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The automobile electric  starter
developdl in a few short monthsin the
winter of 1910and the spring of 1911by
Chales F. Kettering for its first
commercial use in the 1912 Cadillacs is
conceptudly the same today. In the
nearly 100 years since then there have
been many refinements, but the basics
remain the same.

An automobile electric starter is a high
torque direct-current motor. It congsts
of a rotating armature, a par of field
coils, brushes and a commutator. The
opposng magndic forces in the
armature and field coils convet
electrical energy to mechanical energy.
Kettering® insght leading to the
starter@ creation was tha the starter
needed to work very hard, but for only a
brief period. Within tha ingght lies the
mog common abuse of starters N
activating the darter for extended
periods of time when the car engine
won®start.

A relay is usd to open the circuit
enabling the large flow of eectrica
current required. The othe essentia
components are the solenoid used to
engage the starter drive to the ring gear
on the flywhed and an over-running
clutch which releases the starter drive
when the engine starts. These basic
componets are depicted in Figure 1.
Some darters, notably those used on
some Chryder produds and imports,
also indudea gear redudion to increase
cranking torque
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Figure 1 DExploded view of atypical starter, aDelco-
Remy unit is shown

Because dsarters are relatively smple
and contain few pats, failure is rare.
However, sub-standad peformance is
common with old starters or those which
have been used extensively. The causes
of poor peformance are the same
whethe the starter is powered by 6-volts
or 12-volts. However, the effects of a
pooly-peforming dsarter are more
pronoun&d in 6-volt systems because
they have only one-hdf the enegy
available in 12-volt systems.

It is also truetha the starting demand on
6-volt starters is gengally less than 12-
volt dtarters because the compression
ratio in the engines with 6-volt systems
was typically 7:1 or less. Theincrease in
compression ratios of engines in the late
1940sand early 1950swas the primary
reason why 12-volt systems replaced 6-
volt systems by the mid-1950s Six-volt
starters will effectively perform in ther
design applicationsif in good condition
and supplied by goodwiring and wiring
connetions



Common Problems

The mog common problems in the
garting circuit and starter indude in
order of frequency indude

¥ Poor connetionsat thebatery B
corroded

¥ Poor groundconnection at the
engine

¥ Poor connection of the postive
batery cable connectionto the
starter

¥ Worn commutator effectively

raising theinaulating mica

separating the commutator

segments (see Figure 2)

Grease on the commutator

Worn brushes

Worn bushingsallowing the

starter shaft to move

¥ Short to groundin thefield coils
or armature

¥ Mechanical falurein the starter
drive system
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MICA SEGMENTS ,— MICA

RIGHT WAY WRONG WAY

MICA MUST BE CUT AWAY MICA MUST NOT BE LEFT WITH
CLEAN BETWEEN SEGMENTS A THIN EDGE NEXT TO SEGMENTS

Figure 2 B Proper undercutting of commutator mica

Some cars will experience (heat soekOin
which an elevated temperature of the
starter created by hot engines and engine
compartments increase the resistance in
the windings The increased resistance
degrades the starter@ ability to crank the
engine In severe cases, the engine will
barely turn over.

Problem Diagnoss

Some tests of the starting system can be
conduded on the car; othes require
taking the starter off and usng specia

test indruments. If the starter will not
turn the engine turn on the headlights
and then activate the starter. If thelights
stay bright, thereisan open circuit in the
starter, the switch, or the starter main or
control circuit. If the lights dim
condderably, the bdatery may be run
down or the darter may have a
mechanical problem such as a jammed
drive. If thelights go out, there is a bad
conneetion in the main starter circuit.

If the batery is run down, it mug be
chaged and the tests repeated. |If
conditions are undcanged once the
batery is fully charged, the next step is
to investigae connections in the man
starter circuit. Poor connestionsare easy
to fix by disconnecting each, thoroughly
removing the corroson and, then,
reindalling each tighty. Thekey rule for
electrical connetions is N Tight and
Bright

One other on car test is to bypass the
sarter circuit relay. If the sarter
opeaates when therelay is bypassed, the
problem isin therelay or starter control
circuit.

If problems remain, it is best to remove
the starter for physca examinaion and
bench testing. Onetest determines theno
load speed and corresponding current
draw. The other test is to determine the
starter@ torque when the armature is
stalled. These test results mus be
compared to published specifications

A low free speed and high current draw
coupled with low torque can be caused
by (a) dirty or worn bushingsor bearings
which alow the armature to drag on the
pole shoes, (b) groundel armature or
field coils, or (c) a shorted armature. If
the free speed and torque are low



coupled with alow current draw there is
an open field winding or there is high
internd resistance. High resistance has
many potential causes N poor
connections  defective  wiring,  dirty
commutator, worn brushes, worn
commutator, broken or worn brush
springsor anything else preventing good
contact between the brushes and the
commutator. Once al of the problems
have been identified, the necessary
repars can be made

Summary

The automobile dtarter is very robug
unit and typically will perform for many
years and many miles. However, ove
time ther performance will degrade this
degraddion is a bigge problem with 6-
volt systems than 12-volt systems. The
only way to propealy ascertain a starter(3

capability is with the bench testing
described in this article. For mog
collector cars, a propely rebuilt starter
coupled with good wiring and
conneetions  will  assure effective
peformance. For 6-volt systems, |
aways adso indude high torque field
coilsin all rebuilt starters.

A find caution B If the engine will not
start, do not keep running the starter.
Use it for a few seconds(no more than
20) and then give it a break to cool
before trying agan to start the engine
agan. Long peiods of activation
gengate lots of heat and lead to
premature starter failure.



