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Explorin

How Bill Freame and

associates are enhancing
the competition potential
of a humble time-honoured

[talian engine

Lampredl’s

classic

an Maud competes in
the 2.0 litre production
sports car class of
Australian domestic
motarsport - hillclimbs,
circuit sprints and the like - campalgning
a Fiat X1/9. His opposition primarily
consists of Mazda MX-5s. The MX-5

is similarly a lightweight two seat, rear
wheel drive sports car and while the
X1/9 has on paper the advantage of a
mid rather than a front engine location

both cars are noted for good grip and
handling. However, as stock the X1/9 is
at an engine disadvantage.

Where the MX-5 has a fuel injected
1840 cc 14 with double overhead
camshafts operating four valves per
cylinder and designed in the eighties,
the X1/9 was sold initially with a
carburettor-fed 1300 cc 14 with a single
overhead camshaft operating two valves
per cylinder. That sixties design was
enlarged to 1500 cc for 85 bhp before

the X1/9 went out of production in 1989.
At that stage the MX-5 had 21600 cc
engine good for 115 bhp; its later 1840 cc
unit offered 133 bhp.

As described in RET 151 (February/
March 2024), Bill Freame is helping
Maud obtain more horsepower from
his X1/9 engine. That is a renowned
engine, it having been designed by
Aurelio Lampredi. A man who first made
his name as designer of the naturally
aspirated 4.5 litre V12 that gave Ferrariits
first Formula One World Championship
win at Silverstone in 1951. Later Lampredi
V12s and |6s and 14s powered Ferrari to
many other international race wins.

After Ferrari took over Lancia's racing
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department in 1955, Lampredi moved

to Fiat to head its production engine
department. There he penned a single
overhead camshaft 14, introduced in
1969 in a naturally aspirated 1.1litre guise,
powering the 128 saloon. The engine
remained in production right through to
2010. The bore was originally 80 mm,
the stroke 55.5 mm for 1115.9 cc with the
later, larger of the two X1/9 applications
having bore of 86.4 mm and stroke of
63.9 mm for 14986 cc.

This five bearing, over-square engine
had alinerless iron block and an aluminium
head. Each cylinder’s single intake and
exhaust valve were located on the same
side (rather than a crossflow arrangement)
so they could be directly operated by the
same belt-driven camshaft.

As we noted in RET 151, before getting
involved with Maud’s ‘1500’ engine
Freame was party to an exercise to
enlarge the 1300’ X1/9 engine. This
married the 86 mm bore of the 1300
to the 63.9 mm stroke of the 1500
for 1485 cc. The 1500 crankshaft had
the same Journal sizes as the 1300
crankshaft, and the 1300 con rod could
be retained within the 1300 block height
using pistons made 4.2 mm shorter in
compression height.

Enlarging the 1500
Freame acquired piston castings
designed for the 85 mm bore, 1400 cc
Subaru boxer. The raw casting diameter
was capable of finishing up to 88 mm
so he was able to produce suitable
items for this exercise. The upshot
of this conversion was a noticeable
improvement in bottom-end torque.
That was four decades before Freame
turned his attentlon to enlarging Maud’s
1500 race engine. As a first step that
had its bore taken to 87.42 mm, which
was almost as large as was feasible
within the context of available head
gaskets. With the standard stroke
retained, those 87.42 mm pistons
produced by Freame gave 1534 cc. A
10.8:1 compression ratio was employed
reflecting the use of pump petrol and

Fr eame

X1/

the engine breathed through twin
Weber 40 DCOE carburettors.

Going beyond that step, Maud wanted
an engine that offered “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.”

Freame suggested that the stroke
could be lengthened within the 1500
crankcase to obtain 1800 cc or more.

To assess how far he could go Freame
employed a simple adjustable-stroke
crankshaft, used together with token
bearings and con rod/piston assemblies
to identify where any part of the rod locus
struck within the crankcase. Itisthena
case of progressively removing metal to
avoid that clash - as far as is feasible.

Freame thus established that in
theory an 80 mm stroke could be
accommodated to obtain 1920.7 cc. In
practice that implied a lot of machining of
the crankcase so it was felt that a 77 mm
stroke was a more practical proposition.

Having decided for logistical reasons
that 77 mm was appropriate, Freame
visited various engine reconditioners to
see if he might find a suitable crankshaft,
“Hoping to find an easy substitution, just

Fiat X1/914 | Retro

llation into
lan Maud)

as s often done, for example, by putting
the Datsun L-18 crank into Ford Escorts
and Lotus Twin-Cams”.

Keen to remain within the Fiat family
he was disappointed to find Fiat DOHC
crankshaft main journals, “Out of place
by about 12 mm of overall length” That
prompted him to look at other makes,
many popular 14s having stroked
aftermarket cranks available. Alas, nothing
fitted the bill so he decided to design and
have manufactured a bespoke item.

Freame reports that he has various
performance aftermarket con rod
dimension specifications on a USB stick.
This, he notes, “Provides all the very
important information comprising centre-
to- centre length, big end diameter and
width, small end diameter and width, plus
also, in the case of popular engines, the
weight of the con rod”.

Assessing this information, Freame
decided that the Toyota 4A-GE con
rod would be a good starting point. His
logic was that this rod offered proven
durability and the ready availability
of sultable competition bearings. He
remarks, “With a realistic expectation
of only about 45 bhp per cylinder, that
rod should be far stronger than we really
needed. However they are plentiful 3
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From blank forging to finished piston — almost a kilogram of swarf was generated
(Image courtesy of Bill Freame)

in the aftermarket, and readily available
from many producers.”

This rod gave Freame a big end journal
diameter of 42 mm, while to fit the
existing crankcase the Fiat main bearing
journal of 50.8 mm was retained. He
notes that with those diameters on
his 77 mm stroke design, “There still
remains a journal radial overlap of around
8 mm. But much thicker if measured
diagonally, so it remains a strong
crankshaft; one that should give many
years of service.”

Freame adds that he sources bearings,
“Always from the Australian ACL Race
Series range, if they are avallable in the
sizes required.”

Centre to centre the 4A-GE rod is 122
mm. Given the stroke of 77 mm, the rod
to stroke ratio is 1.58:1. Freame points out
this is not far from the 1.55:1ratio of the
Ken Duttweiler 7.0 turbo V6 described in
RET 97 (September/October 2016), and
the 1.54:1ratio of the Tony Stewart Ford
FPS 410, tuned by Ron Shaver and which
revved to 8500 rpm, as described in
RET 127 (November 2020).

Freame remarks, “Thisindicates
that this short rod ratio would certainly
work well — as Toyota have already

demonstrated for years with the 4A-GE
engine. An advantage of using a low rod
ratiois that the piston doesn't dwell at
TDC for as many crank degrees, when
compared to a high rod ratio, thus a very
aggressive cam lobe shape can be used to
rapidly accelerate the opening of the inlet
valves in the early part of the cam cycle”

The X1/9 1500 engine has a deep
skirted block with a deck height of 195
mm. It follows, observes Freame, that by
using the 122 mm 4A-GE rod the piston
compression height, “Is a safe and very
useable 34.5 mm”.

Piston philosophy
Freame produced development pistons
at that compression height, with full
circle skirts and a 20 mm pin to suit the
4A-GE little end bronze bush. He opted
for a ring pack supplied by Pacific Engine
Parts, this having a ductile iron moly-
inlaid torsional top ring, of 1.25 mm axial
height, a 1.5 mm Napier iron second ring
and a conventional 4 mm, three-piece
steel oil ring. He explains, “With more
than 24 mm available for the ring pack,
there was no desperate need to bother
going to thinner rings and lands”.
Freame adds that, “These pistons

Bi I |

have been made with long skirt tails to
help keep the pistons and ring faces
square on to the iron bore. This ring set
will give excellent life and oil control for
many seasons and the top compression
ring, with that moly insert, was selected
because it is self-lubricating should

we find we have dried up the cylinder
lubrication oil supply by too much.”

Freame explains the logic of
producing pistons with full circle skirts.
“Because they are for a wet sump
lubrication system and these are the first
line of oil control. By scraping excess
oil off the bore with the bottom of the
skirt on the down stroke of the piston,
the oil rings shouldn't be swamped and
overpowered by any volume of oil that
gets to the oil ring rails. That oil will be
scraped into the tapered seep below the
oil ring, to be drained to inside the piston
through drain holes.”

Freame further explains, “If using
instead slipper pistons, which have only
that narrow land just below the oil ring,
that is then the first line of oil control
and it is very easy to overpower and
flood past the oll ring, flooding up to
the compression rings. Especially so
when running with bigger piston to bore
clearances and very thin oils; in particular
when working in the very thin OW20 range
and using very narrow, light load oil rings.
It follows that short skirt, slipper pistons
work better in dry sump engines, which
can achieve quite high vacuum readings in
the sump to help with oil control ”

In respect of the bore size, Freame
reports that working within available MLS
cylinder head gaskets, the maximum
feasible is 88 mm. For his first 77 mm
stroke engine he chose 87.2 mm for a
displacement of 1839.4 mm. However
he has since built a second engine with a
full 88 mm bore for 1873.3 cc.

Supported in this endeavour by
Phil Buggee of Melbourne-based Fiat
specialist BOI Performance, Freame
ordered a suitable bespoke crankshaft.
He specified a 4340 steel billet,
fully counterweighted production.

He remarks, “Phil suggested that
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maybe | should consider ordering
five prototype crankshafts. However,
| said | preferred to have only one
paperweight, rather than four if the
first engine proved a failure!”

Thus it was that two billet 4340
crankshafts were ordered froma
supplier in China. “When they eventually
arrived they were measured, inspected
and accepted,” reports Freame. “The
bottom end was carefully assembled,
with close attention paid to making sure
that the rods still cleared everywhere
during rotation of the crank, now that the
adjustable crankshaft had been replaced
by the real thing”

Freame adds: “There are othersin
Europe and Argentina still playing with
these engines but they are using Fiat made
crankshafts. As |understand it, we are the
only group that has built a new crank.”

In respect of the flywheel, Freame
notes that the first engine, for Maud,
was going to be employed primarily
in events timed from a standing start.
That made It logical to retain the Fiat
factory flywheel, rather than look to
a lighter production. “The mass in
the flywheel helps with the launch, as
does the 13 kg eight-counterweighted
crankshaft - just over one kg heavier
than a standard 1500 crank.”

Freame further notes, “As this
isincreased rotational rather than
reciprocating mass, the additional weight
can be tolerated. That is considered
acceptable for a gain of 13 mm of stroke
and having four extra counterweights.
Where mass has been reduced s in the
weight of the con rods, the ring set, the
piston pins and the pistons.

"Some mass was machined off the
flywheel, but not a whole lot since we
wanted to retain inertia, as well as heat
absorption for clutch durability. The
X1/9 1500 piston and con rod assembly
weighs 1183 g, whereas this stroked
assembly cameinat 846 g. Thatisa
bare forged piston weight of 401g, 85 g
for the taper-bored pin and 460 g for the
H-beam 4A-GE specificationrod.”

For the cylinder head Freame initially

Fr eame

X1/

The 1500 X1/9 factory crankshaft compared to the unique stroker crankshaft
(Image courtesy of Bill Freame)

decided against using a genuine used
Fiat item, “Which would have survived
about a few million heat cycles” Instead
he acquired a2 new Chinese manufactured
Fiat Tipo head. The valve sizes he
selected for that are 39.5 mminlet and
33 mm exhaust, all having 8 mm stems.
He explains: “That is because we were
not chasing the maximum the head will
flow; bottom end torque delivery was the
primary requirement”.

Freame notes that with the valves
both angled at 18 degrees from vertical
there is 2 wedge combustion chamber
not dissimilar to that of a Chevrolet Small
Block aftermarket head with the valves
at that angle. “This can give a good inlet
flow into the cylinder”, he remarks. “To
encourage longer valve spring life, it was
an easy decision to limit the valve lift
to around 10.5 mm, although the valve
pockets in the pistons were cut deeper
to lower the compression ratio as weli as
to accommodate bigger lift camshafts
during development and to survive any
unexpected valve bounce situations,
should they arise.”

Development tuning

However, when it came to the crunch
Freame decided initially to use the
cylinder head from the 1500 engine that
had been removed from Maud’s car. “We
retained the camshaft that was still in
the cam box on the head, just needing to
check the clearances after a few years of
motorsport use.”

That engine having been running on
twin 40 DCOE Weber carburettors, now
it would be trialled with twin 45 DCOE
Weber units. The car was taken to BOI
Performance to runitin and tune those 45
DCOEs. As Freame explaing, “We wanted
to establish a safe air fuel ratio mixture
that would allow a few power runs on the
chassis dynamometer for comparison
against the previous engine’s figures.

“We found we had achieved an increase
in power and torque across the whole
useable rev range, but not as much as we
had hoped to gain. All the way up to the
initial 7500 rpm rev limit, the engine is very
smooth and has a deeper exhaust note.,
The tubular exhaust system designed for
the 1500 engine seemstobecoping 3
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with the increased volume of gases,
although the exhaust note has noticeably
changed, which always seems to happen
when there is a bigger engine attached.”

Freameadds: “Development tuningis
alldone on the BO! Performance chassis
dynamometer. The graph printouts always
include the air / fuel [A/F] ratio across
therevrange; itis particularly useful
to see the A/F changes as theignition
timingadvance curve and the carburettor
jets are adjusted between runs. Where
electronic fuel injection systems can
usually be adjusted to maintain a constant
A/F ratio, that’s alot harder to achieve
using distributors and carburettors.”

On track, Maud's first event was a
sprint on a military airfield a couple of
hours from Melbourne. Here he found
he could use one gear ratio up for most
comers compared to before and he
lapped almost a second quicker on a 62
second lap. That, says Freame, “Without
stressing the new engine — a noticeable
but slightimprovement”.

The next event was the 2024
Australian Hillclimb Championship at
Bryant Park. Here Maud’s previous best
was 66.6 seconds. Reports Freame,
“Despite his better runs being hampered

| . BaRmaeg, Engi ne

by spins before the finish line, lan
achieved a best time of 64.01seconds.”

The third event was a club sprint at
Phillip Island, where Maud discovered that
his overall gearing was now too low for
this fast track. Alas, the day ended early
when the competition clutch launched a
few pads off its driven plate, locking up
the engine fromwithin the bellhousing.

Inspection revealed twist of the
driveshaft coupling splines, one of
which had sheared where it plugs into
the differential. Clearly both had been
twisted when the clutch locked the
rotation of the gearbox — at speed!

Maud has acknowledged the
possibility that he may have accidentally
selected second instead of fourth when
changing from fifth gear for Tumn Four,
which would explain, in particular, the
clutch damage. He now is planning on
installing astronger Alfa Romeo gearbox
and animproved clutch.

Freame is intending to do some
cylinder head development to better
flow the now-460 cc per cylinder. The
second such engine is planned to be
installed in Buggee's own competition
X1/9 for further development. Watch
this space.. [ |

Suppliers to the
Freame/Maud/BOI
Performance Fiat I4
include:

Block and head: Fat
Camshaft: Fat

Cam grinding: Clive Cams
Crankshaft: BOIl Performance
(made in China)

Con rods: Maxpeedingrods
Big end bolts: ARP

Piston forgings: Piston Services
Piston machining:

Bill Freame / BOI Performance
Piston pins: APEP

Piston ring supplier:

Pacific Engine Parts

Bearings: ACL

Bearings: Federal Mogul
Head Fasteners: ARP
Valves: TRW

Spark Plugs: NGK
Ignition: 123ignition

Oil: Penrite

Air Box: BOI Performance
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/| Classic vehicle

You are invited!
CLASSIC VEHICLE DISPLAY

PARLIAMENT LAWN HOBART
Saturday January

21 7¢h :25@-»%%
N

Est : 1975

Come display your classic vehicle at Parliament House
Lawn. Enter at the bottom of Murray Street, corner of Morri-
son Street. No entry form or fee required Just turn up at
around 9 a.m. Spend a relaxing day with a picnic lunch.
Visit Salamanca Market and check out the other cars on
display. Please, if possible leave your vehicle on display
until 2.30PM Email admin@postvintage-tas.org

You do not have to be a member of any car club to participate
Post Vintage Car Club of Tasmania inc
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The Australian Italian Club is seeking expressions of
interest from motor enthusiasts to showcase their
classic and modern Italian cars or motorcycles The show
wﬂl be a key feature of the 2026 Italla Day Festa,

(ALL LUIGI SPANGARO —
043285546 | @8 |
10 EXPRISS YOUR | _FesRuary

 INTEREST TODAY =
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name name

Alessandrini Luke Thomas Tane
Baric Michael Townshend Becher
Brooks Mark Trouw Frankdin
Brumby Oliver Wake Rudyard
Cameron Stephen Wallman Kingsley
Caplice Steve Watson David
Davizon Simon White Hilton
Davison Timothy Wiggins Chris
Eddington James Willie Duncan
Griffiths Gary

Hasan Omar

Ktori Steve

Lowe Damien

Lowe Calin

Luck Matthew

MacLean Bruce

Mann Shane

Maree Victor

Markham Kelvin

Strafkos Nicholas
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