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Abstract

A quadrilateral with four invariable lengths of sides has the characteristic of transforming the variation of the diagonal length to the
variation of its interior angle. Thus, the combination of two quadrilaterals with a cam forms the differential velocity drive mechanism
(DVDM) of a novel twin-rotor piston engine (TRPE). The DVDM restricts the two coaxial rotors to rotate with periodical but nonuni-
form velocity, and the volume of working chambers created by the adjacent vane pistons of the two rotors alternately expands and then
contracts. The volumetric change of working chambers is used to generate the four-stroke engine cycle. The kinematic model and the
detailed position, velocity, and acceleration analysis results of the TRPE are presented. The results show that this novel engine, associated
with the advantages of higher uniformity of torque and power density due to multiple power strokes per revolution of the output shaft, has

a compact and totally balanced design.
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1. Introduction

The reciprocating piston engine provides the power for
transport on land, sea and in the air in greater numbers than
any other devices [1]. Most of the improvements on recipro-
cating engines have been associated with fuels [2], lubricants
[3], materials [4], and most significantly, the process of get-
ting the fuel and gases in and out of the cylinder [5-7]. But the
basic internal layout of crankshaft-connecting rod-piston
mechanism, which is derived from steam engine practice, has
never really been challenged. In reciprocating piston engines,
the pistons must stop and reverse direction four times per
revolution of the output shaft in a four-stroke engine. Those
engines also require rather complex valve systems. Thus, in-
ventors from all over the world have been proposing many
novel engines to reduce the inherent disadvantages of the re-
ciprocating engine [8-11].

Efforts to develop rotary internal combustion engines also
have been undertaken in the past [12], and are continuing [13-
16]. One main advantage with a rotary engine is reduction of
inertia loads and better dynamic balance. The Wankel engine
is the most famous one which achieved a little production
success [17]. It can provide one power stroke for each revolu-
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tion of the output shaft. Its sealing problems, poor combustion
conditions, and the complex manufacture and repair haven’t
been properly solved until now.

Currently, under the demands of high power density and
high efficiency, the oscillatory rotating type engine [18] has
gained the most rapid development. Librovich [19, 20] pro-
posed a novel rotary vane engine which uses non-circular
gears for torque transmission. Cheng [21, 22] studied the ec-
centric circular-noncircular gear driving system of a differen-
tial velocity pump. Liang [23] proposed a rotary engine with
two rotors and its design method. Chun [24] used the half
rounded gear to alternately lock and unlock the rotors of his
rotary engine. Sakita [25, 26] described his cat-and-mouse
type rotary engine and its performance evaluation. Mikio [27]
utilized grooves and rods for power conveyance in his cat-
and-mouse type rotary device. Wieslaw [28] revealed a new
oscillating engine concept. Shih [29] analyzed the kinematics
of the cycloidal internal combustion engine mechanism. It
appears from the published literature that all these proposals
have unbalanced mass and various disadvantages.

In this study, a cam-quadrilateral mechanism for power
transmission on a twin-rotor piston engine (TRPE) is patented
[30, 31] and introduced. Compared to available piston engines,
it can provide significantly more power stroke per output shaft
rotation, and has a compact and totally balanced structure. The
kinematic modeling and analysis of the TRPE are discussed.
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The analysis results are presented to demonstrate the main
motion characteristics of the engine.

2. Structure and work principle of the TRPE

The simplest type of the TRPE is shown in Fig. 1. The basic
mechanical structure of this engine, without considering the
combustion system, cooling system, and lubricating system
temporarily in this paper, includes the two major assemblies,
an energy conversion system (ECS) and a differential velocity
drive mechanism (DVDM).

ECS has two identical opposed rotors, the former rotor and
the latter rotor. The rotors are intersected mounted and en-
closed in a stationary ECS housing. In operation, the two ro-
tors are driven by an expanding ignited gas and rotate about a
common axis in the same direction as indicated by arrows
shown in Fig. 1(a) to convert heat energy into mechanical
energy.

In general, the engine has 2N (N is a natural number) sec-
toral vane pistons in total. Vane pistons are radially attached to
the rotor hub of each rotor. In a preferred embodiment as
shown in Fig. 1, each rotor has four vane pistons. The vane
pistons on the former rotor are designated “Y,” to “Y,”, and
the same on the latter rotor are designated “L,” to “L,”. Vane
pistons extend the full width of the housing, and these eight
vane pistons divide the ECS housing into eight separate work-
ing chambers. Each of the working chambers, denoted by I ~
VII, is located between a vane piston on the former rotor and
its adjacent vane piston on the latter rotor. Such that at any one
time, one set of four separate working chambers is close to-
gether while the other set is wide apart.

Intake and exhaust ports are provided at a fixed angular po-
sition relative to the ECS housing. In the case of the spark
ignition engine with four vane pistons per rotor, See Fig. 1(a),
two ignition devices (P, Pip), two intake ports (P, Pip),
and two exhaust ports (P, Pe) are radially located at the
circumference of the ECS housing. Each stroke commences or
completes while any working chamber travels close to the
ports.

DVDM interconnects the two rotors and causes them to al-
ternately speed up and slow down at certain time. This oscil-
lating rotary movement of the rotors is controlled by a cam-
quadrilateral mechanism in this paper. The quadrilateral with
four invariable lengths of sides has the characteristics of trans-
forming the variation of the diagonal length to the variation of
its interior angle. Based on this principle, and for a totally
balanced structure, the preferred embodiment of a DVDM is
shown in Fig. 1(b). The main part of the DVDM is the combi-
nation of two quadrilaterals with a cam. A quadrilateral is
denoted by OABC. As the length of diagonal OB is increasing,
the angle between O4 and OC is also increasing respectively,
and vice versa.

In particular, the DVDM consists of a stationary cam, an
output stick, two rockers, two sliders, four connecting rods,
and a stationary DVDM housing. The DVDM housing is co-
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Fig. 1. Scheme of the TRPE with four vane pistons per rotor: (a) ECS;
(b) DVDM; (c) assembly view of ECS and DVDM, housings are not
shown.

axial with and affixed to the ECS housing. The output shaft is
rigidly connected to the output stick (OB). As the output shaft
rotates, the slider (B) moves constrained by the output stick
(OB) and the curved groove on the cam simultaneously, i.e., it
will rotate about and move toward and away from the center
(O) alternately. This special motion of the slider (B) creates
the periodic oscillation of the relative angular velocity be-
tween the former rocker (OC) and the latter rocker (OA4). As
the former rotor is rigidly connected to the former rocker, and
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the latter rotor is rigidly connected to the latter rocker, the
rotors are constrained to move with the same variable oscilla-
tory rotation at a different pace. This type of relative motion
between the rotors generates the volumetric change within
each working chambers and creates the four—stroke cycle.

3. Mathematical modeling of the TRPE
3.1 Kinematic modeling of the TRPE

As the rockers are fixed to, and thus represent the kinematic
characteristics of the respective rotors, the kinematic relation-
ship between the output shaft and the rotors can be obtained
from the kinematic model of DVDM. The initial position of
TRPE and positive direction of x— and y- coordinates are de-
fined and shown in Fig. (2); TRPE is a one degree of freedom
planar mechanism. Assume the quadrilateral OA'B'C' is de-
signed as the same with O4BC for balance and strength. Thus,
it is enough to analyze the motion pattern of one quadrilateral.
11~y is, respectively, the length parameters of the quadrilateral
OABC, and all angles are measured from the x—axis in the
counter-clockwise direction.

p s defined as the distance from the rotation axis of the
output shaft (O) to the center of the slider (B). In this paper,
the variation of p is presumed to be a cosine function,
which has the expression as follows:

p=a+bcos(Nb,), 1)

where ¢, is the angular position of the output shaft (OB), a
and b are two arbitrary constants, and ¢ must bigger than b
for p > 0. The minimum of p is equal to (a-b), and the maxi-
mum is equal to (a+b), and the amplitude of variation is equal
to 2b. Based on the length law of triangle, the maximum of
p should be satisfied to two inequalities
a+b<l+1,
{ : @
a+b<l+1

Accordingly, coordinates of the slider (B, and By) which
traces a groove curve, can be expressed as:
B, =[a+bcos(NG,)]cos(6,) 3

B, =[a+bcos(NG,)]sin(6,) ®)

Apparently, groove curves generated by Eq. (3) are a peri-
odic function, and its period 7'is equal to

T=2n/N. “)

Fig. 2(a) shows a groove curve with N = 4, and its period is
equal tomw/2. It means that as the output shaft rotates one
revolution, the slider (B) will alternately move toward and
then away from the center (O) four times.

As shown in Fig. 2(b), the angular positions of the two

Groove curve

@
066,09
®)

Fig. 2. Definitions of coordinates and angular position of kinematical
modeling of TRPE: (a) initial position; (b) definitions of the angular
positions.

rockers can be easily expressed as:

{'91 :90_‘910 )

6, =6, + 0,

where 6,,and 6,, are the relative angle between the respec-
tive rocker and the output rod, which can be deduced by law
of cosines:

) )
cos(6,0) =[(1)* + p* = (1,)’1/ 2L,p

{cos(em) =[(L) +p* = (1)1 2Lp

Assume the output shaft rotates at constant angular velocity,
ie., 6y=wy (rad/sec), and a,=0. So the angular veloci-
ties of the two rockers (or the two rotors), « andw,, are
obtained by differentiating Eq. (5) with respect to time, t, and
can be expressed as:

{0)1:0’0_“’10 )

Wy = @y + Wy,

where @, and w,, are derived by differentiating Eq. (6), and
can be expressed as:
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_ p(lcos6, —p)
Lpsing,,

_ p(l,cosby, — p)
l,psinb,,

0
®)

20

where p=dp/dt=-bNsin(N6,).

Similarly, the angular accelerations of the two rockers (or
the two rotors) ¢, and &, , are obtained by differentiating Eq.
(7) with respect to time, and can be expressed as:

Pl cosb,y, — p)
0 =0y = 7} 0
\psing,

+ P(p* @10 c08 By — 1 5in G cos b, — 1, peyy)
plsin*(6,y)
P, cos6, — p)
Ay =0y = 75 —20
L,Psinb,,

()

i PP’ @y 08 Oy — 1y i Oy €05 Oy — L, Py )
Pl sin®(6y)

where p=d?p/d* =-bN?cos(NE,) .

3.2 Power density of TRPE

The shape of the hypocycloidal curve is mostly determined
by the parameters N. As shown in Fig. 3, there are many
groove curves that can be applied as the trajectory of the slider.
N is equal to the number of petals on the curves, and it also
means that the slider (B) will alternately move toward and
then away from the center (O) N times as the output shaft
rotates one revolution. To sufficiently utilize the N oscillations
and assure intake and exhaust ports positioned at a fixed angu-
lar relative to the housing, the number of vane pistons on each
rotor should be equal to N. N may vary from two, the mini-
mum number required to achieve a complete four-stroke cycle,
to twelve, which is the maximum number that the rotor can
accommodate, and is chosen based on the specific strength
requirements, the adopted thermodynamic cycle, and other
design considerations.

If the TRPE is adopted to be a spark ignition engine with
four-stroke cycle, then N must be an even number, and the
engine’s configuration includes 2N vane pistons, 2N working
chambers, N/2 ignition devices, N/2 intake ports, N/2 exhaust
ports.

As one oscillation means a contraction and an expansion
phases for each working chamber, thus in one revolution of
the output shaft, each of 2N working chambers completes N/2
power strokes. Thus, the number of power strokes per revolu-
tion of the output shaft is equal to

C=N". (10)

The respective ones of the four cycles are carried out simul-
taneously in each N/2 spaced working chambers. So TPRE

Fig. 3. Three sets of groove curves for the TRPE with N =2, 4, and 6,
respectively.

mechanism also provides a balance of pressure forces within
the 2N working chambers, and increases the power density of
the engine due to multiple utilization of the working space of
the housing.

3.3 Compression ratio and engine displacement

As shown in Fig. 4, § is the relative angle of the adjacent
vane pistons, which can be expressed as:

6=0,-6 -p an

where [ is the span angle of the vane pistons, 6, and 6
are the angular positions of the rotors. It is a valid assumption
that the vane pistons are identical and have the same £ in
this paper. So

2= NS, +6,..)
— min max 1 2
g o (12)
where o and & are the maximum and minimum of & .

max min

The volume of working chamber I, V, is proportional to &

y_l(dy)" —(d)'Jhs (13)
8
where d, and d, are the diameter of the inner and outer
wall of the working chamber, 2 is the depth of the working
chamber in the axial direction.
Thus, it has an extreme with respect to time when

dv doé
—=0—=0d6, =db, . 14
i 7 v L (14

For a greater and more complete intake, it must start at the
smallest value of the volume between two vane pistons and
finish when this volume reaches the maximum value. The
same statement is valid for all other regimes (intake, compres-
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Fig. 4. ECSat 6, =n/4.

sion, combustion, exhaust). Therefore, each regime must start
and finish when dé@y, = dé, , i.e., the two rotors have the same
velocity when the working volume reaches its maximum or
minimum.

Taking the working chamber I for example, Fig. 1(a)
shows the working chamber I reaches its minimum at
6, =0; Fig. 4 shows the working volume I reaches its maxi-
mum at 6, =n/4. As each of the two rockers is fixed on a
respective rotor, d@, =d6, also means @, = ®,, i.€., the two
rockers have the same velocity when the working volume
reaches its maximum or minimum. So as the output shaft ro-
tates from 0 to =/4, the former rotor rotates an angle of

S+ Oax » and the latter rotor rotates an angle of S +6,,, ; it
can be expressed as:
/4
ﬂ+ 5max = I wldgo
: (15)

/4

B+ 5= | @,d6, .
0

The two rotors rotate the above two angles alternately. With
Eqgs. (12) and (15), it is easily concluded that

/4
_[ (a)l _a)z)deo = 5max - §min
- (16)

j (@, +@,)dB, = 2n
: N

That means the variation of relative angle of the two rockers
isequal to S, — S, ,» and the summation of the angles cov-

ered by the two rockers is always equal to 2n/N . The phe-
nomenon can also be seen in Table 1 below.

700 691

--+-8,
600

500 s

400 ¥ 389

——

331F
300

200 /"

0 90 180 270 360
Output shaft angle 6, / (*)

Angular position 6,8, /(*)

Fig. 5. Angular positions of the former and the latter rocker versus the
output crankshaft angle.

The compression ratio of the engine, & , can be expressed as:

|8 o,
& =—max _ Zmax 17
Vmin é‘min ( )

Similar to the displacement definition of the conventional
piston enginem, the displacement of the TRPE engine, Q.,, is
the gas volume exhausted from the 2NV working chambers per
revolution of the output shaft, which can be expressed as:

_N@-NpP(dy)* ~(d)’Th(s ~1)
Qex - 4(5+1) . (18)

4. Kinematic analysis of the TRPE

For simplicity, it is valid to assume that the length parame-
ters of the four components of the quadrilateral are identical,
i.e., ;=b=l=I,=I. This assumption assures the TRPE is not
only a balance but also a symmetry mechanism. However, the
above kinematic modeling of TRPE establishes a more gen-
eral situation considering optimization on manufacture, de-
formation, and transmitting power.

4.1 Position analysis of the TRPE

As an example, set N =4, a = 120 mm, b =20 mm, / = 40
mm to demonstrate the characteristics of the motion of TRPE.
Substituting these parameters into Egs. (5) and (6), the varia-
tion of the angle of all components can be obtained. Fig. 5
shows a plot of angular position of the former and the latter
rocker, versus the output shaft angle. It will be noted that the
angular position of the rockers (also the rotors) varies with a
cyclic rotary motion superposed on uniform rotary motion.
The motion of the two rockers has many similarities. On the
one hand, the rockers rotate with the same pattern but at dif-
ferent paces, i.e., one rocker accelerates while the other rocker
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Table 1. Comparison of angles at max/min relative angle of the two
rockers.

Angular position (/o ) Gy 6, 6,
Initial position 0 331 29
. ) 90 421 119
The angles at min relative 1 1 5
angle of the two rockers 80 > 09
270 601 299
45 354 96
The angles at max relative 135 444 186
angle of the two rockers 225 534 276
315 624 366
Final position 360 691 389
105 :
102
100 \ /\

Vo)
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95 /
/
|

___,-./
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_—-.—-"/
Comp.
Power

L

—

Intake
—
—

85

80/
75!
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/

———
I
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[
[
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[
[

e
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———

\
[
\
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65 /
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55 15 90 135 180 225 270 360
Output shaft angle &, / (*)
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Fig. 6. The relative angle between the two rockers versus the output
shaft angle.

decelerates. On the other hand, the rockers continuously rotate
in the same direction, and one revolution of the rockers (one
rotates from 29° to 389°, the other from 331° to 691°) is
equivalent to one revolution of output crankshaft (from 0° to
360°).

Table 1 shows a comparison of angles at max/min relative
angle of the two rockers. It can be seen that the variation of
the output shaft angle between two adjacent max/min relative
angle of the two rockers is equal to 2n/N (in this example N
=4, i.e. =90°, similarly hereinafter), and the variation of the
output shaft angle between the max and the min is /N . In
addition, in the output shaft’s each rotation angle of @/N , the
summation of the angles covered by the two rockers is always
equal to 27/N . In this example, the two rockers rotate 23°
or 67 alternately. Thus the summation is 90° and the differ-
ence is 44° . It also can be deduced that the variation of rela-
tive angle of the two rockers is equal to 44 ° .

As shown in Fig. 6, the variation of the relative angle of the
two rockers has the period of 27/N .

Obviously, working chambers reach their maximum vol-
ume at the peak or valley of curves. At the peak of relative

1.8

/
{
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H
H ! !
8 \
{ ' { ! H \
i § :
i i 7 { i i H
r [ k i ¥ i §
H { p { i { f
/ i i
3 ! ! ; i
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h i | H 1 H i H
] | i H 3 H i {
- i T (] 1 T T
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1 1 1 i 1 i h I
Vi) [ Voo Voo
P, ) Vod Voo
0.4 o L . .
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Vi \_4' W/ S
180 270 36
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Output shaft angle 6, / ()
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° o
5 s &
e S

0

Fig. 7. Angular velocities of the former and the latter rocker versus the
output crankshaft angle.

angle curve (6, =90’k , k=0,1,2, ---), the working chambers
denoted by an odd number (I, III, V, VI) are at the start
of intake or power cycle, while other working chambers are at
the end of intake or power cycle, and at the valley of the curve
(6, = 45"k ), the working chambers with an odd number are at
the start of exhaust or compression while other working
chambers are at the end of exhaust or compression.

4.2 Velocity analysis of the TRPE

The angular velocity of the rockers (or the respective rotors)
can be obtained by assuming the angular velocity of the output
shaft @, =1(r/min). As shown in Fig. 7, the rockers (or the
rotors) alternately speed up and down, varying from maxi-
mum to minimum or from minimum to the maximum four
times during one revolution of the output shaft. The rotational
speed of each of the two rockers is a near sinusoidal motion.
This periodic variation for the two rockers being out of phase
causes the volume of each of the eight working chambers to
alternately expand and reduce. Both of the two rockers have
the same average speed and the same speed when the chamber
volume reaches its minimum or maximum, which are equal to
the speed of the output shaft.

4.3 Acceleration analysis of the TRPE

Assume @, =1(7/min) and «,=0, the angular acceleration
of the two rockers (or the two respective rotors) is illustrated
in Fig. 8. Unlike angular velocity, the two rockers exhibit
different patterns of angular acceleration. However, the two
curves are symmetrical about the zero acceleration line, so the
maximum and minimum angular accelerations of two rockers
occur at the same output shaft angles, i.e., when a rocker
reaches its maximum angular acceleration, the other rocker
reaches its minimum angular acceleration, and vice verse. As
the angular acceleration is proportional to the inertial moment,
so the inertial forces generated by the two oscillations of the
rotors are also equal to zero. In addition, all components in
TRPE are arranged symmetrically. Therefore, the TPRE is a
totally balanced mechanism statically and dynamically.
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Fig. 8. Angular accelerations of the former and the latter rocker versus
the output crankshaft angle.

4.4 Compression ratio and displacement of the TRPE

According to Eq. (16), the variation between the maximum
and the minimum of relative angle of the two rockers
( Opax —Omin ) 1s determined by the given parameters of
DVDM. Then, if the span angle of vane piston () is pre-
sumed as a known parameter, associated with Egs. (15), (17)
and (18), the compression ratio and displacement of the en-
gine will be derived, which is shown in Fig. 12. In fact, on the
one hand, the higher the value of the compression ratio, the
higher the magnitude of the efficiency of the engine, On the
other hand, Fig. 9 shows that the variation of compression
ratio has the opposite direction to the variation of the dis-
placement, which reflects the capability of output power of the
engine when the span angle of vane piston increases. Assum-
ing d, = 300 mm, d; = 150 mm, h = 80 mm, so with the above
parameters, the span angle of vane piston f should be de-
signed to be 18"; accordingly, the compression ratio ¢ is 10.6,
and the minimum of the relative angle of the adjacent vane

pistons &, is 4.6",and the maximum &, is 49.4°.

5. Statics analysis and experiment

The slide is the key part of TRPE which has the most com-
plicated force condition such as: The link force (F ) from the
connecting rod, the contact force ( Fy, ) and the friction force
( F;, ) between the slide and the output stick, the contact force
( Fy,) and the friction force ( £}, ) between the slide and the
cam.

The forces would be different under each stroke. Taking the
slide in the combustion stroke, for example, the forces of the
slide undergone are shown in Fig. 10. Then, the balance equa-
tion is

{FM = Fysina — Fy, cosa 19

—Fy, +2F cosOp = Fy,sina + Fy + Fpycosa

where @ is defined as the relative angle between the
rocker and the output stick. « is defined as the angle be-

20 T v . 500

[ O=¢ |

T2

480

C

460

Compression ratio £
displacement 9./ (L)

is

1 17 18 19 264
Span angle of vane piston /(")

Fig. 9. Compression ratio and displacement of the engine versus span
angle of vane piston.

Fig. 10. Statics analysis of the slide in the combustion stroke.

tween the output stick and the tangency of the cam groove.
Based on the definitions and Fig. 10, the two angles above
can be expressed as:

{93 =acos(p/2l) 20)

a=p-0

where f, is defined as the relative angle between the tan-
gency of the cam groove and the output stick and the axis x
shown in Fig. 2(a). So, with Egs. (1) and (3), it can be calcu-
lated as

tan §, = pcosf+ psind

. 21
—psinf + pcosd @)

Obviously, these above forces always exist: F, = f>Fy; ,
Fy = fifn, Fy = mpw’ , where m is the weight of the slide.
For simplicity, F, can be ignored as the speed of the slide is
slow.

F s related to the output gas force which can be calcu-
lated in due course. F), is regarded as the output load. So

2F cosby

F.. =
N1 fa"'/i

22)

where f,, = (sina + f,cosa)/ (f,sina —cosa), when a =0,
f,=—f,,when a=90", f,=1/f,.
Set F =1000 N, other parameters are set as shown in Sec.
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Fig. 11. The prototype of TRPE: (a) engine assembly; (b) its DVDM.

4.1. Eq. (19) can be deduced. Fj, is equal to 1200\ at the
begin of the combustion stroke, then Fj, will increase to
1300/ and then decrease. F), is equal to 200N at the start of
the combustion stroke , it also will increase and then decrease.
Thus the two contact forces is so big as the slider need to be
designed with special structure and material.

To validate the working principle of TRPE, the prototype of
TRPE is manufactured as shown in Fig. 11. It is compact and
manufactured and assembled by module. Each rotor has four
vane pistons. This engine has 16 power strokes per revolution
of the output shaft. It works smoothly at a low speed. How-
ever, vibration of the engine is serious at a high speed over
1000 rpm. The main reason of vibration is probably the proc-
ess preciseness of the cam.

6. Conclusions

The basic structure and working principles of TRPE were
presented. The analysis results indicate that the TPRE engine
performs the four—stroke cycle without using the valve
mechanism, and reduces vibration noise due to totally bal-
anced parts, and should be able to generate higher power den-
sity due to multiple utilization of work space and higher uni-
formity of torque due to multiple work strokes during one
revolution. Furthermore, with this special cam—quadrilateral
mechanism, the compression ratio of the TRPE engine may be
easily adjusted by adjustment of the side length of quadrilat-
eral, so it can also operate with optimum efficiency using a
variety of fuels and atmospheric conditions.

The optimization of structure parameters requires further
investigation, detailed consideration of hitherto sealing be-
tween the vane pistons of the rotors and the walls of the cylin-
drical housing, and thermodynamics analysis of the TRPE is
also needed in the future.

Nomenclature

: Number of vane pistons per rotor

: Period

: Length of diagonal of the quadrilateral
: Length of side of the quadrilateral

: Angular position

: Angular velocity

82T N =

]

: Angular acceleration

: X-coordinates of the slider

: Y-coordinates of the slider

: Arbitrary number

: Relative angle of the adjacent vane pistons
: Span angle of the vane pistons

= =
<K

S

: Number of power strokes per revolution
: Volume of the working chamber

: Depth of the working chamber

: Diameter of the inner wall

: Diameter of the outer wall

.« Engine displacement

0,00, : Relative angle

@y 0, : Relative velocity

a0ty : Relative acceleration

6,6, : Angular position of the rotors
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