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The second part of the motor is the
armature. The armature are the straight
conductors on the outside edge of the
rotating part of the motor that is
encapsulated in metal. It is the armature’s
function to spin inside and react to the
magnetic fields created by the field coil
windings. When assembled inside the
starter-generator unit, the armature has a
close tolerance to the metal pole shoes,
leaving 1/32 inch clearance between them.
The armature connects it’s straight line
conductors to the commutator (and
brushes), which is the third part of our
motor. The commutator is the series of
copper segments that are electrically

DELCO Armature assembly. The

armature conductors are in the

center, the generator Commutator is on the right and the starter

Commutator is on the left.

connected to the armature’s straight line conductors. There are two commutator segments for each armature conductor,
each exactly opposite one another. It is the commutator’s copper segments that make contact with the brushes that
transfer the current between the housing and the rotating armature. In general terms, we often refer to the armature and
commutator as just the armature, but they really are two separate functions although they are one assembly. In this
article we’ll continue to call the two as the armature for simplicity.

Left, starter
commutator
and right
generator
commutator.
Note how
much the
starter
commutator
has been
ground down
which is

normal.

Principle of Operation. Now that we know

the basic components of the DELCO unit, lets

put it into motion. First let’s operate it as a simple motor where an electric current is applied to the field coil windings
which create North and South magnets around the armiture. Next a current is applied to the brushes which are making
contact with one of the copper segments on the commutator. The current rushes into the segment, through the armature
conductor and back out the brush on the other side. This current creates a field around the armiture cunductors and it
reacts with the field coil windings (flux) by pulling (twisting) the armature towards the field coil winding of opposite

polarity along with the repelling action from the
adjacent field coil winding which is of like polarity.
After this small amount of rotational movement of
the armature, the brush breaks contact with the
commutator segment and current ceases to flow
through that armature conductor. With no current
flowing, there is no magnetic contribution from this
armature & commutator pair, however the brush
has now made contact with the adjacent
commutator set and the process is repeated. The
result is the systematic making and breaking
contact of the brushes on the commutator and the
armiture spinning inside the four field coils.

Rotation

Matian

Example of a two Commutator Armature showing direction
of the current and rotation of the armature.




83

‘BUISNOY WIOE] PIAOWIAT

Ajquiasse ysniq I9)Ieis pue s[iod pial &
19 4sniq i 01 duidud ay1 ywaad 01 s1 sayan(o oy Jo asodind ayJ, “Fuuum

SEM IOJRIDUDT-IONEIS 2U) UBY] 191SB) A[QRIOPISUOD uwin) Jjeys
£10852008 241 pue [2aUymA]J AU} [loq ‘suels auiduo ay) uayp P

yonyod Sutuuids
921y Sulreaq 1[0l a[dwils v sap1sal Jojerauad-1anels ay) pue dwind
Ja1em Y1 JO Moeq AUyl u2amlaq Juisnoy Yl u] “Fuiuan) os[e s
dwnd 195eM pue yeys A10ssadoe auidua ay) ‘aurSua ayj Suruin 1
Jun 3y} sy "10jow [njramod e se sofeSuo 1iun ay) pue I101enuimon
Yl UM 10BPUOD RW 01 Saysniq Jouels oyl suwiad pue
yeys patadey ayy synd epad 1oueis oy jo uoissardap 1oyung ¢

"ysaw 01 sIeo3 ay) jtutad 03 wnuAWoW
Japun o & uids 0 SaNUNUOD UNJBWLIR JY ], "10JRI2UaT 2y} $102UU0DSIP A[[ROLNA[D SNY) PUR [RUILLID) 201M DINIBULIE
A} IIA 1OBIUOD SYBAIQ SN 12118IS ) U0 yAIms siedul) sseiq ayy ‘passaidap Apysis snl st jepad 1oumis ay) sy 7

“dn Suny 1,ust
QINIBULIE § 101RISUD3Z-T2LIRIS 21 JBY] J0IRJIPUT J[GIPNE POO3T € SI yaIym punos Suljiiym yoid mof & saonpoid 11 uonour ut
IIYAA 1010W B S (Judwow 3y 10)) Sunoe s111 se A[Mmofs ulds 07 Jiun 2InjeUIIe oY) $9SNed SIY [, "S[RUIILI) 2INJPULIR pUB
PI21} Y} 0 PAIOIUUOI $24M OM] ) BIA I0IRISUIT Ia)IRIS dY) 01 Jomod sarjdde yorym uo pauiny st yojms uoniust ay, |

:19PIO SIY) U IND20 SIUAAD FUIMO[[O] Y} uaym pagedua S jun 1o1es ay |,
"SaYSNIq 191I.)S Pr| 2ANIsOd 241 JO QU0 01 PIOAUUOD A|[ROIURYISW SIAFUL] SSRIG JO 198 B SI 219 “A[[RUL] "JOIRINWWOD
AY) ylim 10BINOD dYBW 0] saysniq touels ) suwrad jeql oefd oao] oyl suraaod yoigm pazadey s1ojiun o) apisul
dn s jyeys sy, “[epad 19)Ivls pIROQ I00]] Y1 01 PAJOAUUOD ST Jey) JYEYS B uo apIjs pue 10y1afo) paired are Lay padesus
SI I2MIEIS Ay} uaym AUO [93ymAl) 2y 03 I2)IEIS Y] 103UU0D SIeAF asay [, "Suisnoy [[2q [daymA[j Yyl apIsul sieas jo
195 QIBIPAULI2IUL UE ST 219 IR} POOISIAPUN 2 1SN 1T “IaLILIS © ' Jun oy etado o], “uoryexad() JTu[) uo [eLIojNn ],

“(sdwe 1~z 1) Juaumo ndino $$9] pue s[109 A Ul Spayy Jayeem Suronpord sny) 10U00S $INDILO 118Y] YB2iq
0} SIUAWFAS 10ILINUWILIOD PUR SAYSMIQ Y} $IsNed ysniq puyy oy suneioy “(sdwe zz-0z) MdING JU2LND WNWIXEW S1
yorym paje1auad aq o1 spiayy winuxew suwiad 3t asoddo ysnig punosd sy yum uswiudipe 10a51ad ur aq 01 ysniq paig
ayp Butaopy 1t ausoddo ysniq papunoid ayy 01 10adsar yim saai8op (z-¢ A@ewrxoidde pajeios aq ued 1| ajqeaAowW
ST pue ae[d aeradas v 01 PAOAUUOD ST IBY) YSNIQ Pyl SIyl SI 3] "SUIpuIm (100 P21 YIIN0J 241 0] SI02UU0D ysniq
PIIYI 24} pue ‘punols 0 $109UU0d Ysniq auo ‘(anisod) [RUMWLIA) INJBULIE DY) 0] PAJIAUUOD ST YSNIq 2UQ) I0IRINWIW0D
24l 01 PAloAUUOd AWIYIS YSNIG 221yl B SN sUUn €] ODTHA SUl ‘Areneq 25e1ols oyl 01 A[[eUl} puB UdIImS
UOTIIUST PUR IJAUILIE U} ‘PEI 2IIM QINJBULIE 91 YSNOIY) ‘SAYSNIQ Y1 BIA SINIBULIE SY] JO INO PILLIED I8 SP[aL] 1y §1po
2} WOIY PAALIAP SIUAUND Y [, “SUIpULM P[3L INOJ dY) IPISUT PILAID Spjayy 2y} Suno2yje2 pue Sutuuids s1yogm auIsua
Suruuni 3y jo suesw £q PaleIOL S1 ANJRULIE SY T, JINDIO YIJIMS UONIUST Ay} BIA PaziFiaua [[ns 218 sSurpuim play 1noj
Ay [, "uonodup asoddo ayy ur FuIMo[] SIULLIND ) Yim Ing ‘repiwts L1294 st uonetado jo spdound ay “Ioeiausd v sy

HI010W 19)1E)S FUOXS BT Fubjew sny) paonpoid "SAYSNIQ 1911818 IN0J FUIMOYS MILA IPISU]
a1e spay Suoms ‘(sdwy (p-6¢) ySiy aav suLLIND 383 SY T o
‘PApUNOIS 2IB JBY) SAYSNIQ Y} 01 PAJO2UUOD 1T 1BY] SJUINLTS
JOJRINUILLIOD Y} $ITX JUALINO 3y [, "paonpotd aie sppay paimbal
a1 2Jaym amieule oY) Y3nodyl SMO[} JUSKIND ayl ‘sjuswsos
JOJRIMWILIOD dY) M JOBIUOD Suryeul 218 SAYSNIQ oyl J0UIS
"SAYSNIQ Ja1IeIS 3y} 01 pue SSuIpulm plol Inoj Yyl uo suipuim
a8nes Aaeay ay) ySnoxyp ‘A1a)eq 9yl WOL UMBIP SI JUSLIND
Jo unowe Y3y e IOIBINUILIOD ) YIIM JORJUOD IYRW SAYSTIQ
dUI UM "19RIUOD RW 0] Saystig ay) Fummofe o pajnd
sI yeys oy ‘passardop st [epad ay) usypp pivoq I00[ oyl
uo [epad 1ouiels oyl 01 pardauUod ST jey) Jyeys paiade) [eroads
v Aq yourq play aIe (saysniq pue) ajerd oy, -a1e[d a1 uo 1A
Uora YllM 10BIU0D SBW JBY) ID[[OI [[BWS B SBY YSNIq IoLR]S
yoey "SI9A9] IN0J im alefd B BIA IOJRINWWIOD dY] WO Aeme
P2y pue payl| 2ie dInjewle 9y} JO IOJRINWIUIOD IPIS ILWIS
9y} UO SIYSNI] INOJ Y ], "191IRIS B SB JIUN I} IIPISUOD SI3] MON]




32

start and run at normal speed without damaging the starter-generator unit. When the flywheel clutch gears have
disengaged (releasing the starter pedal), the other clutch catches and spins the unit, but now as a generator.

Field Coil Connections. Connecting both the starter and generator field coils is critical to achieve correct unit
operation. They are both separate with no direct connection between them, however the starter portion of the DELCO
unit does depend on the generator coils for extra magnetic effect. Both the starter and generator field coils under each
pole shoe must have the same field polarity, either North or South. If they weren’t, the two-coils magnetic fields would
be opposing each other and effectively canceling them. Also, each field coil must be alternating, North is always next
to a South coil. Field polarities are established by which direction the current flows or by which direction the wire is
wound. From a practical standpoint, the heavy gauge wire of the starter coils establish the polarities for field coils,
windings #1 and #4. One heavy gauge wire is used

for coil #1 and #2 and terminates at a starter brush. ’ -
The same applies to coil #4 and #3 as it terminates at 4

another starter brush. Soldered at the copper battery ® e

connection stud, each of the two heavy wires run A F

briefly parallel before they begin wrapping around
coils #1 and #4. The heavy wire wrapping clockwise
(CW) around coil #1 makes it Northern polarity and
the same wire wrapping counterclockwise (CCW)
around coil #2 makes it Southern polarity.
Therefore the generator field coils must also follow
this same orientation. Ensure the generator field coils
are properly connected by using the Outer or Inner
leads to ensure CW or CCW orientation. Connect a
well insulated wire with lug connector from the Field
Terminal located above the starter brushes (closest to Field Coil #1) to generator Field Coil #1. Connect all four coils
together paying attention to CW and CCW direction. Field Coil #4 lead terminates to the 3™ brush also using a lug
connector.

Side view of DELCO unit showing routing of starter
field coil wire. A=Armature, F=Field.

Maintenance. Maintaining the unit is a matter of simply keeping both the inside and outside clean. First, remove
power from the unit by disconnecting the battery lead. Unfasten both strap covers over the brushes and blow out any
excess dirt or dust. Degrease the inside area using brake cleaner or other residue-free degreasing cleaner along with a
nylon brush such as an old toothbrush. Afterwards, electrical cleaner CRC-2-56 may also be used. Remove any dirt
build-up between the Commutator segments by using a tooth pick. Care should be taken when moving the armature
around as not to press on the conductors between the armature and Commutators (recognizable by the fish paper
between them). Inspect the three generator brushes for any dirt build up in their holders. They should easily slide up
and down and be held in place by the tension of their spring. Greasing the front and rear bearings should be done if it’s
known that they haven’t been changed to sealed bearing versions. Also check that the third brush is free by moving the
metal tab exposed in the rear generator brush slot. Fasten strap covers, reconnect battery and verify the unit operates
properly.

Repair and Overhaul. Repairing the DELCO 193 starter-generator usually occurs when it no longer operates
properly, either as a starter or as a generator. Assuming the maintenance tips mentioned above have been followed
without success and all other posssible causes have been eliminated, then proceed to remove the unit from the enigine.
This involves removing the water pump, water pipe, and accessory shaft as well. On a bench, preferably resting
vertically on top of wooden blocks, remove the back clutch assembly, starter gear & spacer, and the four long screws
holding the back generator brush housing (the back portion of the DELCO unit). Unscrew the terminals for the two
wires to the brushes; the adjustable third brush from the #4 field coil and the positive voltage lead from the armature
terminal. It is suggested that these wires be marked with tags. Remove the rear housing taking care not to let the
brushes fly freely from their holders. Carbon brushes are fragile and can break easily. Also note any extra washers that
may come loose around the rear bearing retainer. Carefully lift out and remove the armature assembly from the
DELCO unit while anticipating that the four spring-loaded starter brushes will snap inward when they fall off the their
commutator. Inspect the areas around the main housing and look for loose, worn or frayed wiring around the field coil
winding under each of the pole shoes.
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