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Introduction

The Ford Motor Company introduced
their single overhead cam (SOHC) en-
gine in 1970, and since then they have
been installing it in close on a million
vehicles a year. This means that by now
there are a lot of these engines around.

In Europe, this engine fulfils a
number of duties ranging from every-
day workhorse requirements to the
higher performance needs of Ford's
more sporting vehicles like the RS Es-
cort. The same basic engine can dis-
place 1300, 1600 or 2000cc. In some
countries such as the USA, only the
2000cc engine was used, this being in-
stalled in Capris, Pintos and Bobcats.
This is Ford's universal engine, a power
unit designed to be put to as many uses
as possible.

I had the opportunity to pull one of
these engines apart not long after their
introduction and from the racer's point
of view, I liked what I saw. At the time |
was writing a technical chat page for
Cars & Car Conversions magazine in
England and I did not hesitate to extol
the virtues of this engine, as well as
criticising some of the possible draw-
backs as I saw them. I pointed out that
this engine had all the ingredients for
high horsepower outputs at modest
cost. Its overhead cam, eight port.
crossflow head should, I said, be capa-
ble of allowing this unit to produce in
excess. of 100 bhp per litre in normally
aspirated form, and twice that amount
per litre in supercharged form. With all
1t had going for it I expected this engine
to be an instant, overnight hit with the
speed equipment companies and the
general public alike, just as the British
Leyland Minis had been eleven years
previously.

You don't have to be a student of au-
tomotive history to know that my en-
thusiasm was not shared by all and sun-
dry. After my initial acquaintance with

this engine, many years were o pass
before one came into my hands again.
During those intervening years, one of
the great unsolved mysteries of life for
me was — why hadn't performance-
minded people “discovered” this gem
of an engine? True, a few enterprising
folk did spend some time making them
produce more power but few, very few,
remotely approached anything like the
true potential of an engine of this config-
uration. Those clever souls who did
manage to produce reasonable horse-
power from Fords single overhead
cam (SOHC) engine usually found a
very limited response to their efforts by
the public.

About 1976 1 became re-acquainted
with Ford's SOHC engine. I became the
proud owner of a MK III 1600 Cortina
GT. Although it was not quite the car I
expected, I grew very attached to the
machine, and as a resuilt I slowly be-
came more involved with the perfor-
mance aspect of its engine.

As time passed, I began to formulate
a theory as to why this engine had not
achieved wholesale acceptance by
motoring enthusiasts. Ford's European
competition involvement is probably
well known throughout the free world.
Their principal competition engine is
the Cosworth/Ford BDA four-valve-
per-cylinder engine. This unit is availa-
ble from Ford at displacements from
1100- 2000.cc. Power output in excess of
280 horsepower normally aspirated can
be achieved with this engine, though
for long distance events such as rallies,
220 bhp is considered the norm. Since
Ford already possessed a highly suc-
cessful engine, it seemed to them to be
pointless to develop its poorer, less-en-
dowed cousin the SOHC engine. Hav-
Ing acquired the easy-to-come-by hor-
sepower from the SOHC engine, they
appeared, at least to outsiders, to have

drawn the departmental line. At time of
writing (1983), if you built an engine
using Ford parts, about 155bhp would
be the limit you could reasonably ex-
pect. [ am sure you will agree this is not
a lot for an almost bullet-proof SOHC
engine. The argument that since Ford
has the Cosworth in its stable, why
should it spend time and money on an
alternative unit holds water except for
one point: not everyone can afford the
price of a four-value-per cylinder en-
gine. On the other side of the coin, a lot
of vehicles are already equipped with
the SOHC engine.

If Ford has to date, declined to
explore the true potential of the engine,
what have the privateers done? Many
people tried their hand at making the
engine go but precious few, it seems,
have actually found the key to unlock
the true horsepower potential from this "
unit. You would think that the efforts of
those who did make horsepower would
be readily received, like exhaust into a
vacuum. Unfortunately, it appears that
the reverse applies. The situation
seems more akKin to a castaway on a
Pacific island, reading the national
news. Was this apathy on somebody's
part? 1 think not. Ineffective lines of
communication would describe it
better.

My low acceptance theory is based
on what I have already said. It hingeson
the fact that for an engine to be an in-
stant performance hit, we must see
leadership from the factory to con-
stantly keep the unit in the public eye.
Morever, it must be responsive to even
the simplest modifications. The factory
leadership we don't have, but this situa-
tion is changing with the increasing
popularity of Group I now group A com-
petition (the use of mass-produced veh-
icles with factory speed equipment).
The engine itself is only semi-repon-
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sive to simple modifications but highly
responsive to the right modifications.
Making horsepower is only a question
of finding the weak link in the chain of
power production events. Those few
who did find the way to high horse-
power outputs were not in a position to
publicize theilr findings in a wholesale
manner. Instead, the information fil-
tered down through the ranks so that
now, a decade or so after it introduc-
tion, the engine is only now beginning
to achieve the status it deserves. The
validity of this theory will be difficult to
prove one way or the other but to my
mind it contains enough seeds of truth
to cause me to restructure the concept
of this book. Normally I would start with
simple, bolt-on modifications and from

there, each subsequent chapter would
delve deeper into the engine in the
search for more and more horsepower
and, of course, reliability.

Not so with this engine.

AsThave already said, it is only semi-
responsive to relatively simple, con-
ventional modifications. This 1s part of
the reason for its slow acceptance, and I
do not intend to be found guilty of
further retarding matters. Indeed, my
intention is the reverse.

Whether you are looking for a big
horsepower increase or a small one,
you need to have a reasonable under-
standing of the device you are dealing
with. Hopefully, this book will give you

a good insight asto what you can expect
the results of any modification to be. It
should also allow you to get the best in-
crease In performance for the money
you intend to spend. If you are anything
like me, economics play a vital role as
to what you can do to your vehicle.

Bearing these factors in mind, I in-
tend to go straight into the engine and
deal with its idiosyncrasies first. When
you have a greater understanding of
the engine, we will then deal with the
speed equipment, which falls into the
more accepted bolt-on category. This
and the more complex task of building
a competition engine will be dealt with
last. In other words [ will deal with the
sum total when I have dealt with the
comprising parts.



CHAPTER ONE

How Do We Make Horsepower

[ am going to stick my neck out and tell
you that really there are no such things
as speed secrets. If more power is re-
quired from an engine, then improve-
ments must be made in one or more of
the following areas: 1. Increased vol-
umetric efficiency; 2. Increased ther-
mal efficiency; 3. Increased mechani-
cal efficiency.

Let's look at each of these three fac-
tors in turn and analyse them in a little
more detail. First of all, increasing vol-
umetric efficiency. In simple terms, this
means Improving the breathing effi-
ciency of the induction and exhaust sys-
tem. When you realize that at 7,500
RPM a typical engine has only six
thousandths of a second to fill or expel
the gases in the cylinder, you will
realize the ease of doing so becomes
Important. To improve volumetric effi-
cilency, we make changes to air filtra-
tion, carburation, manifolds, intake
ports, valves, combustion chambers,
exhaust ports, exhaust manifolds and
silencers (mufflers). Into this cauldron
of parts, throw the effect of the camshaft
profile on engine performance, and you
will begin to appreciate there are a lot
parameters affecting the end product.
While on the subject of cams, I should
point out that high performance cams
very often (but not always) increase
high RPM breathing at the sacrifice of
low RPM breathing. In other words,
they trade low end performance for top
end. Improving the breathing ability of
the engine is the most important single
factor affecting power output. Because
of this, it's hardly surprising this book
deals with various aspects of improving
the volumetric efficiency in detail. Pay
attention to that detail and you will find
the extra power you are looking for.

The concept of volumetric efficiency
1S relatively easy to understand, but the
term thermal efficiency, for many, is

not. Let me explain. when a certain
quantity of fuel is burnt, it releases a
certain known quantity of heat. All
forms of energy are interchangeable. If
our engine converted all the heat
energy to mechanical energy, it would
have a thermal efficiency of 100% Re-
member, the fuel is burnt to heat the air
in the cylinder so that it expands and
pushes the piston down the bore. The
more heat the air contains, the higher
the pressure it reaches and the harder
it pushes down on the piston. If after
burning the fuel, the heat is taken away
from the air, it will not want to expand as:
much, so cylinder pressures will be
lower and the power will be down.
Typically 80% of the fuel we burn in our
engine is wasted heating up the rest of
the world. The remaining 20% is all that
1s converted to mechanical energy to
propel the vehicle. Heat that is dissi-
pated in the cooling system or goes out
as hot exhaust is heat that the engine
burned fuel to produce and did not con-
vert to mechanical energy. The factors
which affect thermal efficiency are im-
portant to those of you requiring fuel
economy as well as horsepower. The
principal factors affecting thermal effi-
clency are the quality and correct tim-
ing of the ignition spark, proper atomi-
zation or vaporization of the fuel in the
airstream, correct cylinder to cylinder
distribution, and correct calibration of
the carburettor to deliver the optimum
air/fuel ratio. The compression ratio is
also a factor. The higher this goes, the
better the thermal efficiency gets. Re-
ducing heat losses to the cooling and
lubrication system increases the ther-
mal efficiency. Lastly, reduced fric-
tional losses help thermal efficiency,
but this really comes under the heading
of mechanical efficiency.

As far as mechanical efficiency is
concerned, the biggest step you can
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take to improve it is to build the engine
to the finest tolerances possible. Things
like con rod accuracy, crankshaft
straightness, piston to bore clearances
all affect the final frictional losses the
engine will have. Care in selecting and
establishing the right clearances when
building the engine will produce
higher mechanical efficiencies.

The overall concept of building a
high performance engine is attention to
every detail, big or small. In the follow-
ing pages [ will elaborate on the points
that were touched upon here. I will give
you the necessary details or accepta-
ble ground rules so you can success-
fully build or modify an engine to your
particular needs.
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CHAPTER TWO

Heads for Power and Economy

Today, the challenge of coaxing
extra horsepower from a modern cylin-
der head produces interesting (!) prob-
lems. Gone are the days when a little
thoughtful use of the grinder, plus a set
of larger valves, were all one needed to
get one step ahead of the competition.

No Sir.

These days sophisticated equipment
is required to produce cylinder heads
of advanced performance. Foremost
among this hardware are the flow
bench and dynamometer. But, unfortu-
nately, such equipment is outside the fi-
nancial means of most enthusiasts.

Fortunately, though, I have over the
years acquired such equipment. Thus,
in the following pages I will detail cer-
tain easier modifications, as well as
many more exotic modifications; all
have been developed on the flow
bench and thoroughly dynamometer-
tested. As a result, the changes will
help the engine develop the amount of
power one would expect from a SOHC,
canted-valve engine.

ELEMENTARY PRINCIPLES

The production of horsepower de-
pends to a large extent on air flow. If a
head has insufficient air flow, it will
never produce good horsepower but
good air flow or an air flow increase
does not guarantee a horsepower in-
crease. Sometimes achieving extra air
flggr into the engine may upset some
other aspect of the engine's functioning,
leading to a situation where little or no
gains are made. A rule which works al-
most 100 percent of the time is ifair flow
increases and nothing else changes,
horsepower will increase.

Other factors affect horsepower
apart from air flow, these being princi-
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pally fuel atomization, combustion effi-
ciency and heat losses. To optimize the
cylinder head, attempts must be made
to impove all these areas.

There is no doubt that cylinder head
design is a very complex subject. It is
often regarded by laymen as being a
black art. As a result, many myths exist,
and one of these is that polishing the
ports is the trick to make a head work.
Nothing could be further from the truth.
A polish does nothing to increase the
power of an engine. In fact on occasions
it can reduce horse-power.

Another myth you should dispe],
especially with the Pinto, is that big
ports produce flow. They do not; an ex-

cessively large port will sometimes
flow less air than a smaller one.

The most important factor in cylinder
head development is shape. This is the
most important consideration with any
cylinder head modifications. The
shapes of the ports, combustion cham-
bers and valves dictate just how effec-
tive that cylinder head will be. If you in-
tend to grind your own cylinder heads,
don't worry about a polished finish. A
rough-ground finish is usually entirely
adequate. ‘

THE STANDARD HEAD

The first step toward improving a
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2-1. A section through an unmodified 2000 head
reveals that if nothing else, the intake port has plenty
of area.

FIG 2-1B
EXHAUST PORT
PORT ANGLE
TOO SHALLOW | - \
baum v
CONSTRICTIVE SEAT

SHORTSIDE RADIUS
TOO TIGHT

L PORT ANGLE
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\
UNSATISFACTORY VALVE SHAPE
FLOW REDUCING EDGE

CONSTRICTIVE SEAT

LOW SPEED AIR

THIS PORTION CAN BE FILLED

FIG 2-1C

mechanical contrivance is to under-
stand the nature of the device. To do
this let us analyse the standard head in
a little detail. Take a look at the graph
Fig. 2-1A. This shows the amount of air
that can be passed through the stan-
dard ports on a 2000 head. The dotted
line starting on the horizontal axis of the
graph is a typical maxium lift achieved

IN WITH LITTLE OR NO RE-
DUCTION IN AIR FLOW
POTENTIAL.

AIR FLOW PATTERN IN STANDARD INTAKE PORT

with a standard camshaft. Follow it up
until it meets the inlet flow curve. Then
turn 90 degrees and follow 1t to the ver-
tical axis. This indicates that the head
flows 131.5 CFM at 375 thousandths lift.
For a 1.65 inch diameter valve at this lift,
this is not a very good showing. In fact
the head, for all its promising looks,
does not deliver the goods. As it comes

from the factory it falls short on many
counts as far as air flow and its power
potential are concerned.

First of all, the valve seats, especially
on the intake are very constrictive to
flow. Secondly, the shape of the inlet
valve is far from optimum. The port
angle in the head is also disappointing,
because it closely approaches the
worst angle possible for flow. And last,
the final approach to the back of the
value is too short. In other words there
isn't enough length of straight port be-
hind the valve head to allow the air a
more direct shot to the back of the
valve. Interestingly, 1600 and 1300
heads don't suffer in this respect quite
as badly as the 2000 head. Both 1600
and 1300 heads have shallower cham-
bers and longer valves. This means the
alr can make a more favourable ap-
proach to the back of the valve, espe-
cially on the floor of the port around the
tight turn just upstream of the valve seat.
Fig. 2-1B shows the main restriction
points. Apart from its breathing ability,
the inlet port does suffer one other ail-
ment: the port itself appears to be too
large for the engine. The resultant slow
gas speeds allow fuel to drop out of sus-
pension easier than if the port were
smaller. A study of the air flow pattern
in the port reveals that most of the air
flows at the top of the port, and the bot-
tom of the port is almost redundant. Fig.
2-1C shows what [ mean. Flow bench
tests show that if the bottom of the portis
filled in as much as Y4 inch, almost no
drop In air flow results. Any modifica-
tions to this engine must be done bear-
ing in mind that fuel dropout can occur.
When fuel dropout takes place the en-
gine will lose horsepower, economy
and throttle response. Any changes
which help produce a more homogen-
ous mixture entering the cylinders will
usually improve the engine's perfor-
mance in these areas. Straight away this
should tell us two things about these
heads: enlarging the ports is definitely
out, and polishing them is not a good
idea because a coarse finish is more
likely to reintroduce puddled fuel back
into the airstream. A shiny finish will
allow fuel to stay on the surface as a
liquid or drops which will run into the
cylinder .and subsequently pass
through the engine unburnt.

EXHAUST PORT

The exhaust port suffers many of the

12

()



Ford Sohc Engines David Vizard How To Modify

Full download: http://manual place.com/downl oad/ford-sohc-engines-david-vizard-how-to-modify/

2-2. Too many abrupt changes in direction mean bad
flow through the standard exhaust port. Arrows
indicate the prime sources of inefficiency.

same allments that the inlet port has.
The valve seat geometry needs im-
provement. On the other hand, though,
the exhaust valve shape, unlike the in-
take, is reasonably satisfactory. The
exhaust port shape, however, is even
worse than the intake port; its flow fi-
gures are way below those attainable
by a highly developed port.

COMBUSTION CHAMBER

[ am not suggesting this head is junk.
Far from it. The factory designed the
head to do a particular job, and this it
does in a satisfactory manner. They did
not design it for racers and for high per-
formance it will need some redesign-
ing. You may well ask if there is any-
thing that doesn't need modifying? Cer-
tainly. The combustion chamber is a
very good design and has many factors
In its favour. Many production cylinder
heads suffer from what is known as
valve shrouding. This is the situation
where, as the valve opens, the gap bet-
ween the edge of the valve and the
combustion chamber wall is insufficient
to allow air out. On vertical valve en-
gines, the cylinder bore will almost al-
ways cause shrouding. Although the
Pinto engine has inclined valves, the in-
clination is not sufficient, nor is it in the
right direction to obviate shrouding.

2-3. Valve shrouding caused by the unnecessarily
close proximity of chamber walls to valve heads is all
but non-existent on the standard cylinder head.

14

Unnecessary  shrouding by the
chamber though, is virtually non-exis-
tent. The only shrouding suffered is
caused by the proximity of the cylinder
walls and there is little we can do about
that.

IMPROVING THE HEAD

The prime factor of an engine's
power characteristics, be it a well de-
veloped unit or not, is the cylinder
head. Because of this, I will deal in
depth with head modifications and how
they affect airflow. I will show precisely
what modifications are needed to pro-
duce the required results.

Improving airflow is finding the right
combination of shapes. Two head mod-
ifiers starting off with the same basic
head casting may arrive at two different
combinations of parts and shapes to
produce compatible airflow figures.
And importantly, trying to combine the
specifications of one with the other may
well produce worse airflow figures than
you started off with. A more precise
example: let's say that somebody de-
velops a trick valve shape which really
turns the flow on with a standard port.
There is no guarantee such a valve is
going to work in the same manner if the
port is steeply downdrafted. It all
comes back to combinations of shapes.
In other words, don't reckon on produc-
ing a super trick head by using what
may appear to be the best points of sev-
eral different heads. More than likely,
whatever you do will be worse, asthisis
not an easy head to improve upon. The
only way to find out what will work for
sure is by testing on the flow bench and
dynamometer.

FIG 2-2

SIMPLE MODIFICATIONS

My policy, when modifying an en-
gine, is always to try the simple modifi-
cations first in an attempt to extract the
most for the least. In the category of
simple modifications, we have such
things as multi-angle valve seat jobs, re-
moving sharp edges from valves, plus
going into the port with a grinder and
just taking off any flash marks or sharp
edges produced from machining in the
port. Well, I have news for you; the 2000
head does not often respond positively
to such moves. In fact, the first week 1
spent on the flow bench with one of
these heads produced a large number
of negative results. Whoever designed
this head, made it so you have to fight all
the way to get any flow increase.

Let's consider those multi-angle
valve seats that are often touted as the
trick thing for a few extra horsepower
for next to nothing. I tried such valve
seats on brand new heads, and believe
me, the usual result is reduced airflow
compared with the standard 30, 45, 60°
seat that Mr. Ford puts on the head. This
doesn't mean we can't improve the
head; it just means that an elaborate 75,
60, 45, 30, 15 seat 1s not what's needed.
Take a look at the chart (Fig. 2-2) and
you will see the typical difference bet-
ween a standard valve seat and a mult-
angle one. To be truthful, taking the
sharp edges off the yalve makes things
even worse. If you do any grinding on
the back of the valve, it must be a sub-
stantial 30° cut as shown in Fig. 2-3.For
such a simple modification, as you can
see from the graph, the flow was sub-
stantially increased. This led me to test
many valve shapes to determine which

Comparison between standard valve seat and multi/angle seat.

Valve Lift CFM. C.F.M.

IniInches Standard Multi/Angle
0.025 12.0 1.4
0.050 26.6 259
0.082 438 416
0.165 76.1 729
0.247 108.3 110.8
-0.330° 125.7 128.7
0.412 137.6 134.6
0.495 1434 140.6
0.577 1473 1445

NOTE: Standard width valve seat used in all tests.
Test pressure drop 25" H,0.
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