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The ignition system serves to ignite the mixture drawn into the combustion cham-
ber of the engine and is a spewially important part of the gasoline engine. Il 1t func-
tions 1improperty, it nmmediately will affect the cngine performance and fuel consump-
tion s0 that special care should be taken in the maintenance of this system

The wiring diagram of the igmtion system 1s shown in the 1lustration  This 1s
of the so-called hattery ignilion system m which the battery and generator are used
as sources of electrical power. Its principal componentls aie as follows.

1. ERlectrical Source

Baltery and gencrator
2. lgnition Coil

A umit which converts low voltage current from battery or gencrator into
high voltage pulsating current of over 10,000 volts required for igmtion spark-
ing

3 Interrupter

A form of a petiodical swilch located inside the distributor which cuts off
the current flowing through the primary coil of igmtion coil at time of 1gnition
to form high voltage curient in secondary coil of igmtion coil

4, IDistithutor

A umt which distribuiles the high tension curient induced 1 the secondary
cotl of 1gmition coil in specified or1der (1-5-3-6-2-4) to the spaik plugs al the cor-
rect time.

Condenscr

An jmportant unit which serves to absorb the self induced current produced
in primary winding of 1gnition coill when this current is cul off bythe 1nter-
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rupter and increase the induced voltage in secondary coil  Tn addition il exiin-
guishes the sparks formed at contact points and prevents puining out of this
main part of the igmition system
6. Spark Plug

These serve to ignite the compressed mixture inside the combustion chamber
by means of a ligh tension spark jumping across 1ts gap.
7. TIgmiion Switch

A key switch which opens or closes the primary circuit of the 1gnition sys-
tem
8. Tgmtion Cord

These constst of Lwo kinds, one for the low voltage current flowing [rom the
hattery or generalor through the primary circuit, and the other for the igh vol-
tage current flowing through the secondary circuit The cord for the seconddry
arcuitl is provided with specially high resistance insulation,

OPERATION OQOF IGNITION SYSTEM

The wiring diagram of the 1gnition sysiem for the “ Toyota” engine is shown in
1llustration,

The interrupter cam has 6 angles corresponding to the number ol cylinders It
rotates together wilh 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 1s placed on top of the interrupter, the center terminal
being connccted to the sccondary termunal of the ignition coil and (he termunals
around the center being connected, m the order of rotation of distributot, to each spark
plug 1m accordance with the firing order.

When the engine is running and the inlerrupler closes the conlact ponts, the
curreni flows from the (1) terminal of the battery, through the ammeter, 1gnition
switch, primary windings of the igmition coil, and enter the interrupler where 1t passes
through the contact arm spring, contact arm, contact pomnts and retorns to the (—)
terminal of the battery by way of the ground, thus completing the crcut

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 1n the primary windings is -
slantly absorbed by the action of the condenser placed on the interrupter, and the
rapid collapse of the magnetic ficld induces a high voltage 1n the secondary wind-
ings. This high voltage current flows out from the secondary termnal of the coil
through a high tension wire into ithe 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 compresscd gas around
the spark gap, the current jumps across with a strong spark, igniting the mixed gas,
and returns {o the (—) terminal of the battery by way of the ground, completing
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the cunecuit  This action 18 repeated over and over agam and at the same time
maintaimng a correct relationship with the engine movement

That is, on the “Toyota” Model F six-cylinder engine, the explosions takes place
i the 1—5—3—6—2—4 order for every 1/31evolution of the crankshaft The mnter-
rupter revolving at onc-half the cngine speed opens the contact poinis at every 1/6
turn, cuts off the prunary current and induces lugh voltage current  The distributor
rotor for every 1/6 turn disiributes high voliage current in the correct order to the
spark plugs

CONSTRUCTION AND OPERATION OF MAIN UNITS IN IGNITION SYSTEM
AND PROCEDURES FOR THEIR REPAIRS ANMD ADJUSTMENTS.

1. lguition Caoll

Location At right center side of engine
Piimary Coil 0 75mm 250 turns 1 2ohms
Sccondary Coil 0 08 mm 20,000 turns

Primary Current 4 5+0 5 ampeies
{(Engine stopped and key switch closed)

The igmition coil 1s installed on top

Secondary Terminal

Ceop (Bakelta) {High Tenzion}

Pomary Tetmmnal

of the engine cylinder head and 1s
connected fiom the key swilch to the
gsource of power through a wire inside

{Low Tension)
8, + a sealed cable.

fr  buch The construction of the coil 1s as

shown 1n the illustration, and consists

[ of a soft 1ron core having a igh in-
Se:ondarLEmT - Primary Ceil

N ductive rate, that 1s, 1t has the charac-

, teristic of being readily magnetized and
%] [ Electric Steel Plate demagnetized. Around this 20,000 tuins

fron Core of enamel insulated 008 mm copper

i~ Base (Porcelan) wire is wound to form the secondamiy

co1ll  Over this 1s wound 250 turns of
enamel insulated high grade 0.75 mm
Tenstron Coudl copper wire to form ihe primary coil.
The spaces between the cols are filled with pilch for insulation and pievention of
molsture entering

As shown 1n the illusiration, one end of the secondary coil connects Lo the secon-
daiy terminal plug in on the cap and the other end to the primary terminal on Lhe
cap logether with one end of the prumary coil The other end of the primary coil
connects to the primary terminal on the cap from where 1t 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 ol
these cases, the coil will not he able to
{unction at full capacity so that the
sparks will miss or be too weak to start
the engine or will cause errvatic 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 [rom the distributor and crank

Spark tesi coil the engine by hand untlil the contacts
close  Turn on Lhe ignition switch and pull out the high (ension cord coming out
of center terminal of ignition coil 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 metallic 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
a 30-ampere ammeter in series. By the amount of current flowing through the cir-
cuit, the condition of the ignilion coil can be determined correctly. 1f 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 35 amperes in about a minute and remain at
about this value. If the amount of current flowing is very large, the coil is short-
ed and if current fails to Aow, 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. Lf the coil tested in this manner is found to be defective replace
with new part.

Ignition and Starting Switch

The ignilion and starting switch is located on the instrument panel and scrves
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 enginc cannot
he started without inserting the key into the switch.

This switch also serves as switch for activaling the fuel gauge so that the
amount of fuel in the tank cannol be known unless this swilch is turned on.
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2. Distributer

The distributor 1s diiven by the camshaft and 1its ptincipal components cousist

of the driven shafl with its interrupter cam, the contact arm and distribulor rotor

Interrupter Cam

Condenser Contact pornt

Brealker At Y Addusting Scrow

Constrnction of Contaci Poud Pt

acluated hy this cam, and the distributor cap
which tecceives the igh tension secondary
current disttibuled by the high tension sccond
ary current distributed by the 1otor and leads
1L to the spark plugs In addition, there 1s the
governor control which automatically adjusts
the tgmition tining, the octane selector, and
the condenser which promotes the action of
the ignition col

The operation of the interrupter cam and
contacl arm 18 as shown w the illustration
With the rotation of the distributor shafi, the
cuntact points on the end of the contact aim
opens and closes the primaly circuit

The contact point gap must be accurately adjusted to 0018 (046 mm). Tlus
gap is a part that requires extreme accuracy for if it 1s too nas row, the self induced

current will flow across the gap when the
pomis are opened causing the voltage in
the secondary coil to be low Conseguently
the spark will be weak so thal there will be
difficully n starting the engine, while driv-
ing the engine will miss at all speeds and
the power will be noticeably lcssened Also
it will cause the pomts to be damaged so

that they will not function properly

On the othor hand, if the gap 12 too wide
the moving distance of the contact point is
increased so thal when the engine 1 runming

at Tugh speed, the points are opened by the
cam belore they are fully closed, that 15, be
fore the current can flow tully into ihe pri-
mary windings of the i1emtion coil
causes the engine Lo miss so that it cannot
be accelerated {o the desired hugh speeds

Thus, the contacl points should be check-

‘1 his

ed and adjusted if necessary, and should Desit ddrerior

-5 —

Donated by Jim Casagrande cruisercult com



always he kept clean and mamtained in proper working condition

Troubles Arising in Contact Arm and Adjusting Contact Points
a Poinig fail to open fully

This 15 due to the hakeiite part contacting the cam bemng worn  To prevent this,

lightly grease the cam part occasionally

b. Poini faces hurned

When the pownl faces become dirty or pitted so that they contact poorly, the
electrical vesisiance of this part mcreases. Consequently, the current flowing through
the primary currenl becomes less so that the high voltage snduced 1n the secondary
coil becomes low. When this occurs, clean and dress down the pownt faces with a
fine file (S5T-1001) or remove conlacti arm and dress down poiuts with ol stone
Alter points are digssed down, adjust gap in
following manner,

1. Crank slowly by hand until points

are fully open

2. Check gap with 0.018nch () 5 mm)
thickness gduge (S81-1001;

3. If this gap 15 too wide, loosen lock
screw and adjust by turning adjust-
ing screw 1n counterclockwise direc-

tion with screwdtiver Tf too nariow,

turn in opposite cirection

Adjusteng Contact Pornt 4  After adjustment 1s completed, tight-

en lock screw, and to make sure 1echeck with thickness gauge

¢. Checking insulalion on contact arm and comlact arm spring
Fiber msulations are provided where the contact arm pivots on the base plate pin
and where the contact arm spiing altaches to the interrupter housing Check to see
thai these insulation are not loose or dirty causing faulty msulation and allowing

the piimary current to ground and 1esulting 1n msfiring.

Distributor Cap and Rotor

The distributor cap consists of the cap and the distributor ) otor Both are made
of hakelite and withstands over 20,000 volts, arc highly heat-proof and wate1-proof,
and are made mechanically strong and durable

Be careful {hat there ate no cracks in the dstributor cap and rotor. If cracked,
there 1s no other way than to replace with new parts  Ttis also necessary to see that
on the distiibutor rotor, the spiing 1s contacting the carbon properly. The clearance
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between the contact face of the distuibutor rolor and the terminal face of the cap
should be from 0.010 1o 0.012in. (0.254 Lo 0.305 mm.)
The cap should be removed {requently and the mowistuie and dirt wiped off from

the 1mside

Lubricating Distributor

a Distributor Cam

Apply 2 to 3 drops of engine o1l to the felt part inside the cam after every
2,000 kms
b Thstnibutor Shaft

After every 2,000 kms, lubiicate by turming grease cup and afier every 6,000
lems, replenish grease cup.
c. Contact Aim (Preaker Arm)

Lightly grease bhakelile part every 2,000 kms,

3. Condenser

The condenser 15 located inside the distmibutor housing and is connected in
parallel with the prumary circuit from primary coil through contact point to giound,
Tts constiuction as shown i the 1llusiration consists of a laiged surfaced conducior
{tin foily rolled together with msulating material (patafined paper).

If no condenser 15 provided and the switch
18 apened, the primary curreni flowing mn the
primary coil through self induction will tend to

keep on flowing for & short period of time, spark-

Paraftin ing across any small air resistance and not only

aer makimg the cutting off of the primary cuirent

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-
leazed when the pomnts contact again, improving

Counsts wctvan af Condensc the cutting off of the primary current, raising
the secondary voliage, and al the same iume prevents the points from burning,

Condenser Specifications

Capacilance 0 22 Mfd 10 24 at normal temperature

Insulation Resistance Over 10 megohm when tested with 500 volts
resistance tester at 80°C

Diclectric Stiength Withstand over 1 minute under 700 volts AC
at 80°C

Capacitance Variation + 5 ey

due to Temperature
H=ai Resistance 80'C
J— 7 J—
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4, Bpark Plug

The spark 1s the unil which directly sets fire to the
compressed mixtw ¢ inside the cylinder combustion cham
ber of the engine by producing a stiong spark Special
care should be taken in its maintenance as its perfor-
mance will immediately have a large cflect on the en-
gme output and fuel consumption
installing spark plugs usc the recommended plug wrench
shown 1n the illustration. Check frequently and after
every 1,000 kms, be sure 1o clean electrodes with spark
plug cleaner or wire brush, After 10,000 kms, 1t 15 neces-
sary thdat they be replaced with new plugs

Spark Plug Specifications

Name

Gap Iistance

Type Threads

Thread Quter Diameler

Thiead Length

Hexagon Part Distance
across Flats

Overall Length

Adjusting Spark Plug Gap

When removing or

14 mm Spark Plugs
0 8 1io 0 9mm
Metric

14 mm

9.5 mm

20 6 mm
67 6 mm Spark Plug and Pluy Wiench

The spark plug gap 18 adjusted to the specified 0.036 inch (0 9mm) using wire

gauge (S5T--1001) as shown in the illustration, Lefore making adjusiments, always

makc sure to clean the spark plugs thoroughly using spark plug cleaner or wire

brush

Adpesieng Spark Flug Gap

In adjusting, use reverze end of wiie
Zauge and always bend the side electrode.
Never bend the cenler eleclrode

Spark Plug Cleane
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Determining Condition Inside Combustion Chamber by Spark Plugs,

1. If the inmide part of the spark plug is dry, the while porcelain part lightly
browned, and practically no carhon sticking on, then il can be assumed that there is
perfect combuslion wilhin ihis cylinder

() If the inside of the spark plug 1s [ull of carbon, then it can he assumed that
there 1s incomplete combustion due to too rich a mixture

¢ [f the mnside is wel wilh gasoline, then the spark plug is misfiimg.

d. If the mside full of carbon r1csembling powdered coal or the inside is wet

with o1l, then oil 1s being pumped up.

5 Ipnilion Timing

For the mmternal combustion engine to display its maximum performance it is
necessary to subject the maximum explosive force on the piston just at the moment
il 18 about to go down {rom the compression top dead center The {ollowwmg pro-
blems are on what takes place from the time the contacl points on the distributor
open, until the high tension cuwrent passes to the spark plugs, sparks and 1gnites the
compressed minture and produce a most effective explosive force

1. Mechanical lag

No matter how precisely the mechanism may be made, 1t will take = certain
amount of time for the contact points to open from the closed position io the maxi-
mum opening where there 1s sufficient air gap to resist the self induced voltage.
This retardation 15 called mechanical lag

2  Flecirical lag

Tt will also require a little time after the primary current 15 cut off from the
1igmition coil for the current io be induced in the secondary coil and flow out Lo the
secondary circuit, reach the spark plug, overcome the resistance of the highly com-
pressed mixlure and spark across the gap, that is, 1gnite the mixed gas This relarda-
tion 18 called electrical lag

3. Flame Propazation Lag

It will also require a little time afier the highly compressed mixture nside the
cyhinder 1s 1igmted at one point for the Aame to spread and produce a most effective
explosive force. This time lag 15 called flame propagation and depends on the shape
of the combustion chamber, location of spark plug, location and shape of valves, and
compression ratio. These arc design problems  Also, the kind of fuel used and the

mixture ratio affect the speed of flame propagation.

Flame Propagation in Gasoline Engine

It 15 st1ll not clearly known how the combustion of the highly comp essed zasoline-
air mixture takes place mmside the combustion chamber From past researches, it
can be thought of as taking place in ithe following stages. In the fitst stage, Lhe
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slow moving mixture close to the spark plug 15 1gmited to start the combustion and
raise the lemperature of the surrounding mixlure to igmition temperalure

In the second stage, the combustion slowly spreads ont {from the point of ignition
1 a circle and accompanied by vibration gradually begins (o pick up speed Next
should be the third stage, but this 15 instantancous as upon completion of the sccond
stage, the flame spreads extremely rapid and the whole mixture 1gnites to form what
15 called explosive combustion, The three stuges cannot he easily defined since the
time consumed for this action to take place 15 only several hundredths of a sccond,

Taking the above subjects into consideration, 1t should be possible to determine
the ideal time for the ignition to take place. Suhjects {1} and (2) are not much of a
problem since at high speeds, 1t only amounts to about 0 5* crankshaft angle How-
ever, on subject (3) lame propagation lag, the time variation differs considerably with
engine specd as shown by the following calculations

For examuple, assuming the lag due to combustion rate to be 1/600 second, then
when the engine speed 18 450 R P, M.

450—60="75 No. of crankshaft revolutions per second.

75x360=2,700 No of crankshaft angular revolulions per second.

2,700 % 1/600=45 Angular amount the crankshaft travels m 1/600 second
When the engine speed is 3,000 R . M.

3,000—60=50 No. of crankshaft revolutions per second.

50 x 360=13,000 No of crankshaft angular R P.S.

18,000 = 1/600=30 Angular amount the crankshall iravels in 1/600 second.

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

At 460 R.P M. 4.5—05=5bdegrees lag
Al 3,000 R. P M. 30—0.5=350.5 degrees lag

It can be seen from above that il the position of the contact points are set togeth-
er with the engime speed so that for any speed, the contact points will open when
the piston 1s just ut the proper position hefore the top dead center, then the maxi-
mum explosive power will be oblained when the piston 1s just abul to go down from
the upper dead point.

Talking all the above factors into consideration, the i1gnition point on the Toyola
Model F engine 1s specified to be set 7° before piston combustion top dead center
with reference to crankshaft rotation when the engine 1s revolving at 00 r.p m

The engine speed is nol constani as it is always changing Lo low and high speeds
to meet various demands Consequently, the ignition tuming must be constantly ad-
justed to conform to engine speed. After basically defermining the ignition timing,
the advancing or retarding of the timing to conform to engine specd 18 made Lthrough
mechamsms called spark conirol.

— 10 —

Donated by Jim Casagrande cruisercult com




Effects of Faulty Ignition Timing

a. Ignition timing lco slow
If the 1gnition timing 1» too retarded, the combustion will take place after the
piston has passed the fiist dead poinl. In this case, the cyhnder volume will be
enlarged <o that the combustion of the mixed gas will be dull and incomplelc.
Consequently, the explosive power will he weak and the cylinder will be subjected
Lo the fiame for a longer period of time. This will result .
1 Engine losing power.
2. Tncteuased consumpiion of fuel,
3  Engine overheating.
4. Lubricating o1l on cylinder walls being hurned and wasted, causing excessive
wear and damage to cylinder walls and piston sides.
(5) Large deposit of carbon on cylinder and exhanst passages due to mconmplete
combustion
Tf this condition 1s continued, the engine will overheat, the various engine parts
will be badly worn out or damaged, and the lile of the engine will be shortened.

b, Tgnition liming lce fast

On the other hand, i1f the wgmition trming is too advanced, ihe 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 mslon to the crankshaft and causing the engine to knock
violently. This will result 1n

1. Extieme loss of engine power.

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

3 Excessive wear and damage to piston and cylinder

4, Conneceting rod and crankshafi being bent and mn exireme case, the beatings

will be damaged

Trom above 1t can be secn that faulty igmition tinmng has exceedingly had effects,
Thus, 1t 15 of great importance thal special attention be given to i1ts adjustment to
insure accuraie operation,

6 Spark Control Mechanism

A  Mechanical Advance Governor

T'his mecchanism 15 located on the lower part ol the distribulor contact plate,
and comsists of governor weights and springs placed between distributor shalt driven
by camshafl, and subshaft with mterrupter cam which fits nto the distributor shaft
The centrifugal force of the weights 15 made to match the tensie pull of the springs
so that 1 accordance with the speed of the distributor shaft, the lag between the
iwo shafts will be properly adjusted.
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The governor plate 15 rimidly attached Lo the distributor shaft inside the lower
part of the distributor housing The part that exiends 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 1®
piovided with 2 narrow protudions to facilitate shiding of governor weights

A Govenor Weaght

B Governor Spimng

C Huwge

D  Rortation of Goternoy Flate

k Centiigual Forer of Gorernor Weight
¥ Adcances mt Duecion of Com Rolalion
G Gurwrnor Spring Suspension

11 Cam

Adveance Governor

An oval shaped arm is rigidly fixed to the lower part of the subshaft and this
arm [its inlo ithe bent part of the governor weighis so that the rotation of the gover-
nor plate 1s transmitted to the subshalt, 2eonl springs are fixed between the pins on
the subshaft arm and governor weight pivot pins on the plate so that the subshafl
arm 15 pulled by the springs agamst the pivot pins on the plate,

When the engine is running at slow speed, the spring tension ovelcomes the
centrigufal {force of the weighis and prevents the weights fiom spreading oul As
the speed increases, the centrifugal foree of the governor weight increases and over-
comes the spring tension so that the heavier ends of the weights opens out “1his
causes lhe subshalt arm to move 1n the dircction of rotation,

Conscquently, the inlerrupter cam on the subshaft moves 1 the duection of rota-
tion and advances the opening of the contacts by that amcmnt, This advance angle
will be twice 1hal when expressed as crankshafl angle. When the engine speed de-
creases, the spring tension oveilcomes the centrifugal force of the weights to move
the subshaft back and in accordance with the cngime speed, the timing 18 adjusted
correspondingly.

The relationship between the advance angle of the interrupier cam and the speed
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of the Toyota Model F engine 15 as follows:
Distiibutor Speed  Cam Advance Angle Engine Speed

200R P.M 0 400R P M.
500 3 1000
800 6 h° 1600
1000 8 §° 2000
1200 11 2° 2400
1400 14.3° 2800
1600 15° 3200

To check the action of the governor weights, turn the cam fully to the right
and 1f vn releasing, the springs pull the cam buck gquickly {o the former position,
then it is all right

Lubricate the distributor shaft every 800 km by screwing in the grease cup.

Apply light o0il to the felt 1n the center part of the interrupter cam every 2,000
km. so that the cam will operate easily,

B. Vacuum Spark Control

To obtan the best operating conditions, the ignition timing should not only be
adjusted for engine speeds alone but also for the amount of laad  The weights opera-
ted hy centrilugal force as explained before only adjusts the timing by engine speed
alone so that this 1s not suflicient.

With hght loads (such as running on level road at a fixed medium specd) 1t 18
more economical lo 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 ulilizes the fact that al light loads the vacuum inside the car
buretor hecomes high,

This vacumm spark 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 inside the conirol and pulls the lever. This moves the distributor
body 1n the opposile direction to the rotation of the distributor rotor so that the
timing 1s advanced,

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

Under beavy load with the throttle fully open, the vacuum control will retaid
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 timmng can be had {or any load and any speed.

The vacuum spark control advances the timing up to 7 degrees advance angle
{14 degrees crank angle),
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C. Octane Selector.

In order io increase the engine power and ccono mwize on fuel 1t 1s desizahle to

use gasoline having a high octane count, {hat
is, one that bas ligh anti-knock properties.

There are so many different kinds of gaso-
line sold on the market today that it 18 neces-
sary to have some device wnslalled on the en-
gine 1n order that any gasoline can be used
without knocking This device is the so-called
octane seleclor and is fixed on the previously
mentioned vacuum spark control

To adjust the octane selector. Fitst loosen
the adjusting nutl and move the pointer toward

Octane Selecion

the *RET ” side [or low octane count gasoline
and toward the “ ADV” side for high octanc
couni gasoline In moving the pointer always
move one graduation at a time (1 graduation
15 equivalenl 1o 2 degree change 1 1gnition
timing) and after every movement, lighten
the nul and operatc the car Run at about
15 to 30 km/h on a level road and step on
the accelerator suddenly. If there 13 a slight
knocking but at olher speeds, there 1s 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 defeclive starter motor conncction
(b} Check headlamp swilch and also check to see that headlamps light properly
1f faully, there may be a defect in the battery so that 1t should be checked
for following.
(11 Battery chaige is low or complelely discharged
In this case check specific gravity of battery electrolyte with hydrometer.
(2! Termunal connections on battery posts are loose or corroded.
Loozen clamp post and remove terminal frem post  Then clean mside of
tetminal and outside of post by scraping with kmfe Fimsh by applying
a thin coat of vaseline (or grease), and mmserting termnal and tightening
clamp bolt securely.
(8) Check to scc that bolh ends of the ground cable from the battery to frame
are on secure.
B. Lamps Brighien Up when Engine 15 Started
This indicates a loose connection in lhe charging circuit from the battery to the
generator In this case, check each of the following connections,
1. Ammeter terminal
2. Generator terminal
3 Siarting motor terminal
4., Ternunals at each end of batlery
C. After Tgnition Switch 1s turned on, and cngine cranked with starting motor, en-
gine fails to shart
Remove high iension wire from one spark plug and while turnimg cngine with
starting motor, hold termunal end of wire aboul 1/4 inch fiom metal base of spark
plug. The spark should easily jump across this gap but {rom the condition of the
spdrk, the following can be determned,
@) If it fails to spark over or il the spark 18 very weak, the following troubles
are possible
(1) Breaker pomnt 1s hollowed or is not adjusted.
(2 Condenser 15 defeclive
8] Tgnition coil 18 defective.
(b} Sparking is satisfactory but the engime 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) Engme runs unevenly.
(1) Clean spark plug with plug cleaner and ispect
(2 Clean breaker points and adjust clearance to specified value.
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INSTRUMENTS

The Tovota Model FA 60 Truck and the Toyvota 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.

Tucl Gange Speedometer

Thermo
Gauge

I
Odometer m Kjlometers
Ammeter 0il Gauge ) ( Miles )

lustraments on Toyola Model I'A 60 Cargo Truck

M Fuel Gauge
@ Ammeter
) Speedometer

@ Thermo Gauge

@) Oi Pressure Gauge

IS 4
ui KO "I'CJ

!
|
&

5 4 3

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
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meter unmit and the operator unit, both umts being connected with a single line.
Closing the key swilch fallows electric cur-
rent to flow from the battery through the heat SWITCH

wire 1n the meter umt, through the heat wire o0 _I_
and contacts in the operator umt, to the ground.
This electric current heats up the heat wires,

(J
this heat being transferred to the respective WERE_
imetals The himetal consists of two dissimdlar ]
metals with different heat expansion coefficients

g0 that when heated, the metal with the higher

. ADJUSTING

expansion coefficient will bend toward the one SHUN? RESIIQ?I'ANCE

™ LONNECTION P
WIRE

with the lower expansion coefficieni. The amo- L

unt of bending will depend on the temperalure,
that is, the amount of current (currentxtime of < 23 CONTACT POINT
flow) Since the same current flows through the FOINT AR
meter unil and the operator umt, the amouni of

bending 1n the meter unit will be proportional Operating Diagram

to that in the operator unit.

The function of the contact poinis ont the bimetal in the operator unit is to deter-
mine the amount of current which is Lo flow through the heat wires. When the con-
tact poinis take only a short time to open when the key switch 1s closed (case when
points are lightly contacting each other). the amount of current 15 amall Consequent-
1y, the mmetal will remain practically unbent and the pownter 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 pomnter deflection
will also be large. The gauges are constructed so that time required for the contact
poinis to open will depend on the amount of fuel, water temperature, or o1l pressure,
and depending on the amount of current decided, the hmetals 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 operater unit terminal is grounded, the meter unit will
be directly subjected fo a voltage of 6 volts and cause the heat wire to burn up.
Thus, the winng should never be removed while the switch is closed, and the meter
should never be checked for deflection by grounding its terminals withoul 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.
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The sliding resistance type of fuel tank unit is alse provided with termmals 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 1n proper condition.

Care should he taken Lo 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 meler

Special equipment 18 requited to adjust the deflection so that the meters should
not be disassembled for adjustment. In checking heal wire for breakage, the mefer
uitt and the operator umt musi always be connected, An ammeter (1 ampere) is
mserted in this circuit and if by tmpressing a voltage of 6 volts, the curient begins
to flow, the heat wite 15 satisfactory.

5. Posilion of pointer 1n thermo meter.

On the thermo meter alone, the ponter will register over 100° when the key swilch
1s closed. However, the meter is not at fault if the pointer setlies down to the spe-
cified temperature about 10 seconds after the key switch is closed

6. Ammeler wiring

After mserting wire into the magnetic circut 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 spzedometer consists of rotating shalt with rotaling magnet, rotating pointer
shaft en mduction plate, hair spring, integrating ring, and gears

2 Opceralion

When the rotating magnet 1s turned by the flexible shaft, the induction plate abaove
this magnet tends to turn in the same direction due to the eddy currcents produced in
plate by the magnet. This turming force is controlled by the hair spring connected
to the pointer Since the turning foirce produced in the induction plate is preoportional
to twining speed of the rotating magncls, the poinler will remster the speed of the
vehicle

On ithe 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
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Ammeter

1. The ammetler consists of one permanent magnet and onc moving core with a
pomnter attached There is no magnetic coll There are no terminals on the bhack
cover bul provisions are made so that the lead wires can be inserted inlo the magne-
tic circut

2 Operation

When the charging current flows through the wire in the magnetic circuit, this
current produces a new magnetic field at righl angles to the existing magnetic field
of the permunent magnet The pomnter attached to the moving core will point mn the
direction of the resullanl magnelic field Tn the case of discharge curreni, the mag-
nctic field produced will be m the reverse direction so that the ponter will register
on the minus side

Qil Pressure Gauge

1. Construction
The meter part consists of a U-shaped bimetal wound with heat wire, poinier and
graduation dial The umt part consists of phosphor-bronze diaphragm to receive the
o1l pressure, point arm to transler this piessure to the contact points, contact points
to cut-off the current, and U-shaped himetal.
2 Operation
a When there 1s no o1l pressure.

At this condition, the lower contact point is not subjected to oil pressure
so that there is no bending in the imetals and ihe poinls contaci each other
very lighlly. When the key switch 18 closed, the current flows through the
heat wire But as very lilile heat 18 required 1o bend the bimetal, that is,
the contact points open with currenl 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
b When there 1s ml pressure

Al {lus condition, the bimetal is bent being pushed up with a force pro-
poriional to the o1l pressure. When the key switch 1s closed, a much higher
temperature, that 1s, the cimient must flow for a longer period {or the points
to cpen than i1s required in the case of 7a”. But just hefore rising above this
higher temperature, the pomnis open and cuts off the cuirent However, 1t is
necessary for the bimetal to cool only slighlly for the points Lo close again
so thal the tempesature at which the bimetals open (temperature proportioaal
to the wl pressurc) will be the houndary at which the pomnts open and
c luse repeatedly. On the meter part, the imetal will be heated correspond
ingly to a high temperatmie so that the larger bendmg will cause a larger
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deflection of the pointer.

Fuel Gauge (Bimetal type)

The meter part 15 1dentical to thal of the oil pressure gauge and the unit partis
sumilar with the cxception of the [loat

Its opelation 18 similar to that of the ml pressuve gauge in that the contact points
are pushed up by the float and the temperatuie requited [o1 the points to open heing
deternmined hy the height of the float.

Waler Thermo Gauge

1. Construction

The meter puit 1 similar to thut of the oil pressule and gasoline gauges except
that the location of the paits arc symetrically opposite  Thus, the pointer will be
registermg over 1000 when the key switch 18 open.

The bimetal on ithe umt part is a strmght bar inslead of being U shaped.

2. Operation

The contact point arm unhke that of the [uel gauge rcmains statwonary, and the
bimetal part 18 fixed so that it presses sirongly aganst the arm at ordinary tempera-
ture When the water temperature 1s low, the current musl flow for a long period
hefore the peoints open =0 that in the meler part, the bimetal bends considerably and
the pomnter will register low tempeiature.  When the watler iemperature rises, the bend-
g of the himetal due to water temperature decrcases ihe amount of hending ie-
quired by the current so that less curient flews through Thus, the rointer deflection
will become less and higher lemperature will be 1egistered,

Fuel Gauge (Sliding resistance type)

The Toyota Land Cruiser is equipped with an elecirical type gasoline gauge con-
sisting of the tank unit and the dash unit. This gasoline gauge does not operaic with
bimetals but 18 provided with a shding resistance in the tank umt to vary the cur-
rent, the variation being regisiered on the graduations in the dash unit.

1. Construction

The dash unit consmsts of two coils placed at right angles to each other The
keeper 1s suspended at the intersection of the coil centerlines, and the point 18 ngdly
attached to the keever.

The tank umt consisis of a form of variable iesistance, 1ts contact aim b'emg
operated by the up and down motion of the floal nside the tank

2. Operation

When the fuel in tank 1s low, the contact arm will be contacting the resislance
coil on the right end where there is practically no resistance. On closing the switch,
the current from the bhattery passes through the left side coil in ihe dash umi,
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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 sirongly magnetized and pulls the keeper

toward the left side so that the pointer aliached to the keeper deflects to the left
When the fuel in the tank increases, the contact arm moves to increase the

Fuel CGauge Tank Unit

reislance on ihis part. The current flowing through
this part becomes less while the current flowing through
the right side cotl m the dash umt to the ground
increases. When the float reaches the highest part, the
resistance of the tank umt will be at its maximum so
that current from 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 so wound that the polarity
at the lower ends are the same, and conscquently the
keeper will be attracted by both poles. When the tank
15 full, both colls atiract the keeper with the same farce
1o bring the keeper to vertical position and the pointer
to F position.

Thus the position of the pointer will vary with the
amounl of resistance, that is, 1t will regisler 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

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

Toyota Model FA 60 Cargo Lighting System Specifications

Headlamp 45/35 watts 2 pes Type A
Backlamp 30 1

Tail and Stop Lamp 25/8 1 c
Meter Pilot Lamp 3 2 D
Roam Lamp 8 1 B
Parking Lamp 5 2 B
Dash Lamp 8 1 B
Winker Tilot Lamp 3 2 D
Fuse 30 5

Toyota Land Cruiser Lighting Specifications

Headlamp 4b/35 walls
Inspection Lamp 15

pcs

Dash Lamp

Winker

License Lamp
Meler Pilot Lamp
Winker Pilot Lamp
Parking Lamp

Tail and Stop Lamp

o0 o 00 L2 0o oo WL OO
[ R S B A

Stop Lamp

Model FA 60 Carzo Lighting Equipment

1

Headlamp

Headlamps are equpped on the left and right sides and important units for
night driving Thewr construction consists of & 45/35 watts double filament bulb
placed 1n the center of a special reflector The filament changeover 1n the light
bulb for main and passing lights 1s made through the dimmer swilch on the
toeboard.

The lens is a part of the reflector and is provided with a special curvatlure to
transfer ihe light heams effectively.

a. Disassembling anid Reassembling Headlamp
Burned out bulbs and other parts are replaced n the following manner.
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(1

(3!

4

{b)

Unleosen rim set screw at lower part of headlamp and remove rim by

turning shightly 1n cither direction

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

lamp sealed beam umi together with the light cord can be taken out.

The headlamp bulb can he 1emoved by pulling out sockei carefully and 1urn-

mg bulb set collar.

When replacing socket, 1t 1s replaced as socket and cord complete.

When reassembling, follow the above procedure in reverse order but take care

to observe the following poinis

(n) DBulbs replaced must be of the specified bulhb.

{by Reflector should never be touched with dirty hands, and mosture should
he sirictly piohibited

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

Adjusting Ilesdiamp
The headlamp should be adjusted so that at a
distance of 10 meters from a flat wall, the centers

o ’ | of the beams will fall inside the squares

—TTR -
& . 5‘_‘% The following item should he checked
60 a. Headlamp brighiness

> b Vertical deflection of beam: axis
——‘ c. Lateral deflection of beam axis
(mm) Explanation ol above items

a. Headlamp brighiness

This is the brightness of the strongest
part ol the headlamp beam

The brightness necessary to distinguish a traflic abstacle al mght from a
distance of B0 meters 18 equivalent to over 130 lux measured at a distance of
10 meters
Vertical deflection of beam axis

The strongest part of the headlamp beam should be pointing shghtly
downward from ihe horizontal level

At 25 meters, the beam axis should nol be more than 1.2 meter above the
ground. At 50 meters, the beam axis should fall within the limil belween the
ground and 1 meter above ithe ground, and should not fall above or below
this Iimut up to 50 meters
Horizontal deflection of beam axis

The headlamp beam axis should not deflect more than 1 meler horizental-
ly up to a distance of 50 meters,

A large space will be required io make actual tests to satisfy the above
conditions so that ordinarily, a headlighl lesler 1s used. This type of tester
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is made so that the above distances are converied to have the same effect on a
smallet scale and makes 1t possible to carty out the tesis in a smaller space.

Testing with Headlamp Tester

1. Place vehicle on smooth level surface.

2 Tire inflation, springs, and other parts are adjusted to specified values,

3  Tests are made with the vehicle unloaded and 1 petson 1n the driver’s seat.
4 The engine 18 at standstill.

5  The battery 1s fully charged

6 lnstance between headlamp and tester should be made accurale to that speci-

fied in the tester

7 Maove screen up and down so thal the horizontal line on the screen matches
the height of the headlamp centerline

8 Screen and vehicle centerline are made exactly at right angles.

9 Turn on lights and determine hrightest spot on screen with luxmeter.

1} Check laxmeter reading at brightest spot see 1f 1t conforms to specifications

11  Check lo sce if the luxmeter posilion 1s within the specified limits

This completes the headlamp test

2  Parking Lamp
This lamp is used for mght parking
and 1s 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 counterclockwize

3 Tail and License, and Stop Lamp Parking Lamp

This 1s all one lamp and 18 installed above
the license plate. The tail and Ycense lamp
will light on all positions of the headlamp
switch excopt “off " position. The light bulb
used 15 of ihe double filament type and seives
all lamps.

Replacing Light Bulb
a. Remove lens by unscrewing 2 screws
around the lens
b. Remove bulb by pushing mn 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 type being the same as thal used on
the Toyota Model FA 60 Cargo
Ilcadlamp rim Headlamp shield Headlamp bhody

Headlamp beam umt
Rubber ning

tleadiamp socket
Headlamp bulb '

Replaciny of Heaellinnp

The headlamps are turned on at the first step of lhe headlamp switch and
the changeover from the main to dimmer light 1s made through thef oot operated
dimmer swilch. The light bulh used is 45 watts for main light and 35 watts for
dim light.

To replace lamp, unloosen screw at
beltom of rim and turn mim shghtly Lo

remove Then Lake oul sealcd beam umt

complete and remove nut on the back
end of the reflector Lo remove bulb com-
plete. When installing match mark on
bulb and reflector.

2. Tarking Lamp

This lamp is localed below each Parlang Tamp
headlamp and the bulb used is 8 watts
The sccond step of the highting switch 1s used to turn on tlus hight To remave,
unscrew 2 nuts on the underside of the fender and pull out.

3. Tail and ficense Lamp /@\‘

@ Front Cover (& Number Glass
@ Stop Lamp Glass ® Lamp Socket
@ Lal Lammp Gluss @ Coupling

@ Laght Bulb Lanip Body

(sl TO FORD tRODEL A [ ~\Q1%))
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The license lamp is installed on the rear of the vehicle and lights at all steps
of the lighting switch. The bulb used is 8 waltts.

4. Siop 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 Lamjp

@ 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 lamp circuit passing through a
fuse. When a large current flows through any lamp circuit, the fuse will blow oul
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 as substitute when fuse blows out should absolutely
be prohibited.

Dimmer Switch

The dimmer switch is located on the tochoard between the clutch and 1rike
pedals. - '

Y
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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 parl of the cowl front stay.

A horn should normally satisfy (he
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 {ree from undesireable
noises.
4. The sound should be such that persons can determine speed of vchicle.
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 Asscmbly (Set) D-BY 58000 or RII 58000
Hard Horn Assembly D=BY 58000 or RH 58600
Soft Horn Asscmbly 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. I adjustments become faulty, cor-
rect in following manner.

1. Ilorn Wiring

The horn wiring is connecled such that the horn can be sounded without turning
on the ignition switch.

2. Method 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.

e
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Connect ammeter between horn and horn relay by removing horn (4-) cord
and conneciing to ammeter (-} terminal and connecting ammeter {—) to horn
{+) termunal., 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 ammeter shows a 1eading while the contacts are open, 1t indicdtes
a shorted coll or defective insulation and should be checked Tf the points
are burned, the specified current may nol flow so thal they should be polish-
ed

[{ hoth upper and lower pownts are 1n good condition and are contacting
properly but the current does not flow, 1t will ba necessary to check for bro-
ken wire in coil or discharged baltery.

If on pushing the horn button, the ammeter needle falls out, 1t will be
necessary to check fo1 broken breaker spring, broken moving bholt, and defec-
tive msulation.

b  Defective Horn Relay

The main irouble 1n horn relay is burned contacts so thal 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 bulion is pushed down, 1t
1> due to defective wiring or break in coll winding,

The horn relay should be adjusted so thal 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 1o 00 33 mmm
Adjustment Specifications

a Horn
Nominal Voltage 6 5 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 Vollage 3 to 4 volts
Caol Resistance 5.5 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 1o prevent vibration.

¢. The horn mounting parl 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 lLife of the horn and relay by preventing burmng
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out of the points
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