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ELECTRICAL SYSTEM

The electrical system on the Toyota Land Cruiser and Model FA 60 consists of
the following circuits:
1. Starting Circuit
The circmit from the battery through the starting switch and to starter motor,
controlling the starting of the engine.
2. Charging Circuit
The circuit from the generator through the voltage regulator and ammeter to
the battery, controlling ihe charging of the battery.
3. Ignition Circuit
The circuit controlling the ignilion of the air-fuel mixture inside the engine
cylinders. This circuit extends {rom the battery or generator through the ammeter
and ignition swilch to the primary windings of ignition coil and contact points of
distributor to form the primary circuit, and {rom the sccomdary windings of 1gnition
coil through the distributor and to the spark plugs to form the secondary circut.
4, Lighting Circuit
The circuit from the battery or generator through the ammeter, fuses, and
lighting switch to the various lamps on the vchicle. The wiring for this circuit 1s
of the one-wire system in which all (=) terminals are grounded.
The source of power is the battery or generator and their (—) terminals are
also grounded.
5. Horn Circuit
The circuit from hattery or generator through horn buiton to hotrn relay and
horns.
6. Gasoline Gange Circut
The circuit from generator or batlery through ammeter, ignition swiich, and
dash unit to the tank umit to indicate the existing amount of gasoline m the tanlk.
{. Winker and Flasher Circuits
The circuit from the battery or generator through the ammeter, winker switch
to the winkers or through flasher unit to the turn signal lamp.
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BATTERY

The bhattery used is 12 volts and is carried inside the battery box located under
the front scat.

1. BATTERY SPECIFICATIONS

Model MG 4-12 or RS 4—12
Part Number N-
K—RS 28800
=
Voltage 12 volts
Lighting Capacity 55 amp-hrs (20-hr rate @ 77°F)
Starting Capacity More than 4 min (150 amp discharge ratc)
Voltage after 5 minutes  More than 5 v (150 amp discharge rate)
LElectrolyte Capacity 530 cc approx. (32.3 cu in)
Weight 224 kg approx. (49.4 lbs)
Ground Terminal Negative
Dimensions: Height 185 em (7.28 in)
Width 180 cm (7.09 in)
Length 2885 cm (11.36 in)

2. BATTERY REPLACEMENT
Remove front seatl, unhook battery box cover clamps, and take off cover. Normal-

ly, the batlery is inspected and serviced in this state.
The battery can be removed by unscrewing the nuts from the 3 clamp screws

holding down the battery setting plate
and taking off this plate.

3. BATTERY CONSTRUCTION
The battery is composed of the fol-

lowing component parts:

1. Battery Casc
Cover
Bushing
Filler Cap
Filler Cap Gasket
Positive Plate
Negative Plate
Scparator
Glass Mat
Splash Plate
Terminal Post
Connector Bar
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The battery plates are made up of lead-antimony alloy grids, the openings of
t which are filled with pastc composed of powdcred oxidized lead and sulfuric acid
| which when dried forms the pasted type battery plates. These are of two kinds,
the negalive and positive plalcs.

k The grids in the positive plates are filled with lead peroxide PbQ, as positive
active material and the ncgative plates arc filled with sponge lcad Pb as negative
active malerial.

As these grids serve as passages for the eleciric current during chaiging and
discharging, lead-antimony alloy 1s used 1n their construction to provide the necessary
hardness and resistance against corrosion.

O Note: Active Material

These are substances which take part directly in the action of the baltery
and are as follows:
i (1) Lead Pcroxide
A fairly hard, brittle, chocolate colored material with chemical formula
h,,
(2) Sponge Lead
Pure soft lead in sponge state, that is, made exceedingly porous, with
chemical formuta Ph.
(3) Diluted Sulfuric Acid
A mixture of sulfuric acid and water being a colorless, and transparent
solution with chemucal formula ILSQ, and termed battery electrolytce.
Separators are provided belween the positive and negatrve plates to prevent any

direct and indirect shorling between the plates. These scparators are made of glass
fibers.

(“O Glass mats are provided hetween the posilive plates and separators to prevent
the active substances m the positive plates from falling off and also to prevent the
separators from oxidizing.

The elcctrelyle used is chemically-purc dilute sulfuric acid. As 1t takes only a
small amount of impurities to affect the battery performance, not only the sulfurc
acid bul the waler used in diluting this acid should be selected with care as to its

pureness.

Normally chemically-pure sulluric acid and distilled water are used but the allowa-
ble lumt of impurities is as follows:
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ALLOWABLE LIMIT OF IMPURITIES

IN SULFURIC

Appearance

Specific Gravity

ACID AND WATER

Sulfuric Adid

Colorless, transparent
1.840

Coloiless, transparent
1.000

Iron Less than 0005% Less than 00005%
Chlorine Less than 0.005% Less than 0.0005%
Nitiogen Less than 0003% Trace
Copper Less than trace None
Mangancsc Less than lrace None
Residue Less than 0.02¢% Less than 0.0003%

The eloctrolyte conlains 27% by volume or 38% by weight sulluric acid and its
specific gravity 1s 1280 at 20°C (68 [}
The battery case is of ehonite with rubber and sulfur being its main constituenis

To prevent reversing Lhe conneciions on the terminals by mistake, the positive

terminal (upper end diameter 0.697) 15 made .06 larger than the negative terminal

{upper end diamcter 063").

4. MAKING UP ELECTROLYTE

In making up the clecirolyte with sulfuric acid and distilled water, the following

procedures should be observed.

0

@

3

4

The contammer used should he of glass, chonitc, lead-lined wood, or other
material strongly 1esistant to sulfuric acd.

Pour distilled water into the container first and then add concentrated sul-
furie acid slowly.

Never reverse this order and pour the distilled water into the sulluric acid
as this is cxiremely dangerous practice

Keep myxing the solution while adding ihe acid as the temperatuie will rise.
Coaoling from outside will be found helpful.

Avoid pouring this solution mnto the battery until it has cooled down to
about 85°F.

The percenlage of concentrated sulfuric acid to distilled waler 15 as shown
below

Amount Distilled Water to One Part
Concentlrated Sulluric Acad (by volume)

Specific Gravity of
Electirolyte at 68°F

1.15 6.4

1.20 46

122 40

1.24 3.6
— 4

Donated by Jim Casagrande cruisercult com




(6

1.26 3.2

1.28 2.8
1.30 2.6
1.32 2.4
1.3 22
1.36 1.9
1.38 1.8
1.40 1.7

To measure the specific gravity of the clectrolyte, float the hydrometer in
the electrolyte. The reading at the level where the fluid surface rises up
the hydrometer due to surface tension is the specific gravity.
Specific Gravity of Electrolyte and Temperature.
The specific gravity of the clectrolyte is aflfected by the temperalure, that
is, the specific gravity of any electrolyte will become less as the temperature
rises. Thus, when expressing specific gravity, the temperature at which the
reading was taken should be made clear or else the reading should be cor-
rected to the standard temperalure.
The standard temperaturc is taken as 20°C (68°F). Any specific gravity
reading at other temperatures must be corrected to that at 68°F and expres-
sed as such.
The specific gravity becomes 0.00041 less for 1°F rise in temperature and
reversely, becomes 0.00041 greater for 1°F drop in temperature.
This temperature correction of specific gravity is calculated by the following
equation.

Taking Ss as specific gravity at standard temperature 68"F, the specific

gravity St at any temperature t°F will be

Ss = St + 0.00041 (t — 68)

The efficiency of the battery decreases as the temperature becomes lower.
Also during cold weather, there is danger of the electrolyte freezing if ils
specific gravity is low.

5. CHEMICAL ACTION IN BATTERY

The baltery stores chemical encrgy in form which is readily available as electrical

cnergy when desired. The following are brief descriptions of chemical actions which

take place during charging and discharging.

(L)

Chemical Action Taking Place During Discharging.

Discharging is meant the drawing out of electrical energy from the
battery. When the battery is discharging, the lead peroxide in the posilive
plates and the spongy lead in the ncgalive plates react with the sulluric

— e
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acid in the electrolyte to form lead sulfate.
For this reason, the sulfuric acid content in the electrolyle decreases with

formation of water to gradually lower the specific gravity.

The amount of drop in specific gravity is approximately proportional to
the amount of electrical discharge so that by measuring the specific gravity,
the condition of the baltery charge or the amount of charge remaining in the
battery can be approximated.

Positive Plates Lead peroxide (PbO, Discharge Lead Sulfate (’bS0O,)

— >
I Electrolyte Sulfuric Acid (II,SO,) Discharge Water (H,0)
—
' Negative Plaies Sponge lead (P’b) Discharge Lead Sullate (PhSO,)
-

(2) Chemieal Action Taking Place During Charging

Charging is meant the storing up of chemical energy into the battery by
supplying electrical energy from outside sources and reconverting the lead
sulfate formed on both plates during discharging back to the active materials
of lead peroxide and sponge lead.

The sulfuric acid formed on both plates returns back to the electrolyte
to enrich and raise ils specific gravity.

The chemical action taking place are as follows.

Positive Plates Lead Sulfate (PbSO,) Charge Lead peroxide (PhO,)

- —
Electrolyte Water (110O) Charge Sulfuric Acid (H,S0,)

- —
Ncgative Plates Lead Sulfate (PbSO,) Charge Sponge Lead (Ph)
——>
When the lecad sulfate on both plates have all been practically reconver-

ted back to the original actlive substances, the charging is almost complete
and the charging current through electrolysis of water contained in the
electrolyte vigorously discharges out oxygen gas from the positive plates

and hydrogen gas from the negative plates.
The chemical action taking place during charging and discharging is
reversible and is shown by the following chemical equation.
Pb + 2ILS0, + PbhO., Discharge PbSO, |- 2H,0 + PhSO
-

k=3 (+)  Charge ) (+)

P ——

Through this reversible chemical action, it is possible to discharge the

discharged battery and restore it back to its original substances.

’ 6. BATTERY CAPACITY

The capacity of the battery is the product of the discharge current by the time
when the battery is discharged at a constant rate and is expressed in amperc-hours.
In a battery, the discharge time becomes cxcecdingly short as the discharge

T
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current rises to make their product, that is, the battery capacity, smaller. For this
reason, in determining the size of the battery, the discharge current or clse the dis-
charge time must also be known together with the capacity. As an example, if the
battery is discharged at a constant current and it takes approximately 10 hours to
discharge down to the final discharge voltage, Lhe capacity in this case will be ex-
pressed as 10-hour rate capacity.
(Note)
Discharge Termination Voltage

In discharging the battery, its iterminal voltage drops suddenly at the
beginning of discharge, then drops gradually but again begins to drop sud-
denly at the final stages so that discharging should be discontinued belore
the baltery is overdischarged. The limiting value is known as the discharge
termination voltage.

The final discharge voltage limiting battery discharge are as follows.

Discharge Rate Discharge Termination Voltage
20 1.85
10 1.80
5 L75
3 1.70
1 1.65
Iligh Rate Discharge 1.50

The above shows the limiting values when the discharge is made continuously.
Under actual conditions, it is perferable to discontinue at higher voltages.

Under intermittent discharge or at very low discharge rate, the final discharge
voltage should be from 1.85 to 1.90 volts.

7. DISCHARGE

The battery is the electric power source of the car and supplies its required
electric load current. When the car is in operation, the generalor constantly charges
the battery and maintains it in completely charged state. However, if the current
consumption is large and the generator fails to give adequate charging, the battery
will gradually be reduced to a discharged condilion.

The specific gravity of the electrolyte in this case will drop in practically straight
line proportion to the discharged amount.

When the battery discharges, the active materials lead dioxide (Pb0,) and sponge
lead (Ph) on the plates change into lead sulfate (PbSO,) and tend to expand. 7This
expansion rate is in direct proportion to the discharge current but il the battery is
discharged rapidly, the active materials will expand suddenly with dangers of warping
the plates.

If a discharged battery is left as is, self discharge will be promoted. In addition,
if a battery is overdischarged, the lead pcroxide on the plates will change to lead

—
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sullate and cxpand over the limit so that when recharged, it will fail to return to
its orignal state to result in permanent damage to the positive plates.

Also if the battery is overdischarged, the rlectrolyte will become thinner with
dangers of [reezing in cold weather. Furthermore, if the overdischarged battery is
used, the active materials on the plates waill stick to the separators to make charging.
impossible.

For the above reasons, 1t is extremely imporiant thal the battery be ingpected
constantly to see that is does not hecome overdischarged.

The voltage drop during the early stages of discharging is gradual but as the
final stages of discharging 15 approached, the vollage begins 1o drop suddenly. Special
care should be taken ai lhe slage when the voltage begins to drop suddenly ag there
15 danger of overdischarping.

8. SELF DISCIIARGE

LEven if the battery is not m use, the pure chemical reaction and the eleciro-
chemical reaction caused by the impuritics, taking place mside the bailery will con-
stantly use up the storcd energy to decrease the capacity  This phenomena 1s termed
self discharge.

With the exception of lcad, lead peroxide, and dilute sulfuric acid, all other
matters contained mside the battery are considered umpurities. Among these which
are most Iikely to enter the batlery and cause self dischaige are antimony, iron,
manganese, and ammonia.

Sclf discharge will become greater with rising temperature.

The lead sulfate formed by sell discharge if allowed to remain will gradually
crystallize and 1n time will cause sulfation of the plalcs

Allthough the amount of self discharge will vary, the battcry if left alone will
always self discharge so that it should be recharged periodically about once a2 month.

Self discharge is the action which takes place inside the battery and is difler-
entiated from leakage discharge to the outside due to defective insulation and other

causes. — —1
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9. CHARGING

The battery should never be permitted to remain in a discharged state. This is
due to the fact that the self discharge action mentioned above will affect the battery
performance to an cxccedingly large degree.

Once the sulfation occurs on the battery plates, recharging will not restore these
plates to their former condition so that if sulfation is allowed to continue, the battery
will eventually become uselcss.

Even if a batlery is partially discharged, it should always be brought to a fully
charged stale.

The following are the method used in charging the battery.

(1) Comnstant Current Method

A method in which constant current is used in charging from the start
to the finish. Charging is carried out with constant current of 3 to 4
amperes for long period of time.

(2) Constant Voltage Method

A method in which constant valtage is maintained throughout the charging
period. A large current flows at the beginning of the charge but as charging

progresses, the current gradually becomes smaller.
(3) Stepped Current Method

A comparatively large current is used at the initial stage but as charging
progresscs, the current is reduced and at the final stage, the current is further
reduced.

The principal methods used in charging the battery are the constant current
and constant voltage methods.

IFor the battery installed inside the automobile, the conventional method of
charging employed is the constant voltage mcthod by using the voltage regulator.

When the battery becomes badly discharged, it is removed from the car and
recharged from outside sources. This method of removing the battery from the car
and recharging from outside sources is termed bench charging.

Bench charging becomes necessary in the following cases.

1). When the specific gravity of the battery electrolyte becomes less than
1.120 (68"TF).

2). When the voltage of any one cell in the battery becomes less than
1.80 volts.

(1) Constant Current Method

In the conslant current method, the batteries are connected in series and are
charged with a constant current of 3 to 4 amperes. As the charging progresses,

— e
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oxygen will first be produced at the positive plates and later hydrogen will be pro-
duced at the negalive plates. When the charging approaches comipletion, this pro-
duction of gasses become very vigorous and the electrolyle tuins milky

This condition is termed gassing. After 1 to 2 hours after gassing appeats, the
the charping can assumed to be complcte

The production of gas 1s duc to part of the charging current decomposing  the
water through electrolysis This gas given ofl 1s highly explosive so that {lames
should never he allowed in the vicinity when charging batteries.

As the charmmg progresses, the voltage rises gradually and when the cecll voltage
reaches 22 to 2.4 volts, Lhis voltage rise becomes very rapid and {inally reachrs a
steady voltage of 2.5 to 2.8 volts. After continuing this fairly constant voltage [or
over 1 hour and if all cells are gassing freely, the battery can be assumed to be
fully charged. Since the value of this constant voltage will not always be the same
due to differences in amouni of charge originally in the battcry, temperature, specific
gravity of electrolyte and other factors, it is difficult to determine the charged con-
dition through voltage alone.

The specific gravity of {he electrolyte vises as the battery becomes charged.
This rise 1s gradual at first but rises rapidly at the same time the voliage shows
its rapid rise, and finally rcaches a constant value.

Tlus specific gravity unlike the voltage which is ailected by many factors, will
rise correspondingly with the amount of batlery charge. Thus, specific gravity
should be used as means of detcrmining completion of battery charging with the
voltage and gassing uscd {or reference purposes only.

If after the completion of charging, the speafic gravity 1s found to be much
higher than 1.280 (68°F), distilled water should be added to the electrolyte to adjust
its specific gravity to this valne. If the cells show more than 0.01 diffcrence 1mn
specific gravity, charging should be continued until all cells show specific gravity of
1.275 to 1285. If the specific gravity fails to reach 1.280, add dilute sulfuric acid
(specific gravily 1400 @ 68°F) to adjust, but this should always be done at a shop
gpecializing in battery repairs.

(Note)

After adding either distilled water or suliuric acid, charge battery at least
30 minutes to allow this to mix thoroughly.

(2) Constant Voltage Method

In the consiant vollage method, the batteries arc connected i parallel. In this
method, a constant voltage is maintained throughout the charging period For a
12.volt battery, the charging voltage 1s from 14 to 14.8 volts.

During charging, a large current will flow at the initial stage but thus charging
current will gradually become less until at the final stage there will be practically

— 10 —
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urrent flowing. Consequently, by this method, gassing will not occur as in the

fno ¢
case of the constant current method.

The advantages of the constant voltage method are that the batteries can be

charged efficiently in short time and because of the fact that the batteries are con-
nected in parallel, any battery can be taken out at any time to cnable efficient charging
of each battery to its best condition.

(3) Charging Precautions
1. Before charging, check electrolyte level in all cells to sce that it from 3/8”
to 1/2” above the plates and add distilled water as required.
2. In filling electrolyte into the battery, make sure that its temperature is
below 85° 1.
3. During charging, have vent plugs removed from all cells.

>

During charging, take care not to have Lhe temperature rise over 110°F.

1f it begins to get hotter than this, reduce charging current to one-half or
discontinue charging and wail until the battery cools down belore conlinuing.
5. Keep all open flames away from the balleries when charging.

10. OVERCHARGING OF BATTERIES

Overcharging of the battery is harmful for the following reasons.

1. The water in the electrolyte will be decomposed to produce gasses which
in turn will act on the active matter in the plates causing them to flake ofl.

2. The water in the electrolyte will be decreased to gradually concentrate the
sufuric acid and carbonize the separators with resultant breaking down of
the negative plates.

3. The temperature will become high to resull in early corrosion of Lhe positive
plate grids.

4, The positive plates will become warped to puncture the separators and be-
come the cause for shorting.

11. BATTERY TESTING
(1) Hydromcter Tests L

The most common method of deter- 7

mining the condition of the battery is L

through measuring the specific gravity of ] ij
its electrolyte with a hydrometer. Since 3 e e

the specific gravity of the electrolyte varies

with the temperature, the reading taken e /’\

should always be corrected to that of & 5
standard temperature. ' — e

P i
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Specific Gravity of Electrolyte and Charged Condition

Specific Gravity Termnal Amounl of
Electrolyte 68 I Voltage Charge
1.100 e 1.80 R Fully D;,; rged
- 1.145 o )1 82 i 1/4 Charged -
) ’1.15— - 196 o ?Charged T
B ,1.235 2.01 o E’Eﬁhargcd
- ,1.280 B 274 - FII—I; Charged

Specific Gravity of All Cells Are Low

If the starter motor [ails to turn the cngine, measure speaific gravity and if
found below 1.100, remove baticry from car and 1echarge by bench chargimg method.
Tn ine meantime, ma%ke careful check of the generator, voltage regnlalor, and

wiring to venify that these parts are not at fault.

Specific Gravity of Only One Cell Is Low

In this case, the cell with the low specific gravity 1s usually ghorted. This is
d 1 the
boltom to Louch the plates, or some metallic object which may have fallen inside to

probrbly caused by the separators being fatigued, enough sediment collecte

shori the plates.

In such cases, check for the cause and make nccessary repairs. If the separators

require replacement, they should alse be replaced on all the cells.

Sulfated Plates

4
If the specific gravity of a cell remains constantly low and reguires frequent (4

replenishment of distilled water, the upper parts of the plates in that cell will

temporaiily be exposed to the air.

These parts will then be sulfated and if tius sulfation progresses until all of
the plates become uselcss, the specific gravity of this cell will nol rise no matter
how long it is charged. At the samc time, considerable heat will be evolved during

charging to hasten evaporation of water.

Specific Gravity Drops Below 1100 or Tao Low 1o Read

A battery in this conditton will not enly he unable to crank the engine but
will have difficully in keeping the lamps lit.

As it is dificult to measure such low specific gravity with common hydro-
meter, the hattery condition cannot be diagnosed fully with just a hydrometer. Some
other method of test should be made and the nature of the trouble determined

12—
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accuralely to enable making repairs.
(21 Voltmeter Tests
Voltage of All Cells Are Low
If the voltage of all cells are measured and found to be less than 1.75, the
battery is completely discharged and should be benchcharged.
Dilference in Cell Voltages Is More Than 0.15 volis

Charge until voltages become uniform. If unable to restore, battery should be
overhauled.

(3) Cadmium Voltage Test

The charged condition of a battery can normally be determined with a hydro-
meter or a voltmeter but if the battery capacity is reduced, cxact determinations
cannot be made as to whether the positive or the negative plales are at fault.

In such a case, measurements are made with a cadmium auxiliary electrode.
This electrode is immersed in the electrolyte and the voltage between the cadmium
auxiliary elecirode and each positive and negative plate is measured to determine
which of the positive or negative plates are defective.
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During discharging, the cadmium electrode also becomes the load electrode for
the positive plates so that the terminal voltage becomes the diffcrence of the
cadmium voltages measured.

An example of cadmium voltage tesls taken on 3 cells in which the terminal
voltages have dropped to 18 volts at end of discharge peitod 1s as follows.

A B C

Cadmium positive plate voltage 210 200 19
Cadmium negative plate voltage -030 -020 -0.15
Terminal Voltage 180 1.80 180

A haltery in good condition will show 1.95 to 210 volts between the cadminm
and positive plate, and 0.15 to 0.39 volt between the cadmium and negative plale.

In the above example, the terminal voltages are the same 1.80 volls in the 3
cells bul it can be seen that in cell A, the negative plate controls the cell and
the cell C, the positive plate limits the cell.

During charging, the cadmmum electrode near completion of charge boccomes a
positive electrode with reference to the negative plate. Consegently, the terminal
voltages will be the sum of the voliages beiween the cadmium electrode and the
posilive and negative plates.

A battery in good condilion when amply charged will show 249 to 255 volis
between the cadmium elecirode and positive plate and 0.1 to 04 volt between the
cadmum clectrode and negative plate. Consequently, the cell termmal voltage will
be 2.401+0.1=25 to 255+04=295 volla.

In this manner, it is possible to determine the condition of the positive and
negative plates in the battery.

(Relercnce)

The capacity of the baticry is determined by discharging the battery from its
fully charged state until discharge lernuination voltage is reached and measuring the
time Tequired for making this discharge. There are two methods of making this
discharge, 1e., low rate discharge and high rate discharge.

The lest requsites are as follows:

1. Low Rate Discharge Capacily Tesl

Specific Gravity of Electrolyte 1280 == 0.01 (68°F)
Before Mscharging

Time to Begin Discharging 1 hr. in undisturbed state after
charging is completed

Discharge Currcent 275 amperes

Discharge Termination Voltage 1.85 volts per cell

Electrolyte Tempcerature 95° +2°C (77° =3.6°F)

During Dscharge
2, High Rate Discharge Capacity Test

— 14 —
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Time to Begin Discharging Over 24 hrs in undisturbed
state at atmospheric
temperature of 59°F
after charging is completed

Discharge Current 150 amperes

Electrolyte Temperature At 59°F

Beginning of Charge

12. TROUBLE SHOOTING BATTERY

If it appears that the battery is defective, check to see if the battery is fauity
by charging and comparing its cells as to voltage, specific gravity, and gassing
condition during charging.

The following are clear symptoms of battery troubles.

(1) Specific gravity of electrolyte is exceedingly low,

(2) During charging, specific gravity fails to reach specified value although voltage
reaches high constant value and ample gassing occurs,

(3) Voltage changes abnormally during charging.

(4) Temperature rises abnormally.
When any of the above symptoms are present, inspect the battery.

Battery troubles are not limited to exiernal defects such as damaged -case,
damaged terminals, etc, but will also have internal defects as well.

The following are some of the principal internal defects together with brief

outlines of their causes and repairs.

(1) Internal Short in Battery

When the battery is internally shorted, very little or no gassing occurs at the
end of the charging. In addition, the voltage and electrolyle specific gravity will be
abnormally low while the temperature rises considerably.

The probable causes of internal shorting are:

a. Sediment accumulated in bottom of cell and shorting the plates.

b. Separators damaged by warping plates to cause shorting.

c. Foreign object between plates.

d. Damaged separators.

These poinis should be checked for and eliminated to remedy shorting.

(2) Sulfaticn

Sulfation is the conversion of lead peroxide in the plates to white (crystallized)
lead sulfate and results in increasing the internal resistance and decreasing battery
capacity.

When sulfation oécurs, clectrolyte specific gravity becomes low and during

charging, the voltage and temperaturc will rise abnormally.

— 15—
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The procedure for attempting to reslore a sulfaled battery is to overcharge 1t
at one-half the normal current until temperature rises Lo aboul 115°F. The charging
is then discontinued until the battery cools down alter which charging is recontlinued.
This is repeated until the specific gravity reaches a ronstant value.

IT this mcthod fails to restore the battery back (o its former capacity, drain
aut all the electrolyte and fill with distilled water. Then charge (he battery at
one-half the normnal charging currect.

It the specific gravity rises to L1353, drain out the fuid and fill again with
distilled water. Keep charging until the specific gravity rises again to 1.5 and
reneat the above procedure several times. If this restorcs the voliage to specified
value, adjust the final solution to give specific gravity of 1.280 (68°F),

If this mcthod also [ails to restore the battery, replace the plates.

(3) Low Specific Gvavity of Electralyte
if the electrolyte specific gravity of any cell is lower Lhan the others, first check
for the cause of trouble hefore adding dilute sulfuric acid to raise its specific gravity.
If no iroubles are present, charge unlil the specific gravity fails to rise any
higher and then adjust the specific gravity to the reyuired value.

(1) Impurities in the Electrolvte

If forcign matlers Lecome mixed in the electrolvte or if it becomes contaminated.
the electrolyte should be replaced imumediately.

To replace the electrolyte, empty after discharging the Dallery, and wash the
interior of the cells thorounghly with clean water several times and £nally rinsc
with cdistilled water.

Next prepare electrolyte with specific gravity 0.03 Lo 0.05 higher than that which
was emptied from the battery. After making sure that the battery is clean, fill
this solution and charge.

After completion of charge, adjust specific gravily Lo 1.250 (68°F).

(G) Warped or Delerioraled Plales

Warped plates are usually seen on the positive side. The maln causes for
warping are, overdischarging, usc at too higl a Lemperature, long exposure to direct
sunlight. too low a charging rate, and battery freezing,

Warped plates are repaired by completely discharging the balicry and taking
oul Lhe plates and correcting.

After a certain period of usage, the aclive matter in the positive plates will
flake off to a certain degree and the active matter in the ncgalive plates will begin
to harden to result in reducing their capacities. Plates which become deteriorated
in this manner will have smaller capacitics when fully eharged and becomss charged
much faster so thar when this stage is reached they should be replaced.

16 —
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{(6) Raitery Overheating

When battery overheats, this is mainly caused by overcharging. As this is due
to too large a charging current from the generator, the charging circuit should be
checked for the cause of the trouble.

The temperature of the battery should not rise over 115°F.

Ovcrheating will cause rapid evaporation of the water content in the electrolyte
to reduce the amount of fluid and expose the tops of plates and separators which
not only will affect the life but will hecome the cause of the plates and scparators
buckling.

— 17 —
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STARTER

EEEEE

Battery |

Starter Motor

Starter Switch
Ammeter .
" Ignition Coil

1. STARTER SPECIFICATIONS

Model Bosch
Part Number FA 70 28000
Drive Overrunning Clutch
Drive Actuator Magnetic Switch, Screw-push Typc Mcshing
Motor
Type Series
Direction of Rotation Clockwise as viewed from pinion side
Rating 30 seconds
Rated Voltage 12 volts
Rated Horsepower 14
Output Characteristics
No Load: Voltage 12 volts
Current 60 amperes
RPM 4000
== (=
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Full Load: Voltage
Current
RI'M
Torque

Locked: Voltage
Current
Torque

Speed Ratio

Brush Spring Tension

10 volts

Less than 260 amperes

1000

L0 kg-m (7.23 ft-lbs)

8 volts

Less than 550 amperes

More than 2.0 kg-m (14.5 ft-lbs)
136:9 (Motor to engine)
800 to 950 grams (28 to 33 0Z)

Pinion Gear: Tooth Form Special
No of Teeth 9
Outside Diam. 30 mm {1.817)

Pinion to Ring Gear Backlash

Magnetic Switch Activating Voltage 6 to 7 volts

Less than 0.2 volts @ 200 amperes
8.5 kg (21 1bs)

Voltage Drop through Contacts

Weight
2. CONSTRUCTION OF STARTER

The principal parts of this starter are the
switch, and overrunning clutch. In {his Bosch type starter, which is a special design
of the Bosch Co., the method employed 1 shifting the overrunning clutch to engage
the ring gear is of the sciew-push Lype instead of the push-in type commonly used

on most vehicles.

The starter motor is of the series Lype

in which the field coils are connected m
series with the armature circuit. Since a
very large current of from 150 to 600 am-
peres may flow for an inslant during start-
mg, the field coil windings are of heavy

CODpEr wires.

19 —
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The splined part of the armature shaft on which the overrunning clutch slides
on when shifting is made helical.

For this reason, the overruaning cluich is already turming when pushed out by
the drive lever to engage the rng gear during starting. As the pimion begins to
engage the ring gear, the turning force of the armature sends the pinion into com-
pletc mesh without further reliance on force of the drive lever. Because of the
small force required m actuating the drive lever, the magnetic or solenoid switch is
made very small in comparision to that ueed on the conventional push-in iype of
starter.

In the usual iype of overruming clutch, the slots into which the clulch rollers
fit in are oun the outer side and the pinion 1s made ntegral with the inner side. In
this Bosch tvpe, these slots are on the inner side and the pinion is made integral
with the outer side.

Consequently, this makes the inner sutface of the outer part smooth so that the
clutch rollers remain steady when subjected to the centrifugal force of the high no-
load speed of the armature during starting to impose no strain on the drive lever
housing.

The drive ring 1s split into two parts with comparatively strong drive spring
attached to the forward part and a weak helical spring altached to the rear part,
this type of construction heing necessary hecause of the helical splines on the armature
shaft. Since both of {hese springs are not very sirong, the contact between the
drive lever pins and the ring sides 1s light to canse practically no wear in these parts.

The armature brake is provided inside the commutator end plate at front end of
slarter motor, its purposc being to brake the exceedingly high speed possible with
the startor motor if run without load. The two brake shoes are made to turn to-
gether with the armature shaft on pins and are pressed against the frame with
springs. These springs are not strong enough to affect the armature torque when.

starter motor 1s running under load.

— 20 —
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3. OPERATION OF STARTER MOTOR

The starter motor operates as
follows:

a. When the starter motor is
at rest, the condition is ag
shown in the figure.

=
1 Penon Drve Stegper 7 — ————4
= Ring Aimature
= ole Core =4

b. Pressing the starter switch
allows the current to flow

through the pullin coil and

holding coil of the magnelic
swilch to create magnetic
field and move the lever,

The pinion is brought parti-

ally into mesh Defore the
main switch closes,

p—
Shift Dua
To Lever

— g —
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When the main switch closcs,

the main current flows to

create a laige torgue and

and shift the overrunmning 202

go

clutch further by means of
the helical splines to hring l

the starter i condition to

——— 1
to crank the engine.

cranking condition: —

3

“ il
compressed and the helical e —

Julll

The drive spring will not be I M

spring will only be slightly Shitt Dua To

comproessed. Armature Rotalion

The drive ring forward and
rear parts will be shghtly
apart.

As the main switch is closed,
the current will flow through

this circuit and there will be
no current flowing through %

the pullin coil.

If pinion strikes against the

D —
A

ring gear.
If the mnion strikes against S —
the ring gear without mesh % ]
ing, the drive spring be- e 4 ._L
comes fully compressed.  Rouatun I IL
With the main switch gt Tus o

o ever

closing in this staie, the
pinion will press aganst the ring gear more strongly as the armature will
also be Lurning with greater torque to make thesc parts mesh in easily.
Tpon turning off the starter switch after startng, the current will flow from
the main switch (hrough the pullin and holding coils. As these coils are
wound to have thewr allracting forces act in opposite directions, their holding
force on the main switch becomes nullified and the switch opens. When the
main switch opens, the motor torque becomes zero and the armature stops
rolating in short time due to the actions of the armature brake.

Action of Overrunming Clutch

The clutch rollers are in tapered slois hetween the outer part (integral with
pinion) and inner part (shafi side), and arc pressed into the narrow end of the

- -
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slots with clutch roller springs.

Cluteh Spring

When the armature shaft rotates (clockwise rotation), these rollers are jammed
tightly into the narrow end of the slots by the frictional force of the shaft
to lock the inner and outer parts together and transmit the armature torque
to the pinion.

After the engine starts and the pinion (outer part) begins to turn faster than
the armature shaft (inner part), the frictional force of the outer part on the
rollers becomes large enough to overcome the pressure of the clutch roller
springs. This causes the rollers to shift over to the wider end of the slots
to relcase the upper and lower parts and allowing the pinion to turn free.
Through this action, the armature is protected from being turned by the
cngine.

g. Action of Armature Brake

In the series motor, running under no load will cause its speed to rise ex-
ccedingly high with dangers of reaching the critical speed. Also, if the engine
fails to start and the starter switch is turned on for another trial before the
armalure stops rotating, the pinion will mesh into the ring gear suddenly to
subject the various parts to severe and probably damaging shock.

To protect against these dangers, the starter is equipped with a brake on the
armature shaft. When the specd of the armature rises, the centrifugal action
presses the brake shoes against the frame to restrain high speed rotation.

— T
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These brakes are capable of stopping the rotation of the armature in very
short time after the slarter switch is turned off to make restarting possible

in about 3 seconds.

4. STARTER MOTOR TESTS

In the starter motor tests, there are the noload tests and loaded tests. As the
loaded tests require comsiderable equipment, the starter motor is usually tested at
no load to deleimine its condition,

The voltage, current, and speed at noload is tested.

Connect up a fully charged 12-volt battery, an ammeter (500 amps) and the
starter motor in sertes. If with a current of less than 50 amperes, the motor turns
smoothly at a constant speed, the motor can be assumed to be without defects.

Lock the pinion so that the armature does not turm. If under this state the
current flowing throungh is wnthin the range of 270 to 350 amperes, the motor is
satisfactory. The voltage for this test should be 8 volts.

To make the moloring test wilh the staricr motor on the car, 1l is only neccs-
gary to short the large terminals on the magnetic switch 1f under tlus state, the
starter motor turns at hgh speed, it can be assumed that there 1s no electrical defect

in the starter motor.

6. DISASSEMBLY OF STARTER MOTOR

(1) Remove cover band and unloosen connections hetween field coils and brushes.
(%) Dhsconnect main starter leads from magnctic switch.

— 94
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(3) Unscrew 2 bolts mounting mag-
netic switch and pull out mag-
netic switch from drive lever
housing.

(4) Unscrew nuts from 2 housing
bolts and separate lever housing
from yoke complete.

(5) Unloosen lever sct bolt on lever
housing and remove overrun-
ning clutch and armature to-
gether with lever,

(6) The overrunning clutch can be
removed from the armature
shaft by pulling out cotter pin
and unscrewing nut on the end
of armature shaft.

{7) The commutator cnd [rame can
be removed from the yoke com-
plete by unscrewing the 4 at-
taching bolts and removing the
brush springs.

The brake shoes, brake sp-
rings, and thrust washer are
inside the brake groove in this
end frame.
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6. ASSEMBLY OF STARTER MOTOR

(1) Assemble thrust washer, brake shocs, and brake springs into commutator
end frame, and bolt down frame to yoke.

Apply thin coal of grease to thesc parts when assembling.

(2) Fit overrunning clutch on to
armature shaft, fit on snap ring,
and screw on stop nut.

Insert cotter pin into nut to
prevent Lurning-

(3) Hook on lever pin inte drive
ring on overrunning clutch and
insert assembly into lever hous-

ing.

(4) Fix lever on to lever housing
with lever set pin.

(5) Pass armaturc with the lever
housing assembled through yoke
and insert shaft end into com-
mutator end frame.

Have the commutator flange
open toward the outside.

(6) Check end play on armature
shaft.

If the play is too large, place

1 or 2 compensating washers
on the end of armature shaft.
Bolt down lever housing to yoke.
The armature should turn easily by hand if the play had been adjusted
properly.
(7) Connect field coil and brush terminals.
(8) Insert magnetic switch and bolt down to lever housing.
Before inserting magnetic switch, push overrunning clutch to its furthest
forward position with screwdriver to make assembly easicr.
Before tightening down the mounting bolts, make sure that switch joint
is hooked on properly to slot on top of lever.
(9) Install cover band.
‘This completes the assembly of the starter molor.

—0p
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7. TROUBLE SHOOTING AND REPAIRS

(1) Trouble Shooting

Location of Method of
Symptom B Trouble Probable Cause Checking
Battery Circuit Poor connection Retighten
Pinion | :
do?cs not jump | Magnetic Switch Etr 01;21111 ig?&?;gfn Refer text
ou
Shaft Clutch slides hard Turn by hand
Pinion returns Broken wire in B
too quickly Magnetic Switch | 3] ding coil Refer text
. Short 1n holding coil Refer text
Pinion does M tic Switch or pull-in coil
not return agnetic Switch
Main swilch fused Visual
Measute specific o
Power Source le?ChgrgEd.battfer OT | oravity and
erective circul Voltage drop
. Defective solderin
Motor does Field of grounded g Refer text
not turn _ -
Rear shorted Reler text
Armature _
Grounded Refer text
B - | Measure specific
Discharged batlery or
Power source defective circuit %E?fal ég and
Poor connection with
Armature commutalor Observe sparking
Low .
%E?‘g}ézng Commutator Burned or dirty Visual
Brushes Worn Visual
Bushing Lack of oil Turn by hand
Carbon or dirl on .
Brake shoes Turn by hand
Inadequate transmis-
Only Overrunning sion of torque Lock test
armature clutch
turna Defeclive meshing Refer lexl
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{2) Testing and Repairing Magnetic Switch (With switch removed from motor)
&1 '['M'l'l*j
qum

Ternunal ___E_

)\

i

{50) Terminal

1

|
j.
s

W—O—

Wiring Diagram of Starter

Fluttering and other defects caused by magnetlic switch not operating or not
having adeguate pullin power duc to low voltage are checked by making the
following tests.

{a) Iullin Tesl of Pullan Coil

Impress specified voltage of 12 volts belween termunals (30) and (G0). If the

magnetic switcl pulls m strongly, the pullin coil can be considered to be
satisfactory.

The current should be from 31 to 35 amperes.
(b Holding Test of Holding Coil

Ground terminal {30) to swiich body and impress specified voltage of 12
volts 1o terminal (50). If switch pulls in strongly and remains in this position

after terminal (30) connection to ground is removed, the holding coil can be
considered to be satisfactory.

If the plunger returns i this case, there 1s danger of fluttering taking place

— 28 —
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when the switch is operated.
(¢) Return Test

Impress specified voltage of 12 volts between terminal (30) and ground. The
switch should not pull in. If switch pulls in this case, the overrunning clutch
will not return to its former state after the key switch is turned off and engine
will keep turning the overrunning clutch with dangers of causing large damages.

(3) Checking and Repairing Field Coils
Check resistance between end of ficld coil winding and yoke.
There should be no current flowing between these points.

If grounded, remove pole cores one at a time to make visual check to see which
coil is grounded. Repair insulation on defective coil found.

(4) Checking and Repairing Armature

Test for rear short with growler.

The trouble is usually due at the soldered part of the commutator so that
repairs can be made by resoldering.

Test for grounding by checking resistance between each commutator and
armature core.

eSO
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If found grounded, replace with new part. .
Defective soldering between armature coil and commutator will cause poor

rectification with considerable sparking. If commutator segments are found badly
burned by this sparking, repair by soldering.

(5) Defective Meshing and Its Repairs

If pinion fails to mesh properly with ring gear, this is due to improper adjust-
ment of pinion travel provided none of the gear teeth are damaged.

This pinion travel is correct if the length of moving stud on magnetic switch
is from 46 to 47 mm (1.81” to 1.85").

To adjust this length, loosen locknut and turn stud bolt to suit.
If the clearance between the stop nut and pinion at the end of travel is from 2
to 4 mm (0.08” to 0.16"), there is no nced for further adjustment.

(6) Worn Bushings

If bushings are worn to give shaft more than 0.2 mm (0.008") play, replace bush-
ings.

(7 Correcting Commutator
If commutator is burned or dirty, dress down with sandpaper and wipe clean

i
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with gasoline.

Machine commutator on lathe if surface is badly burned but if this makes the
diameter less than 33 mm (1.30%), replace armature.

The surface of mica between the commutator segments should be undercut 0.5
to 0.8 mm (0.02” to 0,03”) below the surface of the commutator.

Mica Segment

Mica Segment

i

Bad

(8) Worn Brushes

If brushes are worn down to 5/8” in height, rcplaces brushes

(9) Weakened Brush Springs

If brush springs are weakened to show less than 25 oz tension when used on
new brushes, they should be replaced.

- ¥
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8. PRECAUTIONS ON HANDLING STARTER

1)

2

&)

(4)
®)

The centerline of the starter and that of the engine crankshaft must be
perfectly parallcl.

This makes it necessary to have the starter mounting nut thoroughly tight
at all times.

The cranking torque of the starter motor will depend largely on the con-
dition of power source.

Check and service batlery, all wiring connections, and other parts of the
power source daily. Make sure that all connections are free from rust, paint,
and corrosion and that they are complelely tight.

Running the starter for more than one minute continuously will impose a
heavy drain on the battery and make starting much morc difficult.

In starting, do not run starter for more than 15 seconds at a time and always
rest a few seconds before attempting to restart.

After the engine slarls, turn off starter switch immediately.

When disassembled, grease or oil sliding part of overrunning clutch, moving
parts of magnetic switch, brake parts, and front and rear bushings.

— 80
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GENERATOR

ShREE

Battery j_

Starter Motor

v—j,___l_c

Generator Voltage Regulator

L1 11

1. SPECIFICATIONS

Model Bosch Type
Part Number IFA 70 27000
Type Winding Shunt
Rating Continuous
Direction of Rotation Clockwise as viewed [rom pulley side
Method of Drive V-belt
Output 216 watts
Characteristics
No-load Voltage 13 volts
Speed Less than 1000 rpm
Maximum Outpul Current More than 18 amperes
Voltage 14 volts
Speed 2000 rpm
Motoring Current 8.5 to 105 amperes
| (A, F terminals shorted)
I Commutator Diameter 4.6 mm (1.81")
Brush Spring Tension 650 gm (23 oz)
— e
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2. GENERATOR CONSTRUCTION

The armature is supported on both ends with ball bearings.

The field coils are supported by the pole cores and these pole cores are screwed
on to the yoke with single screw respectively. The field coils are connected in serics
with one end connected to DF generator terminal and the other end connected to the
negative brush,

The positive brush is connected to the D-| terminal of generator.

The brush holders are riveted to the commutator end frame.

3. DISASSEMBLY AND REASSEMBLY OF GENERATOR

The generator is disassembled in the following order.

(1) Remove cover band and unloosen connection between field coil and DI terminal,
and between brush and D—terminal.

(2) By removing the 2 through bolts, the generator can be disassembled into

pulley side end frame, armature, yoke complete, and commutator end frame.
Practically all inspection and repairs to the generaltor can be carried out
with the generator disassembled at this state.

=g
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(3) Unscrew pulley lock nut and remove pulley from armature shaft with puller.

(4) Take out shaft key and supporting pulley side end frame, remove armalure
shaft by tapping it out lightly with a wooden mallet.

(5) To remove the ball bearing from pulley side end frame, first unhook snap
ring with a screwdriver, then placing a spacer collar over the bearing, lap
the bearing oul lightly with a wooden mallet.

(6) Remove nuts from A and F terminals.
(7) Remove ground wire (rom field coil.
Remove field coils by unloosening their respective mounting pole core screws.
(8) The ball bearing on the commutalor side can be removed casily as the bear-
ing fit is not made so tight on this end.
This completes the disassembly of the generator, )

To reassemble, follow the above procedurc in reverse order. The following

points should be observed during reassembly.
(1) Care should be taken to see when assembling the DF and D—terminals that

— s
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they are properly ingsulated [rom the frame.
(2) Ball bearings should be washed clean and packed with fresh prease hefore

installing.
(3) Pole cores should be thoroughly tightened inte place.
GENERATOR MOTORING TEST

The symplest method of checking the inicrnal condilion of the generator before

disassembling 1s to give it a motoring test.

In this test, the condition of the generator is determined by using a fully charged
batiery and a 30-ampere ammeter, and noting the turning action and current of the

generator.

(1) Wiring Connections and Current
Connect generator frame (unpainted part) to—terminal of battery,+-tlerminal

of battery tod-terminal of ammeter, and—lcrminal ol ammeter 1o generator D

terminal and DF terminal.

if by the ahove conncelion, a current within 4 to 5 ampere flows as shown

in the diagram and the geneiator turns smoothly, the gencralor can be consideied

to be 1 good condition.
Then by removing D-+and DF terminal connection, the cuirent should rise
1o 8 10 9 amperes.

(2) If Generator is Defective
If a large cuirent. flows through by the former connection, the probable

causcs are — ihe armalure 1s too tight mechanically, short circmit at armature
rear, grounded field coil, broken wiring, etc.
Then if the current returns {o normal when I3 —and DEF terminals are dis-

connected, the cause can be assumed to be in the field coil
If however, a small current flows in the first case, lhc trouble can he assumed

to be 1n poor contact beiween brushes and commutator or at other points where
the current has difficully in flowing. Before checking for cause, make cerlain
that the ballery i1s not at fanlt and that all connections in the circuil are in

proper condition.
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h. TROUBLE SHOOTING GENERATOR

Probable

Method of
Checking

Visual
CEck dimension

Check spring
tension

Visual

Refer text

Refer text

Visual

Refer (ext

Refer text

Refer text

Visual

Refer text

Refer text

Check with
temporary wiring

Refer Regulator

Check dimensions

Check spring
tension

Visual

Visual

Reler Regulator

Visual

Refer Regulator

Check with

Location of
Symptom Trouble Cause
— Defective contacl due to
Brushes woar
Brush sori Brush floating due to
_us SREIRES weak or broken spring
Poor contact with brushes
due to burned surfaces
Short between segments
Commutator S
Grounded
No Defective soldering to coil
Charging |
Shown Shorl between wiring
Armature coil —
Grounded
Grounded
Field Coils
Broken connectlion at
L terminal B
Terminals ' Grounded
Brush holders Positive side grounded
- - Broken or g;oundcd wiring
Wiring between generator and
i regulator
n . Culout relay does not
s g S closc._ Points burned
| Brushes | Poor contact due to wear
B rings Poor brush contact due
_rl_ls_h SEEEIED to weakened springs
Inadequate | . . .
Charging Burned, dirty, high mica
Commutator —
Defective soldering to
coil
! Burned points, Out of
Regulator adjustment
< : D- or DF terminal lead
Gencrator l wires shorted
No Oulput 5 A
Rezulation Regulator | Out of adjustment
| -W'r'n Shorted wiring belween
| MRS | generator and regulator

— B

| temporary wiring |
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6. GENERATOR TESTING

The condition of the gencrator performance is determined by testing with the

generator tester.
The battery used must be in fully charged state.

(1) Generator Output Test

Mount and run generator on tester and see if load current of 18 amperes at
14 to 14.8 volts can be obtained,

If these values cannol be obtained, the generator output can be considered
inadequate making it necessary to disassemble and make necessary repairs.

(2) Generator Field Coil and Brush Holder Test

1. Ticld Coil Tests
a. Short Circuit Test
Place one test prod on IF terminal and the other on gencralor yoke. If
current flows, it indicates a short circuit in the coil and makes it necess-

ary to repair the coil.

i
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b. Open Circuit Test
Place onc test prod on F terminal and the other on ficld coil lead. If
current flows, the coils arc in good condition but if current fails to flow,
repair coil as there is a break in the windings.

c. Tield Current Test
Connect field lead wire of tesler to generator F lerminal and ground lead
wire of tester to ficld coil lead. Impress 12 volts and check amount of
current flowing through the coils. If this is within 2 amperces, the coils
are satisfactory.
With the above tests, it is possibls to determine if the coils have cxces-
sive resistance or if there is a short ciruit or break in the coil windings.
2. Terminal Insulation Test
Place one test prod on A terminal and Lhc other test prod on gencrator
yoke. If currenl flows through tester, thc condition is satisfactory. If
current fails to flow, it indicates that the insulation between the A terminal
and generator yoke is defective.

2. Brush HHolder Insulation Test
Place onc test prod on brush holder and the other test prod on generator
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yoke. If current fails to flow through tester, the condition is satisfactory.
If current flows, it indicates that the tested brush holder is grounded and
should have the insulation repaired.

(3) Armature Tesi

a. Armature Ground Test
Place one test prod on armaturc core and the other test prod on com- |
mutator. The tester should not show any current flowing belween these
two points. If current flows, it is an indication that the armature is
grounded.

b. Armature Short Circuit Test
Place armature on growler and holding a steel test bar against the
armature, rotate the armature slowly. This steel test bar should not be
attracted by the armature. If attracted, there is a short circuit in the

armature.

S
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c. Armature Winding Test
The purpose of this test is to determine the amount of current flowing
between two adjoining commutator scgments and its armature winding,
and is performed on Lhe generator tester.
Il the reading oblained shows considcrable differences, the armature

winding is defective.

(4) Reconditioning Commutator
If the commutator shows slight burning or pitling, dress down smooth
with fine sandpaper. If dirty with grease or oil, wash clean with gasoline.
However, if the commutator surface is badly pitted or burned, machine
down on a lathe. The commutator can be used until machined down to
40 mm (1.57%) in diameter.
The mica in between Lhe commutator seg-
ments should be 0.5 to 0.8 mm (0.02 to 0.03”) below 0
the surface of the segments. The mica should
always be undercut after commutator is machined.

(65) Checking Brush Dimensions
The brushes can be used until worn down
to 15 mm (0.6").
The brushes should move smoothly inside
the brush holders. If found sticking, the cause

is probably due to the brush holders being either @ @ %"
bent or dirly in which case correct or clean. % I

(6) Measuring Brush Spring Tension

The brush spring tension is satisfactory if the force required to scparate
a new brush from commutator surface is more than 550 gm (20 oz) when

— il -

Donated by Jim Casagrande . cruisercult.com



measured with spring scalcs

@

Causzses and Repairs of Generator Noises

The probable causes of noises produced when generator 1s rotating are

defective ball bearings, loosc pole core, and benl shaft.

For noisy hall heatings, fill with ball braring grease or replace.

For loose pole cores, tighten down pole core screws securely,

Shafts when supported at bearing parts should not show more than 0.1 mm
{0.004") deflection at the core part.

7. PRECAUTIONS ON GENERATOR

o5

()

&)

4

Generator drive bell should be checked frequently to see that it has the
proper tension

Keep belt adjusted to have absul 1/2% slack.
Lubricate armature shaft bearings with 2
to 3 drops of motor o1l every 1,200 miles.
Do not sllow water to get Into the generator
with stcam cleaner.

Make constant check on generator bracket
to cylinder block bolls, and all terminal
connections to see that they are tight and
also sec that the wire harncss covering 1s

good condition
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VOLTAGE REGULATOR

The voltage regulator is of the Bosch 2-contact type

1. VOLTAGE REOULATOR SPECIFICATIONS

Model PBosh 2-contact type
. Part Number RS 27700
I,"
Cut-in Voltage 12.5 volts
Countercurrcent 2 to 7.5 amercs
Regulating Voltage 14.2 volts (1500 rpm)

14 to 14.3 volts (3000 rpm)
Current Limit 18 amperes

Armature Gaps

Voltage 0.8 - 1.3 mm (0.031" - 0.061")

Current 1.0 - 1.4 mm (0.039” - 0.055")

Rclay 0.8 - 1.3 mm (0.031” — 0.051")
Angle Gaps

Voltage 0.2 - 0.4 mm (0.008" - 0.016")

Current 0.2 - 0.4 mm (0.008” - 0.016")

Relay 0.4 - 0.8 mm (0.016” - 0.031")

(. Point Gaps

Voltage 0.2 - 04 mm (0.008” - 0.016")

Relay 04 - 0.8 mm (0.016” — 0.031")
Contact Point Pressure

Voltage Not less than 180 grams (5.8 oz)

Current Not less than 150 grams (4.8 oz)

Spring Presure
Relay Not less than 70 grams (2.2 oz)
2, CONSTRUCTION AND OPERATION OI' VOLTAGE REGULATOR

The Bosch 2-contact type voltage regulator is a three element type consisting
of the vollage regulator, current limiter, and cutoul rclay units.

A
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The advantages of the Bosch regulator are as follows:

(1) Regulator contacls are of the 2-contact type.
(2) Adjusting springs are of the flat plate type.

(4) All contact points are of silver or tungsten,

(5) Adjusting resistances used are 10.5 ohms.

A
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(6) Screw end of I’ terminal 1s peencd to make it non removable for preventing
making wrong connection with A terminal

The operation ol this regulator is as follows:

The 1internal wiring of the voltage regulator unit is as shown in the

following diagram.

G .. . Generator
r .. ... Resistance
M ........ Armature Coil
™M
f . . Field Coil o
P, .. ...High Speed Vibrating Points i :L
P........ Low Speed Vibrating Points %) G—
Pz Pu R
Freld

When the generator begins to roiale to produce power, the current at first
passcs through point P, and flows through the field coil { with no current flowing
through the resistance r. As the current through the ficld coil becomes larger, the
generated current also becomes larger.

The generator terminal voltage is connected to act on the armature coill M so
thal as more current is generated, the armature coil M allracts point P, to pull
open the conlact.

When point P, opens, a restricted amount of current flows through resislance
r into the field coil £ but as the generated curreni becomes larger, the armature
coil M becomes sironger and closes point Py,

When point Py closes, the current instead of passing through the field coil f,
flows through point P, to reduce the oulpul of generator G.

The reduction in generator output lowers the voltage on armature coil {o weaken
its pulling force and allow point P, to open and pomnt P, to close. The current
then f{lows through pont P, instead of through the resistance r to allow morce
current to flow through field coil £ and increasc generated current.

This process is continuously repeated to maintain the voltage at a constant
value.

The relation betwcen the generator speed and generated vollage is shown Dby
the diagram below.

— 45 —
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When the adjusting resistance r 1s zero, the voltage will rise rapidly as shown
by curve a. Curve b shows the condition when the resistance r is equal to 105
ohms and curve c when resistance 1s 100 ohms At infimile resistance, that is, when
the field coils are shorted, the voliage will vise as shown by curve d.

With 105 ohms, the voltage cannot be regulated lo more than 2,000 rpm which
makes 1t impractical but with 100 ohms, regulation can be carried out o 6,000 rpm
which is a practical value,

Comparison of point sparking between uge of 100 okms and 105 ohms shows
that the 105 chms will give much less sparlang.

In the Bosch type voltage regulator, these facts have been taken into considera-
tion and the resistance made excesdingly small lo decrease pownt burning offects of
sparking and prolong the life of the covlacis. The regulation range has been
wmcereased by shorling or cutiing in resistance to regulate up to about 2,000 rpm and
shortine the field coils above this speed to hold down the voltage., Dy this method,
there may be a slight difference in voltage vegulation at low and high speeds.

; - * 0.6
M. Regulating Voltage _g EV
25‘]]!“" XN e w=n ED

Voltage

1
|
|
I
¥
|
]
1
j

[
1600~ 1350

Generator (1 p m)
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3. VOLTAGE REGULATOR CHARACTERISTICS

(0

2

(3)

The characteristics of this Bosch
regulator are as follows.

—» Voltage

Hysteresis Effect (No-load charac-
teristic) ’

Voltage variation during voltage
rise and voltage drop are as shown

in the figure.

L]

14,

LS

— T Pin.

Drooping Voltage Characteristic v

When charging current flows
through, the voltage tends to drop
as shown in the figure.

Point Characteristics (At no load)

As points are in two system, thc
variation in regulator voltage is as
shown in the figure.

Low spced points operate at ap-
proximately gencrator speed of 900
to 1100 rpm.

High speed points operate at ap-
proximately generator speed of 1800
to 2000 rpm.

Volt

Low Speed
Operation

—

1
I
I
i
i
i
|
|
|
|
|
|

el il o

/067

= e
03y

High Speed
Operation

— I P

A S
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{(4) Charging Characterislics

The generalor operating togelher with this voliage regulator has an output
of 216 watts, 18 amperes.

The charging characteristics is as shown in the figure,

T
sl
@
=
5
B
, . ) . P
logc 100 2000 2500
—Y¥Pm

4, ACTUAL OPERATION DIAGRAMS ON VOLTAGE REGULATOR

The [ollowing diagrams illustrates the operation of the voltage regulator under
various conditions.

pit-H
=
Operation of Regulator at Low Speed

— 48 —-
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8. VOLTAGE REGULATOR TESTING
The voltage regulator tester is used to check the action of the voltage regulator,

s 88 es
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current limiter, and cutoui relay.

(1) Testing Voliage Regulator

The operating voltage of the voltage of the voltage regulator 1s determined
with the tester. This should be between 13.95 and 14.45 volts if the regulator
is m good working condition,

As previously described, the low speed contact points begin to operate from
900 to 1100 rpm and the high speed contact points from 1800 to 2000 rpm.

Also, {or the same gpeed, there will be variations in voltages measured when
voltage is rising and when voliage 15 [alling due to hysteresis effect. Conse-
quently, when reading voltages, always read that for rising voltage domng this
hy dropping the speed each time and raising it to the lest value.

When adjusting voltages, check by adjusiing it for low speed action and for

high gpeed action and noting the difference.

(2) Testing Current Limiter

Test by running engine over 2000 rpm.

If the tester shows maximum current of 18 amperes, the current limiter is
1 good condition.
(3) Tesling Cutout Relay

In the culout relay, the cut-in and cut-out voltages together with the reverse
currenl are determined with the tester.

a Cutin Voltage
Ruise engine speed gradually and read the voltage at the instant the cut-
out rclay points closes This voltage should be between 12 to 13 volts

Note: The cut-in voltage of the culout relay should always be slightly
less than the regulating vollage of the voltage regulator.

h. Cut-out Voltage
After the cutout relay points closes, lower engine specd and read the
voltage at the mnstant the cutout pownts open. This voltage be approximately
equal to the cutin voltage
In the cutontl relay, it 1s only necessary 1o adjust the cutin voltage and
reverse current but this cut-out voltage is checked for reference.

¢. Reverse Current
At the instant the cutout relay culs out, the ammeter will deflect to the
minus side. This amount is called countercurrent and should be from 2

to 7.5 ampcres.

REGULATOR ADJUSTMENT METHODS

(1) Voltage Is Too Low At 1500 rpm Generator Speed
Cause 18 due Lo poor contacling al low speed contact points or Hat springs
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being out of adjustment.
Iirst clean points carefully with chamois skin. If voltage is still low, in-
crease spring tension slightly.

(2) Voltage Is Too Iigh at 1500 rpm Gencrator Speed
Cause is due to spring being out of adjustment. Press down spring support
slightly downward to correct.
(3) Vollage Is Too Low At 3000 rpm Generator Speed
Try making point gap slightly smaller.
(4) Voltage Ts Too High At 3000 rpm Cencrator Speed
Try making point gap slightly larger.
Or try cleaning high speed contact points carefully with chamois skin.

(5) Output Current Is Small
Cause is due to spring on current limiter being out of adjustment. Raise
spring support slightly. Dress down current limiter points with sandpaper.
(6) Output Is Too Large
Cause is due to spring on current limiter being out of adjustment. Lower
spring support slightly.
(7) Cut-in Speed Of Generator Is Too Large
Cause is duc to defective contacting at voltage regulator low speced points

e Y e
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or current limiter points.
Clean or dress points.
(8 Cutan Voltage Is Too High (or Too Low)
Adjust spring.
(9) Counier Current Is Too Large
Try making cutout point gap smaller.

The above are cases which do not require replacement of conlact points. If the
screws holding the armature points have been loosened to shift the armature points
of if the armature poinls have been replaced, the gaps must be adjusted.

Adjustments are made as follows.

Bimetal La:d Under Spring Angle Lap
Adjust Arm
Suppore
— Armature
Armaturce Gap
High Speed
Pount
it e

Low Speed Point

(I} Voltage Regulator Angle Gap
Inserl 001% thickness gauge into gap and tighten screws.
{2) Voltage Regulator Armature Gap
Insert 004% thickness gauge into gap and bend point holder on high speed

side until points contact.

Adjust to make armature gap 0.05” to 004” tor the time being.
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(3) Voltage Regulator Point Gap
Bend point holder on voltage regulator high speed side to make gap 0.01”.

(4) Voltage Regulator Contact Pressure
Hang a 180 gm (6.3 oz) wecight on voltage regulator point. If the points fail
to open under this weight, the contact pressure can be considered satisfactory

If the points open, bend the support part down slightly.
After Lhe above gap adjustments have been completed, adjust spring to bring
regulating voltage up to specified value.
If this specified value cannot be obtained, vary gap slightly by the following
procedure.
(5) Armature Has Too Large A Vibration.
Make point gap smaller and armature gap larger.
Or clean points carefully with chamois skin.
(6) Voltage At Iligh Speed Is Too High
Make point gap larger and armature gap smaller.
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(7) Voltage At High Speed Is Too Low
Make point gap smaller and armature gap larger.

(8) If the points on the current limiter is replaced,

adjust its angle gap and
armature gap in the same manner as that for the voltage regulator.
The contact pressure in this case should be over 145 gms (5.1 oz)-

(9) If the points on the cutout rclay is replaced.
Adjust angle gap to 0.5 mm (0.020")
Adjust armature gap to 1.0 mm (0.0397)
Adjust point gap to 0.5 mm (0.020)
Measure spring pressure. The force required to open the contact
between the armature and stopper should be more than 110 gm (3.9 oz).

(a)
(b)
(c)
(d)

7. TROUBLE SHOOTING

Outside of replacing points on this regulator, no other part can be repaired
under normal conditions. Consequently, repairs consist only of making adjustments.

Fails to
charge

Trouble

Generator

Wiring

Regulator

Location of

Trouble Shooting Chart

Probable Cause

: Armature shaft, cle.

Broken wire, grounding

u Cutout I'Bla)’_dOt!E';Ei;
_close (Broken wire)

Cutoul relay does not
_clotﬂ(Maladjustment)_

Remedy

[Er‘r te_xt on
Generalor
Test with
temporary wiring

Replace assembly
]{ef?text on
Adjustment

Defective cutout relay
_| points

Same as ahove

— G
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Charging
inadequate

Over-
charging

Refer text on

Generator Poor brush contact, etc.
S Generator
: ‘v~ | Refer text on
Voltage regulation defective Adjustment
Regulator — — —
| Current regulation defective | Same as above
| ; . )
Loose generator drive belt | Adjust belt tension
Others R =0 -

Poor wiring contact

Short in A, F wiring

Relighten terminals|
“Test with
temporary wiring

Wiring —
Defective regulator ground | Repair wiring
; : i ‘Refer text on
Voltage regulation defective Adjustment
Regulator = =
Broken wire in voltage coil | Replace assembly
Shorted plates Repair
Ballery S — — —
Specific gravity too low

8. PRECAUTIONS ON HANDLING REGULATOR

Adjust

(1) TIf regulator is believed to be at fault, check as soon as possible.

(2) Check all terminal connections frequently to see that they are tight.

(3) When adjusting regulator, do not meddle with any parts outside of cleaning

points, adjusting point gap, and adjusting spring.

These should be sufficient to eliminate most troubles.

(4) Adjusting supports, as shown below, to vary contact pressure should specially

be avoided.

— 65 =

Donated by Jim Casagrande . cruisercult.com




- -\}




