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ABSTRACT 

The rotary  engine is  a uniquely  packaged internal 
combust ion engine invented in the late 1950’s  by  

Felix  Wankel.  The combinat ion of high 
performance and minimum total moving parts  we re  
brought  together in a powerplant  that  now has 

remarkable rel iabil i ty . Several companies improved  
upon the bas ic  foundat ion firs t  developed by Dr.  
Wankel.   The Freedom Rotapower engine 

capital izes on this  very  large his toric  investment  
coupled with proprietary  improvements  that  result  
in a rel iable powerplant  with impress ive power to 

weight  and power to volume characteris t ics.  

WANKEL-TYPE ROTARY ENGINES HAVE A 

HISTORY OF RELIABILITY 

Outboard Marine Corporat ion (OMC) manufactured  

approx imately  15,000 rotary  snowmobile engines 
during 1973-741.  Many of those engines are s t i l l  
running today without  an overhaul.   Those that  

fai led generally  did so because of misuse of the 
engine in this  applicat ion;  namely  a hard c l imb in 
late spring in warm weather with an air -cooled 

engine des igned for winter use.   Even in th i s  c as e  
the engine generally  had a “soft  fai lure, ” whereby it  
ran unt i l  i t  was s topped and was not  able to be 

s tarted again.  

Ingersoll Rand had Curt iss -Wright  manufacture a 

very  large twin rotor rotary  engine in the late 
1960’s ,  for pumping nat ural gas while running on 
natural gas.   These engines have accumulated 

more than 40,000 hours  without  an overhaul.  

The Gas Research Ins t itute in Chicago undertook 

an extens ive analy t ical and experimental s tudy in 
an effort  to find a co-generat ion engine t hat  could 
run for 40,000 hours  on natural gas without  an 

overhaul.   They conc luded that  the only  engine in 
which this  was poss ible was a rotary  engine bas ed  
on the Wankel princ iple2.  

The Mazda rotary  engine rac ing team usually  

overhaul their engines only  at  the end of the 
season,  while their pis ton-powered compet itors  
generally  overhaul their engines after every  race 3.  

Mazda did experience an oil -sealing problem in 
their firs t  product ion engine.  The seal that  fai led 
was part icular to the oil  cooled rotor rotary  eng i ne  

des ign.  This  seal prevents  the rotor cooling oil  
from get t ing into the combust ion chamber.  Mazda 
was able to quick ly  solve this  by  changing the s ea l  

des ign and material.   

Freedom Motors  undertook numerous tes ts  of the 

OMC engine,  in which the rotor was modified to 
reduce heat  t ransfer to the rotor bearing,  while  t he  
intake and exhaust  sys tems were redes igned for 

max imum power.  These modified OMC engines 
proved very  rel iable in a number of applicat ions.  
The few engine fai lures that  did occur have been 

t raced to some external element  such as im p rope r  
or inadequate lubricat ing oil  or ingest ion of fo re i gn  
material through the intake.  These engines have 

been run for thousands of hours  but  due to 
experimental usage,  no one tes t  has exceeded 
hundreds of hours .  The tes ts  undertaken have 

been very  severe,  inc luding dynamometer tes t ing 
us ing an air-cooled rotor vers ion at  80 hp for over 
300 hours .  Charge cooled rotor vers ions of the 

modified OMC des ign produc ing 55 hp have been 
used in a number of manned and unmanned VTOL 
airc raft .  W ith over 200 fl ights  in an eight -engined 

airc raft  during s ix -plus  years  of fl ight -tes t ing,  the 
engines ran flawless ly ,  despite cont inuous ly  
operat ing at  very  near their max imum power.   

THE WANKEL ROTARY DESIGN IS WHAT 
MAKES THIS RELIABILITY POSSIBLE  

There are a number of features unique to the 
Wankel rotary  engine that  enhance its  rel iabil i ty  by  

minimiz ing wear and potent ial for component  
fai lure.   For example,  the only  rubbing surfaces are  
the seals .   This  differs  from the p is ton engine 

where the pis ton sk irt  is  inherent ly  forced against  
the cy linder wall by  the angled direc t ion of the 



connect ing rod.   Furthermore,  s ince the rotor 
rotates  at  one-third the output  shaft  speed,  the 

actual rubbing or seal s l iding veloc ity  is  modest .   A  
four-s t roke pis ton engine delivering 50 HP at  6000  
RPM has a maximum s liding speed of 

approx imately  50 feet  per second.   This  is  s imilar 
to the maximum s liding speed of the Rotapower 
engine,  however,  with a pis ton engine the s l iding 

veloc ity  goes to zero at  the top and bot tom of the 
s t roke.   This  tends to break the oil  fi lm and caus es  
substant ial wear of the cy linder at  those spo t s .   In  

the rotary  engine the difference between maximum  
seal speed and minimum seal speed is  relat ively  
small,  which helps  preserve the oil  fi lm 4.  

The enormous reversal of forces in the pis ton 
engine puts  a very  large inert ial load on the 

bearings.   This  is  handled in the four-s t roke pi s t on  
engine by the use of hydro-dynamically  lubricated 
main bearings that  provide some cus hioning effec t .  

Hydrodynamic  bearings,  however,  have 
s ignificant ly  higher fric t ion losses than do rol ler 
bearings.   Roller bearings do not  tolerate a 

revers ing load and this  accounts  for bearings being 
a major fai lure mode for two-s t roke engines where 
they are generally  required.   The Rotapower 

engine uses rol ler bearings but ,  due to its  pure 
rotary  mot ion,  the bearings never see a damaging 
load reversal.  

Finally ,  the few moving parts  (two in a s ingle - ro t o r  
Wankel-type rotary  engine) great ly  reduce the 

number of parts  l ikely  to fai l .   A four-s t rok e  p i s t on  
engine generat ing the same ins tantaneous torque 
characteris t ics  could have as many as 38 moving 

parts .  

THE ROTAPOWER ENGINE IMPROVES ON THIS 

LEGACY OF RELIABILITY 

Freedom Motors  acquired the rotary  engi ne asse t s  

of OMC in 1985.   While the OMC rotary  had proven  
to be surpris ingly  rel iable in the snowmobile 
applicat ion,  i t  had poor fuel consumpt ion and 

generated large amounts  of unburned hydrocarbon  
emiss ions.   In addit ion,  i t  was not  an engine 
des igned to operate in condit ions of elevated 

ambient  temperature.   In the rotary  engine the 
power s t roke always occurs  at  one point  in the 
cyc le and,  unlike the pis ton engine,  i t  never sees  a  

cooling charge.   This  makes air -cooling the 
hous ing somewhat problemat ic  except  at  low 
power.   The OMC engine used an air -cooled 

hous ing which survived in winter-l ike condit ions 
while us ing as much as 10% of i ts  power to drive  a  
cooling fan.   OMC did use a charge-cooled rotor,  

which was an economically  at t rac t ive alternat ive t o  
the oil -cooled rotors  used by Curt iss -Wright /John 
Deere/RPI or Mazda.   Both RPI and Mazda 

achieved rel iable engines,  but  the oil -cooled rotor 
was an expens ive approach because of hardware 
costs  and with 10% of i ts  power being used to 

provide this  rotor oi l  cooling.   The OMC des ign 
approach to charge-cooling the rotor did pres en t  a  

problem because as their intake charge passes 
across the rotor i t  cools  one s ide more than the 
other.   This  results  in the rol ler bearing race 

becoming tapered.   A tapered rol ler bearing 
generates rotor end thrust  and consequent ly  higher 
end hous ing wear,  as  well as  bearing end loading 

which also accelerates bearing wear.   Freedom 
Motors  developed a patent  pending induct ion/rot o r  
sys tem that  cools  the rotor evenly .  

Freedom Motors ,  through its  acquis it ion of the 
OMC engine technology,  benefited great ly  from the  

est imated $100+ mil l ion (in today ’s  dollars) spent  
by  OMC developing this  technology.   It  provided a 
firm proven foundat ion to build on and inc luded a 

large number of engines  and hardware to use 
during the experimental port ion of i ts  engine 
development program.  

THE ROTAPOWER ENGINE HAS A UNIQUE SET 
OF ATTRIBUTES 

Freedom Motors  set  out  to create a rotary  engine 
based on the Wankel princ iple that  would achieve 

the fol lowing:  
1. Use a l iquid-cooled rotor hous ing in order to

not  l imit  the potent ial power output .   The s ingl e

rotor engine has been endurance-tes ted at
over 80 horsepower.  The original OMC engine
produced 42 horsepower in cold weather.

2. Cont inue to use a charge-cooled or air-cooled
rotor because of i t 's  s implic ity  but  develop
ways to isolate the rotor bearing from the

combust ion heat  at  higher power levels .
3. Make the des ign modular so that  the engine

can go from one to a number of rotors  by

changing only  the through-bolts  and adding a
s ingle cast ing between each pair of rotor
hous ings.

4. Eliminate any temperature differences across
the rotor in order to lengthen engine l i fe.

5. Int roduce component  changes,  inc luding dual

spark  plugs,  to improve emiss ions and reduce
fuel consumpt ion.   This  led to a patented
thermal coat ing,  developed by the company

under a previous NASA contrac t ,  and current
combust ion chamber improvements  tak ing
place under a U.S.  Army contrac t .

6. A des ign that  injec ts  metered oil  direc t ly  t o  t he
crit ical rotor bearing,  prior to being channeled
to the apex seals ,  by  way of the rotor s ide

seals .   This  el iminates either pre-mix ing
lubricat ing oil  with the gasoline l ike OMC or
injec t ing oil  into the intake l ike Mazda.   Bot h  o f

these lat ter methods result  in oi l  in the
incoming charge where it  is  less  effic ient  in
lubricat ing and consequent ly  ends up as

unburned hydrocarbons that  also increase
part iculate product ion.
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7. A des ign that  can use any fuel inc luding diesel,
natural gas,  and alcohol,  as  well as  gasoline.

All of the above has been achieved without  
increas ing the complex ity  of the original very  

s imple OMC des ign.   The fundamental difference 
between the Rotapower engine and the Mazda or 
RPI engines is  the complex ity .   The cost ,  volume 

and weight  are very  much less i n the s imple 
Rotapower des ign and product ion cost  is  
comparable to that  of a two-s t roke engine,  based 

on the previous experience of OMC with their 
fundamentally  low-cost  des ign.  

Freedom Motors  is  concentrat ing on spec ific  
markets  where its  530cc displacem ent per rotor 
engine is  immediately  at t rac t ive.   These inc lude 

recreat ional  applicat ions and APU elec tric  power 
generat ion.   All  the components  are in place to 
generate mult i -rotor vers ions of this  engine as 

required for higher horsepower applicat ions.  
Charge cooled rotor vers ions of the Rotapower 
engine generate 50 HP per rotor.   Proprietary  roto r  

vers ions can generate 125 HP per rotor.   A four-
rotor,  long-block model that  measures 11” in 
diameter and less than 26” long weighs 

approx imately  150 pounds wit h al l  accessories  and  
is  capable of produc ing 500 HP us ing alcoho l  as  a  
fuel.  
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