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ells lan Bamsey

owering up Lampredi’s

time-honoured SOHC |4

n errari took its first
Formula One World
Championship win at
_ Silverstone in 1951, with
Jose Froilan Gonzaiez at
the controls. In those deys, Enzo Femar
rightly considered the engine to be the
paramount performance factor and the
victorious 375 had a naturally aspirated

5 litre V12, designed by Aureiio
di, as its beating heart
i Vi2s, and spin-off i6s and

14s, took numerous race wins, including
further Grands Prix, and at Le Mans and

g

other ma or sportscar events. H
been confirmed as one of the great
race engine designers of the twentieth
,

racing department in 1955, Lampredi
moved to Fiat to head its preduction
engine department.

There, Lampredi’s task was to create
engines for mass manufacture, so they
had to be cost-elfective L0 produce

and dependable in use. Of course,
while prioritising practicality over
performance, all of these engines had
the DNA of a master designer.

During a tenure at Fiat that lasted unti
1977, Lampredi produced many engines
one of the most renowned being the
single overhead camshaft 14, introduced
in 1969 in a naturally aspirated 1.1litre

riinn Amaarina thn 1289 aalnon This
GuUIiSE, POWCNNG tNT 128 SG:CCN. (NS

engine had a linerless iron block and an
aluminium head, with each cylinder’s
single intake and exhaust valve located
on the same side, directiy operated by
the same belt-driven camshaft

Over the years, Lampredi’s SOHC
|14 was enlarged to 1.8 litres. Still
naturally aspirated, it thus propelled

L ANAT b ol inn A (iad | fm e ol
Uie cuu/=inuoGuced 1 iaL Lilica Sa

e e e e e e e e e i e ) e B s ..
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n 1972, it had appeared in a naturally
aspirated 1.3 litre guise, powering the
mid-engine, two-seater X1/9 sports car.
Fitted with a single twin-choke Weber
carburettor, it provided 74 bhp at 6000
rom and 97 Nm torque at 3400 rpm.
This level of output was not on a par
with the grip and handling afforded by
the chassis; a fact that has since been
addressed in a number of ways.
Currently, Melbourne, Australia resident
Bill Freame is developing a potent
derivative of the Lampredi SOHC 14 in
an effort to make an X1/9 competitive in
ocal competition. As he describes here,
he is unlocking its potential in a manner
that would surely have been approved by
tsrevered late architect.

Freame’s story to date

When the Fiat X1/9 was first released

n 1972, it was an absolutely amazing
revelation of how good the handling
could be for a cheap, modern sports car,
writes Freame. It didn't feel like you were
driving it - it felt like you were wearing it.

With its short-stroke 1300’ engine
and four-speed gearbox, both
transversely mounted right behind the
driver, the balance of weight was very
central. Despite only using narrow,

13 in steel wheels/tyres, the grip on the
road surface was quite inspiring. This
performance was usually only available
from very much higher-priced sports
cars offered by the likes of Ferrari,
Porsche, Lotus and Lamborghini.
Regretfully, the X1/9's original engine
acked the power that its chassis was
capable of accommodating. Despite
ts single overhead camshaft, it was
a2 performance engine construction.
With an 86 mm bore, 55.5 mm stroke
for 1290 cc) and a rod-to-stroke ratio
of over 2.16:1, this engine was built to
oe revved!

Obviously, it wasn't too long before
significant horsepower gains were made
by tuners using traditional methods
of increased compression, camshaft
timing, multiple carburettors and tuned-
ength tubular exhaust systems.

built this

The Fiat
an absolutely
amazing
revelation of how

9 was

200d the handling
could be for a
cheap, modern
sports car

Is bigger better?

Eventually, in 1978, Fiat updated the
powertrain by increasing capacity

t0 1499 cc (from 86.4 mm bore

and 63.9 mm stroke) and adding a
five-speed gearbox. Now it was better,
with 84 bhp at 6000 rpm stock, but
more power would make it better still...

Fiat X1/914 | Retro

At this time, a Fiat, Alfa and Lancia
dismantler in Melbourne offered an X1/9
power-up kit, using the Lancia Beta
engine and gearbox — ones they obviously
were not able to offload any other way.
While providing the extra power that the
chassis was capable of using, this added
alot more weight and was a disaster as far
as the resale value was concerned

Another choice that was a far easier
installin the chassis was the Fiat Uno
turbo version of the 1300 engine.
Although that car was not offered in
Australia, used units could be imported
from New Zealand. This engine offered an
instant power increase without the added
weight of the Lancia engine and gearbox,
so the excellent handling was retained.

Around this time, through a local
business, | became involved in providing
piston assemblies that were suitable
for the 1300’s 86 mm bore, used in
conjunction with the longer, 3.9 mm
stroke 1500’ crankshaft (for 1485
cc). As the stroke increase was only
8.4 mm, the pistons were made 4.2 mm
shorter in compression height, and the
crowns were lightly dished to keep the
compression ratio in the usable range
of high-octane leaded fuel. >

Race Engine Technology | February/March 2024
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Retro | Fiat X1/914

While the stroke went from §5.5 mm
10 63.9 mm, the 1300 con rod was
retained within the 1300 block deck
height. Shorter than the 1500 con
rod, this gave & rod-lo-stroke ratio of
about 1.9:1and offered a noticeable
improvement in bottom-end torque. This
was an engine that did not need to be
revved hard all the time to get anywhere.

Easy conversion

One obvious advantage was that

the engine number remained the
same, which was certainly helpful for
registration and insurance purposes.
Additionally, we found the revised,
rotating components still had plenty of
room within the 1300 crankcase.

This was an easy conversion because
the 1300 and 1500 crankshaft journa
diameters are the same; that part
involved just swapping the crankshaft
and pistons while retaining the 1300 con
rods. Then, unless the block was bored
to alarger diameter, it was simply a case
of bolting it all back together.

As | was then employed by the vast
Repco Engine Parts group, | was able to
buy about 40 piston castings, designed
for the 85 mm bore, 1400 cc Subaru
boxer engine, along with pins and ring
sets. The raw casting diameter was
capable of finishing up to 88 mm ~
almost ideal for these engine upgrades.

Even back then, | was considering how
much more stroke could be crammed
into a 1500 crankcase. However, those
Regatta 1500 engines were quite new
on the market, so it was expensive to
purchase a used engine from a Fiat
dismantler, especially as there was
already a big demand for them to drep
straight into early X1/9s. Certainly, |
couldn't justify buying one back then to
have a fiddle with the internals.

Today's surviving X1/9s are proving
to be very valuable classic cars.
Nevertheless, some of them are being
spoiled by fitting a Honda engine and
six-speed gearbox into the available
space. | see that as being about as
attractive as swapping an LS V8 into

a Mustang. Being incensed by this
prompted me to revisit my original
concept of squeezing some more stroke
into the 1500 crankcase.

Helping a friend

Four decades on, the 1500 engine

can be acquired more easily and is

far more affordable. Moreover, | have
vast experience of having successfully
stroked many Fiat twin-cam engines.

At the same time, |am keen to assist

my long-time friend, lan Maud, whose
current X1/9 race engine has had its bore
taken to 87.42 mm, which is as big as we
can go inside the available head gaskets.
The stroke has remained standard, at
63.9mm, giving us 1534 cc at a 10.8:1
compression ratio.

Maud'’s X1/9 is focused on hillclimbing,
but it is also used in club circuit sprints,
‘khanacross’, ‘motorkhanas’ and even
road touring.

Maud explains: “That presents the
challenge of developing a motor that
gives good top-end power for sprints,
mid-range torque for tight hillclimbs
plus sufficient low-end grunt to pull
away from a motorkhana turn and yet
still be (nearly) well-behaved enough for
occasional road use.”

X 19

Maud adds that his caris log-
booked as “sports car open/closed up
to 2000 cc”

He notes: “When youturnupata
hillclimb with a 1870s-designed, eight-
valve 1500 and the pits are filled with
modern-design, 16-valve Mazda 1800
MX-5s and the like, you have your work
cut out for you.”

Freame continues: | had originally
machined and supplied the forged-
piston assemblies for lan's motor,
and when he was suddenly very short
of time, | assembled it as well. This
included playing with the gas flow
through the head by spending some
time on another friend’s flow bench.

lan currently uses twin 40 DCOE
Webers to gain bottom-end torque,
but we will probably need to step it up
to 45 Webers to get enough air init.

lanis a good driver, and he drives his
X1/9 hard, knowing from chassis dyno
printouts how much power he has,
and up to where it is usable. When |
eventually suggested we could stretch
a1500 engine up to around 1850 cc,
he became very interested, realising it
would be an easy swap with what he was
already using as he chases the MX-5
majority in his class. (>
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As mentioned in the text, here is the Toyota-
size con rod, a 20 mm pin, with two top-hat
bushes to suit a 22 mm piston bore, the
adjustable crankshaft, a 128-X1/9 used piston
and the aluminium torque plate as a backdrop

A simple test crank

Before spending any money on
modifying anything in an engine, | have
always used a simple-to-construct
adjustable crankshaft. This is rotated
within used main and big-end bearing
shells, and a used piston without rings
is fitted to the con-rod configuration
lintend to use. This shows, easily and
quickly, where any part of the rod locus
will strike within the crankcase.

Usually, that clash is at the bottom
of the cylinder, the oil gallery and the
crankcase sides, or the sump flanges.
Some metal is removed, and it is rotated
again as an ongoing seek-and-remove
process. All this exercise costs me is a
bit of time — it is crucial to see how far
the capacity can be feasibly enlarged.

One important consideration is how
close the piston pin will get to the
bottom of the cylinder bore at bottom
dead centre (BDC). With the piston
swivelling on the pin at BDC, we don’t
want it to cock and jam halfway out of
the bore. We need to make sure we are
planning on using a rod sufficiently long
to keep most of the piston within the
bore at BDC.

| had originally considered trying to
sgueeze an 80 mm stroke inside the
1500 crankcase. This was going to attain
Just over 1900 cc - the extra 400 cc
would give a noticeable increase in

-

torgue. Accordingly, | set the adjustable
crankshaft at that stroke and modified all
the interfering locations to allow it to just
spinin there. | also needed to check this
extra stroke would clear the oil pump as
the pump body hovers over the number-
one con rod and counterweights.

Less internal machining
Sanity eventually prevailed and | settled
ona 77 mm stroke, which requires
far less internal machining. | have
also considered that this project may
eventually become available as a kit of
parts that could be installed by capable
owners into their own engine with the
minimum of tools required, regardless of
where in Australia they might live.
Later-model Fiat engines have been
produced with a 79.4 mm-stroke
crankshaft. However, these engines
were never imported into Australia, so it
would be very expensive to freight any
from Europe or South America. It was
tempting to go that way, but | wanted to
ensure we built an engine that would do
everything we expected of it.
Alternatively, just the Fiat-
manufactured crankshaft could be
purchased and imported. However, by
the time the big ends were reworked
and the crankshaft heat-treated
again, the cost would start to spin way
out of control. Therefore, it was an

February/March 2024 | Race Engine Technology

piston still |

within the bore, at about BDC

easy decision to commit to having a
crankshaft manufactured to exactly my
determined prototype requirements
without making any compromises.

It follows that | have settled for an
87 mm bore and 77 mm stroke, giving 2
capacity of 1831cc - an increase of more
than half an inch of stroke in imperial
speak. Based to the south of Melbourne
Fiat specialist BOI Performance has
been fully supportive of andis a
participant in the construction of the
first two of these 1831 engines.

Drawing the details

Eventually, two initial crankshafts

were commissioned to the details |
specified by drawing. | was amazed that
almost every crankshaft manufacturer

| approached for a quotation wanted a
sample to copy!

Fortunately, the company | eventually
selected was able to offer a realistic
quote after querying some of my
drawing dimensions, which were
considerably different to any standard

Nov
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Bill Freame

Bill Freame started his career at an engineering machine shop
Six months after a mandatory two years’ National Service

in the Royal Australian Elect and Mechanical Engineers,
he moved to Repco. At the sizeable Australia-based engine
components manufacturer, he was the key operator inthe

ine and fabrication shop.
Freame and other employees of the Repco Engine
Techn

formidable fac

| Centre were permitted to use the organisation’s
s to do spare-time projects, his first being to
manufacture a vane-style supercharger to fit his Fiat 600,

This A sct was only partially successful before the
hlown engine was swapped for one from a Fiat 850. For this,
Freame made high-compression pistons and swapped in a 600

camshaft to permit it to tinthe ockwise direction.

Encouraged by thein ;e in performance afforded by this
larger engine, he designed and manufactured a simple Fiat 850
piston die, operated by hand.

Freame recalls that he was able to encourage the Repco
aluminium foundry to assist with the ting and subseque:
heat treatment of several piston samples. He also made his
own ductile-iron compression rings, exploiting expertise
available within the company.

He adds: “I made Dykes top rings and skinny seconds for a
crankshaft | had altered to 74 mm stroke, giving me a 996 cc
engine in my Fiat 850 racecar.”

After a trying spell of troubleshooting in the Repco Cold
Forming Company, in the mid-70s Freame found himself

yonsible for the new Repco Product Development
Department. As such, he machined newly developed Repco
branded piston samples and found himself working on pistons
for various race teams.

“lwas in heaven,” he recalls. “l had already been machining

pistons for my own competition engines since Iirst joined Repco”

In 19886, Repco underwent a drastic corporate revamp

and Freame was offered a redundancy package, which, for

shaft. | specified a 4340 billet, fully
counterweignted crankshaft witn
big-end journals to suit Toyota 4AGE con
rods, Lo match the 4AGE rod-to-stroke
ratio that Toyota has successfully used
for years.

As of the time of wriling, the
crankshafts are ready, and | have begun
machining the first four pistons from
ferged blanks, having rechecked all the

dimensions on multiple occasions just
to be sure. | already have the con rods,
taper-bored piston pins and ring sets |
need. A hold-up might be encounterad
n getting access to the flow bench
|usually use. | have several modified
heads that | want tc compare before
atlacking the new head | intend to use.
| certainly want to keep away from
rev-limiting hydraulic tappets. | have

Fiat X1/914 | Retro

various reasons, he had to reluctantly accept. This led him to
join forces with two other former Repco employees to form
Australian Precision Engine Parts (APEP), which for several
years machined pre-production piston samples for a number
of major

APEP al

shape prior to machining. Eventually, APEP added an
aluminium foundry, “because we couldn’t find any lacal foundry
capable of the casting quality we required, espec sand-
casting vintage pistons”,

Now retired, Freame reflects that he been involved
with many diffe| er the years,
sometimes stroking and sometin
them, often in conjunction with his good friend, Phil Buggee
of BOI Performance. Currently, he is building a stroked 2.0 litre
twin-cam for Buggee’s Fiat 131.

At the same time, Freame is still driving in Motorkhana
events, sharing a home garage-built Fiat 127-based vehicle
with his son, Paul. This has the 903 cc Fiat 127 engine with a
turbo on the log manifold exhaust to increase and spread the

acceleration performance.

easy access to arange of locally
designed camshafts that work with
inverted bucket Lappets, with external
shim adjustment. These work very
successfully in shorter-stroke engines,
50 this is something to Lry cut as we
develop Maud’s new Lampredi SOHC
Fiat-based competition engine.

| will keep you posted as that
exercise proceeds. a
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1967 Ferrari 312
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