What is it about that engine
layout that makes it so good? And
why aren’t we all riding them?
Mac McDiarmid investigates
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BEFORE YOU CONSIDER whether to build
a ¥, in-line or any other configuration, first
yiou have to decide it it needs to be a four at
all, At the risk of stating the obwious, in
supersports land — and aven more 0 in race
land - the bottom line is powear. And power
is all about revs. Just how mary do you
want? Or, more to the point, haw many can
your engine bear?

It's an immutable consequence of inertia

that you can't just rev the taters off anything.

There arg limits to the speeds vou can hurtle
lumps of metal around, stop them dead,
burn therm, and send them rushing back the
other way. Il we ask our pistons to average
much more than 4000 feet per minute,
they're going 1o fly apart - i the con-rod
doesn’t et go first, 4000 f'min might sound
like & lot, but it's only around 45mph. Your
hike travels a lot faster than its pistons, but
than it doesn't have to do ball of itin reverse,
Y¥ou are the chief engine designer far a
major bike company. Your bossas ara
demanding a new sports 750 and insist that
it makes a genuine 120bhp. But they're
undecidad on whether to make it a twin or a
four (¥ or otherwise). 5o you do a few sums,
Hevevevar many cylindess it has, to make
120bhp it clearly need to rev, Obviously
the longer the stroke the further the pistons
hawve ta traval and, therefore, the faster they
miest move at any particular rpm. 5o, 1o
keep piston speed realistic, the bore will
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need w be much greater than the stroke —
lat's say 312, For a 7500 twin that gives
89 5mm by 59.5mm, while a four would
meagure 71 x 47.3mm.

Weve already saen that 4000ft'min or 50
i5 cur maximum piston speed. 30 that sets
our absolute rev ceiling. On our twin, 2000
ftimin works out at 10,300rpm. That’s aur
red line. But the same paston speed on a four
equatas to 12,800rprm. We can spin it 250 per
cant faster. All other things being equal, that
means 25 per cent more fuel and air.

Mow let me introduce you to bmep -
brake mean effective pressure, This isa
measura of an angine’s efficiency in filling its
cylinders, the bottom line for power. Its
afficiency is always highest at peak torque
rprm, but for the moment we're concemied
with top-end power,

It ur 7H0-four is gaoing Lo showve out
1206hp, it'll need 1o develop a peak power
brnep of around 163psi — high for a Y50cc
road bike, but dafinitely possitle, But a twin
would need a bmep of 202 1o produce the
same stomp. 202 is a senously big ask. In
fact, on a road ke you've got fat chanca.
On its quatad figures, the new Ducati 958
has a bmep of around 158 at peak power
rpm. Baged on &ife’s own dyno tests, the
figures for the RSV Mille, GSX-R1000 and
GSX-AB0O are 148, 155 and 162 raspectively.

In other words, if capacity is
pra-determined (by choice, race rags or
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whatever), to gat top power you absolutaly
must have a multi. The main issue now is
hovee our four {or five?) cylinders are
arranged.

Incidertalby, if you do the samea sums
with an RCA45 and Ducati 336 (which
Honda's engine people would certainky have
done having estimated what the pravious
Ducati 888 was pumping out, plus a bit),
you eomie up with this: asking for, say,
140bhp, you get the Honda resving to
13,500rpm, with a brmep of 180, Realistic.
Thie Duke, meanwhile, would rev 1o
F300rpm with a wildly improbable peak
poweer bmep of 213, Ducati got over this by
renving the tits off it. That's why the latest
Testastretta anging has a stroke even
shorter than 3:2.

GF four-strokes use even more radically
ovEr-sOUanS motors, nearer 21, A 21 990ce
four resving at 15,000mpm needs a bmep of
193 to produce the current target of around
220bhp. For a full-on race bike, that's
realistic. To produce even 200bhp, a twin
would nead a brmep way off thae scale. In
fact, w'd need a turbo.

Multis also have an advantage with valve
gear. & 16-vahe four obviously has twice as
many valves as an eight-valve twin. Maore
vahies not only offer greater valve area, but
each is smaller and ghter. Less vahe inartia
allows both higher rprm and morne radical
cam profiles before they can no longar keep
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up with the cam lobes and valve float sets
in. Ducatis avoid this by using
desmoadromic valve gear, in which cams not
anly apen but close the valves, too, so float
iz impossible, But Aprilia, with valves just as
big, haven't suffered noticeably by using
plain old springs

As impartant as outright grunt 15 the
nature of that power, 200-plus bhp and a
narrony pawerband is too frightening w
contemplate. Luckily, at the present state
of play in MotaGP, 220bhp is easy enough
te abtain from four or more cylinders and
so doesn't lead to fiendishly peaky
ponwEr Gutputs

From what we've seen of the Aprilia RS3,
tnples are a bit mare marginal. Honda, with
a \-frve which seeks all the Vour's
advantages, with the added scope of
smaller cylinders and hence more revs, has
power — and driveability - to burn.

But grip is about more than merely
craating relatively benign targue graghs.
Much is made of the ability of Y-twins ta
find grip, as their firing interals put two
bangs close together, followed by &
relatively lengthy pause during which the
tyre's contact palch ‘recovers’. The same
reasoning went into 'big bang” racing
bevo-stroke V-fours,

Wdith an in-line multi you're more or less
stuck wath evan firing intervals - the
opposita of big hang, But with V-fours you
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gat the choice, Depending on whether yvou
arrangs your crank throws parallel (360°
crank, whierg pairs of pistons rise and fall
tagether} or opposite {1807, you get 2
power delivery similar to a Y-twin's, or
something more like a straight four. The
main shortcoming of the big-bang sat-up is
that it tends to make the transmission
snatchy at low revs — but on a racer or aven
a spartsbike yvou’ll care little about that, On
the road, 180s tend to ba a bit too sanitised
and bland.

Henda \-faurs, both street and racing,
have had both crank layouts. But the flat
drana of the RC30 made it unmistakably a
360 big banger, That's principally why that
Wefour gem was renowned not so much for
its shear power, but for being easy 1o set up
and, above all, for its ability to find grip out
of turns,

Before then we'd had the exquisite
BVE/GD. Until Valenting Rossis W-five
proves otherwise in the long term, the RYF
of the mid-1980s is arquably the finest
four-stroke racer ever built, Honda only sent
thres to Europa - twa for the French Waorld
Endurance squad and one tor a bloka called
Joey fram Ballyrmoney.

Nick Goodison was the only Brit
antrustad o poke around inside this factory
jewel. "It was gorgeous,” he recalls, "so tiny
and so fast.” The RVF was the first big four
stroka racer that wasn't, well, big. Making

the most of the ultra-compact W-four engine,
Honda revolutionised the class.

Top engine tuner Tony Scott is adqually
besotted by Vfours. “They don't spin
wheels like in-line fours,” he says, “they just
saem to drive so well.” Much though he's
loved fettling RC30s and RCASs, he's just
itzhing for someone to brng out & 1000cc
Wfour. "Mow you could get that ridiculously
fast,” ha chuckles

Then thers are factors other than power,
In & sportsbike, wids is bad both
dynamically and agrodynamically - but 50 is
tall, Tall engines maan tall framas with
urwigldy riding positions, like spine frame
Tnumphs

With double overhead cams and the
nacassity for very narrow included valve
angles [these days valve stems are getting
clase to parallel) heads are very tall, Clock a
medern engine and only the first inch or two
poking out of the crankcases 15 actually
cylinder — practically everything above that
i valvie gaar, Clearly, splaving yvour cylinders
reducas owverall engine height.

Then there’s langth - a big deal in
sormething as short as a bike, 907 Vtwin
engines tend to be long, V-fours much less
50, One of the biggest shortcomings of
WEB Ducatis isn't the sheer length of the
thing, because the engine manifestly does
fit, but anby just, But there's only one place it
can go, 50 vou're stuck with whatever




weight distribution you've got. Ideally, you'd
wanl to play around with frontfrear weight
bias, swing-arm length and geometry to find
the best handling compromise. This is
precisely why Aprilia chose a G0° V for the
RSV - although that made it a tad taller than
they'd have liked.

A \VEfour has few of these disadvantages.
Its narrower than a straight four, yet shorter
fore and aft and less tall than a V-twin. In fact
it's pretty well as compact a box of poke as
you can get — giving maxaimum flexibility to
lncate it to whera you choose. Square layouts
have similar advantages, but at the cost of an
axtra crankshaft

And it's easier 1o silence = a boring issue to
you, maybe, but a very big deal if you want to
sell motorbikes. A 90° Vfour has the same
perfect primary balanee as a V-twin, 5o won't
need heavy, power-sapping balance shafts.
And, with its shorter stroke and lighter valves,
it'll vy lik any other four. Yet it's possible to
rnakie it drive and grip like a twin, or run as
smooth and refined as a straight four, V-fours:
whiy aren't they all like that?

Don't get me wrong. | love Vawins. In fact,
| oven two. And on the street it doesn't matter
one bit that it takes 1000cc of twin to equal
the top end of a 760cc four. When was the last
time you found yourself musing about the

niceties of piston spead and bore to stroke
ratios as you hacked along your favourita
road? But when they were in hard-nosed
pursuit of powar-par-co, as they are now, even
Ducati came up with a VWfour.

S0 why doasn’t everyone build them?
Typically, thay are a little mora expansive to
make. You've got two saparate valve trains,
eylinder heads and a more comples exhaust
run and cooling system. For years it was
rumoured that Honda lost money on every
WFR they built (due to expense of engineg
build, and especially the cam gear drive).
They must have been delighted to drop
that for the latest VFR W,

How the V-four has progressed
Far laft: the supaicharged V4 815
racer from 1933 was o ierrifying
to ride that evan the man whi
divetiped it was plaasad to oo i
rting from the 1939 Ulste: GP
Difang somecne got bart

Centre: Yamaha pesfected the
racieyg ¥4 Starting in 1982, by
1584 they wire sireets ahead
Eddie Lawson ipictured in 1934}
o threa of his four work titles
on Yamahas,

Lat: Ducati deseibe thair 2003
GP-racing V& a5 & double-tain’




