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Introduction and Background



2-R6 Rotor Housing

Application of strain gauges,
thermocouples and pressure
transducers

Connection to signal conditioning
equipment on the ‘rotary bed’

Commiissioning and calibration
The significance of the NSU Ro 80 in

the development car fleet was now
understood!



Rolls-Royce after WWII

Petrol Engines — pre-War concept
* B Range: 4,6,8 cylinder OISE four-stroke cycle

Austin Champ, Humber APC, Daimler Ferret, Alvis Saracen/Saladin

Multi-Fuel Engines — introduced 1964
e K-60 Range: 6 cylinder opposed piston two-stroke cycle

Alvis Stalwart, S Tank, FV 180, FV 430, FV 432,



Benchmark Engine: R-R K60



Rolls-Royce: K-60 Military Diesel Engine - 1964
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The benchmark:-

Power: 210 bhp

Torque: 360 |b.ft.

Above figures at 3570 rpm
Weight 1650 |b
Power/Weight: 0.127 bhp/lb

Above were increased in later
turbocharged versions



Rotary Concept Emerges



Dr Felix Wankel — 1954: DKM 54 Concept:
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Shaft is stationary — rotor and housing revolve around it — proof of concept model



Hanns-Dieter Paschke — KKM 57 Concept

Housing stationary — shaft and rotor revolve within — basis of all practical rotary piston implementations



Timeline: Rolls-Royce Rotary Piston Programme

* June 1964: FVRDE awards R-R an R+D contract to evaluate development
of a rotary piston diesel engine of high power/weight ratio

* Fritz Feller conceives the concept of a two-stage rotary piston diesel
engine and offers it to FVRDE as a compact high-power powerplant

* February 1965: Rolls-Royce acquires a licence for diesel development

* NSU and R-R co-operate on basic operating principles using NSU engines
* 1965: R-R purchase two NSU Spiders for evaluation/testing

* 1965-1967: ‘Dieselised” NSU engines used for combustion development
* Jan 1966: Feller granted patent for dual rotor diesel concept



Timeline: Rolls-Royce Rotary Piston Programme

* R-R ‘R1’ engine — first engine using the principles of the Feller patent

* 1967 — 1969: R1, R2 and R3 design concepts used to collect combustion,
sealing and durability data

e April 1969: initial design scheme for 2-R6 engine completed
* September 1969: development work on 2-R6 engine commences

e 1970: Feller presents his IMechE paper on the rotary piston diesel
programme

e 1971: 2-R6 engines running on test-beds

e 1973: road tests in FV 432 tracked vehicle

* 1974: programme re-evaluated following Yom Kippur war, then
discontinued

The complete programme of work at R-R lasted ten years



United States Patent Office

F Feller Patent

- 3,228,183
Patented Jan. 11, 1966

i

3,225,183
ROTARY INTERNAL COMBUSTION ENGINE
Fritz Feller, Wistaston, Crewe, Engluad, assignor to Rolls-
l;of:ce Limited, Derby, Englend, a company of Great
rifain
Filed Jan, 20, 1964, Ser. No. 338,965
Claims prierity, application Great Britain, Nov. 27, 1963,
46,950/63
6 Clzims. (CL 60—15)

This invention concerns a rotary internal combustion
engine of the type (hereinafter referred to as “the type
described”) cemprising an inner body wiich is mounted
within an outer body, means for effecting relative rotation
of said bodies, the s2id bodies being respectively provided
with surfaces which define working chambers, and means
for supplying fuel and air to the working chambers and for
permitiing the witadrawal of exhaust gases therefrom, the
working chambers varying in volume and position during
the said relative rolation so that a working cvele is effected
in which the said air is compressed and the said exhaust
gases are expanded,

The said working cycle may include the four phases
of intake, compresston, expansion and exhaust, fuel being
added to this air during the compression phase, and the
resulting mixture Ieing ignited towards the end of the
compression phase, either by the method of compression
ignition or by a method employing external means such
as electric sparks, or by a combination of both these
methods,

According to the present invention, there is provided
a rotary internal combustion engine of the ype described
in which there are additional means for pre<ompressing
the air tefore the latter is supplied to the said chambers
and for effecting further expansion of the exbaust gases

after the latter have left the said chambers.
The
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The, or cach said engine preferably has an outer body
which is constituted by a rotor housing having an axis of
symmelry, the inner body being constitwted by a rotor
which is rotatable about an axis which is at all times par-
allel to the said axis of symmetry.» -~

chfcrnbls'. the rotor bousing of the or each said engine
is stationary, the rotor being rotatabie about an axis which
is constrained to follow a circular path of fixed radius
about the said axis of symmetry,

Thre rotor housing of the or each said engine may how-
ever be rotatable about a fixed axis of symmetry, and, in
this case, the rotor is also rotatable about a fixed axis.

The rotor preferably has a peripheral surface which
Includes a number of circamferentially spaced apex por-
tions which are symmetrically acranged with respect to the
axis of the rotor, the apex portions having sealing cdges
which are parallel to the said axis of symmetry and which
are at all times in sliding sealing engagement with the
inner surface of the rotor housing, the inser surface of the
rotor housing including circumferentizlly spaced, arched,
lobe-defining porlions which are successively joined to-
gether, the lobe<icfining portions being one fewer in num-
ber than the number of apex portions and providing at
their junctions with each other points of minimum dis-
tance from the said axis of symmetry.

Preferably the profile of the inner surfnce of the rotor
hassing in planes normal to the said axis of symmetry is
substaniiaily that of a two-lobed epitrochoid, the profile of
the peripheral surface of the rotor in the same plancs being
substantially that of the three-lobed inner cavelope of
the two-loded epitrochoid.

The peripheral surface of the rotor may have circume
ferentially spaced recesses therein so that preferred com-
bustion chamber shapes and volumes and preferred com-
pression ratios can be achieved.

The engine may comprise a plurality of the said first-
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R-R Rotary Piston Diesel - Principle of Operation

Injector

Gas Expansion
after Ignition

Both Rotors
Providing
Compression

* Four Stroke Cycle

* LP and HP rotors 180° out of phase

* LP and HP rotors geared together 1:1

* Volume ratio LP:HP approx. 2:1

e Overall Compression Ratio 18:1
Combustion chambers within HP rotor
* Rotors run at 1/3 shaft speed

* 3 power cycles/rotor rev.



Six Stages of Development

. NSU 250cc Research Engine - single rotor ‘dieselised’
. NSU 500 cc Spider Engine - single rotor ‘dieselised’
. R1 - First employing ‘Feller’ patent — 1 bank, 2 rotors

H W N =

. R2 — Development engine with separate first compression
and second expansion stages — evaluated by RMCS

5. R3 —Development - single rotor diesel — combustion
optimisation

6. 2-R6 — Production Intent — 2 bank, 2 rotors/bank



1: Tests on NSU 250cc Engine

External pump and
heater used to
replicate the future
compressor stage




2: NSU Spider Diesel Conversion —500cc

NSU supplied housing and rotors

Blank rotors were machined at R-R for
evaluation of combustion chamber
designs — 30 variants

Local reinforcement to avoid cracking
and replace sparking plug with fuel
injector

External pump and heater to replicate
the future compressor stage




2: Combustion Chamber Development




2: Understanding Combustion Behaviour
R-R Development Vehicle — NSU Spider

Instrumented to gain basic information on the rotary piston combustion process - petrol



3: R1 Engine — first using Feller patent

Proof of Concept model for the two-stage
‘Feller’ design

Evaluated in two forms — rotors in-phase and
180° out of phase

Test results identified the need for improved
combustion, cooling and lubrication




— 3 rotors
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5: R3 Engine

Combustion chamber only
Incorporated the learning from
previous tests

External compressor and
heater simulated first stage
Tested the principles of the R6
engine design



R6 Engine — First Production-Intent Concept



6: 2—R6 Original Scheme, April 1969




6: 2-R6 Engine

Modular concept — 2 banks out
of a potential 4

Made possible by modular
crankshaft

Several engines built — up to
serial number 9 identified
Detailed implementation
differences

Testbed and vehicle tests



6: 2-R6 Construction Details

Internal Arrangements - Engine 7



Engine Number 7 — Power Rotor Assembly




Engine Number 7 — Compressor Rotor Components




Modular Eccentric Shaft — Hydraulic Assembly




Engine Number 7 — Front Bearing Plate




Engine Number 7 — Placing the Power Rotor




Engine Number 7 — Front Rotors and Shafts in Place




Engine Number 7 — Fitting the Apex Seals




Waisted Through Bolts: 90% of Ultimate Tensile Strength




Geartrain and Lubrication Pumps




Engine 7 on the Test Beds
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Complete Engine -1974 cf. LSM Scheme - 1969




Vehicle Trials



FV 432 Tracked Test Vehicle — Experimental Garage
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FV 432 — Test Vehicle at Crewe

On the road near the R-R factory Compact Engine Installation



Performance of the Rotary Piston Engine (1976)

THE
ROYAL MILITARY

COLLEGE OF SCIENCE

HE TURBOCHARGED DIESEL WANKEL ENGINE

Summary of findings (R2 Engine):-

Performance of the combustion rotor matched or
exceeded equivalent reciprocating diesels at normal
operating speeds

At low speed, apex seal leakage reduced volumetric
efficiency

Combination of pumping and friction losses
significantly reduced overall efficiency

Heat rejected to coolant and oil demanded larger
cooler groups than equivalent reciprocating engines
Predicted power/weight ratio (0.350 bhp/lb) was not
being achieved [Ref. K60 — 0.127 bhp/Ib]



Project Conclusion - 1974

* Programme was substantially over budget
* Power and Torque predictions were yet to be achieved
* Reliability did not match benchmark engine (K60)

* Heat rejected to coolant and lubricant necessitated a larger cooler
group than benchmark engine — offsetting volume savings

* Lower fuel economy than benchmark engine — larger fuel tank

* During the 10 year programme, the output of the benchmark engine
had increased substantially through turbocharging



What happened next?

* Rotary development team was disbanded
e All data and material were returned to the MoD

* One engine was retained by Audi — successor to NSU — as
the patent holder

* 50 years later — one was offered to the Anson Engine
Museum!



‘The Wankel Diesel by Rolls-Royce’ - Neckarsulm

Exhibited at the Audi Forum
Features:-

Total loss oil system on both
rotors

Angled injector positions —
Comet pre-combustion

chambers ?

‘Unique’ end castings




The ‘Anson’ Engine



AnSOn 2‘R6 Engine Donated by Defence College of

Management and Technology —
Shrivenham

* Received at Anson in 2024

* Had been used as a training example of a
high power/weight powerplant

* Had not been turned over for > 50 years

 Complete but seized solid

* No technical or build and set information
available

* Developed into a project to determine
whether it could be restored to operation

* By October 2025, the engine had run
independently for a approximately 5
seconds

* Next steps under consideration




Glow Plug Removed from Rear Power Rotor




Apex Seal: 2—R6 Rotary Piston Engine




Apex Seal in Power Rotor




Waisted Through-Bolt




And then ................



Science Museum Store: 2-R6 Engines nos. 7 & 9




Finally, the team ..................



Camaraderie
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Rotary Team Cufflinks

Designed by Fritz Feller

Available for team members to buy



The End................. ?
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Thank you!
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