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Electrical Components Dictionary
ALTERNATOR:

A device to convert mechanical energy to electrical energy, and to constantly
maintain the battery in fully charged state.

AMMETER:

An electric meter for measuring the amperes or rate of current flow in a circuit.

AMPERE:

The unit measure of flow of electrical current. An ampere is the current that will flow
in a circuit which has 1 volt potential and a resistance of 1 OHM.

ARMATURE:

Any part moved by magnetic attraction or repulsion, such as the armature of
starting motors.

BATTERY:

A source of DC voltage which is produced by the chemical reaction between the
electrodes and the various chemicals within the battery.

BENDIX:

A starting-motor drive mechanism whose pinion gear automatically engages the flywheel
ring gear when rotated by the starting-motor armature. It automatically disengages when
the flywheel ring gear overruns the pinion gear. Also, the slang for any starting-motor
drive/pinion gear.

BRUSH:

A block of conducting substance, usually carbon or copper, which picks up or delivers
electric current from or to a commutator or collector ring.

BRUSH HOLDER: Used on most alternators and starting motors to hold the brushes in position on the
commutator or slip ring.
BRUSH SPRING: A spring in the brush holder that pushes the brush against the commutator or slip rings
with sufficient force to make an electrical connection.
CARBON PILE:

A series of carbon discs held loosely together by an insulated holder. The discs are
pressed together by a screw. The tighter they are pressed together, the less their
resistance will be to current flow.

CHARGE RATE:

The amperage flowing from the alternator to the battery.

CIRCUIT:

The path over which a current of electricity flows.

COLD CRANKING The number of amperes a battery at 0° degrees can deliver for 30 seconds and
AMPS:
maintain a voltage of 1.2 volts per cell or higher.
COM END:

Slang for commutator end of a starter or generator.

COMMUTATOR:

A cylindrical device mounted on one end of the armature shaft and composed of
copper segments insulated from each other. The ends of the armature windings are
soldered to pairs of segments. A set of brushes, which make continuous contact with the
commutator, carry current to the armature windings in the case of a motor, and away from
the armature windings in the case of a generator.

DELCOTRON:

A Delco-Remy trademark for Diode Rectified A.C. Generators.
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Electrical Components Dictionary
DRIVE END:

The name given to the end of a starter that contains the drive pinion gear or to the
end of an alternator or generator which is driven by a belt or gear.

DYER DRIVE
STARTER:

A heavy duty starter where the drive engagement lever is partially exposed.

ELECTROLYTE:

A solution of sulfuric acid and water used in storage batteries.

FIELD COIL:

A coil of insulated wire which form the windings of an electromagnet. For example,
the field coils of a starter.

FIELD HOUSING: The center section of a cranking motor that holds the field coils.
GRAY GHOST:

Slang for the 25SI Delco Alternator. The units produced by the OE are gray in color.

GROUND:

The part of an electrical circuit used to return current to its source from the
participating unit.

HYDROMETER:

An instrument for measuring specific gravity. In batteries it measures the weight of the
electrolyte in relation to the weight of pure water.

INDUCTION:

Magnetic induction is the current induced in a conductor when the conductor cuts across
a magnetic field or the magnetic field moves across the conductor.

MAGNETIC
FIELD:

The space around a magnet in which the magnetic lines of force travel.

MT:

Delco’s identification for various series of cranking-motors. 40MT, 50MT etc..
MT has also been known to stand for Motor Turning.

OHM:

A unit of electrical measurement of resistance to the flow of current in an electrical circuit.

OHMMETER:

An instrument for measuring direct electrical resistance in OHMS.

OHM’S LAW:

The relationship between voltage, resistance and current flowing in a circuit. In algebraic
terms I = E divided by R where I = the current flowing, E = the voltage, R = the resistance
in the circuit.

OPEN CIRCUIT:

A circuit which is broken so that a current of electricity cannot flow.

PARALLEL
CIRCUIT:

An electrical circuit in which the electrical units and conductors are connected so that
the current flows over several independent paths.

RECTIFIER:

A device, such as a diode, for changing alternating current to direct current.

RESISTANCE:

The quality of a conductor or electrical unit which opposes the passage of electrical
current through it. The unit of resistance is the OHM.
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Electrical Components Dictionary
REGULATOR:

A device for sensing a battery’s supply of electrical energy. It limits the alternator
output voltage, and keeps the current output of the alternator in step with the speed
of the vehicle and the demands of the accessories and the battery.

ROTOR:

The rotating member on an alternator that provides the magnetic field necessary to
produce electrical current.

SERIES
CIRCUIT:

A circuit in which the current passes through each electrical unit in succession.

SHORT
CIRCUIT:

A path of lesser resistance which permits current to bypass its prescribed path
or circuit.

SI:

Delco’s identification for various Delcotron integral charging systems. SI stands
for System Integral.

STARTER:

The electric motor which converts the electrical energy of the battery to mechanical
energy required to crank the engine to start it running. Also known as the Starting
Motor or Cranking Motor.

STATOR:

The laminated steel ring with loops of copper wire that surrounds the rotor.

SQUIRREL
CAGE:

Name used to identify an old style Delco 20 DN Alternator.

SWITCH:

A device used to open and close an electrical circuit.

SOLENOID:

An electromagnetic device used to perform a mechanical operation.

SLIP RING:

A collector ring on the end of a rotor upon which the brush rides.

VOLTAGE
DROP:

The amount of voltage lost between two points in an electrical circuit.

VOLT:

The unit of electrical pressure, or electromotive force. One volt pressure will cause
a current of 1 ampere to flow through a circuit which has a resistance of 1 OHM.

VOLTMETER:

A meter for measuring electrical pressure or voltage between two points in an
electrical circuit.

WATT:

A unit of electrical power. It is the product of the amperes and voltage in a circuit.
746 watts are equivalent to 1 horsepower.
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The Alternator
An electrical generator that converts
mechanical energy into electrical energy.
BASIC COMPONENTS
Stator:

Supplies induced AC current to the rectifier.

Rotor:

Creates a magnetic field that induces current in the stator.

Rectifier:

A group of diodes that change AC current to DC current for use
in the electrical system.

Voltage Regulator: Controls the alternator output by sensing the electrical system voltage.
Diode:

An electrical check valve that allows current to flow in only one
direction; the part of the rectifier that converts AC current to DC current.

Diode Trio:

Three diodes that supply rectified current to the regulator for use in the
field circuit.

Drive End Frame:

The frame located at the drive end of an alternator. It’s the support for the
front, drive end, bearing.

Slip Ring End Frame: The frame located at the rear, slip ring end, of an alternator. It contains the
rear support bearing for the rotor and generally the electrical components
that rectify and regulate alternator output.

The Starter
An electrical motor that converts
electrical energy into mechanical energy.
BASIC COMPONENTS
Field Coil:

Stationary electromagnet.

Armature:

Rotating electromagnet.

Solenoid:

Electromechanical switch that engages the drive into the flywheel
and completes the electrical circuit to operate the starter.

Drive:

The gear that connects the starter armature to the engine flywheel.

Brush:

Provides the electrical connection to the armature.

Drive End Frame:

Part of the starter that supports the drive end of the armature and
mounts the starter to the engine.

Lever Housing:

Center support for the armature.

C. E. Frame:

Commutator end support of the armature.

Field Frame:

Supports the field coils around the armature.
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The Solenoid Switch
An electromechanical switch that engages the
starter drive into the engine flywheel and completes
the electrical circuit to operate the starter.
BASIC COMPONENTS
Contact Studs:

Two copper studs that when connected together provide current
to the starting motor.

Contact Disc:

A copper disc, usually plated, that makes the connection between
the contact studs upon the activation of the solenoid.

Pull-In Coil:

The coil in the solenoid that provides the magnetic force needed
to engage the starter drive into the flywheel and push the contact
disc against the contact studs.

Hold-In Coil:

The coil in the solenoid that holds the starter drive in mesh with the flywheel
and keeps the contact disc in contact with the contact studs.

The Series Parallel Switch
An electrical switch that connects the
batteries in a parallel circuit during the
charging cycle and in a series circuit
during the starting cycle.
BASIC COMPONENTS
Collar:

The non-metallic sections of the switch where the external
electrical connections are made.

Contact Points:

Internal components of the switch which complete the parallel
circuit during the charge cycle and activate the starter solenoid
during the start cycle.

Contact Disc:

A plated copper disc that connects the batteries in a series
during the start cycle.
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Alternator Identification
MANUFACTURE AND STYLE
Delco:
Leece Neville:
Motorola:

SI SERIES, 10 , 12, 15, 20, 21, 22, 23, 25, 26, 27 30, 30TR, 33, 34, 35
JB SERIES, 2300, 2500, 2600, 2700, 2800
LHA/LOADHANDLER, SA, DB

SPECIFICATIONS
Voltage:
Amperage:
Direction of Rotation:
Mounting:

Type of Drive:

12, 24
Alternator output should be 20% over total system requirements.
Clockwise (CW), Counter Clockwise (CCW)
Double - Lug MT - Standard SAE J 180
Spool - Single Lug MT - Many Ford applications and light duty industrial
Flange - Old industrial applications
Belt - Most heavy duty and industrial applications
Gear - Some industrial applications

Starter Identification
MANUFACTURE AND STYLE
Delco:
Leece Neville:
Prestolite:

10, 12, 15, 27, 28, 30, 37, 40, 42, 50, MT
MA, MB, MC, ME
MFY, MES

SPECIFICATIONS
Voltage:

12 - Most common
24 - Large engines, industrial, cold weather operation. Used with
series parallel in many applications.
Ground:
Insulated - Most common, Grounded - Industrial
Rotation:
Clockwise - Standard
Counter Clockwise - Some motor coach and marine
Number of Pinion Teeth:
11 - Most common applications
12 - C Series Cummins, DT466 Navistar, 3208 Cat
13 - Detroit Diesel 53 Series
Mounting:
SAE 1 - Some industrial applications, SAE 3 - Standard, Special Specialized industrial applications.
Mounting Hole Diameter: .53 (1/2”) C Series Cummins, DT466 Navistar
.66 (5/8”) Standard
Flywheel Degree Opening: 145° - Some heavy duty truck and industrial
180° - Standard
215° - Industrial
C.E. Terminal Position:
Standard - Most common, 180° - Some Mack applications
Solenoid Terminals:
Standard - Most common.
Reversed - Some right hand mount applications
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Solenoid
Identification
MANUFACTURE AND TYPE
Delco:

40/50MT Oval End
40/50MT Square End
37/42MT Round

SPECIFICATIONS
Voltage:
Terminal Configuration:

12,24
Standard
Reversed

Mounting:

Side Flange to Field Frame
End Flange to Lever Housing

Series Parallel Switch
Identification
MANUFACTURE AND TYPE
Delco:

2 Collar
3 Collar

SPECIFICATIONS
Voltage:
2 Collar:
3 Collar:

12,24
2 3/8” Copper Terminals
5 #10 Steel Terminals
4 3/8” Copper Terminals
3 #10 Steel Terminals
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Part Numbering System
FIRST LETTER:

RA110000X: R=Rebuilt

SECOND LETTER:

RA110000X: A=Alternator
RS128000X: S=Starter, Solenoid or Switch

FIRST NUMBER (MANUFACTURE)
ALTERNATORS:

RA110000X: 1=Delco
RA223000X: 2=Leece Neville
RA373000X: 3=Thermo-King
RA402000X: 4=Motorola
RA501005X: 5=Ford

STARTERS: RS128000X: 1=Delco
RS272000X: 2=Leece Neville
RS3431510X: 3=Various
SOLENOIDS
& SWITCHES: RS111000X: 1=Delco

SECOND & THIRD NUMBER (SERIES)
ALTERNATORS:

RA110000X: 10=10SI
RA112000X: 12=12SI
RA115000X: 15=15SI
RA120000X: 20=20SI
RA121000X: 21=21SI
RA122000X: 22=22SI
RA125000X: 25=25SI
RA126001X: 26=26SI
RA127000X: 27=27SI
RA130000X: 30=30SI
RA133000X: 33=33SI
RA134000X: 34=34SI
RA223000X: 23=2300JB
RA225000X: 25=2500JB
RA226000X: 26=2600JB
RA227000X: 27=2700JB
RA402000X: 02=10-747

SOLENOIDS:

RS111000X: 11=Early 40/50MT
RS112000X: 12=Late 40/50MT
RS113000X: 13=37MT
RS114000X: 14=42MT

SWITCHES: RS119000X: 19=S/P

RA110000X: 000=Part Number

FOURTH, FIFTH AND SIXTH
NUMBERS (PART NUMBER:)
LAST LETTER:

STARTERS: RS110002X: 10=10MT
RS127000X: 27=27MT
RS128000X: 28=28MT
RS130001X: 30=30MT
RS137000X: 37=37MT
RS140000X: 40=40MT
RS142000X: 42=42MT
RS150000X: 50=50MT
RS272000X: 72=Leece Neville
RS312800X: 31=Thermo King
RS331240X: 33=Ford
RS3431510X: 34=Mercedes

RA110000X: X=Exchange
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Core Numbering System
FIRST AND SECOND LETTERS,
THIRD AND FOURTH NUMBERS:

AL1000:
ST1100:
SO1200:
SP1300:

AL10
ST11
SO12
SP13

=
=
=
=

Alternators
Starters
Solenoids
Series Parallel Switches

FIFTH AND SIXTH NUMBERS:

AL1000:

00

= Core Number

Core Acceptance Standards
STARTERS
Core will be accepted for exchange if visual inspection indicates the following:
1. Core is complete and not disassembled. A complete starter includes nose housing,
lever housing, gear, armature, field coils, solenoid, field housing and end plates. Starters
without solenoids are acceptable at a reduced core value.
2. Core is product offered for exchange by Haldex.
3. Core is not damaged by non-operational causes such as rust, rough handling or fire.
4. Core is acceptable style-for-style. For example 37MT for 37MT, 50MT for 50MT. However,
42MT is acceptable in exchange for 40MT at no additional charge. (40MT CANNOT be
exchanged for a 42MT.)
5. Early version of Delco Starter and dyer type starter are not acceptable for exchange.
ALTERNATORS
Core will be accepted for exchange if visual inspection indicates the following:
1. Core is complete and not disassembled. Complete unit includes shaft, front and back housings,
rotor, stator and regulator.
2. Core is product offered for exchange by Haldex.
3. Core is not damaged by non-operational causes such as rust, rough handling or fire.
4. Core is acceptable style-for-style. For example 25SI for 25SI, Leece Neville JB Series for
Leece Neville JB Series. Exception is 30SI. Transformer type and non-transformer type are
not interchangeable. (You can return a Leece-Neville JB Series or a Delco 27-SI for a
Motorola 10-255.)
5. Negative and positive ground are accepted interchangeably.
SOLENOIDS
Core will be accepted for exchange under the full core acceptance program if visual inspection
indicates the following:
1. Core is complete and not disassembled.
2. Core is product offered for exchange by Haldex.
3. Core is not damaged by non-operational causes such as rust, rough handling or fire.
4. Solenoids are accepted interchangeably. For example: Any 12 volt acceptable for any 24 volt;
any 24 volt for any 12 volt.
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Core Acceptance Standards (Cont.)
SERIES PARALLEL SWITCHES
Core will be accepted for exchange under the full core acceptance program if visual
inspection indicates the following:
1. Core is complete and not disassembled.
2. Core is product offered for exchange by Haldex.
3. Core is not damaged by non-operational causes such as rust, rough handling or fire.
4. Series Parallel Switches are acceptable for exchange on a style-for-style basis only.

Warranty Policy
DURATION:

12 Months or 3600 Hours

START DATE:

Time of Installation

AUTHORIZED WARRANTY
REPAIR LOCATIONS:

Nationwide Authorized Haldex Distributors

WARRANTY GUIDELINES:

No Hassle Warranty
Acceptance Determined by Servicing Distributor or Dealer
No Warranty Bill Backs

Electrical Components
Warranty Certificate
COVERAGE
PRODUCTS WARRANTED. This warranty applies to remanufactured electrical components
or assemblies (“Electrics”) supplied by Haldex.
This warranty covers any electrical failure which results, under normal use and service, from defects
in workmanship or material. This warranty coverage extends for one year or 3600 hours of operation,
whichever occurs first, from date of first installation.
This warranty is made to owners in the chain of distribution and to the first
retail purchaser only. It does not extend to subsequent purchasers.
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Electrical Components
Warranty Certificate (Cont.)
RESPONSIBILITIES
Haldex Responsibilities:
In the event of warrantable failure, Haldex will replace the allegedly defective “electrics” only. Haldex
is not responsible for repair or replacement of any other electrical or mechanical component. Haldex
is not responsible for incidental or consequential damages.
Owner Responsibilities:
Owner is responsible for any and all labor costs.
Owner is responsible for all towing, communication expenses, meals, lodging and similar costs
incurred by owner, as a result of a warrantable failure.
Owner is responsible for downtime expenses, and all business costs and losses resulting
from a warrantable failure.

LIMITATIONS
Warranty Limitations. Haldex is not responsible for failures resulting from owner or operator
abuse or neglect, such as: Defective electrical wiring, electrical harness, electrical connectors,
batteries or other related electrical components which caused the electrics to fail or improper installation
or misapplication such as installing a 12 volt component on a 24 volt system.
Only Haldex parts are to be used in making warrantable repairs.
These warranties are the sole warranties of Haldex applicable to electrics.
Haldex makes no other warranties, express or implied, or of merchantability
of fitness for a particular purpose.
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Remanufacturing Process
PROCEDURE:

•
•
•
•
•
•

Total disassembly and cleaning
Each part individually inspected
Critical parts that can cause premature failure replaced 100%
100% component testing
100% final testing (loaded)
Superior cosmetics

PARTS REPLACED 100%:
ALTERNATORS: Bearings
STARTERS:
Brushes
Brush Springs
Seals & Gaskets
Fasteners/Hardware
Regulators

Solenoids
Switch Lead Insulators
Gaskets
Seals
‘O’Rings
Boots
Bushings
Brushes
Brush Springs
Lubricating Wicks

SPECIFICATIONS:

OEM or Better

TESTING:

100% functionally load tested under simulated operating conditions

AUDIT:

Random sample audit, failure results in inspection of entire production lot

WARRANTY:

One year or 3600 Hours, no questions asked

SERVICE:

Across the nation at participating Haldex Distributor locations

CORE ACCEPTANCE: Model for Model
No Billbacks
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Features of Haldex Midland
Remanufactured Electrical Products
•

Remanufactured Rather Than Rebuilt

•

Critical Parts That Cause Premature Failure
Replaced 100%

•

State-Of-The-Art Component Testing

•

100% Final Testing Under Simulated Load
Conditions

•

Product Upgraded for Maximum Application
Coverage

•

Consistent Quality

•

One Year/3600 Hour Warranty

•

On-Line Troubleshooting and Technical Support

•

In-House Remanufacturing

•

Remanufactured by the Most Trusted Name in
All-Makes Remanufacturing - Haldex
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Common Problems
ALTERNATORS
Causes of
Over-Charging:

Incorrect alternator application (24 volt vs. 12 volt)
Incorrect regulator adjustment (Defective Regulator)
Defective regulator caused by problems in the electrical system
Defective battery
Defective alternator

Causes of
Under-Charging
or No Charging:

Defective battery
High resistance in the charging system circuit
Incorrect alternator application (24 volt vs. 12 volt)
Insufficient alternator RPM
Belt slippage
Defective alternator
No current to alternator
Alternator not polarized

STARTERS
Causes of Slow
Incorrect starter application (12V vs. 24V, 50MT vs. 40MT)
or Sluggish Cranking: Discharge or defective battery
Battery with insufficient cold cranking amps (Power)
High resistance in the starting circuit (Primary or Secondary)
Engine problems
Defective starter
Causes of Starter
Not Engaging:

Incorrect starter application (12V vs. 24V, 50MT vs. 40MT)
Discharged or defective battery
Defective components in starting circuit
High resistance in the starting circuit (Primary or Secondary)
Dirty or loose solenoid
Defective solenoid
Defective starter
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Electrical Components Troubleshooting
The purpose of this Electrical
Troubleshooting Manual is to
help our customers maximize
product performance and
reduce unnecessary downtime.
To this end, most of the
common problems associated
with heavy duty electrical
components are covered.
Diagnostic procedures for
troubleshooting heavy duty
cranking and charging
systems are included.
To perform the tests in this manual, the
following equipment is required:
1. A variable carbon pile load tester
(500 amps minimum, 1000 amps
recommended) with ammeter.
2. A separate D.C. voltmeter, digital
preferred, capable of reading 0.1
volt increments.
3. An inductive (clamp-on) ammeter
for quick, easy alternator output
measurements.
The cranking and charging systems are
comprised of the battery, starter,
alternator, electrical or mechanical
switches and interconnected wiring.
For maximum operating efficiency all
parts of the system MUST be
functioning properly.
With use, batteries gradually
deteriorate and become less capable of
producing electrical current. Even new,
good batteries can become discharged
for various reasons. Deeply
discharged or worn out batteries will
not supply the electrical power
necessary for cranking. Checking
batteries, therefore, is the first step in
troubleshooting or preventive
maintenance procedures.
Due to vibration, corrosion,
temperature change or damage, wiring
and connections can deteriorate
causing increased resistance to current
flow. Insufficient current or voltage

leads to problems within the cranking
and charging systems. That is why
checking the wiring and connections is
so important.
Excessive wiring or connection
resistance is detected by measuring
the voltage drop or loss when specific
current is flowing.
The four circuits that need to be
checked are:
1. Cranking Circuit – This consists of
the large cables that carry the high
starter current. Excessive loss here
causes slow cranking speeds,
especially in cold weather. Inability
to start from slow cranking can lead
to starter burn-up if cranked over 30
seconds. Deeply discharged or worn
out batteries can cause the same
problem.
2. Solenoid Circuit – This consists of
the wiring from the battery through a
push button or magnetic switch to
the “SW” (switch) terminal of the
starter solenoid and back to the
battery. Excessive loss here can
cause the solenoid to shift in and out
resulting in a no-start condition. A
burned contact disc or burned
solenoid terminals will result. Deeply
discharged batteries can cause the
same problem.
3. Control Circuit (if magnetic switch is
used) – This consists of wiring from
the battery through a key switch
and/or start button to the coil of the
magnetic switch and back to the
battery. Excessive loss here can
cause a “no-start” condition.
Excessive loss or deeply discharged
batteries can cause the magnetic
switch to open and close, which will
cause the starter solenoid to shift in
and out. This action will burn the
contact disc, sometimes causing it to
stick in the engaged position.
4. Charging Circuit–This consists of the
the wiring between the alternator
and battery and the return back to
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4. (cont’d) the alternator. Excessive
loss here can cause the batteries
not to charge properly. Discharged
batteries will cause the problems
outlined above.
It is important that the procedures in
this manual be followed in the order
presented when troubleshooting.
Batteries, wiring and connections
should be checked and corrected to the
specifications outlined. If cranking
problems still occur after the battery and
circuitry are known to be good, then the
connecting cables between batteries
should be checked as covered on page
23, before the starter is replaced.
Similarly in the charging circuit,
batteries, wiring and connections should
be checked and corrected to the
specifications outlined. The alternator
should then be checked for its output
capabilities and replaced if necessary.
If the replacement alternator
rotor does not turn freely by
spinning the shaft, do not
condemn the alternator until
the fan and pulley are installed.
Install the fan and pulley, tighten the
pulley nut 70 to 80 ft-lbs to avoid pulley
or shaft failure. This will properly locate
the rotor in the alternator
housing. The rotor should now rotate
freely in the housing.
If the replacement alternator does not
turn on or charge, it may be necessary
to magnetize the rotor. See page 33
for instructions.

ALTERNATORS LOOK ALIKE.
MAKE SURE THE
REPLACEMENT ALTERNATOR
IS THE PROPER VOLTAGE.

Fundamentals of Electricity
BASIC HEAVY-DUTY
ELECTRICAL SYSTEM
Today’s basic heavy-duty electrical
systems consist of a battery (usually
3 or 4 connected), a starting motor,
an alternator, a magnetic switch, an
ignition switch, a push button switch
and connected wiring.
The battery provides the high electrical
current needed by the starting motor.
The magnetic switch controls the
battery current into the starting motor
solenoid. The ignition and push button
switches activate the magnetic switch,
which in turn activates the starting
motor. If all functions work properly,
the engine should crank. The
mechanical energy of the running
engine provides the power for the
alternator. The alternator creates
electrical energy that recharges the
battery and provides current for the
vehicle’s electrical accessories and
loads. The wiring should be of
adequate size to carry the amount of
current needed for each circuit.
When all these components are
carefully matched they provide a
balanced electrical system that
should perform well.

TERMS
There are a few basic terms that need
to be understood in order to get the full
value of the diagnostic procedures
presented in this manual.
VOLTAGE is electrical force which
causes the current or electrons to flow.
Voltage results from the difference in
pressure in an electric circuit when
electrons are repelled from the
negatively charged battery terminal
and attracted to the positively
charged terminal. Electrical voltage
is measured in volts.

CURRENT refers to the flow or
movement of electrons through a
conductor. Current flow is possible
when enough pressure (voltage) is
applied in a complete circuit. Electrical
current flow is measured in amperes
or amps.
RESISTANCE is simply a restriction
of current flow. Increasing resistance
reduces current flow which can be
detected by voltage decreases or
loss in the electrical circuit. Electrical
resistance is measured in ohms.
MAGNETIC FIELDS are produced
when current is forced through a
conductor. The magnetic field and
direction of current flow are factors
to consider when using amp meters,
especially the clamp-on or induction
type.
CIRCUITS are complete circular
routes of material which conduct
electricity. Current will flow only when
such a circuit is complete, or closed,
even though voltage may be present at
all times. Current cannot flow through
an incomplete or open circuit.
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SPECIFIC GRAVITY is the weight
of a substance relative to the weight
of water. The ideal specific gravity for
the acid in each battery cell is 1.230 to
1.310. The specific gravity of water is
1.00.

Fundamentals of Electricity
INSTRUMENTS

Voltmeter
WHAT DOES IT DO?
The voltmeter is used to measure
voltage (electrical pressure) in a
circuit. Voltmeter measurements
are in given units called “volts”.
HOW IS IT USED?
Voltmeters are always connected
across (in parallel with) a part of the

circuit. Voltmeters measure the
difference in electrical potential or
pressure, between the points where
the voltmeter leads are attached.

We highly recommend the use of
digital voltmeters because:

Generally, a circuit does not have to
be “opened” or disconnected in order
to use a voltmeter.

b) They often can handle all of the
above requirements on one
setting.

a) They are usually more accurate.

Voltmeters usually have a range as
shown below:
a) Low scale - 0-3 volts
b) 12 volt vehicles - 0-16 volts
c) 24 volt vehicles - 0-32 volts
Examples:
V1 measures battery voltage available
during cranking.
V2 measures starter voltage available
during cranking.

Examples:
V3 measures positive battery cable
loss during cranking.
V4 measures negative battery cable
loss during cranking.

Examples:
V5 shows a voltmeter properly
connected in parallel.
V6 shows a voltmeter improperly
connected in series. Connecting a
voltmeter in series will burn up
the meter.
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Fundamentals of Electricity
INSTRUMENTS

Ammeter
WHAT DOES IT DO?
The ammeter is used to measure
the amount of current flow. Ammeter
measurements are in given units
called “amperes or amps”.

Clamp-On Type Ammeter
(Recommended)

Shop Type Ammeter

Measuring Cranking
Motor Current Draw.

Measuring Alternator
Output Current.

HOW IS IT USED?
Generally, except for induction
pick-up ammeters (clamp-on), the
circuit must be “opened” and the
ammeter connected in series to
measure the current flow.
However, the procedures in this
book are designed to make the
diagnostic evaluations without
opening the circuits (exception:
control circuit on page 25). This
avoids disturbing an existing circuit
defect which might prevent it from
being discovered.
Therefore, this procedure
recommends the use of clamparound cable or clamp-on induction
type ammeters for their ease of use,
accuracy, and design which cannot
be damaged by misconnection and
will not damage the vehicle wiring.
If only direct-flow (shop type)
ammeters are available; refer to
the manufacturers instructions for
connecting in the circuit.
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Fundamentals of Electricity
INSTRUMENTS

Carbon Pile
WHAT DOES IT DO?
The carbon pile is a variable resistor
designed to carry high current.

HOW IS IT USED?
Carbon piles are normally an integral part of modern battery testers. In addition
to load testing batteries they can be used to test starter or alternator circuits.

Ohmmeter
WHAT DOES IT DO?
The ohmmeter is used to measure
the resistance in a circuit.
Ohmmeter measurements are in
given units called “ohms”
HOW IS IT USED?
Ohmmeters are connected across
the portion of the circuit where
resistance is to be measured. The
ohmmeter has its own power
source, usually a small battery,
which forces current through the
circuit to be measured. Never
connect an ohmmeter to an external
source of voltage (disconnect battery
ground cable), as this may damage
the meter.

Infinite Reading
Indicates an Open
Circuit (No Continuity).

The Ohmmeter Should
Show Low Resistance.

Low Reading Indicates
Low Resistance
(Continuity).

The Ohmmeter Should
Show Low Resistance.

NOTE: Trouble lights are only go
or no go gauges and do not provide
specific diagnostic information.
NOTE: The ohmmeter is not
necessary for performing any of
the tests in this manual.
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Batteries
BATTERY TYPES
The battery is a device for storing energy and converting chemical energy into electrical energy.
There are basically three types of heavy duty batteries:

MAINTENANCE FREE
These batteries use lead-calcium grid
construction without antimony. They
never need water. No provisions are
made to add water.

FILLER CAP BATTERY
These are lead-acid batteries with a
high degree of antimony in the grid
alloy. They require frequent servicing,
especially the need for adding water.

SEMI-MAINTENANCE FREE
These are conventional batteries with
reduced amounts of antimony and
consequently servicing is somewhat
reduced. Water must still be
periodically added.

TESTING MAINTENANCE FREE BATTERIES
HANDLING PRECAUTIONS
AROUND BATTERIES:
1. Wear face or eye protection.
2. Have water supply available.
3. Provide good ventilation.
4. No fire or flame.
TESTING PROCEDURE:
(test each battery
individually)
1. Disconnect both terminals on
each battery.
2. If battery has threaded stud
terminals, use terminal adapters
when testing or charging.
3. Check each battery visually.
4. Examine the hydrometer eye (if
the battery has no eye, proceed
to Step 5).
• Eye shows green - continue
test.
• Eye shows dark - recharge,
then continue test.
• Eye shows yellow - replace
battery.

5. Remove the surface charge with the
carbon pile by applying a 300 amp
load for 15 seconds. Turn off load.
Wait one minute.
6. If the battery has no hydrometer
eye, measure terminal voltage. If
12.4 volts or more – continue. If
less than 12.4 volts – recharge,
then repeat Steps 5 and 6.
7. Apply a test load of 1/2 the Cold
Cranking Amps (CCA) Rating 0°F
(in amps). The CCA rating can be
found on the battery data tag. After
15 seconds, with load still applied,
measure the terminal voltage.
Turn the load off.
Estimate the temperature of the battery.
If measured voltage does not meet or
exceed the value shown in the chart in
the next column, replace the battery.

Test batteries
disconnected from
each other - one at
a time.

- 20 -

Electrolyte
Temp. (0°F) 70°* 60° 50° 40° 30° 20° 10° 0°
Min. Volts
9.6 9.5 9.4 9.3 9.1 8.9 8.7 8.5
*If over 70° use 9.6 volts.

8. Clean all cable ends and terminals
of the battery with a wire brush.
9. Tighten the hold-down to
specifications.
10.Leave cables disconnected and
continue with the wiring tests.

Batteries
TESTING FILLER CAP AND SEMI-MAINTENANCE FREE BATTERIES

HANDLING PRECAUTIONS
AROUND BATTERIES:
1. Wear face and/or eye protection.
2. Have water supply available.
3. Provide good ventilation.
4. No fire or flame.
TESTING PROCEDURE:
(test each battery
individually)
1. Disconnect both terminals on
each battery.
2. If battery has threaded stud
terminals, use terminal adapters
when testing or charging.
3. Check each battery visually.
4. Check electrolyte level
• If fluid is above the top of the
plates in all cells, proceed to
Step 5.
• If not, add water, replace vent
caps and charge battery for 15
minutes at 15 to 25 amps to
mix electrolyte. Proceed to
Step 5.

5. NOTE: This test must be
conducted with a fully
charged battery.
Check specific gravity. If
hydrometer readings for all cells
are 1.230 or above and show less
than 0.050 difference between
cells, proceed to Step 6.
• If the readings show more than
0.050 difference between cells
– replace battery.
• If the readings show less than
0.050 difference, but some cells
read less than 1.230 – recharge
battery.
• If charging won’t bring up the
specific gravity – replace
battery.
6. To remove the surface charge,
remove vent caps and connect
300 amp load for 15 seconds.
• If a blue haze or smoke is seen
in any cell – replace battery.
• If not, proceed to Step 7.
7. Measure electrolyte temperature.
• Connect voltmeter and a
specific load of 1/2 the battery’s
rated CCA.
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• Read voltage after 15 seconds
while load is still connected.
• Disconnect load. Compare
voltage reading with the chart
below.
• If voltage is less than the chart –
replace battery.
• If voltage is equal to or greater
than the chart – the battery is
good.
Electrolyte
Temp. (0°F) 70°* 60° 50° 40° 30° 20° 10° 0°
Min. Volts
9.6 9.5 9.4 9.3 9.1 8.9 8.7 8.5
*If over 70° use 9.6 volts.

8. Clean all cable ends and terminals
of the battery with a wire brush.
9. Tighten the hold-down to
specifications.
10. Leave cables disconnected and
continue with the wiring tests.

Battery Cable Test
CABLE LOSS TEST
Slow or sluggish cranking is often
caused by high resistance in the
battery cables or connections –
especially in cold weather.
After all batteries test good and the
terminals are clean, check the battery
cables. To do this, place a specific
load on the batteries at the starter.
This load will be an adjustable carbon
pile such as used to load test
batteries.
The difference in the voltage
measured at the batteries and the
starter is the loss in the cables or
connections. The maximum
acceptable loss has been calculated
using a specific load and does not
apply if a different load is used
(unless directed by the instructions).
CABLE LOSS TEST
PROCEDURE:
1. Tighten nuts holding battery
cables to solenoid and starter
terminals.
CAUTION: Solenoid battery
terminal (BAT) is at battery
voltage when batteries are
connected.
2. Connect the positive carbon pile
lead to the starter solenoid “BAT”
terminal. Connect the negative
lead to the starter ground
terminal.
3. Connect the battery cables within
the battery box and tighten to
specification. Connect the
voltmeter to battery positive
and negative posts or terminal
nuts.

4. Adjust the load to 500 amps (250
amps for a 24-volt system).
5. Quickly measure voltage of a
connected battery (measure a
terminal nut or actual post).
6. Turn-off load – allow carbon pile
to cool.
7. Connect voltmeter to the solenoid
“BAT” terminal and starter ground.
Connect directly to terminals, not
to load clamps.
8. Adjust load to 500 amps (250 amps
for a 24-volt system).
9. Measure motor voltage.
10.Turn off load.
Battery
Motor
Cable
Minus
Equals
Voltage
Voltage
Loss
=
____v.(1)
____v.(2)
____v.(3)*
*See below for maximum values.
Recommended acceptable
voltage loss in the cables for
different systems.
12 VOLT SYSTEM
37MT and 40MT High Output (Spec #3501)
In Service Vehicle
.500 volt

40MT Standard Output (Spec #2431)
In Service Vehicle
.800 volt

50MT
In Service Vehicle

.400 volt

24 VOLT SYSTEM
37MT, 40MT and 50MT
In Service Vehicle
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1.000 volt

Some Standard Output 40MT
motors generally used on 2-cycle
engines less than 450 cu.in. and
4-cycle engines less than 600 cu.in.
may have been replaced in service
with 40MT High Output motors. In
these instances, use the Standard
Output wiring drop value instead of
High Output even though the motor
is of the High Output type.
If battery cables are acceptable,
disconnect the carbon pile and
proceed to the starter solenoid
circuit test. However, if the voltage
loss is excessive, proceed to the
next section.

Battery Cable Test
IF VOLTAGE LOSS IS EXCESSIVE
To determine which part of the circuit
has the excessive loss:

7. Measure negative cable voltage
(V5). Turn carbon pile off.

1. With the carbon pile still attached.

Positive
Voltage
Loss
____v.(4)

2. Connect a low scale voltmeter
from the solenoid “BAT” to battery
positive. At the starter, make
voltmeter connections to the
terminal, not to carbon pile
clamp.
3. Adjust the carbon pile to 500
amps load (250 amps for a
24-volt system).
4. Measure the positive cable
voltage (V4). Turn carbon pile
off.
5. Connect voltmeter from starter
ground to battery negative. At
the starter, make voltmeter
connections to the terminal,
not to carbon pile clamp.

Plus
+

Negative
Total
Voltage Equals Cable
Loss
=
Loss
____v.(5)
____v.(3)*

*See page 22 for maximum values.
Repair or replace the cable circuit with
excessive loss.
EXCESSIVE LOSS WILL
DECREASE STARTER
PERFORMANCE and possibly
decrease starter life due to prolonged
cranking.
Excessive loss must be corrected by
repairing or replacing cables or
connections. Loss can also be reduced
by paralleling another cable beside
the original one with the ends connected
to the same terminals.

6. Adjust carbon pile to 500 amps
load (250 amps for a 24-volt
system).

MULTI-BATTERY LOCATIONS
If the vehicle has more than one
battery location, and the battery
boxes are connected to the starter
by separate cables:

6. Repeat the above procedure on
the cables of the first set of
batteries.

1. Disconnect the batteries of the
first set.

7. Repair or replace circuit with
excessive loss.

2. Apply a 250 amp load at the
starter (125 amp for a 24-volt
system).
3. Perform the individual cable
voltage loss test on the second
set (Page 22).
4. Use the same voltage loss
requirements as for the total
system. ____v.(3), (Page 22).
5. Reconnect the first set.
Disconnect the second set.
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Starter Solenoid Circuit Test
TESTING CIRCUIT VOLTAGE LOSS
A starter shifting in and out or not
pulling in, is often caused by high
resistance in the starter solenoid
circuit.
When the solenoid circuit has
excessive voltage loss, the starter
pinion sometimes may not engage
the flywheel. If it does engage, it
quite often drops out too soon when
battery voltage lowers. The solenoid
circuit usually consists of a magnetic
switch with leads to and from the
starter solenoid.
While most vehicles use both a push
button and a magnetic switch, some
vehicles use only a push button
switch to control the starter solenoid.
The procedure for checking both
types of circuits is the same. Only
the magnetic switch circuit is
illustrated.

To find out if there is excessive voltage
loss in the solenoid circuit:
1. Disconnect the lead to the switch
terminal (SW) of the starter
solenoid – marked “S” in the
illustration.
2. Connect the carbon pile to the
switch wire lead and to the starter
ground terminal (a small clamp or
jumper wire may be helpful.)
3. Connect voltmeter to battery cable
ends at starter (not to carbon pile
clamp).

*4. Have an assistant push the start
button with the key on. You should
hear the magnetic switch close.
5. Adjust the carbon pile to 80 amps
load (45 amps for a 24-volt
system). Measure the voltage at
the battery cables on the starter
(V6).
6. Release the start button.
7. Move the voltmeter lead from
“BAT” terminal of the solenoid to
the end of the wire to which the
carbon pile is connected (not to
clamp or jumper).
8. Push start button again. Re-adjust
the carbon pile to 80 amps (45
amps for a 24-volt system).
9. Measure voltage to solenoid (V7).
Release start button.
Cable Minus Solenoid Equals Circuit
Voltage
Voltage
Loss
–
=
____v.(6)
____v.(7)
____v.(8)
12-volt system 1.0 v. maximum
24-volt system 2.0 v. maximum
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If the circuit voltage loss (V8) is less
than maximum and the solenoid
circuit is adequate, turn off carbon
pile, disconnect and continue on to
the magnetic switch test. If more
than maximum, continue the
solenoid circuit test on page 25.
*If the magnetic switch does not
close on a 12-volt vehicle, perform
the magnetic switch circuit test
(page 26). After completing that
test, return to Step 4.

Starter Solenoid Circuit Test
IF CIRCUIT VOLTAGE LOSS IS EXCESSIVE
If the circuit voltage loss (V8) is more
than the maximum, the loss is
excessive. This loss may be caused
by loose terminals, corrosion, too small
a wire, switch located too far from the
starter or a worn out magnetic switch.
To locate the problem:
WIRING TEST:
1. Leave the carbon pile connected
and turn on (will show 0 amps).
2. Connect a low scale voltmeter
(digital preferred) from solenoid
“BAT” terminal to a large terminal
of the magnetic switch. No voltage
should show.
3. If voltage shows, reconnect to the
other large terminal of the magnetic
switch.
4. Push start button with key on.
Re-adjust carbon pile to 80 amps
load (45 amps for a 24-volt
system).
5. Measure voltage (V9) - release
start button.
6. Connect low scale voltmeter from
OTHER large terminal of the
magnetic switch to the “SW” lead
terminal (not to the carbon pile
clamp).

First
Wire
Loss
____v.(9)

Plus
+

Second
Wire
Loss
____v.(10)

Equals
=

Total
Wire
Loss
____v.

Repair or replace wire if voltage loss is
above 0.8 volts.
MAGNETIC SWITCH
CONTACTOR TEST:
(Only perform this test if the magnetic
switch closed in the Wiring Test above.)
1. Connect a digital voltmeter* (V11)
across the large terminals of the
magnetic switch. Battery voltage
will show immediately.
2. Push start button – re-adjust carbon
pile to 80 amps load (45 amps if a
24-volt system).
3. Read voltage loss (V11) across the
magnetic switch. Release start
button-turn carbon pile off. Remove
voltmeter and carbon pile from
circuit. Leave the solenoid “SW”
wire disconnected and temporarily
taped for insulation at the terminal.
Magnetic Switch
Contactor Loss
____v.(11)

Equals
=

0.2 v. max.
(12 or 24-Volt
Systems)

Replace magnetic switch if contactor
loss is above 0.2 volts.

7. Push start button - re-adjust carbon
pile to 80 amps load (45 amps for a
24-volt system).
8. Measure voltage (V10) - release
start button.
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*If a digital voltmeter is NOT available,
magnetic switch contactor loss can be
calculated as follows:
Total
Circuit Minus Wire Equals
Loss
–
Loss
=
____v.(8)
____v.
(From
Above)
12-Volt System 0.8 v. maximum
24-Volt System 1.0 v. maximum

Magnetic
Switch
Contactor
Loss
____v.(11)

Magnetic Switch Circuit Test
TESTING PROCEDURE
A magnetic switch that does not
close or drops out too soon can be
caused by high resistance or an
open circuit in the control circuit.
1. Leave the “SW” lead
disconnected to prevent engine
from cranking.
2. Connect voltmeter to battery
cable ends at the starter.
3. With the key on, push the start
button. You should hear the
magnetic switch close. If not,
proceed.
4. Measure battery cable voltage –
release start button.
5. Connect voltmeter to the two
small terminals of the magnetic
switch. If only one small terminal,
use the magnetic switch bracket
for the other connection.
6. Push start button – measure
magnetic switch voltage.

7. Release start button.
Battery
Magnetic
Control
Cable Minus Switch Equals Circuit
Voltage
–
Voltage
=
Loss
____v.(12)
____v.(13)
____v.(14)
12-Volt System 0.5 v. Maximum
24-Volt System 1.0 v. Maximum

•

If circuit loss is less than
maximum and switch closes,
end test and proceed to the
alternator wiring test.

•

If circuit loss is less than
maximum but switch does NOT
close, replace magnetic switch.
Repeat above test.

•

If the circuit loss is greater than
maximum, continue test below.

IF VOLTAGE LOSS IS EXCESSIVE
If the preceding test has shown that
the control circuit has a voltage loss
exceeding maximum, perform the
following test. With the magnetic
switch connected:
1. Use a low scale voltmeter
(digital preferred).
2. With the key on and the start
button pushed, measure the
voltage loss in the following
circuits.
a. Solenoid “BAT” terminal to
key switch.
b. Across the key switch.
c. Key switch to start button.
d. Across start button.
NOTE: Press and hold
button while connecting
meter.
e. Start button to magnetic
switch.
f. Magnetic switch to starter
ground.

a.
b.
c.
d.
e.

Solenoid To Key
Key Switch
Key To Start Button
Start Button
Start Button To Magnetic
Switch
f. Magnetic Switch To
Starter Ground

ADD
______
______
______
______

v. (15)
v. (16)
v. (17)
v. (18)

______ v. (19)
______ v. (20)

______v. Total
12-Volt System 0.5 v. Maximum
24-Volt System 1.0 v. Maximum

If any of the above circuit checks shows
full battery voltage when the start button
is pressed then an “open circuit” exists in
that portion of the circuit between the
voltmeter connections.
Repair that portion of the circuit with
excessive voltage loss.
Reconnect the “SW” lead to the starter
solenoid
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Starter Replacement Determination
Up to this point, you have checked
the batteries of the vehicle and the
starter wiring.
Circuits using a magnetic switch can
also fail to “hold in” during cold
weather cranking and low voltage
even though the switches and circuit
test O.K. This failure will sound as
though the starter is failing to stay
engaged into the engine. It is
caused by the low voltage of the
system releasing the electrical
connection of the magnetic switch.
If this condition exists, have an
assistant clamp a heavy battery
jumper cable between the two large
studs of the magnetic switch while
cranking.
CAUTION – Studs are at battery
voltage and engine should crank
when jumper is connected. Remove
jumper to stop cranking. If engine
cranks O.K. with jumper in place,
replace the magnetic switch.
If the vehicle now starts properly,
make sure the starter mounting
bolts are tight and proceed to the
alternator wiring check.
If the batteries, switches and wiring
have been checked and the starter
still cranks slowly, check for
available voltage at the starter
while cranking.

Place a voltmeter from the solenoid
“BAT” terminal to the starter ground
terminal. If the voltage is 9.0 volts or
less while cranking (18.0 volts for a
24-volt system) at room temperature,
check the interconnecting cables
between batteries. Defective
contacts in the solenoid may
cause high resistance and an
accompanying voltage drop.
Now disconnect the fuel solenoid
so the vehicle will not start. Connect
the voltmeter across the two large
terminals on the starter solenoid.
Have an assistant crank the engine
until you get a stable voltage
reading. The voltage read across
the two large terminals is the voltage
loss or drop across the solenoid.
It should not exceed 0.50 volts for a
12-volt system or 1.00 volts for a
24- volt system. If the voltage drop
across the solenoid is greater than
this, the starter should be replaced.
To check the interconnecting battery
cables, quickly measure the terminal
voltage of each battery WHILE
CRANKING. Securely fasten
voltmeter leads to the post or stud
nut of every battery. If the difference
between any two battery readings in
the same box is more than 0.5 volt,
or any cable or connection feels
warm to the touch, check or replace
the interconnecting cable.
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If after making all the checks as
described in the preceding pages,
the vehicle still does not crank
properly, the problem must be in
the starter (or engine itself). If
so, replace the starter.

Alternator Wiring Test
This step deals with the charging
system. The output of the alternator
MUST reach the batteries and the
accessory loads with minimum voltage
loss. Any loss slows the rate of charge
to the batteries causing the batteries to
be discharged. DISCHARGED
BATTERIES CAN DAMAGE THE
STARTER. Low output voltages can
also make the electrical components
on the vehicle perform unsatisfactorily.

Most alternators control the maximum
system voltage using a voltage
regulator. This maximum voltage is
available at the output terminal of the
alternator. However, if any voltage is
lost in the wiring, something less will
reach the batteries and the loads. The
greatest losses will occur when the
charging system is putting out rated
output (amps).

Before proceeding with this step,
make sure that the batteries have
been tested. Terminals should have
been cleaned and tightened.

CHARGING CIRCUIT WIRING TEST
Instead of using the current output of
the alternator, this test uses the same
amount of current but draws it from
the batteries. Using a carbon pile
load, the current flows in reverse
through the circuit without the engine
running. Follow these steps to check
the charging circuit wiring:
1. Without the engine running,
connect the carbon pile to the
alternator output terminal and
ground. CAUTION – output
terminal is at battery voltage.
2. Connect a voltmeter across
the battery.
3. Adjust the carbon pile to alternator
rated output (amps). Rated
output is stamped on the
alternator case or name tag.

4. Measure battery voltage (V21).
Turn carbon pile off.
5. Move voltmeter to alternator
(do not connect to carbon pile
clamps.)
6. Adjust the carbon pile to the rated
output (amps) of the alternator.
7. Measure alternator voltage (V22).
Turn carbon pile off.
Battery Minus Alternator Equals System
Voltage
–
Voltage
=
Loss
____v.(21)
____v.(22)
____v.(23)
12-Volt System 0.5 v. maximum
24-Volt System 1.0 v. maximum

If system voltage loss is less than
maximum, disconnect the carbon pile and
tighten mounting bolts (including any ground
wire). Stop test and proceed to page 29.

IF SYSTEM VOLTAGE LOSS IS EXCESSIVE
If the system voltage loss is more than
maximum, continue:
1. With the carbon pile still
connected.
2. Use a low scale voltmeter
(digital preferred).
3. Connect the voltmeter from the
output terminal to battery positive
(you may need a jumper wire to
extend your voltmeter leads).
4. Adjust the carbon pile to the
alternator rated output (amps).
5. Measure positive circuit voltage
loss (V24). Turn carbon pile off.
6. Connect voltmeter from alternator
ground to battery negative
terminal.

7. Adjust the carbon pile to the
alternator rated output (amps).
8. Measure negative circuit loss (V25).
Turn carbon pile off.
Positive
Negative
Total
Circuit Plus Circuit Equals System
Loss
+
Loss
=
Loss
____v.(24) ____v.(25)
____v.(23)
12-Volt System 0.5 v. maximum
24-Volt System 1.0 v. maximum
The above procedure should show which
circuit has excessive loss. Remove the
carbon pile. Repair or replace the problem
portion of the circuit.
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Alternator Replacement Determination
ALTERNATOR OUTPUT CHECK
If the wiring in the circuit is now
adequate, adjust the belts and tighten
the mounting bolts and ground wire.
DO NOT test the alternator output by
pulling the battery lead off to see if it
sparks. This will damage the alternator.
Use a voltmeter or vehicle charge
indicator to determine if the alternator is
charging. Test the alternator output as
follows:
1. Vehicle is at shop temperature.
2. Connect the carbon pile and the
voltmeter across the batteries.
NOTE: On 24-volt vehicles, connect
the carbon pile across one 12-volt
battery. Connect the voltmeter
across the normal 24-volt battery
connection. An induction type
ammeter (clamp around) has its
pickup clamped around the
alternator output wire.

3. With NO electrical loads turned on,
start up the engine. Fast idle the
engine until the voltage stabilizes
(does not increase) for two minutes.
Record it._________volts. Voltage
should not exceed 14.2 volts
(28.4 volts for a 24-volt system).
4. Speed up the engine and turn on
carbon pile. As you turn the carbon
pile knob clockwise, the alternator
output amperage will increase up to
a point and then start to decrease.
The peak amperage obtained is the
alternator full load amperage.
Record it._________amps.
5. Turn off carbon pile and engine.
Rated output is stamped on alternator
case or name tag. If current output
measured is not within 10% of rated
output OR the voltage exceeds the
maximum limits, replace the alternator.

REPLACING THE ALTERNATOR

Leece-Neville JB Series
If after proper installation the alternator
does not turn on or charge, it may be
necessary to magnetize the rotor:
1. Make sure the alternator is properly
installed.
2. Use the drawings above to locate
the “R” terminal pin. Remove the
rubber cover from the pin if one is
installed.
3. Start the vehicle engine and
accelerate to about 1500 rpm
momentarily. If the alternator still
does not turn on or charge proceed
to Step 4.

Delco Remy 25SI Series
4. With engine off, momentarily touch
the “R” terminal pin to the BATTERY
terminal with a jumper lead or length
of insulated wire. It is necessary to
make contact for only an instant.
5. If the alternator still does not turn on
or charge, check the BATTERY
terminal with a voltmeter to insure
you have 12 volts from the battery.
If not, troubleshoot the vehicle
electrical system.
6. DO NOT ground “R” terminal.
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Delco Remy 27SI Series
If the replacement alternator rotor does
not turn freely by spinning the shaft, do
not condemn the alternator until the fan
and pulley are installed. Install the fan
and pulley. Tighten the pulley nut 70 to
80 ft-lbs to avoid pulley or shaft failure.
This will properly locate the rotor in the
alternator housing. The rotor should
now rotate freely in the housing.
ALTERNATORS LOOK ALIKE.
MAKE SURE THE REPLACEMENT
ALTERNATOR IS THE PROPER
VOLTAGE.

Troubleshooting Test Specifications
MAGNETIC SWITCH TEST

BATTERY CHARGE

(20)

(21)

Must have 50% or greater charge
MAINTENANCE FREE
Hydrometer eye must be GREEN
or voltage must be greater than 12.4 volts.
FILLER CAP TYPE
Specific gravity 1.230 minimum.
All cells must be within .050 of each other.

BATTERY TEST

(20)

Remove surface-charge:
Discharge at 300 amps for 15 seconds.
Check for blue haze or smoke
TEST
Measure electrolyte temperature.
Discharge at 1/2 the CCA rating of
the battery for 15 seconds.
Battery voltage must not drop below
the listed values during the 15 second test.
DEGREES F
MIN. VOLTAGE
70 or over
9.6
60
9.5
50
9.4
40
9.3
30
9.1
20
8.9
10
8.7
0
8.5

12 volt system 0.5 volts maximum drop.
(26)

ALTERNATOR WIRING TEST
Adjust carbon pile to
alternator rated output.
12 volt system 0.5 volts maximum drop.
(28) 24 volt system 1.0 volts maximum drop.

ALTERNATOR OUTPUT CHECK
Minimum alternator output must be
within 10% of the rated alternator output.
RATED OUTPUT
MINIMUM
AMPS
OUTPUT
50
45.0
65
58.5
75
67.5
80
72.0
90
81.0
100
90.0
105
94.5
130
117.0
145
130.5
160
144.0
(29)

CHECKLIST
When you’ve finished troubleshooting
you should know the following:

BATTERY CABLE VOLTAGE DROPS
12 volt system, 500 amp load
maximum cable loss 0.5 volts.

(22)

24 volt system 250 amp load
maximum cable loss 1.0 volts

SOLENOID CIRCUIT TEST
12 volt system, 80 amp load
0.5 volts maximum drop.

(24)

24 volt system, 45 amp load
1.0 volt maximum drop.

24 volt system 1.0 volt maximum drop.

1.
2.
3.
4.
5.
6.
7.

Battery voltage after 15 second load test.
Battery cable voltage drop.
Starter Solenoid circuit voltage drop.
Alternator wiring voltage drop.
Magnetic switch circuit voltage drop.
Alternator output no-load voltage.
Alternator output full load amperage.

NOTE: The numbers in the lower left corner of each box
refer to page numbers in this manual.
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Troubleshooting Flow Chart

STARTER

ALTERNATOR
Battery does not stay
charged or alternator
indicates no charge

Starter turns
over slowly or
not at all
Charge
battery

No

Check battery
50% charge
(20) or greater

Check battery
50% charge
(20) or greater
Test batteries
individually

(20)

Bad

Replace
battery

Bad

(20)

Crank engine

Starter
turns OK

Starter turns
engine over
slowly

Repair

Repair

Bad

Bad

Charge
battery

Bad

Repair
wiring

Test batteries
individually
Good

Good

Repair

No

(28)

Test battery
cable voltage
(22)
drop

Good

Test magnetic
Bad (26)
switch

(29)

Replace
starter

Finished

Test alternator
output
Alternator
tests
good

Crank engine
Good

Check belt
tension

Test alternator
wiring for high
resistance/voltage
(28)
drop

Test starter
solenoid voltage
drop
(24)

Bad

Inspect alternator
wiring connections
and
insulation condition

Finished

NOTE: The numbers in the lower left corner of each
box refer to page numbers in this manual.
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Replace
alternator

- 32 0.075 VOLTS
(0.150 PER LEG)

0.075 VOLTS

0.40 VOLTS**

4

00***

6

6

6

4

2

2

0

4

00

1

0

2

00

00***

000

0000
OR
2-0

2-00

1

2-000

0

0000
OR
2-0
IN
PARALLEL

2-000
IN
PARALLEL

300

000

0000
OR
2-00
000
2-00
IN
IN
PARALLEL
PARALLEL

200

0000
OR 2-00 2-000
2-0000
000 2-0 IN
IN
IN
IN PAR- PAR- PARALLEL
PAR- ALLEL ALLEL
ALLEL

1

100

2-0000

00

2-00
IN
PARALLEL

2-0000
IN
PARALLEL

400

Total Cranking Circuit Length in Inches
500

battery-to-battery series connections and length of frame member used in return. No external contactors are included in calculations.
** SAE J541a
*** Minimum gauge size recommended for high-output system. Dual path system preferred.

* Assumes eight series connections w/frame ground. Return path length includes cable from battery(ies) to starter and return to the battery(ies),

12 VOLT
HIGH-OUTPUT
HEAVY DUTY
W/DUAL PATH
TO-AND-FROM
STARTER

12 VOLT
HIGH OUTPUT
HEAVY DUTY
W/SINGLE PATH
TO-AND-FROM
STARTER

24 VOLTS
LIGHT &
MEDIUM DUTY

0.20 VOLTS**

0.12 VOLTS**

12 VOLT
HEAVY DUTY

12 VOLT LIGHT
& MEDIUM DUTY
24 & 32 VOLT
HEAVY DUTY

Maximum Circuit
Voltage Drop
Per 100 Amps

System
Voltage
& Type

Determining Cable Gauge Size

SUBJECT: DO’S AND DON’TS OF

ALTERNATOR
INSTALLATIONS
IMPORTANT: PLACE VEHICLE IN NEUTRAL AND DISCONNECT BATTERIES BEFORE
WORKING ON THE ELECTRICAL SYSTEM. DO NOT TEST THE ALTERNATOR BY
DISCONNECTING THE BATTERY LEAD TO SEE IF IT SPARKS. THIS WILL DAMAGE
THE ALTERNATOR AND VOID THE WARRANTY.

1 - TEST THE BATTERIES BEFORE INSTALLING THE ALTERNATOR
Batteries must be in good condition, have the proper capacity and be fully charged. A defective battery
may cause an alternator to fail prematurely and a discharged battery will shorten the life of the alternator.
An alternator is designed to maintain the charge in a battery, not to recharge the battery.
2 - INSPECT ALL WIRE AND BATTERY CABLES
Battery cables, alternator wiring and wiring connections must be tight, in good condition and free of
corrosion. Loose connections and corrosion add resistance to the charging system and will result in
damage to the alternator. If upgrading the vehicle to a higher amperage alternator, insure that the wiring
in the charging circuit is of sufficient size to carry the additional output.
3 - INSPECT THE FAN AND PULLEY
A damaged fan will affect the cooling of the alternator, decreasing its life. A damaged pulley may affect the
drive belts causing them to slip and drive the alternator at improper speeds. If the fan and pulley are out of
balance, vibration will cause premature alternator failure.
4 - PROPERLY TORQUE THE FAN AND PULLEY IN PLACE
The rotor may not spin freely when the alternator is removed from the carton. Do not reject the unit!
Install the fan and pulley and torque the pulley nut to 70-80 ft. lbs. This will locate the rotor properly in the
alternator and it will turn freely.
5 - USE PROPER MOUNTING HARDWARE
Use grade 5 bolts and self-locking nuts when mounting the alternator. Use hardened flat washers under
the bolts and lock nuts. If using a slotted type adjusting bracket, place a hardened flat washer between
the adjusting bracket and alternator adjusting ear. Do not use lockwashers.
6 - IF ALTERNATOR FAILS TO CHARGE AFTER PROPER INSTALLATION
If the alternator fails to charge after proper installation, it may be necessary to increase the engine speed
or magnetize the rotor.
7 - ENERGIZING SPEED
Sufficient alternator speed must be obtained before the regulator turns on and energizes the field circuit.
This may be higher than "idle" speed. If this condition exists, increase engine speed until the regulator
turns on. Once the regulator turns on it will remain on until the engine is stopped.
8 - MAGNETIZING THE ROTOR
Magnetism is usually retained by the rotor to provide sufficient voltage build-up to turn on the field circuit
when the engine is started. However, units that have been in inventory, disassembled or serviced may
need to have this magnetism re-established. This is accomplished by magnetizing the rotor. To magnetize
the rotor, connect the alternator to the electrical system in the normal manner. With the engine off
momentarily, connect a jumper lead from the battery positive to the relay terminal of
the alternator. (The relay terminal is the small pin type terminal generally covered by a rubber cap.)
This applies to both positive and negative ground systems. This will restore the magnetism in the rotor
and the alternator will begin operating correctly.
9 - TEST ALTERNATOR OPERATION
Alternator output should be 20% over total system requirements. The regulator has been
preset to O.E. specifications. Vehicle indicator gauges may not reveal accurate charging system operation.
Reliable test equipment should be used when testing or troubleshooting the electrical system.
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SUBJECT: DO’S AND DON’TS OF

STARTER
INSTALLATIONS
IMPORTANT: PLACE VEHICLE IN NEUTRAL AND DISCONNECT BATTERIES BEFORE
WORKING ON THE ELECTRICAL SYSTEM.

1 - TEST THE BATTERIES BEFORE INSTALLING THE STARTER
Batteries must be in good condition, have the proper capacity and be fully charged. A defective or discharged battery
will result in low voltage which will stress the starter and may result in early failure. This will also cause early failure of
the Series Parallel Switch. Batteries with insufficient capacity will result in poor starter performance especially in colder
temperatures.
2 - INSPECT ALL WIRE AND BATTERY CABLES
Battery cables and starter wiring must be of the proper size and free of corrosion. High resistance in the starter circuit
will result in slow or sluggish starter performance due to low current flow. This may result in starter failure. Many
starters are needlessly replaced for this reason.
3 - INSPECT FOR LOOSE AND CORRODED CONNECTIONS
All cable clamps and terminal ends must be clean and tight to minimize circuit resistance.
4 - CHECK STARTER AMPERAGE DRAW
Excessive starter current draw will cause slow cranking and starter failure. This will also cause excessive arcing and
burning in the series parallel switch and solenoid. This may be caused by a defective starter, improper starter application
or engine problems.
5 - INSPECT THE FLYWHEEL RING GEAR
Excessive wear on the ring gear will result in premature drive wear and in some conditions poor drive engagement into
the ring gear.
6 - USE PROPER MOUNTING HARDWARE
Use grade 5 cap screws and lock-washers to mount the starter to the engine housing.
7 - ROTATABLE DRIVE HOUSING
THIS STARTER MAY BE EQUIPPED WITH A 24 POSITION ROTATABLE DRIVE HOUSING.
READ THESE INSTRUCTIONS BEFORE CHANGING THE POSITION OF THIS HOUSING.
In order to match the solenoid position of the original starter it may be necessary to rotate the drive housing of the
starter. To change the position of the drive end housing remove the six socket screws from the housing mounting flange
and rotate the housing to the correct position. Make sure that the gasket that seals the drive housing to the starter is still
in proper position. When the housing is properly positioned reattach the six socket screws and tighten to 13-17 ft. lbs.
torque. Place the rubber plugs provided in the blank bolt holes to properly seal the housing flange when the unit is
mounted to the engine.
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Summary

Haldex is confident that this Manual will provide you with the information you need to
troubleshoot most starting and charging problems. It is important that the procedures
in this manual be followed in the order presented.
These procedures will not solve every problem that can occur in an electrical system.
However, experience and good judgement should enable you to solve almost any
electrical problem encountered in the vehicle starting and charging system.
While these procedures, at first glance, may appear complicated and time consuming,
after performing them you will find they are quite simple and straight forward. Usually
when something doesn’t work right, there is really more than one problem. If you find a
problem and correct it - don’t stop - continue through the rest of the diagnostic procedures.
You may find other problems lurking around the batteries, starter, alternator and
associated wiring that could cause further trouble.
With this Manual as a reference, you will be able to help your customers maximize
product performance and reduce unnecessary downtime.
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