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GCharging System
Diagnosis, festing,
and Repair
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1 Charging system diagnosis
1 Charging system precautions
 Charging system tests

1 Alternator service

1 Regulator service
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Common Symptoms

J Dead battery
causes slow or no cranking

1 Overcharged battery
signaled by low battery electrolyte

J Abnormal noise
grinding, squealing, and buzzing
 Indicator light illuminated
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Visual Inspection

_ Inspect for:

loose battery cables
discharged battery
corroded terminals

low electrolyte

damaged battery case
belt tension and condition
wiring condition
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Common
Problems
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Burned out

indicator
light
Loose or Failed ignition
missing switeh
drive belt
IBad alternator Electronic —/
control unit
SHortag trouble
battery

Corroded

cable "{\‘\ g\\,‘\g;"-—f

X,

Bad L5 )
battery
thermistor
Voltage Wiring
regulator problem problem
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Belt Tension

Maoderate
thumb
pressure
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1/2" deflection

Adjusting nut
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Belt &
Problems [z

Inspect belts for these | wwom
kinds of problems

bell

.J Small V-belt Grease
.1 cracks
1] ll r

= 'l Glazed | Detericration
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Belt Adjustment

Loosen the bolts and
pry on a thick area of
the end frame

& ({ A

<A

\

Pull

2 2 Bl

A

f Adjusting
ey

bolt
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Scanning

J Vehicles with self-diagnostic systems
allow you to connect a scan tool for
diagnostics

1 Scan for diagnostic trouble codes
_l Display charging data:

voltage

battery temperature
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1 Disconnect the battery before servicing
1 Never reverse the polarity

_1 Do not operate the alternator with the
output wire disconnected

J Never short or ground the terminals
unless instructed to do so by the shop
manual

1 Never polarize an alternator
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Charging System Tests

1 Output test

1 Regulator voltage test
1 Reqgulator bypass test
_1 Scope testing

1 Circuit resistance tests
] Voltmeter testing
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Output Test

J Measures system current and voltage
under maximum load

] Use a load tester with a voltmeter and
an ammeter
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Equipment Connection

- Load tester

5
Connect the pr
voltmeter leads o
across battery and SO I Lo knob
the inductive pickup ®
on the battery’s 1 o/
ground cable
Black 4] Red
Amps ~ +
Pick-up Battery
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Output Test Procedure

_ Ignition on, record ammeter reading
_ Start engine, operate at 2000 rpm

_ Load battery until ammeter reads
specified output current

J Do not let voltage fall below 12 volts
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Output Test Results

J Add the two amperage readings
together

key on, engine off + engine running

J The result is the alternator output In
amperes

J Compare to specifications
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Regulator Voltage Test

1 Checks the regulator calibration
1 Connect the load tester

1 With the load control off, run the engine
at 2000 rpm

J Compare the battery voltage to
specifications

_1 Most are In a range of 13.5-14.5 volts
] Some regulators are adjustable
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Regulator Bypass Test

 Performed If the output test has failed

1 The regulator Is removed from the field
circuit, applying full voltage to the field

J Follow the shop manual procedures

the insulated screw head or test tab may
be grounded

a jJumper wire may be installed between
the alternator’s battery and field terminals
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Regulator Bypass Test

Insert screwdriver
Tab
N ground tab to

Shorting the tab
should make this
alternator produce the
maximum output




Regulator Bypass Test

Two methods of bypassing the regulator

Regulator
plug terminal
disconnacted|

Use jumper wire to connect
“A" (battery) to "F" (field) terminals

Jumper wire connected
to alternator “BAT" and
“FLD" terminals
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Regulator Bypass Test
Results

1 If the charging voltage and current
Increase to normal when the regulator
IS bypassed, the regulator Is bad

1 If the output remains the same, the
alternator Is bad or there Is a wiring
problem
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Charging System
Scope Testing

J An oscilloscope may be used to
diagnose problems with the alternator
or field control

J A scope may be connected between
the alternator output terminal or field
terminal and ground

Permission granted to reproduce for educational use only



© Goodheart-Willcox Co., Inc.

Hand-Held
Oscilloscope

Note the
connections and
the output trace

Digital —__|
reading

Connect
to ground..
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Normal Output

Small, reqgularly spaced, even ripples

MON MR=00-YY

REM 1147 ALTERNATOR WAYEFORH HH:MIRSS AM

VOLTS +14.3

h\N\“WY\’\NV\(\I\/\'\-NV\)\l\"\(‘\(‘'d"d“\‘\f\"

I GRID l CURSGHS—! wmsemnm"[ WMEFDRM}
onERE onEEE SIFE SELECT }  POSITION
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Normal Output
Electronic Regulator

The regulator is “duty cycling” t

ne field

ALTERHNATOR WAYVEFORM

nnnnnnnnnnnnnnnnnnnnnnnnn
oNEEE onEEd lsizeseLeet | posmion

HHHHHHHHHH
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Normal Output
Heavy Load

High ripple from increased output

ON MAM-D0-YY HHMMESE A

P oL TERNATOR WAVEFORM  ooe oo
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Open Diode

An open diode Is causing the high spikes

MMMMMM -DE-YY ﬁLTERHﬁTUR uﬁvEFURM HH=MNEES Al

RPM 1430 VOLTS + 14.0

AN

r';:%hua |GUFI‘SDH5 1WM'EFDHM WAVEFORN
oNEE ONEGE 'siZEsELEeT | posiTION
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One Open, One
Shorted Diode

RPM 1512

MON MM-D0-Y¥ ALTERNATOR WAVEFORH

|

r' GRID | cunsuﬂa—[ WAVEFORN IWA‘M'EFDHM
T OFF | oNGEEE 'SIZE SELECT ' POSITION

HHMM-55 Al
VOLTS +12.2

4
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No Output

A solid, straight line indicates no output

No output signal at red voltmeter clip
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Shorted Diodes or
Stator

AATLATAMAATAAVAS TR A VA TR TA

Shorted diodes or stator
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Field Control Pattern

Applying a high load should cause the
duty cycle to show more “on-time”

il
Off

50%

o

50% normal duty cycle from ECM
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Circult Resistance
Tests

1 Used to locate wiring problems

1 Two tests may be used:
Insulated circuit resistance test
ground circuit resistance test
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Insulated Circuit
Resistance Test

1 Connect the load tester with the
voltmeter leads between the
alternator’s output terminal and the
battery’s positive terminal

1 Operate the engine at fast idle

_ Load the battery to obtain a 20 amp
alternator output

J The voltage drop should not exceed 0.7
volts (0.1 volt per electrical connection)
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Insulated Circuit
Resistance Test

To accesscories

- L
i "F" wire ‘;I
Alternator Voltage
regulator
e e Ignition
ik itch
switc
£ P =
Battery

Insulated-circuit resistance test
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Ground Circuit
Resistance Test

_1 Connect the load tester with the
voltmeter leads between the battery
negative terminal and the alternator
housing

1 Operate the engine at fast idle

_ Load the battery to obtain a 20 amp
alternator output

J The maximum voltage drop should not
exceed 0.1 volt per connection
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Ground Circuit
Resistance Test

To accessories

Alternator
&
iIF“ Wirﬁ; @
VﬂlEage
regulator
= = Ignition
W SEsEsisEETIES ; SWIIGH

+ .

Battery

Ground-circuit resistance test
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Voltmeter Testing

J May be done when a load tester Is not
available

 An indicator of current output

1 Connect a voltmeter across the battery
terminals
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Measurements

] Base voltage
battery voltage, engine off

J No-load voltage
engine running, accessories off

J Load voltage
engine running, all accessories on

1 Charge voltage
load voltage minus battery voltage
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Base Voltage
The reading should be about 12.6 volts

ryrv D Battery voltage

Engine and | (ILITT]

electrical To battery
accessories A/ terminals
off S

o s /

0= =6 ﬂ

Base voltage
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No-Load Voltage

0.5 to 2 volts higher than base voltage

¥

/ off /f

Engine at
[ fast idle.

accessories

145V (]

11T

| Charging voltage

with no load should|
hot increase
over 2.0 volts

/

=0

No-load voltage
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Load Voltage

If the reading Is not at least 0.5 volts
above base voltage, a system fault exists

41— Voltage with load
13.0V must stay 0.5V

Engine at above base
fast idle, NBEE R valtage

all electrical
7/

accessories on
/”

Load voltage
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] Removal
 Disassembly

1 Component service
J Assembly

_ Installation
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L L OO

Alternator Removal

Disconnect the battery
_oosen the mounting bolts

Remove t
Remove t

Remove t

ne belt
ne wires, noting their location

ne bolts and the alternator
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Alternator Removal

Connector

Alternator

Mounting bolts
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Alternator
Disassembly

Pulley nut

Plastic
or brass

hammer 1 =
i S0 o~
oY) S\ el )2
A Through-bolt i
Rotor  Stillinstalled )%
il Through-bolts

shaft

Allen wrench

!, = Collar removed
Pulley handle
Remove pulley nut Remove pulley Remove through-bolts
and end frame

Alternator
rive end
hield
wrench
Alternator
rotor
Remove end frame Open diode pack Replace bearings
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Disassembled
Alternator

Do not clean electrical parts in solvent

Insulators
08 @@%@ frame
Dicde plate ol
Screw ‘W% ﬁ |
Insulators T

Positive ey ~AAN AR i
brush X\ i ey | g Y/
Brush , , P Y
holder g ) \"‘ . Pulley
Negative ;' (-5 '
.:."'III." -.". ] '-F"k - = I, II :I;':I::.. T-m -.r..-.. '| I' I .IIII;:
i ¥ — \ =) i» i I
i

Positive diode
pack

Drive end

bearing

::*'—....._‘—‘—‘—"-‘_(_“?B

hrough-baolt

Rubber
bushing

Diode end frame
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Rotor Service

] The rotor can have a bent shaft, scored
slip rings, or open, grounded, or
shorted windings

J There are several tests designed to
check a rotor
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Short to Ground Test

Measures the
resistance between
the rotor shaft and the
windings
The ohmmeter should
read Infinity
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Ohmmeter
'/ Infinite

reading

Set selector
at X1000

To slip ring

Short-to-ground test




Open Circult Test

Measures the
resistance between the
slip rings
The ohmmeter should
read low resistance

(see the manufacturer’s
specifications)
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Ohmmeter

2—4 ohms

Set selector

Both test leads
to slip rings

Open circuit test




Rotor Current Test

Connect a 12 volt

battery and an ammeter

to the slip rings

Compare the current to

specifications

Ammeter

3—6 amps

Set on low

s |M|M = i
12-volt battery b

Current test




Stator Service

J The stator can have open or shorted
windings
 Inspect for signs of burning (shorts)

1 Use an ohmmeter to check for opens
and grounds
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Ohmmeter Sooment
connections | =5

£
|
Connection B Connection C
Check for opens Check for grounds
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Diode Service

] Bad diodes can reduce alternator
output or cause voltage ripple

] Connect an ohmmeter across the diode
In one direction (polarity) and then the
other

J The meter should read high resistance
In one direction and low resistance In
the other
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Qhmmeter | ow reading

Diode Test
Connections

one way

Dhmmeter/ High reading
.010Q ® ©

Leads across
diode other way
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Diode Test Results

] Open diode
high (infinite) resistance in both directions

] Shorted diode
low resistance in both directions

J Either condition requires diode
replacement
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Diode Replacement

If diode replacement requires soldering,
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use rosin-core solder

T Soldering
- Ractifier iran
assambly

Long nose ——=— ¢
pliers (used T
as a heal sink)

1
— |
== __
— e,
1 W | i
Il v
el et ¥
oe——
—
1 -_____—_—__
 ——
| _— —— -
— | E— =
= 5y f—— =
—_— b Sh
F———— | — =
- " — - A — -—

[Pl
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Bearing Service

1 Worn bearings can cause rumbling or
grinding noises or become loose

1 If the front bearing Is held in with a

cover plate, remove the screws and lift
It out

1 The rear bearing may be press-fit

1 Press or carefully drive the bearing out
of rear housing

] Grease the new bearing slightly
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Brush Service

1 As the brushes wear, the spring tension
and brush pressure on the slip rings will
be reduced

 Inspect the brushes and compare the
length to specifications

] Replace the brushes Iif they are soaked
with olil or grease
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Alternator Assembly

Brush and
regulator
assembly

Spacer Stator

Rear bearing

Bearing Rotor

plate
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Alternator Assembly

A stiff wire may be
needed to hold
spring-loaded

brushes In position

for assembly
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Alternator Assembly

Install the spacer,

fan, front pulley,

lock washer, and
nut

Torque to
specification
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Alternator Installation

. Install the wires on the back of the
alternator

1 Hand start the mounting bolts

_1 Check the belt condition and alignment
 Adjust the belt tension

1 Tighten the bolts

1 Reconnect the battery

1 Test the alternator output to verify repairs
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1 Location:
iInside or on the back of the alternator
external, in the engine compartment

J Some regulators may be adjustable

a small adjusting screw may be turned to
adjust the voltage setting
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