
9914 

The Manufacturability of the Rotapower® Engine 

Paul S. Moller, Ph.D. 
Freedom Motors 

All rights  reserved.  © 2018.  No part  of this  publicat ion may be reproduc ed,  s tored in a ret rieval 
sys tem, or t ransmit ted in any form or by  any means,  elec tronic ,  mechanical,  photocopy i ng,  and 

recording or otherwise without  the prior writ ten permiss ion of the authors .

Freedom Motors  
410 Gateway Plaza, Suite G 
Dixon, CA 95620 
www.freedom-motors.com 



 

9914 

The Manufacturability of the Rotapower® Engine   

Paul S. Moller, Ph.D. 
Freedom Motors 

 
ABSTRACT 
 

There are many elements  of the charge cooled 
Wankel type rotary  engine that  make it  inexpens i ve  
to produce.   OMC was able to show that  they c ou l d  
produce this  type of engine at  a cost  compet it ive 
with their carbureted two-s t roke engines.  
 
THE PRODUCTION CHARGE COOLED WANKEL 
WAS FIRST INTRODUCED AS A POTENTIALLY 
CLEAN, LOW COST, POWERFUL REPLACEM ENT  

FOR TWO-STROKES.  
 
In the late 60’s  Outboard Marine Corporat ion 
(OMC) recognized the market  value of an 
advanced,  more powerful engine.   This  interest  was  
intens ified by a growing concern that  emiss ion 
issues would necess itate a c lean burning,  
environmentally  friendly  powerplant .   OMC c learly  
unders tood the obvious advantages of the rotary  
engine over the rec iprocat ing t wo-s t roke engine.   
These inc luded low vibrat ion,  high power and very  
compact  des ign.   Even more important ,  s ince the 
rotary  operates on the four-s t roke Otto cyc le,  i t  had  
bet ter fuel consumpt ion and much lower emiss ions .   
Four-s t roke engines also have a broader torque 
curve and are less sens it ive to exhaust  
backpressure,  which provides much bet ter muffl ing .   
OMC’s  knowledge of,  and experience with,  oi l -
cooled rotor rotary  engines,  through an engine 
development contrac t  with Curt iss -Wright ,  
convinced them that  this  des ign approach would not  
be economically  feas ible (1).   Ins tead,  a charge-
cooled rotor vers ion was chosen,  not  only  for cost  
but  because servic ing a charge-cooled engine in 
the field is  much s impler.  
 
The snowmobile was chosen as OMC’s firs t  tes t  
applicat ion because it  was separate from their 
marine market  and presented a demanding 
applicat ion (ex tended operat ion at  max imum 
power).   OMC established the requirement  that  
their rotary  engine must  equal or surpass any 
compet it ive rec iprocat ing two-s t roke engine in 
terms of cost ,  performance,  packaging,  
manufacturabil i ty  and effec t  on the environment,  
before it  could be subst ituted for the two -s t roke 
engine in any applicat ion.   In 1972,  OMC 

int roduced their rotary  powered Evinrude RC-35-Q 
and Johnson Phantom snowmobiles .  
 
OMC also invest igated l iquid cooled hous ing marine 
models .   OMC’s  four rotor outboards raced s ix  
t imes in the summer and fal l  of 1973,  winning eve ry  
race in U c lass (unlimited).   At  the Galveston Speed  
Class ic ,  they placed 1s t ,  2nd and 3rd,  lapping the 
ent ire field three t imes (a fourth OMC boat  rol led).   
It  was rumored that  they once made a s t raightaway  
pass at  165 mph.  
 
THE CHARGE-COOLED ROTOR WANKEL TYPE 
ENGINE HAS A LOW PART COUNT 

 
When choos ing an engine for a part icular 
applicat ion or comparing the part  count  between 
engines,  the required power and torque 
characteris t ics of the engines must  be cons i de red .   
The displacement per pis ton and number of pis tons  
a part icular engine has,  determines this .   
Horsepower can be gained by either increas i ng  t he  
displacement s ize of the cy linders  or by  adding 
cy linders .   More cy linders  provide bet ter airflow to 
each cy linder and allow the engine to run at  a 
higher RPM.  However,  more cy linders  add parts  
and hence cost .   As more cy linders  are added the  
engine tends to have less vibrat ion and bet ter 
torque characteris t ics.   More cy linders  m ay  have  a  
higher value in the eyes of the end user.  
 
Rotary  engines,  by  des ign,  breathe very  well and 
are not  l imited in RPM except  for apex sea l  s peed ,  
which should be below 50 ft /sec. ,  typical of pis ton 
ring wear speeds.   Since the rotary  engine power 
s t roke has a durat ion of 270 degrees of c rankshaft  
rotat ion and each rotor fires  once per c rankshaft  
revolut ion the rotary  engine had the same peak -to-
mean-torque rat io as  a three-cy linder four-s t roke 
pis ton engine.   A two-s t roke engine has a 
shortened power s t roke so that  as  a pract ical 
mat ter i t  also requires  approx imately  three cy linders  
to match the torque characteris t ics of a s ingle ro t o r  
engine.   Therefore any part  count  should compare a  
s ingle-rotor rotory  engine with a three cy linder ,  t wo  
or four-s t roke pis ton engine.  When comparing the 
number of moving parts ,  the two-rotor rotary  has 
three,  the crankshaft  and two rotors .   This  equals  



CRANKSHAFT COMPARISON 

only  23% of the total moving parts  of a s ix -cy l i nde r  
two-s t roke and only  2% of those for a s ix -cy linder 
four-s t roke pis ton engine.   The rotary  cranks ha f t  i s  
a very  s imple component  while the rotor and its  
seals  are no more complex to manufacture than a 
pis ton and rings.  
 
PART COUNT (Engines  with s imilar  torque character istics)  

R OTAPOW ER  
(Two c harge 

c ooled rot ors ) 

MAZ D A W AN KEL 
(Two o i l  c ooled 

rot ors )  

2-STR OKE 
PI STON  

(Merc ury  V6) 

4-STR OKE 
PI STON  

(Toy ot a V6)  
Major  
Par t s  

8 8 16 28 
Mov ing 
Par t s  

3 3 13 134 
Tot a l  
Par t s  

163 242 225 312 
 
THE OMC PRODUCTION EXPERIENCE WAS ONE 
OF LOW COST DESPITE BEING PRODUCED IN 
RELATIVELY SMALL QUANTITIES  

 
The Research Group at  OMC built  many different  
rotary  engines inc luding a 50cc s ingle roto r ,  825c c  
s ingle rotor,  1300cc double rotor marine engine,  the 
530cc snowmobile engine and a four rotor 2120cc -
360HP rac ing outboard.   The only  engine that  was 
placed into product ion was the air -cooled 
snowmobile engine.   Forty  thousand (40,000) of 
these engines were built  from 1972 through 1974.   
During the same period OMC built  1.5 mil l ion two-
s t roke engines.  
 
OMC undertook an extens ive cost  comparison 
between their rotary  engine and a two-s t roke 
engine of s imilar power.   The two-s t roke engine 
used in the comparison was produced at  seven 
t imes the volume of their rotary  engine.   In a  d i rec t  
comparison,  without  account ing for these 
product ion differences,  the cost  of the rotary  was 
only  8 to 13% higher than their two-s t roke.  OMC 
conc luded that  i f they were produced in s imilar 
volumes the product ion costs  would be nearly  
ident ical. (2)  
 

 
 

 
The cost l ies t  components  in the OMC product ion 
process were the rotor hous ing and the rotor.   The 
seals  for the engine were not  expens ive,  acco rd i ng  
to OMC’s product ion manager (3).   OMC confirmed 
that  the crankshaft  for the rotary  was much cheape r  
to manufacture than the two-s t roke crankshaft .  The  
elec trical and the fuel sys tems were also less 
expens ive.   Assembly  was comparable to the two -
s t roke engine.   OMC generally  used s tandard 
machine tools  to produce the engine.   Addit ional 
product ion equipment inc luded a plasma spray 
capabil i ty  to plasma coat  the wear surface of the 
rotor hous ing and an automated machine for cut t ing 
s ide seal s lots  in the rotor.  
 
The highest  process cost  assoc iated with  t he  ro t o r  
hous ing was the plasma coated wear surfac e .   The  
surface was firs t  machined and then went  through 
an elaborate preparatory  process before being 
plasma-sprayed.   The potent ial for damage during 
process ing was s ignificant .   After plasma spray i ng ,  
the hous ing s ides were flat  ground to remove over-
spray.   Then it  was finish-ground on a hous ing wea r  
surface grinder (t rochoid grinder) and,  finally ,  i t  was  
lapped to 4 to 5 micron finish.  The plasma coat ing 
was difficult  to apply  evenly  and therefore the 
result ing coat ing was put  on approx imatel y  twice as  
thick  to ensure meet ing the required thickness of 
the finish coat ing after grinding.   This  resulted in 
ex tended grinding with a diamond wheel.   The raw 
materials  for the plasma coat ing (tungsten-carbi de )  
were relat ively  cost ly  and the over-spray  resulted i n  
an addit ional 50% loss of the sprayed material.  
 
IMPROVEMENTS IN MANUFACTURING 
PROCESSES FURTHER REDUCE THE 
ROTAPOWER PRODUCTION COST 

 
Casting Technology 
In the years  s ince OMC’s firs t  product ion run of 
rotary  engines,  several manufacturing processes 
have matured that  wil l  further reduce the product ion  
cost  of the Rotapower engine.   The most  s ignificant  
of these is  the los t  foam cast ing process.   This  
method of cast ing was jus t  being developed as 
OMC was discont inuing their snowmobile engine 
product ion.   However,  OMC did int roduce the los t  
foam process in their two-s t roke engine produc t i on  
and cont inued to experiment  with it  as  part  o f  t he i r  
cont inuing l iquid cooled rotary  engine development 
through June 1986 (4).  
 
Lost  foam cast ing uses a foam pat tern packed in 
sand.   The addit ion of the molten metal burns away  
the pat tern,  leaving the “as  cast” part .   Because the  
part  is  firs t  replicated in foam, rather complex 
shapes can be cast .   Cores,  which represent  
internal features,  are placed ins ide the  foam .   A s  a  
result ,  the core is  ful ly  supported during the pour 
process,  el iminat ing the typical problem of s ift ing 
cores.  

 

Two Rotor 
Rotary Engine 

Six Cylinder 
Piston Engine 



This  process allows the parts  to be cast  very  c l os e  
to “as -des igned” dimens ions.   The result  is  the 
eliminat ion or reduct ion of secondary  machining 
operat ions and very  low rejec ted parts .   O M C us ed  
sand cast ing for both their Wankel engine rotor 
hous ing and crankshaft ,  which is  s low and 
inaccurate.   They used shell molding for the rotor 
and this  is  also replaceable by the fas ter and  m o re  
accurate los t  foam process.  

Coating Technology 

Wear coat ing technology has s ignificant ly  m a t u red  
s ince the OMC product ion and can provide very  
economic  alternat ives for co-depos it  plat ing in 
which a composite coat ing is  c reated by,  for 
example,  plat ing nickel along with carbides.   In  t he  
past  this  process was patent -control led by Mahle  i n  
Germany.   Variat ions of this  technology are now 
used extens ively .   Recent ly  the automot ive industry  
has begun us ing this  type of plat ing process to coa t  
cy l inder walls  for low fric t ion,  high s t rength wear 
surfaces.  

This  technology can be direc t ly  applied to the 
applicat ion of the wear coat ing to the Rotapower 
rotor hous ing.   The advantages are several.   The 
plat ing process is  much fas ter and s impler than  t he  
plasma spray process used by OMC.  Control of the  
thickness of the surface coat  is  great ly  enhanced,  
which substant ial ly  reduces both the amount  of 
material used and the t ime assoc iated with grindi ng  
the surface coat  to the des ired thickness.   

THE FUTURE OF PISTON ENGINES GROWS 
INCREASINGLY COMPLEX WHILE THE 

ROTAPOWER ENGINE CONTINUES TO SIMPLIFY 

The original bas is  for OMC’s interest  in the rotary  
engine was the expected s t ric ter emiss ions 
s tandards.   The s tandards ant ic ipated by OMC are 
now a reality .   Engines are coming under 
increas ingly  s t ric ter emiss ion l imit  mandates.  

The technology growth path to comply  with these 
mandates proposed by most  pis ton engine 
manufacturers  focuses on direc t  fuel injec t ion.   As a 
result  of the harmful part iculates  created by direc t  
injec t ion,  some type of part iculate t rap wil l  be 
required as well.  

The cost  of direc t  fuel injec t ion s ignificant ly  
increases the cost  of the engines.   A cataly t ic  
converter is  also expens ive,  i f required,  with its  us e  
of prec ious metals  such as plat inum .  Weight  and 
space are addit ional cons iderat ions in view of the 
importance of these in both recreat ional and 
aux il iary  power unit  (APU) applicat ions.  

By comparison,  even a carbureted,  charge -cooled 
Rotapower engine already meets  the emiss ion 
requirements  being mandated for both industrial 
and recreat ional engines (6).   Several opportunit ies  
ex is t  to s implify  the Rotapower engine further wh i l e  
improving its  performance.   For example,  results  
from a NASA-sponsored s tudy,  “Evaluat ion of 
Thermal Barrier and PS-200 Self-Lubricat ing 
Coat ings in a Wankel engine” (patented by Moller 
Internat ional) make a lubricat ionless engine 
poss ible (7).   Recent  developments  have shown the 
potent ial to el iminate the t radit ional ignit ion sys t em  
and replace it  with an inexpens ive proprietary  non-
powered igniter that  ut i l izes  the unique geometry  o f  
the Rotapower engine.  

In an era where emiss ion compliance seems to 
t rans late to complex ity  and cost ,  the charge-coo l ed  
Rotapower engine offers  four-s t roke performance at  
the cost  of the s imple carbureted two-s t roke engine. 
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