





and half a pint of oil into i
bowl, and fit the filter bot»r:ﬁ. flll'theer
normql sump capacity is six-and-g-
haif pints. The one pint that has not
been poured into the engine should
now be pumped into the oil gallery
via the oil pressure light switch hole
To facilitate this, replace the oil
pressure switch with an adaptor
similar to the oi! pressure gauge to
b!]ock union. A Mini or Mini Cooper
ﬁ: pressure gauge pipe and rubber
ose can then be fitted to this unjon
The rubber hose is then prassed ontol
the nozzle of an il can. Commence
pumping of the ol can until one pint
of oil has been pumped into the ajl
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galleries. With the plugs removed
turn the engine over on the starter
maotaor, J'f. enough oil has been
pump.ed in to completely fili the
galleries and prime the pump, an in-
dIE:at_IOI'! of cil pressure wili Be seen
within five seconds. if no ail pressure
IS seen within ten seconds, cease
cranking and resume pumpin{g.Once
having attzined an indication of oil
pressure, plugs and oil pressure light
switch can be fitted and the enging
started. If an oil cooler is fitted, then
an additional amount of oil ma be
needed to fill this, It may requir\; as
much as two-and-a-half pints to be
pumped into the gallery.

The head in its standard form is very
efficient. If any modifying is contem-
plated, it must be done to perfec-
tion to realize a worthwhile gain in
power. The first move is to strip the
head down, leaving the bare casting
with the guides in. Where possible,
remove the worst of the coke with a
wire brush, leaving a reasonably
clean head 1o work on. At this point
a radius inlet-valve-seat cutter is
required. The relevant details of this
are shown in Fig. 8. The actua! cutter
for this should be ground from a
centre-drill, The easiest way 10 grind
a true radius on the cuttar is by using
a small grinding wheel of the correct
diameter in a hand-drill. Set the
cutter 1o cut above 0.0107 helow
the required diameter for roughing
purposes. Having done this, cut the
inlet-valve seats until the cutter
form has been estabiished com-
pletely around the valve seat. When
this has been carried out on all four
injet-valve seats, remove the guides
with a drift and a heavy copper mal-
let as shown in Fig. 7. Be sure 10
remove the guides from the combus-
tion chamber side outwards and not
the other way around, as there Is a

chapter 2
STAGE ONE HEAD

circlip which prevents the valve
guides from passing compietely
through the head. |tis a good idea to
keep the circlips from the old guides,
as they always seem to be difficult
1o obtain. The easiest way of re-
moving these circlips is to crush the
old guides in a vice taking care not
to damage the circlips whilst doing
s0.

Having roughed out our radiused
valve seats, we can then tackle what
is probabiy the most difficult opera-
tion as far as modifying this is con=
cerned : the forming of the ventuti
just below the valve seat. Working
with hand tcols, this requires pain-
staking care and patience. This
venturi ssction can only be effec-
tively formed on the sides and lower
part of the walls of the port, assum-
ing the head is being viewed with
the chambers uppermost. Figs. 8
and 10 will show more clearly the
port shaping required, the dotted
fines indicating the port profile to
aim for.

Mounting the carburetters
The easiest method of matching
the carburetters to the head is by
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Tommy bar

Dia. to suit chuek

(K

Dimension A,
Roughing Cut 1.067"
Finishing cut 1,077~

Suitably ground
centre drill

0T56' radius

“+==0.760 + .001" dia,

0.375 dia. slide fit

au”

Drill & tap for suitakle
locking screw

1
0.312°-0.3123" dia,

Fig. &

Radius valve seat too!

2%
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using the spacers into which the
rubber ‘0’ ring s2als are fitted. Clean
the carburetter mounting faces of
the head and apply marking biue.
It may be wise to point cut, for those
readers who are not toa familiar with
engineering terms, that marking blue
is a marking agent which quickly
dries out; where as the engineers’
blue mentioned in connection with
valve-lapping is one which does not
dry out, thus enabling it 1o be trans-
ferred from one surface to another
at the points where contact is made.

Having applied the marking blue
and allowed it to dry, fit the carburet-
ter securing studs if they are not al-
ready in place. Place the carburetter
spacers on the studs, and using &
sharp scriber, scribe round the bore
of the spacers onto the head. These
spacers distort very easily, especially
if at one time or another the car-
buretters have been over-tightened.
If any distortion is apparent—this can
be easily seen by placing the spacers
one on top of another—they must be
replaced. Apart from increasing the
possibility of air leaks, distorted
spacers can lead to a broken car-
burettor flange due to the need to
avertighten nuts, should an air leak
be found. A third reason for their re-
placement, and probably the most
obvious, is that it is an utter waste
of time trying to match a port up t¢
a snacer and hence to the carburet-
ter when the spacer is inaccurate.
On some heads, due to the casting
core moving during foundry opera-
tions, it may be found tc be im-
possible to match the ports com-
pletely and accurately. The ports
will have to be matched where pos-
sible and one should avoid making
any mismatch worse by frantically
polishing the section of the ports
circumference which does not line

up.
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It wili be seen from Fig. 9 that
roughly speaking .the inlet port can
be divided into three sections. The
first part is tapered, the second is a
parallel section. After this comes a
short section which slightly flares
out to the valve seat diameter. With
the exception of forming the venturi
and blending the tapered port sec-
tion into the parellel one, we must
aveid removing any more metal than
is necessary to achisve a smoothly-
contoured port with a goed finish.

Combustion chamber

For the time being we must leave
any further work on the inlet ports
and move on to the chambers. You
will observe that the basic chamber
is hemispherical. The valve seats,
due to their position and angle, do
not blend smoothly into this hemi-
sphere although heads after late ‘67
doblend in as standard. Across sec-
tion through one of the inlet valve
ports in Fig. 10 clearly shows how
metal should be remaved. A similar
situation exists round the exhaust
valve seats and thig is treatad in the
same manner as the inlet side. When
the chamber has been completed it
should appear slightly egg-shaped
rather than the circular shape it was
originally. Since the iniet port is not
sompletely finished, itis unnecessary
to polish the chambers at this stage.

Exhaust ports

We now move on to the exhaust
ports. The first operation herg is to
bore the exhaust valve throats 1o a
diamater of 1/8" less than the valve
diameter. This will give us a seat
width of 1/16”". The tool shown in
Fig. 7 can be used for this task, the
radius tool bit being replaced by a
more suitable one set as shown in
Fig. 11. It is recommended to bore
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Grind suitahla cantra drill
to produce baring
tool as shown

L

Too! holder as for Fig. 7

|~ iocking screw 0.580"

—

Fig. 17

V'a!:.re seal cutting toof shewn in Fig
fitting boring toof

f—

- 7 adapted to bore exhaust valve throats by

the throats using this tool i i
drill ; al_thpugh possible, it isne.-;cgr@!Ida~r
ingly difficult to do this job by hand
or by using a diill gun. Bore the
throats to a depth of 3/16". From
here on, ‘blend the ports into the
bore_ secticn by grinding. We now
require matching of the exhaust
ports to the exhaust manifold. The
bo_re of the exbaust pipe is uéuall
quite a bit larger in diameter than th;
exhaust port and the bore of the ex-
haust manifold gasket. Both the gas-
ket and the port diameters must be
epened up to suit the exhaust pipe
size. If you have a Lotus Elan ygu
may find you have a cast iron ex-
haust manifold instead of a tubuiar
one which is fitted to Lotus-
Cortinas, This being the case, the
exhaugt manifoid itself may \:vvam
en!argmg_ to the pert sizes given
The first job is to enlarge the dia-
meter of the gaskets.\This is not
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quite as easy as it looks, as it

be cut with a sharp knife, ﬁfnjrl](s):
tears. Tgrnlng it out on a lathe, even
with suitable support, also pro:ues to
be unsatisfactory, The easiest and
maost eff_e_ctiv_e method by far s to
make a filing jig as shown in Fig. 12
The gasket is then lined up and
clamped between the halves of the
Jig and the part of the gasket surplus
to {‘%qunrernents is merely filad away
1 358"n0w have a gasket with a
1.2 bore. Clean the manifald
Joint fage on the head and appl
some marking blue. Fit the studs ang
use the enlarged gaskets to scribe
round the exhaust port. Havin
marked them thus, the ports shoulg
be ground out to the scribed line
In doing so, a shallow taper should
t?e formed as shown by the dotteg
lines on the cross sectional drawing
of the head—Fig. 10. Having rough-
ed out the exhaust ports thus, they

Drill and tap %'" UNF

N

2 pieces of steel plate
approx. 37 sq. x %' thick

}

)

-
o di
c{nil % dia
1 in one
=4~ piate
only

leg——1.350"" dia. ="

e e =

Fig. 12

Details of tiling fig for enfarging exhausi gaskat

Matarial: Steel

can receive their final polishing.

Fitting valves
Polish and radius the ends of the

valves guide as shown in Fig. 13.
Fit the circlips onto the guides, using
a drift and copper mallet, and re-
place them in the head. Fitting of
the guides can be made easier if the
head is heated up to boiling point
and the guides cooled inice. Having
fitted the guides, they should be
reamed with a very slightly worm
reamer.

Set the radius valve-seat cutter
to its finishing size—Fig. 8—and
carefully re-cut the inlet valve-seat.
Take the valve for the particular seat
being worked on and using fine
grinding paste. tap it in for a mioute
or 0. Remove the vatve, clean off all
traces of grinding paste, and biue
the seat on the valve with engineers

blue. Drop the valve into the guide
and rotate it to transfer the blue to
the high spots on the seat. Remove
the valve and inspect the seat. If
you are lucky, you will have a blue
line right around the valve seat. More
than likely you witl find the blue
shows that contact has been made
over only part of the seat. If this is
the case, use the radius cutter and
lightly recut the part of the seat
which has blued up. Lightly fap in
the valve again, and using the blue,
establish where contact is made
between seat and valve. If a non-
continuous line is again formed, use
the cutter to cut away that part of
the seat which has blued. Continue
this procedure unti! the seal shows a
continuous blue line of even width
in the order of 0.030".
Having finished the seats, a small
step will have been farmed on both
the port and chamber side of the
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Radius tip of inlet guide to dotted line
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Fig. 13

Valve guide modification

Enlarged view of half the inlet valve

seat width

030" max

Fig. 14

Re-shaping the infet vaives

seat itself. Thi
biended qut. s should be carefully

again,

¢an now be finish
stly, the exhaust
and the valves

The chambers
polished and, |5
valve seats oyt
Iapl?r-;d—fn. '

it is intended to u
) . se ca i
Sasrgbfftramla“y h!ghqr {ift th;?fs\tﬂ:lrg}j
macﬁiniig Iht?: s;;rmg bases will wan(

_ ) reven i

gettmg coil-bound, ht‘ mg Soring
bfasc?js are relisved by O.OGC}"SFH”:Ig
inding will be avoided, This fagl(:ll!;
; ur local
m:ﬁhﬁrﬂ;ys!;gg, as they will Tnoc:?g
i e equipm i
todo the joh, readily tg h::(tn' sultable

The inlet valves

The head is now

. ready f im-
frmng. Up to 0.040" can ge i%rnf::g]d
tom the face of the heaq and with
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the chambers madifi
_ . ified ag e i
previously, it will give a C‘Rxglfa%eg
to _;hqn a 1558 c.c. engine ' ‘
is virtually winds up 1
. p the
ggr;hetﬂzaciecsistiqg itself ang Ievg\?:;
oy aping of the inlet
Fig. 14 shows the
shape i
:alves should be made tg. II:?ZEIJ?:"FI
sgé,“u\are must avoid destroying thg
seal t\;ze have Just made by lapping
nto e head. Wipe the valves clean
ar ue the seats in the head. Dro
onet\f{\alves'm and establish the seatg
showﬁ \;ﬁru}:ei.gﬁe;s;ape the valve ag
. and
valve seat width to 0‘02r%ciu?fe_th.e
I‘c;reater than this. The reshapin r;. n
the:t\;:iieai%cor;-lpgsmd by spir?nisg
4 lathe and gringj
:txces§ metal with a ﬁr?e grlizgiﬁff
Wongrn_a drill gun. Yoy may wei) bg
sh(;n znng why the valves were re-
bed after rather than before lap-

Recontour valve to this 1ine-—-/

ping in. The reason for this is quite
simple. !f you try lapping in a valve
which has line contact or nearly so,
the lapping pressure on individual
grains of iapping paste is high and
can cause scoring until it breaks
down sufficiently to even out the
grain load. While this is being done,
a small step is formed on the valve
seat rather than a smooth radius
contour. Hence it is better in this
instance, since the amount of valve
reshaping is limited, to do it after
rather than before lapping. If a sub-
stantial amount of reshaping had
heen required, then it would have
been better to rough out the valve
1o the required profile, lap the vaive
in and then finish it.

All the parts for the head should
be thoroughiy cleaned to remave all
traces of arit and particles of meial
prior 1o assembly. Coat all bearing
surfaces, especially valve stems,

with engine oil and assemble the
head.

if the head is the only intended
modification of the engine, then
there is no point in fitting any valve
springs other than standard as these
are entirely adeqguate for an engine
which has a peak power around
6,000 r.p.m. The gain in power with
the head modified as described will
be between 8-9 b.h.p. With the head
alone madified, it is advisable to
polish out the chokes and fit the
next size up main jet in the carburet-
ters. This, in conjunction with the
head, will give about 2 b.h.p. over
and above the gain with the head.
tf the carburetters are not tweaked,
the mixture will be found to be a
little on the weak side,

If the head is to be used with
hotter cams, then it depends on
what use the engine is to be putio as
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to whether or not it is worthwhile
fitting stronger springs. If the bot-
tom-end of the engine is not being
slrengthened in any way, then again
the standard springs are best.

The choige of springs to use will
be more thoroughly dealt with in
the chapter concerning cams, as
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these are more inter-related to the
cam design itself rather than the
modification of the head.

If it is intended to use g Stage | §
head, that is a head with standard
valves, in conjunction with fuil-race
cams, it will be necessary to referin
parts to Chapter V.

TN

TR rrT,

The EN4OB forged steel crank, nitrided and fully balanced,

The steet bearing caps and all Vegantunes Engines
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The FVA unit instalted in an Escort

If you are aiming for a power output
substantially in excess of 160 b.h.p.
then the cylinder head will need to
be prepared in a slightly different
fashion from that described in
Chapter 2. A procedure identical to
that of the Stage 1 head should be
carried out as far as preparation is
concerned, as the differences are
dimensional only. [t should be point-
ed out that the head modifications
about to be described will only re-
sult in a power gain of 3-4 b.h.p.
above Stage L. This will occur at the
top end of the rev range; therefore
this type of head should only be
used with the hottest cams available
for this motor.

Basically the difference between
this head and the Stage | head is the
fitting of larger valves. The sizes of
thess are 1.625” intet and 1.375"
exhaust, as opposed to the 1.560"
inlet and 1.350" exhaust fitted as
standard. Grind the radius seat cutier
tool to 0.161" radius instead of
0.156 " radius and set the dimension
for roughing to 1.0977. Using a
reamer, enlarge the parallel section
of the inlet port by 1/18", taking
care not to go ‘any further with the
reamet than the bore of the valve-
guide. At this stage the steps formed

chapter 5
STAGE TWO HEAD

by the reaming and valve-seat cut-

ting should be blended out and the

venturi formed as for the Stage |

head. At this point a decision must

ba made as to the type of carburet-

ters you intend to use or whether or
not fuel injectors are going 1o be
fitted. If you intend sticking to 40
DCOEs, then match up the taperad
part of the inlet port as for the
Stage | head, this having the dia-
meter of the port at the carburetter
joint face at 40 m/m. In the case
of 45 DCOE Webets, the diameter at
this joint face must be enlarged to
45 m/m. This is done in the same
manner as for 40's except 45 DCOE
‘0’ ring spacers are used to mark out
the port. The special 'O’ ring spacers
are available from Vegantune. When
porting the head for 48's, care
shou'd be taken to produce an even
taper down to the parallel section
of the port.

If fuel injection is to be used, this
being available again from Vegan-
tune or Tecalemit-Jackson, the port
diameter at the joint face should be
enlarged 10 suit. Injectors are avail-
able having 38 m/m-40 m/m and 42
m/m bore. When preparing the ports
forinjectors, use the injector-10-head
joint-face gasket as a template 1o

47




achieve the correct positioning.

Havinrg completed the matching
operations, modify the chambers
exactly as for the Stage | head,

The methed to use for modifying
the exhaust ports is identical to that
used for Stage | with the exception
of the size for boring the valve
throat. The diameter to which the
boring tool should be set is 1.002"
instead of 0,990,

The inlet valve seat and throat can
now be finished. To do so, set the
radius cutter to 1.107" and finish
the seat using exactly the same pro-
cedure as described earlier. It shauld
be pointed out that since these over-
size valves are only a little larger
than standard, it is totally un-
necessary to fit larger inserts, as the
standard ones are plenty big enough
to accommodate the larger valves.

Since this head is intended for use

at very high r.p.m., it will be essential
to counterbore the valve spring plat-
forms to accommodate extra valve
lift without coil-binding ensuing.
The amount of counterboring need-
ed will be batween 0.060"-0.070".
If you go much over that, there is a
real possibility of the spring plat-
form collapsing into the water
jacket. Cam-followers which run
directly in the atuminium of the head
casting can wear quite guickly on a
high revving motor. The possibility of
a cam-follower breaking up is far
greater if it becomes a loose fit in its
bore, It ig therefore advisable 1o fit
cam-follower {iners into the head,
to reduce the possibility of such an
unwelcome event,

Special valvegear

To prevent valve-bounce at high
revs, stronger valve-springs must be
fitted. These are available through
Cosworth or Vegantune, With the
head modified thus, they are ab-

solutely essential items but he
warned, they are not cheap. If you
wish to extend the guide life, al-
though it is not drastically short
with the standard cast-iron items,
Hydural-bronze guides are available.
The co-efficient of friction with
Hydural-bronze is slightly lower
than that of cast iron but the gain in
power fram this quarter must be
regarded as minimal. Their main
advantages are a better life and
superior transfer of heat to the head
casting. In this day and age, the
possibility of a burnt-out exhaust
valve or a correctly set-up motor
has been reduced to a minimum,
thanks to the metallurgists, A reduc-
tion in exhaust-valve temperature,
by use of the Hydural-bronze guides
doss, however, give more of a safety
margin and less likelihood of an
exhaust-valve failure.

At very high revs, it is possible for
the standard cam-followers to break
up, especially when a gear is missed
and the rev-counter momentarily
disappears oiff the end of the scale.
This does not happen very often,
and only then when the cam-follow-
ers have seen a good few hours'
hard racing usage. Cam-follower
breakage can be avoided by re-
placing them at regular intervals.
This, unfortunately, invalves the
tedious job of resetting the tappet
clearances and re-timing the cams.
An altogether more pleasant alter-
native is to fit special steel cam-
followers which remove any ten-
dancy to break up.

A useful reduction in spring and
valve reciprocating mass can be
made by fitting titenium spring-
retaining caps. When using the
stronger valve-springs, the titanium
caps will increase the rp.m. to
valve-bounce by about 125 revolu-
tions. ltems like these should, how-

— N —— i ——

Fig. 18

Valve spring re

tainer showing point at which metal is removed

ever, be regarded as luxutries as they
do not contribute to the power
output, if used with the same sprlné;s
as the steel coliars they replace. OD
the other hand, if the spring pressure
was dropped so that the resultant
valve-bounce r.p.m. stayed the same
as with the stronger springs and
steel caps, then asmall gain In pOwer
would be found _because of the
slight reduction (N cam-follower
fnﬂl?snhot uncommon for the steel
spring-locating washers under_tne
valve-springs 1o crac_k up, espemag
when stronger springs are useq.
Their breakage does not usuglly
result in any damage to the engine.
put it is not really a good idea to havg
loose bits of steel wandgrmg aroun
the engine. These lacating \:-uashers
should be renewed every time thg
head is due for stripping, of replac‘?1
entirely by more robust ones mach-
ined from solid.

ersize valves, Hydural-bronze
gu?;es, special stee_l cam-followers,
titanium spring-retainers and strong{I
er spring-locating washers are a
available from Vegantune.

Another point to watch out for,
when ustng high-lift cams, is fouling
of the tap of the valve-guides by the
lower edge of the \{alveisprlng_ra-
tainer. If you are using lightwelg t
spring-retainers, such as the Cc}:ﬁ-
worth aor Vegantune I1tems, this
situation, in all probability. will not
arise. To be on the safe side, vyhen
using the standard spring retainers
0.040" shou'd be turned off their
lower edge (Fig. 18). In most cas_ez
this will bring the edge level with
the end of the split cqllet*_s it
normally retains. An alternative Is 10
shorten the length of guide pro-
truding through the head casting,
but for two reasons this is not suchf

a good idea. Firstly the removal o]

metal from the end of the guide does
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nothing to enhance guide tife.
Secondly, by removing the metal
from the spring retainer, we have
achieved, however small, areduction
in valve-gear weight.

One fast point to check when
using a high-lift cam: see that the
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cam-followers have sufficiant travel
to accommodate the cam lift. If the
cam-follower travel is toe little, do
not shorten the cam-folfowers; in-
stead, remove the offending metal
from the head. Shortening the cam-
followers will only serve to speed
up the rate at which wear occurs.

The standard cams for the twin-cam
engine have a timing of 22 °-62°
inlet and 62 °-22° exhaust, with a
lift of 0.350". This is not what you
would call a wild cam. They do
serve, however, 1o give the engine a
respectable power output whilst re-
taining good torque characteristicsin
the lower rev-range. The next stage
of cam to use, if you require a little
more power at the top end at the
expense of a small drop in torque at
the bottom end, is the Lotus special-
equipment cam. The use of these
cams will give a gain of 8-10 b.h.p.
over the standard items. This, in
conjunction with a Stage | head, will
hting the power output up to about
113 b.h.p. Although the factory
guote standard power output figures
of 105 b.h.p. for the standard engine
and 115 b.h.p. for ones fitted with
special equipment cams, it is found
in practice, when all driven auxilia-
ries and the silencer are taken into
account, to be nearer 95 and 105
b.h.p. respectively.

Cams with even more radical
timing can be used to obtain a
further increase in power. For in-
stance, the Cosworth C.P. L2 will
give a further 5 b.h.p. over the
special-equipment cams, with prac-

chapter 6
GAMS

tically no drop in flexibility. This
means a genuine 118 b.h.p. with a
motor which is still tractable enough
for rush-hour driving, and has
enough up the top end to make
open-road driving morg than inter-
esting.

If you want 1o go to about the
limit for road use, then fitting the
Coswaorth L2 cams will up the power
on well-built and correctly set-up
motors to about 130-132 b.h.p. The
joss in tractability starts to become
noticeable with these cams, making
town delving a little tiresome. A drop
in final-drive ratio can, to a limited
extent, ease the situation as far as
town driving goes, but of course you
pay the penalty of higher revs for a
given cruising speed on the open
road. Cosworth censider their L2
cam as a long-distance race cam or
rally cam. It would seemto bea good
choice for the keen rally types who
cannot afford engine rebuilds 100
often, and have to drive their com-
petition motors an the road between
meetings, With cams up to the stage
of L2, it is not usually necessary 10
counterbore the spring platforms of
the head. It is very difficult to detect
coil-binding when the coils only just
bind, because the springs are-com-
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