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The ignition system serves to ignite the mixture drawn into the combustion cham-
ber of the engine and is a specially important part of the gasoline engine, Lf it fune-
tions improperly, it immediately will affect the engine performance and fuel consump-

tion »0 that special care should be taken in the maintenance of thus system

The wittng diagram of the igmtion system 1s shown in the Wustration This i
of the sv-called battery ignition system in which the battery and generatm are used
as sources of electrical power. Its principal components are as follows,

1. Electrical Source

Battery and generator

2, Ignition Cofl

A unit which converts low voltage current from battery or generator into
high voltage pulsating current of over 10,000 volts required for ignition spark-
ing

3 Interrupter
A form of a peradical switch located inside the distributor which cuts off

the current flowing through the primary coil of igmtion coil at time of ignition
to form ugh voltage curtont in secondary coil of ignition coil
4, Distitbutor

A unit which distributes the Iugh tension current induced in the secondary
corl of ignition coil in specified o1der (1-5-3-6-2-4) to the spark plugs at the cor-
Tect time,

Condenser

An important unit which serves to absorb the self induced current produced
in primary winding of ignition coil when this current is cut off bythe inter-

—~1—

Donated by Jim Casagrande cruisercult com



rupter and increase the induced voltage in secondary coil Tn addition il extin-
guishes the sparks formed at contact points and prevents burning out of this
main part of the igmtion system

6. Spark Plug

These serve to ignite the compressed mixture inside the combustion chamber
by means of a high tension spark jumping across its gap.

7. Ignition Switch
A key switch which opens or closes the primary circuit of the ignition sys-

tem

8 Tgmtion Cord
These consist of two kinds, one for the low voltage current flowing [rom the

battery or generator through the primary circuit, and the other for the high vol-
tage current flowing through the secondary cirewt ‘The cord for the secondary
arcuit is provided with specially high resiptance insulation,

OPERATION OF IGNITION SYSTEM

The wiring diagram of the ignition system for the “ Toyota” enginc is shown in
ilusiration,

The interrupter cam has 6 angles corresponding to the number ol cylinders It
rotates tagether with the distributer rotor on the same upright shaft at half the engine
speed and cuts off the primary current 6 times for every 2 revolutions of the crank-
shaft. ‘The distributor cap is placed on top of the interrupter, (he center terminal
being connected to the sccondary termmal of the ignition coil and the terminals
around the center beng connected, mm the order of rotation of distributer, to each spark
plug ia accordance with the firing order.

When the engine is running and the interrupter closes the contact pots, the
current flows from the (+) terminal of the battery, through the ammeter, ignition
switch, primary windings of the ignition coil, and enter the interrupler where it passes
through the contact arm spring, contact arm, contact pots and returns to the (—)

terminal of the battery by way of the ground, thus completing the circuit

When the ignition is to take place, the contact points are opened by the cam and
the primary current 1s cut off. The current induced in the primary windings is in-

slantly absorbed by the action of the condenser placed on the interrupter, and the
rapid collapse of the magnetic ficld induces a high voltage in the secondary wind-
ings. This high voltage current flows out from the secondary terminal of the coil
through a high tension wire into the center terminal of the distributor, then across

to the distributor cap and through the high tension cord to the center electrode of

the spark plug. In overcoming the resistance of the highly compressed gas around

the spark gap, the current jumps across with a strong spark, igniting the mixed gas,
and returns to the (—) terminal of the battery by way of the ground, completing
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the cucuit This action is repeated over and over again and at the same time

maintaining a correct relationship with the engine movement

That is, on the “Toyota” Model F o1x-cylinder engine, the explosions takes place

in the 1—5—3—6—2—4 order for every 1/31evolution of the crankshaft The imter-

rupter revolying at one-half the engine speed opens the contact poinis at every 1/6

turn, cuts off the primary current and induces high voltage current The distributor

rotor for every 1/6 turn distributes bigh voliage current in the correct ordor to the

spark plugs

CONSTRUCTION AND OPERATION OF MAIN UNITS IN IGNITION SYSTEM

AND PROCEDURES FOR THEIR REPAIRS AND ADJUSTMENTS.

1. Iguition Coil

Location At right center side of engine

Pumary Coil 0 75mm 250 turns 1 2ohms

Secondary Coil 0 08mm 20,000 turns
Pumary Current 45+0 5 amperes

(Engine stopped and key switch closed)

‘Lhe ignition coil is installed on top

of the engine cylinder head and 18
Secondary Terminal

CHigh Teanen) connected fiom the key switch to the
Sona Pamary anne source of power through a wire inside

he a sealed cable,

bp Patch The construction of the coil 1s ae

shown in the illustration, and consists

of a soft iron core having a high in-

Secondory Coil Primary ol ductive rate, that 1s, 1t has the charac-
teristic of being readily magnetized and

i Bloctric Steel Plate demagnetized. Around this 20,000 tu.ns

fron Core of enamel insulated 008mm copper
j- Base (Parcolain) wire is wound to form the secondary

cou Over this w wound 250 turns of

enamel insulated bigh grade 0.75 mm
Taneteon Cok copper wire to form the primary coil.

The spaces between the coils are filled with pilch for insulation and prevention of

Moisture entering

As shown in the Ulustrauiun, one end of the secondary coil connects to the secon-

daiy terminal plug in on the cap and the othe: end to the primary terminal on the

cap together with one end of the primary coil The othe: end of the primary coil

connects to the primary terminal on the cap from where it leads to the key switch

and source of power
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Checking for Trouble in Ignition Coil

Troubles arising in the primary and

secondary coils are shorting, grounding,

and breaks in the windings. In any of

these cases, the coil will not be able to

function at full capacity so that the

sparks will miss or be too weak to start

the engine or will cause erratic running.

Any faulty ignition coil should be repair-

ed immediately,

A very simple method of checking

the ignition coil is to remove the cap
and rotor from the distributor and crank

Spark test coil the engine by hand until the contacts

close Turn on the ignition switch and pull out the high tension cord coming out
of center terminal of ignition coi] from the distributor cap. Then while holding the
end of this cord about 1/4 inch from any metallic part of the engine, open and close
the contact points by moving the contact arm with the finger. If a strong bluish spark

jumps across the end of the cord to the metaltic part, the coil can be assumed to be

satisfactory.

If a new coil is available, replace and compare to make a sure check. But if
not available, connect the battery, primary Lerminal of the ignition coil, and about

ampere ammeter in series. By the amount of current flowing through the cir-
cuit, the condition of the ignition coil can be determined correctly. If the coil is

in good condition, the ampere will register about 4.5 amperes when the switch is
closed but will fall down to about 3.5 amperes in about a minute and remain at
about this value. If the amount of current flowing is very large, the coil is short-

ag

ed and if current fails to flow, there is a break in the coil windings. For ground

test, use a test lamp and test between primary coil terminal and any unpainted surface
of the ignition coil. If the coil tested in this manner is found to be defective replace
with new part.

Ignition and Starting Switch

The ignition and starting switch is located on the instrument panel and serves

to open and close the primary circuit of the ignition system, This operation is made

through a different key switch provided in each vehicle so that the engine cannot

be started without inserting the key into the switch.

This switch also serves as switch for activating the fuel gauge so that the

amount of fuel in the tank cannot be known unless this switch is turned on.

a ae
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2. Distributor

The distributer is driven by the camshaft and its ptincipal components consist
of the driven shaft with its interrupter cam, the contact arm and distributor rotor

Interrupter Gam

C ondenser a Contact point

Breaker Atm "a ddusting Screw

Cansts notion af Cantu! Pant But

actuated by this cam, and the distributer cap

which teceives the high tension secondary

current distributed by the high tension second

ary current distributed by the :otor and leads

ut to the spark plugs In addition, there 1s the

governor control which automatically adjusts

the inition timing, the octane selector, and

the condenser which promotes the action of

the ignition coil

The operation of the interrupter cam and

eontacl arms as shown wm the illustration

With the rotation of the distributor shaft, the

contact points on the end of the contact aim

opens and cloves the primaly circurt
The contact point gap must be accurately adjusted to 0018in (046mm), This

gap is a part that requires extreme accuracy for if 1 18 tou naj row, the self induced
eurrent will flow across the gap when the

pots are opened causing the voltage in

the secondary coil tu be low Consequently
the spark will be weak so thal there will be

difficulty in starting the engine, while driv-
ing the engine will mss at all speeds and
the power will be noticeably lessened Also
tt will cause the pormts to be damaged so

that they will not function properly
On the other hand, if the gap 18 tow wide

the moving distance of the contact point is
increased so that when the engine running

at Ingh speed, the points are opened by the

cam belore they are fully closed, that 1s, be

fore Lhe current can flow tully into the pri-

mary windings of the ignition coil ‘Lhis

causes the engine to miss so that it cannot

be accelerated to the desired ligh speeds

Thus, the contact points should be check-

ed and adjusted if necessary, and should
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always be kept clean and maintamed in ptoper working condition

Troubles Arising in Contact Arm and Adjusting Contact Points

a Points fail to open fully

This 1s due to the bakelite part contacting the cam being worn To prevent this,
lightly grease the cam part occasionally

b. Point faces burned

When the pomt faces become dirty ot pitted so that they contact poorly, the
electrical resistance of this part mereages, Consequently, the current flowing through
the primary currenl becomes less so that the high voltage induced in the secondary
coil becomes low. When this occurs, clean and dress down the poimt faces with a
fine Gle (SST~-1001) or remove contact arm and dress down points with oil stone

Alter points are diessed down, adjust gap in

following manner,

1. Crank slowly by hand until points

are fully open

2, Check gap with 0.018imch (05 mm)
thickness gauge (SST~I001)

3, Tf is gap 1s tou wide, loosen lock
screw and adjust by turning adjust-
ing screw in counterclockwise direc-
tion with screwdiiver Tf too narrow,

turn in opposite dircction

Adjusting Contact Porat 4 After adjustment 1s completed, uglit-
en lock screw, and to make sure recheck with thickness gatge

¢ Cheeking inaulation on contact arm and contact arm spring
Wiber imeulations are provided where the contact arm pivots on the base plate pin

and where the contact arm. spring altaches to the interrupter housing Check to see
that these insulation are not loose or dirty causing faulty msulation and allowing
the primary current to ground and resulting in musfiring.

Distributor Cap and Rotor

‘Lhe distributor cap consists of the cap and the distributor 1 otor Both are made
of bakelite and withstands over 20,000 volts, are highly heat-proof and wate1-proof,
and are made mechanically strong and durable

Be careful that there ate no cracks in the distributor cap and rotor, If cracked,
there 19 no other way than to replace with new parts Tt 1s also necessary to see that
on the distributor rotor, the spiing 1s contacting the carbon properly. The clearance

—6—

Donated by Jim Casagrande cruisercult com



between the contact face of the distiibutor rotor and the terminal face of the cap

should be from 0.010 to 0.012in. (0.254 Lo 0.305 mm.)

The cap should be removed frequently and the moisture and dirt wiped off from

the inside

Lubricating Distributor

a Distributor Cam

Apply 2 to 3 drops of engine oil to the felt part inside the cam after every

2,000 kms

b Distributor Shaft

After every 2,000 kms, lubricate by turning grease cup and after every 6,000
kms, replenish grease cup,

ec, Contact Arm (Preaker Arm)

Lightly grease bakelile part every 2,000 kms,

3 Condenser

The condenser 1s located inside the distributor housing and is connected in
parallel with the prumary circuit from primary coil through contact pot ta ground,

Its construction as shown im the iilustration consists of a laiged surfaced conducior
{tin foul) rolled together with insulating material (pavafined paper).

If no condenser 1s provided and the switch

is opened, the primary current flowing 1m the
primary cowl through self mduction will tend to

keep on flowing for a short period of tume, spark-
Paratti ing across any small air resistance and not only

al making the cutting off of the prumary current
bad but burning up the contact points, By pro-

viding a condenser, this momentary current is

absorbed and stored by the condenser to be 1e-

leased when the pomts contact agam, improving

Const uction af Condenser the cutting off of the primary current, raising

the secondary voltage, and at the same time prevents the points from burning,

Condenser Specifications

Capacitance 0 22 Mfd.410 % at normal temperature
Insulation Resistance Over 10 megohm when tested with 500 valts

resistance tester at 80°C

Dielectric Strength Withstand aver 1 minute under 700 volts AC
at 80°C

Capacitance Variation +h
due to Temperature

Heat Resistance 80°C
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4, Spork Plug

The spark is the unil which directly sets fire to the
compressed mixtwie inside the cylinde: combustion cham

ber of the engine by producing a strong spark Special
care should be taken in its maintenance us its perfor-

mance will immediately have a large cffect on the en-
gine output and fuel consumption When removing or
installing spark plugs use the recommended plug wrench
shown in the illustration. Check frequently and after
every 1,000 kms, be sure to clean electrodes with spark
plug cleane, or wire brush, After 10,000 kms, it 1 neces-
sary that they be replaced with new plugs

Spark Plug Specifications

Name 14mm Spark Plugs
Gap Distance 08 to 0 9mm
Type Threads Metric

Thread Outer Dnameter 14 mm

Thiead Length 9,5 mm

Hexagon Part Distance

across Flats 20 6mm

Overall Length 67 6mm

Adjusting Spark Plug Gap

Sparl Mug

Spook Plug and Plug Wrench

The spark plug gap is adjusted to the specified 0,086 inch (0 9mm) using wire
gauge (SST-1001) as shown in the illustration, Before making adjustments, always
make sure to clean the spark plugs thoroughly using spark plug cleaner or wire
brush

Adjusting Spark Plug Gap

fn adjusting, use reverse end of wie
gauge and always bend the side electrode.

Never bend the cenler electrode

Spark Plug Chane
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Determiming Condition Inside Combustion Chamber by Spark Plugs.

1. If the inside part of the spark plug is dry, the white porcelam part lightly

browned, and practically no carbon sticking on, then it can be assumed that there is

perfect combustion within this cylinder

(b) Tf the inside of the spark plug 1s [ull of carbon, then it can be assumed that

there 1s incomplete combustion due to too rich a mixture

c If the imside is wel with gasoline, then the spark plug is misfiring.

d. If the inside fall of carben tesembling powdered coal or the inside is wet

with oil, then oil 1s bemmg pumped up.

5 Ignition Timing

For the internal combustion engine to display its maximum performance it is

necessary to subject the maximum explosive force on the piston just at the moment

il is about to go down from the compression top dead center The following pro-

blems are on what takes place from the time the contact poinis on the distributor

open, until the high tension cient passes to the spark plugs, sparks and ignites the

compressed mu.ture and produce a most effective explosive force

J, Mechanical lag

No matter how precisely the machanism may be made, 1% will take a certain
amount of time for the contact points to open from the closed position to Lhe maxi-

mum opening where there 1s sufficient air gap to resist the self mduced voltage,

This retardation 16 called mechanical lag

2 Electrical lag

Tt will also require a liltle time after the primary current 13 cut off fromm the

ignition coil for the current Lo be induced in the secondary coil and flow out to the

Secondary circuit, reach the spark plug, overcome the resistance of the luighly com-

pressed mixture and spark across the gap, that is, ignite the mixed gas This retarda-

tion 18 called electrical lag

3% Flame Propagation Lag

Tt will also require a little tirne after the highly compressed mixture inside the

cylinder is ignited at one point for the flame to spread and produce a most effective

explosive force, This time lag is called fame propagation and depends on the shape

of the combustion chamber, location of spark plug, location and shape of valves, and
compression ratio. These are design problems Also, the kind of fuel used and the

mixture ratio affect the speed of flame propagation.

Flame Propagation in Gasoline Engine

{vis still not clearly known how the combustion of the highly compressed gasoline-

air mixture takes place inside the combustion chamber From past researches, it

can be thought of as taking place in ihe following stages, In the fitst stage, the
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slow moving mixture close to the spark plug 1s igmited to start the combustion and

raise the temperature of the surrounding mixture to ignition temperature

In the second stage, the combustion slowly spreads ont from the point of ignition

in a circle and accompanied by vibration gradually begins to pick up speed Next

should be the third stage, but this 1s instantaneous as upon completion of the second

stage, the flame spreads extremely rapid and the whole mixture ignites to form what

1s called explosive combustion. The three stages cannot be easily defined since the

time consumed for this action to take place 1s only several hundredths of a second,

Taking the above subjects into consideration, 1t should be possible to determine

the ideal time for the ignition to take place. Subjects {1} and (2) are not much of a

problem. since at high speeds, it only amoumts to about 0 5° crankshaft angle How-
ever, on subject (3) flame propagation lag, the time variation differs considerably with

engine specd as shown by the following calculations
For example, assuming the lag due to combustion rate to be 1/600 second, then

when the engine speed is 450R P.M,

450-—60 27 5 No, of crankshaft revolutions per second,

7 Ax 360= 2,700 No of crankshaft angular revolulions per second.
2,700 x 1/600=4 5 Angular amount the crankshaft travels im 1/600 second

When the engine speed is 3,000 R P.M.
3,000-—60=50 No, of crankshaft revolutions per second,
50 x 360=-18,000 No of crankshaft angular K P.S.
18,000 x 1/600 = 30 Angular amount the crankshaft travels in 1/600 second,

Taking the mechanical and electrical lag of 0.5 degree and adding to ahove

At 450 R.P M. 45-0 5-5 degrees lag

AL 3,000 R, P.M, 39-+-0.5= 30.5 degrees lag

Tt can be seen from above that if the position of the contact points are set togeth-

er with the engme speed so that for any speed, the contact points will open when

the piston is just at the proper position before the ton dead center, then the maxt-

mum explosive power will be oblamed when the piston 1s just abut to go dawn from

the upper dead point.

Taking all the above factors into consideration, the 1gnition point on the Toyota

Model F engine is specrfied to be set 7° before piston combustion top dead center

with reference to crankshaft rotation when the engine is revolving at 500r.p m

The engine speed is not constant as it is always changing to low and high speeds

to meet various demands Consequently, the ignition timing must be constantly ad-

justed to conform to engine speed. After basically determining the ignition timing,

the advancing or retarding of the timing to conform to engine specd 1s made through

mechanisms called spark control.
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Effects of Faulty Ignition Timing

a. Ignition timing ioo slow

Té the ignition timing is too retarded, the combustion will take place after the

piston has passed the first dead point. In this case, the cylinder volume will be

enlarged so that the combustion of the mixed gas will be dull and incomplete.

Consequently, the explosive power will be weak and the cylinder will be subjected
to the flame for a longer period of time. This wall result in.

1 Engine losing power.

2, Increased consumption of fuel.

8 Engine overheating.
4. Lubricating oil on cylinder walls being burned and wasted, causing excessive

wear and damage to cylinder walls and piston sides,

(5) Large depostt of carbon on cylinder and exhanst passages due to mcomplete
combustion

Tf this condition 1s continued, the engme will overheat, the various engine parts

will be badly worn out or damaged, and the lle of the engme will be shortened.

b. Ipnition timing too fast

On the other hand, 1f the agnition trmung is too advanced, the explosion will take
place before the piston reaches the compression upper dead point so that the piston
moving upwards will receive a strong counter pressure, The explosive pressure and

the crankshaft toique acting against each other will exert a tremendous force on all
the frictional parts from the piston to the crankshaft and causing the engine to knock
violently. This wall result in

1. Extreme loss of engine power.

2. Piston head being damaged if counter pressure 1s too high,

3 Excessive wear and damage to piston and cylinder

4 Connecting rod and crankshaft being bent and im extreme case, the bearings
will be damaged

From above it can be seen that faulty ignition timing has exceedingly bad effects,
Thus, it 1s of great importance that special attention be given to its adjustment to
insure accurate operation,

6 Spark Control Mechaniom

A Mechanical Advance Governor

This mechanism 1s located on the lower part of the distributor contact plate,
and consists of governor weights and springs placed between distributor shaft driven
by camshaft, and subshaft with mterrupter cam which fits into the distributor shaft

The centrifugal force of the weights 1s made to match the tensie pull of the springs

so that in accordance with the speed of the distributor shaft, the lag between the

two shafts will be properly adjusted.
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‘he governor plate 1s rigidly attached 10 the distributor shaft inside the lower

part of the distributor housing The part that extends above the plate fits loosely

into the subshaft. On the governor plate are 2 pins which serves as pivots for gover-

nor weights and 2 holdeis for governor weight stop cover The plate surfacc 1s

piovided with 2 narrow protudions to facilitate sliding of governor weights

A Governor Waght

B Cleverrot Spring

C Huge

D Rotatzon of Gorvernar Plate

B Centigual Fever of Governor Weeght

bo Adcances un Direction of Cam Rotation

G Goresnn Spring Suypension

TT Cee

Advance Governor

An oval shaped arm is rigidly fixed to the lower part of the subshaft and this

arm fits into the bent part of the governor weights so that the rotation of the gover-

nor plate 1s transmitted to the subshaft, 2coil springs are fixed between the pins on

the subshaft arm and governor weight prvot pins on the plate »o that the subshaft

arm 1s pulled by the springs against the pivot pins on the plate,

When the engine is running at slow speed, the spring tension aveicomes tho

centrigufal force of the weights and prevents the weights fiom spreading out As

the speed increases, the centrifugal force of the governor weight increases and over-
comes the spring tension so that the heavier ends of the weights opens out ‘his

causes the subshalt arm to move in the direction of rotation,

Consequently, the interrupter cam on the subshaft moves im the duection of rota-
tion and advances the opening of the contacts by that amcaunt. This advance angle
will be twice that when expressed as crankshaft angle. When the engine speed de-
creases, the spring tension oveicomes the centrifugal force of the weights to move
the subshaft back and in accordance with the engine speed, the timing is adjusted
correspondingly.

The relationship between the advance angle of the interrupter cam and the speed
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of the Toyota Model F engine 1s as follows:

Distitbutor Speed Cam Advance Angle Engine Speed

200R P.M 0 400 R P M,

500 3 1000

800 6 5° 1600
1000 8 6° 2000

1200 Ll 2° 2400
1400 14.3" 2800

1600 15° 3200
Te check the action of the governor weights, turn the cam fully to the right

and if un releasing, the springs pull the cam back quickly to the former position,
then it is all right

Lubricate the distributor shaft every 800)km by screwing im the grease cup,
Apply light oil to the felt im the center part of the ante.rupter cam every 2,000

km, so that the cam will operate eanily,

BR, Vacuum Spark Control

To obtain the best operating conditions, the ignition timing should not only be
adjusted for engine speeds alone but also for the amount of load The weights opera-
ted hy centriiugal force as explained before only adjusts the timing by engine speed

alone so that this is not sufficient.

With hight loads (such as running on level road at a fixed medium speed) rt 18

more economical to advance the timing more then when running at the same speed
with a heavy load With this purpose, the vacuum spark control is used.

This mechanism uhiliges the fact that al light loads the vacuum inside the car

buretor becomes high,
This vacuum spatk control is installed on the distributor and 1s of the diaphram

type. When the vacuum inside the carburetor becomes high, it overcomes the tension
of the spring imaide the control and pulls the lever. This moves the distributor
body in the opposite direction to the rotation of the distributor rotor so that the
timing 1s advanced,

Under light load and high speed, this vacuum spark control works together with
the centrifugal control inside the distributor and advances the ignition uumimg more
than that by centrifugal control alone.

Under heavy load with the throttle fully open, the vacuum control will retard
the ignition Liming to the full retard position but the centrifugal control operating
on engine speed will adjust this to the proper timing. In this manner, a nearly per-
fect timing can be had for any load and any speed.

The vacuum spark control advances the timing up to 7 degrees advance angle

(l4 degrees crank angle),
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C. Octane Selector,

In order to increase the engine powe: and ccono mize on fuel it 1s desirable to

use gasoline having a high octane count, that

is, one that has igh anti-knock properties,

There are so many different kinds of gaso-

line sold on the market today that 1t 1s neces-

sary to have some device inslalled on the en-
gine in order that any gasoline can be used

without knocking his device is the so-called

octane selector and is fixed on the previously

mentioned vacuum spark control

To adjust the octane selector. First loosen

the adjusting nut and move the pointer toward Octane Selector

the “RET” side for low octane count gasoline

and toward the “ADV” side for Iigh octane

count gasoline In moving the pointer always

move one graduation at a time (1 graduation

i8 equivalent to 2 degree change im ignition

timing) and after every movement, lighten

the nul and operate the car Run at about

15 to 30 km/h on a level road and step on

the accelerator suddenly. If there 1 4 slight

knocking but at olher speeds, there 16 no knock-

ing, the adjustment is correct,
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CHECKING AND REPAIRING ELECTRICAL UNITS

A. Starting Motor fails to Start Engine
(a) Check for defective starter moto. connection

(b) Check headlamp switch and also check to see that headlamps hght properly
if faulty, there may be a defect in the battery so that 1t should be checked
for following.

(i! Battery charge is low or completely discharged

In this case check specific gravity of battery electrolyte with hydrometer,
(2. Termnal connections on battery posts are loose or corroded,

Loosen clamp post and remove terminal from post Then clean meide of
terminal and outside of post by scraping with knife Fimoli by applying

a thin coat of vaseline (or grease), and inserting terminal and tightening
clamp bolt securely,

(3) Check to see that both ends of the ground cable from the battery to frame
are on secure,

B. Lamps Brighten Up when Engine 1s Started
This indicates a loose connection in the charging circwt from ihe battery to the

generator Jn this case, check each of the following connections,

1. Ammeter terminal
2. Generator terminal
3 Starting motor terminal
4, Termumals at each end of battery

Cc. After Ignition Switch 1s turned on, and engine cranked with starting motor, en-
gine fails to shart

Remove high tension wire from one spark plug and while turnimg engine with

starting motor, hold terminal end of wire about 1/4 inch from metal base of spark
plug. The spark should easily jump across this gap but from the condition of the
spark, the followig can be determined,

(a) Tf it fails to spark over or if the spark 18 very weak, the following troubles
are possible

() Breaker poimt 19 hollowed or is not adjusted,
(2) Condenser 18 defective
(8) Ignition coil 19 defective.

(b) Sparking i satisfactory but the engine fails to start

(1) Remove spark plug and check to sce that they are clean, If found dirty,
use spark plug cleaner and clean thoroughly

(2) Check igmtion timing and correct
(c) Engine runs unevenly.

(1) Clean spark plug with plug cleaner and inspect
(2) Clean breaker points and adjust clearance to specified value,
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INSTRUMENTS

The Toyota Model FA 60 Truck and the Toyota Land Cruiser are equipped with

the following instruments: specdometer, gasoline gauge, oil pressure gauge, water

thermo gauge, and ammeter.

Among these gauges, the gasoline gauge, oil pressure gauge, and water thermo

gauge on the Toyota Model FA 60 Truck and the oil pressure gauge and gasoline

gauge on the Toyota Land Cruiser are of the electrical type.

Fuel Gange Speedometer

Thermo
Gauge

Odometer jn Kjlometers
Ammeter Oil Gauge (Miles)

lustruments on Toyota Model PA 60 Cargo Truck

@ Fuel Gauge

@ Ammeter

@ Speedometer

@ Thermo Gauge

@® Oil Pressure Gauge

ug 4 + 2 I

Instruments on Toyota Land Cruiser

Principles of Electrical Gauges

The gasoline gauge, oil pressure gauge, and water thermo gauge all operate on
the same principle, utilizing the characteristics of bimetals. All gauges consist of the

=7=
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meter unit and the operator unit, both umits being connected with a single line.

Closing the key switch "allows electric cur-

rent to flow from the battery through the heat SWITCH

wire in the meter umt, through the heat wire

and contacts in the operator unit, to the ground.

This electric current heats up the heat wires,
q

this heat being transferred to the respective WIRE
bimetals The bimetal consists of two dissimilar

metals with different heat expansion coefficients

so that when heated, the metal with the higher
' ADJUSTINGexpansion coefficient will bend toward the one p tTSHUNT RESISTANCE

“* CONNECTIOWN eewith the lower expansion coefficient. The amo- i
unt of bending will depend on the temperature,

that is, the amount of current (current time of ey CONTACT POINT

flow) Since the same current flows through the

meter unit and the operator wnit, the amount of
bending in the meter unit will be proportional Operating Dragran.

POINT ARM

to that in the operator unit,
The function of the contact points on the bimetal in the operator unit is to deter-

mine the amount of current which is to flow through the heat wires. When the con-

tact poinis take only a short time to open when the key switch 1a closed (case when
points are lightly contacting each other), the amount of current is small Consequent

ly, the timetal will remain practically unbent and the porter will not deflect But
when the contact points take considerable time to open (case when points are con-
tacting each other heavily), the amount of current 1s large and the pointer deflection
will also be large. The gauges are constructed so that time required for the contact
points to open will depend on the amount of fuel, water temperature, or ol pressure,
and depending on the amount of current decided, the bimetals will bend and the poin-
ter will register the corresponding amount

Maintenance of Electrical Gauges

1. Terminals and Wiring Should Not Be Grounded.
If the meter unit or operatcr unit terminal is grounded, the meter unit will

be directly subjected to a voltage of 6 volts and cause the heat wire to burn up.
Thus, the wiring should never be removed while the switch is closed, and the meter

should never be checked for deflection by grounding its terminals without connecting
the operator unit. Also, when shipping the chassis, the tank unit 1s removed so that
in this case the terminal leads from the fuel gauge unit should be completely in-
sulated.

2. Fuel Tank Unit Should Not Be Interchanged with Other Makes.

— 18 —
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The sliding resistance type of fuel tank unit is also provided with terminals but
its internal construction is entirely different. If used together with the bimetal type
meter unil, the meter will not only register incorrectly but the heat wire may burn
out

3. All terminal connections should be in proper condition.
Care should be taken to see that the terminal connections are in proper shape.

Loose connections will cause poor flow of electric current and result in incorrect
readings.

4. Checking meter

Special equipment is requued to adjust the deflection so that the meters should

not be disassembled for adjustment. In checking heat wire for breakage, the meter

unit and the operator umt must always be connected, An ammeter (1 ampere) is

inverted in this circuit and if by impressing a voltage of 6 yolts, the current begins

to flow, the heat wire is satisfactory.
5, Position of pointer im thermo meter,

On the thermo meter alone, the pomter will register over 100° when the key switch

1» closed, However, the meter is not at fault 1f the pointer setiles down to the spe-
etfied temperature about 10 seconds after the key switch is closed

6 Ammeter wirmg

After inserting wire into the magnetic ciremt part at the back surface, clamp

down the wiring with the lugs provided
7%. Speedometer

The nut on the flexible shaft should be tightened down securely to the meter
body

Speedometer

1. Construction

The sneedometer consists of rotating shaft with rotating magnet, rotating pointer

shaft ou induction plate, hair spring, wmtegrating ring, and gears

2 Operation

When the rotating magnet 1s turned by the flexible shaft, the induction plate above

this magnet tends to turn in the same direction due to the eddy currents produced in
plate by the magnet. This turning force is controlled by the hair spring connected

to the pointer Since the turning fotce produced in the imduction plate is proportional

to turning speed of the rotating magnets, the pointer will register the speed of the

vehicle

On the odometer, the rotation of the flexible shaft 1s transmitted to the ring by

means of gears. Through a special pmion provided on the ring, the odometer will

register 1 km for every 637 turns of the shaft

—~ 19 —
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Ammeter

1. The ammeter consists of one permanent magnet and one moving core with a

pointer attached There is no magnetic coil There are no terminals on the back

cover but provisions are made so that the lead wires can be inserted into the magne-

tic circuit

2 Qperation

When the charging current flows through the wire in the magnetic circuit, this

eurrent produces a new magnetic fleld at right angles to the existing magnetic field

of the permanent magnet ‘The pointer attached to the moving core will point m the

direction of the resultant magnetic field In the case of discharge current, the mag-

netic field produced will be in the reverse direction so that the pomter will register

on the minus side

Oil Pressure Gauge

1, Construction

The meter part consiels of a U-shaped bimetal wound with heat wire, pointer and

graduation dial The unt part consists of phosphor-bronze diaphragm to receive the

oul pressure, point arm to transfer this piessure to the contact pomts, contact points

to cut-off the current, and U-shaped bimetal,

2 Operation

a When there 1s no oi] pressure,

At this condition, the lower contact point is not subjected to ofl pressure

so that there is no bending in the bumetals and the pointe contact each other

very lightly. When the key switch is closed, the current flows through the
heat wire But as very little heat is required to bend the bimetal, that is,

the contact points open with current flowing for a very short time, the tem-

perature of the bimetal heater part does not rise and the pointer shows prac-

tically no deflection

bh When there 18 otf pressure

Al tins condition, the bimetal is bent being pushed up with a force pro-

portional to the ol pressure, When the key switch 16 closed, a much higher

temperature, that 1s, the cu11ent must flow for a longer period for the points

to open than is required in the case of “a”, But just hefore rising above this

higher temperature, the pots open and cuts off the current However, it is

necessary for the bimetal to cool only slightly for the points to close again

so thal the tempesature at which the bimetals open (temperature proportioual

to the ot! pressure) will be the boundary at which the points open and

close repeatedly. On the meter part, the bimetal will be heated correspond

ingly to algh temperatme so that the larger bending will cause a larger
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deflection of the pointer.

Fuel Gauge (Bimetal type)

The meter part is identical to that of the oil pressure gauge and the unit part is

similar with the exception of the float

Its operation 1s similar to that of the oil pressure gauge in thal the contact poimts

are pushed up by the float and the temperature required [01 the pomts to open heing
determined by the height of the float.

Water Thermo Gauge

1. Construction

The meter part w similar to that of the oil pressure and gasoline gauges except

that the location of the parts are symetncally oppomte Thus, the pointer will be
registering over 1000 when the key switch is open.

The bimetal on the unit part is a straight bar ingltead of being U shaped.

2, Operation

The contact point arm unlike that of the [uel gange rcmains stationary, and the

bimetal part is fixed so that it presses strongly agaist the arm at ordinary tempera.
ture When the water temperature is low, the current must flow for a long period
before the points open 50 that in the meter part, the bimetal bends considerably and
the pomter will register low temperature. When the water temperature rises, the bend-
ing of the bimetal due to water temperature decreases the amount of hending 1e-
quired by the current so that less current flews through Thus, the pointer deflection
will become less and higher temperature will be registered,
Fuel Gauge (Sliding resistance type)

The Toyota Land Cruiser is equipped with an electrical type gasoline gauge con-

sisting of the tank unit and the dash unit, This gasoline gauge does nol operate with
bimetals but 1s provided with a shding resistance in the tank umt to vary the cur-
rent, the varatum being registered on the graduations in the dash unit.

L. Construction

The dash unit consists of two cols placed at right angles to each other The
keeper is suspended at the mtersection of the coil centerlines, and the point 19 ngidly
attached to the keeper.

The tank unt consists of a form of variable 1esistance, its contact arm being
operated by the up and down motion of the float inside the tank

2. Operation

When the fuel in tank is low, the contact arm will be contacting the resistance

coil on the right end where there is practically no resistance. On closing the switch,
the current from the battery passes through the left side coil in the dash umt,

2
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through the contact arm resting on the right end of the resistance coil, and to gro-
und ‘The core on the left side becomes slrongly magnetized and pulls the keeper

toward the left side so that the pointer altached to the keeper deflects to the left

When the fuel in the tank increases, the contact arm moves to increase the

Fuel Gauge Tank Unit

is very small being from 1/6 to 1/10 ampere,

reislance on this part. The current flowing through
this part becomes less while the current flowing through

the right side coll m the dash unit to the ground
increases. When the float reaches the highest part, the
resistance of the tank unit wil be at its maximum so

that current trom the battery unable to flow through
this resistance, flows from the left side coil directly
through the right side coil to the ground.

Both of these coils are go wound that the polarity

at the lower ends are the satne, and consequently the
keeper will be attracted by both poles. When the tank
is full, both coils attract the keeper with the same force

to bring the keeper to vertical position and the pointer
to F position.

Thus the position of the pointer will vary with ihe
amount of resistance, that is, 1t will regisier any posi-
tion from E to F to correspond with the amount of fuel
in the tank

The current flowing through this fuel gauge circuit

—2—
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LIGHTING SYSTEM

Toyota Model FA 60 Cargo Lighting System Specifications

Headlamp 45/35 watts 2 pes Type A
Backlamp 35 1

Tail and Stop Lamp 25/8 1

Meter Pilot Lamp 3 2 D
Room Lamp 8 1 B

Parking Lamp 8 4 B

8

3

Dash Lamp 1 B

Winker Pilot Lamp 2 Dp
Fuse 30 5

Toyota Land Cruiser Lighting Specifications

Headlamp 45/35 watts

Inspection Lamp 15

Dash Lamp 8
Winker

License Lamp

Meter Pilot Lamp

Winker Pilot Lamp

Parking Lamp

Tail and Slop Lamp

Stop Lamp
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Medel FA 60 Cargo Lighting Equipment

1 Headlamp

Headlamps are equipped on the left and right sides and important units for

night driving Their construction consists of a 45/85 watts double filament bulb

placed in the center of a special reflector The filament changeover in the light

bulb for main and passing lights is made through the dimmer switch on the

toeboard,

The lens is a part of the reflector and is provided with a special curvature to

transfer the light beams effectively.

a. Disassembling and Reassembling Headlamp

Burned out bulbs and other parts are replaced in the following manner.

~— 23 —
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(1) Unloosen rim set screw at lower part of headlamp and remove rim by

turning slightly in cither direction

(2) Remove 3 screws around headlamp glass 11m and the glass rim and head-

lamp sealed beam unit togethe: with the hght cord can be taken out.

(3) The headlamp bulb can be 1emoved hy pulling out socket carefully and iurn-
img bulb set collar.

(4) When replacing socket, it 1s replaced as socket and cord complete.

(5) When reassembling, follow the aboye procedure in reverse order but take care

to observe the following points

(A) Bulbs replaced must be of the specified bulb,

{b) Reflector should never be touched with dirty hands, and masture should

ES

he strictly piohibited

) The rubber ring at base of bulb must always be installed.iz
)(

b. Adjusting Uesdiamp

The headlamp should be adjusted so that at a

distance of 10 meters from a flat wall, the centers

of the beams will fall inside the squares
yey Repoeo) ag The following item should be checked

pr4uo | sod | a. Headlamp brightness
& b Vertical defection of beam axis

ec. Lateral deflection of beam axis

Explanation of above items

a, Headlamp brightness

This is the brightness of the strongest

part of the headlamp beam

The brightness necessary to distinguish a traffic obstacle at mght from a

distance of 50 meters 1s equivalent to over 130 lux measured ut a distance of
10 meters

bh. Vertical deflection of beam axis

The strongest part of the headlamp beam should he pointing shghtly

downward from the horizontal level.

At 25 meters, the beam axis should not be more than 1.2 meter above the

ground, At 50 meters, the beam axis should fall within the limit between the

ground and 1 meter above the ground, and should not fall above or below
this limit up to 50 meters

c. Horizontal deflection of beam axis

The headlamp beam axis should not deflect more than 1 meter horizontal-

ly up to a distance of 50 meters.

A large space will be required to make actual tests to satisfy the above

conditions so that ordinarily, a headlight tester 1s used. This type of tester
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is made so that the above distances are converted to have the same effect on 4

smailet scale and makes 11 possible to carry out the tests in a smaller space.

Testing with Headlamp Tester

1. Place vehicle on smooth level surface.
2 ‘Tore inflation, springs, and other parts are adjusted to specified values.

3 Tests are made with the vehicle unloaded and 1 person in the drivor’s seat.
4 The engine is at standstill,

5 ‘The battery 1s fully charged

6 Distance between headlamp and tester should be made accurate to that speci-
fied in the tester

7 Move screen up and down go that the horizontal lime on the screen matches
the height of the headlamp centerline

8 Sereen and vehicle centerline are made exactly at mght angles.
9 Turn on lights and determine brightest spot on screen with luxmeter,

10 Check luxmeter reading at brightest spot see rf 1t conforms to specifications
J1 Check to sce if the luxmeter position 18 within the specified limits
This completes the headlamp test

2 Parking Lamp |
This lamp is used for might parking

and i» located below the headlamp

Replacing Light Bulb

a, Remove lens by unscrewing 2 screws

around parking lamp lens

b, Remove bulb by pushing in and turn-

mg counterclockwise

3 Tail and License, and Stop Lamp Parking Lavip

This is all one lamp and is installed above

the license plate, The tail and license lamp

will light on all positions of the headlamp
switch except “off” position, The light bulb

used 1s of the double filament type and se1ves
all lamps.

Replacing Light Bulb

a. Remove lens by unscrewing 2 screws

around the lens

b, Remove bulb by pushing in and turning

Tail and Stop Lamp counterclockwise
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Toyota Land Cruiser Lighting Equipement

1 Headlamp

The headlamps are of the semi-scaled

the Toyota Model FA 60 Cargo

Ticadlamp mm Headlamp shiel
Headlamp beam unit
Rubber ring

Headiamp bulb

type being the same as that used on

ds {{eadlamp body

Headlamp socket

Replaciny of Headlenp

The headlamps are turned on at the tirst step of the headlamp switch and
the changeover from the main te dimmer light 1s made through thef oot operated
dimmer switch, The heht bulb used is 45 watts for main light and 35 watts for
dim light.

‘To replace lamp, unloosen screw at

bottom of rim and turn rim slightly 1o
remove Then dake out sealed beam unit

complete and remove nut on the back
end of the reflector to remove bulb com-

plete, When installing match mark on
bulb and reflector,

2 Parking Lamp

This Jamp is located below each

headlamp and the bulb used is 8 watts

The sccond step of the lighting switch 18

Par kung Tramp

used to turn on this hght To remove,

unscrew 2 nuts on the underside of the fender and pull out,

3. Tail and License Lamp

@ Front Cover ® Number Glass

® Stop Lamp Glass @ Lamp Socket

@ Lat Lamp Glass @ Coupling

@® Laght Bulb Lamp Body

(Bia TO Ford moBEL A /~
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The license lamp is installed on the rear of the vehicle and lights at ali steps
of the lighting switch. The bulb used is 8 watts.

4. Stop Lamp

The stop lamp operates when the brake pedal is depressed, this action being
transferred to the stop switch on the
brake master cylinder.

5. Inspection Lamp Receptacle

A receptacle is provided on the op-

posite side of the drivers seat so that if
it becomes necessary to make inspection
of the vebicle at night, the inspection

lamp can be plugged in.

Lighting Switch and Fuse

A 2 stop switch is used to operate the

headlamps, parking lamp, and other lamps
and is as shown in the illustration. Inspection Lamp Receptacle

@® Headlamp, Tail and License Lamp, Meter Pilot Lamp,
Dash Lamp

® Parking Lamp, Tail and License Lamp, Meter Pilot
Lamp, Dash Lamp

@ Tail and License Lamp (During parking)

‘The headlamp beam changeover is made by the dimmer switch on the tocboard.
Fuses are provided on the lighting switch, each Jamp circuit passing through a

fuse. When a large current flows through any lamp circuit, the fuse will blow out
and protect the circuit.

The current flowing through the lighting switch is 21 amperes maximum and
about 17 amperes normal, The fuse used has capacity of 30 amperes direct current.

Using wires and other means < substitute when fuse blows out should absolutely
be prohibited.

Dimmer Switch

The dimmer switch is located on the tocboard between the clutch and 1 rake
pedals. -

at
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Depressing this switch makes the changeover from the non glare filament to the

long distance filament in the headlamp.

Horn

The horn is of the Voltex type and

contains both hard and soft tones. The

horn is located inside the engine room

being attached with a bracket to the

upper part of the cowl front stay.

A horn should normally satisfy the

following conditions.

1. The volume should be large and

the tone should such that it can

be clearly distinguished from the

surrounding noises,

2. The sound should concentrate in
direction of vehicle travel and

should not have much effect in other directions.

3. The tone should be musically agrecable and should be free from undesireable

noises.

4, The sound should be such that persons can determine speed of vehicle.
The Voltex type horns are of two types, the hard tone and soft tone. Also, these

two type can be furnished in a set so that it is possible to provide a wide range of
sound,

Part Name Part Number

Horn Assembly (Set) D-BY 58000 or R11 58000
Hard Horn Assembly D-BY 58000 or RH 58600
Soft Horn Assembly D-BY 58700 or RH 58700

The horn consists of the horn proper and the horn relay. The tone, whether agree-
able or not, depends largely on its adjustment. When manufactured, each horn is
sound tested separately and accurately adjusted. If adjustments become faulty, cor-

rect in following manner.

1. Horn Wiring
The horn wiring is connected such that the horn can be sounded without turning

on the ignition switch.

2. Mcthod of Adjustment
a. Adjusting Horn Contacts

Check contacts and if found oxidized or burned, polish with a fine file or

sandpaper. Also if the upper and lower contacts are found out of line, loosen

bolt on point holder and correct.

hes He
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Connect ammeter between horn and horn relay by removing horn (+-) cord

and connecting to ammeter (+) terminal and connecting ammeter (—) to horn

(+) terminal. Then press horn button and while observing ammeter reading,

adjust upper terminal by screwing in or out until the ammeter reads 9 am-

peres If the ammete: shows a 1eading while the contacts are open, it indicates

a shorted coil or defective insulation and should be checked If the points

are burned, the specified current may nol flow so that they should be polish-

ed

if both upper and lower pomts are in good condition and are contacting

properly but the current does not flow, it will be necessary to check for bro-

ken wire in coil or cischarged battery,

If on pushing the horn button, the ammeter needle falls out, it will be
necessary to check for broken breaker spring, broken moving bolt, and defec-

tive insulation.

b Defective Horn Relay

The main trouble in horn relay 1s burned contacts so that they should

be dressed down with a fine file or sandpaper until the points contact evenly,

if the horn relay does not operate when the horn bution is pushed down, it

w due to defective wiring or break in coil winding,

The horn relay should be adjusted so that il will operate at about 4 volts,

the spring tension and point gap made to 0 45 to 0.55 mm and the air gap
to 0 27 10 0 33 mim

Adjustment Specifications

a Horn

Nominal Voltage 65 volts

Nominal Current 9 amperes

Operating Voltage 5 to 7 volts

Sound Volume 105 to 115 horn

Coil Resistance 0.09 to 0.11 ohms

b, Uorn Relay

Closing Voltage 3 to 4 volts

Col Resistance 6.5 to 6.1 ohms

Air Gap 0.27 to 0 33 mm

Point Gap 0,45 to 0 55 mm

Operating Instructions

a To operate, there should be at least 5.5 volts on the horn terminals

b Cover and other parts should be securely tightened to prevent vibration.

c, The horn mounting part should be installed so that it has good electrical

contact,

d Do not sound horn continuously but press horn button lightly and shortly

as this will prolong the life of the horn and relay by preventing burning
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out of the points

The horn should not be installed on any thin sheet metal part as this willcause vibration and tend to make the horn sound bad The horn shouldbe securely mounted on a rigid part,
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