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Abstract. The article discusses a rotory-vane heat engine with a lever-cam mechanism motion conversion (an engine
may be an internal combustion or external combustion). The output shaft of the engine adds drive torque from the
working fluid pressure forces acting on the blade and the inertial moment of the forces of inertia of engine components.
The mechanical strength of the motor is dependent on the magnitude and phase of these two torque. The purpose of the
article isto determine the conditions under which mechanical strength is minimized.
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I. INTRODUCTION bladesM,, =-M,,, which depend on the output
It is known that internal combustion engines have gy 54t angle.
almost reached the limit of their energy and  The tops rhomboid are rollers. The rollers contact
environmental ~characteristics. Therefore, it s yith g stationary profiled cam surface. Rhomboid is
necessary to develop engines of a new generationyotion transformer. It converts cyclic motion oeth

ponstructeq using other des[gn schemes  anq);,q4e (within the angles/, v, between them)
implementing new thermodynamic cycles. To solve, L X
nto a unidirectional rotation of the output shathus

this problem rotor-vane machines with external heat tted f he blad
supply can be used. transmitted torque from the ades. Torque

The Fig. 1 shows the engine component diagram transmission from rhomboid to the output shaft
' " occurs via linear bearings.

To the output shaft of the engine is attached d loa
e torque M.

The motion transformer uses a cam profile which
in polar coordinates, « is given by [1]:

p(a)=2sin@+bsin2 ), (1)

where 2l — rhomboid link length, a=r/4;
b=7nl4-y,.,/2, wherey,  — angle between the
axes of the blades (usually,,, = 50° —55 ).

The vane angles change in a law:

Fig. 1. Engine component diagram. 3
9 9 P g (ol(a):—”+a+bcos2x,
. . - . 4

The engine consists of a driving part, motion x 2)
converter, output shaft to the flywheel. The driyin ¢2(a):—+a—bcoszx.
part consists of two coaxial rotors. Each rotor ties 4
blade of the two diametrically opposite vanes )
(pistons). Also, the rotors have forks with two  The dynamic system has one degree of freedom,
diametrically arranged fingers. The fingers are because position of all elements is determined by one
pivotally connected to the midpoints of the sidés o coordinate — output shaft angte _
the rhomboid links. The pressure of the workingdflu ~~ The motion equation of the system can be written
between two adjacent vanes create moments on thi@ the form of Lagrange second kind equation:
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doT oT Four roller rhomboid has kinetic energy
— =My -M, 3)
dtoa oo
T, zidzst|2(1+ 20° - 20 cos&)  (9)
whereT — the kinetic energy of the systefdt . — 2

the drive torque at the output shalt — the load

torque. where m; — mass of one roller.
Equation (3) can also be written as an kinetostatic The kinetic energy of the four linear bearings
equilibrium equation: include of the kinetic energy of rotational motion
1., N .
L, +M,, —M =0, 4) T _Ea 4], and kinetic energy of translational

. _ 1 2 2
where L, — motor torque inertia forces applied to the M°1ON T —52”13 (W +\), where V,,V, -

output shatft: absolute tops speed rhomboid A andrg;, J,; —
mass and moment of inertia of linear bearings. We
L __[(daoTr_oT obtain
2 = ; : (5)
dtda OJa .2
Te=7a"-
II. TORQUEOFINERTIA FORCES ’ (10)
. 2 _
The kinetic energy of the system includes the [4JLB+8m“B| (1+ x - COS&)J

kinetic energy of the two bladég, four links of the
rhomboid T_, four rollers rhomboidT,, four linear
bearings with fingersT;, output shaft with a
flywheel T :

Flywheel together with the output shaft has a
kinetic energy:

T, =%d2 3, (11)

T=T+T + T+ T+ F. (6)  where J. — moment of inertia of flywheel together

with the output shaft.
Rotors carrying blades, make a rotary motion  Summing up the values of the kinetic energy (7) —

around a fixed axis with angular velocig, ¢,.  (11), we obtain the kinetic energy of the engine:
Kinetic energy of rotors carrying blades

To=Ja(@f+92)/2, where Jy=Jy=J;, - T :%dz I(@), (12)
moments of inertia of the blades Bl and B2;

¢ =a(1-2-sin2r) ; ¢, =a(1+ - sinZ) where J(a) — moment of inertia of engine referred to

the output shaft. Moment of inertia includes fixat
T, :EO'!ZZJB(]:F W AP cos&) ) variable components
2
J(a)=Jd:.—J,cosdx . (13)
Links rhomboid make plane motion, so their

kinetic energy is the sum of the kinetic energiethe There areJ. — permanent component, —

translational and rotational motions: , . . .

) ) ) ) amplitude of the harmonic component with a period
T =[m(2+2\,)+ J(i+209) )12, where o 1o
m,, J, — mass and moment of inertia about the central Jo=Jd +4J,+ 2(1+ 2&).

) _— o . (14)
axis of one link;V,,, V., — linear velocities of the '[JB+2(“1|2+ J1)+4I2(rrk+ ”13)]§
centers;Q,,Q, — angular velocities of the centers , ,
links 1 and 2. Given that Jy =4b |:‘]B +2(mF+ 3)+4F(m+ ”L‘B)J . (15)

Vc21+chz:dz|2(2+ 4b? — 4p? cos&) Expression for the given moment inertia of the

engine is:
Q7 +Q} =a”(2+40°— 4o° cos &)

e
T =Za*a(mF+ 3)(1+ 26 - 25 cose)] (@ L =-a"2)y sindx-d(Jo- 3 cos4)  (16)
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Ill. DEFINITION OFDRIVE TORQUE

Torque of gas pressure forces on the blades

Mg, =—M,, transmitted through the cam motion
transformer to the output shaft create a driveuerq
MDT

Work of drive torque at the elementary move

SA(Mpy; ) =My 8 must be equal to work of
torques on the vanes
5A( Mg, Mg ) M09, + Mg 50,

The angles of the vaneg, and ¢, increment

d(Pz 5(1,
da

or using (2),

5;01:%5(1 and Sp, =
o

S, =(1- Dsinzx)da,  p, =(1+ 2bsinx)da .
Moments on the vanes make work
SA(Mg, Mg, )=
Mg, + Mg, +2b(Mg, — M,) sin2x]6c.
Are equal, so the work of the driving torque and
torque on the vanes (includiniyl,, =-M,, ) we

obtain an expression for the type of drive torque
Mpr (o) =4bMy, (a)sin2x . a7)

It is periodic function of & with period

T =12, which can be expanded in a Fourier series,

and represented in the form
Mo (a)=M,+
Acos4r+ A cos&+ A cosk2+...+

B,sindx + B, sin& + B, sinl2 +...
where

(18)

1T
Mo :?IM DT (a)da,
0

=—J‘MDT )cosk 4x der
J'MDT a)sin 4ka der
(k=1,2,...)

M, is the average value ofl,; («) for the

period, which is a useful driving torque, whichtle
product of the angular velocityp=¢ equal to
engine powerN = M, @w. The remaining terms, as a

harmonic function of the shaft angle=wt, are

IV. TORQUEONTHE OUTPUTSHAFT

In the steady state acceleratian=0, the
angular velocity @ = w =const and the angle of
rotation of the shafx = w .

Inertia momentL,, defined by (5) takes the form
=-w’2J, sin 4ot.
Torque at the output shall; equals the sum of
the drive torqueM, defined by (18), and the
inertial momentL, :
Mg=M +L,=

L,

- 19
+(B,-23,0°)sin4w t+ M (), (19)
where indicated
M (t)= Acosdot+ A cosBt+...+
B, sin4wt+ B, sin&t+...
When the condition
B -2J,0°=0 (20)

is compensation by inertia forces the most sigaiftc
component of the disturbing drive torq@gsin 4wt
and, consequently, to minimize the mechanical
strength of the engine.

It follows that the design of its engine parameters
should be selected so that the nominal angular
velocity @, meet the condition (20)

i (21)

V.RESULTSOFNUMERICAL SIMULATION
Initial data for the simulation: torque on output
shaft My; = M, =1000N - m, speed to 1500 rpm.

Torques on the blades and the drive torque as
functions of the anglex are shown in Fig. 3.

Expansion My, («) into a Fourier series (18)
gives the following coefficients (in ):

M, =1075,

A =-217,A =-468A =- 266 A =- 7

B, =1690B, = 478B,= 26B,=-

The most significant component of the disturbing
harmonic drive torque i$B sin4dw t, amplitude of

classified as disturbing moments with frequencieswhich is 1.5 times higher than the constavi.

4w, 8v,120,.. The presence of these harmonics

increases the mechanical strength of the engine.
Now we shall find condition under which the
mechanical strength of the engine is minimized.
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Compensation of this harmonic by inertia forces tmus
take place according to (21) at the angular speed

o =4/B /2], =/1690/2+*0,184= 687,

or at a frequency rotation” = 30w /7 = 650rpm
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Inertia  moment L, =-w?2J, sin4ot has an
amplitude A , = 2J,0*, parabolically depending on
the speed (Fig. 4). Fig. 5 shows the dependentieeof
maximum torque on the shaf) .., of the speed.

Up to the speed n a decrease of
(Ms)maX:MO+|I\7I| take place due to the

compensation of the inertial forces componentdef t
drive torqueB, sindwt. At speedsn>n' the torque

(My) .. increases parabolically under the action of

max

Fig. 4. Inertial moment
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Fig. 5. Torque on the output shaft

VI. CONCLUSION

In this article, we have obtained the analytical
expressions for motor driving and inertial momaesfts
the single-module rotary-vane engine with lever-cam
referenced to the output shaft, also the condition
under which the forces of inertia completely
compensate the most significant component of the
disturbing drive torque and minimizes the mechdnica
strength of the engine.

The results of numerical simulation obtained on
the example of the engine with internal combustion,
which are close to the theoretical prediction.

This results can be used in the preliminary design
of the rotary-vane engines.
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