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APPENDIX |

HISTORY OF WANKEL DEVELOPMENT

The search for positive displacement rotary piston machines dates back several centuries
:=d actually pre-dates the invention of the reciprocating piston principle. James Watt, while
~orking on reciprocating machines, also sought purely rotary solutions. Over the years literally
-~ousands of patents on rotary piston machines, including engines, were filed in this country

Zone.

Felix Wankel, starting in the thirties, worked out a classification of rotary machines*,
:~d went on to evolve the engine considered in this report, when he was sure that he had

:=veloped effective methods of sealing quite compticated rotary combustion machines.

As mentioned in the introduction to Section 2, Wankel-started work ih 1954 on an
=—gine consisting of a three sided rotor in a two lobed housing, both of which rotated in an
-_ter casing about different centres and at different speeds, and which represented a practical
~:thod of obtaining variations in the volumes of the three chambers formed between the
---or and the housing, which complied with the requirements of the Otto cycle. This engine,
«»=ich had a maximum chamber volume of 125 cc, went on test early in 1957 and eventually
i=veloped 29.6 bhp at a rotor speed of 11,330 rev./min. and a housing speed of 17,000 rev./min.,

--1s proving the feasibility of the basic concept.

It was realised that the design could be inverted to the planetary rotation type, with
«ztionary rotor housing, which was simpler but presented potentially greater problems for
scnieving satisfactory linear sealing, as yet unproved, of the apex seals. Dr Ing. Walter Froede
-7 NSU, with whom Wankel had joined forces, preferred the planetary rotation machine and
-== first such engine, (the Wankel engine as we know it now), ran early in 1958. Prototype
-=zines of this type and of various sizes were designed and built: in due course and at a very
=:7v stage, one of these engines was fitted to a small car, but it was not until the NSU Spider
“- i1 a Wankel engined car became available to the public in limited quantities to gain experience
-* the practical problems encountered. Until about 1964 perhaps the most serious one was
=saciated with apex seal behaviour; wear, and chatter marks in the housing bore which affected
.= zine life. Other areas needing attention included oil sealing, combustion phenomena and
-=Zaction of manufacturing cost. Sometimes more than one solution was found for specific
-—blems due to development being carried out in a growing number of centres with the

~:r2asing number of licensees. It is understood that licensees now number 21 spread over

: _rope, America and Japan. For example, engines are in use giving satisfactory service with
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quite different combinations of apex seal and housing bore surface materials. Most work to
date was confined to petrol engines, though from 1961 onwards licences were also granted for
diesel engines. Rolls-Royce have very recently announced progress towards the development of
a two stage compression-ignition engine, but no significant results have been disclosed by other

licensees in this field.

BResides the companies holding licences from Wankel-NSU, research is being carried out
in many parts of the world but especially in Germany and Japan. Activity in the U.K. is
confined to Rolls-Royce’s work on a diesel version and to the B.S.A. Group Research Centre,
who appear to have produced the best apex seal material to date and are working on small

engine developments.

As yet there are relatively few applications — two makes of cars in commercial quantities,
three outboard motors; small engines are also used for military and industrial applications, for
agriculture and in snowmobiles, etc. The worldwide interest is rapidly growing and the Wankel

engine has a very important future.
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GENERATION OF AN EPITROCHOID
(Using a Triangular Rotor)

Assume an equilateralty triangular rotor with one side horizontal, forming a base and

“=z2 to rotate about its centroid.

This centre of rotation is itself on an eccentric which revolves about a main centre at
—.ree times the speed of revolution of the rotor (via gearing not shown). Therefore for motion
~-rough o° of the rotor, the eccentric will always move 3¢’ . This is shown on the figure.
®»7ilst the eccentric has rotated from Bottom Dead Centre to Top Dead Centre, i.e. 180°, the
:rex has rotated 60° about its centroid, the apex travelling a path, or locus, from A to B.
*:milarly, whilst the eccentric rotates from Top Dead Centre to Bottom Dead Centre the rotor

:r2x has rotated a further 60°, the apex following a locus from B to C.

The centre of rotation of the rotor, i.e. the eccentric, has now traversed a circular path
-~-ough 360° whilst the rotor itself has rotated but one third of this, i.e. 120°. Thus the
“-mmer top apex has now arrived at the position of the original left had base apex, and the
czmtre of rotation of the rotor on the eccentric is alse at its original position, and the cycle can

T=J0MIMernce.

The apices therefore follow a similar locus throughout one complete engine cycle since

.5 is composed of 3 identical motions of the eccentric and rotor.
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Certain of the engines included in this Appendix are used on the hovercraft indicated below:-

1. VW.124A Hovermarine Hovercat, Vosper VT 1(M)
2 Ford 2604E Air Cushion Equipment Ltd. unit
3. BMW 411 Believed contemplated for Air Bearing HC 10
4. Chrysler 440 Believed of interest for Sealand S.H.1.
5. Ford 2704ET Air Cushion Equipment Ltd. unit
6. Cummins V6-215 Hovermarine HM2
7. Cummins VT8-370 Hovermarine HM2
8. United Aircraft PT6 A Cushioncraft CC-7
9. Turbomeca Astazou Naviplane N.102
10, Continental 10-470 Mitsui MV-PP1. Hovercraft Development Ltd. HD-1.
Vickers VA-2.

11. Fichtel & Sachs KM 914 Hover-air Hoverhawk 111




