
SECTION 3 FUEL AND ENGINE

A DISSERTATION ON THE THERMODYNAMICS OF HEALEY MOTORING
GAZETTE NO 4 MAY 1970

My effort on the subject of trailing arm suspension seems to have been well received. I
visualize  a  scene  throughout  the  land,  in  which  everyone  is  dismantling  trailing  arm
assemblies, just for the sheer joy of it!

At a recent Southern Meeting, Mr. Chaney caused much amusement by exhibiting a 2”
inch wire nail which had been added to the internal specification of his trailing arm bearing
assembly. 

It goes to prove that one does not know what one is driving until one has pulled it apart
and put it together properly yourself.

As I write these notes, a freezing wind is whistling under the door, because it is March, and
because  the  door  does  not  fit!  However,  by  the  time  you  read  them,  we  should  be
sweltering in mid May, and I shall begin to hear little comments like "Would you believe the
fact that my radiator temperature gauge sometimes indicates 230°F", or "The top of my
radiator burst the other day", and so this would seem to be a reasonable time to consider
the thermodynamics of Healey motoring.

It might be as well to consider the problems involved in trying to persuade one gallon of
petrol to propel 1 1/2 tons of Healey with crew for a distance of 20-30 miles.

If we could get a thermal efficiency of 100%, our cars would do about 90 miles per gallon.
Unfortunately, in the internal combustion engine, we induce into the cylinders a mixture of
air and petrol, which we then compress (thus raising the temperature). We ignite this to
cause an inferno of fire (thus raising the temperature and pressure) in the hope that it will
push the piston to the bottom of its stroke without disaster. However, the heat transfer from
one substance to another is proportional to (1) the area of contact of the two substance,
(2) the temperature difference between the two substances, (3) the thermal conductivity of
the two substances.

If this last factor is low, as with air, then that substance is termed an ‘insulator’, which can
be useful if one requires to insulate. If, however, one wishes to transmit heat by means of
gas or fluid then the transfer will be assisted by, and proportional to (4) the difference of
velocity between the substances. This is the reason why one may feel quite warm standing
in six inches of, yet to expose oneself to the rigours of a British August Bank Holiday may
induce instant pneumonia. 

In  applying  the  above  factors  to  our  engine,  (1)  is  as  small  as  possible  (The  worst
arrangement is exemplified by the side valve type of combustion chamber, in terms of unit
area per unit volume). (2) is colossal. (3) We have to construct the engine of metal, which,
of  course,  has  a  high  thermal  conductivity.  (By  1991  there  are  other  materials  being
considered), and (4) our combustion must be turbulent for thorough mixing of fuel and air,
so that about 30-40 % of our heat will be absorbed by the cylinder head, valves, cylinder
block and the pistons. To make matters worse by the time the piston reaches the bottom of
its stroke, about half the remaining energy of the mixture will not have been converted into
useful  work,  and  will  merely  be  expelled  through  the  exhaust  port,  (to  the  further
discomfort  of  the  exhaust  valve)  down  the  exhaust  pipe,  and  out  to  warm  up  the
countryside (which the peasantry do not appreciate anyway).



Of the energy which gets as far as moving the piston, a further amount is lost in the form of
energy  required  to  move  the  piston  through  its  induction,  compression  and  exhaust
strokes, and to overcome friction, internal air resistance, to drive valve gear, oil  pump,
water pump dynamo and fan.

The law of conservation of energy states:- "Energy may be converted from one form to 
another, but it cannot be created or destroyed". It therefore follows that for every pound of 
fuel fed into an engine, that energy which is not turned into power at the flywheel, will 
appear as waste heat, - out of the exhaust pipe, and from under the bonnet.

To impress readers with the magnitude of this waste, I will run through a simple calculation
on a hypothetical Healey being driven along in a civilized country at 100 m.p.h. It is not 
likely to do better than 20 m.p.g. at this speed, and so it is supplied with energy at the 
following rate :-

5 gallons of petrol per hour
= 5 x 7.5 lbs per hour
= 0.625 lbs per minute
= 0.625 x 20,000 British Thermal Units per minute
= 12500 B.T.U./Min.
= 12500 x 778  Horse power = 295 H.P.
         33,000

The actual Brake Horse Power of the Healey engine at this speed will not be more than 
100, and so 195 H.P. is going to waste (More if 20 m.p.g. is not achieved).

Due to the probability of incomplete combustion of the fuel, some of this waste will not 
materialise as heat, but as unburnt elements in the exhaust. However, it will be apparent 
that so much heat represents a formidable problem.

I should think that from a theoretical point of view, the higher the temperature, the more 
efficient the heat cycle will be, but with a piston engine, the problem of maintaining a film of
lubricating oil between pistons and cylinder bores, and of preventing the pre-ignition of the 
fuel mixture has required it to run at a fairly low temperature, most designers aiming at a 
temperature of about 165—185°F at the water outlet from the engine.

The next point to remember is that all road vehicles are air cooled, only the method of 
dissipation varies. If direct air cooling is used, the area of contact (1) must be increased by
means of cooling fins; because the required temperature difference is not very large, and 
also a complicated system of fans and trunking may be required to deliver the vast amount
of air to the obscure areas that exist. Because of the possibility of wild temperature 
variation throughout the structure of the engine, each cylinder and head may need to be a 
separate unit, which contributes nothing to the stiffness of the engine, and mechanical 
noise, will tend to be worse. 
That certain manufacturers have successfully produced such engines for road vehicles is a
tribute to Teutonic engineering, rather than the advantage of having a coolant which will 
not freeze.

The alternative is to surround the combustion chamber and cylinder bore with a dense
liquid which will easily find its way into all the odd corners, thus maintaining a reasonably
even  temperature,  and  recirculating  the  liquid  by  means  of  a  pump,  through  a  heat
exchanger (known as a radiator),  which should be installed at the front  of  the vehicle
where it should receive an unimpeded flow of clean air, (Unlike certain modern designs in
which it is installed in the exit from the engine compartment where it becomes clogged with
oil and dirt).



The liquid normally used on earth bound vehicles is water, because of its availability. It has
the disadvantages of turning solid and expanding when cooled below the temperature of
32°F, and vaporising when heated above 212°F at normal atmospheric pressure. It also
generally contains lime salts which cause scale build up on the internal surfaces of the
system.

The radiator consists of the header tank which is the highest part of the system It contains
a reserve quantity of water and a small amount of air to allow expansion space for the
water. Underneath this is the ‘Core’. This is the part that matters. In the case of the Healey
it consists of 98 flat copper tubes having a total internal area of about ten square feet,
which carry the heated water down through the airflow. The tubes pass through, and are
attached to about 145 flat copper sheets. The total surface area in contact with the airflow
is over sixty square feet! It is a remarkable achievement in such a compact device.

The bottom of the radiator is a small tank to collect the cooled water from the core.

At the front of the cylinder head is a device called a Thermostat. The purpose of this is to
divert water which would otherwise enter the radiator, and return it straight to the pump, so
that  optimum  temperature  may  be  achieved  quickly,  and  maintained  continuously.  It
consists of a spirit filled brass bellows, which, when heated, lifts a valve off of its seat, and
covers a bypass port with a brass sleeve. It should be noted that where owners live in a
hot climate, and decide to remove the thermostat mechanism, some arrangement should
be made to blank off the bypass port, to ensure that all the water is forced through the
radiator, or the object of the exercise is defeated. I do not really approve of the above plot
anyway.

Failure of the thermostat may be caused by leakage of the bellows, or scale forming in the 
convolutions of the bellows. In both cases this generally causes the engine to run cold.

The valve is screwed and soldered on to the spindle, and minor adjustments can be made 
by unscrewing or screwing down valve. However, the underlying problem will generally be 
as indicated.

The cooling system therefore works as follows:- With the engine starting from cold, water
starts moving from the pump, through the external pipe on the exhaust side of the cylinder
head. It enters the head through two inlet ports where its first task is to cool the exhaust
valve seats. It then continues across the head, turning forward and entering the thermostat
housing. The thermostat will not open until the temperature is somewhere near 165°F, and
the water will be diverted back to the suction side of the pump via the by-pass port in the
side of the housing. The water contained in the cylinder block is not subjected to forced
circulation, but merely relies on convection to cause the water surrounding the cylinder
bores to rise and mix with the water in the head at will, (Unfortunately, sometimes it will
not! But more of this later).

When the  temperature  reaches  165°F,  the  alcohol  in  the  bellows will  have  expanded
enough to cause the valve to start opening, and the sleeve in the housing to rise with it,
partially covering the port in the side of the housing. The water now passing through this
valve goes through the top hose into the header tank, thus forcing water down the cooling
tubes, through the bottom tank and up the bottom hose pipe to the suction side of the
water pump, where it mixes with the hot water which is still escaping through the bypass
port and returns to the cylinder head.

It is therefore obvious that as long as there is a reserve of cool water in the radiator, the
thermostat will be able to hold the temperature at a stable level, but if, for any reason, the
radiator is unable to maintain the supply, the thermostat will be fully open and the only
stabilizing influence will be the increasing difference between the temperature of the water
and the airflow. This condition is, in the case of the Healey, usually the direct result of
fitting a radiator in which the core is too small.



When the Healey was first envisaged, it was intended to run the car with a separate high
pressure header tank behind the engine the pressure being set at 15 lb/in 2. The boiling
point would thus be raised to about 250°F and a much smaller radiator could be used,
which would facilitate a lower bonnet line. I do not know whether any models were built
with this arrangement, but I would imagine some considerable protest from the engine at
this temperature, especially when using the dreaded ‘pool’ petrol of those days. The result
of all this would seem to be that we have been left with a normal type of radiator which is
only just about large enough. I use a 7 lb/in2 cap which raises the boiling point to 232°F
provided the top hose does not burst!

It should be remembered that it is dangerous to remove the cap or indulge in any activity 
under the bonnet when the temperature is in excess of 212°F.

In practice, the 2.4 Healey finds enough cool air if it is allowed to keep moving, it is, after
all  lighter,  higher  geared and more  aerodynamic  than a 2.4  Riley.  It  will  therefore  be
moving faster than a Riley at any given throttle opening. The real trouble begins when the
car is subjected to the spasmodic progress of a traffic jam.

The thermal conductivity of air is so poor that a radiator surrounded with stationary air
might as well be wrapped in cotton wool. In actual fact there will not be very much waste
heat from an engine ticking over at 500 r.p.m. but of course it only requires 1500 B. T. Us
to raise the temperature of 2 1/2 gallons of water from l70°F to 230°F if no cooling takes
place. For this reason most cars are fitted with a belt driven fan to keep the air moving
through the radiator core. This is not very satisfactory, as it is only t turning at about 600
r.p.m when it is needed, and speeds up to 6000 r.p.m. at maximum speed when all it can
do is swot flies, and put unnecessary stress on the dynamo belt, although it is useful when
climbing steep hills in low gear.

Several new cars are now fitted with an electric fan as original equipment and this is the
most  satisfactory  solution  to  the  problem.  The  most  well  known  one  is  probably  the
'Kenlow'.

On the Healey this is fitted in front of the radiator and must therefore be obtained with a 
'blowing' fan (as opposed to a suction fan).

It is best to wire the fan so that it will run with the engine switched off, so as to cope with
any thermal emergency.

In the case of C.1902, I removed the original fan, together with the front pulley of the water
pump, as this makes it possible to remove the dynamo belt without lifting the radiator,
However, with this configuration, the car was unable to climb Hard Knott Pass without
boiling. I leave this decision to the owner.

 Another problem which may develop in the Riley engine is a condition which I think is due
to local overheating in the cylinder head which occurs when the engine if switched off after
a hot run. I believe the problem is probably due to the small difference in height between
the header  tank and the cylinder  head,  so that  when the water  pump is  not  working,
natural convection does not occur, and the residual heat in the cast iron boils the adjacent
water, which in turn, blows water through the overflow vent of the header tank, after which
one is two or three pints short and cavitation recurs.

In the case of C.1902, I have fitted a vent overflow tank, which has cured the problem. In
this configuration the cap of  the vent tank controls the pressure,  while  the cap of the
header tank was converted to a simple blank lid.



If any circumstance occurs which causes the needle of the temperature gauge to fluctuate
violently, it is essential to stop the engine immediately and coast to a standstill, as the
castings are being subjected to severe stress, due to some unpredictable movements of
steam and water inside. Another possible cause is a build up of scale in the very restricted
water passages in the cylinder head adjacent to the holes which match up with the water
holes in the top deck of the block.

The engine should, of course, be allowed to cool down before slowly refilling with water.

I have little faith in the various products on the market for descaling engines while running,
and it would seem to me that anything drastic enough to do any good might damage the
more fragile parts of the system, and most seem too mild to do anything.

On  my  own  engine,  I  removed  the  head  and  filled  the  water  passages  with  some
concentrated acid which is used by the coppersmith trade. It frothed and bubbled in a most
dramatic  manner for  about  three hours,  while  the Technical  Secretary displayed great
courage in  allowing  the  process  to  continue to  its  natural  conclusion.  The result  was
excellent,  but  where  the  foam  made  contact  with  machined  surfaces,  these  became
slightly etched. I was going to have the head machined anyway. Obviously this would be
too drastic for cleaning an assembled system. Most people will  content themselves by
digging the scale out by hand, or with rotary wire brushes etc. Similarly, with the cylinder
block, it is necessary to remove all the core plugs (including the one hidden behind the
flywheel) and dig the scale and mud out by hand. 

Such jobs as this, should, of course, be done when the engine is stripped down for major
overhaul, it will not then need doing again before the next overhaul. It should also be noted
that an engine which does not boil or leak, does not need frequent topping up with fresh
water. The scale content of the system is thereby kept at a minimum.

Scale in the radiator itself is a special problem. It is, by nature a very fragile device, the
tubes being very thin copper. Because of their narrow bore, a thin layer of scale will greatly
reduce the rate of flow through the core. Radiator reconditioning firms have the aggressive
fluids necessary to deal with the problem, and can fit a new core if the original loses the
battle.  However, modern cores are even more fragile than our originals, so this option
should be avoided if possible.

The dynamo belt  should be tight  enough to prevent  the water pump drive pulley from
slipping. If the 'V' of the pulley is not of accurate profile due to wear, it can be machined to
a slightly smaller diameter so that the belt makes firm contact with the sides of the 'V'. A 'V'
belt which touches the bottom of its pulley cannot function as a 'V' belt.

In conjunction with the above modification, a longer dynamo top slotted bracket may be
necessary.

A slight improvement to cooling may be made by attention to the airflow between the
radiator grill and the radiator. It is desirable to arrange ducting, so as to ensure that all the
air which enters the grill is forced to pass through the radiator core, instead of escaping
around it. I believe the 'Silverstone' had some arrangement of this type, because there is a
large gap between the sides of the body and the radiator, also the internal headlamps
must  deflect  air  away  from  the  radiator.  On  other  Healeys  there  is  some  scope  for
improvement, even if you only stick a piece of 2" x 2" sponge rubber to the underside of
the bonnet lid to seal the space between the bonnet and the header tank, (This will also
reduce the quantity of oily dead flies in the sparking plug wells).

The only other comments concern the well known influence of such factors as ignition
timing and mixture strength, which I may refer to in the next Gazette.



I  hope  that  these  notes  will  have  given  members  some  food  for  thought.

[JJ  2023  On  my  Tickford  I  removed  the  mechanical  fan,  fitted  an  electric  fan  with
thermostat control and manual override, filled the gaps either side and below the radiator
with aluminium panels to make all the air going into the grille go through the radiator as
well as an overflow / expansion tank from a Sherpa or Landrover. Together with a re-cored
radiator and new water pump I haven’t had any problem with overheating even after a fast
drive followed by leaving the engine ticking over on a very hot summer day in order test
the system.] 
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By the time this is printed, we will have had about four meetings in this half of the country.
A new member asked me what we do at meetings. I replied that primarily we meet, and
that if we do no more than that, it will be a day well spent. I feel that a club is a rather
impersonal thing until one can attach faces to the names on the membership lists. At the
A.G.M. we had a turnout of 100% from Scotland (well done Brian) which will be difficult to
beat!  From a technical point  of view, I  can swap more information in three hours at a
meeting than I could in three months of writing, indeed some facts would never come to
light if  I  did not  see the members cars,  because throughout the production run of the
Healey, impromptu alterations were made to the specification as experience was gained,
(in fact with some of the bodywork, the specification sometimes seemed to change half
way through the construction of the car, so that each side of the body could have a quaint
individuality of its own)!

A typical example of such a variation was noticed at the Stanford Hall meeting. On my own
car the radiator header tank is so close to the fan drive pulley on the water pump, that in
the days before I cut it off, it was necessary to remove the radiator in order to fit a new
dynamo belt! However, when I looked at the ‘F’ type Abbott owned by Mr. Diack it was
apparent that the radiator was about two inches nearer the front of the car, thus giving
complete access to the pulley and belt assembly. It will therefore be obvious that on any
car with the radiator in this position, it will greatly simplify the removal of the water pump,
and perhaps facilitate the removal of the cylinder head complete with the water pump,
without removing the radiator. Had I been involved in correspondence with the owner on
this subject, I might well have unwittingly misled him. (On the F type owned by our Editor,
the bottom of the radiator is forward, but the top leans back to the ‘C’ type position!)

On the same day I observed Roger Ballard trying to gain access to his voltage regulator,
so that I might try to remember which screw would increase the rate of charge, since there
was a distinct shortage of amp-hours behind the seats. The problem in this case was that
on this Silverstone this unit was installed with the terminals uppermost, and in this case,
with the regulator cover too close to the engine. This enabled the rear carburetter float
chamber to hold the cover firmly in place, whilst at the same time smashing a hole in it!
Having removed the float chamber it was, of course, no longer possible to run the engine,
which was just as well, since one could not see the regulator screw. The whole project
seemed fraught with 'amplessness‘, so having checked the dynamo belt tension, we gave
up, and retired to the ‘Red Lion‘ at Crick.

Other points which have been brought to my attention are as follows:-

(1) In my notes on front suspension I said that the left hand stub axle nut has a left hand
thread. It has been pointed out that some cars have right hand threads on both stub axles.
It will therefore not surprise me if someone has left hand threads on both sides!

(2) The trailing arm needle roller bearings were made by several manufacturers, and they
all have the same overall dimensions. However, when the Italian one (R.I.V.) is dismantled
for use on the front shaft, the rollers may be found to be too tight on the shaft, the centre
piece  being  0.001"  less  on  its  outside  diameter  than  other  makes.  One  could  take



advantage of this to have slight wear removed by grinding the shaft,  or simply reserve
these for use at the rear end of the trailing arm only.

In the last Gazette I mentioned the effect of carburation on engine temperature, so I will
now offer some thoughts on this, and carburation in general, because although the Riley
Workshop Manual offers standard routine procedure, a detailed examination of why and
how things work is always outside the scope of the Manual. On the other hand I will not
presume to advise on the subject of improving performance for competition purposes, as I
have no experience of this, and I hope that someone who has will one day write an article
for us. (No one ever did!)

I was reading an article recently on the subject of designing engine installations to comply
with the anti-pollution laws in America I was not surprised when the author (who had a
string of letters following his name) wrote "It is not really understood what happens during
combustion in an engine". I was, however, highly relieved, since I thought I was alone in
my confusion. 

I have always had my suspicions about the car manufacturers competence on the subject,
for even in recent years, new models have arrived on the market with terrible ‘flat spots‘ in
the carburation. (A ‘flat spot‘ is the term used when a carburetter fails to supply an engine
with a combustible mixture, and generally occurs during an attempt to accelerate).

The four stroke petrol engine works on what is known as the 'Otto' cycle, named after the
German engineer who first got it to work. The four strokes are as follows:—

(1) Induction. The crankshaft is caused to rotate by external means, and the piston being
pulled down by its connecting rod, causes the air pressure in the cylinder to fall below the
atmospheric pressure outside, so that the mixture of fuel and air from the carburetter is
drawn into the cylinder via the open inlet valve.

(2) Compression. The continued rotation of the crankshaft causes the piston to rise, both
valves are closed, so that the mixture is compressed. Just before the piston reaches the
top of its stroke (top dead centre or T.D.C.), a high voltage spark will, I hope, be caused to
occur between the electrodes of the sparking plug, causing combustion to commence and
be well established by the time the piston is on its way down for -

(3) The power stroke during which the crankshaft will reject the starting arrangement, and
the flywheel and rotating mass will absorb enough energy to sustain movement throughout
the  following  cycles.  Before  the  piston  reaches  the  bottom  of  its  stroke  (B.D.C.)  the
exhaust valve begins to open, so that it is well open during -

(4) The exhaust stroke during which the mixture, which unfortunately still contains a lot of
energy, is discharged to atmosphere.  When the piston is nearly at the top of its stroke the
inlet valve will again begin to open so that the whole cycle may be repeated. The exhaust
valve, however, will not completely close until after T.D.C. This period when both valves
are slightly open at the same time is called ‘Valve overlap‘ and is measured in degrees of
crankshaft rotation, as are all valve movements.

Most normal, well adjusted people will have known this since they were in their prams. My
reason for writing it is to remind everyone that it is fundamental fact, and that the failure of
an engine to run may be due to one, or more, of the above conditions not being met, and
carburation is but one of these. In fact much time is often wasted fiddling about with the
carburetters on a spluttering engine, only to discover later that it has 7 1/2 valves or three
pistons! One should therefore satisfy oneself that all parts of the engine and electrics are
present and correct as specified before disturbing the carburation.

In my experience, I have always been under the impression that one could have (1) a
correct fuel/air mixture, (2) a rich mixture which would cause the engine to run cool, (3) a



weak mixture, on which the engine appears to develop full power, but the sparking plugs
and pistons melt, and (4) a very weak mixture on which the engine is very unhappy, down
on power and spitting back through the carburetters, and what I wish to do in this article is
to try to indicate why the above results occur. This has proved most difficult, especially
item  (3).  Careful  study  of  four  books,  including  ‘The  high  speed  internal  combustion
engine’ by Sir H. R. Ricardo has produced no acknowledgement of the painfully apparent
fact  that  a  slightly  weak mixture seems to  produce excessive heat  and destruction of
engine components. Indeed the graphs produced (Fig 16 & 17) show that a slightly rich
mixture produces maximum flame temperature, while richer or weaker mixtures produce a
cooler flame. Now and again one may find a small comment that a richer mixture may be
necessary, but nothing proportional to the magnitude of the problem. The most irritating
point of all is the fact that ‘Sir' runs his test engine over a mixture range of 30% weak to
200% rich without disaster. The only explanation that I can think of for this achievement, is
that the laboratory type of test engine has a rather low compression ratio and a rather
sedate performance, so that the cooling is adequate to deal with waste heat under all
circumstances.

I  have now come to  the  conclusion  that  the discrepancy between the  theory and my
original premise is due to a different interpretation of the term ‘correct mixture’.  A correct
mixture of air  and petrol  really means a chemically correct mixture, which theoretically
would lead to complete combustion.

Petrol contains carbon and hydrogen, and for the purpose of calculation of air/fuel ratio,
can be represented by the expression which is an average value only.

Air is composed of oxygen and nitrogen etc. Only the oxygen is chemically involved in the
combustion. (By 1990 lean burn engines are being produced and Nitrous oxides occur,
and are a problem, in the emissions) and for complete combustion (in which all the carbon
is burnt to carbon dioxide) the process can be expressed as -

C7H16+ 11O2 = 7C02 + 8H220
or petrol+oxygen = carbon dioxide-+water

From which it can be calculated that for an average petrol 15.17 lbs of air will burn 1 lb.of
petrol. 

One might expect this mixture to give the hottest flame temperature, (at a value indicated
by the dotted line at its apex in fig.16) but in fact the highest temperature, and the highest
pressure occur with a mixture which is about 20% rich, this being the highest point on the
graph. (I wonder if this would still be true on a 1991 lean burn engine? I doubt it)  It also
coincides with the mixture for the highest rate of burning.

Anyone who has had their fingers in petrol on a cold day, will know that when a liquid
vaporizes,  it  extracts heat  from its  surroundings, therefore, excess fuel,  unable to  find
oxygen to burn with, can be used as an internal cooling agent. Unfortunately, some of it
tends to share the available oxygen, so that one ends up with the poison gas carbon
monoxide as an additional product of combustion. However, it can be seen from the two
graphs that the temperature can be lowered to some extent without slowing down the rate
of combustion unduly.

It would seem from Fig.16 that we could reduce the temperature just as well by weakening
the mixture, but Fig.l7 shows that for a weak mixture, the rate of combustion is drastically
slowed down, which may be tolerable at small  throttle openings,  where economy may
have priority over power, and the external cooling arrangements are more than adequate,
but at high power, I would expect that too much combustion will still be taking place during
the exhaust stroke, thereby continuing to heat the piston, cylinders bore and head, valves
and exhaust port.



I  have  little  doubt  that  this  is  the  cause  of  burned  out  valves  etc.,  and  that  even  a
chemically correct mixture may produce a similar effect, (In 1990s a lean burn engine will
have extra hard valves and seats, and probably an alloy head as standard, and will also
withstand the ravages of lead free fuel). Taken to extremes of weakness, the flame will
become unstable, and there will be a tendency for a feeble flame to linger in some hot,
secluded spot, such as the inside of a sparking plug throughout the whole of the exhaust
stroke, and so ignite the next incoming charge, causing back-firing through the carburetter.

One author suggests that 20% weak would be satisfactory for economical cruising, and
20% rich for maximum power. One must also remember that if a fresh charge is heated
through contact with hot inlet ports and valves, its density will  be reduced, therefore, a
smaller weight of charge will be admitted, and power will be reduced in proportion. You will
note that the Healey Motor Co. removed the Riley heated inlet manifold in favour of an
unheated one.



It  will  now be apparent that  the correct  mixture will  only  coincide in practice,  with  the
chemically correct mixture at one point in the range of mixture requirement for any engine,
and that the mixture will have to be arrived at experimentally for various throttle openings.
However, some latitude is permissible according to owners taste and type of driving, since
the matter is a compromise between fuel economy and the survival of those components
to which the cooling water does not have ready access. This, in my opinion, is the reason
why,  after  hours of  highly technical  research on a test bed, the manufacturers offer  a



choice of three different carburetter jet needles! An owner may run a car on the weakest of
these, if, at all times, he is prepared to drive with a gentle right foot. Fuel consumption as
low as 34 m.p.g. has been claimed by one or two owners.
(In the 1990s the best fuel injection systems, with sensors monitoring every aspect of a
cars performance and requirements have probably solved most of the problems indicated
above, but this will only be of academic interest to the Healey owner!)

To sum up, if a car is driven hard on a mixture which is not rich enough, it may suffer from
the following maladies:-

(1) The exhaust valve, which can only cool itself through contact with the valve guide and
valve seat (with which it is only in contact with for about two thirds of its time), may attain a
high enough temperature to soften. One may then have what is known as a stretched
valve. In reality the periphery of the valve has curled up as a result of being slammed
against its seat while soft. If this happens, the tappet clearance will have diminished, and
should  be  reset  before  driving  slowly  home  and  fitting  new  valves!  I  have  had  this
experience when I did not switch on the reserve fuel pump quickly enough when running
low on fuel at full throttle. Weak needles were in place at the time.

(2) The sparking plug electrodes may melt. It will be noticed that if the cylinder head is
removed with the sparking plugs in situ, the colour of the plugs generally matches the
exhaust valves, they are similarly distressed by overheating. This is why a plug reading is
the ultimate guide when attempting mixture adjustment by road test. 

(3) On large marine engines, where the pistons are about two feet diameter,  they are
water cooled, with a complicated system of pipes and elbows to supply them. The motor
car engine, due to its speed, and the need to keep inertia forces within reasonable limits,
has to rely on aluminium alloy to conduct heat away from the crown of the piston to its
rings and skirt, thence to the cylinder wall. The underside of the piston is exposed to the
air in the crankcase plus a vast amount of lubricating oil flying about. I have always felt that
the sump oil contributes greatly to the cooling of the pistons, and as a corollary of this, that
overheated pistons contribute greatly  to  the amount  of  heat  which must  be dissipated
through the sump (and oil cooler, if one is fitted). If one squirts oil on a hot stove, one will
observe that it turns to smoke, and disappears.

If the pistons are excessively hot, the same thing will happen to the sump oil, and the smell
from the engine compartment gives fair warning that the pistons are in distress. When they
have  suffered  enough,  they  may  either  melt  in  the  centre  of  the  crown  or  seize  up,
depending  on  the  clearance  between  the  piston  and  the  cylinder  bore.  It  would  be
interesting to know if anyone with an oil temperature gauge has studied the effect of weak
mixture on oil  temperature at  high speed,  as I  have a theory that  crank-shaft  bearing
failure may be related to carburation!

(4)  Overheating  can  cause  detonation  (pinking)  which  may  lead  to  higher  local
temperatures, thence to pre-ignition. Rich mixture, on the other hand, does not bring such
sudden disaster, but the following disadvantages come to mind;-
(1) Excessive cooling of the mixture causes power loss.
(2) Excessive carbon formation.
(3) Dilution of lubricating oil via cylinder/piston clearance.
(4) Waste of fuel/£.
(5) It may not pass future M.O.T. emission tests.

It will by now be apparent that carburetter adjustment cannot be left to chance, neither, in
my opinion, can it be left to members of the motor trade unless one can be certain of the
ability  of  individual  who is  going  to  do  it.  There  is  a  vast  amount  of  highly  technical
electronic equipment now in use but there are not enough people capable of using it.



The owner of a Morris 1000 approached me recently with a sad tale of woe. The car was
in good condition,  but  could only  achieve 20 m.p.g.  and 55 m.p.h.,  after  having been
‘tuned’  three times by different  electronic  tuning 'experts'.  The cost  of  this  so  far  had
reached  £20  (a  Weeks  Wages  in  those  days)  and  included  an  unnecessary  new
distributor.

Section B.9 in the Riley Workshop Manual begins thus:- "When setting the carburetters,
the first thing to do is to make quite sure that the carburetter pistons are free". I therefore
removed the air filter assembly and applied my finger to the piston, which I found tended to
stick half way up! Five minutes work with a petrol soaked rag produced a car which took its
flabbergasted owner on holiday at an average of 47 m.p.g., with a maximum speed of 73
m.p.h. An elementary understanding of the principles involved would have saved him all
that money and aggravation.

I  shall  therefore  now  progress  to  some  elementary  thoughts  on  the  workings  of
carburetters in general.

A carburetter is a device for metering the correct amount of fuel to be mixed with the air
during  the  induction  stroke  of  an  internal  combustion  engine.  In  general  principle,  a
carburetter  consists  of  a  float  chamber and a petrol  jet,  the orifice of  the latter  being
situated in the throat, or narrow portion, of a choke tube through which the air passes on
the induction stroke. The float operates the float needle valve so that the level of petrol is
just below the top of the jet when static. Once the engine is turning, the increased velocity
of the air through the narrow portion of the choke tube causes the pressure therein to fall
below the pressure of the atmosphere. This difference of pressure forces the petrol out of
the jet in the form of a spray to mix with the incoming air. A pivoted disc valve in the inlet
tract (called the throttle or throttle butterfly) controls the total amount of mixture admitted to
the engine.

Detailed  consideration  of  the  best  air/petrol  mixture  for  complete  combustion  at  the
different engine speeds and throttle openings for variable speed engine make additional
complication necessary.

Carburetters fall into two main groups, firstly those with a choke tube of fixed diameter. In
theory, as the throttle is opened, air velocity will increase, causing decreasing pressure in
the choke, thus drawing more fuel from the jet to maintain the correct mixture. However, it
will  be obvious that there is no direct connection between throttle opening and engine
speed,  for  instance,  one  can  have  full  throttle  at  500  or  5000  r.p.m.  and  maximum
depression of different values will occur in the choke tube, but if the throttle is shut to its
‘tick over‘ setting, then maximum depression will occur between the edge of the throttle
butterfly and the inlet tract, where the air velocity is greatest, and therefore another jet
(called the ‘pilot’ jet) will have to communicate with this point. The designer may well end
up with jets of all shapes and sizes stuck everywhere, and as a final gesture of despair, fit
and accelerator pump which shovels fuel into the inlet tract in proportion to the clumsiness
of the driver’s right boot.

With the second group, the cross sectional area of the choke is variable, so that the air
velocity is more nearly constant, and the amount of fuel is controlled by a jet orifice which
is also variable and is situated at the one point of maximum air velocity.

I suppose that the pioneers of this type are Amal, on which the slide which varies the cross
sectional area of the choke, and carries a tapered jet needle controlled directly by a throttle
cable, and the S.U., in which a separate throttle butterfly indicates the drivers intentions to
the carburetter, which then adjusts the cross sectional area of the choke, by means of a
vacuum  chamber  and  piston  (Or  diaphragm  in  the  case  of  Stromberg  and  Bing
carburetters).



It will be appreciated that by this means, a carburetter can be designed in which the air
flow over the orifice of the jet will have an optimum value under all circumstances. 

In the next Gazette I hope to conclude my comments on this most pleasant state of affairs.
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In order that the principle of operation of the type of S.U. carburetter used on the Healey
may be readily understood (I hope) I have drawn an S.U. as it would appear if one was
eccentric enough to cut it in half. For economy of space I have left out the float chamber,
as it is a simple device, without mystery. The typ e of S U fitted to the 2.4 Healeys is
known as the H.4. 

The choke is 1 1/2" diameter, and a number of detail design occur from year to year.

The carburetter is known as side draught or horizontal, i.e. travels horizontally through the
instrument. 

The throttle butterfly (A), held in a slot in the butterfly spindle by two small  screws, is
situated at the engine end of the body (B). It should be noted that the upper and lower
edges of the butterfly disc are chamfered, so as to mate accurately with the body when in
the closed position. The rotation of the spindle is controlled directly by the accelerator
pedal. Wear on the spindle and its bearings may cause difficulty with the slow running
adjustment due to air leaking in through the journals and misalignment of the disc. It can
sometimes be improved by fitting new spindles. Anyone with access to a small lathe could
make,  and  fit  bushes  as  I  have  done,  thereby  increasing  the  life  of  the  instrument
indefinitely. (By 1991 the carburetters on C 1902 have done 180,000 miles)



The piston assembly comprises the combined suction disc and piston (D) into which is
inserted the hardened and ground piston rod (E) which slides in a bearing in the centre of
the suction chamber (F) and into which is inserted the jet  needle (G).  This piston rod
should be perfect fit in its bearing as it is the only part which is in actual contact with any
other part, the suction disc, piston and needle all having suitable clearances to prevent
sticking. 



Early models had heavy piston assemblies with solid piston rods, as shown in the Riley
Workshop  Manual.  Later  models  have  lightweight  assemblies  on  which  downward
pressure is exerted by the piston spring (H) and a hydraulic damper (J).

The damper (J) consists of a plunger and non-return valve attached to the oil cap (I) by
means of a rod which operates in the hollow piston rod, the rod being filled to the top with
oil (S.A.E. 20) so that the plunger is immersed. The function of the damper would seem to
be to prevent oscillation due to the cyclic demands of the engine, and to give a slightly rich
mixture during acceleration, by retarding the rising of the piston so that at any instant
during acceleration, the piston will be lower than it would be at a constant between the
bottom of the engine speed. The increased air velocity piston and the bridge (M) causing
an increased drop in pressure over the orifice of the needle jet (K), thereby drawing up
extra fuel.

The only maintenance these parts require is occasional careful cleaning with petrol, on no
account should any course abrasive be allowed to come into contact with any part of the
piston assembly, or the inside of the suction chamber. The piston rod should be lightly
oiled for reassembly while all other surfaces should be clean and dry.

Most suction chambers three screws in unequally are attached to the body by means of
spaced lugs, so that they can only be fitted in one position, some have two lugs with the
screw holes unequally spaced, and some have two symmetrical lugs, in which case the
chamber  should  be  marked,  as  it  must  be  fitted  the  same  way  round  when  it  is
reassembled. 

The jet (K) normally operates with the shoulder of the jet head or fork end, pulled up firmly
against the jet adjusting nut (L) by a tension spring (Not shown). It may be lowered by
means of the enrichment control (W) so that the orifice aligns with a smaller diameter of
the needle, for cold starting requirements.

The jet is carried in a two part jet bearing (N) and (O) and the petrol passes from the float
chamber  into  the  centre  of  the  bearing  through  slots  in  the  underside  of  its  upper
component, and then into the centre of the jet-via the holes in the side of the jet. Fuel is
prevented from leaking-between the jet and its bearing by two soft internal gland washers
pressed against the jet by the shape of the bearings, the brass gland washers (P) and the
gland spring (Q).

The jet adjusting nut (L) provides a positive limit to the upward movement of the jet, and
therefore the weakest limit of the mixture control. The adjusting nut spring (S) prevents
vibration altering the setting of the nut and sometimes also prevents the owner altering it
as well!

The jet bearing assembly is held in place by the jet screw, sealed with copper washers
above and below, while the hexagonal head of the jet screw is sealed externally by the
internally chamfered aluminium washer (U) which presses a soft cork ring (V) against the
screw and the body.

When the jet screw is slackened the jet assembly may be moved laterally so that the jet
can be moved laterally so that the jet can be aligned concentrically with the needle. This is
the basis of the mystic ritual known as 'Centring the jet‘. It should be noted at this point,
that centring the jet is not a routine maintenance task, and is only necessary (a) after fitting
new gland washers, or (b) after someone else has done it wrong!

The dimensions and profile of the jet and its needle are manufactured to watchmakers
limits, and in order that this accuracy be maintained for as long as possible, it is essential
that they are not allowed to come into contact during normal operation. The object of the



exercise is to bring the jet orifice (0.090" diameter) into alignment with the largest diameter
(0.089") of the needle as follows:-

First remove the clevis pin at the base of the jet, which attaches the jet head to the jet
operating lever. Withdraw the jet completely and remove the jet adjusting nut and spring,
the jet screw and washers, and the jet bearings, complete with copper washers. The jet
gland spring will  fall  out,  but the brass gland washer and the soft  packing washer will
probably need to be pushed from each half of the jet bearings. All the necessary washers
are obtainable in complete sets. If there is any doubt about the condition of the jet and
needle, fit new ones. Wear on a needle may appear as a bright mark on the thickest part
of its tapered shank, especially if it has been incorrectly centred during its life. When the
needle is fitted, the shoulder should be flush with the underside of the piston.

The  jet  assembly  can  now be  re-assembled,  but  without  the  adjusting  nut  spring,  as
follows:-

Take the lower jet bearing (O) and fit the narrow copper washer and the jet screw on its
shank, then fit the adjusting nut, tightening as far as possible by hand. Insert the jet into
the bearing and slide the gland components down the jet, into the bearing, in the following
order:-  (1)  Soft  gland  washer.(2)  Brass  gland  washer  (chamfer  downward).  (3)  Gland
spring. (4) Brass gland washer (Chamfer upward). (5) Soft gland washer. (6) Top half of jet
bearing. (7) Wide copper washer, (8) Fit aluminium washer (U) and new cork washer (V)
onto the jet screw, and (9) Screw complete assembly up into the body, while at the same
time, keeping the jet head firmly against the adjusting nut so that the jet orifice will align
itself with the diameter immediately below the shoulder of the needle. Remove the oil cap
with its damper. Lift the piston with the finger, and allow it to fall. It should fall smartly,
landing on the bridge stop with a positive click. If it fails to do so, loosen the jet screw until
you can just turn the bearing to help it to centralize itself, then retighten the jet screw, and
try dropping the piston again, while still holding the jet head firmly against the adjusting
nut.  It  may be necessary to repeat this ceremony several  times as the jet  may creep
laterally during the final tightening of the jet screw, and since the clearance between the jet
and the needle is only 0.001" at this point, there is obviously not much scope for error.

Once the desired result is obtained, pull the jet out, remove the adjusting nut, refit the
adjusting nut spring, nut and jet.

When I start this job I measure the distance from the top of the oil cap to the underside of
the adjusting nut with a pair of calipers so that the minimum amount of fumbling about will
be necessary when the carburetters are back in their normal inaccessible position! The jet
adjustment lever and spring can now be reconnected.

The float chamber controls the level of fuel in the jet, and should therefore be capable of
completely shutting off the fuel supply in spite of maximum pressure being exerted by the
fuel pump.

It is therefore a reasonable idea to check the ability of the float chambers to do this, once
the carburetters  are  back on the  engine (or  before  removal),  by  simply  removing the
suction  chambers  and pistons so  that  the  jet  orifices  can be seen.  It  should  then be
apparent that with the ignition switched on, the fuel level remains constant, below the top
of the jet. Workshop Manuals do not indicate how far the level of this fuel should be below
the bridge, but I would think that a distance of about 3/16” to 1/4" is reasonable.

If the level is too high, one carburetter may flood when the car is on a steep gradient (a
problem which would not occur if the carburetters had their float chambers co-axial with
the jet, as with the CD type Stromberg). However, the matter is taken care of in Fig.l9.,
which shows how a piece of 7/16" diameter rod (W) can be used as a gauge to measure
the distance between the float lever (K) and the underside of the lid of the float chamber,
when it is holding the float needle in the shut position. If correction is required, the lever



must only be bent at the point (Z), the portion of the lever between 'Z' and the fulcrum must
be straight.

If flooding does occur it will defeat all attempts to adjust the carburetter, and will, of course,
make starting difficult, especially when hot. Common causes of flooding are as follows:-

(1) The float valve, having been hammered against its seat millions of times due to engine
vibration and the inertia of the float, suffers a groove being formed in its conical surface,
which is not the designed specification. The needle assembly must be renewed. The later
type of needle has a spring shock absorber inside to combat this problem.

(2) Foreign bodies may penetrate the filters and hold open the valve. Check the filters -
there is a cylindrical one in each fuel pump, and a spring loaded thimble shaped one in the
float chamber lid, held in place by the ‘banjo’ bolt. If there is much mess apparent, flush
out the fuel tank (This petrol can be effectively filtered through paper, and used again).
Thereafter beware of ancient village petrol stations!

(3) Leaking float. In this case a light metallic rattle can be heard if the float is shaken by
hand. Immerse the float in hot water so that the bubbles can be seen to issue from the
hole. If the hole is rotated to the bottom, the petrol will be blown out. After cooling, the hole
can then be soldered up. (Or a new float obtained).

(4) Incorrect fuel level, due to bent float lever, as previously mentioned.

The S.U. literature shows three methods of fixing the float chamber to the carburetter body
as follows:—

(1) The most common type which has a retaining, or ‘banjo’ bolt with a shoulder which fits
into the banjo shaped end of the float chamber. Between the head of this bolt and the
chamber are two fibre washers with a brass one between them, and another fibre washer
between the chamber and the body. This will sometimes need re-tightening, once it has
been in service for a time.

(2) A retaining bolt with a parallel shank. Two rubber grommets are fitted into the hole in
the float chamber first, and then the bolt, with a steel washer against its head, is pushed
through them and screwed into the body.

(3) A flanged stud is screwed into the body, with a fibre washer between the flange and the
body. Rubber grommets are again fitted into the chamber, and this assembly, together
with  steel  washers  above  and  below,  pushed  on  to  the  stud  and  followed  up  with  a
retaining nut.

When obtaining kits of seals and washers, it seems to me that one should state whether
the rubber grommets are required or not, since they are not in what I regard as the normal
pack.

Having described each part, and its possible maladies etc., I shall now try to indicate the
balance of the factors involved in the operation of the instrument, as I see it. Referring to
Fig.l8, when the engine is stationary, the throttle valve (A) will  be almost shut and the
piston assembly will be resting on the bridge stop. When the ignition is switched on, the
electric fuel pump will supply fuel to the float chamber and thence to the choke body and
jet assembly, as indicated by the vector (a) until the fuel achieves the required level and is
cut off by the float valve. When the starter motor is activated successive induction strokes
cause the pressure in the inlet manifold and ports to fall below atmospheric pressure. As
the throttle  butterfly  is  slightly  open,  the air  between the piston (d)  and the throttle  is
sucked out so that there is a slight drop in pressure in this area also, causing air to be
drawn simultaneously from the atmosphere (vector 'b') and from the top of the suction



chamber, via the port in the back of the suction piston (vector 'c') which, of course causes
a drop in pressure above the piston assembly.

The chamber below the piston is ventilated to atmosphere by means of holes in the base
(on later models these are ported through the front joint face, care must then be taken to
ensure that there is a corresponding hole in the air filter or box for each carburetter) so that
while some air will leak past the edge of the piston, the upward pressure of this air (vector
‘d’) will finally be balanced by the weight of the piston assembly, the pressure of the piston
spring, (when fitted), and the final air pressure in the top of the suction chamber, the value
of which will have been modified by the fact that the piston will now have lifted slightly, and
air can enter more easily through the enlarged choke aperture (vector 'b'). The air moving
in the direction of vector 'b' has nevertheless, to accelerate through the gap between the
piston and the bridge, and the resulting drop in pressure draws fuel out of the jet to provide
the required mixture,  at  which point  ignition should take place,  and movement will  be
maintained in accordance with the laws of the ‘Otto’ cycle! 

For each position of the throttle, the requirements of the engine will cause the piston to
adjust itself again to the optimum position of balance, with the tapered profile of the needle
providing the required proportion of fuel to the air.

It will be apparent that since the firing order of a four cylinder, four stroke, in line engine
must be either 1.2.4.3. or 1.3.4.2. each carburetter suffers two adjacent induction strokes
with  a  slight  overlap,  so  that  the  established  induction  stroke  will  share  the  available
mixture  with  the  next  induction  stroke of  its  neighbour,  followed by  two strokes when
nothing is happening, and the high velocity columns of mixture come to a sudden halt
against closed inlet valves. This effect is minimised by the balance pipe between the two
inlet tracts, and the effect on the carburetters themselves is helped by the oil dampers in
the piston rods.  The starvation problem is inherent in engines with siamesed inlet ports,
and various legends are heard about the number of eight port heads that were made by
the Riley Motor Company, however, as I do not know of anyone in the A.O.H.O. who has
one, I need follow that subject no further.
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I will now make a few observations on the phrase ‘Tuning the carburetters‘, which strikes
fear into the hearts of the masses. The confusion is caused by the fact that this phrase is
used to cover three different rituals.
 
(l)  The  basic  synchronisation  of  the  two  throttle  butterflies,  followed  by  the  simple
adjustment of the jet adjustment nuts.

(2) Commencing as in (1), and then trying to confirm whether or not the recommendation
obtained in (3) still  applies to the engine in question, (which may, by now, incorporate
various  non-  standard  components  such  as  four  branch  exhaust  systems,  high
compression  pistons,  etc.)  by  observing  the  sparking  plug  condition  under  various
circumstances. This is as far as the average owner need go, especially if ones engine is
near  enough standard spec,  although it  may seem a bit  like 'muddling through'  when
compared to -

(3) The carburation development procedure, as carried out by the engine manufacturer on
the prototype, which is given the full test bed treatment lasting for many months.

The S.U. Company supply (free!) several sheets and charts, and I think that the ‘Foreword'
from the booklet ‘Jet Needle Recommendations (Service sheet No.AUC!9603Ii)' is worth
quoting in full:-



"The  ‘standard  needle‘  tuning  should  be satisfactory  for  all  temperate  climate  running
(excluding some altitude conditions of over 6,000 ft.) with the possible exception of the odd
engine which may call for a slight change in mixture strength, or where a main jet has worn
slightly owing to maladjustment.  In  non-temperate climates of excessive heat,  cold,  or
humidity or marked altitude conditions then a change from the standard tuning may be
desirable. Heat, humidity and altitude all call for a weaker mixture, whilst a consistently
cold climate may call for a mild enrichment. To meet these conditions a 'weak' and 'rich)
needle  alternative  is  suggested,  but  it  should  be remembered that  these climatic  and
geographical  conditions  (plus  possible  differences  in  local  fuel  mixtures)  can  vary
considerably and it is impossible to do more than suggest broadly an alternative needle
type.

Whilst the listed alternative will suit the bulk of such cases, it may not satisfy all, when
experiments with further types will be necessary."

On the strength of this, service manuals restrict themselves to (1) and if this seems too
simple to be true, I must emphasize that carburetter tuning is not a routine matter, since an
engine  which  has  been  running  satisfactorily  for  years  only  goes  ‘off  tune‘due  to  the
deterioration of some component, which may well be nothing to do with the carburetters. It
is obviously worse than useless to try to adjust the mixture at id1ing speed (where the
sensitivity to needle diameter changes of 0.0002" can be observed) if a worn jet gland is
allowing vast quantities of fuel to leak upward between the jet and its top bearing. 
Tuning,  therefore  begins  with  the  checking  of  all  the  previous  points,  or  a  pair  of
reconditioned carburetters!

I will therefore assume that your engine is in good condition, with gas tight valves, correct
tappet clearances, clean sparking plugs, a healthy spark, correct ignition timing, and two
thoroughly checked carburetters fixed back on the manifold, (without air filter or box, at this
stage).  It  is a good idea to check the flatness of the carburetter flanges, and rectify if
necessary, since an air leak at this point will defeat the whole exercise.

Since it is necessary to commence by warming the engine to normal temperature (165°F)
an approximate setting must be arrived at. With one throttle spindle coupling slack, and
both throttles shut,  screw in each throttle stop screw until  it  just touches its stop, then
screw in a further 1 1/2 turns. Re-tighten the spindle coupling.

With regard to the mixture adjusting nuts, as previously mentioned, I normally put them
back as they were before, as a datum for working around. Alternatively, starting with the
top of the jet level with the bridge, screw the adjusting nut down two turns. The enrichment
control cable is best left disconnected, at least once the engine has been started, as it will
restrict movement.

Once normal temperature has been attained, the synchronization of the butterfly spindles
must now be checked. The classic method is to listen to the ‘hiss’ of the air intakes with
the aid of a piece of rubber tube, used in the manner of a stethoscope. 

Make sure that the tube is held at the same spot on each carburetter, and with the spindle
coupling again slackened off, set the throttle adjusting screw on each carburetter so that
the hissing noise heard is of equal loudness from both carburetters. One should note that it
is the loudness, and not the pitch of the note that varies.

To perform this act it is desirable to have three hands, and since most of our members
have  the  normal  two,  a  proper  stethoscope  would  compensate  for  this  deficiency!
Alternatively, there are many devices available to measure the airflow at this point, usually
consisting of a plug with a venturi connected to a vacuum gauge or a tapered tube with a
bobbin floating in the airflow, either single or in pairs.



The next step is to adjust the idling mixture by manipulating the jet adjusting nuts, making
sure that the jets are hard against the nuts at all times. Accessibility in this area is not a
strong point on most Healeys, and a homemade spanner of delicate profile may reduce
the pain of flesh being pulled away from finger and thumb nails, due to the effectiveness of
the adjusting nut spring.

My personal preference is to start with both carburetters set ‘rich’, since I feel that the
transition  from  'rich'  to  ‘correct’  mixture  is  more  sharply  defined  than  from  ‘weak’  to
‘correct’.  The traditional  test  is  to  insert  a  thin  screwdriver  under  the  piston  and lift  it
approximately 1/32". The resultant slight decrease in air velocity will make the engine run
faster if the mixture is rich, increase slightly for an instant, then settle down to about the
same speed if it is correct, or become more erratic or stop if it is weak.

During this activity the engine speed will have altered, so that the throttles will need to be
readjusted  to  give  the  required  idling  speed  (500-600  r.p.m.)  and  the  synchronization
checked again before recoupling the spindles.

It will be obvious that the ‘screwdriver' test cannot be applied with the air box or air filter
manifold in position, and whilst an air box will not noticeably affect the mixture, an air filter
certainly will. For this reason later type carburetters have a piston lifting pin under the base
of the suction chamber, so that the piston may be lifted with the filter assembly in place.
Care is needed, however, to avoid lifting the piston too far.

Correct mixture is also indicated by a regular, even exhaust beat. An irregular beat with a
splashy misfire indicates a weak mixture, whilst too rich a mixture produces a rhythmic
misfire  or  'hunting'  and a blackish exhaust,  although this  may well  be confused if  the
engine tends to burn oil.

One of the most useful devices on the market is 'Colortune'. lt is a special type of test
sparking plug, the insulator being made of heat resisting borosilicate glass, which enables
the owner to actually observe the combustion taking place. The flame colour can therefore
be adjusted to a 'bunsen blue‘ on each carburetter. A detailed booklet is issued with the
kit. Although 'Colortune' can be used up to 5,000 r.p.m. on light load, or 50 m.p.h. with a
low performance engine, this is unlikely to be related to more than the first two stages of
the needle, yet within its scope, it is a very useful tool. It also has the advantage that it can
be used with the air filter assembly in situ.

Having now satisfied oneself that the engine is now running satisfactorily, the enrichment
control cable can now be replaced, and the engine considered ‘tuned'.

There is normally a linkage on the rear carburetter between the enrichment lever and the
throttle for the purpose of increasing the engine speed during cold start conditions, and
this  I  consider  must  be  adjusted  by  trial  and  error  for  optimum starting  performance.
However, as I always push the enrichment control 'in‘ within a few seconds of starting, I
have removed this linkage, and have fitted a hand throttle control  which will  keep the
engine turning at about 1,000 -1,200 r.p.m. while I lock the garage etc., The car should
now  be  able  to  accelerate  cleanly  to  about  105-110  m.p.h.  depending  on  state  of
specification and model type. Average fuel consumption should be between 25-30 m.p.g.
depending on which needle is used, and ones driving style. The road test of the ‘F’ type
Tickford gave a mean top speed of 102 m.p.h. and a heavier fuel consumption, probably
due to its live axle having a lower ratio. The Elliott should be better, as it is the lightest of
the saloons.

Most owners having achieved this happy state of affairs will probably leave well alone, but
those  of  a  more  pessimistic  (normal)  nature  may  wish  to  progress  to  (2):-  The  plug
reading.



There is nothing very technical about a plug reading, it is merely a method of surveying a
sample of the combustion chamber after it has been subjected to a specific output for a
short time, the sparking plug being as sensitive to suffering as the exhaust valve, and a lot
easier to remove. The part of the plug to be observed is the end of the body, since the
temperature of this is similar to the adjacent combustion chamber. Coloured illustrations of
the various plug conditions can often be seen in the plug data charts in most accessory
shops.  The  colours  range  from sooty  black  (Too  rich),  matt  blackish  brown  (Correct)
through shades of brown to whitish brown (Too weak, and the central electrode may have
melted away!). The issue may be confused if the engine burns a lot of oil, or if the wrong
grade of plug is used.

Since  thermic  disaster  is  generally  related  to  full  throttle  driving,  I  feel  that  it  is  only
necessary to check this end of the performance range.

The drill is to drive to some remote stretch of road, clean the plugs, perform a brief full
throttle run, disengage the gear, switch off the engine, coast to a standstill and take the
plug reading. Taking a plug reading is not regarded as a mitigating circumstance in answer
to the various Police charges which you may have incurred during the above performance!
It will be apparent that if the carburetters are fitted with the standard jet (0.090" dia.) and
the jet  adjusting nut  is set  to  give the correct  idling mixture,  there are only  two other
variables to be considered, which will affect the mixture throughout the rest of the range.
They are the profile of the needle, and the strength of the piston spring.

For the size of jet which we use, the S.U. service sheet No. AUC 96l8G lists about 272
needles! However, the recommendation chart suggest the following:-

RICH     STANDARD      WEAK
Riley engine with air box S6    AM         AJ
Riley engine with air cleaner CY    EE         EM
Nash engine –    SO         –

No spring recommendation is given, perhaps only solid pistons were fitted at this time, yet
if this is so, by 1954 it would appear to be one of the last cars so fitted. I would think that
by now, most of our cars will have been fitted with piston spring type carburetters.

Piston springs are identified by a colour code which is supposed to be found painted on
the end of the spring. In practice, however, it soon falls off in service, so that if one wishes
to identify an anonymous spring, one must balance weights on the upturned spring so that
its compressed length will identify it, as fo1lows:-

COLOUR LOAD oz COMPRESSED
LENGTH (ins)

Red   4 1/2 2.625
Yellow   8 2.75
Green 12 3.00
Brown 14 3.00

In  practice  these  figures  do  not  check  very  accurately,  but  are  near  enough  for
identification purposes. Those belonging to Paul Hawkins (owner of D24 at that time) and
myself appear to be ‘Yellow’ coded. The correct strength of spring will be one which allows
the piston to reach its maximum travel at the point in the speed range where maximum
power occurs (in one source) or about ¾ of maximum speed (in a second source! - I prefer
source 'a‘).  Stronger springs enrich the mixture by increasing the air  velocity  over the
bridge. Clearly, if one felt the need to experiment with all these springs and needles, one
could get it wrong in 1087 different ways! Fortunately, if we can assume that the ‘Yellow’
spring is correct,  then it  is  unlikely that  the engine will  operate in the extreme ranges
offered by the other springs. Similarly, in the needle chart, the diameter at points 12 or 13
(Fig.20) is shown, and it can be seen that there are not very many variations relevant to



the probable requirements of  the standard,  or  near  standard engine assembly.  It  also
seems highly improbable that any ordinary owner using such vague methods as a hand
operated stop watch/speedometer timed acceleration test (20-40, 40-60 m.p.h.etc.) could
produce consistently accurate results, good enough to be critical of the months of work
done in the original development workshop. 

It  is interesting to note that the Riley Pathfinder, which had different camshafts, higher
compression and an additional vacuum control for the ignition timing, has the same needle
recommendation as the earlier models.

I would therefore suggest that the owner who feels that he could improve on the needle
profiles recommended would do well  to study a book such as "Carburation 4“ by C.H.
Fisher, so that the desirability of such equipment as a test bed, dynamometer and sundry
expensive  instruments  required  to  plot  full  load and  part  load ‘mixture  loops‘  may  be
appreciated, since such a vast subject is outside the scope of these notes. I would like,
however to bring to your attention the results of a few simple calculations which I did on
the subject of change of cross-sectional area of the jet orifice when the jet is moved up or
down by the enrichment control, since it gives some idea of the finesse required.

Whether one is working on a test bed with all the technical equipment or using a road test
method, taking plug readings at constant speeds, or acceleration times over narrow speed
ranges with a stopwatch, it is necessary (according to Fisher) to experiment by varying the
height of the jet by means of the jet adjusting nut to give optimum results. A graph of the
desired needle can then be plotted with the length of the needle as the vertical scale, and
the diameters at each 1/8” plotted horizontally, but displaced up or down by the amount
that the jet had to be moved to improve the mixture at each stage. The required diameters
can then be ‘read off‘ the corrected profile.

The jet adjusting nut has a thread pitch of 26 t.p.i. so that one complete turn moves the jet
0.0385” or one flat of the nut = 0.0064". 

If  one considers the carburetter fitted with an AM needle, and the jet  aligned with the
second  measurement  then  lowering  the  jet  1/32”  will  increase  the  area  of  the  orifice
19.3%. However,  if  the throttle  is  now fully  opened,  and the engine is  developing full
power, so that the needle is aligned with the 12th position, the increase in area will only be
0.0l6%! This represents a fuel consumption of about 6 yards per gallon, and clearly there
is no way of measuring the effect of this outside of a laboratory. Similarly, if the enrichment
control  is pulled out so that the jet drops 1/4" from the second measurement then the
increase in flow is a massive 130% which facilitates the cold start, yet at full  throttle it
would only represent an increase of 1.38%. If the S6 needle is fitted then the increase of
flow at position 12 is 3.83% greater than the AM needle measurement at this point which is
nearly three time the increase gained by pulling the enrichment control out on the standard
needle.  Clearly,  if  the owner feels  the need,  the S6 (or  CY) will  provide a substantial
increase in internal cooling, with a slight penalty of not more than 1 m.p.g., which I, for
one, am willing to tolerate for the sake of cooler exhaust valves. (By 1992 the MOT test will
include emission control, so the rich option may not be acceptable).

Another problem which arises is that one must know the exact position of the piston at
each reading. On a test bed, or a rolling road dynamometer, a simple gauge can be made
from a piece of rod working smoothly through a hole drilled in a spare oil cap, so that it
moves  up  and  down  with  the  piston  rod.  It  is  then  calibrated  to  show  piston  lift  in
increments of 1/8". However, for road testing one would need to drive with the bonnet
removed, and an operator sitting on the wing, which is certain to upset someone, so a
device  called  a  manometer  must  be  made.  This  is  basically  a  liquid  filled  'U'  tube
connected by means of a flexible pipe to a tube fitted to a spare oil cap. Air displaced by
the piston rod moves the fluid in the 'U' tube which is then calibrated in terms of piston
level, allowance being made for the initial jet drop for ‘idling’. An air bleed valve is required
to allow for compensations to be made for changes in under bonnet temperature.



I have never felt the need to delve this far into the matter, since taking into account the
factor of size, weight and general performance, there are few cars as economical as the
Riley powered Healey. It may be of interest to note that C.1902 went to the Harrogate
meeting at roughly the legal speed limit, pottered about on the Yorkshire Moors (four up)
and returned via Lincoln at an average fuel consumption of 27 m.p.g. using S6 needles.
Considering that it is probably the heaviest Tickford in the world (27 ½ cwt) it muddles
along in a most reasonable manner (It currently averages about 25 m.p.g. over the year) 

It may come to pass that laws concerning air pollution will become effective in this country,
which, considering the fact that a blind eye is turned to the already illegal issue of thick
black smoke from underpowered Diesel engined commercial vehicles, may be regarded
either as yet another attack on the private motorist,  or, more seriously the final,  straw
clutching,  ravings  of  a  doomed civilisation  which  refuses  to  admit  that  3,500,000,000
people who insist on multiplying make a shocking mess on a planet which is only 8,000
miles in diameter. (Twenty years have elapsed since I wrote those words, the exponential
laws of mathematics cannot be denied, world population is now about 5,000,000,000, the
air is polluted beyond redemption, the oil wells of Kuwait may still be burning in 1995, the
seas are polluted with sewage and spilt crude oil, so my S6 needles will not make much
difference, the 21st century must surely be the last for this civilisation!)

It is therefore to be hoped that these laws, (which, with the best will in the world will be
difficult to comply with) will not be applied too stringently to our few ancient vehicles. 

SURVEY OF CYLINDER HEAD AND CRANKSHAFT BEARINGS ETC.
GAZETTE NO.8 OCTOBER 1971

I am greatly relieved to have got all that chat about carburation off my chest, it took a great
deal of time and research, and whilst this can be done in the winter, I can find better things
to  do  in  the  summer.  Therefore,  this  contribution  will  be  a  straight  forward  epic  for
beginners on the subject of decarbonising the cylinder head, inspecting the piston rings,
big  end and main bearings,  and the cleaning of  the crankshaft  oil  passages.  Another
reason for choosing this subject is that I recently had to do it, and while all the tedious
detail of it is etched on my brain, I can write it up more easily.

The trouble began on the day of the A.G.M. On the journey to Brackley C.1902 began to
emit sounds which suggested that the big end bearings had developed a clearance greater
than that which is specified in the Riley Workshop Manual. However, it was possible to
proceed at 40 m.p.h. without undue noise so that the car was able to complete the journey
without further damage.

As the car was required to attend the "Penshurst Pageant of Motoring" the following week,
and the southern area meeting three weeks later, I decided to inspect the damage with a
view to nursing the car to these meetings before doing the work.

As I do not have a pit in my garage, the car was raised to a convenient height for working
underneath, and supported on firm wooden blocks. The oil was drained, and the sump
removed.  The  bottom  halves  of  the  connecting  rods  were  removed,  inspected,  and
declared a ‘disaster area‘ (I am considering making my big ends the subject of a registered
charity!)

The factors which influence the sequence of operations are as follows:—

(l)  Riley  engines  with  numbers  prior  to  RMB  2/945  have  connecting  rods  which  are
symmetrical in shape, are too wide to pass up the cylinder bore, and the bearing material
is white metal cast directly on to the rod. I believe that all 2.4 Healeys were fitted originally



with this type of engine, but as these cars have Healey engine numbers, cross reference
to the Riley Workshop Manual has to rely on visual identification of the parts.

(2) The pistons can only be removed upward, and the symmetrical conrods can only be
removed downward.

(3) Some Healey engines have now been fitted with the later type of rods. These have an
angled joint face, so that the rod can pass up the cylinder bore. The big end bolts screw
directly into the connecting rod, and tab washers are used to lock them. The bearings are
the detachable shell type, the top halves being lead/bronze, whilst the lower halves are
white metal lined. (This specification may vary) These can, of course, be replaced without
disturbing the top of the engine (provided, of course, that the journals are not oval.) Shell
bearings are generally accepted as being more robust than white metal but tending to
cause  greater  wear  on  the  crankshaft.  Ideally,  they  should  be  matched  to  a  Nitrided
crankshaft, (I believe Riley 'Pathfinder' crankshafts were so treated). (By 1991,C1902 has
completed about  80,000 miles on its  first  set  of  shell  bearings working on a standard
hardness crank, and there appears to be no problem.)

(4) On most Healeys (excepting some ‘F' types) the head cannot be removed complete
with its water pump until the radiator has been removed.

It will therefore be apparent that although the head may be decarbonised without touching
the  crankcase  assembly,  the  head  will  have  to  be  removed,  and  may  as  well  be
overhauled when dealing with the normal type of big end. I shall deal with the matter as
one complete job, while the owner can use his own discretion about which sections to
ignore.

Decarbonisation.

Remove bonnet,  (C.1902 has a quick release arrangement which eliminates the difficult
job of re-aligning the bonnet when refitting it). Jack up the front of the car, to allow access
to bottom hose clip, etc.

Drain the cooling water from the system by means of the two drain cocks provided, having
placed a protective cover over the starter motor, or attached a rubber pipe to the block
drain  cock.  Remove  top  and  bottom  hoses,  all  radiator  fixing  bolts,  the  two  nuts
underneath the chassis, noting the sequence of the washers on these studs; (thick rubber
above chassis, thin rubber / steel washer/nut below chassis.

Lower the car down and lift out the radiator. Give the radiator a good flush through before
it dries out. If one has been having trouble with overheating, the radiator can be taken to
any reputable radiator reconditioning firm for a strong acid clean.

Remove the air box/cleaner and rocker box fume extractor pipe (where fitted), distributor
cap and plug lead harness. Disconnect throttle cable, enrichment control cable and the
flexible fuel pipe from the 'T' piece between the two float chambers. 
One can then remove the two carburetters without disturbing the synchronisation of the
throttle butterflies. It is unfortunate that the lower nuts which hold the inlet manifold to the
cylinder head are so inaccessible that this cannot be removed with the carburetters in situ
while the cylinder head is in situ.

Carefully remove the nut which retains the sender unit of the thermometer to the water
pump, making sure that the unit does not turn and fracture the capillary tube.

Disconnect the ignition retard cable.

Remove the water feed manifold and exhaust manifold.



Slacken the dynamo mounting bolts and the fan adjustment bolt and remove the belts from
the water pump; (check these for cracks and wear, as they are difficult to replace on a
dark, wet night!) 

Remove the rocker covers. The Riley rocker cover has a reputation for weakness around
the fixing holes. The trouble is caused by over-tightening of the nuts, The trouble may
sometimes be caused by the interchanging of the rocker covers while re-using old cork
joints. The covers should be marked 'Inlet' and 'Exhaust' and the joints stuck to the head
with jointing compound. The joints may then survive several removals of the covers. When
fitting new joints, the nuts should not be done up very tight, but after each run, when the
covers are completely cold, it will be found that the expansion of the hot aluminium will
have compressed the joint slightly, and the nuts can be further tightened. This may need to
be done five or six times before the movement stops.

The Workshop Manual suggests that the next operation is to slide the rocker arms along
the shaft,  one at  a  time,  so  that  the  push rods may be lifted  out,  leaving  the  rocker
assembly  fixed  to  the  head  throughout  the  job.  This  is  more  easily  said  than  done,
especially if the stronger 'Pathfinder' valve springs are fitted, and the push rods may be
bent  in  the struggle.  Also the pipes which deliver  the oil  to  the four  end rocker  shaft
pedestals are sometimes extremely tight in the pedestals, making the head even more
difficult to lift than normal (it probably weighs 70-80 lbs). I therefore prefer to remove the
rocker shafts first, then lift out the push rods and insert them through holes in a piece of
rubber, suitably numbered, so that they will be replaced in the same locations when the job
is finished. There will also be no need for brutality with chisels or fox wedges when lifting
the head.

It  is not normally necessary to dismantle the rocker shaft assembly unless the rockers
need re-bushing, but each one will tend to dismantle itself unless it is tied together with
string.  If  one  then  decides  to  dismantle  these  assemblies  for  thorough  cleaning,  one
should take careful note of the sequence of the various pedestals, rockers, springs and
collars on each shaft. The Workshop Manual makes the following comment:-

"The rockers are bushed and are of two types, left and right handed. Each shaft is in four
sections carried in five pedestals, the sections being located by set screws on the second
and fourth pedestals, the front and rear of which are not interchangeable with each other
or side for side. They are drilled for lubrication, the oil passing up the hollow stud at each
end of the head. Note that flats are machined on the shafts, these should face the valves".

Remove the sparking plugs, slacken each cylinder head holding down nut a slight amount
(in the reverse order to that used for tightening) and then remove them all. If you can lift
80lb. at arms length, you may now lift the head off. Normal people will use lifting tackle or
a piece of 2" x 3" x 7ft. timber tied across the head and lifted by two assistants while the
artful owner manipulates the head!

The valve springs are retained in position on the valves by means of a collar and two split
collets. Apply a suitable spring compressor and the collets may be removed. It may be
necessary  to  remove  the  inlet  manifold  if  the  compressor  will  not  reach  inlet  valves
numbers two and three.

The  valves  should  be  inspected  for  the  following  defects:-  pitting,  thin  edge  and  its
associated failing - curling up of the edge. Slight pitting of the inlet valve may be cured by
refacing (most engine repair firms can do this). Exhaust valves, however, suffer greatly,
and it is a false economy to try to avoid replacing these when the head is off.  Tranco
armoured seated valves used to last longer, but are not now available.

Once one has established the valves one is going to use, the condition of the valve guides
can be estimated. I use the term 'estimated' with some apprehension, since this is where I
find it difficult to translate years of experience and ‘guesstimation' into hard and fast fasts.



One cannot, for instance, use a feeler gauge to measure valve guide clearance, and in any
case the Workshop Manual  gives no recommendation. Another manufacturer suggests
0.0008"to 0.003"for the inlet and 0.0017"to 0.004" for the exhaust. Bear in mind the fact
that sloppy inlet valves may cause a smokey engine under high vacuum conditions. If in
doubt, fit new ones. 

The valve guides are without any shoulder, and may be tapped out with a drift.  When
fitting a replacement guide, the new one should be pressed in until the top is 13/16” above
the spring seat for both inlet and exhaust.

A tool for punching in guides can easily be made by drilling a 9/16” hole in the end of a
piece of 7/8" or 1" rod to a depth of 13/16”
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Block up all the holes in the top of the cylinder block with balls of rag, and carefully scrape
the carbon off the piston crowns. Most authorities recommend a soft scraper made of such
materials as solder, aluminium or brass, which is all very well if the carbon is relatively soft,
but I find that in the end I have to use a steel scraper. These are made by grinding the
teeth away at the end of an old flat file and grinding the end at right angles to these two
faces to provide two 90° cutting edges. The plan view of the end of the tool must have a
slight radius, to prevent the corners scratching. The tool must then be finished to a sharp
pair of edges on an oil stone. It is rather like using a ‘cut throat‘ razor, blunt ones scratch,
sharp ones do not, but care is required.

Never  use  emery  cloth  on  the  piston  tops  because  small  particles  of  abrasive  will
undoubtedly find their way into the cylinder bores, although if the pistons are removed, I
polish the tops with 600 grade ‘wet or dry‘ rubbing down paper soaked in paraffin, the
piston,  as  with  everything  else,  being  thoroughly  cleaned  afterwards.  Another  legend
which I ignore, suggests that one should leave a ring of carbon around the edge of the
piston, and the top of the cylinder bore. I doubt whether it makes a scrap of difference,
since the piston is at top dead centre for an infinitely short time. I was interested to see this
point of view confirmed on page 25 of the June 10th 1971 Autocar.



Polishing heads and ports is good for one’s soul and will not do any harm to the engine,
but the standard product is not too bad, so that any apparent improvement in performance
will  be mainly in the mind. It will,  however, be beneficial to check the alignment of the
carburetter choke to the inlet manifold, and the inlet manifold to the head. (Mine was better
with  the manifold  upside down).  The improvement  in  performance achieved by tuning
specialists on modern engines is the result of a great amount of highly technical work on
port profile and gas flow, and is not likely to be emulated by an enthusiastic amateur going
berserk with a rotary file.  A nice smooth finish to the head and ports is a reasonable
objective in my opinion.

The water transfer holes in the face of the head (indicated by vectors in fig.21) provide the
only entry and exit for cooling water to the cylinder block, and any scale which has formed
at these points should be thoroughly cleared away. Two years ago, when I was going to
have the face of the head skimmed, I filled the head up with neat Hydrochloric Acid. This



was most spectacular, it frothed and foamed for about three hours, and much willpower
was displayed by the ‘Tech Sec‘ in allowing nature to take its course! Afterwards, the face
was machined, and new core plugs fitted, but when the engine was assembled, the steel
cross tube was found to be leaking. A new one was fitted quite easily with the head in situ,
since there was no longer any scale to prevent the withdrawal of the old one.

The condition of the two studs which secure the water inlet manifold to the head should be
checked, since they erode rather rapidly, and it is difficult to drill out the remains of the
stud if it breaks off after the head has been refitted. It is desirable to replace these with
stainless steel studs. It should be noted that these stud holes communicate with two head
fixing stud holes, so that care must be taken not to force them into the path of the head
studs. this may happen if the thread is too long, or the boss around the hole is corroded. In
either case a stainless nut could be screwed on first, and filed or turned down to provide
minimum obstruction to the flow of water, and this assembly would be screwed into the
boss. The boss could be faced to provide a good landing for the nut and to position the nut
correctly. A hard setting compound or Loctite should be used on the thread to prevent
water entering the cylinder head stud hole.

If any core plugs have been leaking, or are of unknown age, or will be inaccessible when
the engine is assembled, they should be renewed. This is done as follows:- Drive a narrow
(cross cut) chisel into the centre of the plug, this will  loosen the plug, and a sideways
wrench will flick it out. It will be observed that the new one is domed in shape, and the art
of fitting it is to hammer it into its seating with a flat ended punch in such a way that when
finished  the  whole  surface  of  the  plug  is  evenly  domed,  yet  almost  flat,  so  that  its
circumference is expanded tightly into its seat. One often sees a plug which has merely
had a thump in the centre with a ball ended hammer, which does nothing to expand the
circumference, so that there is every chance of it falling out. The seating should, of course,
be perfectly clean, and coated with a jointing compound. I also apply a thin coat to the
back of the plug to help preserve it.

To avoid the possibility  of  failure of  the head gasket  at  some future date one should
carefully inspect the condition of the faces of the head and the cylinder block, the problem
being  distortion,  erosion  by  water  seepage,  burns  due  to  previous  gasket  failure  and
damage caused by evil  men with  steel  wedges,  etc.  Ideally,  both  surfaces should  be
machined when the engine is stripped down for reboring of the cylinders, since of course,
the face of the cylinder block cannot be machined in situ. It should then not need doing
again until the next rebore. If it is necessary to have the head machined, then the minimum
amount of metal should be removed to retain the maximum stiffness of the face, while a
fine, smooth finish should be achieved.

I do not approve of machining great slabs of metal from either face with the object of
raising the compression ratio. It is not possible to raise the ratio very far by this means
(due to the very long stroke of this engine) and the metal in these areas will be severely
weakened.  The  compression  ratio  should  only  be  raised  by  fitting  high  compression
pistons. The compression ratio for C.1902 is about 8.5 to 1, which is about as high as I
would care to go using four star petrol.

We will now consider the subject of grinding of valves. I used to work for a chargehand
who believed that no valve and seat was so bad that it could not be laboriously worn into
some sort of shape by means of a suction cup on a stick, half a pound of coarse grinding
paste and an apprentice.’ When I pointed out that these valves (Morris 8 marine) only cost
5/- each, and that we possessed a seat grinding machine, his reply was "What do you
think we have apprentices for". The reason he disliked renewing valves, or anything else,
for that matter, was that he had evolved a system for ‘booking out‘ spares from a local
shop,  and having the cash value credited to  his private account,  while the reason he
disliked using the seat grinding machine was because he was a Sadist. We eventually
solved the problem by waiting until  he had left  the workshop,  when we would quickly
remove the valves, throw them into the dustbin, produce a really horrible set which were



kept hidden (we produced the same set every time) and machine the seats before his
return. New valves etc, were then grudgingly forthcoming.

All this is just to emphasize that valve grinding is a short mating process involving two
surfaces which are already near perfect, in fact some manufacturers are using aluminium
coated valves which must not be ground in at all!

Long sessions of valve grinding produce surfaces which are not truly conical, have large
steps  around  the  outer  edge  (pocketing)  and  the  seat  angle  may  end  up  wrong  or
radiused. It sometimes happens that the inlet valves and seat will clean up with a short
grind, but in my experience, the exhaust side is always in a mess.

Over  the  course  of  years,  the  seats  will  become wider  than  the  recommended  width
(0.080”). I  have always been puzzled by the relevant paragraph in the service manual
which suggests that the seat width can be reduced by means of a 45° cutter, which would
effectively  increase  the  mean  diameter  of  the  seat,  which  will,  in  turn,  increase  the
tendency of the valve to curl up at its outer edge and decrease the width of the heat path
near the edge of the valve. I prefer to remove metal from the outer edge of the seat, again
using a valve seat grinding machine. The stones supplied with these machines are made
with a cutting edge of 90° included angle on one side, and 120° included angle on the
other side. On some engines the 120° stone can be used like a ‘countersink' to reduce the
width of the seat, but in the case of the Riley head, the stone must be trimmed to some
intermediate angle (about 100 to 106°) or the outer edge of the stone will  groove the
combustion chamber. A competent engineering firm should be able to do this. The whole
thing is by nature a compromise, since what one really needs is a new head.

The alternatives are:—

(1) Welding and machining of seats, which is very expensive.
(2) Fitting of seat inserts, which should only be entrusted to firms of very high integrity,

since pistons  will  be  smashed  if  seats  fall  and  wedge  valves  open.  It  is  also
possible that there may not be a sufficient thickness of metal in this area to sustain
a valve seat insert. It would be informative to cut an old head apart to evaluate the
amount of metal at this point.

(3) Obtain a less worn head.

Note that all seat grinding or machining must be done with those valve guides in situ which
are going to be used, to ensure concentricity.

You will now be ready to grind in the valves. All you will need is a sucker on a stick, some
fine grade, and perhaps some medium grade grinding paste.

The head is propped up so that one row of valves are vertical. A small quantity of fine
paste is applied to the valve, and the valve is applied to its seat.  An oscillating rotary
motion is imparted to the valve by means of the suction stick. As this movement tends to
work the paste away from the mean circumference of the seat, it is necessary to frequently
lift the valve off its seat, so as to suck the paste back into play. Failure to do so causes a
bright ring to appear on the mean circumference. If the paste is too thick, a little paraffin
may help. A matt grey finish is the object of the operation. I have read of people finishing
the job with metal polish, but have never felt the need to go to this extreme.

Once the valves are finished, care must be taken to ensure that each one is identified to its
own seat.

The head can now be thoroughly cleaned, and the valves and springs re-assembled, with
a light smear of oil on the valve stems. The inner and outer springs are both of the variable
rate type, the close coils should be positioned adjacent to the head. as shown in fig.22.



I did for a time fit Ford oil seals on the inlet valve stems to reduce the amount of oil drawn
down the inlet guides, in the hope of reducing the amount of carbon which forms on the
back of the inlet valves. However, the result was inconclusive. I may try it again if emission
control becomes a problem. 

The head is now ready to be replaced on the engine, and in the next Gazette, I  shall
continue this saga of static motoring enjoyment.

GAZETTE NO. 10 JUNE 1972

Having overhauled the cylinder  head,  this  is  now ready for  refitting,  provided that  the
removal of the pistons is not envisaged on this occasion.

Replacement of the head is simply the reverse of the removal process, but without the filth,
I hope! A small quantity of oil is applied to the cylinder bores, a new head gasket is used,
and is fitted dry, although some people favour a slight smear of grease. Jointing compound
should not be used on head joints. (Since writing this, I have successfully used a modern
silicon  on  an  Austin  7  head  which  was  suffering  seepage  along  some  rather  course
machining marks. However, for long term satisfactory service, well finished surfaces do not
benefit from jointing compounds).

It  is a sad reflection on the standard of living in this country, that there are still  many
homes which do not possess a torque wrench. I favour the 'Britool‘ 0-100 ft/lbs model. It
has a positive ‘click’ action, and is strong enough to remove nuts or bolts tightened or
rusted to a tightness far beyond its nominal range. I would therefore like to point out to
next of kin, that it makes a fine Birthday/Christmas/Wedding present for a Healey owner!

The Riley head nuts should progressively tightened to a torque of 75 ft/1bs_ (Should any
of the head studs pull out of the cylinder block, it will be necessary to have 'Helicoils' fitted
in the block. Having had two pull out, I have helicoiled the whole lot. The fact is that in the
long term, corrosion in the block shortens the effective length of the thread, and we can
compensate for this by increasing the effective diameter of the thread. It is also another
good reason for not machining large quantities of metal from the top of the block to raise
the compression ratio).

The sequence of tightening is as follows:—
  9  5  1  3  7  11

Front.
12  8  4  2  6  10

This will need to be repeated once the engine has been warmed up.

As the tappet clearance is 0.003" inlet and 0.004" exhaust, with the engine at its normal
working temperature, it is obvious that these will first have to be set cold, and then reset
once the engine has been warmed up. Should the engine be of a later type, or have
R.M.F. or 'Pathfinder' camshafts, the clearance is 0.011" hot for all valves. I believe it is
safe to say that the inlet camshaft can easily be identified by noting the direction of rotation
of the distributor,  the 0.003"  cam drives the distributor  clockwise,  and the 0.011"  cam
drives the distributor anticlockwise.  The process will have to be repeated after the cylinder
head is finally tightened down.

It is of some interest to note that the term ‘tappet clearance‘ has come to be used as a
means of describing the total clearance in the mechanism (tappet/push rod/rocker arm) to
be measured with a feeler gauge at whatever point one may gain access to it, yet the
rocker to valve clearance is only equal to the tappet clearance on an O.H.V. engine if both
arms of the rocker are exactly equal. I mention this in case someone might try to use a dial



gauge  on  top  of  the  tappet  adjustment  screw.  The  term  valve  clearance  might  be
preferable, although even this may be confused with valve stem /guide clearance.

The Riley valve clearance is measured with a feeler gauge between the valve stem and
the rocker arm when the cam follower is on the heel of the cam. It is desirable to have a
starting handle for this job, if not, the car must either be rolled along in gear, or one rear
wheel jacked up so that the engine may be rotated by hand. The position of the cams can
be determined as follows:-

When the inlet valve No.1 is fully depressed set inlet valve No.4
No. 2        No.3 
No.3      No.2
No.4      No.1 

Repeat this procedure on the exhaust valves. Some people prefer to set both valves on
each  cylinder  when  the  piston  is  at  top  dead  centre  on  its  firing  stroke.  This  should
produce the same result in the case of the Riley engine, although on some other engines,
different results would occur, so I always use the first method.

Oil the valve gear liberally before replacing the rocker covers, making sure that plenty of oil
goes down to all  the cam followers. Remember to use jointing compound between the
cover joints and the cylinder head as previously mentioned. The sparking plugs may now
be refitted, and connected to the distributor with the firing order 1,2,4,3.

The radiator can now be refilled, hose joints checked for leaks, the engine started and
warmed to its correct running temperature, so that the cylinder head nut torque and the
valve clearances may be rechecked.

During the following weeks one may periodically gently tighten the rocker box nuts as the
joints squeeze down. Remember that this is done with a cold engine.

I shall now regress to the beginning of this month's notes so that we may consider the
enjoyment of those who wish to explore the darkest regions of the engine before refitting
the head.

CRANKSHAFT SURVEY

The Riley crankshaft is rather unusual in design, insofar as it includes a large hollow cavity
drilled co-axially with each big end journal, blind at one end, and threaded and plugged at
the other. The lubricating oil which enters the crankshaft through holes in the main bearing
journals, travels via drilled channels to the end of these cavities. Once these are filled, the
oil  is  forced through a drilling into  the big  end bearing clearance.  The position of  this
drilling differs from normal practice, since it is aimed almost toward the main axis of the
shaft. The rotation of the shaft will therefore cause any solid matter which is suspended in
the oil to be packed against the outer surface of the cavities by the action of centrifugal
force, thus providing a fine filtration of the oil before it enters the big end clearance.

Unfortunately, by the time the cavity is about two thirds to three quarters full,  the exit
drilling will  be covered,  and the supply of  oil  to  the big  end will  cease.  It  is  therefore
essential that these cavities be cleaned thoroughly (a) when the engine is dismantled for
overhaul, and (b) I would suggest at intervals of about 60/70,000 miles, although the rate
of  build  up  varies  from one engine to  another.  The condition  of  the  bearings can be
inspected at the same time.

It is interesting to note that the Riley Workshop Manual makes no comment on this very
serious problem, (a similar omission occurs with regard to the blockage which takes place
behind the post on which the timing chain adjuster is mounted, thus starving the sprockets



and chain of oil). I have tried using a detergent oil  with no improvement in the rate of
sludge build up in these areas.

If you have a garage with a pit, this job is just about tolerable, but if not, a fair amount of
pain and discomfort must be accepted. The vehicle must be raised to a convenient height,
and very firmly supported, since a great deal of force will have to be used during these
operations.

Drain the sump, and remove the dipstick. The sump is attached to the crankcase by 16 set
bolts, 8 of these (4 each side) are extremely inaccessible on chassis types A, B, C & F,
and slightly less so on D and E types. I found it desirable to make a special spanner to
deal with these. Remove 14 bolts, leaving one at each end slackened of about 1/8" so that
the sump can be unstuck from its joint without drama, the weight of the sump can then be
taken while the last two bolts are removed.

Remove the perforated baffle plate and clean the sump thoroughly,  taking note of the
presence of particles of white metal.

The Riley service  manual  says that  on early  models,  no sump joint  was used,  which
suggest an over optimistic faith in the accuracy of the parts involved. I use a thin cork
sheet for this joint.

Remove the aluminium bell housing shield and the casting which partly covers the rear
main bearing cap (referred to in the manual as a plate!). Again, it is interesting to note that
each side of this casting is machined to take a strip of cork to seal it against the crankcase,
and the manual  shows this as a strip of  cork of  roughly the same dimensions as the
groove. It has been my experience that if such an arrangement were tight enough to seal,
then it would be too tight to assemble, conversely, if it could be fitted, it would be as much
use as a cork joint done up finger tight! I therefore cut short pieces of cork, soak them in
oil, and drive them in with a punch specially made to fit the slot, an added refinement being
a box which squeezes and aligns the cork with the entrance to the slot. In this way it is
possible to compress about 12" of cork into each slot. 

All the crankshaft journal plugs are now visible. They are 1" diameter, 20 threads per inch
(American extra fine), with a hexagonal ‘Allen key‘ hole 13 mm across the flats. It will be
seen that the plugs on Nos. 2 and 3 journals are readily accessible whereas Nos. l and 4
require the removal of the adjacent main bearing caps. NOTE. ALL MAIN BEARING CAPS
AND BRONZE SHELLS ARE MARKED, AND MUST BE REFITTED IN THEIR ORIGINAL
POSITIONS. 

In theory, all you have to do now is to wedge the crankshaft with a piece of wood, insert
your Allen key and unscrew each plug. Unfortunately, your car may have received the
attention of some automotive blacksmith,  and one may find the plug riveted or centre
punched over, so that the key hole will be distended by the torque required to unscrew the
plug.  In  this  event,  any obstructive metal  must  be removed by rotary files etc.  before
applying maximum torque to the plug. If the key is a reasonable fit, then it is desirable to
prevent it slipping out of the rather shallow hole by arranging packing between the bend of
the key and the opposite crank web etc. A length of pipe added to the key should then
produce the required result. If this fails, then the final solution must be applied. This is to
apply a large, sudden dose of oxy-acetylene flame to the centre of the plug. The plug will
then try to expand, but being constrained by the large and relatively cool mass of the
crankshaft, it will be subjected to a considerable compressive stress, which will result in
the  plug  having  a  slightly  smaller  diameter  once  it  has  cooled,  thereby  facilitating  its
removal. The main snag with this activity is that one is underneath the car with drips of hot
or burning oil falling about. If, however, you have by this time found so much chaos in the
engine that it must come out, the job will be best done on the bench.



The removal of the plug will reveal a segment shaped lump of hard sludge. This must be
dug out with a suitable implement, and the cavity thoroughly cleaned. In conjunction with
this cleaning operation, the connecting rod should be removed from the journal concerned,
so that the oil  delivery hole may be cleaned, and the condition of the big end bearing
surveyed. 

With white metal bearings, the condition of the metal may be as fol1ows:- 
(a) Perfect.
(b) Beginning to show minute hairline transverse cracks.
(c) Lumps of metal missing, often from the centre of the bearing.
(d) No metal left.

The condition of the journal may be as fol1ows:-
(e) Perfectly smooth and cylindrical.
(f) Slightly oval, or some other variation on the cylindrical form.
(g) Scored by foreign bodies embedded in the white metal, or direct contact with the
steel connecting rod.

GAZETTE NO.11

If the cylinder head has not been replaced, one may now inspect the pistons and their
rings.

Remove all carbon from the top of the cylinder bores, if this has not already been done.

Where normal white metalled connecting rods are used, proceed as fol1ows:- Remove
both  big  end  bolts  from the  connecting  rod,  and  push  the  piston  and  connecting  rod
assembly up the cylinder bore as far as it will go (it will not go far enough if the bolts are
left in).

This will reveal all the piston rings which are situated above the gudgeon pin, and if all
appears to be in good order, one may decide to leave well alone. When it is not in good
order, I find it very difficult to suggest definite limits to the amount of wear which may be
tolerated, since such factors as the availability of parts in the long term must interfere with
basic engineering considerations, for instance, chrome top rings are not now available, so
that if one finds that one has slightly worn chrome rings it may be better to keep them than
to replace them with standard cast iron rings which have a much shorter life. Similarly, one
may try to retain high compression pistons on which wear is more than it should be, simply
because they are not easily available, (By 1991 mine have done about 140,000 miles)

Obviously, the behaviour of the pistons and rings in service will influence ones decision on
what must be done. Most people will recognise a worn cylinder bore when they see one,
by the sharp ridge which occurs at the limit of travel of the top ring. Wear will generally be
at its greatest at this point, since it is subjected to the following disadvantages:—

(a) Exposure to the highest temperature.
(b) Exposure to high temperature for the longest period.
(c) Rubbed dry of oil by the combined effort of all the rings.
(d) Attacked by the acid products of combustion.

Legend will have it that an engine can live with a maximum bore wear of 0.006", but one
must remember that wear on the horizontal surfaces (landings) of the rings and piston
grooves is proportional to the lateral movement of the piston, and this may be ten times
the lateral movement of a new piston at working temperature in a perfect bore.

Wear  on  the  horizontal  surface  of  a  ring  is  apparent  as  a  fairly  uniform reduction  in
thickness across the ring except for the outer edge, which may develop a razor sharp edge



on its top and bottom corners. Wear in the groove can be measured with a feeler gauge.
The clearances should be within the tolerance shown, some clearance being essential to
admit gas pressure to the back of the ring to press the ring against the cylinder bore, whilst
too much clearance will cause excessive impact to break the ring at top or bottom of the
stroke as the piston changes direction. I regard this measurement as being more important
than the gap between the ends of the ring, since it can cause considerable damage to the
piston, (In the 1970's I had the top groove machined and a Cord spacing ring fitted. This
has been very successful) The top ring and groove is generally the most worn due to the
excessive heat,  poor lubrication and having to open and shut to conform to the whole
range of bore variation. New rings will sometimes bring this clearance within tolerance.

The new ring should be inserted well down the cylinder bore so that the gap between the
ends of the ring can be checked, although they are rarely too tight. Any excess can be filed
off.

I do not favour the idea of fitting ‘oversize’ rings in badly worn bores. The geometry of a
piston ring is more complicated than it might at first glance appear. In its free state it is not
round, it is ‘C’ shaped, with decreasing radius toward its ends. It is designed so that when
it is inserted in the correct size of bore, it becomes round, and exerts an equal pressure in
all directions against that bore. These requirements are not likely to be met by an oversize
ring.

Rings can be removed and replaced by two methods, first  the cautious method, using
three or four strips of thin metal placed between the back of the ring and the piston, and
spaced out so that the radius is progressively increased throughout it length, and this is
sometimes the only way if the ring is very strong. The other way is, of course, to hook ones
thumb nails on the ends of the ring, and with each forefinger applying pressure at about
60° from the ends of the ring, open the ring into a more circular shape, large enough to lift
off. Any attempt to merely pull the ends apart will break the ring in half.

The design of  pistons available throughout the life of  these cars is  varied. Apart  from
various compression ratios, some pistons had just three rings above the gudgeon pin (real
oil burners were these, I had to fit 'Cord‘ oil control rings to control the smoke screen),
some had four rings above the pin, and some had three above and one below the pin. If
one wishes to inspect the one below the pin, one must remove the top rings, extract one
gudgeon pin  circlip,  warm the piston gently  with  a blow lamp or  electric  hot  air  paint
stripper so that the pin may be easily pushed out. Take care to prevent the rod falling back
awkwardly  on  to  the  journal  and  damaging  it.  The  piston  can  then  be  removed  for
inspection.

I have mentioned 'Cord‘ oil control rings, so a few thoughts on the subject of special rings
must be said. Several manufacturers produce these somewhat barbaric looking devices
which will prolong the life of a dying engine. In principle, they consist of a number of spring
steel rails, separated vertically by a wavy spring, and expanded by a polygonal backing
spring to give a very high pressure against the cylinder bore. Normally they are a last
resort measure, but in the case of my own car, the high compression, three ring, solid skirt
pistons caused an intolerable amount of smoke from the day they were fitted. I therefore
fitted  a  set  of  special  oil  control  rings.  Unfortunately  the  bottom landing  had  a  large
chamfer, which gave poor support to the lower rail. After 17,000 miles I had further big end
failure, and noticed that the bottom rail was preparing to get wedged down between the
piston and the bore! It was discovered that the Cord Piston Ring Company also made a
milder ring assembly which had wider rails and no radial pressure ring. 
These were fitted, and in this particular application, are working well. (By 1991they are still
working! It has been noticed that this type of ring is sometimes used as original equipment
on some modern pistons.)

As previously mentioned, when Pathfinder or R.M.F. type connecting rods are fitted, the
piston and rod can be removed as one assembly due to the angled big end joint face.



When reassembled the early Service Manual shows the bolt heads facing the carburetter
side, whilst the Pathfinder Manual shows the rod the other way round!

Split skirt pistons are fitted with the split on the exhaust side as that is only subjected to
thrust on the compression stroke. Solid skirt pistons are usually symmetrical, but should, of
course be refitted in their original position, and should therefore be marked by some gentle
means. Pistons are sometimes marked ‘Front’. By the time you reach this stage you will
either be content, or miserable, or at some intermediate state of despair, depending on
how nearly your engine resembles the one described in the Riley Workshop Manual which
has the following fits and tolerances:-
 
Bore (Standard) 80.5 mm (3.169")
  "     (Oversize) +0.020" (3.189")
  " +0.030" (3.l99")
  " +0.040" (3.209")

Piston clearance:- top 0.002" to 0.0033"
bottom 0.0018" to 0.0026"
Solid skirt 0.006” approx.

Ring gap 0.008" to 0.012"
   " vertical clearance 0.002" to 0.004"

Gudgeon pin diameter 0.866"
       "         " fit in piston Hard push at 70°C
       "         "      fit in con rod Push

Crankpin diameter (Standard) 60mm.(2.362")
      "        minimum regrind diameter -0.040" (2.322")

Connecting rod side clearance 0.002" to 0.008"
         "          " diametrical clearance 0.0015" (White metal)*
         "          "                    "               " 0.0008"to 0.0023"(Shell bearings)*

* I would suggest a minimum of 0.002" in both cases

Main journal diameter (Standard) 2.559"
    "        "             "       (Minimum regrind) 2.519"
Main bearings end clearance Zero to 0.004"
   "          "  diametrical 0.001" to 0.003“

Torque Spanner Readings.

Cylinder head nuts 900 in. lb.
Main bearing nuts 900 in. lb.
Flywheel bolts 850 in. lb.
Big end nuts 450 in. lb.
Big end bolts (Shell type) 600 in. lb.

It will not have passed unnoticed that I have frequently mentioned the use of parts of the
'Pathfinder' engine in combination with the basic 2 1/2 Riley engine which was originally
fitted to the Healey, and those owners who have discovered their big end metal to be in
the condition described under the headings b, c,  d, may be interested in a discussion
about the various factors which contribute to the success or downfall of a bearing, and
which come under the headings lubrication, material and design.

LUBRICATION When a  shaft  rotates  in  a  lubricated bearing,  then ideally  the  shaft  is
separated  from  the  bearing  surface  by  a  thin  film  of  oil.  Unfortunately,  the  design



requirements, and the nature of use of the automotive engine militate against this state of
affairs, and when I point out that the load on a bearing may be 2/3/4000 lb/in 2, yet oil can
be injected into it at a pressure of 50 lb/in2 (or even 0 lb/in2 in the case of an Austin 7!)  it
will be apparent that there is more to lubrication than meets the eye!

As an analogy, consider the relationship between the tyres of your car and the road as you
travel along at 70 m.p.h. by kind permission of the Ministry of Transport. If the road is dry,
a state of dry friction exists between the tyres and the road, and the frictional force which
could be exerted by the tyres on the road If, for instance, the brakes were firmly applied
would be roughly equal to the weight of the car, since the relationship between weight and
frictional force for rubber on Tarmac (Known as the Coefficient of Friction) is roughly unity.

If the car moves on to a part of the road affected by a shower of light rain, both tyre and
road will be coated with a thin layer of water, and although the tyre and the road are no
longer in direct contact, there is still a great deal of frictional force available This is a state
known as Boundary Lubrication.

If the car now continues at unabated speed to a section of the is flooded to a depth of one
inch, so that, in spite of the wonder of modern tread design, water cannot be squeezed
aside as fast as it is encountered, then each wheel will be lifted off the road by a wedge
shaped pad of water and frictional force will be hard to detect, or to put it another way, you
are now driving a four wheeled hydroplane up the M1 without a rudder! Drivers call this
aquaplaning, and it is a state of Fluid film Lubrication.

It will now be apparent that a puddle of water at atmospheric pressure has proved capable
of lifting a 26 cwt. motor car into the air simply by getting wedged under the wheels, and
this is the trick used for bearing lubrication.

GAZETTE NO.12.

Let us first consider a journal running in a plain bearing where the loading is purely due to
the weight of the rotating parts, there being no inertia or out of balance forces involved. 

If the bearing and journal are both of perfect cylindrical form, with a clearance of 0.002",
then  if  the  weight  was negligible,  one  could  connect  an  oil  feed at  any  point  on  the
circumference (at mid length of course) and quite easily sustain an oil film with an even
thickness of 0.001"

If we now increase the load on the journal, it is obvious that the oil at the bottom of the
bearing  will  be  squeezed  out  more  than  the  oil  at  the  top,  the  ultimate  limit  for  this
assembly occurring when the clearance at the top is 0.002" and zero at the bottom, at
which point we have a state of ‘Boundary Lubrication‘ at the bottom, which can only be
tolerated for a short time, especially under full  load conditions. Car engines suffer this
under cold start conditions, relying on such oil as may have remained in the system since
its previous run. After a long ‘lay- up' or rebuild one should remove the sparking plugs, and
crank  the  engine  on  the  starter  until  an  oil  pressure  is  registered,  and  as  previously
mentioned,  oil  should  be  poured  down  the  cam follower  bores,  as  these  are  always
vulnerable.

At the various stages between no load and full load, it will now be obvious that the oil film
will be of tapering thickness from top to bottom of the bearing, and that although the oil will
be  escaping  from the  edges  of  the  bearing  at  all  times,  if  enough  oil  remains,  or  is
replaced, then this will attain the high pressure necessary to support the shaft by the time
it has reached the bottom, assuming that the designed size of the bearing is large enough
for its purpose. It will also be obvious that the best point to feed the oil in will be at the
point of lowest pressure, which, of course, will be somewhere near the top.



The bearings of a reciprocating engine pose a special problem, due to the need to deliver
oil to the big end journal. This generally means that although oil is supplied near the top of
the main bearing a channel has to be machined in the bearing surface all the way round to
provide communication at all times with a hole drilled in the main journal to feed the big
end journal. The disadvantages of this are compensated for in the design, and Riley main
bearings are totally reliable.

The big end bearings, on the other hand, suffer violent load variations in both magnitude
and direction while the oil feed is rotating and it would seem that the designer of the Riley
crankshaft had second thoughts about the actual position of the discharge hole in the big
end journal, since, if one looks at a cross section of the journal from the front, at top dead
centre, then the hole was drilled in the '4 o'clock‘ position, whereas the ‘Pathfinder’ crank
has an extra hole drilled at the '12 o'clock position, with an internal pipe reaching into the
hollow centre of the journal to prevent sludge escaping out of, or blocking up this feed. I
regret that I am insufficiently qualified to offer an opinion on the optimum position for the oil
delivery hole in a big end journal, but if one accepts that the 'Pathfinder' engine was the
culmination of about 25 years of development of the O.H.V. Riley engine, then it would
seem logical to modify the earlier crankshaft to include this extra hole. (See Fig.23).

The relevance of all this theory to your crankshaft assembly is that you should now be
better able to assess the risk involved in running an engine in which the dimensions are
less than perfect. 

The maintenance of the fluid film will be at risk under the following circumstances;-

(l) If the journal is oval, this being the way in which a big end journal normally wears.

(2) If the journal is tapered or barrel shaped. Again, with big ends I would think that this
would  be  due  to  the  cylinder  bores  not  being  perpendicular  to  the  main  axis  of  the
crankshaft, which may be due to excessive wear of the rear main bearing, or by inaccurate
machining during some previous overhaul. In conjunction with this fault, it may be found
that the pistons have been subjected to wear below the gudgeon pin hole on one side, and
above it on the other side.

(3) If the clearance is too great. Note also that excessive main bearing clearance will also
reduce the oil supply to the big ends, whilst excessive clearance in the big end assembly
causes high impact loading due to the rapid changes in direction of the forces involved.

(4) If the clearance is too small. Obviously, this can only occur with new bearings. It may
happen  when  the  machinist  cannot  gain  access  to  the  crankshaft  to  take  his  own
measurement,  so  that  discrepancies  between  his  and  the  owners  micrometers  cause
trouble, since although all micrometers should be equal, some are more equal than others!

Tight white metal bearings can, of course, be scraped by hand, but although I have spent
thirty one years in the ship repair industry, where such ancient practices are normal, it is a
poor  substitute  for  accurate  machining.  Any attempt  to  run a bearing with  inadequate
clearance is doomed, since even in the low pressure area, the oil cannot get out of the
delivery hole, the 'wedge' of oil has not got room to evolve, and the smaller rate of flow is
less able to cool the assembly.

(5) If the viscosity of the oil is too high. With the Riley engine the oil may take about ten
miles to attain a reasonable working temperature, and during this time, the oil pressure at
any given speed will be far in excess of the figure for hot oil. It is interesting to note that
some authorities suggest that one should start up a cold engine, and belt up the road as
soon as possible. The Healey manual and R.K. Sugg agree that an engine should be
warmed up at a fast idle (1000-1500 r.p.m.) at least until  the water temperature gauge
shows movement. At a Vintage Silverstone meeting one will see E.R.A's etc. running with
the rear wheels jacked up, so that the transmission oils will be



warmed up as well. 

A neighbour had one of these ‘new fangled' cars (Ford Zephyr) with an ‘Engine Wrecked‘
warning light instead of an oil  pressure gauge, and during one demonstration of back
street  ‘drag racing‘  with  a cold engine,  stripped the  teeth from the  camshaft/oil  pump
assembly.  I  found  this  rough  justice  pleasantly  satisfying!  It  illustrates  the  stubborn
reluctance  of  cold  oil  to  move  through  the  cold  plumbing  of  an  engine,  and  that  the
pressure relief valve has limited capacity. Therefore, in my opinion, a car should be driven
at moderate speed until the relationship between speed and oil pressure becomes normal
for that car. With C.1902 I expect the oil pressure to level off at about 50-60lb/in2 at 70
m.p.h.

(6) If the viscosity of the oil is too low due to excessive temperature. Chemical breakdown
of the oil is probably one factor here, but in any case, white metal bearings are not very
happy in  boiling oil.  In  the  days before  [National  Speed limits],  C.1902 used to  smell
strongly of boiling oil when driven at large throttle openings for any length of time, and an
oil cooler was therefore fitted. However, those who do their motoring in the U.K. will find
that  large  throttle  openings  are  considered  antisocial  and  that  oil  coolers  are  less
necessary than they were for normal road use.

(7) If the oil pump is worn to such a degree that it is unable to supply a sufficient quantity
of oil to the bearings. The manual suggests that the gears in the pump should have a
diametrical clearance of not more than 0.006". and an end play of not more than 0.003".

(8) If the oil pump is starved by oil surge during prolonged high speed right hand turns.
This problem is noticeable on the Riley engine due to the oil  sump being rather wide
(about 11") whilst the oil is only about 3" deep, and the pick up is near the extreme right
hand side. R.M.F. and Pathfinder engines had a pipe leading to a floating central pick-up.
The Pathfinder also had an increased capacity, due to its gears being 1/4" longer, but the
body, drive spindle and oil delivery arrangement is of different design to the earlier model,
and is therefore not easily interchangeable. I have not been able to study the R.M.E. type,
but from the diagrams in the manual this may be interchangeable.

The pick up hole under the early type is very close to the bottom of the sump, so that there
is little room for modification. The alternative is an effective baffle, which I may deal with at
a later date.

(9) If the two halves of a bearing are diametrically offset. This is unlikely, but I offer it for
what its worth. It may be due to slackness in the fit of the big end bolts in the connecting
rod, or to one part having been reversed, although the engine would probably be locked
solid in the latter case.

(10) Excess sludge in the big end journal cavities. It is depressing to think that from these
ten possibilities, eight could occur at one time in one engine!

Intelligent observation of the oil pressure gauge during the motoring which precedes the
survey may help one decide whether or not re-metalling of the bearings will be necessary
if the need is not apparent by careful examination, but careful measurement of diameters
or measurement of clearance by 'Plastigauge' is best. Bear in mind the fact that if the big
end cavities contain sufficient sludge to prevent oil flow, then a spuriously high oil pressure
reading may result,  followed by the destruction of  the bearing.  If  all  is  well,  the Riley
Manual suggests a pressure of 30 lb/in2 at 40 m.p.h., which corresponds to about 27 lb/in2

at 40 m.p.h. with 3.5 axle and 15" wheels.

The Riley engine is unusual insofar as the oil feed holes through the big end journals are
very small (1/8" diameter), this reduces the drop in pressure if a big end bearing should
break up,  thus preserving the other  bearings,  but  one wonders whether  enough oil  is
passed  through  this  hole  to  maintain  fluid  film  lubrication  once  clearance  becomes



excessive. As previously mentioned, the 'Pathfinder' crankshaft has two holes per journal,
and therefore one might expect that if one makes this modification to an early crankshaft,
one’s normal oil pressure may be slightly lower, but more importantly, the quantity of oil
passing through the big end assembly will be greater. 



GAZETTE NO.13

It  will  be apparent by now that anyone who dares to travel  quickly by courtesy of the
reciprocating internal combustion engine, is in continual peril of finding his big end bearing
metal distributed to parts of the engine not mentioned in the specification, and may well
wonder why, after some ninety odd years of development, this should be so, and if so, can
anything be done about it. A few comments about bearing types, and the merits thereof
may serve to indicate the nature of the problem.

BALL OR ROLLER BEARINGS

Advantages:-  Low  friction  losses,  high  speed  capacity,  high  load  capacity,  minimal
lubrication  requirement  (note  how  well  they  survive  in  the  crankcases  of  two  stroke
engines, with not much more than an oily smell for a lubricant!)

Disadvantages:- Running surfaces must be continuous, therefore the connecting rod with
a roller big end must be made in one piece, and of course, the crankshaft must therefore
be fabricated with separate cranks, crank pins and main shafts. This is tolerable on single
or twin cylinder engines but is very expensive on multi-cylinder engines. During the vintage
and post vintage period some high performance engines were so fitted, but at the present
time, only Honda come to mind as a builder of cars with this arrangement.

Another disadvantage of the use of rollers in a big end assembly is that there are cyclic
variations in velocity between the connecting rod and the crank pin, velocity being at its
maximum at top dead centre when the con-rod is rotating in the opposite direction to the
crankshaft, and at its minimum at bottom dead centre when both are rotating in the same
direction. The result of all this is that at high revs, the rollers are required to accelerate and
decelerate violently once every revolution. If they fail to do so, they will be skidding, and
premature wear will result.

PLAIN BEARINGS

Plain bearings have existed since the first wheel was invented, and probably involved a
wooden surface bearing on an iron axle, which is not so daft as it sounds, since in 1973
A.D. I would estimate that every ship in the world has the final length of its propeller shaft
running  on  a  Lignum  Vitae  bearing,  lubricated  by  sea  water!  However,  for  the  more
demanding requirements of the reciprocating internal combustion engine, a bearing needs
to be made of sterner stuff, and until well into the 1930's various white metal alloys, cast
directly on to the big end of the connecting rod, or on to a thick bronze shell for the main
bearings was the normal procedure, and was reliable enough in the average engine of that
time, but was probably somewhat marginal in the more high performance engines even
then, thereby requiring material and workmanship of a consistently high quality, not only in
the original equipment from the factory, but in the engineering shops who would repair the
bearings at a later date. It was probably due to this last factor that the detachable shell
bearing was developed, appearing on such vehicles as the 1937 Austin 7.

In the early 1950's high octane fuel  became available to the British motorist,  enabling
designers to increase compression ratios, but bringing the following problems:—

(1) Higher maximum load on bearings.

(2) Higher rubbing speed due to greater crankshaft speed.



(3) Higher rubbing speed due to the need to increase journal diameter to increase the
strength of the crankshaft.

The  solution  has  been  to  evolve  bearings  made  with  alloys  such  as  Lead/Bronze,
Copper/Lead and Reticular Tin which are hard enough to cope with the problem, and can
be produced economically in the form of detachable shell bearings.

For those of us steeped in vintage tradition it has been a painful business to accept that
one can take a sheet of steel plate, coat it  with one of these fancy alloys, and punch
bearings out  of  it,  like slices of canteen lemon curd tart!  The purists  will  proclaim the
achievements of direct cast bearings at Brooklands or of the Healeys in the Mille Miglia,
Alpine Rally, Targa Florio etc., yet can one deny that the modern car, be it family Mini or
formula one Cosworth has bearings which will survive the most brutal treatment which can
be handed out to a car, and that premature bearing failure, given proper fitting in the first
place, is now a very rare thing.

It is interesting to note that the last British manufacturer to change to shell bearings was
the Riley Motor Co. Ltd. - Sixteen years after the Austin 7. It must also be observed that
the metalled bearings on my 1933 Austin 7 are practically immortal, having done 54,000
miles not out. This engine endures cold starts and short runs every day. The lubrication
system has no oil filter, and the big ends are lubricated by oil squirted at holes in the crank
web as it rotates, only a small amount arriving in a casual manner and at zero pressure
through the journal.

On the other hand, C.1902 has destroyed four sets of big end bearings in 105900 miles,
each  occasion  causing  great  inconvenience  when  it  happened,  and  increasing
apprehension during the intervening periods. The last occasion was the most ignominious
of the lot, since Paul Hawkins and I were hoping to convert a hardened Morgan enthusiast
to the cause at the time, and the journey ended by courtesy of British Rail! The car was
later towed home by Paul’s TR3, the shell bearings of which were untroubled by the 2 1/2
ton load.

It must be pointed out that C.1902 has a compression ratio of about 8.5 to 1, so that the
bearing load will be higher under conditions of maximum torque, while the weight of the
Tickford does not help.

After  the  above  disaster  it  was  decided  that  my  allegiance  to  vintage  doctrine  had
persisted long enough, and the matter of shell bearings was investigated.

The first problem that arises is the usual one, the manufacture of these shells has been
discontinued, so that it was necessary to unearth a few sets from the darkest corners of
ancient stores, to make the conversion worthwhile.

The next step was to acquire an R.M.F. or ‘Pathfinder’ engine, so that the connecting rods
could be extracted. John Murphy found a 'Pathfinder' engine in a Lewisham breakers yard.
It had been left with the rocker covers removed and a sparking plug missing, and was
therefore full of water. However, this was of no consequence since the resistance to water
afforded  by  thick  black  sludge  is  considerable!  When the  rods  were  removed,  it  was
satisfying to observe that although the bearings had worn to a total clearance of 0.006",
the condition of the material  was perfect.  The journals were, of course, etched by the
water, but were free from scoring. I was also pleased to note that in terms of weight these
rods were a near perfectly matched set, whereas my original ones varied by 1/4 lb before I
balanced them!

The new rods are directly  interchangeable with  those of  the  RMB engine,  as  are  the
pistons, but the rest of the engine differs in many ways so that many of the parts are not
usable  as  spares.  The  crankshaft  is  larger  in  some  dimensions,  so  that  it  could  be



converted into an RMB type. The camshaft sprockets can be used, and the ‘Reynolds’
chain tensioner can be used as a complete assembly, although all  its components are
slightly different. I understand that the valve gear (rocker/pushrod/cam followers) can be
interchanged as a complete set, but mine were unrecognisable with rust.

The oil pump assembly is completely different. From the specification data the camshafts
open the valves for a longer period, but the lift is 0.012” less, also the centre bearing is
different  and  the  distributor  is  driven in  the  opposite  direction,  requiring  a  'Pathfinder'
distributor, although this would have the advantage of a vacuum advance system. I paid
£10 for the engine which I consider a fair price for a set of straight rods plus the other bits
and pieces.

GAZETTE NO.l4

I shall now sum up the case for shell bearings thus:-

ADVANTAGES

(1) In the normal course of events, the wear on a shell bearing is progressive throughout
its life, that is to say, it is able to withstand periods of abuse (lack of optimum lubrication)
which might smash or melt a white metal bearing in a few seconds.

(2) The rod and shell bearing assembly will always be geometrically true. Eric Hall once
told me of a firm that machined a white metal big end "near enough", and then bent the rod
into alignment!!

(3) If a big end should 'go‘ when climbing a Tibetan pass, you will be able to fit your spare
set in a few hours.

(4) The angled big end will pass up the cylinder bore.

(Note:  By  the  1990's  the  supply  of  Pathfinder  shells  was  even  more  difficult,  so  an
alternative solution was to modify the original rods to take a Bedford shell (Bedford 220,
Part No.B4424 SA I’m told). The rods need to have the big ends widened with bronze
weld, and the bore remachined to take the shells. With some of the early rods, the big end
bolts are closer together, so that the shells need to be relieved at this point. Better really to
obtain the later rods. With this set up, one does not, of course, have the advantage of
being able to pass the rod up the cylinder bore. 

DISADVANTAGES 

(1) Availability, (But see previous note)

(2) If they are too tight, serious damage may occur.

(3) Due to their hardness they are less able to absorb abrasive particles, so that if these
are allowed to circulate, scoring of the journal may result. However, the hollow crank pin of
the  Riley  provides  good  protection  against  this  hazard.  The  manufacturers  of  shell
bearings sometimes mitigate these problems by making the lower half, which, of course, is
only subjected to inertia loadings of white metal.

FITMENT

Shell bearings are made to a very high standard of accuracy and it is intended by the
manufacturers that they be assembled without alteration. However, a few notes on the
precautions and checks which can be made are necessary.



Firstly, the mating surface between the shell  and the connecting rod must be perfectly
clean, as must the joint faces between rod and cap, since any trace of foreign matter will
cause distortion of the shell, and reduce the heat transference from shell to rod.

The outer diameter of a pair of shells should be 0.0005" to 0.001" larger than the bore of
its housing. When the bearing is tightened the shell is compressed by this amount, thus
eliminating the possibility of movement and fretting, and ensuring good conductivity. This
can easily be checked by assembling the rod with the shells in place, and with one bolt
firmly tightened up. The second bolt may then be gently nipped up, and the gap between
the cap and the rod measured with a feeler gauge, this should, of course, be about 0.001
to 0.002". With my own rods and shell I found this to be correct ‘out of the box‘ and no
filing was required.

It should be noted that where the bearings are half hard alloy and half white metal, they
are easily identifiable by their colour, the hard shell being generally a blue-ish grey, and is
fitted to the rod, while white metal has a shiny white surface, and is fitted to the cap.

If all is well, one may move on to checking the clearance. One may measure the difference
between the  bearing  (fully  tightened)  and its  journal  with  a  2"  -  3"  micrometer  and a
‘Mercer’ gauge (or an inside micrometer) or by the Plastigauge method. 

The 'Pathfinder‘ service manual says the clearance should be 0.0008"-0.0023", but I would
suggest a minimum of 0.002" for safety, an opinion confirmed by the fact that all mine had
this clearance when checked! All the Riley shells that I have seen have been standard
(2.362") or -0.010" or -0.020" and it would seem that tight bearings on reground cranks will
not  occur  if  these  dimensions  are  strictly  adhered  to.  I  was  told  of  a  case  where  a
crankshaft grinder ground some journals -0.009" because he thought 0.002" too great a
clearance, and the whole job had to be done again the following week! I have had the
same  experience  on  white  metal  bearings  with  0.001"  clearance,  where  these  only
survived the running in period.

Any shaft found to be an odd size will have to be reground, or you will have to carry on
with white metal, which can, of course, be machined to any given size. (Where the use of
Bedford  shells  is  envisaged,  journal  diameters  are  different  to  the  Riley  sizes,  and  a
regrind is essential)

It is unlikely that the clearance will be large on account of wear on the journal, since ovality
will have occurred, and a regrind is imperative, in which case the engine will have to be
removed.

As previously mentioned, there is some confusion about which way round the conrods are
fitted, depending on whether one is referring to the RM or Pathfinder Manuals (The lot of a
Tech. Sec. is a hard one). The point at issue would seem to be whether the oil jet (from the
drilling in the rod) squirts the thrust side of the piston or the split side. I offer you freedom
of choice, as we will probably never know the truth!

The  pistons  may  now  be  fitted  to  their  respective  rods.  Note  that  they  are  marked
"FRONT", insert one circlip into its groove, warm the piston, push the gudgeon pin in, and
fit the second circlip.

If fitting early (white metalled) rods single handed, starting at No.4 cylinder, fit rear circlip in
groove, pass the connecting rod up the bore, (remember to leave the bolts out) rotate the
crankshaft to T.D.C. to hold the rod at its highest position. From the top, pass a length of
string through the small end, pass the two ends of the string up into the piston and out
through the gudgeon pin holes. Insert the warmed piston into the cylinder bore. Pull the
string tight, so as to raise the rod into reach, insert finger into rear gudgeon pin hole and
align small end with piston. Insert gudgeon pin and second circlip. Rotate crankshaft to
B.D.C. and oil journal. Arrange piston ring gaps equidistantly, soak with oil, and using a



ring clamp, push the piston well down into the bore. If no brutality is used, no damage will
be done to the rings.

From underneath, pull rod down onto the journal and assemble the big end using 
your torque wrench.

Repeat this on cylinder Nos 3,2,1, in that order.

Replace head etc.  as  in  previous notes  leaving  sparking  plugs  out.  Fit  sump,  
flywheel guard etc.

Fit new oil filter element, fill sump with oil. Turn engine by starter motor until an oil 
pressure is registered.

Insert sparking plugs and run engine at fast idle.

Check for oil or water leaks, lower car back on to the ground, fit and shut the bonnet
and go and have a nice cup of tea!

By late 1991, the big end record of C.1902 is as follows:- The car was purchased with
approximately 49000 miles on the clock, and the white metal failed at 76700, 129300,
146155 and 148900 miles at which point shell bearings were fitted. The mileage is now
227500, so the shells have covered 78600 miles with no problems. The high compression
pistons and cylinder bores have completed 150800 miles and have been re—ringed once.
The white metal main bearings have survived 98200 miles, and can therefore be regarded
as more reliable. However, there are now methods available for converting these to shells,
and I shall have this done when the need arises.

GAZETTE NO.l5

It has been said that our membership has to display a great deal of patience, as the saga
of a series of Technical Notes may take more than a year to unfold. However, I  must
observe that among those members who are inclined to work on their cars, the average
time for a restoration will  probably be about seven to ten years, plus in some cases a
similar period of meditation before commencement  (It is now apparent that meditation is
sometimes still continuing into twenty five years, and will continue until the death of the
owners, I really do not understand this). One straightforward engine overhaul has taken
three  years.  (This  owner  then died,  the  new owner  has done  nothing  in  the  ensuing
eighteen years!). Therefore, secure in the knowledge that few would wish to disturb this
aura of peace and tranquillity which attends our devotions, I shall proceed as before.

Inspiration is supplied in excess by the varied and frequent malfunctions of C.1902, rough
notes being made as soon as possible after a job is done, so that odd details that may be
of interest are not forgotten in the final notes. The last series had not even been written up
before I had to remove the pistons again as I had found a possible solution to the problem
of worn top ring grooves. This being the machining of the groove to accommodate a new
cast iron ring, plus a steel compensating ring, made by the Cord Piston Ring Co. This ring
looks like one rail  of  a Cord oil  control  ring set,  but  its  free diameter  is  less than its
diameter when fitted in the groove. It can be recognised in its free state by the overlapping
of its ends. When fitted, it therefore grips the piston and should therefore prevent further
wear on the top face of the groove.

When  machining  the  piston,  the  lower  landing  of  the  groove  should  only  be  slightly
machined to square it up, while the major part of the metal is removed from the top. The
spacer ring is then fitted above the standard ring, so that this is in its normal position. I
would think it unwise to fit a chrome ring (not easily available anyway) in conjunction with a
steel spacer. As with the fitting of any top ring, the top of the cylinder bore should be



checked for a ridge, and any ridge carefully removed. I prefer this to stepped rings, which
have a higher rate of wear. Time will reveal the effectiveness of this repair. (By 1991, this
repair has done 69000 miles, at least doubling the life of the pistons!)

Following that,  came the problem of the broken halfshaft  in the Lake District  after  the
Northern  Meeting,  and  the  hair  raising  journey  home,  which  was  the  end  of  Healey
motoring for 1972!

1973 commenced with the centre baffle in the fuel tank becoming detached, which gave
me an opportunity to improve the design of the baffles, and thereby reduce the tendency of
the rear of the car to swing during sudden changes of direction, under the influence of a
considerable mass of fuel slurping about.

The rest  of  the year  looked as if  it  would  pass without  further  inspiration.  Then,  as I
returned the car to its temporary garage on a September evening, the clutch failed to
disengage.

The overhaul of the clutch is a straightforward nut and bolt job, However, if the details
given in the following notes are added to the notes in Gazette Nos 8 to 13, then you will
have  enough  information  to  enable  you  to  remove  the  engine,  as  the  only  items
outstanding will be the removal of dynamo and starter motor wiring, front engine securing
cable and oil pressure gauge pipe.

CLUTCH SURVEY

To gain access to the Healey clutch, it is necessary to remove the gearbox, the engine can
be left in situ, although the rear end of it will need to be lifted.

Since the gearbox is a fairly heavy unit, it is indeed fortunate that this box, in common with
many older  cars boxes,  is removable from inside the car,  thus obviating the need for
overhead weight lifting gymnastics that owners of unit construction cars endure, it being
possible for a person to do this job, without undue strain, single handed.

Remove the seats and carpets. Disconnect battery earth lead. I do not know whether any
of the Healey models had a gearbox cowling originally, the Tickford only had an oilskin
lined carpet, held down with press studs. If you have one, remove it, if not, start thinking
about making one!

Remove the universal joint cover.

As mentioned before in the rear axle notes, test the condition of the universal joints by
applying opposing torque to the gearbox flange and the propeller shaft flange with a pair of
spanners. If any play is visible, renew the joints. Remove the eight bolts which fix these to
the flanges, and remove as a pair (Fig 24).

As you have now finished moving the car about, you may now jack the front of the car and
support it firmly on blocks, so that it is high enough to allow access for the removal of the
four flywheel guard bolts, the clutch adjusting nuts, rear tension cable and the two rear
mounting nuts.

With regard to the amount of flooring which must be removed, this may vary from one
model to another, but on the 'Tickford' the plywood floor and toe boards must be removed
as shown in Fig 25. It may be as well to have a look underneath to ascertain which bolts
and screws need to be removed to achieve this, as some seat securing fittings can remain
attached to the boards.



It will have been noticed by anyone who has sat in C.1902 that my hand brake is mounted
on the drivers side of the gear box, where the driver can get at it, and the passenger can't.
One wonders if the designers thought that the car would be such a beast that at fraught
times the co-driver could join in the battle, as vintage racing mechanics did in ancient
times. It reminds me of my first motor car, which was a rather sedate Lanchester 14 Due to
the lowness of the pre—selective gearbox, the car had a full width toe board, and if the
passenger was of nervous disposition, one could frequently feel the board bending as an
imaginary brake was applied from the passenger seat! God forbid that they should have a
real one to play with!

For those with their handbrakes on the near side, they will either have to remove it, or lift
the gearbox out of the off side, impeded by the steering wheel.

The rear steady cable must be slackened and removed. I generally remove its fixing plate
from the side of the gearbox.

Disconnect the wires from the reversing light switch. C.1902 does not have a radiator fan,
so I am not sure if there is a danger of the fan hitting the radiator when the engine is tilted
forward. If in doubt remove the fan.

Slacken the nuts fixing the exhaust pipe to the manifold. Support the rear of the engine on
a jack, interposing a piece of wood to prevent damage to the sump.

Remove the tachometer drive cable from the engine, as this may be damaged by the
bulkhead when the rear of the engine is lifted.

Unwire and remove the two bolts which fix the rear mounting bracket to the gearbox, and
remove this bracket. This will prevent damage to the holding down studs during battle, and
renders the speedometer drive cable more easily accessible.

Remove the speedometer cable from the gearbox.

Remove the three nuts and bolts which attach the starter motor to the bell housing, and
push the motor forward, or remove completely for survey.

Remove the two bolts from the clutch pedal bracket and remove this assembly complete.
Note the condition of the various bushes and clevis pins with a view to renewal.

Support the weight of the gearbox with a pair of jacks standing on the floor of the car, with
a piece of hardwood or angle iron acting as a gantry, and tied to the gearbox, and in
conjunction with the jack under the sump, raise the rear of the gearbox sufficiently to allow
it  about  two  inches  of  rearward  movement  before  touching  the  cross  member  of  the
chassis. It is most important that the axes of the engine and gearbox remain perfectly in
line up to the point where the drive shaft spline is withdrawn from the clutch driven plate.

GAZETTE NO.16

On C.1902 the arch of the bulkhead was originally cut too low to allow this, so that it was
necessary to cut about 3/4" from the top of the arch.

Remove the remaining bell  housing nuts.  In  many cases it  will  be found that  there is
insufficient clearance between each nut and the surrounding metal to allow the use of a
socket spanner. If this is the case, make a note to remove the offending aluminium with a
rotary file once the bell housing has been removed from the car.

As an extra precaution against the possibility of the whole assembly falling through on to
the ground, I arrange some wood blocks to form a platform level with the bottom of the bell
housing. This is especially useful when offering the assembly back into the chassis.



The gearbox can now be slid backwards, while ‘walking' the gantry jacks along the floor of
the car. It may sometimes be found that the bell housing is tight on the fixing studs due to
the aluminium having been compressed into the holes by the nuts, so that some force may
be  necessary  to  clear  the  studs.  Once  the  housing  is  removed,  the  holes  should  be
opened out to the original size (11/32”). Once the drive shaft of the clutch driven plate, the
whole assembly can be lifted out by hand.

The graphite clutch release bearing can now be inspected. From memory I would say that
the graphite would be about 3/16” proud of its cup when new, flush with it if you are just in
time, or the cup has started to destroy the cover assembly if you are too late! In most
cases it will be prudent to renew it if there is any doubt it lasting until the next inspection.
The new graphite ring is, of course, supplied fitted into a new cup. It is retained in the
release fork by
a pair of spring
clips  which
may  be  prized
out  with  a
screw  driver.
When  refitting,
make
absolutely sure
that  they  are
firmly  located
in the ‘dimples’
behind the fork
ends.



If one wishes to renew the front gearbox oil seal the housing must be separated from the
gear box, and as two of the bolts are concealed behind the clutch operating shaft, this will
have to be removed first. It will be noticed that the shaft operates in the aluminium of the
bell housing without the benefit of detachable bushes, so I have fitted a grease nipple to
each journal.

Note  that  there  is  no  gasket  between  the  bell  housing  and  the  gearbox,  so  that  the
surfaces should be thoroughly cleaned,  before  assembly,  a  light  smear  of  non-setting
compound (e.g. Red Hermetite) being used. Note also that the gearbox bearing spring
plates are assembled with the broadest one nearest the bearing, and the outer edge of the
conical spring ring facing away from the bearing.

Turning our attention to the clutch assembly proper, it will be seen that the cover assembly
is attached to the flywheel by six bolts, and located accurately by two dowels. It will be as
well to identify one dowel with its hole, so that if the cover is fit for further use it will be
returned to  its  original  location.  It  will  be obvious that  when these bolts  are uniformly
slackened and removed, and the cover comes free of the dowels, the driven plate will be
free to  fall  due to  the absence of  the gearbox drive  shaft.  Similarly,  when it  is  being
reassembled, there will be a problem of holding it in a position of perfect concentricity with
the pilot bush in the flywheel. The ideal tool for this job is a spare gear box driven shaft,
but in the absence of this, it will be desirable to turn a dummy mandrel. (Fig 26.)

The dimensions for this shown in the Riley Workshop Manual are incorrect, as they show
the 1 1/2 litre mandrel as being suitable for the 2 1/2 litre clutch. (A similar mistake occurs
with reference to the dummy layshaft for the gearbox.) 

Insert the mandrel, and remove the cover assembly. 

Remove the mandrel with the driven plate.

It will now be observed that there is a porous bronze bush in the centre of the flywheel,
which I refer to as the pilot bush.

People tend to neglect this bearing, indeed, the Riley manual makes no mention of it, and
gives no details or data about it, yet it provides essential support and location to the clutch
driven plate end of the gearbox drive shaft.

The pilot journal on the gearbox drive shaft has a diameter of 0.590" and I have suggested
that the dummy mandrel is given a diameter of 0.592" so that if used as a plug gauge, it



will ensure that if a new bush is fitted, it will be easy to judge that the clearance is at least
0.002", which I would guess is the least it should be.

A new bush should be soaked in oil for at least 24 hours before fitment.

Any sharpness on the edge of the hole in the flywheel should be removed so that the
whole of the bush is funnelled into the hole without any scraping of metal from its outer
surface, so that maximum tightness is obtained, as the material is very soft.

The job can be done with the flywheel in position by tapping a 5/8" diameter thread in the
old bush and drawing it out with a piece of stud. However, I must draw your attention to the
fact  that  behind  the  flywheel  is  a  most  diabolically  situated  core  plug,  and  it  will  be
apparent that if it is neglected, then at some future date one will be faced with a job which
would be itemised on a trade bill as :-

1 core plug £00.04 .
Fitment of core plug £40-00
(Multiply by about 10 by 1991)

Which is one reason why C.1902 has a substantial brass plug screwed into the block at
this location. It will also often be found that a great deal of sludge collects at this point, and
sludge is a very poor coolant.

GAZETTE NO.17

A strip of metal with a hole at each end will be handy for joining a clutch bolt to a bell
housing  stud,  so  as  to  hold  the  flywheel  stationary  while  its  bolts  are  removed  and
replaced :- (Tighten to a torque of 850 in/lbs.).

Owners with access to a dial gauge can check that the ‘run out‘ does not exceed 0.004" on
the face of the flywheel.

Given  the  substantial  nature  of  the  crankshaft  and  flywheel  assembly,  it  would  seem
unlikely that the flywheel could get far out of true, but one must never underestimate the
ability of engineering firms to mess things up. I once had occasion to investigate 'run-out'
of about 0.060" on any Austin A.35 engine.

It was obvious that this was beyond the bounds of normal age or thermal distortion, and
removal of the flywheel revealed that at some time in its life, the crankshaft had been
dropped from a great height on to its flywheel flange, thus raising a large bulge on the face
of the flange.  It  is  obviously well  worth checking such points  before contemplating re-
machining the flywheel face.

Other factors to be considered concern the condition of the face.  It  should be free of
scores and ridges, although the faint erosion of the surface, most commonly seen after
long periods of inactivity do not noticeably seem to effect clutch performance.

These  are,  in  my  opinion,  caused  by  galvanic  action  between  the  non  ferrous  metal
reinforcing wire in the driven plate friction material and the ferrous flywheel face, since the
patterns can be seen to match.

With regard to the clutch driven plate, inspection of this concerns 
(1) the tightness of the torsional shock springs in their locations: (Note, however, that three
of  them  have  longer  operating  slots  than  the  other  three,  to  provide  a  progressive
resistance to the torque applied).
(2) The tightness of the rivets throughout the assembly.
(3) The condition and wear of the friction material.



The wear can be estimated in  the same manner as brake linings,  by considering the
distance between the friction surface and the rivet heads, starting in this case, at about
0.075" and wearing down to about 0.001" per 1000-1500 miles.

With regard to  condition,  the Riley Manual  goes on at  great  length about  the various
effects of oil contamination on the friction material, and finishes with the rather unhelpful
advice:- "The cause of the presence of oil must be traced and removed"! 

In  short,  depending on the  amount  of  oil  present,  it  may cause slip  or  judder.  In  my
experience,  judder  is  the  most  common  of  these  to  afflict  Riley  owners,  and  I  have
overheard many a plot concerning engine steadies and dampers among sufferers of long
standing.



C1902 was, at one time an acute sufferer of this malady for many years until a very simple
cure was evolved from the following observations:-

(l) The gearbox oil seal was not leaking.

(2) If it did, the oil would simply run out of the bell housing drain hole.

(3) The rear crankshaft seal is merely a thrower, trough, and drain back into the sump, and
is therefore unlikely to be effective against oil vapour or fine droplets suspended in rapidly
moving crankcase emissions.

(4) Any liquid state oil leaking from this seal would, like the gearbox oil, simply run out of
the drain hole.

(5) It will be noticed that the clutch assembly roughly resembles a centrifugal impeller, and
that the bell housing provides a closed circuit whereby the oil vapour will be constantly re-
cycled  through  the  centre,  out  past  the  clutch  plate  and  back  to  the  centre  again,
depositing its oil as it goes.

Now it may be said that one should not have oily fumes coming from ones engine, but
between the time when an engine is perfect and the time when it is worn out, lies a long
period when it is less than perfect, and in the case of any engine driven hard piston crown
temperature may well be a source of hot oil vapour. From this it may deduced that Riley
clutch problems can be related to the thermodynamic and carburation issues which were
discussed at length in Gazette Nos.4-7. which shows how complex it all is!

The simple  and expedient  cure  is  to  provide  ample  ventilation  of  the  bell  housing  by
removing the lower inspection plate, and fitting an extractor shaped cover in its place.
(Fig.27)

Since this modification was applied to C1902 the problem has been greatly reduced.



With regard to the clutch cover assembly, this is the traditional triple release lever type,
which, compared to the modern diaphragm spring type, is extremely reliable. It may be
necessary on rare occasions, to adjust the three adjusting nuts to compensate for wear on
the levers and fulcrum pieces. However, the workshop manual refers to the use of a Borg
and Beck gauge plate (part No CG 13422) which, of course, you and I do not possess, and
which is the only accurate way of checking the setting of the levers.

As a rule of thumb, I have found that if one uses a straight edge across the cover, to
measure  the  distance  between  this  and  the  release  lever  plate,  when  a  new  cover
assembly and driven plate have been fitted, then this distance will be approximately 3/16” -
1/4”, (Fig 28) but I have no authoritative figure. However, if this measurement is too large,
then the back of  the levers may strike the springs in  the driven plate with  disastrous
results.

In normal use the wear on the levers and fulcrums would allow the release plate to move
nearer to the flywheel, while wear on the friction surfaces of the driven plate causes the
release plate to move away from the flywheel, the one tending to compensate for the other
to some extent. It will be apparent that if a new driven plate is assembled with a partly
worn cover assembly the measurement may increase, and adjustment may be necessary.

If  adjustments need to be made, the release lever plate must, of course, run true (the
manual suggests a tolerance of 0.005") and the success of this depends to some extent
on the uniformity of thickness of the driven plate, about which the manual is pessimistic,
which is the reason for the gauge plate. A dial gauge can be used to check this ‘run out‘.

(Some years  ago I  re-adjusted the  levers  on  a  part  worn  cover  assembly  which  was
running out of true. It then continued to wear out of true again, to the extent of making a
hideous noise when applied, and failing to ‘clear’ at full pedal travel. I assume that the
original  problem was due to  a failure of  the case hardening at  some point  in  a  lever
assembly, which could only continue to get worse after re-adjustment).

I shall not repeat sections E3 and E4 from the manual, which relates to dismantling and
reassembly of the cover assembly, as E4 includes the sentence "It is advisable to renew
any parts which show signs of wear", although Borg and Beck refuse to sell any parts for
clutch repair!

I would prefer to suggest that one should check the assembly for obvious wear, and the
survival of all springs (12 thrust, 3 lever anti-rattle and 3 release plate retainer springs) and
if  in  any  doubt,  renew it,  bearing  in  mind  that  with  the  current  decline  in  the  design
standards in automobile engineering, Borg and Beck accountants may choose to forget
how to make a proper clutch mechanism!

Reassembly is simply the reverse of the removal procedure, but before proceeding, it is a
good idea to try the new driven plate on to the spline of the gear box drive shaft. It may be
found that the fit is perfect once it is on, but due to the sharpness of the corners of the
splines, initial entry is difficult. Bearing in mind that the problem will be much greater when
the weight of the gear box is being handled, I file a slight ‘lead’ on the end of each spline to
facilitate entry, cleaning and re-greasing the splines afterwards. It may be of interest to
point out that for cars in general, where I have been compelled by my company supplier to
try to fit non-genuine parts, they frequently do not fit. I was even told "That’s what fitters
are for - to fit things that don't fit"

Needless to say, only genuine Borg and Beck parts are supplied by A.J.Bowers* (who also
points out that the Healey cover assembly is slightly different from the Riley one, being 
fitted with heavier pressure springs I believe).
[*Spares secreatary at the time] 



The driven plate is now mounted on the mandrel (Note that the front is marked ‘Flywheel
side') and the mandrel is inserted into the pilot bush. Any preservative on the thrust face of
a new pressure plate must be removed, and the assembly bolted on, care being taken to
pull the bolts down evenly, to avoid distortion. The mandrel may now be removed. If you
have borrowed the mandrel from another member, you may now return it! The gearbox
can now be again suspended from its gantry and carefully aligned with the engine. With
top gear selected, the drive shaft can be rotated by turning the rear drive flange to facilitate
the engagement of the spline.

After  everything  is  back  in  place,  the  engine  can  be  lowered  and  the  rear  gearbox
mounting bolted down. Note that there are shims under this mounting which relate to the
alignment of the two universal joints. I believe the angle between the two joints should be
equally shared, but I have heard other opinions. The member must make his own choice,
quiet  running being  the  objective.  The foot  pedal  should  be adjusted so  that  there  is
approximately 1/2" - 3/4" free movement of the pedal pad. The Riley chassis includes an
adjustable clutch pedal stop to prevent the clutch release mechanism travelling too far and
placing  undue  strain  on  the  parts  concerned,  however,  there  appears  to  be  no
corresponding part on the Healey, the pedal simply hits the floor! If the owner wishes to
arrange such a stop, then the figure quoted is that the pedal pad should travel a further
1/2" after the clutch is released. The manual also comments "To obtain a clean release,
the release lever plate should move a distance of 5/16” towards the flywheel".

Please do not write to tell  me that you cannot see the release. lever plate, much less
measure its movement from the inspection hole - I know. However, if, in the interest of
investigating a failure to release, you wish to check this, a three inch pointer attached to
the clutch operating arm will show an equivalent movement.

In  my  experience,  failure  to  release  is  more  likely  to  be  caused  by  unequal  wear  or
adjustment on the release levers, or the previously mentioned striking of the driven plate
springs by the release levers.

All other parts may now be replaced, and one is back on the road.

After Gazette No.16, no more new technical notes were written by R.K.Sugg until Gazette
No.29, when one more article on the general subject of body alignment was printed. 




