d ol Bristo! drilting his TRY through Do

 Demoeefi

TRIUMPH TR
MAINTENANCE
MODIFICATION
& TUNING

by
J.L.S. Maclay

22-26 lower Odcombe, Yeovil, Somerset

Tet West Cokes 406



CONTENTS

CHAPTER
Introduction
1 Basic Theory
2 Stages of Modification
3 Stripping & Rebuilding the Engine
4 Gas Flow
5 Block & Reciprocating Components
6 "Tuning the Engine
7 Suspension & Braking. . .
. 8 General Maintenance . ..
9 Buying a Secondhand TR2 or TR3
10 Buying a Secondhand TR4 or TR4A
11 Two Road Tests of Modified TR4s
i 12 Conversion Equipment
APPENDICES
1 Engine Specifications . ..
I Transmission, Gearing, Road Speeds,
Dimensions
4 HI Torque Scttings

PAGE

.104

.113

.115

L1117




ACKNOWLEDGEMENTS

Acknowledgements and thanks are due to the following for their

help in the preparation of this manual:

Autocar.
J.W.E. Banks and Sons Ltd.
Champion Spark Plug Co. Ltd.
N. L., Dangerfield, Esq.
S.A. Hurrell, Esq.
M. R. Hewett, Esq.
L.Hughes, Esq.
Knightsbridge Publications Ltd.
C.J. Lawrence, Esq.
Motor
R. Penrice, Esq.
Standard Triumph International Ltd.
Super Sports Engines Ltd. of Acton.

INTRODUCTION

The Triumph TR2 was announced to the public at the 1953 Motor
Show. Since then over 100,000 TR2s, TR3s, TR3As, TR4s, TR4As
and TRAA TRS have beenbuilt. InAugust 1967 production of the four-
cviinder engine stopped, to make wayv for the six-cylinder engine.
This tuning and maintenance manual covers all four-cylinder TR
sports cars [rom 1953 - 1967. It describes all details of keeping
the car in really good condition through correct maintenance and
overhaul, and also shows how to carry out modifications and tuning.

For a modest outlay of money, or time and work, the TR owner
can improve the performance of his car to a state where it is sup-
erior to most other sports cars and comparable with the best. Apart
from the advantage of increased performance, he can have a lot of
fun modifying the car himself, and learn a great deal. In the TR
he has a really sound basis toworkon and a simble reliable engine
whichis anideal starting point for the enthusiast who is new to this
type of work.

Good luck.

J. L. S. Maclay.
24th August, 1967.




CHAPTER ONE

BASIC THEORY

A knowledge and understanding of the basic principles of the
Triumph TR engine, its behaviour and design factors, will help the
enthusiast to appreciate the desirability and effect of various mod-
ifications, and will help him differentiate between a worthwhile
piece of work and valueless gadgetry. I, as is usually the case,
he has a limited amount of money to spend, this knowledge will let
him see where to spend that money to best advantage.

To start from scratch we must understand how the internal
combustion engine works. I crave the indulgence of these readers
already well acquainted with the operating principles of the I, C.
engine, over the next few paragraphs.

The 'Otto' cycle is the basis of all four stroke internal combus-
tion engines. There are four separate phases: Induction, Compre-
ssion, Ignition, Exhaust. FEach of these is effected by the travel of
the piston from top to bottom or bottom to top of the cylinder.
Starting with the piston at the top of the cylinder, as it moves down,
the cylinder fills with gas which is supplied through an inlet valve.
As the piston moves up the cylinder, the inlet valve is closed to
contain the gas, which becomes compressed. The compressed gas
is then ignited by the sparking plug, burns very fast and expands.
This action provides the motive power to the engine by driving the
piston down the cylinder. The exhaust valve is then opened and on
the up-stroke the exhaust gases are forced out and the exhaust valve
is closed. We are now back to the position at which we started.
The piston has gone up and down the cylinder twice and only on one
down stroke was the actiondrivenby power. The three other strokes
are powered by the inertia of the flywheel. The linear motion of
the pistonis turned into rotary motion by the crankshaft. The inlet
and exhaust valves are operated mechanically via rocker arms and
pushrods which are moved up and down by cams on a shaft. The
shape of the cams on the camshaft determines the timing and dura-
tion of each valve opening.

Other basic components necessary for the operation of the
engine are a source of gas, and spark. The carburettor produces
the gas by mixing petrol and air during their passage into the cylinder.
This may sound simple, but it has to produce the correct mixture
over a wide range of conditions, such as varying speeds, varying

7




TRIUMPH MAINTENANCE, MODIFICATION & TUNING

degrees of acceleration, tick over, cold starting, overrun, etc.
Ignition of the mixture by a spark is effected by the battery kept
charged by the generator or dynamo. The intensity of the spark is
increased by a coil and the spark is timed by the distributor which
is driven mechanically off the camshaft, in conjunction with the oil
pump.

All this equipment has to be operated and the power for this
comes from the ignition stroke of the cycle. Since the ignitionstroke
depends on the induction and compression stroke and the spark, it
is obvious that the engine has to be started independently, but once
fired is self-perpetuating. A starter motor is designed so that it
disengages once the engine fires. Since the source of power is the
ignition and consequent burning of the gas, the function of all the
other parts of the engine is designed to achieve this in the most
efficient manncr. By efficiency we are here taking into account a
very wide range of items, not just power. The engine designer has
to achieve performance, economy, smoothness, long life, quietness,
easy starting, reliability and many other features. If an engine is
designed with one aspect uppermost the others may suffer. A full
house racing TR engine for instance is noisy, expensive and unre-
liable when compared with a normal TR production car engine,
which will comfortably exceed 75,000 miles before reconditioning
hecomes necessary. Really quiet engines are expensive to manu-
facture. So the design of an internal combustion engine is a com-
promise. It may be possible to improve one aspect, But itwill most
probably be at the expense of another. Today most car manufacturers
in this country give 12 months or 12,000 miles guarantee on their
product. Into the design, therefore, go a good number of features
which will safeguard the reliability of the unit and thereby save the
manwfacturer paying out too much money on warranty claims. The
incidence of claims gives the manufacturer a very good guide as to
the soundness of the designand the reliability built into the car, and
corrective action can be taken where necessary. The fundamental
aims when increasing the power of the TR engine are two: to in-
crease the power exerted on the piston when the gas burns and to
increase the revs. sothat there is a greater number of power cycles.
Toincrease the power exerted on the piston means getting as much
gas as possible into the cylinder and then compressing it to the
optimum pressure. This is normally best achievéd by opening up
and smoothing the path of the incoming gas and by ensuring that the
inlet valve is open for as long and as wide as practical. The bulk
of modifications, such as gas flowed heads, large valves, high lift
camshafts or special carburettors are devoted to this aim. Increasing
the compressionratio also increases the power exerted on the piston
8
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top due to the higher pressure exerted when the compressed gas is
ignited. If however, the engine has a poor induction system increas-
ing the compression ratio is not really the first place to go to work.
It is the induction system that will yield the greatest power increase,
so one must carefully consider which approach is going to be the
more productive. For ultimate output both should be modified.
Camshaft modifications permit the timing of the valve opening and
shutting to be changed and the distance the valves open to be incre-
ased. By changing the profile of the cam, the inlet valve, for
instance, can be made to open earlier and quicker thereby giving
an advantage at highrevs, but possiblya loss of power at low revs.

Increasing the number of revs from 5,000 to 6,000 per minute

means that in that minute there are 20% more power strokes. Un-
fortunately this does not give 20% more power, since the amount of
gas taken into the cylinder decreases as engine speed increases.
Power losses, stresses on the mechanical components, and heat
also increase proportionately. But, before going further into this,
it is helpful to have a thorough understanding of the factors that
determine b.h.p. and torque. We must understand the relationship
between efficiency and performance. This can be defined by saying
that performance is the efficiency with which an engine performs a
certain task., Performance involves all the factors concerned with
engine operation such as b.h.p., torque, fuel consumption, wear
and engine friction. For example, in the ten years before the first
worldwar engine designers did not understand or concernthemselves
with engine performance figures. Cars such as the magnificent
trand Prix Itala produced 120 b.h.p. from a four cylinder 14%Litre
engine! Maximum speed was about 110 m.p.h. at a fabulously slow
1,200 r.p. m. If engine designers wanted more power they merely
increased the capacity of the cylinders. Engines of 2 litres would
produce as little as 10 b.h.p. Compare this with the 220 b. h. p.
produced by a 1,600 c.c. Formula Two engine and it is obvious that
cnormous strides have been made.

The only measure of true power developed is brake horse power
which can be calculated from the torque and r.p.m. by the following
formula: :

_ Torque X r.p. m.
B.H.P. = 5,252
. When considering brake horse power it is important not only to
think of the maximum produced, as b.h.p. is produced throughout
the revolution range. It is therefore of great importance to view
the b.h.p. produced by an engine at both high and low engine speeds.

The engine converts the heat energy in petrol into twisting force

at the flywheel which is known as torque. Torque can be defined as
9
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a force applicd aboul a centre of rotation. As an example, il a
force of 101hs, were applied to the end of a crank with an arm 1ft.
long, one would he applying a torque of 10 1b/1t. Thus the pressurc
inthe exlinder onthe power stroke is converted by means of the piston
and comnecting rod to torque at the erankshalft.

To further our understanding of what constitutes performance,
we musl now consider the pressure variations in a cylinder during
the four stroke cycle. On the intake stroke the piston travels down
creating a partialvacuum and the pressure in the cylinder is lower
than that of atmosphere (14. 7 Ibs. per sq. in. ). With a fully open
throttle the fuel mixture rushes in through the carburettor and inlet
manifold to try and fill the vacuum. How successfully it does this
depends on the r.p.m., the amount-of surface friction in the mani-
folds and ports, the size of the valves and the choke areaof the
carburettor. Therefore the amount of petrol/air mixture that gets
to the cylinder depends on a number of factors, and the higher the
r.p.m. the greater the pressure loss. The amount of petrol/air
mixture that the engine will inhale compared to its cubic capacity
is termed 'volumetric efficiency’. )

As an illustration, a volumetric efficiency of 80% shows that
the pistonis drawing in 80% of its displacement on the intake stroke,
and therefore at the end of the piston's down stroke the pressure in
the cylinder would be about 12 lbs. per sq. in. As the pressure
inside the cylinder is still lower than that outside, the inlet valve
can be left open for 40° to 600 of the compression stroke to take
advantage of the partial vacuum still present, aswell as the inertia
of the gas flow. It will be appreciated that this overlap must be a
compromise as if a camshaft is usedwith too great a valve overlap,
at low r.p. m. the engine will be pumping out nearly as much as it
is drawing in, if the piston is, say, three quarters of the way up
its compression stroke before the inlet valve closes.

With the inlet valve closed the piston ascends, compressing the
mixture to a final pressure that largely depends on the compression
ratio. The compression ratiois the volume of the cylinder with the
piston at the boitom, compared with the volume when the cylinder
is at the top. The compression ratio can be expressed mathema-
tically by the following formula, where CS is the volume of the
combustion space, and TD is the total displacemént of the piston:
TD + CS

CS

Although it may appear that the final compression pressure
(b. m. 2. p.) would be the pressure at the bottom of the stroke mul-
tiplied by the compression ratio (Boyle's Law), in practice this is
not so, because no account has been taken of the temperature variation
10
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Fig. 1. Exploded view of the valve gear and main static components of the TR engine. 1 Split coll-
cls. 2 Adjusting serew. 3 Nut. 4 Rocker pedestal, 5 Nut & spring washer. G Rocker—R. H.

7 Spring. % Spring—centre. 9 Rocker cover, 10 Fibre washer. 11 Nyloc nut, 12 Plain washer.
13 Lifting eve. @4 Filler cap. 15 Rocker cover gasket. 16 Screw & shakeproof washer, 17 Rear
rocker pedestal. 18 Cylinderhead, 19 Cylinder head gasket. 20 Cylinder liner. 21 Cylinder head

stad. 22 Liner gasket. 23 Drain tap & fibre washer. 24 Stud. 25 Setscrew & spring washer.
26 Rear oil seal. 27 Rear main hearing cap. 28 Sealing felt. 29 Distributor drive gear hush,
30 0il gallery plug & copper washer, 31 Setscrew. 32 Springwasher. 33 Nut. 34 Breather pipc
15 0il filter attachment bolt & spring washer. 36 Cylinder block. 37 Sump gaskct. 38 Centre
main bearing eap. 39 Sump. 40 Breather pipe bracket & distance piece. 41 Sump plug. 42 Oil
pump [lilter gauze. 43 Bolt, 44 Sctscrew & spring washer, 45 Spring washer, 46 Nut. 47 Oil
pump. 48 Oil pump gask.t. 49 Dipstick. 50 Sealing piece. 51 Front scaling block. 52 Screw.
53 Nut & spring washer. 54 Engine mounting. 55 Main bearing cap bolt & spring washer. 56 Front
main hcnriﬁg cap. 57 Gasket. 58 Frontbearerplate, 59 Setscrew & spring washer. 60 Setscrew
& spring washer. 61 Torque reaction arm & buifer. 62 Fibre washer. 63 Shouldered stud.
64 Spring washer. 65 Bolt. 66 Lifting cve. 67 Nut & spring washer. 68 Tappet. 69 Pushrod.
70 Exhaust valve. 71 Inlet valve. 72 Exhaust valve guide. 73 Collar, 74 Auxiliary valve spring.
75 Inncr valve spring. 76 Outer valve spring. 77 Inlet valve guide. 78 Valve collar. 79 Rocker
shaft end cap. 8C Mills pin. 81 Spring. 32 Rocker—L.H.
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of the mixture. Compressing a gas raises its temperature (note
how hot the base of a bicvele pump becomes when blowing up atyre).
The increase in temperature of the gas in the cylinder is so rapid
that it has not time to be absorbed through the cylinder head and
walls, and therefore the pressure at the end of the compression
stroke is far greater than it would have been it the mixture had been
at a constant temperature. The pressure increase due to heat build-
up is known as 'polytropic' compression and means that the normal
pressure in the cylinder at 2,000 r.p. m. would be about 120 lbs.
per sq. in. instead of about 90 lbs. per sq. in. if the temperature
of the gas had remained constant.

The petrol/air mixture does not explode when ignited by the
sparking plug, but burns relatively slowly, and in fact requires
ahout 60° of crankshaft rotation to burn fully. This means that the
spark must be advanced to ensure that maximum power and economy
are obtained by timing the ignition and expansion of the gas at the
best possible period of crankshaft rotation. During the 60° of
crankshaft rotation while the mixture is still burning, the cylinder
pressure in a normal engine rises to about 800 lbs. per sq. in.
Following combustion comes the actual power stroke, and at the
end of this stroke the pressure in the cylinder is still at about 75
lbs. per sq. in. which is far higher than atmospheric pressure. As
this high pressure would hold back the piston onits exhaust stroke,
the exhaust valve is opened before bottom dead centre and to assist
cylinder scavenging is held open several degrees after top dead
centre.

The pressure in the cylinder is transmitted by way of pistons,
connecting rod and crankshaft to torque at the flywheel. During
this process mechanical losses take place because of friction, and
pressure losses because the piston has to move against a partial
vacuum during the inlet stroke, and a pressure during the exhaust
stroke. The normal engine with the accelerator held wide open will
deliver at 1,000 r.p.m. about 90% of the power produced in the
cylinder. Engine friction, and pressure and vacuum losses rise
with increased r.p.m. so that at 5,000 r. p. m. the engine is only
delivering about 70% of its true power at the flywheel. Witha par-
tially closed throttle the situation becomes worse as for any given
r.p. m. the total losses are practically the same irrespective of
throttle opening. '

The only way the amateur can determine the effect of his modi-
fications on his engine is to do one modification-at a time and then
test the car on the road or on a rolling dynamometer to determine
the result. The professional has a large advantage as he can use
a proper engine dynamometer, which is a machine for measuring
12
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and absorbing torque.  If the amateur requires accurate measurce-
ment ol any guins in power without the expense ol removing the
powerunit {rom the car, the obvious answer isto find a local garage
with a 'rolling road' dynamometer. This machine measures the
amount of torque passing through the driving wheels, all that it is
neceessary to do heing to drive the car onto a special platform, with
the driving wheels resting between two large rollers.,  The engine
is then started, and the car put in top gear. The power shown will
be less than the true power heing developed by the engine due to
transmissionfrictionlosses. Asameansof seeing the comparative
cflect of different modifications and getting maximum performance
by tuning adjustments, this is a very good method. However the
cquipment is expensive to purchase and not very many garages
possess 'rolling road' dynamometers. The normal or ordinary
dynamometer used extensively in this country is the Heenan and
Froude hydraulic unit which loads the engine by the friction of water
in a turbine. The amount of load is regulated by valves. The nor-
mal procedure for testing an engine for torque is to holt it down to
the test stand, connect the oil, petrol and water lines, and attach
the exhaust pipe. The engine is then started, and torque readings
taken at various r.p.m. The maximum torque béing produced at
any given r.p.m. is determined by the load put on the engine by the
dynamometer. The load is slowly increased to the maximum that
the engine will hold at that r.p. m. From the torque produced the
b. h.p. can be calculated as has already been shown.

Brake mean effective pressure is also a true measure of an
engine's efficiency as it indicates the pressure that the engine is
working at. The higher the pressurc the more power the cngine
will develop. B.m.e.p. is closely related to torque and can be
determined by the following formula:
~_ Torque x 2473
"~ Cubic capacity

R.p.m. can he regarded as the rate that the engine performs
its work. Providing the torque is maintained the faster the engine
spins the more power it will develop in a specified time. Piston
speedis not now so important as it used to be, but speeds in excess
of 2,500 ft. per minute still mean that there must be considerable
pressure pumping losses. Generally speaking the slower the pistons
have to travel the better. -

From the foregoing it can be seen that to improve the efficiency
and performance of the engine we must increase the torque and
b.h.p. and try to maintain them over a larger revolution range. The
methods that can be used to achieve this are shown in detail in
Chapter 2,

14

B.m.e.p. (Ibs. per sq. in.)

CHAPTER TWO

STAGES OF MODIFICATION

Five main factors control the increase of power and torque in
any internal combustion engine, and can be summarised as follows:

1. The maximum r. p. m.

2. The cubic capacity.

3. The mechanical efficiency.

4. The weight and volume of the mixture drawn into the cylinders.

5. Combustion efficiency.

A single modification can have an effect on several of the factors
listed above at the same time. As an illustration, a modification
that increases the weight of the mixture drawn into the cylinders
will also increase the revolutions, which represent the rate at which
work is being performed. It is therefore of great importance to
know both the main and side effects of making different modifica-
tions, and what will be their total contribution to the engine's
performance in terms of increased b.h.p. and torque. In many
instances an astute cheap modification will be of far better value
and give a far better result than an uninformed expensive one. In
this chapter will be shown the modifications that give the best re-
sults, in terms of actual performance gained for money spent.

It is now nccessary to go into slightly greater detail and con-
sider what modifications can be done under each of the five main
headings we have already listed for increasing power output. Some
of the modifications will have secondary effects but we will not be
concerned with this at the moment.

The maximum revolutions of the engine per minute can be
increased by:
1. a) Altering valve springs so that valve bounce occurs at
higher r.p. m,
b) Accurately balancing all reciprocating engine components,
¢) Loweringthe weight of reciprocating parts such as valves,
push-rods, connectling rods, pistons, etc.

The cubic capacity can be increased by the following methods:
2. a) Boring the cylinder bores oversize.
b) Boring the cylinders oversize and fitting larger cylinder
wall liners and new pistons.
15
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The mechanical clficiency can be improved in the following
manner:
3. a) Increasing the piston and bearing clearances.
b) Raising the oil pressures.
¢) Using a high viscosity oil.

The weight of the fuel/air mixture drawn into the cylinders can
be improved by:
4. a) Increasing the total carburettor choke area.
h) Lengthening the period during which the inlet and exhaust
valves remain open.
¢) Making greater the flow path arca of the manifolds and
ports.
d) Smoothing out the flow path in the manifolds and ports.
e) Increasing and smoothing the flow path around the inlct
valve head in the combustion chamber.
fy Supercharging.
g) Increasing the valve discharge area.
h) Drawing cool air into the carburettors.
i) Making the petrol/air mixture richer than standard.

The combustion efficiency canbe improvedby the following ways:
5. a) Raising the compression ratio.
1) Increasing the exhaust scavenging and improving cylinder
filling by pressure wave tuning of inlet and exhaust systems.
¢) Increasing turbulence within the cylinder.
d) Ensuring that the sparkis properly timed and of sufficient
power to fire at all revolutions,

From the foregoing it can be seen that some of the modifications
will be fairly easy to make and could be performed by a competent
mechanic, while otherswould require the use of specialised mach-
inery, and skilled craftsmen.

Consideration should be given to the correct sequence in which
to make modifications to the TR engine to get the maximum increase
in power for the lowest possible cost. The majority of individuals
have their ownidea of the modifications that they consider will give
the greatest increase in power for cash spent, and they vary from
straight through free flow exhaust systems to gadgets stuck on the
end of the exhaust pipe. Disregarding personal opinions, the mod-
ifications listed will be those that have beenproved ona dynamometer.
By doing this it will be possible to relate cost to true performance
increase and not just theory, which in practice sometimes proves
to be incorrect bec ‘use of unknown or disregarded factors.

16

Fig. 3. The 135 b.h.p. TR engine. Note the special exhaust manifold

Fig. 4. Above. The gas flowed, polished, and modified cylinder head and inlet manifold

Fig. 5.

Below.

fitted to the 135 b.h.p. engine

The special wide overlap 8. A, H. touring camshaft also used in this engine
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In practice some of the modifications listed abhove either are not
necessary or not worth the cost. On TR cngines there is no real
requirement to reduce the weight of the reciprocating parts of the
valve gear as these engines are only rarely revved above 6,000 r.p.m.
Lightening the connecting rods and pistons is not worth the trouble
or the risk of weakening them. The means for increasing mechan-
ical cfficiency are not really applicable to TRs and no-one uses
superchargers on TRs nowadays. Otherwise all the modifications
are worthwhile and can be carried out successfully.

Before getting too involved in modifications it should be pointed
out that on a worn engine, or one that has not heen regularly or
properly maintained, substantial power increases may be found by
just getting the engine to function properly. Good points and plugs,
properly ground valves, or a decarbonised head allwork very much
better than tired and worn components, The same applies of course
to other components such as liners, pistons, piston rings and the
bearings at the bottom end.  The normal stages of modificationof
TR engines are shown below though the sequence is usually related
to the owner's purse and the accommodation and facilities at his
disposal at the time,

Approx, Cost Approx. Cost
Owner fitted Garagefitted
& modified

Stage 1. Gas flowed head (stage 1)
Free flow exhaust pipe and silencer £15. 0.0. £€40. 0.0.

Stage 2. Gas flowed head (stage 2)
Free flow exhaust
Extractor type exhaust manifold £€35. 0.0. £68.10.0.

Stage 3. (ias flowed head
Free flow exhaust pipe
Extractor type exhaust manifold
Modified camshalt (touring)
Two DCOE Wcher carburettors
Two special inlet manifolds and
carburettor linkages £125. 0.0. £168. 0.0.

Stage 4. Gas flowed head
Free flow exhaust pipe '
Extractor type exhaust manifold
Modified camshaft
Two DCOE Weber carburettors
Two specia! inlrt manifolds and linkages
18
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Qil cooler kit
Lightencd flywheel and stronger clutch
Special main and big end bearings
Balanced crankshaft, pistons, rods,
clutch and flywheel £165. 0.0.£216.10. 0.

Approximate power increases at the rear wheels are:

Stage 1. 10 b, h. p.
Stage 2, 22 "
Stage 3. 40 "
Stage 4. 40 "

Though stage 4 does not give any increase in power over stage
3, an oil cooler, lightened flywheel and special bearings are in-
cluded, as well as balancing of the unit. These modifications will
reduce wear and increase the life of the engine, The benefits of
flywheel lightening are discussed on page 53. The b.h.p. increase
figures quoted represent net b. h. p. gain compared with a standard
unmodified TR4A, and are actual dynamometer readings.

Stage 1 is designed to be a simple inexpensive improvement to
performance. The cylinder head is nearly always the first part of
an engine to be modified. By this I mean that there are more cars
with modified heads than modified camshafts. If the owner is going
to fit a modified camshaft, he will probably do the head as well,
The reason for this is simple - accessibility, A cylinder head can
be changed quite easily, but to change a camshaft is a major opera-
tion involving engine removal, stripping, retiming ignition and
valves and takes some knowledge and time. In stage 1 the cylinder
head modifications are a raised compruession ratio, enlarged and
polished inlet and exhaust porting, re~shaped and balanced com-
bustion chambers, and matched inlet manifolds, The stage 2 head
is as stage 1 butwith all new valves, and special springs, to permit
higher revs,

The aim of these modifications is straightforward. They are
designed to make the passage of the gases into the cylinder as direct
and easy as possible. The big valve S,A. H, cylinder head has
special large inlet valves and a 10. 7:1 compression ratio on 2.2
litre engine). The improvements to the exhaust system are designed
to.ease the job of the pistonwhen itis pushing the exhaust gasesout
of the cylinder. It would be wrong to think that it is only the piston
that pushes the gases out, for with the valves closed there is con-
siderable pressure in the cylinder even when the piston is at the
bottom of its bore. Opening the exhaustvalve lets the exhaust gases
out but the piston, on its way up the cylinder, still has to push the
remainder out. By opening up and removing any restrictions in the

19
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exhaust gases passage through the valves, ports, manifold, pipe and
silencer the power losses in the engine are reducedand an incidental
gainis a fruity exhaustnoise, much treasured by many enthusiasts!
Stage 3 involves much more work than stages 1 and 2. The main
reason for this is that a modified camshaft is fitted. Also for stage
3 two twinchoke DCOE Weber carburettors and inlet manifolds are
included. Theseare usually the most expensive items on a modified
engine. If one is modifying the car to obtain extra power for road
use only, the Weber carburettors are not really necessary. The
twin S,U, carburettors, or on later cars Strombergs, do a very
good job, The Weber gives better ultimate performance than these
but for road use, in my opinion, the increase in performance is
hardly worth the cost., When it comes to competition work there is
no doubt that Webers are the best bet, unless you are thinking of
goingover to fuel injection or supercharging. The chief advantages
of the Weber carburettor lies in the streamlined, relatively unin-
terrupted passage the air travels through, and the fact that Webers
give more accelerative power, because of the enrichening device
that operates whenever the throttle is opened suddenly. If one wants
one choke per cylinder, two twin choke Webers would be cheaper
to buy than four S,U.s. The Webers probably give 5 - 6 b, h.p.
more at maximum power than S,U.s or Strombergs. At low to
normal revs the S,U.s and Strombergs give more torque and use
less petrol.

As explained in Chapter One, valves do not open or close when
the pistonis exactly at top or bottom dead centre. By opening early
or closing late one can fill or empty the cylinder more efficiently.
The speed at which the gas is travelling, or alternatively at which
the engine is turning, affects the ideal timing of the valves consid-
erably. This means that a camshaft can be designed to give power
at highrevs, lowrevs, or, as on production cars, a relatively even
amount of power over the anticipatedrevrange. On a racing engine
low revs are not used and the valves are timed to give more power
at high revs, but at the expense of low rev power.

The valve timing of standard camshafts is compared with an SAH
and a Lawrencetune camshaft:

TR4s TR2s/3s SAH Lawrencetune

Inlet valve opens b. t. d. c. 170 15° 239 420
" " closes a.b.d.c. 570 550 649 720
Exhaustvaive cpensb.b.d. c. 570 550 640 780
closes .t.d.c. 170 150 230 380
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Fig. 7. Two twin-choke Weber carburettors will give a worthwhile gain in bot

maximum b.h.p.

il cooler is essential if near maximum power is to be used for any lenght of time
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In stage 4 we lind an oil cooler kit, Improved induction and
increased revs lead to higher temperatures since more gas is burnt.,
The water cooling system is adequate to deal with this, but there
is a risk, if high revs are maintained, that the oil will get too hot
and cause engine dumage.  The majority of reputable mineral and
castor oils are safe to 160°Centigrade. Above that temperature the
oil film breaks down and they oxidise at a higher rate. However,
before this temperature is reached the bearings will fail, 1450C
being the maximum figure at the bearings. This means that the
maximum sump temperature permitted is 110 to 1200C as the oil
will be further heated as it passes through the pump, oilways, and
down the crankshaft to the bearings. On the TR engine an oil cooler
is definitely necessary for competition or for high speed cruising,
but for normal use it is not so important.

Balancing the engine reduces wear and the risk of component
failure due to increased load. If the pressure excrtedon the pistons
is equal (achieved by careful tuning and ensuring that combustion
chamber sizes are identical and that all the rotating parts are bal-
anced) the unit will run more smoothly which will put less stress on
the rotating parts. The advantage of balancing intreases as engine
revolutions rise since the stresses increase at a greater rate than
revs. The manwho modifies his engine for a modest power increase
andwho does notplan to rev it any higher than normal will probably
not need to have his engine balanced. The benefits at normal revs
would be so smallthat they would probably not be noticable, whercas
if higher revs, say 6,000 r.p.m. or more are used, it is very
worthwhile. Though it reduces the chance of mechanical failure it
cannot prevent it.

Special bearings are available which give a longer life than
others. The most important aid to long bearing life is an oil cooler.
Depending on how the engine is used, a reasonably long life should
be expected. For road use observing a normal rev limit of 5, 000
r.p.m. with very occasional surges to 5,500 r.p. m., changing the
bearings every 30,000 miles is sensible. Using 5,500 revs regu-
larly in competitions, it would be advisable to change the big ends
every 15 races. At higher revs, the period must he correspond-
ingly shorter.

Stage 4 is the normal limit to tuning the TR engine. For racing
purposes some people go much further. They spend very much
more money, time and effort than the normal enthusiast and are
taking much greater risks of failure or engine 'blow-up' as it is
usually called.

A stronger clutch is desirable and the author always used a
Daimler SP 250 clutch which is designed to cope with 140 b.h.p. in
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cvervdiy use on the 8P 250, and so is well suited to o hot TR engine.
It l)uAlts Slr:\ig‘ht onto the lywheel without modification,

Relinbilily is one of the advantages ol the TR engine, hut with
one proviso: being a comparatively long-stroked engine high revs
do not suit it. 5,000 r. p. m,. should not harm it, 5,500 r.p. m., on
a bitanced engine is fairly safe, but when 6,000 v, p.m. is used
regularly, failure is being risked. Iaving personally raced a 2138
c.c. TR4 engine for three scasons I would recommend changing
the crankshaft after a season's racing or, say, 10,000 road miles
if 5,500 revs are consistently used. The most common failure
scems to be the erankshaft, but only when consistently used beyond
the makers recommendations. When they do go, ‘they usually snap
a connecting rod and hole the side of the crankcase. The rods, in
my experience, don't often fail, though big end bolts do, and these
should be changed at the same time as big ends. Continual use of
high revs obviously will wear the engine much quicker than normal
use. Apart from balancing there are other ways of checking and
protecting against failure. Crack testing will tell if there are any
cracks at the time of the test.  This has its uses but is of limited
value since a component may run for hundreds of hours without de-
veloping a crack, bul the time between a crackappearing and actual
failure may be a matter of minutes. Cracks and failures often start
where there is a scratch or machining markon the metal. One way
of strengthening crankshaft webs and connecting rods and their caps
is to file off any marks and then polish the metal. This helps to
develop a 'skin'on the metal which strengthens it, Another way of
achicving this is by shot peening.  This involves putting the com-
ponent in 1 machine which fires hundreds of little metal shot at the
metal, Rearine andothev finely machined areas have to be protected
fiomthe shol. According to anadvertisement shot peening is a very
snecessful way ol inercasing life. Though the advertiser was nat-
by hinsed he quotes: "Crankshalt life inerease of 900 per cent!
attributed to 4. O. Almen, Research Dept. , General Motors; "Con-
necting rods 1,000 por cent life improvement" attributed to American
Muachinist; 1,400 per cent life increase on rocker arms' attributed
to American National Defence Research Committee,
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CHAPTER THREE

STRIPPING AND REBUILDING THE ENGINE

If the engine is badly worn, then stripping and rebuilding it will
automatically result in aninerease in power. If the unil is modified
while in picces even further power will result.

The few differcnces that there are in the different models of TR
engines do not affect stripping and assembly. These instructions
apply to all TRs, though a few minor details may differ. When as-
sembling an engine always try to put back an item where it came
from. For instance put a valve back in the same seat as belore,
This means laying components out on a hench carefully or marking
them. Scratching marks on them is not advised as this may weaken
them. DMasking tape that can be written on is recommended. Ex-
amples of items that should be replaced where they come from are
valves, valve springs, connecting rods, conneciing rod caps, gud-
geon pins, pistons, etc.

CYLINDER HEAD REMOVAL

1. Drain the cooling system by opening the tap at the bottom of

the radiator.

Disconnect the ancillaries:

(a) petrol pipe by pulling the rubber connection off at the Ioat
chamber.

(h) carburettors )

(¢) exhaust manifold )

(d) plug leads - just pull them off.

(e) water hoses by undoing the jubilee clips at either end of
the heater hose and on the top hose to the radiator.

(f) rocker cover by undoing the 2 nuts on the top of it.

(g) temperature gauge capillary or cable where it goes into
the thermostat housing.

3. Undo the 4 nuts holding the rocker shaft in place, each a little
at a time, and remove the shaft and pushrodd. Do not disturb
the cam followers.

4. Easing each nut a little at a time, undo the 10 cylinder head
holding io:t< in the order shown in Fig. 11. If not done in the
correct order reis a rick of distortion of the cylinder head.

]

by undoing the 8 retaining nuts.
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A fully medificd racing TR engine complete with twin-choke Weber

STRIPPING & REBUILDING THE ENGINE

Ease the cylinder head off the block. If it proveshard to move
rocking or judicious tapping with a wooden mallet may help.

6. Do not turn the cngine over. The wet liners are held in position
by the cylinder head and if the engine is turned over, or a pis-
ton is moved in its bore, there is a very good chance that the
liner will move and break the seal at the bottom of the liner,
This seal prevents the water coolant from getting into the oil.
Should this happen the lubrication effectiveness of the oil is
ruined.  Always change oil if there is any water in it. If the
liners are moved, they must be removed and new figure of
eight joints put in. If it is desired to turn the engine over or
extract the pistons, the tops of the liners should be held down
inpositionwith retainers bolted down by the cylinder head studs.

(9]

CYLINDER HEAD OVERHAUL

Compress the valve springs with a valve spring compressor,
remove the collets and take out the valves. Either lay out the valves
inorder or mark them so that they are returned whence they came.
Remove all carbon from the combustion chamber and ports and th-
oroughly clean the head. Check valve guides for wear by inserting
a new valve, lifting it 18 in. and rocking it sideways. Movement of
the valve head should not exceed 0.020 in. Before grinding the valves
into their seats make sure that the stems and valve guides are clean
andoiled. Grinding is easiest done on a machine but can be done as
well by hand. Smear a little grinding paste on the seat or valve [acc
and with a valve grinding tool rotate the valve to and fro, changing
position frequently, until more grinding paste is necessary or vou
think that a perfect finish has been achieved, All pitting marks
must he gone and there must be a gas-tight seal all round the seat,
To test, smear a little engineer's blue on the valve face and rotate
1/8in. toand froon the seat. If there is not a circle of blue all round
the valve seat, further grinding is necessary. A gas-tight seal is
very important or else there is a risk of valve burning. This is
specially applicable to exhaust valves. Another test is to put liquid
round the seat, insert the valve and then direct a high pressure jet
of air into the port. If there is a leak it will show in the form of
bubbles. If perfectionis the aim, assemble the valves and springs,
lay the head on a bench the right way up and {ill the parts with paraffin
and leave overnight, If any paraffin leaks into the combustion
chaniber the seal is imperfect.

CYLINDER HEAD REFITTING
Cleanliness is important, since dirt on the top of the block or
face of the head will prevent a proper seal, and dirt in the valve
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guides will cause cxcessive wear leading to heavy oil consumption.
Dirt in the inlet ports could be sucked into the cylinders and score
the walls, leading to less cfficient compression and increased oil
consumption. Lightly coat a new cylinder head gasket with sealing
compound: Wellseal is very good: and tighten the cylinder head
holding nuts down a little at a time in the scquence shownin Fig. 11.
to a final torque of 105 ft/lhs. with a torque wrench. Replace the
pushrods and rocker shaft and set the valve clearances as described
on page 58. Recconnect the various ancillaries. After a few miles
the cylinder head should be tightened down again to 105 ft/lbs. when
hot and the tappet clearances checked.

ENGINE AND GEARBOX REMOVAL
1. Drain the cooling system by opening the tap at the bottom of
the radiator and the drain tap on the nearside of the block, and
the engine and gearbox sumps by unscrewing the sump plugs.
2. Remove the battery by disconnecting the two leads and the
battery locators.
3. Disconnect: .

(1) oil pressure pipe where it comes off the rear of the block
by unscrewing the retaining nut.

(2) fuel pipes at the float chamber.

(3) tachometer drive by unscrewing the retainer at the base of
the distributor,

(4) distributor vacuum drive by undoing the single nut which
attaches the vacuum pipe to the front of the distributor.

(5) coil SW cable by undoing the nut which holds it to the top
of the coil.

(6) temperature gauge cable where it goes into the thermostat
housing.

(7) horns and cable (TR4 only).

(8) fan helt by loosening the adjuster bolts on the dynamo.

(9) engine earth strapfrom frontengine bearer plate by undoing
the bolt holding it in place.

(10) heater control wire which is held by a locking nut and the
hoses held by jubilee clips: the heater hoses andengine
cooling hoses.

(11) choke cable where it joins the rear carpurettor underneath
it, by slackening the clamp bolts and nuts which hold both
the outer and the inner cable,.

(12) accelerator linkage at the front of the front carburettor by
undoing the ball cup retaining nut.

(13) exhaust pipe flange by undoing nuts.

4. Lift out the carburettors.
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Fig. 8.

Fig. 9.

Abhove.

pipe. 4 Fuel pump.

Below,

Left-hand view of the engine.
5 Oil filter.

Right-hand view of the engine.

12 Generator.

13 Exhaust manifold,

1 By-pass hose. 2 Heater pipe.
6 Ignition coil. 7 Distributor. 8 Breather pipe

9 Water pump, 10 Fan belt.

14 Thermostat housing

3 Oil pressure

11 Adjusting link,
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Move the steering nut as far forward as possible by undoing

the coupling and the two 'U' bolts.

6. Iemove the front cross-member support hetween the suspension
units by undoing the bolts.

7. Remove:

(1) starter motor by undoing the two holts holding it in place
and the hrass nut which holds the electric cable connection.

(2) bonnet. On TR2s/3s the bonnet is hinged at the rear and
held by two nuts at either side. On TR4s it is [ront-hinged
with three holts either side.

(3) airdeflector (where fitted) by undoing the retaining screws.

(4) radiator by removing the stays on each side and the bolts
at the hase.

(5) engine torque re-actor at the front of engine.

(6) clutch pipe by slackeningthe locknut and unscrewing the pipe.

(7) seat, cushions and carpets.

(8) gearbox cover.

(9) speedometer cable from gearbox.

(10) propellor shaft bolts where it joins the gearbox.

{11) overdrive solenoid cables (if overdrive is fitted).

(12) gearbox cover top by undoing the bolts and lifting it off. Once
off the opening must be carefully covered to prevent any
dirt getting into the box during.the lifting operation.

8. Attach lifting gear in a way such that the engine will lift at the

front at an angle of 35°-400, see Fig. 10.

Disconnect the front engine mountings by undoing the single bolt

on the top of the rubber mountings at each side andthe gear-

box rear support cross-member mounting bolts.

10. Lift the engine, tilting it up at the front, and manoeuvre it clear
of the vehicle.

11. Proceed to the nearest public house and sink at least 3 pints

immediately!

<

w

INSTALLATION OF ENGINE AND GEARBOX (together)
This is approximately the reverse of removal, and so the pro-
cedure is listed below without lengthy descriptions as to how many
and where the bolts, etc., are.
1. Lift engine into vehicle using lifting gear so'that the engine is
tilted at 35°0-400 rearwards.
2. Refit:
(1) gearbox support cross-member and rear mounting.
(2) front engine mountings.
(3) torque reaction arm, and adjust to take up any clearances.
(4) gearbox cover.
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Fig. 10. Removing the TR engine from the TR4 with the aid of a sling
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Fig. 11. The correct sequence in which to tighten the cylinder head nu