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g park P,ugs . . . where the power 
begins ... are hard working vital com
ponents o( every automotive spark ignition 
engine. This article by Mr. Henry Jacksch 
describes the (unction o( a spark plug in 
a modern high compression engine . 
and then outlines a general gUide to 
effiCient spark plug service. 

Iii E function of a sp"k plug Is to Introduco M tension current, properly insulated, into 
the combustion chamber of an engine and then 
to ignite the air/fuel mixture under compression. 

A spark plug forms a removable part of a 
combustion chamber and much can be learned 
about the condition and tune of the engine by 
studying the spark plug face. 

This often discussed and abused but hard 
working vital engine component has to withstand 
many thermal, mechanical, elec.trical and operat
ional strains and stresses ... these are highlighted 
in the panel at right. 

CONSTRUCTION 
Primarily, a spark plug consists of an insulator 

into which the centre electrode and terminal 
bolt are fused together with a special conductive 
glass seal material. The insulator is fitted into 
the steel body or shell under high pressure and 
momentarily annealed at the undercut to eliminate 
the elasticity of the metal, thereby ensuring a 
maximum gas tight assembly. An earth electrode 
is welded to the steel body and set at a pre-

STRAINS " STRESSES OF A SPARK PLUG 

~~lI!I": Temperatures inside the combustion 
c amber vary from 60°C to 2,500°C (140°F to 4,530°F) 
peak in operation! Fluctuating continuously, according 
to the type of work the engine performs a spark plug 
is exposed to these tremendous thermal stresses. 
External temperatures of a spark plug may vary between 
O°C to 200°C (32°F to 39rF). 

••••• : Fluctuating combustion pressures
from a partial vacuum during intake stroke to 700 PSI. 

••••• : High tension voltage to 25,000 volts. 

..... : Constant attack on all internal parts of 
a spar pug, especially electrodes and insulator, by 
the corrosive action of the combustion gases. 

•••••• : A combination of all the above 
variations occurs continuously- e.g. in a four-stroke 
engine at 40 m.p.h. each plug is firing approximately 
60,000 times an hour! 
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Figure I. The construction of a spark 
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Where the power begins! 
determined gap to the centre electrode. Refer 
figu re I. 

HEAT VALUE 

All spark plugs operate between an average 
temperature of ooe and 800°C. A spark plug 
in operation should attain the self-cleaning 
temperature of 4000 e as qUickly as possible. as 
under 4000 e carbon and soot will not burn off. 
Spark plug temperatures should not exceed 
8000 e (red hot) as pre-ignition may occur. 

Different engines have various out-puts and 
combustion temperatures. hence spark plugs 
must be made with heat values in steps or grad
ings. These gradings are built into the spark 
plug by various lengths of insulator foot. (refer 
figure 3). and will conduct the heat slower or 
faster according to the longer or shorter distance 
to the internal sealing washer . 

Low output engines. having low combustion 
temperatures. require hot plugs. the insulator 
foot being made long to absorb enough heat to 
burn off the fuel. soot and carbon. 

Higher output engines. having higher com
bustion temperatures. require spark plugs with 
shorter insulator feet so as not to exceed the 
8000 e max. insulator temperatures. 

Figure 2 depicts a typical combustion temp
erature/ m.p.h. curve plotted under actual road 
conditions using thermo-couple temperature 
measuring spark plugs. These special plugs look 

Figure 2. A typical combustion temperature/ m.p.h. 
curve plotted under actual road conditions using thermo
couple temperature measuring spark plugs. Note 
normal insulator colour variations with change in 
operating temperature. When using Super Shell and 
Shell petrols with I.C.A. additive a more powdery 
whitish appearance will be observed on insulators. 
This should not be interpreted as overheating. 
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, SPARK PLUG HEAT DISSIPATION 

Figure 3. 

Metal to metal seating 

of a spark plug is 

important. When 

refitting spark plugs, 

use proper torque for 
t ighten ing and see that 

the seal i ng washers 

and seat in head are 

clean . 40 % of heat 10% ~ 
transfer of each plug 't- -
travels through this 

washer to the engine. 

The heat rating of a 

spark pi ug is seriously 
affected by incorrect 

seating, as oil and dirt 

are poor conductors 

of heat. 

20 % 

2% 

fuel -air mixture. 

and operate similar to conventional spark plugs 
except for the provision for two leads to connect 
the thermo-couple to a meter registering degrees 
centigrade. 

The brown colour variations and comments 
on the temperature scale of figure 2 indicate 
normal insulator deposit colour corres
ponding to different temperatures of operation. 
When using fuels with a phosphorus additive, 
such as Super Shell and Shell petrol with LC.A .• 
a more powdery wh itish appearance will be 
observed on insulators. This should not be 
interpreted as a condition of overheating. Rapid 
electrode wear is the first indication of over
heating of a spark plug. 

Remember: An engine out of tune can have 
combustion temperatures that are off standard . 
You raise combustion temperatures by a leaner 
mixture, advancing ignition timing, increasing 
compression ratio, etc. You lower combustion 
temperature by a richer mixture, retarding 
ignition ti ming, lowering compression ratio, etc. 

IGNITION TIMING 
As the correct timing setting plays such a major 

role in the resultant combustion temperature, 
we suggest the perusal of the graph (figure 4), 
and the followi ng explanation : 

By rotating the distributor bodily, with the 
engine under load at a speed above the maximum 
advance of the distributor~e.g. for 8-cyL engines 
2700 RPM, 6-cyl. engines 3000 RPM. and 4-cyL 

~lrtll 
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Long insulator foot slow 
dissipat ion of heat. 

Short insulator foot quick 
d issipation of hea t . 

engines 3500 RPM. a number of degrees is noted 
where no increase in power is obtained before 
a drop becomes evident with too much advance. 
The correct setting of ignition advance is max. 
power nearest retard. An increase in com
bustion temperature of up to 130°C. varying in 
types of engines. can be observed for no increase 

SET 

TIMING 

Figure 4. Ignition Timing. 

in power. when the ignition timing is set on the 
flat of the top of the cu rve towards . advance. 
This unnecessary increase of combustion temp
erature can be detrimental to rings. valves and 
increase the danger of auto-ignition and 
detonation. 

SPARK PLUG THREAD REACH 
The responsibility for the position of the spark 

in the combustion chamber of an engine rests 
cont ' d. on pare 6 
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Water Pump: Every 12,000 
miles remove plug and add a 
small quantity (10 drops max.) 
of Shell Dentax 140. Replace 
plug securely. Lubricate 
sparingly to avoid impairing 
efficiency of the carbon sealing 
ring. 

Spare wheel: This is released 
by turning anti-clockwise the 
bolt in the centre rear edge of 
the luggage compartment floor. 
Use the wheel brace as shown. 
When holding tray is screwed 
down remove wheel. Replace 
securely. 

Headlights: To ad
just, remove the rim 
and set to the correct 
position in the vert
ical and horizontal 
planes by usi ng ad~ 
juster screws. 

I = retaining screws 
2 = horizontal 

adjuster 
3 = vertical adjuster 

The beams should 
always be set with a 
normal load on the car. 

Rear Brakes: The rear brake- ~ 
shoes are adjusted by a square- ~ 
headed adjuster behind each r S 
back-plate. Ensure hand brake '~ ',. '''0 IIJ lit 
:~ f~IYcl;~~~~~' di~~;~oandj~S~:ti ~ ., ,..." • 
wheel is locked, then turn back 
until wheel is free to rotate. 

Fuel tank: The filler cap is 
located on the left rear side and 
is combined with the access panel. 
To open, insert ignition key and 
turn clockwise. Tank capacity is 
lOt gallons. Do not fill tank 
so that fuel is visible in the 
filler tube. 

COOLING SYSTEM 
A pressurised cooling system 
makes regular topping up un
necessary. Periodically check 
only when system is COLD. 

Oil filter: Every 6,000 
miles renew element 
by undoing the central 
bolt (arrowed). Care
fully install all items:-

I. Either element 
2. Clip 
3. Sealing plate 
4. Seating washer 

(felt) 
S. Steel washer 
6. Spring 

Check for signs of 
leAkage immediately 
the engine is started. 

CIIt bt 
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I,nltlon tlmln, (static) 
100 B.T.D.C. 

illustration shows the distributor 
adjusting nut (arrowed) also 
timing cover pointers and crank
shaft pulley groove. The long 
pointer indicates T. D.C. With 
No. I piston on the compression 
stroke distributor points should 
just be starting to open when 
pulley groove is opposite the 
100 mark. If points are open 
turn adjuster towards R. If 
points are closed turn towards 
A. For top performance a 
dynamic setting should follow. 

3 

~ 
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GEAR SHIFT 
.of speed box has synchro
mesh on all forward gears. 
Lift lever to engage reverse. 

5 

INSTRUMENTS AND CONTROLS 

Bonnet openln, : 
Apply dow n war d 
pressure to the bonnet 
and move central re
lease lever to the left. 
To release safety catch 
again apply slight 
downward pressure 
and pull this catch for
ward. 
To close: raise the 
bonnet slightly. push 
the catch on bonnet 
support rearward to 
release locking mech
anism. 

I. Ignition and starter switch 
2. Lighting switch 
3. Speedometer 
.of. Ignition warning light 
S. Windscreen wiper switch 
6. Windscreen washer 
7. Oil pressure warning light 

8. 
9. 

10. 

II . 
12. 
13. 

Lubrication warning light 
Panel light switch 
Headlamp main-beam warn-

ing light 
Fuel gauge 
Total mileage indicator 
Coolant temperature gauge 

HYDROLASTIC 
SUSPENSION 

This system works under 
high pressure and all adjust
ments must (for safety) be 
entrusted to an authorised 
B.M.C. Dealer using speci
alised equipment. Should 
damage result in loss of 
fluid. the car can be driven 
at 30 mph but must be re
pai red as soon as possi ble. 

1966 
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CHECK THE PLUG FACE FOR 
CLUES TO ENGINE TROUBLE 

(Figure 5) 

The lower 

When pre-ignition and 
cor ectrodes are indicated. select 
a spark plug one higher in the heat range (next 
colder type). When plug is fouled. select a 
spark plug one lower in the heat range (next 
hotter type). 

PLUG IN NORMAL CONDITION 
Engine in good working order; heat range of 

plug correct. 

PLUG OVERHEATED 
Mixture too lean. Plug not gas-tight. Loose 

fit. Leaky valves. Heat range of plug too low 
(plug too hot). 

6 

Where the power begins! 
with the designer. who must ensure that the 
plug is in a position to give the best flame prop
agation. It is hence most important for the 
serviceman to always fit plugs with the correct 
length of thread reach. 

With too long a thread the part of the plug 
protruding into the combustion chamber will 
carbon up and it will be impossible to unscrew 
the plug without stripping the thread in the 
head. The spark plug in such a case will also 
be prone to overheating and can even cause 
pre-ignition. 

With too short a thread (or reach) the spark 
will occur in a pocket and. the engine will not 
run smoothly or perform well. 

With the correct fitting. all threads in the 
cylinder head are occupied by the spark plug .. . 
and the spark across the electrodes will be in 
the most advantageous position. 

SPARK PLUG REMOVAL AND REPLACEMENT 
Before removing spark plugs from the engine. 

blow away with air any loose dirt which may 
fall into the engine. Always place the plugs face 
upwards into a numbered block or holder so that 
reference can be made back to the cylinder from 
which the plug was removed. This point is 
invaluable if one plug shows a different appearance 
to the rest- e.g. should a suppressed H.T. lead 
be faulty. the plug may be oiled up or sooty and 
much time will be saved by this orderly removal 
of spark plugs. 

Before refitting plugs. clean the cylinder head 
face around the spark plug thread and the plug 
washers. so that metal to metal contact is made. 
Approximately 40% of heat transfer of the heat 
absorbed by the plug is conducted through the 
washer to the cylinder head. Always apply the 
correct tightening torque during plug instal
lation using a well fitting spark plug spanner to 
avoid breakage of insulators. For Aluminium 
heads. slightly tighten pi ugs to break seal before 
unscrewing. preferably when engine is warm . 

LEARN TO READ THE FACE OF THE PLUG 
Understanding the pattern of plug faces as 

shown in figure 5 will enable you to make qUick 
deCisions. offer more satisfaction to your clients 
... and gain increased profits. 

I. Check the pi ug type agai nst that 
recommended in the application chart. 

2. Note the colour of the insulator-brown 
or tan appearance-heat range correct; white
glazed and/ or blistered- plug too hot-fit 
colder heat range. 

Caution before acting too qUickly. determine 
if all plugs show the same condition and if the 
engine and driving conditions are normal; then 
check ignition timing or carburettor for leanness 
or intake manifold for looseness. 

Too much ignition advance is one of the common 

CIIt be 



faults which can also result in engine damage 
and short "life". 

3. Insulator sooty-
Carburettor too rich. inspect choke. Check 

electrode gap. 

4. Insulator oiled-up. 
Plug too cold. fit hotter plug. 
Caution: Are all plugs tending to be oily? 

If engine is not burning oil check ignition 
timing: too much retard will result in low 
combustion tem peratu res. Inspect carbu rettor 
and choke. Should only one or two plugs be 
oily. check H.T. leads and connections of those 
cylinders. Check compression- the trouble may 
be burnt out valves or broken rings. etc. 

5. Insulator split or broken- may be due to 
the bending of the centre electrode during re
gapping. or under certain conditions-detonation 
may cause the insulator to split. 

Figure 6 

THE ELECTRODE GAP 

This gap plays an import'ant part in your 
analysis. Normal gap opening increase is approx
i mately .00 I" per 1.000 miles of service. Should 
gap opening exceed this figure. a cooler heat 
range may be more suitable for the running 
conditions of the engine. 

Remember that many engines are susceptible 
to electrode gap-too close a gap may result 
in surging engine running under part load and 
poor idling. Too large a gap- missing under 
load. 

For best results. if new plugs are not fitted. 
lightly file the electrodes where the spark occurs 
to remove the scale of oxide film (refer figure 6). 
Should the recommended gap be. e.g .. 032" to 
0.36". then set the plug gap to .032" thus enabling 
the gap to grow to .036" before regapping. 

SPARK PLUG CLEANING AND TESTING 

A good quality spark plug cleaner and tester 
unit is a worthwhile investment for every service 
station worthy of the name. They provide the 
only satisfactory way of testing plugs with high 
voltage under pressure ... and likewise the only 
satisfactory way for cleaning fouled plugs. They 
provide a wonderful aid to the selling of replace
ment plugs. 

Do not use a wire brush for cleaning the 
deposits from the insulator. The insulator is 
harder than the wire and traces of steel will remain 
imbedded in the insulator. Always wash oily 
spark plugs in clean solvent and blow dry with 

~lte" 
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PLUG FOULED BY SOOT 
Mixture too rich. Lack of air. Gap setting 

too wide. Heat range of plug too high (plug 
too cold). 

PLUG FOULED BY OIL 
Excess of oil in the combustion chamber. In 

two-stroke engines excess of oil in the fuel-air 
mixture. Worn cylinders and piston rings. 

PLUG WITH HEAVY LEAD DEPOSITS 
Accumulation of deposit denotes a neglected 

spark plug. For optimum performance. it is 
essential to service every 3.000 miles. 

--------' 
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Where the power begins! 
compressed air before sand blasting. Lift earth 
electrode to facilitate proper cleaning. Only 
lightly sand blast ... 7-10 seconds maximum. 
File electrodes as described earlier. 

Remove all traces of sand from the inside of 
plug and reset gap using a proper gap setting 
tool. . 

Test plugs at the following pressures and gap 
settings :-

.025" 

.028" 

.030" 

90 PSI 
80 PSI 
70 PSI 

.032" 65 PSI 

.035" 60 PSI 

Spark p~ug testers use dry compressed air
which is a good insulator. Fuel / air mixture in 
a combustion chamber has a lower electrical 
resistance. Hence 80 PSI in a tester is equal 
to approximately J 52 PSI engine compression. 

Note: 
All spark plug testers should have a built-in 

gap ... proof that the ignition system in the tester 
is still in good condition. Remember also that 
the ignition system in a tester also needs main
tenance from time to time. 

SPARK PLUG SERVICE & SELECTION 

I When removing spark plugs from an engine- always 
place them in order of removal. This will enable 

a determination of individual cylinders and engine 
condition to be made by viewing the colour of the 
insulator and noting the electrode wear. Should one or 
two insulators be oily or look different from the others, 
a compression test and electrical check would be 
recommended. Refer examples of plug faces on pages 
6 and 7. 

1 Check spark plug recommendation chart for applic
able type- keeping in mind that running conditions 

may entail selection of a colder or hotter type than 
normally fitted . 

~ Check electrode gap setting. Reset if necessary to 
~ that specified in the engine handbook. Gap recom· 
mendat10ns are based invariably on minimum settings. 

4 Clean spark plug seating face in cylinder head
the spark plug must make metal to metal contact 

with the cylinder head. 40% of the heat transfer is 
through this seat and a "cold" spark plug range can 
be made into a "hot" range by inattention to this 
important point. On refitting plugs, clean the washer 
face as well. 

5 When installing spark plugs ensure proper tight· 
ness- use tension wrencb. This is another point 

which affects heat transfer. For 14 mm. plugs in cast 
iron heads 26·30 Ibs. ft ., aluminium 23·27 Ibs. ft., or to 
engine manufacturers' specification. 

6' Always use well·fitting spark plug spanners to 
avoid breakage of insulators. 

7 When installing a new set of sp~rk plugs always 
check if the ignition coil has the correct polarity, 

i.e., check if positive and negative cables are connected 
to their correct terminals. Wrong polarity will cause 
a weaker spark resulting in l(;Iss of performance, mis· 
firing and hard starting. • 

8 

A special manufacturing process has enabled 
Shell International Chemical Company to produce 
a new superior hydraulic brake fluid called Shell 
500 Disc Brake Fluid. 

As the name implies this new hydraulic fluid 
has ' a minimum boiling point of 500°F and is 
ideally suited to the needs of all cars eqUipped 
with disc brakes. 

Shell 500 Disc Brake Fluid not only has a higher 
boiling point than any other automotive brake 
fluid ... but also offers exceptional low temp
erature performance. It more than adequately 
meets the S.A.E. specification 70R3 (as does 
Shell Hydraulic Brake Fluid) but offers in addition 
peak performance under extreme temperature 
variations. 

Shell 500 Disc Brake Fluid is now being supplied 
to Ford Australia for the initial fill requirements 
of all cars equipped with disc brakes. It likewise 
meets all other manufacturers' requirements. 

Coloured blue*, Shell 500 Disc Brake Fluid is 
as good as it looks. We can confidently claim 
that it is superior in ... boiling pOint, lubrication 
qualities, low temperature operation and seal 
life protection to any other automotive hydraulic 
brake f1u!p marketed in the world today. 

Shell 500 Disc Brake Fluid is the safest hydraulic 
fluid you can use to service your customer's cars. 
It readily mixes with other brake fluids ... but 
to obtain the maximum advantage in disc brake 
eqUipped cars it should not be mixed. (i.e., the 
system should be drained and flushed through 
until the fluid issuing from all bleed points is 
clear bl ue.) . 
• Supplies to Ford are coloured ,reen to me~t Ford Specification 

req uirements. 
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