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introduction

A cranking motor has often been referred to
as an “educated short cireuit.” This is & very
good description, bocause the total internal
resistance of a typical cranking motor may be
less than 01 ohm,

Comsisting essentially of an armature, a Beld
frame, a drive mechanism, and in some cases
i mlt‘l‘u:lld, the lll'l‘iil'la]li.‘lllg molor 1% d:.':igjrwd and
built to provide long periods of serviee in
pusoline, diesel and turbine engine appli-
cationg, Thizs momoal eover: the operating
principles of eranking molors, and alse in-
cludes ® section devoted to the different types
and desigms of cranking motors,




review of electrical

fundamentals

A briel review of the fundomentals of elec-
tricity will be helpful in understanding the
opermbing principles of crunking motors

Ohm's law

Elsctrie eurrent is defined a5 a movement of
electrons through a conductor such as a copper
wire, Current How i mesoured in HETRTES,
aned in cranking motor applications, the current
Row provided by the battery often &5 several
bondlred amperes.
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COPMMER COMOUCTOR

Thio boree which conses current to How s called
voltage. The voltage is always measured be-
tereen two paints in a eireuit. Using a 12-valt
hattery as an example, the voltage measured
hetween the two battery posts 15 12 volts, One
past of the battery is said to have negative
pelarity, and the other positive, with the cons
vientional direction of current fow being from
positive *o negative through the external eir-
cuit,
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All 1-"|-||:||:I|||-.'|-||F-‘ ]liln"|'l." a neermal resistance o the
Aow of current. Kesistanco is measured in
ohms, and when one valt is a]'up'linl I 5 odf-
cuit having a resistance of one ohm, the cur-
rent flow will be ope ampere. This is an ex-

presion of Ohm's Law, which con he writlen
as follows:
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magnetism

The eHects of magnetism are well known, such
as the attraction of a bar magnet for iron G-
ings. A magoet bas a North pole, designated
as "N,” ond a South pole, designated os ™5."
The space around the magnet in which iron
minp}l are altracted is calleg] the feld of ‘|'|:|r\v|,*1,-I
or magnedic Beld, and s deseribed as loes
which coma ont of the "N |_.'||.'|I|.- andd enter e
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electromagnetism

When an electric current s passed through a
wire, o magnctic field consisting of concentrie
circles is ereated around the wire, The diree-
tion of the magnetic lines can be determined
by grasping the comductor with the right hand
with the thumb pointed in the direction of
current How; the fingers will then paint in the
direction of the magnetic lines,
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When the current-carrving wire is wound into
a coil, 2 magnetic fiecld with “N” and 5" poles
is created just as in a bar magnet. The higher
the current, and the greater the number of
turns, the stronger will be the magnetic field.
The location of the *N" and 5" ]_'.I'l:I-IE-S cin be
ileterminaed |:|:c ||ﬁl'Lg Lhe "I‘l[ght Hand Rule—
wrapping the fngers around the coil in the
direction of current fAow, the thumb will then
point towards the North or “N” pole,
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If an irom core is placed inside the coil, the
marnetic feld becomes much stronger, be-
cnse ron conducts magnetie lines much eas-
ier tham air. The iron frome and fron lemina-
tons in the armatore of cranking motors oot
anly provide a place onto which the windings
can be assembled but also greatly inerease the

strength of the magnetic Belds.
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electromagnetic induction
IF @ condiuctor s moved so thab it culs acnoss
magnetic Hoes of lorce, o voltmge will b im-
dueed in the conductor. The induced voltage

amon e O

will cause current to Bow through the con-
ductor when it is connected to an clectrieal
Tomd,

The direction of current How s determined
by the direction of the magnetic lines of force
and the direction of motion of the conductor
with respect to the magnetic febd. With a con-
ductor moving toward the left and cotting
across a magnetic Seld as illustrated, the con-
ductor will be striking the magnetic lines on
its left side, which iz called the leading side.

To determine the direction of current flow,
grasp the conducter with the right hand with
the fingers on the leading side and pointed in
the dircction of the magnetic lines of foree.
The thumb will then point in the direction of
current flow,
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Ehsctromagnetie induction is the principle
whereby a voltage is produced which can
cause current to Aow in a generator; bowever,
in the next section we will see that this same
principle playvs an important part in the operat-
ing principles of eranking motors,

Our coverage of electrical fundamentals has
been limited and very brief, but it should serve
as a useful background for the following see-
tions covering the operating principles o
cranking motors, For a more thorough treat-
ment of electrical fundamentals, refer to the
Delen-Kemy Training Chart  Manual  DH-
5133A, entitled “Fundamentals of Electricity
and Mageetism,”



motor principles

Ta illustrate the electrical principle on which
n cranking motor operates, consider a straighi
wirg conductor located in the mapgnetie Geld
of o lorseshoe-shaped magnet with cursent
Howing through e wire as shown by the red
arrow, With this armngenvent there will be
two separate magnetic Belds—thie one pros
duced by the horseshos magnet, and the one
produced by the current How through the cone
ductor,
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Since magnetie lines leave the "N pole and
enter the 57 pole, the direction of the mag-
netie ines between the two poles of the horses
sl magnet will be upward, as shown, The
current-carrying  conductor will produce a
magnetic field cmwisting of concentrie eireles
around the wire in the direction illustrated.
The net résult s 0 leavy coneentration of
magnetic lines on the left hand side of the
wire, and a weak magnetic eld on the right
hand side of the wire, Tlils condition oecrs
on the left side where the mamnetie lines are
i B game divection amd add together, amd
on the rglt side where the magnetic lines are
in the opposite direction and tend to cancel
out eich other.

With a strong field on one side of the con-
ducter aml o weak feld on the other sicde, tlie
corductor will tend fo move from the strong
to the weak fiekd, or froan beft to [jg'hl: a5 shown,
The stronger the |r|u;.u|.-|.'h'-:: fiekd |:||'ru;|||ﬁ'1;l ]‘I:.,'
the horseshoe magnet, and the higher the
current flow in the conductor, the greater will
b Hur Foges h"nr]'ing te move the conduetor
Eroem left to right. The resultant force illostrates

the electrical principle on which a cranking
mdOr gperates

A basie mator iz illestrategd, A Imp|1 ol wire is
bocated between two iron pole pieces, and is
conmected to two separate commtalor scg-
meenits, oF bars, Riding on the eommnbabor
bars are twa brshes, swhich are connected o
the hattery and to the windings located over
the pole picecs,

With this arrangement, current Bow ¢can Be
traced from the battery through the pole piece
windings to a brosh aml commtator  har,
througl the loop of wire to the ather com-
mutator bar amdd bmeshs, and then hack o the
|I-:.Ilh'!‘_'|'. The h:"i-ull'rl'lg magnetic fields impurt
a turning or rotational feree on the loop of
wire as illustrated,




When the wire loop has turned one-half tuen,
the commutator bars will have interchanged
positions with the two brushes, so the corrent
througl the wire l-lmp will be in the oppaosite
direction. But zinee the wire loop has inter-
changed positions with the pole picees, the
rotational effect will still be in e same olock-
wise direction as previously sloan,

At this point in our discussion, it is important
tor vt that with the wire loop rotating in the
magnetic ficld created by the pole piece wind-
imgs, all the conditions necssary for inducing
i voltage in the wire loop are present, nomaely
—a condugtor, a magnetic field, and relative
motion between the two, 1t is indeed true that
a voltage will be induced in the wire loop,
and the resulting direetion of eurrent Bow, as
explained in the previous section, would be
as showm by the Blue arrows in the llustration.
Flowever, an actual current will not Bow as
shown by the blue arrows, because e met
effect of the induced woltage, called the
counterclectromotive force, or CEMF, is to
oppose the battery voltoge and redoce the cur-
rent supplied by the hattery.

Since the voltage induced in a conductor is
directly proportional to the speed at which
the conductor is cutting across the magnetic
lines of foree, the value af the CEMF will he
directly proportional to the speed at which the
laap of wire is revalving, This means that as
the speed of rotation increases, the CEMF in-
creqises, and the current supplied by the bat-
LTy ﬂ'lnm:{]l the motar winu;lings ilicremees,

As the speed of rotation inereases, the CEMF
will approach in value but never eomplately
reach the battery voltape,
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The turning Force, or torque, exerted by the
wire loop is directly proportional to the cur-
renit. This means that macdmuom forgque oocrs
when the wire loap is not turning at all, be-
canse uwder thizs condition there is no CEMF
and current flow i3 at a maximum. As the
rotating speed of the wire loop increases, the
CEMF increases, the current decreases, and
the torgue decrenses,
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The basie motor we have used in oor illostra-
tions has no practical value, since it would
produce very littke torque o crank an engine,
It has served, however, to show in simplified
fashion the fundamental principles on which
a eranking mobor operates,

sSuUMmMmAary

In this section wo have eovered the funda-
mental operating prineiples of o eranking
motor, In simplest terms, a turming or rotation-
al Foree i dmiarted o the amature by a



concentration of magnetic lines on one side
of the armature comductor, and a deficiency
of magmeiic lnes on the other side of the ar-
mgture conductor. Also, we have seew that o
counter voltage, or CEMF, is generated in the
rotating wrmabure windings thot inereases with
speed. Since this voltage opposes the batterny
voltage, the current How o the motor o
creases as the speod and CEMF increase, This
means that af gero speed, the current Bow and
torque, or turning foree, are at their highest
values, and as the speed and CEMF increase,
s current Bow and torque deerease.

frame and field
-+ assembly

The frame and feld assembly consists of Beld
eoil windings assembled over iran pole pieces
which are attached to the inside of a heavy
iron frame, The iron Frame and pole shoes mot
only provide a place onto which the field eofls
can be assembled, but also provide a low
reluctance, or low resistance path for the
magnetic fus produced by the fickd ooil wind.
ings.

A mumber of wiring diagrams showing the
warkous bypes of Geld codl conmections are il-
lustrated. By tracing the current fow through
the windings, amd by using the “Right Hand
Rule,” it is seen that the polarity oo the faoe
of ench pole shoe over which the coil is wound
alternates aroumd the field frame, That is, the
polaritics altermate North, South, North and
South,
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An inspection of the wiring disgrams shiows
various eombinations of series, serics-parallel,
il paralled eonnections, The one selected for
any particular application is dependent on
many factors, sueh s engine speed and Losgue
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reqquirements, calile siee, battery capocity, amd
the current carrving capacity of motor broshes
and switches, In many cases an equalizer bar
is connected across two or mwore brushes to
equalize the voltage at the brushes, The equal
izer har reduces the amount of arcing and
barrning at the commutator hars, Also, it can
T noted from the wiring disgrmms fhat some
motors are growkled intermally, and others
are insulated amd have two motor ferminds,

There are two types of Beld coils used in
cranking motors—series and shunt, The cur-
remt that flows throongh series coils also Hows
through the armature windings, but current
through a shunt coil bvpasses the armature
and flows dircetly back to the hattery, The
shunt coil can be identified casily by its di-
rect connection to ground, Serics coils contaln
sevieral turns of heasy copper ribbon con-
ductor, and shunt coils contain comparatively
more tums of smaller wire,

The reason for using & shuot coil can be ex-
plaimsd as folbows. In a motor witlout a shumt
eoil, that is, with all Beld ecoils in series with
the armature, the speed of the mofor armathire
is inversely propoetional to the amount of
Bield magnetic . In other words, the lower
the magnctic By, the higher the speed, We
have already seen in the provious seclion
that as the motlor armatune speed Incercases,
the CEMF increases, the current decreases,
amed thee magnetic lus decreases, This means
that when o hattery is conmected bo o series
migtor thiut is allowsd o free speed (o load
comnected o the ammaterey, the increasing
speed of the armatore canses the magnetic
flux o deerease which in turn causes the
arnature specd o inerease oven burther, Fi
mally 2 maximum free speed is reached which
on sane applications muy be ligh enongh to
canse abjectionable noise or to canse the
armatore wimlings to be thrown from e
slods. Sinee, as we slall see lpter om, the
armatore wswally does Tree speed whaen, the
engine starts, some meons of profecting the
arnature iF it is subjected to high speed must
be provided, By using a shont coil that is
eormected from the battery dircetly to ground,
afndd which therefore 13 not affected by ar-
mature CEMF, a constant valwe of magnetic
fux as determined by battery voltage i= ol

ways present in the motor, amd the maximum
free speed is pocordingly limited

armature
assembly

The armature assombly consists of & stack of
iran laminations bscated over a steel shaft, o
commutator assembly, and the armature
windings, The windings are heavy copper rib-
bom that are assembled into slots in e iron
laminations, The winding ends are soldered
or welded to the commutator bars which ane
electrically insulated From each other amd
frorm the from shaft,

COMMUTATOR

There are two major bypes of armatore wind-
ings—lap and wave. Sinee the lap winding
has as manmy paths as poles, and the wave
winding alwiavs two paths, a lap winding is
nomally wsed where a low resistanoe armi-
ture i needed. e

Two illustrations showing the assembly ar-
rangement for o lap wound armature used
in a two-pole motor are shown, The fist il
lustration shows only one of e two electrical
patles in thee armotere, and pictures only balf
of the normal number of conductors, Note
that in the lap wimding the bead ends of a
winding element, or complete tum of con-
ductor, are commectsl o adjocent commata-
tor hars, The winding clement enters and
leaves o shot on the same side of the slok
With a batiery conneeted to the brushes with
polaritics as shown, the direction of current
Aow under the North Pole is the same in all
conduetors, and the current low wnder the
South Pole is the same in all conductors, This
arrangement provides maximuom torgque, When
the other windings are sssembled onto the
armature, o completed lap wound armature
is formed. The two circuit paths are shown



in red and blue, with two conductors normal-
Iy sceupying the same slot.
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The two illustrations of a typical wave wind-
ing used om a depole motor show that a
winding element has its ends conneeted to
commutator hars that are approximately 180
degrees apart. The ebement enters a slot on one
siche and leaves on the oflur side. As in the
lap winding, the current Bow directions in
vonductors under the same pole are the same
to provide maximum torque, Note that a
winding element whose ends are connected
to bars riding under brushes having the same
polarity is effcctively shorted and will nnt
conduet current with the armature in this
position. With the other windings assembled
onto the armatere, o wave wound assembly
is formed with the two corment paths shown
in red and blue.

WAVE WINDING

The armature is supported on the shaft ends
by bushings in end frames that are assembled
onto the frame and feld assembly. With
brushes that are supported on the frame and
field assembly riding on the commutator bars,
an operable cranking motor is formed, Many
mators have a long pole shoe tip which is
nssemblied in the direction of armature rota-
tion, This feature permits in the manofac
turing progess the retention of the brushes in
the same location for motors of clockwise
or coamterclockwise rotation,

The line between the pole shoes Is called the
statie noutral point, and = the point whers
the direction of current in the armature wind.
ing must be changed to maintain a tumning
force In the same dircetion. Sinee the actial
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magnetic feld i wwmally  distorted, the
brushes are located back of the static neutral
point {against the direction of rotation) to
prevent excessive arcing at the brushes o0
to obtain more efficient operation,

motor drives

The motor drive mechanism is assembled
onto the armature chaft, and is the compo-
nent part through which power is transmitted
from the armature o the engine dusing the
starting evele. There are 2 number of dif-
ferent types of drive mechapisms used on
cranking motors, and these are soversd in the
gectione which follow,

All drives, regardless of type, contain a pin-
ion which is made o move along the shaft
arel engage the engine fdog gear for crnmking
purposes. A gear reduction i provided be-
tween the pinion and ring gear, with a typical
value being 15 to ane. The electrical design
of the motor is selected o utilize this mtio 1o
mevt e cranking requirements of the en-
gine, With the gear reduction feature, the
motor operates o crank the engine at speeds
mufficient for starting purposes.

When the engine has started, the ring gear
wintlel drivee tlee armature at speeds which
could canse the windings to be thrown from
their slods. ."hJI'.‘\'.H'Il'IIj::l'rl.'. all drive mechanisms
are adesigned o disengage the pinion from
the ring gear or to provide an everrun feas
ture when the engine heging to drive the
pinbon faster than the armatore. This de-
sign feature protects the armatore from be-
ing driven to damaging speeds.

Bendix drive

Althoagh there wre & varety of diferent
types of Bendix Drives which may differ
comsiderably in appearance, each drive op-
erates on the principles of inertia to cse
the pinion B0 engage the engine ring gear
when the motor is energized, A partially ex-
ploded view of a typical inertin drive con-
sisting primarily of o pindon and sleeve as-
sembly, a drive spring, and a drive head is
ilbustrated,
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The drive pinion is normally unha[anm:l by
a counterweight on one side, and has screw
threads or splines cut on its inner bore, These
screw threads match the screw threads cut
on the outer surface of the Bendix sleeve, The
pinton and sleeve assembly ity lopsely over
the arrmature ghaft, and g eonneeted through
the drive spring to the drive head, which is
keved to the shaft, Thus, the pinion and
sleeve assembly is free to tum on the arma-
ture shaft o the extent permitted by the Bex-
ing of the dove spring.

When the starting switch is elosod and the
miotor windings are energized by the battery,
s armnature starts to revolve, Tlis robatoon i3
transmitted through the drive head and drive
spring to the sleove, and these parts increase
in speod with the armature, The pingon, haw-
ever, being unbalancoed and laving a loose fit
on the sleeve, does not inerease in speed with
the armature due to its inertia. The net resule
is that the spiral splined sheeve rotates within
the pinion, awd the pinion moves endawise
aleng the shaft to engage the ring gear

the pinfon reaches its stop on the sheove,
eranking takes place, with the initinl shock
l|:|n|"|'||l; tuken 4] ]]:I.' = :lin'ins_.

When the engine begins ko operate, the pin-
ion is driven by the ring gear at a higher
x:‘ueﬂl than e armoatore This ewvoses the
pinkon bo rotate in the same direction as the
sleeve but at o higher speed, and the pinion
is driven hack out of mesh with the ring gear
teeth, For as ||:||!||§ as the aperator keeps the
motor energized with the engine runming, the
motor free spocds. The motor start switch,
thercfore, should be released  immediately
after the engine lns starked.

From the foregoing discussion it is seen that
the Bendix Drive operats on e princple
of inertia to automatically engage the pinion
with the ring gear to provide cranking, and



o automatically desmesh the pindon from the
ring gear when the engine starts to operate.
Ha tooth abutment should aceur churing en-
Eagement, e spring compresses fo allow
the sleeve to move wntil the pinion engages.

A Folo-Thr Bendix Drive is illustrated, with
the pinion and harrel assembly in the erank.
ing. position and partially eut awny to show
the intermal eonstruction. This drive operates
in the same manner as the type previously
dliscussed, and has two additionn] Teatures.

A sprivg-loaded detent pin thal moves into
a’noteh ot In the spiral spline serves to bock
thy piion in the erank position. This feature
prevints unwanted  disengagement during
filse starts. When the engine starts and
reaches  sufficient speed, centrifugal  foree
causes. the detent pin to move oot of the
notch, ond the pinion then is deiven oot of
mesh with the ring gear. A second pin rides
o M spiral spline and acts as an anti-crifl
deviee during engine operation.

The second feature of the Falo-Thru drive is
a sleeve or serewshaft having two picces that
are connected by a Dentil Cluteh, or mating
ratchet tecth, This feature prevents the arma-
ture from being driven toe excessive specds by
the: engine by allowing the pinion and mating
deeve to overrun the ratchet teeth until the
detent pin has disongaged the noteh,

A elrive that is wsed on some of e smaller
meders is the rubber compression type. This
drive has the mating ratchet teeth feature,
but uses a mbber cushion losated inside the
cup W take wp the shock of initinl eranking.
A small spring located over the screwshaft

inside the pinion and barrel assembly pre-
vents the pinion from drilting into the ring
gear during engine operation,
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Another Bendix drive is the friction-cluteh
type that is used on some of the larger crank-
ing mertars. This type of drive uses, instead
of a drive spring or rubber cushion, a series
of flat spring-loaded clutch plates inside the
losing that slip momentarily during engage-

ment to relicve shock. A meshing spring is
located inside the drive to allow the pindon
to clear a tooth abutment comdition, An anti-
drift spring is located over the spiral splinod
sleeve, (therwise this drive operates in much
the same manner as the drives just disenssed,

Dyer drive

The Dyer deive pinion is moved into mesh
with the ring gear by a shift lever that
Is either monually operated or operated by a
salenobd. This type of drive is wed on large
motors and features positive engagement of
the pinion with the ring gear before the
switch can be closed between the battery and
motor. This feature avoids spinning meshes
which are damaging on high horscpower mo-
tors with rupid armature aceeleration.

The Dyer drive mechandso gonsists cssential-
b of a shift sleeve, pinfon puide, pinion
spring, pindon, pinien step and cotter pin, The




pinion guide iz a chose fit oo the spiral splines
of the armature shaft, while the pinion
(which has internal splines matching the ar-
mature splines) s loogelv on the armatore
shaft splines. An exploded view showing the
major components is illustrated,
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SLEEVE GUIDE  SPEIMNG STOP

A cutaway view of a Dver drive in a partial
view of the motor assembly is illustrated. The
drive mechanism is chown in the ~at-rest”
position. The spring located between  the
gulde and pinion holds the intemmal teeth of
the pinion and guide against the spiral splines
om the shaft. Tn this position, the pinion goide
tocth are Ioeated in milled notehes in the
spiral splines which holds the Hnion amel
guide assembly at the at-rest position. The
only way the assembly can be released from
this position is by movement of the shift lever.

Movement of the shift lever causes the shift
slesve, pinion guide, pinion spring and pindon
to be moved endwise along the shaft so that
the pinion meshes with the sing gear teeth.
Since the guide and pinion have ioternal
splines matching the shaft splines, these parts
rotate as they are moved endwise along the
shaft by the shift sleeve. If a tooth abatment
showild occur, the pinfon sprine allows Turther
mavement of the pinion gulde which cons
tinues to rotate the pinion ontil the aboatment
is cleared. The spring then cavses the pinion
to mesh with the ring gear, Continoed moves
mint of the shift lever closes tlse switeds sl
cranking takes place, with the pinin held in
place by the pindon stop,

When the armature beging o robafe, friction
between the pinion guide amd  shift sleeve
causes the sleeve to move back to its original
position on the shaft, with the shift lover but-
ton following the groove in the shift slesve,
As the engine starts, the ring gear drives the
pinien faster than the speed of the ammature,
and the pinion, spring and guide are mved
back to the at-rest position with the guide
held in ploce by the notches in the shafi
splines,  Another cranking ovwcle canmd be
started without first moving the shift lever
Back to the at-rest position, F

An important adjustment on Dyver drive mo-
tors involves the amount of pindon travel
against the pinion spring with tho shift lever
in the cranking position. This measurement s
made by energizing the soleneid or moving
the shift lever by hand to the crank position
with the motor u.'i'nl;l'ingl: dﬁmwgiz-ﬁ;ll anad
then pushing the pinion back by hand against
LIS .-z-prinﬂ anc |u:|-1'i|||,: the full extent of fix
travel.

Complete details on the method for checking
pinion travel are covered in the applicable
Deleo-Remy Serviee Bulletin,

roll clutech drive

The Roll Clutch Drive pinion is moved into
and out of mesh with the ring gear by a shift
lever which is ecither manually operated or
operated by s solenoid switch. The Raoll
Cluteh Divive has o shell and slasve asenbly
which i splined internally fo match either
strafght or spiral splines on the armature
shalt. The pinion s located inside the shell
along with spring-loaded  sollers  that are
wodged apgainst the pinion awml o taper col
inside the shell, The springs may be cither the
helical or accordion type, wmwl four rolls are
vsed, A eollar and spring located over the
sleeve are the other major cloteh components,
An exploded view and 2 culaway view are
ghiow,
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When the shift lover is operated, the shift
lever buttons located inside the collar move
the eollar endwise along the shaft, and the
.-iprlng puﬁhr_-: thi pl'niun into mesl with the
ring gear. If a tooth abutment shoubd occur,
the spring compresses with lever movement
untl the switch is closed, at which tinwe the
armature starts to rotate and the tooth abuat-
ment is cleared, The compressed spring then
pushes the pinion inte mesh, and cranking
begins with topgque being transmitted from
the shell to the pinion by the rolls which are
wedged tightly between the pinion and taper
cut inbo the shell,

When the engine starls, thie ril'lg genr drivies
dhve pdndom faster than the armature rodation,
and the rolls are moved away from the aper
allowing the pinion to overrun the shell, The
start switch should be opened mmediately
when the engine starts to avoid prolonged
overrun, When the shift lever moves back by
return spring or manuwal action, the pinion is
moved out of mish and the cranking evele is
compileted, .

An important serviee check om moll coteles
involves the elearanee in the crank position
between the pinkon and houwsing or retainer
with the pinion pushed back toward the
shift lever. Proper clearance 5 needed to pre-
vent rubhing of the collar against the shift
bever during motor operation and to insure
proper engagement before cranking begins.
Complete checking procedures are covered
in the applieable Deloo-Bemy Serviee Bul-
liskin,

sprag clutch drive

The Sprag Clutch Dhrive is constructed and
operates in @ manner spmewhat similar to
the Rell Clutch Dirive, except that a series of

sprags, nsually 30 in number, replace the rolls
between the shell and slecve, The sprags are
hald against the chell and deeve surfaces by
a garter spring. The shell and collar assem-
bly iz splined to the armature shaft, and the
pinion is spiral splined to te sleeve with a
stop collar on the end of the sleeve, A cut-

mway view s shown,

COlLAR

Movement of the shift lever against the collar
cither manually or by a solenodd cavses the
eotire  clutch  assembly to move endwise
along the splined shaft, and the pinion teeth
to engage the ring gear. I a tooth abutment
should oeeur, contimued movement of the
shell and spiral splined sbeeve causes the
pinion to rotate and clear the tooth abutment.
The compressed meshing spring then foroes
the pinion inte mesh with the ring gear, If
sufficient rotational movement is not imparted
oy the |!|I||E-|’E||| tos e the abutment helore the
tw retainer cups meet, the shaft lever move-
meent i stopped |:-:,‘ the retainer cups and
the operator mast stark the engagement evele
over again. This feature prevents elosure of
the switeh contacts to the motor with the
pinion not engaged and resulting damage
ciaused by spinning meshes, On the second at-
tempt the pinion will engage in a normal man-
ner.

With the [!|i1|i.n:|| Lul_gugn] wrdd  thae  gwateh
closed to energize the motor windings, the
cranking evele beging. Torque g transmitted
fraom the shell to the sleeve amdd pinion
through the sprags which ult slightly and are
wedred between the shell and sbeeve. When
the engine starts, the ring gwear drivies the pin-
iom and sleeve faster than the armature, and

13
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the sprugs HIE in e opposite direction to als
low the panion amd sleeve to overrun Bee shell
anil armature, To avobl prolosged overms,
the operator slould  immediately open the
start switch as soon os the engine starts.

This sprag clutch drivee is weed primarily on
1u|lgL"r t'r.lllkl'uj: motars, and is designed to
carry the high torque transmitted by the ar-
mature. Like the voll eluteh drive, an B
tant service provedure s the proper adjusts
ment of pinion clearance in the erank position,
and  this  adjustment  §s  accomplished  as
covered in the appropriate service halletin,

magnetic
switches and
solenoids

A magnetic switch as used in many cranking
motor  applications operates  electromagnetis
cally to open and close the cirenit between
the battery ancd the motor, Thizs is the only
function that the magnetic switch performs
in the cranking ciccuil.

A solenoid performs two functions in the
cranking circuit=like the magnete switeh, it
closes e circuit between the battery and the
mtor, and in addition, the solensid plunger
shifts the motor drive mechanlsm into mesh
with the ring gear.

magnetlic swilches

A magnetic switch consists basically of a
winding mounted around a hollow cylinder
containing & moveable core or plinger, with
a contact disk assembiled into the ]]Il:l‘lg-r'r.
When the winding is energized, plunger
movement conses the eontact disk o he haeld
l;ig||1_'|1_." ||.1_.1.i|:i|L1l e Lo main switch terminals,
|:||.-|:|'|,-'|:|:|.' I;'JI:I\:-.III.'IH e cireuit belween the bwn
terminals, When the winding is de-energioed,
a return spring canses the plnger to reéturn
to ite original position, aml the circuit is
opencd, The mognetic switely, therelore, = a
mechanical switch that is operated electro-
magnetically.

WINDING
TERMIHALS

hagnetie switches are manufaglured in o
widhe variety of destgns, but Enél-ulus £Hi
the: privciple just outlined. A tvpical switch
is shiown, alomg with a cross-sectional view
of one of the larger maodels, Some models have
one switch terminal with the other winding
end grounded intermally to the switch case,
and others have two switch termivals to
which the winding ends ore conmected,

In the next section entitled “Basic Circuits™
the reason for the vse of a magnetic switch
will B given,

solenoid switches

The selenold switch consists hasically of two
windings mounted around o hollow cyvlinder
containing & moveahle core or plinger. A
shift lever is connected o the 1:||1|||.:;-|.-|‘, ancd @
l:u:ﬂ'l riw] ol comstoct disk are assembled in
ling with the plunges. When the windings
are energized, the plunger pulls tee shift lever
and mowes the motor drive inte mesh with te
ring pear. The contact disk s pushed into
frm contact with the solenodd battery and
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modor ferminals, With the motor windings
connected divectly te the battery, cranking
takts place, A cross-sectiona] view of o typical
solenoid is shown, COMTACTS HOLB.N

ONTACT EATTEEY
L 1;|=||n.m.l TERRAIPIAL

L]
TERMI|

The two windings in the solenoid are called
the hald-in winding and the pull-in winding,
The hold-in winding contains many turns of
finee wire, and the pulldn winding the same
numiber of tums of larger wire, When the
sturt owiteh it losed, current Hows From the
hattery 1o the solenoid “5” terminal, through
the hold-in winding to ground, and then back
o the battery, Current also fows through the
pull-in winding to the solenaid =M™ terminal
and then through the motor windings to
grouml. The magnetism ereated by each
winding adds together to form a strong mag-
metic field that attracts the plunger into the
care, Flunger movement shifts the pinion into
miesh with the ring gear, and also moves the
contact disk to close the cireuit between the
solenobd battery (B) and motor (M) ter.
minals. With the motor windings connectod
directly to the battery through the contuct
disk cranking takes place,

START SWITCH
HEUTEAL SAFETY EWITCH

SOLENCID

|

'
: LR R
|.

;

W HDING FURL-I
WD

SHIFT LEVER AMD PFLUIMCGER
[ROT & PART OF SOUFMOID)

The pull-in winding operates to assist the
haslchin winding in pulling the plunger into
the core, Once the plunger movement has
been completed, much less magnctism s
needed to hold the plunger in the cranking
possition, With the contact disk contacting the
solenodd  battery and motor terminals, the
pullin winding is shorted and no current
Hows through the pullin winding, This de-
sigm featore reduces current drww on e bat-
tery and also reduces the amount of heat
ereated in the solenoid,

When the start switch iz npv:.lu:-d,‘ current for
a very brief instant Bows through the contact
disk o the solenoid motor (M) terminal,

Mhrough the pullin winding in a reverse di-

rection o' the solenaid "57 terminal, and then
'lhmugh the hold-in whl.-:li'np', in n mwormal
direction hack to the hattery. The magnetioms
created by each winding oppose and eancel
out epch other, and the rebum spring moves
the entire chifting mechanism o the at-rest
position to complete the rranlrin;_e; r:ucln:\-,

Solenodd  switches are manufectured in o
varicty of types and designs, but each aperates
oo e basic principles just outlined. An adde!
feature on some models is & contact Hnger
which touches the contact disk when the
solenoidl i in the cranking mode of opera-
tion, The contact linger is eonnected to the
igmition coil termidnal or “R° terminal on the
solenoid which in tum is conmeebed directly
to the ignition ooil. This feature bypasses the
ignition reslstor and provides more available
ignition voltage during eranking,

basic circuits

There are two basic types of cranking mator
eircuits, The Hest typwe involves a motor with
u Bendix drive that relics upon inertio for
moving the pinion lnto mesh with the ring
gear. The second type utilizes motors with
drive mechanisms thal pequire a shife lever
either mnually or solenodd r||1|-r'|';|{r1;|' fo move
the pinion into mesh with the ring rear,
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A basle circuit is shown in which a Bendix
drive motor and a mageetic switch are usisd,
When the start switch is dosed, the magnetic
switch winding is energized and the contact
disk eloses the circuit between the, battery
and motor. The eranking cvele then begins
and continues untill the operutor opens the
start switch.

A magnetic switcel s used to provide o cincuit
of short length amd low resistance between
the hattery amd msobor, Sinee the mstor may
draw over one humsdred amperes during ope
erativs, heavy cables of short length are
meecle] to reduce the voltage drop in the cirs
cuit. The magnetic switch in the actual in-
stallation is normally located in close prox-
imity to the battery amd medor o reduce
cible ||:TI|U|I. IE a magmetic switch were not
IIH‘I:|. andl Lhe hl;lﬂ:l MO Currents Wems s
rieed directly throngh the start switeh mounted
on the vehicle dash, cables of exeessive size
wonld be required to limit the voltage drop
o an sceeplable valwe, Since the start switch
cu the dash is wsnally some distance from
the Imthl-r}' and magnetic switch, the long
leads connected 1o the switeh can be of
reasonable size since they conduct only the
smpll current drawn by the magnetic switch
winding,

A bhasic circuit with g motor and  solenid
used fo close e crouit to e motor and
shift the pinken into mesh with the ring gear
is shown. In this type of circuit e solenoid
switch performs the same function as the mag-
netic switch os just described, Additionally,
when the start switch is closed, the solemoid
moves le pindon into mesh, aod the eranking

cycle begins, When the start switeh is opened,
the cranking evde ends as deseribed in the
previcus section  covering  solenoids.  The
netbral safety switch in this type of cireult
it closed only when the transmisgion shift
lever is in the proper’ position, thereby pre-
venting cranking of the engine with
transmissbon iR Tk

series-parallel

circuits

e function of e serfes-parallel switeh s (o
conmect two 12-volt batteries in series for 24-
volt crunking, and fo connect the same 12-volt
hatteries in p.urlt“r:] whiere L is I;l-ﬁil’.ﬂljk o
have 12-velt charging and lighting cirewits,
Serics-parallel switches are manufochured in
a varicty of types and designg, and are used
in systems having different tvpes of elrcuit
connections. A typical series-parallel switch
that also incorporates o magnetic switch for
Bendix Dirve motors is illll.':‘|1-.;|l:|:'-ﬂr n]rmp: with
i eroeg-sechional view of Hee same switely

COMBIMED SENIES. FARALIEL
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Also illustrated is the series-parallel magetic
switch connected to twi latteries and a crank-
fng motor using an incrtia type of drive, The
eranking circuit is shown, and the operation
is explained as follows

T JEMERATOR
AMHD IHJULA'I'{!II

When the starting switch is closed, current
supplicd by the "A" battery Bows through
the series-parallel switch winding, and the
switeh plunger is attracted into the core. As
a result, the switeh Mo, 1 amd Mo, 2 terminals
are conneched together, amd the No, 3 and Na,
4 terminals are commected together by the con-
tact disks located on the plongger rod. With
this arrangement, the two batteries are @ne
negted in seris to the 24-valt motar o proe
vide 24volt cranking, The cranking circudt is
shown i red in the diagram,

After the cranking cyele has been completed,
and the starting switch is opened, the return

n[‘h‘!ﬂg i the .hrril&-p.nmﬂﬂ switch causes the
contact disks to move away from the Nos. 1,
2.3 and 4 terminals, At the same Ume, spring-
loaded contacts in the switch close to con-
meet the No. 1 amd No. 3 terminals together,
and the Mo. 2 and Mo, 5 terminals together.
With the switch plunger aod contacts in this
position, Hy batteries are connected in paral-
lel for 12-volt eharging. The charging cirenit
is shown in rod, with current fram the gen-
erator being supplied to the Ko, 1 terminal
on the series.parallel switch, Hall of the cur-
rent then Hows through the “A” battery o
groumd, with the other hall flowing through
the switch Mo, 1 and No. 5 termiminls, throngh
the “B° 1'.|a.l:t'|:r'_|.'. andd then through the swiatch
Mo, 2 and Neo. 5 terminnls to evound.

TO GEMERATIOR
AND FECULATOR

mg
TTERY &
"

STARIG

NG FALALLL, AHR
AR I l-“'l'H:H-

CRAMEING MOTOR
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Sinee the charging circuit through the "B bat-
tery s more hagthy and containsg more con-
nections than the “A” hattery, it is especially
important to maintiin the "R battery oomes
nections and wiring, along with all others, in
good condition to prevent an unhalaneed state
of charge condition in the batterics, If the "B°
battery tends to remain in a bower state of
charge than the A" ]:ul,l:rr:r with mli;l:-ul:iur:,.'
lead conneetions, the fea batteries should be
interchanged pericdically for masimum life.

Althongh the series.parallel svstem has been
in widespread vsage, it s being replaced by
12-volt mwiors laving essentially the same
[u-rfunﬂunm a5 24-vall modors when the same
total battery capacity is wsed with the 12-valt
syatem,

1]



“ADLO" circuits

GENEEATOR

CRAMEIMG MOTOR

A relny cun be connected te provide auto-
matic disengagement and lockout action for
solenoid operated cranking motors in elec-
trical systems which use a Delootron® gen-
criator in the charging circoit. When the
engine starts the relay contacts open to dis-
connect the eontral winding, thus causing the
cranking motor pinion o disengage cven
though the start switch is held closed. Lock-
out action i also provided For as long as the
yengine s running, This tvpe of protection
promotes longee eranking motor life by elims

inting the wea® on brushe ms, and’
ofher component pats that s would
oceur during overrun,” and tx milled

teeth  caused by ottempted  engagements
while the engine is Tunning.

Tlfl‘ o major types of relays are Fregquency
sénbing relays and voltage sensing relays.

.
frequency sensing relay

A typical circuilt using o freguenty sensing
relay is illistrated. When the start switeh is
closed, the magnetic switch winding circuft
is completed to ground through the normally
closed frequency sensing relay contacts, - the
crunking motor solenaid is energized tepugh
the: magnotic switch, aod cranking tukes plics,
When the engine starts, valtage From, thiesgens
erator “K” or "ACT ferminal energizes the
frequency sensing relay winding through' cas
pacitor C1, and the relay contacts apen, there-
by dowenergizing the magnetic switch and dis-
connecting  the cramking molor from  the
cireult, When the relay contacts open, an
fnchwced voltage in the magnetic switeh wind-
ing couses current to fow through®resistor
K1, diode D2 and the relay winding, thus
cansing the contacts to open quickly and less-
en oontact arcing. Induced voltages in the
relay winnding How through ground and diode
D1 back to the winding, This tvpe of action,
therefore,  instantly  disconnects  the  molor
from the clreuit when the engine starts even

though the start switch & held closed.
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cranking motor
types and designs
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voltage sensing relay

A typical circuit nsing a voltage sensing relay
is illustrated. This circuit operates in much
the same way as the frequency sensing relay
circuit, axcopt the relay winding is connectod
directly g the generator “R” or “AC" ter-
minal, proper amount of “R™ or “ACT
terminal voltage with the start switeh closed
is provided by resistor Rl connected between
the switch and the generator field winding.
This arrangement assures prompt opening of
the relay contacts as soon as the engine starts,

The cranking motor has only one function to
pedform—ito crank the engine at a speed suf-

icut for starting purposes. Since there are
many: different types and designs of engines,
there are an equal oumber of different crunk-
ing motors designed to meet the requirements
of each engine, Some of the engine factors
that determine cranking motor design are
cubic inch displacement, number of cvlinders,
size of ring gear, compression ratio, oil vis-
cosity, minimum speed required for starting
at g e lowest cranking  temperature, and
mounting space limitations as imposed by the
engine application.

All -ﬂtﬂgﬂﬂ: af mnh:ing modors sufpart the
shaft on the wrls witli '|1|1xl|i|:|gs. Luhrieation
is provided by wicks and hinge cap oilers, oil
pliigs, or ol reservolrs, aiod in some cases by
grease cups. Some models use oilless bish-
ings, Many models feature o center bearing
that supports the armature shaft doring crank-
ing.

The following illustrations show some of the
basic types and designs of cranking motors.

A 10MT Series Type 65 motor with a Bendix
Drive is wsed o a great voriety of applica-
tioms invalving small to medinom size gasoline
engines. This motor i5 uwsed in many cases
where space limitations prevent the applica
tiom of a solewoid-equipped motor on the en
mimee,
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Albso tg be found i a large Tty af .aprllien-
tioms is o 10MT Scries Tvpe 100 cranking
modor that is solenoid-equipped with an ex.
posecd shift lever, This motor & belng re.
placed by an improved design with o totally
enchsed shift lover grrmgement,

The Dver Drive motor also is being replaced
Iy a totally enclosed design, However, nuuns
Prver Drrave antors aee still inoosage, aned have
the pinion block Teature that provends eloxing
of the circuit to the motor unbess the pioion
is engaged with e ning gear, This leature
provents  domoge  resulting  from spdasdng
micalies, Tlis tepee of design is to be fonmd on
Lirge gasoline and divsel engines,

The WMT Series 'I"HH_- 2% melor Is II.ijj.Il
plm.||.||.'I|l.|:|| wsembly that {5 !|-e|-1'.|'|]:r rmclhosed
tor protection aegalnst envirommendal Fociors
anch as dirt, jeing conditivns and road splash
This mwtor is used on many applications in-
L"]l.lﬂing care, brucks, farm traciors, el irclias-
brial and o criinies of amall to inker-
mediate disploecment. Moo o e 205T
Serics are simiblar to this asembly except the
Frame size is shizhtly lorger for higher motor
it
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A pranking modor disigned e et the e
quirenents  of  intermediate  displigoment
wsaline and diesel gines primarily in trnck
and farm tragtor applications is the 30MT
Series Type 130 assembly, The solesdd shifi-
ing mechanism s completely euclosed o in
mre feeedom of operntion during  engages
it andd the noses !u:ﬂl\.iug wan he mated o
ohtain w number of JdiHerent solewicd mount
ing positions where mounting interfofence i
u factor. The lour-roll ar small sprag clitch
remains posttively engaged during {alse starts
Desipn varlations in this seeies ol mators in
chade added solencid sealing features to pre-
venl entry of molsture and foreign material
andd als g 353MT Series of motors having o
Jightly larmer frame size for greater eranking
ihility

The 40MT Series Type 230 motor is widely

msedd oo Narge displacement gusoline aod
diese]l rgine applications, The pivian hileck
feature prevenls closing of the salenoid woon-
tacts wnless the lorge sprag elateli pinion is
engraged with the ring gear, theaeby prevent:
ing damuee doe to spinning mesls, The shill
mechanism i complelely enclosed in insnre
Frimischomm aaf v ration duning fnl.'..lli.:,i'l-lll-'llt atid]
tlas s Tosimg ean b motated o obstain il
ferent solenobd mounting lecatbess b aviiid
sterlerenee, e brsdus are estne long fin
eatended life, nwd sealivg rings wl ewcle el
nb the Fraime and lebil assembly keep onl
prisdne amd obler foreign materiale. Soam
psostoes L This serivs havee all fone feld eoil
connectisd in parallel o provide 12006l oo
tor performance comparable to 24.valt moto
perfornmce. These 12-vnlt high performance
pmesbioes ean he wsed o replace 24volt motor
in sweies-parallel sestoms, thorchy eliminating
tha series-parallel swatch and simplifving 1
wiring  wvirenitey,  Cranking  motors o the
ST Series are similor o tle AOMT Serie
af merlors, exoept e framee siee 15 |-'I-I'I::I‘T A
wix Sl coils are wsed po provide the cranking
ahility: el for vy large gaeserline ol
dliessed emminees,

]
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circuit fesis

The l‘l-.llllulll.E motor is g special type of ma
tor that is designed for intermittent dhuty oty
It shondd pover be operated for more thar
W seeonds at a time withoot pausing for
betst twas minntes 1o allvw it do cool, On sem
-I])[JJ!'L'-III'I:II'I"E A seeonls LIsiY b exeissive, P
cutise the cranking motor ds designed 1o oy
srale wisler :;_;n*.'ﬁ averlomd Tor slurt ;:4_1'[:1;-[!.!
if tirmee, it provides o high lorsepower outpni
ur its sminll sime

Tl eranking motor does tot praduce power;
P merely converts eleetrical energy from the
rattery inte mechanical energy. The crunking
mtput that is obtained from the motor s
herefore dependent not only on the conedition
ol the motor itsell, st sl on the condition
if the battery, the wiriong ciresit, and the en-
gine eranking sequincnents.

Fhe importose of maintaining the battory in
1 Fully charged amd ofherwizse good condition
or proper cranking pedormance canngg be
wiremphasizsd, 1| oo crmking s -
ownmtered,  the eonditien of  the  battery
shuondd T thornughly checked in sceordanoe
witls the approprinte Deloo- Bemy Sorviee Bol-
letin, and corrections made as required. The
siee sl performanes of the Batbery sbiosded
b el to or grester than that speciBed T
the: emgine: or vebicle manufacturer. The valt-
azes rating of the battery must be the same as
thies waltargges rating of the mabor,

0 erpaal mportance for maximom cranking
ot s e sstenanes of all cliowit con
neetions ti i elean wod ight oncition. S
e sl lillilu“:.' miay draw s TRy, ais
e bl pesl HELE S pi anc the mofor several
Tivsaredrasd LITH R I1|n|||._|.:|‘|||||t its -r:l:'.ml-.'lug
evele, eloan, tight eobnections beoome all-
Immsrlasl Bis gvnoid] evecisie l.-q:.|1_._1,-_.- .:||-er1 "
Iiss do 8w Tives, Alss, wirise of e fgne Ela
is ewpintl booor wrester than the size pecoms
mended T dbie eogine or veldele manafoc-
frer st s sl

As operating comiditions indicate, the Duttery
awl wiring should be cliceked and servieed
pericelically in omder fo abbiin contimoe]
spticnun performanes from e crankiong eir-
wnlt, The cramkingg motor, of course, canmnt

make up for deficiencics in the batlery amd

wiring circuils. Y,

Besicles tho battery and wiring, ane other
lwctur of miljor im|1ﬂl[u|lr.'u LIT) Euud rr:ln]-:'ing
performane i tlae use of the proper weight
all in the ermkense as recommended by e
cngine  madubaecturer, . An ol beavies  than
specificd lowers cravking speed drastically at
bow temnpetntures, and enn eanse complete
Filures of the crgine o start.

s s
cotlitiom, he u‘ﬁm n el T e
moved for testing fails tgorank progseely.
Turning the armature by Band i practical
before disassembly will revenl any mechanical
resdrictions to Freedom of apoeration,  Some
nsatiars with I-I.‘.il]ll.l:l_' brake washers o reduees
free speed time can st e Burad easily b
Rl Complite checking procedu VETIRE
swilches, sulenoids and maotors .:rmlmm-d
i veloeHemy Service Bulbetins,

I the Tmth'r;'..:l_l.ri}lng Al e



