obtain a number of different solenoid positions with
respect to the mounting flange.
348. Positive jubrication is provided to the bronze
bushings by an oil saturated wick that projects through
the bushings and contacts the armature shaft. Qil can
be added 10 each wick by removing a pipe piug which is
accessible on the outside of the motor. Roller hearings
in the lever housing on some models contain a supply of
lbricant which wil] last between engine overhaul
periods.
349. Some motors have an oil reservoir for the bronze
bearings which makes a larger oil supply availabie,
thereby extending the time required between lubrication
perieds. Also on some motors, Q7 rings are added 1o
resist entry of dirt and moisture into the assembly.
When the oil reservoir and ‘(O rings are included in the
buiid the moter is classified as “long life’, which
provides long periods of aitention free operation.
350, A rubber boot or linkage seal is sitnated over the
solenoid plunger.
351, A heavy duty sprag type clutch is used which is
moved into mesh with the ring gear by the action of the
solencid. The pinion remains engaged until starting is
assured and the solenoid circuit is interrupted. In case
of a butt engagement with the chutch, the motor will not
be energised to prevent damage to the pinion and the
pear tecth.

STARTING MOTORS-29

352. The adiustable nose housing is attached by six
boits to the lever housing. To relocate the housing, it is
only necessary o remove the bolis, rotate the housing
to the desired position, and re-install the bolts, tighten-
ing them to a torque of 1317 Ibs, ft. The lever housing
and the commutator frame are attached to the field
frame independently by boits entering threaded holes
in the field frame.

Operation

353, In the basic circuit shown below the solenoid win-
dings are energised when the switch is closed. The
resulting plunger and shift lever movement causes the
pinion 10 enpage the engine flywhee! ring gear and the
solenoid main contacts to close, and cranking takes
place. When the engine starts, pinion over-run protects
the armature from excessive speed until the switch is
opened at which time the return spring causes the
pinioa to disengage. To prevent excessive over-run and
damage to the drive and armature windings, the switch
must be opened immediately when the engine staris.

START
SWITCH

BATIERY

CRAMKIMG
MOTOR

7.3000-353
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354, Before removing any unit in the cranking eircuit
for repair, the tests listed in paragraphs 3155 to 358 in-
clusive, should be carried out,

355. Check the condition of the batiery and ensure
that it'is fully charged.

356. Inspect all wiring for damage. Inspect all connec-
tions to the cranking motor, solencid, magnetic switch,
ignition switch or any other control switch and battery,
inciuding all ground connections, Clean and tighten
connections as required.

357, Inspect all switches, magnetic solenoid and con-
trol, to deterinine their condition. Connect a jumper
lead around any switch suspected of being defective. i
the system functions properly using this method, repair
or replace the by-passed switch,

358, If the battery, wiring and switches are in a
satisfactory condition and the engine is known to be
functioning properly the motor should be removed and
tested.

Belco Remy MT Starters {Removal)

359, Disconnect the battery cabies,

366. Disconnect the two leads 1o the ignition switch,
361. Remove the three retaining bolts and washers and
remove the starter from the flywheel housing.

Cranking Motor Tests

362. Regardless of the construction, never operate the
granking motor for more than 30 seconds, without
pausing to allow it to cool for two minutes. On some
applications 30 seconds may be excessive. Overheating,
caused by excessive cranking will seriously damage the
motor,

363. With the motor removed from the engine, the
armature should be checked for freedom of rotation by
prying the pinion with a screwdriver. Tight bearings, a
bent armature shaft or a loose pole shoe screw will
cause the armature {0 not turn freely. If the armature
does not turn freely, the motor should be disassembled
immediately. However, if the armature does rotate
freely, the motor should be given a no load test before
disassernbly as described below.

AMMETER
YOQLIMEYER

BATTERY

CARBON
PHE

RAPM.
INDHE ATOR

CRANKING
MOTOR

7.3006-364
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364, Connect a voltmeter from the motor terminal to
the motor frame, and use an RPM indicator to measure
the armature speed. Connect the motor and an ar-
mature in series with a fully charged battery of the
specified voltage, and a switch in the open position
from the solenoid batiery terminal to the solenoid
switch terminal,

365, Close the switch and compare the rpm current,
and voitage reading with the specifications tabulated
below.

NO LOAD TEST

Min. | Max. | Min. | Max.

Part No., Voits Amps | Amps | rpm | rpm

1£13202 9.0 50* 70* | 3500 | 5500
1113637 F1-6 1 B5* | 125" 15900 | 8100
1114084 11-53 | 90* | 130* 5600 7600

* includes solenoid

366. It is not necessary to obiain the exact voltage
specified, as an accurate interpretation can be made by
recognising that if the voltage is slightly higher the rpm
will be proportionately higher, with the current remain-
ing essentially unchanged,

367, If the exact voitage is required, a carbon pile con-

nected across the battery, see illustration 7,3000-364,

can be used 1o reduce the voitage to the specified value.

If the specified current does not include the solenoid,

deduct from the ammeter reading the specified current

draw of the solenoid hold in winding. Make disconnec-
tions onty with the switch open.

368. inmterpret the test resuits from paragraphs 369-374

inclusive.

369. Rated current draw and no load speed indicates

normal condition of the cranking motor.

370. Low free speed and high current draw indicate:
(a) Too much friction — tight, dirty or worn
bearings, bent armature shaft or loose pole shoes
allowing armature to drag.

(b} Shorted armature — this can be further
checked on a growler after disassembly.

{¢)} Grounded armature or fields — check further
after disassembly.

31, Failure to operate with high current draw

indicates: {a) A direct ground in the terminal or fields.

(b} “Frozen’ bearings {this should have been
determined by turning the armature by hand).

372. Failure to operate with no current draw indicates:
{a) Open field circuit. This can be checked after
disassembly by inspecting internal connections
and tracing circuit with a test lamp.

(b} Open armature coils. Inspect the commutator
for badly burned bars after disassembly.



{c) Broken brush springs, worn brushes, high
insulation between the commutator bars or other
causes which would prevent good contact
between the brushes and commutator.
373, Low no load speed and low current draw
indicates: (2} High internal resistance due 1o poor
connections, defective leads, dirty commu-
tator and causes listed under paragraph 372,
374. High free speed and high current draw indicates
shorted fields. If shorted fields are suspected, replace
the field coil assembly and check for improved perfor-
mance.

Deico Remy MT Siarters (Inspection and Overhaul)
375, Normally the cranking motor should be dis-
assembied only so far as is necessary 10 make the repair
or the replacement of the defective parts. As &
precaution, it is suggested that safety giasses be wom
when disassembling or assembling the cranking motor.
376. Note the relative position of the solenoid, lfever
housing and nose housing so-that the motor can be
reassembled in the same manner,

377, Disconnect field coil connector from solenoid
motor termuinal, and lead from solenoid ground tee-
minal.

378. On motors which have brush inspection plates,
remove ihe plates and then the brush lead screws. This
will disconnect the field leads from the brush holders.
379. Remove the attaching bolts and separate the com-
mutator end frame from the field frame,

3B80. Separate the nose housing and field frame from
the lever housing by removing attaching bolts.

38t Remove armature and clutch assembly from the
lever housing.

382. Separate the solenoid from the lever housing by
pulling apart.

383. All parts except the drive should be cleaned with
mineral spirits and a brush. The drive can be wiped
with a clean cloth. The drive, armature and fields
should not be cleaned in any degreasing tank, or with
grease dissolving solvents, since these would dissolve
the lubricant in the drive and damage the insulation in
the armature and field cofls,

384, if the commutator is dirty it may be cleaned with
No. 00 sandpaper. NEVER USE EMERY CLOTH
TO CLEAN COMMUTATOR.

Brushes and Hoiders

385. Inspect the brushes for wear. If they are worn ex-
cessively when compared with a new brush, they should
be replaced.

386. Ensure the brush holders are clean and the
brushes are not binding in the holders. The full brush
surface should ride on the commutator 10 give proper
performance.

387. Check by hand to ensure that the brush springs
are giving firm contact between the brushes and com-
matator. If the springs arc distorted or discoloured they
should be replaced.
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Armature

388, If the armature commutator is worn, dirty, ouf of
round or has high insulation, the armature should be
put in a Jathe so the commutator can be turned down.
The insulation should then be undercut (see note) 1/32
of an inch deep and 1/32 of an inch wide, and the slots
cleaned cut to remove any trace of dirt or copper dust.
Finally the commutator should be sanded with No.00
sandpaper to remove any burrs left as a result of the
undercutting procedure,

NOTE: The undercut operation must be omitted on
part numbers 1113202 and 1113637,

389. The armature should be checked for opens, short
circuits and grounds.

390, Opens are normally caused by excessively long
cranking periods. The most likely place for an open to
oceur is at the commutator riser bars. Inspect the
points where the conductors are joined to the com-
mutator bars for joose connections. Toor connections
cause arcing and burning of the commutator bars as
the cranking motor is used. If the bars are not too badly
burned, repair can often be effected by resoldering or
welding the leads in the riser bars {using rosin flux) and
turpning down the commutator in a lathe to remove the
burned material. The insulation should then be under-
cut except where noted above.

361. Short circuits in the armature are Jocated by use
of a growler. When the armature is revolved in the
growler with a steel strip such as a hacksaw blade held
above i, the blade wili vibrate above the area of the
armature core in which the short circuit is located.
Shorts between barg are sometimes produced by brush
dust or copper between the bars. These shorts can be
eliminated by cleaning out the slots.

392. Grounds in the armature can be detected by the
use of a 110 volt test lamp and test points, If the lamp
lights when one test point is placed on the commutator
with the other point on the core or shafl, the armature
is grounded. Grounds occur as a result of insulation
failure which is often brought about by overhesting of
the cranking motor produced by excessively long

-cranking periods or by accumulation of brush dust

beiween the commutator bars and the steel commutator
ring.

Field Coil

393. The various types or circuits used are shown in
the wiring diagram below. The field coils can be check-
ed for grounds and opens by using a test lamp.
394. Grounds: If the motor has one ot more coils nos-
mally connected to ground, the ground connections
must be disconnected during this check. Connect one
lead of the 110 volts test lamp to the field frame and the
other lead o the feld connector. H the lamp Hghts, at
feast one field coil is grounded which must be repaired
or replaced. This check cannot be made if the ground
connection cannot be disconnected,

393. Opens: Connect test lamp leads to ends of field
coils. If lamp does not light, the field coils are open.
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COMMUTATOR

COMMUTATOR

SERIES COL {4)

73000393
SERIES COiL |4)

396. Field cofls ¢can be removed from the field frame
assembly by using a pole shoe screwdriver. A pole shoe
spreader should also be used to prevent distortion of the
field frame. Careful installation of the field coils is
necessary 10 prevent shorting or grounding of the field
coils as the pole shoes are tightened into place. Where a
pole shoe has a long lip on one side and a short lip on
the other, the long lip should be assembled in the
direction of armature rotation so it becomes the trailing
{not leading) edge of the pole shoe.

Cluich

397. Disassembly procedure for the heavy duty sprag
clutch, illustrated below, is outlined in the following
paragraphs.

AND SHELL ASSEMBLY

7.3000-397

398. Remove the cupped pinion stop and split washer,
In removing the capped pinion stop, it will probably be
damaged, a new one being necessary on reassembly.
399, Remove remaining parts as illustration,

400. Do not lubricate the sprags, as they are lubricated
for life with special oil at the factory.

401 Assembie in reverse of disassembly.
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COMMUTATOR

SERIES COIL 4]

Solenoid
4072, A basic solenoid circuit is shown below.

STARY SWITCH

HOLD-IN

WIZING

WINDING
BATYERY

1.3000-402

403, Solenoids may differ in appearance, but can be
checked electrically by connecting a battery of the
specified voltage, a switch, and an ammeter to the two
solenoid windings, With all leads disconnected from the
solenoid, make test connections as shown to the
solenoid switch (8 or SW) terminal and to ground, or to
the second switch terminal {G), if present, to check the
hold in winding,
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Current Consumption
Switch Rated o e
Model Voltage Both Windings Hold-in Windings
Amps Volts Amps Yoits
1115510 i2 26-29 5 18-20 10
1119885 12 70.4-77.8 10 18-20 10
1119879 i2 65.3-73.3 10 12.7-14.3 10

VOLTMETER

EWITCH

CARRON
FILE

AMMETER

BATIERY

7.3000-403

404. Use the carbon pile to decrease the voltage of the
battery to the value tabulated above and compare the
ammeter reading with the specifications,

403. A high reading indicates a shorted or grounded
hold in winding, and a low reading, excessive
resistance. To check the pull-in winding connect from
the soleroid switch terminal (8) to the solenoid motor
(M or MOT) terminal.

406. If needed to reduce the voltage to the specified
value, connect the carbon pile between the battery and
the ‘M’ terminal as shown in dotted lines instead of
across the battery as shown in solid lines. If the carbon
pile is not needed, connect a jumper directly from the
battery to the ‘M’ terminal as shown by the dotted line,
CAUTION: To prevent overbeating, do not leave the
pull-in winding energised more than 15 seconds. The
current draw will decrease as the winding temperature
increases.

407, A magnetic switch ¢an be checked in the same
way by conmecting across its windings.

408. The reassembly procedure is the reverse of dis-
assembly.

409. All wicks and oil reservoirs should be saturated
with SAE10 oil, and the splines underneath the clutch
should be lubricated with a light coat of SAE 10 oil
(Heavier oif may cause failure 1o mesh at low
temperatures). Lever housings having a bearing and -
scal should have the grease cavity between the bearing
and seal filled with Delco Remy No. 1960954,

410, Pinion clearance should be checked after
reassemnbly to ensure it is within specification, this is
shown in the following paragraphs.

411. Disconnect the motor field coil connector from
the solenoid motor terminal,

412, Connect a battery of the same voltage as the
solenoid, from the solencid switch terminal to the
solencid frame or ground terminal,

7.3000-412

413. MOMENTARILY flash a jurnper iead from the
solenoid motor terminal to the solenoid frame or
ground terminal. The drive will now shift into cranking
position and remain so until the battery is disconnected.
414. Push the pinion or drive back towards the com-
mutator end {o eliminate slack movement,

413. Measure the distance between the drive and drive
stop,
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{TURN TO ADJUST
PINION CLEARANCE}

— K | PRESS ON CLUTCH 10
TAKE UP MOVEMENT

7.3000-416 b PINION CLEARANCE

416. Adjust the clearance by removing the plug and
turning the shaft nut,

Delco Remy MT Starters (Refitting)

417. Place the motor in position against the flywheel
housing and replace the three retaining bolts and
washers.

418, Connect the two leads to the ignition switch.
419. Connect the battery cabies.
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200, Take care not to lose any shims which may be
assernbled to the armature shaft between the in-
termediate bracket and armature core.

2.3000:20¢

201. The brake shoes and springs (5) can be eased out
of the commutator end cover with a small screwdriver,
care must be taken not to damage the fibre and steel
thrust washers {3 and 4) which are situated behind the
brake shoes.

#,3000-201

202, After dismantling the motor each individual item
must be examined for wear.

Replacement of Brushes

203, The two earth brush flexible connectors are
soldered 10 terminal plates secured by brush box rivets
and the two insulated brush flexible connections are hot
pressed to free ends of the field coils. Unsolder the earth
brush flexibies and solder the connectors of the new
brush set in their place. .

204. To replace the insulated brushes, cut off their flex-
ibles '’ {approx. 3 mm} from the hot press joini. Open
out and tin the loop of the replacement brush. Place the
tinned loop over the stub of the fexible, squeeze up and
solder,

205. The brushes are pre-formed so that ‘bedding’ to
the commutator Is unnecessary.

206. Check that the new brushes move freely in their
boxes.

207, Brush spring tension should be checked with com-
piete brush gear assembled {o commutator. Hold
assembly firmly centralized whilst checking each spring
in turn. Fension should be 42 oz. minimum, with a new
brush.

STARTING MOTORS-17

1.30600-207

Commutator

208, A Commutator in good condition will be burnish-
ed and free from pits or burned spots, Clean the com-
mutator with a petrol moistened cloth. I the commu-
tator is badly worn, mount the armature between
centres in a iathe, rotate at high speed and take a light
cut with a very sharp tool. Do not remove more metal
than necessary. The minimum diameter to which the
commuiator can be machined before a replacement
armature becomes necessary is 1.3 Finally polish
with very fine glass paper. The insulators between the
commutator segments MUST NOT BE UNDERCUT,

Armature

200, If the armature conductors are found to be lifted
from the commutator riser, overspeeding is indicated.
In this event, check that the clutch assembly is
operating correctly.

210. Fouling of the armature core against the pole
faces indicates worn bearings or a distorted shaft. A
damaged armature must in aif cases be replaced and no
attempt should be made to machine the armature aore
or to straighten a distoried armature shaft.

211, To check the insulation of the armature windings
use a2 110 voit AC 15 watt test lamp.
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212. Before testing, remove all traces of brush dust
with & dry air blast.

213, The iest lamp must not light when connected
between the commutator segment and the armature
shaft.

214, If a short circuit in the windings is suspected
check the armature on & ‘growler’,

215, H the armature fallure cannot be remedied, a
replacement must be fitted.

Field Coils

216. Ensure that both brushes are ciear of the yoke
and connect a 110 volt AC test lamp between the field
coil eyelet and a clean part of the yoke,

217, If the test lamp hights it indicates that the field
coils are earthed {o the yoke and must be replaced.
218, Using the same equipment check also the in-
sulated pair of brush boxes on the commutator end
bracket. Clean off all traces of brush deposit before
testing. Connect the test lamp between each insulated
brush box and the bracket.

219. If the test lamp lights this indicates faulty in-
sulation and the end bracke{ must be replaced.

220. To replace the field coils, remove the nuts,
washers and insulation pieces (o free the yoke mounted
terminal stud.

221, Unscrew the four pole shoe retaining screws, us-
ing a wheel operated screwdriver. Remove the in-
sufation piece which is fitted to prevemt the intercoil
connectors from contacting with the yoke,

222, Draw the pole shoes and coils out of the yoke and
Hft off the coils. Fit the new field coils over the pole
shoes and place them in position inside the yoke. En-
sure that the taping of the field coils is not trapped
between the mating surfaces of the pole shoes and the
yoke. Locate the pole shoes and fieid coils by lghtly
tightening the retaining screws.,

223. Replace the insulation piece between the field coil
connections and the yoke. Tighten the screws by means
of the wheel-operated screwdriver while the pole pieces
are held in position by a pole shoe expander or a
mandrel of sultable size. Finally, remake the soldered
connections as before.

Bearing Replacement
224. The commutator-end, drive end, and intermediate
brackets are each figted with a porous bronze bush,
Replace any bush in which the internal diameter is
worn in excess of the maximum permissible measure-
ment, which is given as follows:

Commutator end bracket bearing: 0.508"

Iatermediate bracket bearing: 1.127"

Drive-End bracket bearing: 0.675”

225. The bushes in the intermediate and drive-end
brackets can be pressed out, while that in the com-
mulator end bracket is best removed by inserting a
9/16'" tap squarely into the bearing and withdrawing
the bush with the tap. Before fitting a new porous
bronze bearing bush, immerse it for 24 hours in clean
engine o,
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226, Press each new bush into position with a
shouldered, highly polished fitting pin of the correct
diameter, namely:

for Commutator end bracket bush: 0.5005"

for Intermediate bracket bush: 1.123"

for Drive End bracket bush: 0.6705"
227, POROUS BRONZE BUSHES MUST NOT BE
REAMED OUT AFTER FITTING or the porosity of
the bush will be impaired.

_ Checking the Roller Cluteh Drive Assembiy

228, A roller clutch drive assembly in good condition
will: (2} Provide instantaneous take-up of the drive in
the one direction.
{b) Rotate easily and smoothly in the other.
{c} Be free to move round or along the shaft
splines without roughness or tendency to bind.
229, Shouid the assembly not meet any of these re-
quirements a replacement vnit must be fitted.
230. All moving parts shouid be smeared liberally with
Rocol ‘Molydest’ grease, starting motor grade, or an
equivaient alternative,
231. After cleaning all parts, reassembly of the starter
motor is the reversal of the dismantling procedure but
the following special points should be noted:
232. The thrust shims must be refitted between the in-
termediate bracket and the armature. These shims are
provided to limit the end float to 0.0057 — 0.020. Tt is
important that after re-assembly the end float be check-
ed and i necessary a further shim added.
233, When installing brake shoes in the commutator
end cover, place the fibre washer in the bore first
followed by the steel washer and finally the brake
shoes.
234. Before instalfing the end bracket or cover, the
brake shoes and the cross peg in the armature must be
in the correct reiative jocation so that the peg engages
the slots in the shoes,
235, After assembling the brush gear io the com-
mutator, locate the through bolts in the shaft holes of
the brush gear piate and temporarily screw the bolts a
few threads into the drive end bracket to locate the
brush gear plate in the correct assembled position,
236. Position the armatuare so that the brake shoe cross
peg is in line with the two threaded holes in the brush
gear plate. Remove the through bolts without disturb-
ing the position of the plate,

7 3000-236




237. Locate the brake shoes in the commuiator end
cover $o that the cross peg slots are in line with the two
smatest of the four holes in the cover. This will cor-
respond with the relative position of the cross peg in the
armature shaft.

238, With a new sealing ring in position, install the
comutator end cover, and screw in the through bolts
followed by the brush gear plate screws.

239, The following parts should be tightened to the
maximum torques indicated:

24 b in (0.28 kg m)
4.5 1b ft (0.62 kg m)

Starter motor through bolts {1’ diameter):
8.0 b ft (Lt kg m)

Starter motor through bolis {3/16" diameter):
IGO0 1 A (138 kg m)

240, After reassembling the starter, pinion movement
must be adjusted as follows:

241, Connect the positive terminal of a 6 volt battery
through a switch to the blade terminal on the solenoid,
and the battery negative terminal o the starter yoke, A
& voit supply 1s used as a safety measure to avoid rapid
axial movement of the pinion,

Nuts on solencid terminals:

Solencid fixing nuts:

STARTING MOTORS-19

242, Close the switch {this throws the drive assembly
forward into engaged position} and measure dimension
*A’ between pinion and thrust collar on the armature
shaft extension. To ensure accuracy when taking this
megsurement press pinion lightly towards armature, so
taking up any slack in engagement linkage. For correct
setting this distance shouid be 0.015" — 0.025"".
243, Should dimension ‘A’ not be within specified
limits, slacken locknut {1) and turn eccentric pivot pin
{2) until correct setting is obtained. Are of adjustment is
§80° and pivot pin must be set so that arrow head on
pin 15 adjaceat to arrows marked on drive end brackei,
After setting, tighten the securing nut to retain the pin
in postion and recheck the setting.

244, Seal the pivot pin and nut with goid size applied
to the pivot pin threads.

Lucas M30G Siarters (Refidting)

245, Place the unit against the flywheel housing and
reptace the three retaining boits and washers.

246. Reconnect the terminal and battery leads to the
starter.

Simms Spring Starter Type $5/1 (Description)

247, The Simms Spring Starter Type 88/1 provides a
means of hand-starting diesel engines up 10 1 litre
cylinder capacity, and eliminates the normal electric
starting system.

248, The spring starter is particularly suitable for
diese] engines operating in tropical conditions and
damp chimates, where electrical equipment deteriorates
quickly.

249, The basic principle of operation is in the
apphication of energy stored in a compressed spring to
turn the engine sufficiently quickly for starting.

250. The heart of the starter is in the spring pack
which is comprised of dished spring steel washers
stacked in pairs on a common sleeve.

251, The springs are compressed between the flange on
the slotted spring sleeve and the four ears of the inter-
nally threaded bali nut which travels up and down in-

" side the siotted sleeve. Both nut and sieeve which can

only rotate as a pair, are carried on the ball threaded

o @ R
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mainshaft that is screwed into the put and locked into
the spring sieeve whilst the springs are under a small
pre-compression during the assembly process,

252. By holding the mainshaft stationary and rotating
the sleeve the springs are compressed, and conversely
when the springs are compressed and the sleeve held
stationary, if the mainshaft is released this will rotate as
the springs return o their static position. _
253. The ratchet mechanism for locking and undocking
the shaft is integral with the bendix drive of the starter
pinion and is carried on an extension of the mainshafl.
254, Integrai with the spring sleeve is a bevel reduction
gear that meshes with the winding shaft which incor-
porates a ratchet mechanism for locking the spring
sleeve.

255, The whole mechanism is contained within a three-
piece carcase which is both moisture and dustproof.
256. To operate the starter, the irip jever is set in the
WIND position.

257, On rotating the hexagonal winding shaft in a
clockwise direction, the spring core assembiy rotates
with the exception of the starter pinion which is
restrained from turning by the main ratchet and pawl
mechanism. kB does, however, move forward into
engagement with the flywheel ring gear until it reaches
the end of its axial travel, whereupon both pinion and
mainshaft are automatically locked. This takes 13 turns
of the winding handle.

258, Further rotation of the winding shaft rotates the
spring sieeve and ball nut around the stationary
mainshaft which in turn screws the nut into the sleeve
thus compressing the disc springs. After approximately
104 turns {12 total) the starter is fully charged and this
is indicated by the appearance of two red springs coin-
ciding with the inspection windows provided in the car-
cas¢, The winding shaft is prevented from reverse
rotation due 0 the reaction of the compressed springs
by its own raichet and paw! system.
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259. On moving the trip lever into the TRIP position,
the pinion and mainshaft are uniocked thus allowing
the ball nut {0 be driven axially atong the spring sieeve
by the springs until they reach their static position. Ax-
12} movement of the mat rotates the mainshaft which in
turn rotates the engine Hywheel,

260, As soon as the flywheel speed exceeds the
mainshaft speed the pinion is thrown out of engagement
and returns to its discharged position assisted by a
hehical return spring.

261. Three other important built-in features shouid be

noted: a) It is possible to rotate the engine through the
starter reduction gear without compressing the
springs. This makes tappet adjustment, spill
timing and priming the fuel system a simple
operation.
by It is possibie to unwind the starter without
discharging the stored energy into the engine
flywheet,

c) The starter need only be part charged when
restarting a hot engine.

Stmms Spring Starter Type S8/1 (Removal)

262. Ensure that there is no load on the main spring by
checking that the green painted discs can be seen
through the inspection windows, I they are not visible
the starter must be unawound.

263. Remove the retaining bolts and lift the starter
from the engine,

Simms Spring Starter Type 8S/1 (Inspection and
Overhaul)

264. When overhauling the starter the carcase must
not be gripped in a bench vice.

265. To help with overhauling the starter, the numbers
in brackets in the following pages refer to the sectional
view 7.3000-265 unless otherwise stated.




266. The starter should first be dismantied into three
sub-assemblies

End housing assembly

Spring core assembly

Carcase/nosepiece assembly
as follows:
267. Make & note of the starter assembly code
position, se¢ page 28, or scribe lines across the end
housing/carcase and the nosepiece/carcase joints, this
will ensure that these parts can be correctly aligned on
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268, Turn the winding adaptor anti-clockwise 1o break
the winding ratchet friction,

269. Hold the starter vertically on end, with the
nosepiece on the bench or on a special stand (Tool No:
ST120) and remove the & socket cap screws (67) and
spring washers.

reassembly.

ﬁze;a:r.-w.zé

0

1 Main Shaft 24 Trip Link 69 'O Seal

2 Bal Cage 25 Plunger 70  Steel Balt {5/16 in. dia.}
3 Bal Nut 29 Pawl 71 Steel Balt {7 mm. dial
4 Ball Nut Ring 30 Link Pin 74 Circlip

5 Main Disc Spring 33  Trip Lever Shaft 76 QO Seal

6 Spring Sleeve 34 Trip Lever 78  Socket Cap Screw

7 Bait Seat 39 Jointing B2 Screw

g  Main Pinion 42 (Carcase 86 Locknut
10 Spring Retainer 43 Inspection Window 87 Shim
11 Return Spring 45  End Housing 85 Return Spring
12 Spacing Ring 52 Winding Shaft 86 Catch Housing
13 Hhatchet Ring 65 Friction Disc 87 Jointing
14 Thrust Washer 56 Raichet Disc 88 Catchplate
1% Nosepiece Disc Ring 57 Winding Adaptor 89 Hook

18 Nosepiece
22 Needie Roller Bearing

7.3000.288

Winding Pawi
Socket Cap Screw
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270. Lift the end housing assembiy (45 on 7.3003-270)
if necessary using a rawhide mallet to loosen it

101
. 100
| 57
56 77
g 62
:**;:3’ 58
° ¢
A A =2
, £
7 .
69 =A—ik. " | 7% 53
o BSQE A,

54

Y/ -

¥ O~ 78
7.3000-270 /

48 87 63 82 64 45

§ Spring Sleeve 62 Top Plate
7 Bgli Seat 63 Cover Plate
45  End Housing 64 Jeinting
46 Bearing Bush 86 Shim
48 Bearing Sleeve 89 0 Seal
52  Winding Shaft 75 CE'Clip
53 Thrust Washer 77 'O Seals
£4 Bevel Pinion 82 Screw
85 Frigtion Disg 87 Shim
%6 Ratchet Disc 100 Retaining Screw

87 Winding Adaptor 101 Plug

271. Remove the carcase shim (87) if fitted.

272, Remove shims (66) from bevel gear recess.
273. Operate the trip fever {34) through it5 full travel in
order {0 engage the hook (99) with the catch plate (98).
274, Place hand over the open end of the carcase (42)
to hoid the spring sleeve bevel gear, then invert the car-
case, placing the open end onto the bench. Care must
be iaker when turning the carcase upside down
otherwise the spring core assembly will fall out. Lift the
carcase/nosepicce vertically off the mainshaft.

Spring Core Assembly
275. Remove the nosepiece disc sping (155 and thruss
washer {14} from end of maiasnaft (1%
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216, lay the assembly on its side. Carefully remove
the main pinion circhip (74) making sure not to
overstretch it. Slide the ratchet ring (13) sideways and
remove the five steel balls (71). Slide off the main pinion
{9), spring retainer {10), return spring (11}, spacing ring
{12), ratchet ring {13) and circlip (74) from the
mainshaft.

277, Shide the spacing tool {No. §T121) over the pinion
end of the shaft and place the main spring assembly
vertically in the special press {Too! No. §T138} so that
the spring sleeve bevel gear is on top. Place the press
100l {No. §T122) in the bevel gear recess and apply suf-
ficient pressure to depress the main spring about ¢’
(9.5 mm). Whilst the pressute is maintained, lift out the
ten steel balls (70). Slowly release the pressure and
remove the assembly from the press.

278, Slide the main shaft (1) complete with ball put (3)
and ball nut ring {4) omt of the spiing sleeve {6).
Remove the twenty-four spring dises (5) from the
spring steeve. Examine the ‘0" seal (69) for wear or
damage. To remove this seal the ball seat insent ()
must be pressed out, an operation which should sot be
carried out unnecessarily.

End Housing Assembly

279, To dismantle the end housing assembly reference
should be made to illustration 7.3008-279 which is
section *CC’ of illustration 7.3000-265.

60 52 46

61

57 AT
101 =
;W

100

52
83 47 55 61 53

T.3000-279 - Section 'CC" of 7.3000-285

46 Bearing Bush 80 Pawl

47 Stud 81 Spring

52 Winding Shaft 62 Top Plate

53 Thrust Washer 83 Nut

55  Friction Discs 100 Retaining Screw
%6 Ratchet Disc 101 Plug

57 Winding Adaptor

280. Remove the two nuts (83) and spring washers,
Remove top plate (62} if necessary tapping it with a
rawhide maliet. Remove the two pawls (60) and springs
(61




281. Remove the hexagon screws (82) and spring
washers, Lift off cover plate (63) and jointing (64).
282, Remove ‘E’ clip (75) and withdraw the winding
shaft sssembiy. Place shaft assembly in special tool
{No. §T148; PLIOO) and prise out plastic plug {10]).
283, Remove retaining screw (100). Unscrew winding
adaptor {57) and remove raichet disc (36) and the two
friction discs (55).

284. Remove thrust washer (53) and bevel pinion (54)
from housing.

Carcase and Nosepiece Assembly

285, Usc extended Allen key (Tool No. §Ti129) to
remove the six socket cap screws (78) and shakeproof
washers. Separate the carcase (42) from thé nose piece
assembly {i8),

286. Press and release the reset button and remove
four screws (82) and spring washers, catch housing (96)
and jointing {97}

287, Ensure that hook {99) is freed from catchplate
{98}. Lift off catchplate assembly, being careful not to
damage or bend the leaf spring beneath, and jointing
{39).

288, Remove the trip lever stop screw (36 in 7.3000-
288) and spring washer.

This illustration is section ‘BB’ of illustration 7.3000-
265.

102 38 76 34

1.3000- 288 - Section ‘BE of 7.3000-2685

18  Bush 36 Stop Screw
27  Top Link 76 'O Seal

33 Shah 95 Return Spring
34  Trip Lever 102 Washer
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289. Withdraw the trip iever shaft (33) complete with
trip lever (34), return spring {95) and ‘O’ seal (76).
290. Use extractor (Tool No. ST136) to remove pawl
pin (31 in 7.3000-290); a tapped hoie (No., 8-32 UNC)
is provided in the end of the pin for this. Lift out the
spring losded plunger assembly compiete with hook
{9%) and main pawl (29),

97 96 27 99  96A
\\\ ?
39 \
‘\\-. \\-
N $Yrds
30 N \J -
28 . NOJYY T es
. \ " ~
\ ~ ., .
31 . )X o 7N 24

7.3000-290 - Ssction "AA’ of 7.3000-208

1 Main Shaft 31 PawiPin
13 Rawchet Ring 38 Jointing
24  Spring Link Housing 88  Catch Housing

25 Plunger $6A HReset Button
26 Spring . 87 Jointing

27 Top link 98 Cawchplate
29  Pawt 989 Mook

30 Link Pin

291, Separate the plunger {25) and the hook (99) from
pawl (29) by pressing out the link pin {30) which is a
press fit into the wide limb of the pawi

292. Unscrew the top link {27) and withdraw link
spring (26) and plunger (23}

293, Examine needie roller {22) 1n position. Only press
it out from the nosepiece if it must be renewed.

294. Clean all pans for examination and renew any
part which is excessively worn or damaged. When
ordering spare parts, the starter type number should
always be guoted.

295, Parucuiar atention should be given to the two-
start thread of the main shaft, the corresponding thread
in the ball mut, and the end track of the main shaft, if
the main shaft and ball nut are chipped or cracked or
badly pitted, they should be replaced. I the spring
sieeve ball seat insert is damaged or worn, i must be
pressed out and reptaced. Al these componenis, in-
cluding the ratchet ring and ball cage, shouid also be in-
spected visually for cracks.

296. The compiete pack of twenty-four disc springs (5)
should be replaced by new ones H:
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{a) Their surfaces are badly pitted due to atmos-

pheric corrosion

(b} Any of the discs is cracked or broken

{c) The distance from the end of the spring sleeve

{6) to the outer edge of the first spring exceeds

0.25” (6.35 mm).
297. K a new ball nut (3) or main shaft {1} have to be
fined, ensure that ball nut, main shaft, balls and ball
cage, when assembled as a unit, function smoothly.
298. If & now ball nut is fitted, check that it slides freely
in the slots of the spring sleeve,
299, Similarly, if either a new ratchet ring {13} or main
pinion (9} is fitted, when these components are assembl-
ed together with balls (71) on main shaft, check that the
main pinion assembly functions smoothly along the
whole iength of the five start thread.
300. if the two new bearing bushes {46) have to be
fited in the end housing, use a fitting pin 0.5005 in.
{12.73 mm) diameter, the winding shaft may be used
carefully for this purpose. Press each new bush into the
casting, level with its spot face. Check for free running
fit of winding shafl.

NN

A,

Spot

Face \

Hearing
Pushes

Face

7.3000-300

301, The inciuded angle {68°) between the leaf spring
and the catchplate should be checked, i this angle ex-

ceeds 76° a new catchplaie assembly (98) must be
fitted.

APRIL 1975

| N |

68’4/

7.3000-301

302. The hook (99) must be carefully examined for dis-
tortion and cracks inside the hooked end.

303. If two new bushes for paw! pin (31) have 1o be
fitted into nosepiece, use & suitable fitting pin (to
maintain alignment and dimension 33.15/32.95 mm)
:::d sﬁ;:;ess in bushes. Check that pawl pin is a free fit in

Cuter bush 1o be pressed
in Bush with this face

[ tnner bush 16 be pressed
ift 10 dimmengion shown

inner
Bush V.

A7 7H mm

Ly
32 95 mm LLY

7.3000-303

304, Similarly, if 3 new bush has to be fitted for the trip
lever shaft (33}, use a suitabie {itting pin and pressin as
shown in illustration 7.3000- 304, Afterwards drill and
tap (5/16 — 24 UNF - 2A} the bush through the stop
screw hole. Remove any internal burrs {rom bush and
check free running fit of trip lever shaft.




At Pyt

Trip Bush 1o be pressed in
Lever Hush with this face
Bush

7.3000-304

305. The components of the spring starter are
iubricated during assembly with grease as indicated in
Table | (Page 26). The recommended greases are
Mobiigrease No. 3 {graphited) and Rocol anti-scuffing
paste {Molybdenum disuiphide).

306. Lubricate all parts as instructed under
‘LUBRICATION' with the exception of the winding
bevel pinion teeth {54}, the bevel gear of the spring
sieeve (6} and the ball seat recess. These parts are
lubricated at a later stage, after the gear mesh and the
main shaft end float have been adjusted by shims.
307. Reassembling is in the reverse order of dis-
mantling.

30B. As a general guide to the tightening of screws and
nuts with an adjustable torque spaaner, the setting of
the spanner is given in b, ft. (kg. m.)

309. The recommended sealing compound to be used
on jointings and face joints {where applicable) is
Hylomar SQ32/M.

Carcase and Noscpiece Assembly

310, #f a new needie roller bearing is required (22}
press it into the nosepiece. The pressure should be
appiied 10 the flat end face of the needie bearing
assembly.

311, Reassemble the parts of the spring jink assembly
Le. plunger (25}, spring(26), spring link {24) and top
link {27} Preset the new trip link assembly, using the
setting tool {No. ST147; PLS00}. The correctly set link
should freely drop over the tool pins.

312. Connect the spring link assembly to the hook (99)
and pawi (29} with link pin (30); the link pin is & press
fit into the wide limb of the pawl, Assemnble the free end
of the main pawl sub-assembly into the nosepiece with
the pawl pin {31},

313, Locate trip lever return spring (95) into nosepiece
{18). Fit "0 seal {76} in groove of trip lever shaft (33}
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and fit shaft through the return spring into the
nosepiece. Al the same time locate the plunger top link
{27) on the offset pin of the shaft.
314, Fit stop screw {36} and spring washer (102) so
that the screw jocates in the slot of the lever shaft.
Tighten the screw to 7-9 1bs. . (0.97-1.24 Kg. m.). Fat
the hooked end of the return spring over the trip lever
{34) and ensure that the spring returns the fever o the
end of the siot,
NOTE: To adjust the position of trip lever {34) in shafi
(33), slacken locknut {86) and turn the trip lever to the
position required, then re-tighten locknut.
315. Apply sealing compound to both faces of join-
tings (39) and (97). Fit jointing (39), catchplate {58),
jointing (97) and catch housing assembly (96). Hook
{99) locates freely in the catchplate slot, Tighten the
catch housing screws (82) to 2-3 lbs. fi. (0.27 0.41 kg.
m.).
316. Check the reset trip mechanism as follows:-
{a) The hook should engage in the recess of the
catchplate during the full movement of the trip
lever and remain there when the trip lever 1§
released.
(b} Pressing the reset button should disengage the
hook from the catchplate,
{c) To check that the hook can engage over the
button catch (Ilustration 7.3000-290) press and
hold reset button then manually press pawl up-
wards until hook engages. Reiease pressure on
pawl and check that hook remains on button
catch. Release button and ensure that the hook
disengages from button catch and re-engages with
the recess in catchplate.
317, Apply sealing compound to the mating faces of
nosepiece and carcase, and connect the two parts {in
the position marked when dismanthing) with the screws
{18) and shakeproof washer: tightening torque 7-9 lbs.
ft. (0.97-1.24 kg. m.}.

Main Shaft and Spring Core Assembly
318, Fit 'O seal (69) in groove provided in bail seat in:
sert (T}
319. Assemble the twelve pairs of dise springs {5) on
spring sleeve {6). Position the painted indicator springs
as follows, numbering them from the nosepiece end of
the starter:

Spring discs Nos, §i. 2, & 3 wred) abut ball nut nng.

No. 4 {white)
Nos. il & 12 {green}

3120. I new spring discs are {o be fitted, the penipheries
of six of them must first be painted with the colours
above, so that they may serve as indicator springs.
321, Lubricate the ball tracks of the main shaft {1}
with Mobigrease No. 3 (graphited) 10 facilitate
assembly of the ball cage (2). Stide the ball cage on the
main shaft, {it the sixteen balls {70} into the ball cage
holes and screw on bali nut {3}, Ensure that both the
ball nut and bail cage flange abut the mam shaft collar.
Locate the ball nut ring (4) over the four tugs of ball nut
and shde assembly into spring sieeve {(6) so that the nut
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TABLE L

MOBILGREASE No. 3. (GRAPHITED):-

SPRING CORE ASSEMBLY.
Main Shaft (1)

Bail Cage (2)

Ball Nut (3)
Spring Sieeve (8)
Main Pinion (9)
Ratchet Ring (13)

NOSEPIECE ASSEMBLY

Needie Roller (22)
Main: Pawi (29)
jink Pin 30}
Pawi Pin (31)

Spring Link Assembly (24, 25 & 26)

Hook (99}
Trip Lever Shaft {33)

Catchplate Assermbly (98)
Catch Housing Assembiy {96)

END HOUSING ASSEMBLY
End Housing (45)

Winding Shaft (52}
Bevel Pin (54)
Friction Discs (55)
Ratchet Disc (56)
Ratchet Pawlis {60)
Ratchet Springs (61)
Winding Adaptor (87)

LUBRICATION

Roller bearing iournal, 5-start acrew thread,
2-start screw thread, ‘O’ seal shoulder and ball
track on end of shaft.

All internal and external surfaces including holes
for steel bails.

Internal 2-start screw thread and  external
surfaces.

Beve! gear teeth and all internal bores inciuding
ball seat track and bearing surface of bevei genr.

Internal bore and external surface up to gear
teeth, including holes Tor steel balls.

All surfaces including grooves for steel balis.

All surfaces.

All surfaces.

Al surfaces.

All surfaces.

All surfaces.

Lever shank and eccentric pin.
Leaf spring and recess for hook.
Button Catch,

Bensing sleeve; winding shaft bushes and cavity
between them; studs.

All surfaces.

Al surfaces.

Al surfaces.

Al surfaces.

All surfaces.

Adl surfaces.

Thread and end (friction) face.

Note. Before final assembly of end housing on carcase, fill the ball seat cavity with abow
4 oz. {21 gm.} of Mobilgrease No. 3 {graphited).

ROCOL ANTI-SCUFFING PASTE:

SPRING CORE ASSEMSBLY

Spring Sleeve (6)
Pall Nut Ring (4)
Spring Discs (5)

END HOUSING ASSEMBLY

Top Plate (62)
Winding Adaptor (57)
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Sleeve slots and outer surface.
Bore.
The ground mating faces and bore.

Bore and ‘0’ seal grooves,

Besring surface, ie., the surface which is in
contact with the top piate on assembly. It is
important that paste must not be allowed on to
friction face,




lugs engage the longitudinal slots of sleeve,

322. Siide spacing tool (No. ST121; PLY90C) on to
pinion end of main shafl.

323, Place the whole assembly in press (No. 8T138)
with bevel gear uppermost. Locate the press tool (No.
S$T122) in the recess in the spring sleeve and depress the
spring sleeve {and springs) sbout ¢ in. (9.5 mm)
Distribute the ten steel balls {70} evenly around the
main shafl in the undercut portion between the end
irack and ‘O’ seal collar, Slowly release the press, en-
suring that no stee! balls are trapped between the shaft
head and edge of ball sca: (7). Release the pressure and
check thal all ten balls are situated between the track in
the ball seat and shaft. Remove assembly from press.
324, Assemble the main pinion circlip (74) and raschet
ring {13) on main shaft (1). Assemble spring retainer
{10}, return spring (11) and spacing ring {12} on main
pinion (9). Slide the assembiy into position on the main
shaft (1} so that the five 7 mm dia. steel balls (71} may
be inserted in the five-start thread. Slide raichet ring
over steel balls and fit circlip (74), taking care not to
overstretch it. Check that the pinion assembly moves
freely up and down the five-start thread.

£nd Housing Assemnbly

125, Insert winding shaft (52} inte new assembly tool
{No. STI48; PL900). Assembie {lubricated) friction
disc {53), ratchet disc (56), friction disc (55) and
winding adaptor (57) in that order, on to shaft. The
ratchet-disc rotates clockwise; make sure that its teeth
face in the correct direction {(see lilustration 7.3000-
265). Fit adaptor retaining screw {10¢) and tighten to
79 tbs, fl. (0.97-1.24 kg. m.). Check that, with the
winding adaptor turned back against the head of the
retaining screw (100), the ratchet disc {56} is free 10
rotate. Apply sealing compound to flange of plastic
plug {101} and press into adaptor.

126. Locate thrust washer {53) in housing scat. Slide
the winding shafl assembly into the housing. Fit bevel
pinion {54) on o the shaft hexagon and fit retaining *E’
clip (75). Check that winding shaft rotates freely.

Bevel Gear Mesh Adjustment

327. Support the end housing, with its register upper-
most, on a beach. A biock of wood, shaped to suit the
hevelled outer face of the end housing will provide a
firmy base.

328, Place the thickest shim (66) on the ¢nd housing
hub, and fit the spring core assembly on to the hub.
329. Rotale the spring core assembiy and check that
the bevel gears run freely.

330. The shims (66) are supplied in 0.005 in. ¢0.127
mm} increments from 0.005 in. (0.127 mm) to 0.020
. (0,508 mm). Add or remove shims until the bevel
gears are in full mesh and will just run freely without
reughness.

331, The final backlash of the gears shouid be from
0.10 mm 1o 8.20 mm. When the correct shim shickness
has been determined, keep it with the end housing for
final assembly.
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332. Fit the two ratchet pawis (60) and springs (61) on
to studs {(47), Turn the winding adaptor (57) clockwise
and check that the ratchet assembly functions cor-
rectly,

331, Fit the two ‘0 seals (77) into the grooves in the
top piate (62). Apply sealing compound to the joint face
of the top piate. Fit top piate over winding adaptor and
studs (comtour of piate matching that of end housing)
and secure with nuts (83) and spring washers; tighten-
ing torque 5-7 lbs, ft. (0.69-0.97 kg. m.).

334, Apply sealing compound to jointing {64) and
cover plate {(63). Fit cover plate to end housing with
screws (82) and washers; tighttning torque 2-3 ibs. fi.
{$.27-041 kg. m.).

Final A

335, Place the main shaft and spring core assembly
veriically on the bench with the nose journsl uppes-
most. Place the thinnest thrust washer (14) and
nosepiece disc spring {15) on the end of the mainshaft
{1). Ensure that the chamfered side of the thrust washer
{Bustration 7.3000-335 (a)) abuts the shoulder of the
shaft and that the convex side of disc spring
{Hlustration 7.3000-335 {b)) abuts the thrust washer.

Chamter
7.3000-335(8 \@ .
Convex
Side

7.3000-33%b}

336. Operate the trip fever fully to engage the hook
{99} into the catch plate (98) recess. Lower the carcase
and nosepiece assembly over the main shaft assembly
allowing the shaft journal 10 enter needle roller in nose.
Place one hand under bevel gear and turn the whole
assembly through 180° so that the nosepiece rests on
bench or on special stand.
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337. Fit end housing shim (66) which was selected as
detailed in Bevel Gear Mesh Adjustment, into the
spring sleeve (6). Place the thickest carcase shim (87)
on end housing spigot and assemble end housing on
to carcase, engaging bevel pinion {54} with bevel gear.
Secure with two cap screws {67) and then siowly rotate
the winding adaptor {§7), pushing it inwards io semt
thrust washer (53) firmly into its seating.

338, Using a dial gauge, measure the shaft end float by
lifting the main pinion by its teeth. Tool NO. ST140
{PL900) comprises the dial gauge fixture which bolts to
the starter nosepicce, pius 8 forked lever for Lifting the
main pinion. Do not exert sufficient force to compress
the nose disc spring or an excessive end float figure will
be obtained. The pinion face o mounting flange
dimension should also be checked at this time,

339. Invert the assembly and place nosepiece on bench
or special stand (No. ST120; PL90Q). Remove end
housing and change the carcase shim {87} and thrust
washer (14} to obtain the correct pinion face to
mounting flange dimension and main shafl end float
{0.05-0.21 mm).

340. The dimension ‘B’ (pinion face to mounting
flange) varies for the different types of spring starter.
341. With the thinnest thrust washer (i4) and thickest
carcase shim (87) the end float is 8 maxmum. A
thinner carcase shim will give a larger pinion face to
mounting flange dimension but will decrease the end
float. The carcase shims are in two sizes 0.5 mm and
1.00 mm thick and the thrust washers vary from 2.4
mm 1o 3.4 mm in 0.2 mm stages.

342, Fill bail seat cavity with lubricant to the ievel of
the head of the main shaft, see note under ‘END
HOUSING ASSEMBLY', in tabie 1. Lubricate also
the bevel pinion, bevel gear and bevel gear recess.

1/ :/
7 ', ke
, mr
4 o
a ]
\
Pinion
Flange
[ g

ot Dimiension ‘B’

7.3000-340
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‘8" Normal ‘B’ Normal
Starter | Dims.| Assy. Starter | Dims.| Assy.
Type No.| mm. | Code Type No. mm. | Code

88 i0/1:24-25| B3 8§20/1125-26| E5

$$11/112021] A7 §S 21/1
SS 12/1 | 47-48) B3 §§22/1] 28-29] Al
$S13/1|28-29 Al §S23/1| 28.29] C3
S 14/1]26-27 Al SS 24/1| 47-48] E6
SS 15/1126-27 F1 SS25/1] 28-29] B2
SS 16/1 | 28-29] ES SS 26/1| 47-48, B3

SS11/1147-48; Al
8§ 18/1120-21 B3

$8 19/1125-26] D5

343, Apply sealing compound to the joint faces of the
carcase and end housing, and to both sides of shim (84}
if one is to be used. Assembie the housing to the car-
case (in the position marked with dismantling) with 6
socket cap screws {67) and spring washers; tightening
torque 7-9 Ibs. fi. (0.97-1.24 kg. m.).

Starter Assembly Coding

344, The relative angular position between the trip
iever and the winding shaft can be varied by eqgual in-
cremenis to suit the installation requirements for each
starter. An assembly code has been introduced to
denote these positions and cach starter is normally
assembied to a particular code number when manufac-
tured.

345. The iltustration and the position code tables show
the range of winding shaift positions available. Angie ‘B’
is measured from a datum hine 30° from the trip lever
position. This datum coincides with the centre hole of
the mounting flange (shown dotted} of the 8§ . . . /I
Type starter.

? tapped noies o
carcase 3l end
housing end

6 holes in end
housing

nosepiece matching
& holes in carcase

7.3000- 345




346. The carcase has 6 holes for the nosepiece screws
and 7 tapped holes in the tail end. Two of the carcase
holes are in line and are identified by marks ‘O’
stamped on the ouiside of the carcase. The starter
posiion codes indicate the holes in the end assemblies
which are in line. In Hlustration 7.3000-345 nosepiece
hole 'A’ and end housing hole *7" mate with carcase
hole 0-0, Fhe starter Type becomes SS..../1AT.

Delco Remy MT Starters {Description)
347. Delco Remy heavy duty starting motors have a
shift lever and solenoid plunger that are totally enclosed
to protect them from exposure to dirt, icy conditions
and splashing. The nose housing can be rotated to
obtain a number of different solenoid positions with
respect to the mounting flange.
348. Positive lubrication is provided to the bronze
bushings by an o# saturated wick that projects through
the bushings and contacts the armature shafl, Od can
be added 1o each wick by removing a pipe plug whichis
accessibie on the outside of the motor. Roller bearings
in the lever housing on some models contain a supply of
lubricant which will last between engine overhaud
periods.
349. Some motors have an ot reservoir for the bronze
bearings which makes a larger oil supply available,
thereby extending the time required between lubrication
periods. Also on some motors, “Q rings are added o
resist entry of dirt and moisture into the assemnbly.
When the oil reservoir and *O’ rings are inciuded in the
build the motor is classified as ‘long #ife’, which
provides long periods of attention free operation.
350. A rubber boot or linkage seal is situated over the
solenoid plunger.
351. A heavy duty sprag type clutch is used which is
moved into mesh with the ring gear by the action of the
solenoid. The pinion remains enpaged umil starting is
assured and the solenoid circuit is interrupted. In case
of & hutt engagement with the cluich, the motor will not
be energised to prevent damage to the pinion and the
gear teeth.

Angle ‘8" [Position Code Angie *B’ Position Code|
0 Al

+ 84/7° B2 - BA[T Fi

+37 170 c3 - E6

+25 5/7° D4 -25 5/7° D35

+34 2/71° ES 34 2/7° c4 |
_+42 6/7° Fo 42 6/7° B3
513 AT —513/7 A2
_+60° Bl ()" i Fl

+68 4/7° C2 ~6H8 4/7° E7

+T7 /7 D3 | -1y D6
llllll +85 5/7° E4 85 5/1° Cs

+94 2/7° E5 -04 2/7° B4
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352, The adjustable nose housing is attached by six
bolts to the lever housing. To relocate the housing, 1t is
only necessary to remove the bolts, rotate the housing
to the desired position, and re-install the bolts, tighten-
ing them to a torque of 13-17 tbs, ft, The lever housing
and the commutator {rame are atiached to the field
frame independently by bolts entering threaded holes
in the field frame,

Operation

353, In the basic circuit shown below the selenoid win-
dings are energised when the switch is closed. The
resulting plunger and shift lever movement causes the
pinion to engage the engine flywheel ring gear and the
solenoid main contacts to ciose, and cranking takes
place. When the engine starts, pinion over-run protects
the armature from excessive speed until the switch is
opened at which time the return spring causes the
pinion {0 disengage. To prevent excessive over-run and
damage to the drive and armature windings, the switch
must be opened immediately when the engine starts.

S5TARY
SWITCH

PATIERY

CRANKING
MOTOR

7.3000-363
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354. Before removing any unit in the cranking circuit
for repair, the tests listed in paragraphs 355 to 358 in-
clusive, should be carried out.

358, Check the condition of the battery and ensure
that it is fully charged.

356. Inspect all wiring for damage. Inspect ali connec-
tions to the cranking motor, solenoid, magnetic switch,
ignition switch or any other control switch and battery,
inchuding el ground connections. Clean and tighten
coanections as required.

357. Inspect all switches, magnetic solenoid and con-
trol, to determine their condition. Connect a jumper
jead around any switch suspected of being defective, If
the systern functions properly using this method, repair
or repiace the by-passed switch.

358, If the batery, wiring and switches are i a
satisfactory condition and the engine is known to be
functioning properly the motor should be removed and
tested.

Deico Remy MT Starters (Removal)

359, Disconnect the battery cabies.

360. Disconnect the two leads to the ignition switch.
36l. Remove the three retaining bolts and washers and
remove the starter from the fywheel housing.

Cranking Motor Tests

362, Regardiess of the construction, never operate the
cranking motor for more than 30 seconds, without
pausing to allow #t to cool for two minutes. On some
applications 30 seconds may be excessive, Overheating,
caused by excessive cranking will seriously damage the
MGToT.

363, With the motor removed from the engine, the
armature should be checked for freedom of rotation by
prying the pinion with a screwdriver. Tight bearings, a
beat armature shaft or a loose pole shoe screw will
cause the armature 1o not turn freely. If the armature
does not turn freely, the motor should be disassembled
immediately. However, if the armature does rotate
freely, the motor should be given a no load test before
disassembly as described below,

AMMELER
VOLTMETER

CARBON
PILE

RPM,
INGICATOR

CRANKING
MOTOR

7.3000.364
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3od. Connect a voltmeter from the motor terminal to
the motor frame, and use an RPM indicator to measure
the armature speed. Connect the motor and an ar-
mature in series with a fully charged battery of the
specified voltage, and a switch in the open position
from the solenoid battery terminal to the solenoid
switch terminal.

365. Close the switch and compare the rpm current,
and voltage reading with the specifications tabulated
below,

NO LOAD TEST

Min. | Max. | Min.  Max,

Part No. Volts Amps | Amps | pm | rpm

1813202 90 s0* 70* | 3500 | 5500
1113637 i1-6 | 85% | 125% | 5900 | 8100
1114084 11.5 | 0% | 130* | 5600 | 7600

* inclades solenoid

366. It is not necessary to obtain the exact voltage

specified, as an accurate interpretation can be made by

recognising that if the voitage is slightly higher the rpm
will be proportionately higher, with the current remain-
ing essentially snchanged.

367. If the exact voltage is required, a carbon pile con-

nected across the battery, see iliustration 7.3000-364,

can be used 1o reduce the voitage to the specified value.

H the specified current does not include the solenoid,

deduct from the ammeter reading the specified current

draw of the solenoid hold in winding. Make disconnec-
tions only with the switch open.

368. Interpret the test resuits from paragraphs 369.374

inclusive.

369. Rated current draw and no joad speed indicates

normal condition of the cranking motor.

370. Low free speed and high current draw indicate:
(a} Too much friction — tight, dirty or wom
bearings, bent armature shaft or loose pole shoes
allowing armature to drag.

{b) Shorted armature — this can be further
checked on a growler after disassembly,

(¢} Grounded armature or fieids - check further
after disassembly.

371, Failure to operate with high current draw

indicates: {a) A direct ground in the terminal or fields.

{b) ‘Frozen' bearings (this should have been
determined by turning the armature by hand).

372. Fatlure to operate with no current draw indicates:
{a) Open fieid circuit. This can be checked after
disassembly by inspecting internal connections
and tracing circuit with a test lamp.

(b} Open armature coifs. Inspect the commutator
for badly burned bars after disassembly,



(¢} Broken brush springs, worn brushes, high
insulation between the commutator bars or other
causes which wouid prevent good contact
between the brushes and commutator.
373, Low no load speed and low current draw
indicates: {a) High internal resistance due to poor
connections, defective leads, dirty commu-
tator and causes listed under paragraph 372,
374. High free speed and high current draw indicates
shorted fields, If shorted fieids are suspected, replace
the field coil assembly and check for improved perfor-
mance,

Deico Remy MT Starters (Inspection and Overhaul)
375. Normally the cranking motor should be dig-
assembled only so far as is necessary 1o make the repair
or the repiacement of the defective parts, As a
precaution, it is suggested that safety glasses be worn
when disassembling or assembling the cranking motor.
376. Note the refative position of the solenoid, lever
housing and nose housing so that the motor can be
reassembied in the same manner,

377. Disconnect field coll connector from solenoid
motor terminal, and lead from solenoid ground ter-
minal.

378. On motoers which have brush inspection plates,
remove the plates and then the brush lead screws. This
will disconnect the ficld leads from the brush holders.
379. Remove the attaching bolts and separate the com-
mutator end frame from the field frame.

380. Separate the nose housing and field frame from
the lever housing by removing attaching boits.

381, Remove armature and clutch assembly from the
lever housing.

382. Separate the solenoid from the iever housing by
puiling apart,

383, All parts except the drive should be cleaned with
mineral spirits and & brush. The drive can be wiped
with a clean cloth. The drive, armature and fields
should not be cieaned in any degreasing tank, or with
grease dissolving solvents, since these would dissolve
the lubricant in the drive and damage the insulation in
the armature and field coils,

384, If the commutator is dirty it may be cleaned with
No. 00 sandpaper. NEVER USE EMERY CLOTH
TO CLEAN COMMUTATOR.

Brushes and Holders

385, Inspect the brushes for wear. If they are worn ex-
cessively when compared with a new brush, they should
be replaced.

386. Ensure the brush holders are clean and the
brushes are not binding in the holders. The full brush
surface should ride on the commutator 1o give proper
performance.

387, Check by hand to ensure that the brush springs
are giving firm contact between the brushes and com-
mutator. If the springs are distorted or discoloured they
should be replaced.

STARTING MOYORS--31

Armature

388, if the armature commutator is worn, dirty, out of
round or has high insulation, the armature should be
put in a iathe so the commutator can be turned down,
The insulation should then be undercut (see note) 1/32
of an inch deep and 1/32 of an inch wide, and the slots
cleaned out to remove any trace of dirt or copper dust.
Finaily the commutator should be sanded with No.0G
sandpaper to remove any burrs left as a result of the
undercutiing procedure.

NOTE: The undercut operation must be omitted on
part numbers 1113202 and 1113637,

389. The armature should be checked for opens, short
circuits and grounds.

190. Opens are normally caused by excessively Jong
cranking periods. The most likely place for an open to
occur is at the commutator riser bars. Inspect the
points where the conductors are joined to the com-
mutator bars for loose connections, Moor connections
cause arcing and burning of the commutator bars as
the cranking motor is used. If the bars are not too badly
burned, repair can often be effected by resoldering or
welding the leads in the riser bars {using rosin flux} and
tarning down the commutator in a lathe to remove the
burned material. The insulation should then be under-
cut except where noted above.

361. Short circuits in the armature are located by use
of a growler. When the armature is revolved in the
growler with a steel strip such as 2 hacksaw biade held
above it, the blade will vibrate above the area of the
armature core in which the short circuit is located.
Shorts between bars are sometimes produced by brush
dust or copper between the bars, These shorts can be
eliminated by cleaning out the slots.

392. Grounds in the armature can be detected by the
use of a 110 volt test lamp and test points, If the lamp
lights when one test point is placed on the commutator
with the other point on-the core or shaft, the armature
is grounded. Grounds occur as a result of insulation
failure which is often brought abowt by overheating of
the cranking motor produced by excessively fong
cranking periods or by accumulation of brash dust
between the commutator bars and the steel commutator
ring.

Field Coil

393. The various types or circuits used are shown in
the wiring diagram below, The field coils can be check-
ed for grounds and opens by using a test lamp.
394. Grounds: If the motor has one or more coils nor-
mally connected 10 ground, the ground connections
must be disconnected during this check. Connect one
lead of the 110 volts fest Iamyp to the field frame and the
other iead to the field connector, If the lamp lights, at
least one field coil is grounded which must be repaired
or replaced. This check cannot be made if the ground
connection cannot be disconnected,

393, Opens: Connect test lainp leads to ends of field
coils. If lamp does not light, the field coils are open.
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COMMUTATOR

7.3000-393
SERIES COIL {4}

396. Field coils can be removed from the field frame
assembly by using a pole shoe screwdriver. A pole shoe
spreader should also be used to prevent distortion of the
field frame. Careful installation of the field coils is
necessary to prevent shorting or grounding of the field
coils as the pole shoes are tightened into place. Where a
pole shoe has a long lip on one side and a short lip on
the other, the long lip should be assembled in the
direction of armature rotation so it becomes the trailing
{not leading) edge of the pole shoe.

Cliatch

397, Disassembly procedure for the heavy duty sprag
clutch, illustrated below, is outlined in the following
paragraphs.

AND SHELL RSSEMBLY

7.3000-387

398, Remove the cupped pinion stop and split washer,
In removing the cupped pinion stop, it will probably be
damaged, a new one being necessary on reassembly.
399. Remove remaining parts as Hlustration.

400. Do not lubricate the sprags, as they are lubricated
for life with special oil at the factory.

401 Assemble in reverse of disassembly.

APRIL 1975

COMMUTATOR

COMMUTATOR

SERIES COHL 4]

Solenoid
402. A basic solenoid circuit is shown below.

STARY SWHCH

PULL.IN
WINDING
BATIERY

1.3000.-402

403. Solenoids may differ in appearance, but can be
checked elecirically by connecting 8 battery of the
specified voltage, a switch, and an ammeter to the two
solenoid windings, With all leads disconnected from the
solenoid, make test connections as shown to the
solenoid switch (S or SW)terminal and to ground, or to
the second switch terminal {G), i present, to check the
hold in winding,
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Current Consumption
Switch Rated
Model Voltage Both Windings Hold-in Windings
Amps Volts Amps Voits
1115510 p 26-29 3 18-20 10
§119885 12 76.4-77.8 10 18-20 10
1119879 12 65.3-73.3 19 12.7-14.3 i0

YOLTMETER

CARBON
FLE

.

3
CARBON I}
PHE U

1

]
¥
AMMETER

BATIERY

7.3000-403

404. Use the carbon pile to decrease the voltage of the
battery 1o the value tabulated above and compare the
ammeter reading with the specifications.

405. A high reading indicates a shorted or grounded
hold in winding, and a low reading, excessive
resistance. To check the pull-in winding connect from
the solenoid switch terminal {8} to the solenoid motor
{M or MOT) terminal,

406. H needed to reduce the voltage to the specified
value, connect the carbon pile between the battery and
the *M’ terminal as shown in dotted lines instead of
across the battery as shown in solid lines, If the carbon
pile is not needed, connect a jumper directly from the
battery to the ‘M’ terminal as shown by the dotied Ene,
CAUTION: To prevent overheating, do not leave the
pull-in winding encrgised more than 15 seconds. The
current draw will decrease as the winding temperature
increases.

407. A magnetic switch can be checked in the same
way by connecting across its windings.

408. The reassembly procedure is the reverse of dis-
assembly,

409, All wicks and oil reservoirs should be saturated
with SAE1Q oil, and the splines underneath the clutch
should be lubricated with a light coat of SAE 10 oil
{Heavier oil may cause failure to mesh at low
temperatures). Lever housings having & bearing and
seal should have the grease cavity between the bearing
and seal filled with Delco Remy No. 1960954,

410, Pinion clearance should be checked after
reassembiy (o ensure it is within specification, this is
shown in the following paragraphs.

411. Disconnect the motor field coil connector from
the solenoid motor terminal.

412. Connect a battery of the same voltage as the
solenoid, from the solenoid switch terminal to the
solenoid frame or ground terminal.

7.3000.412

413, MOMENTARILY flash a jumper lead {rom the
solenoild motor terminal to the solenoid frame or
ground terminal. The drive will now shift into cranking
position and remain so until the battery is disconnected.
414, Push the pinion or drive back towards the com-
mutater end to eliminate slack movement,

413, Measure the distance between the drive and drive

stop.
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PLUG REMOVED

SHAFT NUT
{YURN O ADJUSY
PINION CLEARANCE}

PRESS ON CLUTCH TO
TAKE UP MOVEMENT

7.3000-4185 -—i PINION CLEARANCE

416. Adjust the clearance by removing the plug and
turning the shaft nut.

Deice Remy MT Starters (Refitting)

417. Piace the motor in position against the flywheel
housing and replace the three retaining bolts and
washers.

418. Connect the two leads to the ignition switch,
419, Connect the battery cables,
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7.5000
POWER GENERATOR

POWER GENERATOR (DESCRIPTION)

1. The alternator fitted on to the 220/330 cu in
Bedford engines is rated as shown in the following
table.

RATINGS
53 HZ &0 HZ
$tand By Continuous Siand By Centingous
Cutput Cutpust Gutput Ouiput

KWi KVA ] KW| KVA | KW i KVA T KW KVA
220 7 34 25 1 325 | 2 40 300 375

330 41 S3.51 38| 4751 S0 | 62581 44 33

2. The machine is a brushless, self-exciting, ten
wire, dual output, dual frequency which provides
tappings for either high or low voltage, and by
change 10 the engine governor can be operated at
50 or 60 Hertz,

3. The exciter section produces alternating curtent
and the initia] excitation is by residual magnetism
retained in the stator of the exciter, The excier field
sirength is controlled by an automatic voltage
reguator.

4. The output from the exciter is rectified by
silicon dicdes mounted on a plate between the
exciter rotor and the rear bearing, the resultant
direct current excites the rotating fields of which
there are four poles on the main rotor,

5. The voltage regulator employs semi-conductors,
this includes a thyristor, transistors and silicon
diodes 0 sense, compare and relate the ouiput
voltage to provide correct excitation for the exciter
field,

6, This voltage is sensed from two phases, phase to
phase, and the comparison voltage is set up by
adjustment to the rheostas controlling the voltage
reguiator.

7. The main casing of the electrical machine is
attached to the engine flywheel housing and the
rotor is attached by flexible plates to the engine fly-
wheel, whilst the rear end is supported in a ball
bearing. Therefore the only moving part is the rotor
within the casing, the excitation and rectification
being completed within the rotor without any
brushes or slip rings. The voliage regulator also has
no movitg parts and therefore the complete unit
should be free from maintenance over a very long
period.

8. Parallel operation can be simply achieved with
the sets providing they were initially supplied or
since modified to accept parallel operation. For
parailel operation & small sub-panel including
switches, fuses and synchronizing lamps are housed,
together with additional parts for reactive cross
current compensation which are installed in the main
cabinet when required.

POWER GENERATOR (REMOVAL)

9. Easure cables 10 load are not coupled to live
source.

POWER GENERATOR 1

i0. Remove control cabinet cover.

1. Disconnect the power cables from the cabinet.
12. Disconnect battery charging generator cables,
engine throttle, oil pressure gauge pipe, engine stop
control cable, starter motor, tachometer drive cable
from engine end and all cables connected to the
alternator terminal board,

13. Due to a change in mounting the control panel
onto the alternator the removal sequence differs at
this point. For engines built prior to serial number
P&1112990n 220 cuinengines and P & 17911 on
330 cu in engines, paragraphs 14 and 15 are
applicable while for engines built after these serial
numbers paragraphs 16 to 19 are applicable.’

t4. Remove the alternator mounting boit nuts from
beneath the skid flange.

15, Carefully position slings around the alternator
frame, well spaced, and use a wooden spreader as
illustrated below to keep the slings spaced clear of
the cabinet,
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16. Remove the four nuls connecting the control
panel plinth and remove the control panel.

17. Remove the nuts connecting the control panel
plinth to the underbase and remove the plinth.

18, Insert the two lifting eyes, supplied loose with
each unit, into the two lifting orifices on the sides
of the aliernator,

19. Attach lifting tackle on the alternator and also
the rear engine lifting hook.

20. Lift the alternator carefully, approximately
40 mm (1'4"") until the mounting bolts, cushions and
spacers can be removed. Take care to ensure no
damage is done to the radiator connections and that
the fan does not touch the radiator core during this
operation,

21. Place wooden blocks of suitable thickness below
the engine at the rear of sump. A metre length of
100 50 mm (37 37" x 4" x2'") will span the skid and
an additional block approximately 40 mm (1)
thick under the sump should be ideal. Lower the
engine and alternator very carefully and support the
weight of the alternator.
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POWER GENERATOR 2

22. Remove the drive end and non drive end grill
bands,

23, Remove the eight 34" bolts which attach the
alternator fan and flexplates to the engine fiywheel.
24. Slacken the twelve %" bolts which secure the
alternator frame to the engine back plate keeping
careful watch on the weight transfer as this is done.
When the engine is resting on the wood blocks and
the weight of the alternator is supported on the
lifting eguipment remove the bolts. (Note on the
early type of generator and control panels the top
two bolts cannot be completely removed, due to the
cabinet being still attached to the alternator.)

25. Carefully move the alernator from the engine
ensuring that the flexplates come from the flywheel
dowels cleanly.

7.5000 - 25

. Engine Flywhee! Assy

. Dowel Pins

. Dowel Hole

. Flex Piates and Fan Retaining Bolis
. Fiex Plales

Fan

‘Chut.hww'—

POWER GENERATOR (INSPECYION AND
OVERHAUL)

26. During servicing of the alternator the following
points should be adhered to.

21. The alternator and the exciter shouid be kept as
clean as possible, Most electrical faults occur due t0
accumuiation of dirt and this can easily be avoided
by periodic blowing out of the dirt and dust which
may gather inside the machine. If, compressed air is
used, care must be taken to ensure that the dust is

OCTOBER 1978

not blown inte the windings. The interior and
exterior ports should always be kept {ree from
waier, oil and dirt,

28. All connections shouid be checked to see that
nong has worked loose or fractured. Examine all
fuse and switch contacts and clean with fine emery
cloth, Examine all fuses,

29, It should normally only be necessary to check
the main stator winding at the ouiput phase ter-
minals, but if a fault condition should make it
necessary {0 check the insulation resistance of other
windings, the winding 10 be checked should be
disconnected  from s associated rectifier and
checked separately, otherwise under certain fault
conditions the transistors or rectifying diodes may
be damaged.

30. The bearing is grease lubricated and packed
with the correct guantity of grease by the alternator
manufactuyrer, The bearing is packed with Sheil
Alvania RA, unless otherwise stated on the machine.
Where the machine is {0 be operated in ambient
temperatures below freezing point, or above their
rated ambient iemperatures, the grease manufac-
turers should be consulted.

31. The autematic voliage regulator unit is fitted in
the control panel on early engines and at the rear of
the frame on later engines, this coupled with the
fact that the components are liberally rated, provides
a unit which should give trouble free operation and
require no maintenance other than am occasional
check to e¢nsure that all connections are tight and
serviceable. The hand regulator is of the torroidal
side wire type and an occasional wipe over with
petroleum jelly will keep it in good condition.

DISMANTLING

32. Remove the end cover plate located at the
extreme end from the engine. Insert lifting bars into
the tapped holes in the rotor shaft, the hfting bar
{Pi ST 1} should be manufactured locally 1o the
dimensions given below,

7.500¢ - 32

33. Lit the rotor at the fan end and puill out of the
stator frame until the bearing is free of ifs housing.

34. Support the weight of the rotor with the lifting
bar and then pull the rotor out ciear of the stator
frame taking care that the rotor cores do not rub on
the stator windings or the rotating rectifier is not
damaged whilst doing so,

35. Failure to support the rotor during dismantling
and reassembly may cause serious damage 10
windings. Care should be taken to avoid damage to
ti}:efrmaling rectifier which is mounted on the rotor
shaft,
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ALTERNATIVE METHOD OF REMOVING
ROTOR (PARAGRAPHS 36, 37 & 38)

36, Carefully Hft alternator to rest on iis rear end
with wedges to ensure it does not tip.

37. Fit iifting eye with a %" UNC thread in the
drive end and carefully lift the rotor out of the
frame.

38. Extreme care is necessary to ensure that the
frame does not tili during this operation,

INSPECTION

39, Check the bearing for wear and replace if
NIECESSATFY,

43, A fanity diode in the rotating rectifier assembiy
can be removed and tested as follows:

41. Using two open ended spanners, remove the
retaining nui.

b
7.5006 - 41

42. Pull the diode clear from the rotating rectifier,
43. Holding the diode with a pair of long nose
pliers unsolder the connection. The plers should act
as a “‘heat sink’’ during this operation,

POWER GENERATOR 3

7.5000 - 43

44, Using a “Muitimeter”” check the resistance as
described under AVR static tests, and replace where
REeCessary.

45. Diodes can be replaced without removing the
rotor assembly from the alternator, by removing the
non drive end grifl,

7.5000 - 45
REASSEMBLY
46. Attach the lifting bar to the rotor and §ift into
the alternator. Two persons are required for this
operation. Care should be taken 10 avoid damage {0
the rotating rectifier which is mounted on the rotor
shaft.
47. Remove the lifting bar.
48, Refit the end cover and grill band.
49, Secure the flexplates to the rotor with the six
securing lock bolts and tighten to a torgue of 54 Nm
LIRLEE
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POWER GENERATOR 4

POWER GENERATOR (REFITTING)

50. Ensure engine is securely blocked slightly up at
rear to running attitude relative to the skid frame.
51. Lift the alternator oato the skid frame. On the
earlier engines do not attempt to lift with slings
passed underncath the control cabinet, Slings must

onlty be placed underneath the alternaior and the.

wooden spreader placed above the cabinet between
the shings (o prevent crushing the control cabinet.
Line up alternator flex disc to engine fiywheel, do
not remove shings from alternator,

52. Align dowel holes in the flex discs to the dowels
on the flywheel, care should be taken at this point
as it must be remembered that the dowels differ in
size, should the flex discs fail to engage with the
fiywhee! dowels, it may prove necessary to rofate
the engine 180°, ensuring first that the stop control
is in the stop position, also ensure that none of the
flex discs are engaged with dowels on the flywheel.
53. Fit the alternator (0 the rear engine plate and
secure with the tweive 34" bolis, tighten {0 a torque
of 48 Nm (35 ib f1).

7.5000 - 53

Alternator Mounting Bolt Assembly,
. Bolt 5. Rubber Washer

i

2. Two Spacers 6. Wedge Shaped Washer
3. Rubber Washer 7. Spring Washer

4. Tube Spacer B. Nut

54. Fit the rubber washers under the base of the
alternator  feet, place the other rubber washers
above ihe feet. Assemble the bolts, washers and
spacers and position through the rubber washers,
alternator feet and skid base. Fit the remaining
washers and £.! and tighten until the washers touch
the tube spacers.

NOTE, On later engines item 6, the wedge shaped
washer, has been deleted,

55. Tighten the bolts which secure the flex discs to
the fiywhee! to a torque of 48 Nm {35 ib 1),

56. Check the air gap between the rotor and siaior
conforms with the table below, using long feeler

gauges,
ENGINE MAIN EXCITER
220 cu in 0.025" NOMINAL (.025" (G.018 MINIMLIM}

330 v in 0.042" NOMINAL 0.025"" {018 MINIMUM}
57. On later engines refit Lhe control cabinet and
plinth as described under section 7.6000.

58, Inspect all internal fittings and rotating reciifier
for possible damage, reinstall grill bands and bearing
COVET,

5G. Before applying the set to a iob it is essential to
ensure that the correct frequency wili be provided by
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the engine governor so that the engine can operaie
satisfactorily at synchronous speed, ie 1500 RPM =
30 Hertz, 180C RPM = 60 Hertz. Secondly, it is
essential that the terminal linkage within the cabinet
be connected to provide the correct vollage since the
machine stator has star windings with centre taps,
which permiis the windings 10 be individually run in
series or parallel.

60, Before connecting driven equipment or buss
bars it is essential to ensure that phase rotation is
correct, normaily these are numbered |, 2, 3 or in
colour coding, red, vyeltow or white, blue. The
correct phase rotation is essential if motors con-
nected are to be driven in the correct direction, also
it is the first essential of enabiing the set 10 be
paralieled with any other set. For instructions on
changing freguency or voltage see pages 00 to 00 of
76000,

61. if extended storage is unavoidable, the unit
should be kept in a dry, warm aimosphere and to
prevent the grease pitting within the bearing an
occasional rotation should be made. Should H be
suspected that the unit has been subjecied o damp
the insulation resistance of the main stator winding
should be checked and if this is less than 1 Megohm
(1,000,000 ohms) the eguipment should be siowly
dried out until this insulation resistance is achieved.
The other windings within the equipment operate at
low voliage, therefore it should not normally be
necessary o check the insulation resistance of these.
62. WARNING. Before putting the engine into
operation the ecarthing arrangements should be
checked and the neutral lead properly attached.
Shoulid a jarge proportion of the load to be driven
be of single phase it would be necessary to ensure
equal sharing between the three phases of the
machine since out of balance loads will create
overioading at  below the rated outpuy of the
eguipment,

63. STARTING. Once the initial instaliation has
been checked and the correct coanections made
preparation to run the prime mover can be made.
64. Aanotations in the following paragraphs refer
to iHustration 7.5000 - 64.

15000 - 64



6%. Ensure main breaker switch, item (1) is in the
off position,

66. if this s the initial start, turn voltage regulator
control {2) 10 a minimum position, fully anti-
clockwise,

67. Set engine goveraor stop control (3} to “‘run
position.

68. H initial start, set throttle control {4) to midway
position. Depress knob in centre of control, pull
outer knob to desired position and release centre.
Fine adjustment can now be made by turning knob
anticlockwise 10 increase speed and clockwise to
decrease speed.

69. Operate the key switch (5) to crank engine and
when it fires check that oil pressure {6) is present.
70. ¥ this is the initial start of the unit, leave
engine operating at approximately 15086 RPM for a
few moments and check for coolant, lube oil, or
fuei oil feaks.

71. Run engine to synchronous speed as indicated
on frequency tachometer (7) and #f time permits
aliow speed to settic to remove the chiil from the
cooling system,

72. Set voltage 2% over reguired load voltage and
frequency at 2 C.P.S. above that required if it is
intended to take over more than % load on switch-
ing in, proportionally lower setting for 2 and %
load and exacily on frequency and voltage for loads
of less than 'a.

73. Ensure that no personnel are engaged on lines
and switch main breaker {1) 1o “on’' position, check
voltage and frequency and adiust as necessary by
use of voltmeter (8) and frequency meter {7), the
load in amperes should be checked by reference to
ammeter (9) and each phase should be checked in
turn by use of the selector (10}, (No attempt should
be made to operate in parallel without the necessary
additional apparatus.)}

74. Further stight adjustment may be required when
the engine aiternator and regulator have achieved
normal working temperatures.

STOPPING

75. Open the main breaker and shut engine down
(3). ¥ can be harmful 1o operate loads at lower than
correct synchronous speed, on engines built prior to
serial number 893, This is due to the voltage
regulator attempting {0 provide sufficient excitation
to maintain the voltage whilst the speed may be low
and the iron laminations within the unit wiil be
unabie to provide the necessary magnetic field under
these conditions and heavy current will flow and
cause overheating quite rapidly.

PARELLELING

76. Successful paraliel operation can only be
achkieved i all of the engine governors are of the
same characteristic, and it is advantageous to utilise
sets of simiiar alternators and voltage regulators, It
is necessary with the GM Bedford Alternator Set to
request paralleling equipment which aids synchron-

"
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isation and is capable of sharing ‘reactive loads
equally between alternators.

77. All sets being paralleled require this equipment
which can be provided for an existing set.

78. Check phase rotation of buss to which set is to
e connected., Various terms are used but phase
1-2-3 or A-B-C or red, yellow or white, blue, are
often the local standard. 1f in doubt connect a 3
phase induction motor to the output and check its
direction of rotation relative to a known set of leads.
79, Follow the starting instructions, paragraphs 62
to 10,

80. Switch all units to parallel run.

81. Close the synchronising lamp switches,

82. Units under load - check frequency of units
runthing on load at 50 or 60 C.P.S. whichever is
applicable.

83. Adjust voltage on coming set to correct level.
84. Observe the synchronising lamps alteraating
bright and dim in rotating pattern, adjust engine
governor control to slow the rate of change io
minimum and when a steady period of darkness
exceeding ten seconds has been repeated three times,
place hand on breaker (1) and at commencement of
next dark period on upper lamp, count five seconds,
close breaker,

85. Switch off synchronising lamps.

86. Adjust engine governor control (4) to indicate
each set providing proportional share of load by
ammeter {9).

WARNING. On no account should the voltage
regulator control be varied whilst parallel operating
sets.

87. To shut down, open main breaker (1) and stop
engine with stop control (3).

88. NOTE. The foregoing instructions should enable
anyone to put the machine on the line but individual
circumstances and operating techniques may vary
and providing the operator is familiar with the type
of equipment concerned no harm will result,

89. For the ultimate in efficiency it is essential that
each phase carries equal load and if practicable the
single phase loads should be as similar as possible
inciuding reactive content.

90. For parallel operation each machine should be
operated on the proposed load separately to obtain
the best reactive droop resisior setting and ensure
that engine governors behave similarly,

91. Should a fauit appear during the starting and
switching procedure refer to trouble shooting on
page @ of section 7.6000.

92. WARNING. The voltage occurring within the
cabinet can in certain circumstances be lethal, there-
fore, due precautions should be observed. If it is
necessary to work within the cabinet whilst it is
“live”, it is suggested that one hand only should be
used to reduce accidental contact risks from affect-
ing the respiratory nervous system. Remember
voltage from Hne to ecarth or neutral can be dan-
gerous in addition to line to line voliage.
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7.6060
CONTROL PANEL

CONTROL PANEL (DESCRIPTION)

1. A drip proof sheet steel cabinet is mounted on
vibration absorbing feet to a sheet steel plinth which
in turn is attached to the skid base, The sides of the
control  panel are inlerchangeable, epabling the
instruments to face either left, right or to the non-
drive end of the alternalor. On engines priorto P & 1
11299 {220 cu iny and P & 1 7911 (330 cu in) the
cabinet  vibration absorbing feet were mounted

1 MAIN BREAKER
2 REGULATOR CONTHOL
3 ENGINE STOP 7 RUN

6 O PRESSURE GAUGE
7 FREGUENCY METER
8 VOLTMETER

4 ENGINE SPEED CONTROL 9 AMMETER
5 ENGINE START SWITCH 10 AMMETER SELECTGR
7.6000 - 1ia]

. MR

78000 - 2{a}

CONTROL PANEL 1

directly onto the alternator and the sides were not
interchangeable but # could be mounted with the
instruments facing left or right.
2. The engmme and alternator controls, voitage
selector and instruments are mounted within the
cabinet, on the earlier engines, current transformers
and the AVR printed circuit board were also mounted
inside the cabinei. The early design is shown in
16000 - 24a) and the later one is shown in 7.6000 -
b}
3. The cabinet houses four distinct electrical circuits:-
a, Battery charging generator, voliage regulator
and engine instrumenis.

7.6000 - Hb}
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CONTROL PANEL 2

b. Alternator terminal board for voltage selection

and output,

¢. Alternator volage regulator, controls and

instrumentation,

d. Qutput switching and overload protection.
4. The four electrical circuits are described in detail
in the following pages.
5. The battery charging generator, voltage regulator
and engine instruments. For the description and
servicing of these components refer to sections 7.1000
and 7.4000 of this manual.
6. Alternator ierminal board for voltage selection
and output. Earlier units utilised two terminal link
boards, one above the other, with copper links
connecting the terminals. The top board was for
current transformer selection while the lower was for
voltage selection. On the later units only the voliage
selection board is used, illustrated below.

)

Al |

B /_lg'a.;._,“

7.6000 - 6

7. To change from high to low voliage or vice-versa
the procedure in paragraphs 8 to 12 should be
followed. The terminal links for high and low voltage
are shown below,

LOW ¥OLTS {19G-248) HIGH VOLYS ¢ 380-340)
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REWORKING THE LOWER PANEL (ALL UNITS)
8. Ensure the engine cannot be started.

9. Remove the cabinet cover which is securcd by
cight screws.

10, Remove the nuts and washers from the lerminals
and move the straps {0 the setiing required.

11. Replace the nuis and washers,

12. This change coanccts the alternalor  stator
windings in Lthe appropriate manner,

REWORKING THE UPPER PANEL

{EARLY UNITS ONLY)

13. The procedure is the same as for the lower panel
except for the position of the straps. This change
ensures that the current transformers for ammeter
and overioad trip have the correct number of primary
{urns, k¢ one or {wo turps. '

AUTOMATIC YOLTAGE REGULATOR

14. The automatic voltage regulator is of the phase-
controtled thyristor type. For the purpose of de-
scription, it wifl be considered under the following
headings:

a. Voltage sensing and comparison circuit.

b. Trigger pulse timing circuit.

¢. Power switching circnit.

d. Stahility feedback.

e. Underspeed prolection.
15. Annotations in the following paragraphs refer to
tHustration 7.6000 - 15,

i@ 2 -
G

»lg}:

L I Ty

VOLTAGE SENSING AND COMPARISON
CIRCUIT

16. The line-to.line voltage of the alternator under
controb is sampled, from the lower voltage tap, via
the potential divider network, Ri, R2, RV], RV2 and
R3. The potential divider ratio, and hence the voliage
at point A, is varied by means of RV] and RV2, R3
limits the range of voltage seiting available at RV2,
The voltage at point A, which is proportional to
alternator voltage is half wave rectified by MRI and
smeothed by the two stage filter C1, R4 and C2.




17. ‘the voltage across C2 is compared, via RS with a
fixed negative reference voltage across C3, injected
via R&, any voltage difference at the point is the
*error’’ voltage which is used 1o control the alternator
voltage level. The fixed reference voliage is obtained
from Z1, the supply to Z1 and Z2 is obtained via the
dropper resistor R13 from the same AC line as feeds
the thyristor TY for correct phasing. The resultant
wave form is an approximate negative - going square
wave across Z1 and a positive-going square wave
across Z2. The negative voltage across Z1, plus the
forward voitage drop across Z2 (which provides
temperature compensation of the total voltage) is
smoothed by C3, MR31 preventing discharge of C3
when the zener voliage reverses.

TRIGGER PULSE TIMING CIRCUIT

18. The positive pgoing square wave across 22 is
used 10 charge capacitor C7 via R and MR4 and also
via R9. Transistor VT controis the rate of ¢charge C7
by acting as a shunt path for the charging currens,
the current flow through VT being controiled in
turn by the “error’’ voliage supplied to ifs base from
the comparison circuit.

19, The configuration of RE, RY, MR4 and VTI
heips to improve the linearity of the charging rate on
€7, and the network €35, C6, R7 provides negative
AC feedback which reduces the gain of VT1 par-
ticularly at high frequencies, in order to eliminate
exaggeration of ripple appearing on its base, MRS
allows discharge of C7 at the end of each positive
half-cycle. The voltage across C7 has, therefore, a
positively sloping ramp waveform over the positive
half-cycle of the supply, foliowed by a quick dis-
charge of approximately zero over the negative half-
cyele. This voltage is applied to an avalanche
connected transistor pair, VT2 and VT3, the break.
over voltage being set approximately by the zener
diode Z3. When the avalanche voltage is reached,
capacitor C7 is discharged rapidly through T1, giving
a pulse at the secondary of T1 which occurs at &
point in the hall cvele determined by the time taken
t0 charge C7 to the avalanche voltage, which in turn
depends on the crror voltage of the comparison
neiwork and hence on the machine voltage. Thus, a
high machine voltage will retard the firing angle of
the thyristor and a low machine voliage wili advance
the thyristor firtng angle giving a low and high mean
field voitage respectively, Hence, for any setting of
RVi and RV2 angd equilibrium position wiil be
reached at which the field current supplied by the
thyristor maintains the alternator output voltage at
that pre-sei voltage in spite of loading and heating
effects,

Power-Switching Circuit

20. Fhe main power controf element of the AVR is a
Controlled Rectifier or Thyristor TY1, operating in
single phase, line-to-line, half-wave configuration in
series with the ficld. It is fed direct from the same
Hine as R13 for correct phasing, in this case A phase.
The cathode is connecied to the positive end of the
field, the negative end being connected to B phase via
Ri4. A flywheel path round the field and R14 is
nrovided by MR6 which allows current to flow when
TY§ is in its blocking state,
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Stability Feedback

21. The voltage appearing across R14 is directly pro-
portional to the current flowing in the field. Ripple is
reduced by the filter Ril, C8 and the resultant D.C.
voitage is fed throygh R10, RV3 on to the base of
the control transistor VT1 via C4. Thus, when the
field current increases the voltage on the base of VT
will increase transiently, retard the firing angle and
reduce the rate of increase of field current, conversely
a decrease in field current is also limited transiently.
This negative A.C. feedback has no effect on steady
state conditions.

Underspeed Protection

22, In order to cater for special conditions a low
frequency unloading circuit is used. This senses drop
in the engine speed below a pre-set minimum and
droops the alternator voltages with falling speed
below this pre-set value. This drooping voltage is
proportioned so that the alternator is not provided
with sufficient excitation to damage it when run
beiow the rated speed.

23. Normal governing for the aliernator sets wiil be
4% speed droop from no load with transient speed
excursions during run up and full load switching of
approximately & 10% of rated speed. If the low
frequency unloading circuit is energised by transient
speed changes by switching load on the aliernator it
will worsen the transient voliage excursions produced
by the alternator for normal load swiiching. To
prevent this, the low frequency unioading circuit
{frequency droop) is provided with a buiit-in, time
constard, time delay so that it will not- adversely
affect the alternator voltage transient performance
for load switching up to full load.

24. It is possibie for the set operator to override the
frequency droop circuit, by a small amount, by
farning uap the external panel mounted, voliage
trimming polentiometer RV2, available under normat
operations. The main voliage seiting potentiometer
RV1 which is mounted on the printed circuit board
should be carefully pre-set as per the instructions
beiow,

SETTING UP THE LOW FREQUENCY
UNLOADING CIRCUIT

25. Twrn Low Frequency Unloading Circuit Poten-
tiometer (RV30) fully anticlockwise. This ensures that
the frequency droop equipment is out of circuit.

26. With the governor set for rated speed and with
the AVR in circuit {(that is, AVR fuse in) do a normal
(not slow) run up of the Alternator to rated voltage.
{1f a slow run up or operation at low speed governor
setting is required, the AVR should first be dis-
connected by removing the AVR fuse.)

27. Set the panel voltage control (RV2) to give
maximum Alternator voltage: then adjust back this
voltage on the coarse voltage setting polentiometer
on the AVR printed cireuit card {RVI) so that the
maximum voltage is within the voltage rating on the
machine nameplate for the particular frequency in
use. Do not allow the machine voltage to rise by
more than 5% above maximum nameplate voltage
for frequency used during the setting up procedure.
Lise RV2 and RVI in sequence and in small steps to
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prevent this. For normal operation the maximum
voltage available on the panel control RV2 should
not be more than 5% above nominal running vollage.
28. Set Alternator speed for 2% below rated ful load
speed and Alternator voltage to rated, turn low
frequency unloading circuit potentiometer RV3ID
slowly clockwise till the Alternator voltage falls by
1%, Remember the Low Frequency Unioading
Circuit will take about 2 seconds to respond o the
adjustment of RV30. Allow the Alternator voltage 1o
settie for 10 seconds to ensure that the seiting is
COrrect.

29. Reduce engine speed to 90% of its full load rated
speed to check that the setting of the L.F.U. unit is
correct. The Alternator voitage should fall to approxi-
mately 90% of the set voltage at rated speed if the
segting is in order. _

AVR 6 TROUBLE SHOOTING
30, AVR 6 Ratings

30.1 Maximum ambient
{(125.6°F).

30.2 Maximum continvous DC exciter current
1.5 amps.

30.3 Maximum overfoad forcing current in
exciter field 6 amps DC 1 minute rating.

30.4 Maxisnum continuous AC input voitage to
AVR 264 rms.

36.5 Maximum continuous AC input voltage to
comply te Canadian Standards Association
specifications 250 volts AC rms.

30.6 Maximum field voltage output for 264
volts AC rms output 117 volts DC 1 minute
rating.

temperature  52°C

FAULT FINDING CHARY

SYMPTOM POSSIBLE CAUSE ACTHIN
Alternator will not generale | a. Alternator Faualty Check alternator excitation againsy
test sheet
b. AVR Fuse Blown Remove AVR from machine and
test on jig

¢. Wiring to AVR Faulty

Check against schemaltic and
wiring diagrams

too low

d. Machine Residual Voliage

Check against test shegt

Aliernator Voitage too high | a. RV or RV2 Wrongly Set

Adjust RVI or RV2

b. AVR Faulty

Remove AVR from machine and
lest on jig

¢. AVR Wiring Faulty

Check and repair

Aldternator Regulator Poor a. Alternator Faulty

Check Excitation against fest sheet

b. AVR Faulty

Remove AVR from machine and tost
on jg

¢. R23 Wrongly Set

Reset R23

{Machines fitted with short
circuit maintenance unit}

a. RV1 or RV2 set too high for
Alternator Voltage

b. MRé Faulty

. TY1 Faulty

d. Alternator Fauity causing
Alternator to reguire 100
much excitation .

e. {9 Short Circuit

Req. Voliage Setting . Fault in C}, C2, (4, 21
Not Available from RVI or Z2 '

Fuse FSI Blown Reset RV] or RV2

Replace MR6
Replace TY!

Check Alternator excitation
against test sheet

©

Replace C9
Replace faulty components

-5

Alternator Unstable a. RV3 Wrongly Set Reser RV3
b. RV3 Open Circuit Replace RV)
¢. €4 Open Circuit Replace C4
d. C8 Leaking Replace C8
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M. From (30.3) above it can be seen that AVR 6 is
only rated to provide full output for | minute, This |
minute forcing rating provides the alternator with
overioad capacity in excess of full load for motor
starting.

it also ensures good forcing levels to give fast tran.
sient response to load switching. When testing AVR 6
on the test rig this should be borne in mind. If ful
conduction is maintained on AVR 6 for more than )
minute the voltage scross the MR6 diode will be
eguivalent to that occurring, on the machine, during
peak forcing. This means that resistor Ri4 (if fitted)
will be subject to about twice the voliage that would
normaily appear across it in the machine, with the
machine loaded to full foad current, If the voliage
across R24 is 2 times normal, the watis in it will be 4
times normal. It will, therefore, overheat very rapidly
if the AVR is held at full conduciion for more than |
minute,

32. The test rig artificial field ioad (R4} + L1} is
approximately 2 times the field resistance of the
afternator on which the AVR will work., The AVR
test rig ouiput current is, therefore, limited to
approximately the maximum continuous rating of the
exciter field current (30-2) 3.5 amps DC. This is done
intentionaily to prevent FS{ blowing during test rig
working.

33. Therefore, on test rig testing the DC current
output of the AVR is himited but the voltage is not,
‘Hence full output should not be maintained on the
‘AVR on the test rig for more than ! minute or R24
will overheat,

34, The AVR fuse is in the AC inpw line to the
AVR. It is rated at 2.5 amps AC. This may appear
strange since it is less than the continuous rating of
the exciter field current. The reason is that the
thyristor TY! rectifies the AC current and the
resultant PDC current is smoothed by the exciter field
inductance to give a BC field current which is larger
than the rms current in fuse FS1. With 2.5 amps AC
rms in FS1 the DC field cyrrent is over 3.5 amps,

35, Fuse FS1 will blow if the alternator demands too
much excitation or is given too much excitation.

36. ¥ (a) the voliage setting potentiometer RVI
and/or external trimmer RV2 have been set correctly
so that the alternator gives the rated voltage {or less)
at rated speed, and if (b) RV3 has been set correctly
to provide under-speed protection by automatically
lowering the aiternator voliage as the speed fails,
then the excitation current will fall as the speed falls
{except, for a small rise at speeds just below the rated
value} and the alternator can be run at low speeds
without any adverse effects and without blowing FS1.
However, if RV3 is not set correctly to give this
under-speed protection, the excitation current will
increase excessively at low speeds and the fuse FSi
will blow. Also, if RVI and RV2 are set to give too
high volitage, the machine will demand too high an
excitation and the fuse will blow. In either case, the
biowing of the fuse FSI prevents the overheating of
R24 in normal service.

37. The fuse will also blow I the AVR fails to a full
conduction condition or a short circuit develops in
TYL, T1, MR6, R24, C% or C10.

38. The fuse is not intended as a complete protection

CONTROL PANEL 5

for the semi-conductors used in the AVR. However,
it does protect the machine against over-excitation
due 10 an AVR fault, and also limits the damage on
the AVR board, by disconnecting the faulty AVR
from the machine,

39. Overlpad protection for the machine is provided
by over-current devices at the machine output in the
cabinet.

40, If the machine &5 to be run at low speed for
engine adjustment or test, please ensure that the
under-speed protection is in operation so that as the
speed fails the alternator voltage is not in operation
or is not effective enough, under-speed potentiometer
RV 30 should be set correctly according to the method
described in paragraph 28.

4}. The under speed protection is provided by a
citcuit built into the AVR., This circuit has an
overriding control of the AVR so as to automatically
reduce alternator voltage with falling speed, and this
prevests saturation and the resulting dangerously
high excitation.

42. When changing alternator winding connections
or operating frequency, # is important to remember
that the AVR operating voltage setting is changed.
When such changes are made or when a new AVR is
fitted always turn down the RV control of the AVR
‘to minimum voliage before running the machine,
{RV1 fully counterclockwise.) When the machine is
running at rated speed RV1 should be turned slowly
clockwise to give the reguired operating volage.
Failure to do this may cause the machine to run at
t00 high a voltage and ¥S1 may be blown by the high
field current at high voltage,

AVR Static Tests
43. The foliowing equipment will be required when
conducting these static tests:-
a. Cathode ray oscilloscope DC coupled vertical
amplifer DC - IM ¢/s band width capable of
withstanding signal input voltages up to 296
volts AC rms,
b, 20,000 ohm/volt
model 8 or similar,
44, Whilst these tests are being conducted the alter-
nator can still be operated manually by supplying the
exciter field via a series resistor and half wave
rectifier. See section “Emergency Voltage Control”.
45. The AVR forms a separate part of the cabinet
assembly and should a fault develop in this unit the
performance of the machine will be greatly impaired.
To determine whether or not the unit is operating
<correctly the following static tests shouid be carried
Out.
46. Disconnect and remove the printed circuit board
assembly from either the cabinet or the alternator
frame.
47. Check the resistance values of the internal volts
set potentiometer {(RV1) and stability potentiometer
RV, These should be 2 kilohms and 10 kilohms
respectively,
48, The resistance of the external volts set potentio-
meter (RV2) should be checked, if fitted, to be the
value marked on the back. Using an Avometer Model
8, the forward and reverse resistance of the flywheel

multimeter, Avometer
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7.6000 - 46

TEST APPARATUS COMPONENTS LIST

Schematic
Ref,

Bescription

Vi

A.C. volimeter 00.300 vol: reciified
moving coil type.

Al & SH1

0-5 amp DC shunt with suitable
meter, Avometer or similar, 20,000
ohms per vols,

SW3h

Single pole on-off switch 5 amp
300 volts A C.

R40

1-5 ohms % 10% 60 watl resistor
{Berco type VWHKD)

R4l + Li

L1 100 MH D.C. choke rated 3 amp
D.C. the total D.C, resistance of L1
+ R41 to be 30 ohms R4l 1o be
rated to carry 3 amps D.C.
continuous.

TV

Vartac transformer - 230 volt 2.5
amp for 230 volt supply or 115 voit
§ amp for 115 volt supply.

T4

Isolating transformer primary to suit,

Supply voltage secondary rated 280
volt 2.5 amp A.C. for half wave
rectified supply {D.C. in trans-
former). No joad to full load
regulation to be 7% electrostatic
screen required between primary
and secondary.

F2& F4

2.5 amp H.R.C. fuse for 230 volt
A.C. supply. 5 amp H.R.C. fuse for
115 voit A.C. supply.

F3

2.5 amp H.R.C. fuse.

SWw4

2 pole single throw switch rating
250 voit A.C. 10 amps.

Ki

fnt rectifier Seienium Klipsel type
KSAIODBE,
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diode (MR6) and the thyristor {TY!} should be
checked, These can be measured on terminals LL
{MR6 anode), X {MR6 cathode}, TA (TY! anode)
and X {TY!I cathode}. The dicde should have a low
forward resistance {about 1000 ohms) and a high
reverse resistance (greater than 100 kilohms) and the
thyristor a high resistance {greater than 100 kilohms)
in both directions. These values may be different
when use is made of ochmmeters of different makes.
If these values are not closely obtained the device(s)
should be replaced.

49. Check the fuse FSI €12 LL) when fitted. I no
fuse is fitted check the foil pattern for damage. if
damage has occurred, the board must be replaced.
50. Check the AVR resistances in order as shown in
fig 7.6000 - 30 and repair where fault is in evidence.
NOTE. The resistance readings are obtained with all
external leads to the AVR terminal board removed,
The readings being made using Avometer Model B
muitimeter on the “‘ohms"’ range.

7.6000 - 50

51. The resistance readings given are subject to at
feast & 0% variation with unit jife and component
tolerance.

52. The red avometer lead is connected o the
numbered terminals (o obtain these resistance
readings.

53, Connect the AVR to a test rig (7.6000 - 353}
Open SW3 and connect the oscilloscope between
terminal 12 and the cathode of MR4 (test point 11 of
7.6000 - 500, Set TY! to zero and check FS1.
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54, Switch on S5W4 (mains supply) and turn up
“Variac” TV! to give 20 volts on V1, check wave-
form on oscilloscope as shown in 7.6000 - 15, If this
is not correct check the waveform at test points 2},
{10}, (16) and (17) to locate the fauit. If the fault 1s
still not located remove the board from the test rig
and measure the corresponding resistances.

£5. When the waveform at test poimt (11) is as
7.6000 - 15, turn up TV to give 200 volts on V1 and
check the waveform again 15 as 7.6000 - 18, This
waveform should be controlable in phase by RVi
and should be as below.

Ao W s T &
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56. Check thai the waveform as B can be obtained at
Vi voltages of 170 volis and 260 volts A.C. by ad-
Justment of RV1. If not check or replace Z1 and Z2.
57. Set TY1 to zero. Close SWS5 and connect the
osciiloscope between 1.2 and test point (14}, Set
variac at 20 volis and check that waveform is as
7.6000 - 15, If not check back to test point {11} and
check, or replace T1, MR7, R24 and TYI.

58, Note that the waveform at TY] should be
SN D, and not adbin ELOOf the waveform is
as E, fit R24 if not already fitted or select 2 TY]. Set
TY! down in voltage and make sure the waveform of
P is obtained between 12 and 16 volts. This may
require a selection of TY1 for low holding current.
39, Take a condition of 30° conduction on thyristor
TY!L.

/
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60, Set TY] to 120 volts on Vi then to 268 voits,
Ensure that under both conditions the waveform of F
can be obtained by adjustment of RV,

6l. Remove AVR board from iest rig as components .

C4, R10, RV3, CB and R!l, cannot be properly
tested on the test rig. Check these carefully by resis-
tance. Give any new components and newly soidered
areas of the printed circuit board a coat of clear
polyurethane varnish for protection,

62, The stability must now be set on the alternator as
described below:-

63. RV3 can only be optimised in setting on the
alternator. It is a stability control and affects the type
of transient voltage response that the alternator gives
to load switching, With RV3 fully anti-clock vise, the
alternator will go into a continual bunting oscillation.
With RV3 fully clockwise the machine may be over-
damped in response. For most machines a setting of
RV3 approximately 10° back front the fully clockwise
condition will be sufficiently close to optimum.

64. If difficuity is experienced on site, it is suggested
that a D.C. voltmeter be connected between terminals
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X and LL of the AVR to monitor exciter field
voltage. This voltage should be monitored when the
macihine has a 1 P.F. load of at least 30% of its
rating switched off. A flicker on this meter will
indicate continuous serve oscillation. On throwing
off load, the voltmeter reading will dip then rise
apain t0 the new value of excitation required by the
aiternator on no foad. H the alternator is under-
damped the meter could take 2 or 3 swings to
stabilise out. RV should be adjusted 1o give recovery
in the minimum number of swings without a con-
tinuous flicker indicating system servo oscillation.

i65. WARNING. During site tests of the type de-
iscribed above, it may be possible, with gross mis-
setting of RV3 to produce alternator outpui voltage
swings that could be dangerously high for electronic
loads, incandescent bulbs and similar voltage sensitive
ioads, Such tests, therefore must be performed on
ioads which will not be damaged by voltage surges,
66. It is aiso essential that the meter used to monifor
exciter field voliage has a sensitivity of at least 1}
k.chm per volt and is not in itself under-damped. If
it is under-damped, it’s swings when settling can be
confused for field voltage swings.

&7. On units built after June 1977, AVR6e replaced
AVREd. The main features of the new AVR are the
use of improved components to give greater overall
reliabitity and improved voltage stability over a wider
temperature range and the removal of high powered
resistors from the printed circuit board. In addition
the feedback resistor is not reguired, a signal is fed
from 2 component on the printed circuit beard.

68. The AVR6e may be used as a spare part {o
replace any earlier AVR6 models. The underspeed
setting-up procedure, however, differs slightly and
should be carried out as described in paragraphs 69
to 74 inclusive,

69, Set the underspeed potentiometer fully anti-
clockwise.

760, Set the engine to rated full load speed to give
nominal frequency, ie 15300 RPM for 50 HZ and 1800
RPM for 60 HZ machines.

71. Turn the underspeed potentiometer siowly clock-
wise untif the Hght emitting diode (LED}) hghts.

72. Turn underspeed potentiometer very carefuily
anticlockwise uyntit LED] just goes off,

73. Set volis and stability controls can be adjusted as
for earlier engines.

74. When fitting AVR6e in place of earlier modeis it
is not necessary (o remove the 1.8 ohm feedback
resisior R14 connected across terminals FB and L1,

Emergency Voltage Control Equipment

75. In using this eguipment it must be ensured that
the AVR is compictely disconnected and ail unused
AVR connection leads are thoroughly isoiated from
each other. Also that they are carefully supported
clear of the windings and rotating members of the
Alternator,

a. MR20 and MR2! (3354159} are 6 amp 800

volf PIV silicon diodes mounted on suitable

heat-sink,

b. R20 (3354160} rating 10 ohm 3 amp Ballast

resistor,
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c. RV20 (3354161} rating 400 ohm. Variable
resistor graded 3 amp to 0.2 amp.

COUPMLE TO LEADS X & XX

WHICH MAVE BEEN REMOVED

FROM A V.H UNIT

fie. EXCITER FIELD)
—_———

COUPLE TO LEADS 1 & L7

YWHICH HAVE BEEN REMOVED

EROM AV R UNIT

{i.e. ARMATURE STATOR}
e,

i 12 u

MA2Y RVZO H20 MAZO
7.6000 - 75

76. N.B. This excitation scheme is manual and RV20
must be used to make manual adjustment of exci-
tation each time the load is changed.

7. Standard generator sets fitted with “Murphy™
shutdown equipment and/or synchronising cross
current compensating and reverse power protection
equipment should have the following additional tests.

Murphy Shuidown

78. Low €l Pressure. Test by “‘shorting” the gauge.

poinier contact to the low contact. Generator Set
must shutdown,

79. Righ Water Temperature. Test by “shorting”
the gauge pointer contact to the high contact.
Cenerator set must shuidown.

80. Overspeed. Test by ‘‘shorting” the tachometer
pointer contact to the high contact. Generator Set
must shutdown.

Bi. Cirenit Reset. Must be operative by depressing
lub oil gauge reset and Murphy 117 relay reset
buitons in seguence,

82. Switching OIf of key switch must de-energise
shutdown solenoid and shutdown engine.

Cross Current Compensating Eguipment

83. Equipment should be tested for correct polarity
of current transformer as follows:-

£4. An inductive load must be connected to alier-
nator set and set should be run up to normal voltage
and frequency. With Single/Parallel Switch in
“Single’’ position close breaker and record volis.
Then throw Single/Parallel Swiich to “Parallel”
position and record voits. Voitage should droop 3 1o
4% of initial recorded ievels.

85, If volts rise reverse secondary connections to
current transformer.

£6. Adjust droop resistor centre tap to obtain correct
voltage droop.

87. Test voltages for the above should be as follows:
Freguency initizl Voltage

Final Voliage
Setting {"*Series™" Poshion)

{“*Parailel’” Position}

50 Hz 220 V Line to Line 211724 ¥V Line to Line
or 440V Line to Line 422/428 ¥V Line 10 Line
60 Hz 240 ¥V Line to Line 230/233 ¥ Line to Line

or 480V Line 1o Line 460/466 ¥V Line 1o Ling
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Syachroaising Eqoipment

88. Equipment must be tested by the operation of
two generator sets connecied in parallel on the load
bank. The following procedure applies:-

$9. With breakers open run up Sets } and 2 and
ensure normal operating temperature.

90, Set nominal load of 20 kW on load-bank and
close breaker of Set 1. Then adiust line to line voltage
10 that specified on Sales/Work Order. Record
voltage and frequency. Open breaker.

%1, Repeat paragraph 90 for Set 2 ensuring that on
the load voltage and frequency are the same as for
Set 1.

92. Throw both single/paraliel switches to **parallel”
position.

93, With Set 2 only on load switch on synchronising
jamps of Set . A revolving pattern of flashing lights
should be observed. Adjust throttie control of Set |
until the rotating sequence of lghts slows down to
the point when the upper lamp is extinguished, When
the upper lamp remains dark for a period of 10
seconds each cycle wait for the next dark period,
count S5 seconds and close breaker. Load sharing can
now be adjusted by smail adjustments of the throitle
conirois,

94, i.oad should now be increased to full to check
performance and load share.

95, Repeat 93 and 94 with Set 1 initially running and
synchronising in Set 2.

96. NOTE. Hf during initial paraliel load testing one
or both sets trip shortly after being put onto load this
may be due to incorrect polarity connections to the
reverse power relay curreni transformer (RPRCT).
In the event of this try reversing the ¢onnections §1
and 52 1o this transformer.

97, IMPORTANT. Under no circumstances should
either generator set circuit breaker be opened whilst
they are running in paraliel on full load.

Reveese Power Protection Equipment

98. Set percentage (%) reverse power {o 10%.

99, Set time delay TC o § seconds. {Full scale
represen{s 20 secs.)

1080. The nevt steps are to check the operation of the
reverse power relay.

11. Set the load on the lpad bank so that it does not
exceed the full load capacity of one generator set only.
102, Reverse the secondary connections of the reverse
power relay current transformer {RPR C¥T) 81 and 82
on Se: 2 only.

103. Repeat procedure for paralleling given under
“Synchronising Equipment” beginning by putting
Set | on load. After the breaker of Set 2 is closed the
set should stay on load for only the time set on Tg, ie
about 5 seconds and the breaker will trip, Nominal
adjustmenis can be made of Tc if necessary.

164, The reversing of the secondary terminals 81 and
S§2 or the RPR CT simulates a reverse power ¢on-
dition. The load must be restricted to less than the
capacity of one set so that set is not overloaded at
any time.

105, Change the terminal connections back on Set 2
and repeat the procedure on Set 1. {Thus making Set
] become Set 2 and vice-versa.}




Ouipul Switching and Overload Protection

106. Output  switching and overioad protection
comprise of a triple pole unit with 3.6 amp to 3.4
amp coils and changeover contacts, hand reset.

7.6000 - 106

HO7. It is necessary to arrange for current te pass
once or twice through the current iransformers SO
that the current sensed by the ammeter and overioad
trip is equivalent to the high and low voltage
selections, This means that at high voliage the
current is directed through the current transformers
twice whiist at low voitage only once.

108. The following data gives the oil dashpot over-
ioad settings corresponding 1o the standby outputs,
The figures assume a stamdby load at 0.8 power
factor.

MODEL] KVL VL FLC ot O/1. Setzing
{Sandbyy] (Volis) | (Amps} i Ratie § Current (Amps)
403 480 48 100:5 4.8
H 416 55.5 5.4
40 A3 1 54
2200 4G 240 95 4.8
34 380 | %15 5.1
34 440 44,5 4.4
34 220 89 4.4
34 190 103 5.1
62.5 480 75 150:% 5.0
62.% 416 86 5.4
62.5 208 173 5.4
62.5 240 150 5.0
330G
31.3 380 78.5 5.2
51.5 440 63 4.5
1.5 223 133 4.3
51.5 194G 156 5.2
CHANGE OF FREGQUENCY

109, The frequency at which the current alternates is
governed by the speed of rotation of the field which
is coupled directly to the flywheel of the engine, no
reduction gears being employed. For a 4 pole rotor
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used in the alternators a driving speed of 1500 RPM
will result in 50 hertz or an input speed of 1800 RPM
will result in 60 hertz. It will now be realised that the
frequency output is relative to engine speed, there-
fore adjustment to the engine governing is required.,
110. On mechanically governed DPA pumps, as
fitted on Bedford engines, the setting data must be
obtained from the pump namepiate,

Example of Setting Code:

e A TH RO

Prefin: Indicates Max fuel  Max. fired
W $e5] seIngs: bl B :
WARBONIISDS2 mmugroke  Pump RPM
Nozzles {Sec Note £} (Ser Nowe 2}

Goye_rn::r speing  Max, mo load
position § :
150 Mokt 1) e RPM

111, Note: 1 {Max fuel setting). The maximum fuel
setting code is given in mm*/stroke and must be
divided by § to obtain the setting value in ¢.c,/200
strokes.

112, Note: 2 (Max fuel setting speed). The figure
given in the code indicates pump RPM which must
be used for setting the maximum fuel above.

113, Note: 3 {Governor spring position). The
aumbers | t0 9 will be used to indicate the various
spring positions as shown in the following table,

Codde Control Arm Throtsle Arm

a

lotf 3| miin b wihe] o
(PO RPN T NS RS LN N
wltaimiw|roimiwin

114. An example of the governor main spring
positions is shown below. The example shows the
governor spring in position 4 of the table,

THROTTLE LEVER LINK

Nol

Nol

No3

7.6000 - 114
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115. The procedure for re-working the governor is as
follows:

116. Remove the shut-off lever, throtile lever and the
two governor cover retaining nuts and washers,

117. Carefuily lift the cover from the pump.

118. Adjust the governor spring position to the
required seiting from the governor spring setiing
chart.

119. Using a new gasket, replace the governor cover,
and refit the two retaining nuts and washers, Tighten
10 a torgue of 4.5 Nm (40 ib in} if a permanite gasket
is used or 3.4 Nm (30 ib in} if a cork gasket is used.
120. Repilace the throtile lever and shut-off lever and
tighten the retaining nuts to a torgue of 3.4 Nm
(30 b in).

121, Check the engine RPM.

122. Remove and discard the governor identification
plates and fit a new plate giving the relevant details.
123, On carly 330 cu in engines, inline fuel injection
pumps with mechanical governors were fitted. The
procedure for reworking these governors is as follows,
NOTE. 1t is not sufficient 1o adjust the throttle lever
versier control from 1800 RPM down to 15300 RPM,
since the 1800 RPM springs will not provide adequa{e
governing at 1500 RPM.

124. Remove the brass piug from the governor
housing, this will permit access to the governor
Springs.

7.5000 - 124
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125. Roiate the fuel pump unti] the gdvernor spring
retaining nut is in a direct line with the aperture in
the governor housing,

126. Remove the retaining nut using CAV key part
number 7044-65. Care must be taken that the springs
do not fiy out when removing the retaining nuf.
Remove the upper spring plate, also the outer spring,
inner spring support and lower plate from the
governor weight, with the exception of spring support

{inper spring}, these parts can be discarded. The

spring support can be identified by virtue of the fact
that ¥ is manufactured from the thinnest gauge of
material, also it is the spring of the smaliest diameter,

GOVERNOR RE-WORK CHART

0 C. P8, 0 CPS.

1800 r.p.mi. 1500 r.p.m,

4% 4%
Retaining Nut Setting | Flush Flush

+ W Tura Downr 1 + § Turn Down
Governor Rework Kit 16397412 $397414
Piate, Lower (2} 6334230 6134230
Plate, Upper (2} 6371728 6371130
Spring, Inner {2} 6374732 6371126
Spring, Oider {2) BIBEITS 63631175
Plaie, Governor

identification {i} | 63BOS2S 6380530

Rive:, Piate {2} 6180521 638051

127. Seiect the replacement spring set from the chart
and refit to the governor weight, assembie the new
components in the reverse order to that in which the
original spr:ngs were removed, Take care that the
upper spring plate is correctly located on the flats of
the threaded portion of the stud which is fitied 10 the
governor.

128, Fit the retaining nut and tighten according to
the instructions given on the spring selection chart,
129. Rotate the governor weights until such time as
the unmodified governor weight spring is opposite
the hole in the housing and repeat the steps detailed
in paragraphs 125, 126, 127 and 128.

130. Check the engine R.P.M.

131. Remove and discard the governor adent:f’catton
piates, fit a new plate giving the relevant details.



