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By BERNARD HOOPER

THE new 500 cm3 motorcycle presented to the world in a dramatic unveiling at the
Wolverhampton factory of Norton Villiers last September under the name of “Wulf”’ is a
development machine featuring a new type of stepped piston engine.

The development of this engine — known as the SPX — has received substantial support
from Britain’s National Research Development Corporation (NRDC) and is now being
pursued independently of NVT, whose exclusive rights to this engine have been terminated.

By making use of ‘stepped pistons — which isolate the charging function of the engine
from its crankcase and driving mechanism — the simplicity of the two-stroke cycle has been
combined with the full-flow pressure lubricated crankshaft and connecting rods of the
four-stroke type.

Thus, the costly components of the four-stroke — valves, valve gear and camshafts — and
the high cost all-roller-bearing crankshaft of the two-stroke engine have all been eliminated.

The really significant point, however, is that, by using the proven mechanical features as a
basis, it is possible to manufacture a new generation of power units which will conform
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THE REBIRTH OF
THE TWO-STROKE

with the established future requirements regarding economy, noise and emissions control at
low production cost.

This involves the addition of existing technology in the low-emission two-stroke field to
the SPX engine concept incorporated in the “Wulf” motorcycle. Though so far it has only
been applied to a motorcycle, the SPX concept is applicable to automobiles, marine power
and industrial plants.

In final form, this new type of engine will incorporate the “stratified charge” principle
which experts now generally agree offers the best scope for meeting the requirements of
emissions control and energy conservation. This involves providing a zone of rich mixture
in the proximity of the sparking plug within the cylinder, the remainder of which is filled
with air or a very weak mixture of fuel and air and, of course, residual gases from the
previous cycle.

This enables spark ignition engines to operate on lean overall air/fuel ratios and, ideally,
with a fully open throttle under most or all conditions. This provides optimum efficiency
and is capable, if applied to all spark ignition engines, of saving a large part of the world
resources of liquid fuels.

The basic principle of the SPX (Stepped Piston Crossover) engine is illustrated in Figure
1 .

e Movement of the piston (a) in cylinder No 1 towards bottom-dead-centre induces a
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fresh charge through the inlet port (b) into the pumping area (c) of cylinder No 1.

e On moving towards top-dead-centre, the piston (a) displaces the charge from the
pumping part of cylinder No 1 via discharge ports (d) into the crossover passages (e and f).

e The other piston (g) in cylinder No 2, by reason of the 180° disposition of the
crankpins of the crankshaft (h), has descended towards bottom-dead-centre, thus opening
transfer ports (j) into the working part of cylinder No 2.

® This fresh charge scavenges cylinder No 2 in the well-known manner of “loop
scavenging”, the exhaust gas being discharged through an exhaust port in the cylinder all
facing in the direction of the arrow (k).

e Cylinder No 2 is provided with ports similar to those shown in cylinder No 1, the fresh
charge being induced via inlet port (n) and transferred through the transfer ports (I and m)
into cylinder No 1.

® The exhaust port (r) controls the discharge of burnt gases from cylinder No 1 into the
exhaust system.

e The induction of inlet gas through ports (b) and (n) is controlled by the piston skirt or,
preferably, by reed valves in the induction tracts.

This type of engine may be built in twin cylinder form or in any multiple of two
cylinders. A particularly advantageous layout is the V-four with cylinder banks at 90°,
giving excellent balance and the firing impulses of an eight cylinder four-stroke unit.

The logical development of the SPX engine, which is the subject of a new patent
application, involves the addition of low pressure direct fuel injection and a modified port
layout which provides the stratified charge system demanded for future engines. The latest
concept has therefore been designated SPSC (Stepped Piston Stratified Charge) and has
been evolved by myself in direct response to the basic guidelines defined by the United
States Environmental Protection Agency.

Most vehicles operate for most of their life under part throttle conditions, and the loss of
efficiency which results from the reduced compression pressure is well known.
Conventional four-stroke and Wankel engines are at a distinct disadvantage because partial
closure of the throttle reduces the compression pressure and the thermal efficiency of these
engines. By adopting the two-stroke cycle, this condition is avoided, since the exhaust port
is open at the commencement of every compression stroke, ensuring that full compression
is achieved on every cycle.

This effect is illustrated in Figure 2, which shows the specific fuel consumption of
modern four-stroke and two-stroke car engines under full load and one quarter load
conditions. Though the conventional two-stroke is inferior when operating on full load, it
becomes superior under part-throttle one-quarter load conditions.

In conventional two-stroke engines, this advantage is overshadowed by the problem of
short-circuiting of the fresh charge, of which about 30 percent has been shown to flow
from the cylinder via the open exhaust port without doing any useful work. This shows up
as an excessive emission of unburned hydro-carbons and in poor economy under a wide
range of conditions.

Unlike the four-stroke, the two-stroke cycle has the fundamental advantage that the same
measures are required to improve both economy and emissions — with the bonus that these
measures do not seriously affect the inherently low levels of nitreous oxides produced.
Thus, in the SPSC engine, the advantage of very low nitreous oxide emissions is retained,
while the control of unburned hydrocarbons and carbon monoxide is achieved by the
charge stratification provided by the low pressure direct injection combined with the port
layout.

By contrast, in conventional two-strokes, because of the passage of the fuel and air
mixture through the crankcase, all the lubricating oil supplied to the engine (whether by
mixture of oil with the fuel or by the modern precision oil-metering) passes into the
exhaust system, causing excessive emission of particulates.

Visually, this shows itself in the familiar smoke screen that follows certain types of
two-stroke vehicles under some conditions. Stepped piston engines, by isolating the
working fluid from the crankcase, avoid this very serious shortcoming of existing
two-stroke engines — the lubricant being circulated as in a four-stroke engine and returning
to a sump or separate oil-tank.

Tests carried out by Britain’s Motor Industry Research Association revealed that
“drive-ability” was satisfactory, even when an SU emission carburettor fitted to the SPX
engine of the “Wulf”’ motorcycle was tuned to give very weak mixtures. The so-called CVS
emission test (using the LA4 driving cycle) revealed a 50 percent reduction in unburnt
hydrocarbons and almost 80 percent reduction in carbon monoxide when compared with a
conventional two-stroke machine of the same capacity. :

In the heady days of motorcycle industry before such matters as noise, emissions and
economy became serious considerations, a production cost study revealed that the SPX
engine could be manufactured at 28 percent less cost than even a simple mixture-lubricated
conventional two-stroke twin of modern design. In recent weeks a detailed cost
investigation by production engineers has endorsed the cost advantages compared with the
current Norton twin-cylinder unit. This is due mainly to the 50 percent saving in the total
number of components.

In automobile applications, an SPSC V-four power unit is as compact as the Wankel (itself
20 percent smaller and less complex than a conventional four-stroke) and requires 25
percent fewer components. Thus the stepped piston engine offers 20 percent less bulk and
has 40 percent less parts than an equivalent automobile four-stroke unit.

In many ways, the selection of a two-stroke cycle power unit to meet the needs of the
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future may seem surprising, but work in Japan has shown that effective emissions control
to the most severe levels is a practical proposition without sacrificing a high level of
performance (around 60 bhp/litre). By contrast, four-stroke stratified charge engines, after
many years of research, suffer from severely restricted performance. Even the Honda
CVCC engine is reduced to a level of only 33 bhp/litre. ;

The SPSC engine, therefore, offers the prospect of the most profitable and convenient
means of meeting all known requirements in economy, noise and emissions control at low
production cost. Its multifuel capability and integrated excess air supply are valuable
features and, finally, it can be manufactured on conventional machine tools currently
available throughout the automobile industry.

METZELER
METZELER
METZELE

Full range of off road and road Metzeler
tyres. Including 2-ply trials. Available
from your friendly distributor or dealer.

GASTON RAHIER

world 125 ;
MX Champion rides and wins on Metzeler.

The full range
of METZELER
tyres available from

your local dealer. Distributed by
the METZELER Men in:
VICTORIA & TASMANIA

John Burrows at

John Burrows (Metzeler) Pty Ltd.
1262 High Street, Maivern, Vic.
Phone (03) 5099246

QUEENSLAND

Steve Saker at

Metzeler Motorcycle Tyres (Qld.) Pty Ltd.,
77, Rainbow Street, Sandgate Qld.

Phone (072) 696824,

SOUTH AUSTRALIA.

Dean Taylor at

Metzeler Motorcycle Tyres (S.A.) Pty Ltd.
360, North East Road, Klemzig. S.A.
Phone (08) 2611121.

WESTERN AUSTRALIA:

Geoff Grocott at

Metzeler Motorcycle Tyres (WA),
P.O. Box 171, Mundaring, W.A,
Phone (092) 95-1170

N.S.W.

John Galvin a‘

METZELER MOTORCYCLE
TYRES AUSTRALIA

73 Middleton Rd., Villawood, NSW
(02) 644-7643

w



