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MOTION OF ROLLING PISTON

Fatsumi OKADA, Dr. Research Engineer
Central Research Laboratory
Mitsubishi Electric Corp.
Amagasaki, Hyogo, Japan

ABSTRACT

This paper describes the behavior of a rolling
piston in a rolling piston type Totary compressor
under various operating conditions, Kinematic
behavior of the rolling piston is discussed with
attention to the friction forces acting on the
rolling piston and the vane. Emphasis is on the
following simulation approach.

(1) The equation of motion of the rolling piston is
solved in conjunction with the equilibrium
equations of forces acting on the vane.

(2) The following three cases of contact between
the vane tip and the rolling piston are
examined by comparing the rario of the tractive
force to the contacting force with the coeffi-
cient of frictiom.

A. Sliding Contact: the rolling piston rubs
the vane tip in the same direction as the
eccentric shaft rotates.

B. Rolling Contact: no sliding between the
vane tip and the rolling pistom.

C. Sliding Contact: the direction of sliding
is opposite to that in the state A.

The analysis for a typical refrigerating compressor

leads the following results. :

(1) The trajectory of a point on the side surface
of the rolling piston looks like a trxochoid.
It suggests that the rolling piston rotates
slowly in the same direction as the eccentric
shaft rotates and that the revolution rate of
the rolling pistom is not constant but varies
periodically.

(2) The friction force at the tip of the vane
fluctuates contimuously or sometimes its
direction abruptly changes. This affects the
angular velocity of the rolling pistomn.

Using this analysis, the kinematic behavior of the

rolling piston can be easily predicted under various
kinds of dimensions and operating conditions.
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IN ROTARY COMPRESSOR

and Kimio KUYAMA, Manager
Shizuoka Works
Mitsubishi Electric Corp.
Shizuoka, Shizuoka, Japan

INTRODUCTION

The rolling piston in a rolling piston type compres—
sor plays a part of partition between the vane and
the rotor. In the design of actual compressor,
there is requirement that the wear of the vane tip
should be decreased to the minimum, The wear of the
vane tip should be affected by the behavior of the
rolling piston. However, the behavior of the
rolling piston may be very complicated because it is
not decided geometrically but ruled by the fluctuat-
ing frictiomal forces acting on the rolling piston.

The behavior of the rolling piston has been inter-
ested in by many investigators [1-4]. The authors
attempted to analyse the behavior of the rolling
piston [1]. The two frictional forces were consid-
ered to rule the behavior of the rolling piston.
One of them is the Coulomb's frictional force acting
on the contacting point between the vane tip and the
rolling piston. Another frictiomal force is the
fluid film friction generated within the thin oil
film between the rolling piston and the eccentric.
The angular velocity of the rolling piston was
calculated by solving the equation of motion in
conjunction with the two frictiomal forces.

T. Shimizu also analyzed the behavior of a rolling
piston with attention to another frictiomal force;
the viscouse dragging force between the rolling
piston and the cylinder head [2). These studies
were both made with computer aided analyses because
of those complexities. P. Pandeya and W. Soedel
analyzed kinematics of a rolling piston type Totary
compressor with more simple and practical formulae
[3]. All the three analyses above mentioned were
not confirmed by any experiments. J. Tanizaki,

T, Shimizu and T. Shiga performed an experiment to
confirm the behavier of the rolling piston [4].
Referring to this experimental results, it is
noticed that the rolling piston rotates slowly to
the same direction as the eccentric rotates and the
angular velocity of the rolling piston is not
comstant but varies periodically. The similar
behavior was already predicted in the referemce [1].
It is mnow considered that the analytical way of
study such as the reference [1] may be available to
predict the behavior of the rolling pistonm. This
paper describes the behavior of rolling piston
under various operating conditions and different
dimensions.



NOMENCLATURE

a Length of vane (m)

b Thickness of vane (m)

c Clearance between piston and eccentric (m)

e Eccentricity of shaft (m)

Fy Tangential force acting on vame tip (N)

I Moment of inertia of piston (kgm2)

L Length of cylinder (m)

1. Length of eccentric (m)

N Eccentric's revolutions per second (s71)

n Specific heat ratio of refrigerant gas

Ps Suction pressure (Nm—2)

Pq Discharge pressure (Nm~2)

p(8) Pressure in compression chamber at angle 8
(¥m—2)

P, 0il film pressure developed in lubricant
beneath inner surface of piston (Nm*z)

R Radius of cylinder (m)

T, Radius of piston (m)

] Radius of eccentric (m)

Ty Radius of vane tip (m)

Tr Friction torque between piston and eccentric
(N )

u Sliding velocity between piston and eccentric
(ms—1)

V(8) Volume of compression chamber at angle 8 (m3)

v Slid%ng velocity between vane and piston
(ms™)

) Angular velocity of eccentrie (s71)

wo Angular velocity of piston (s1)

w3 Angular velocity of concentrated load acting
on eccentric (s™1)

n Viscosity of lubricant (Nsm—2)

Hy Coefficient of friction between vane and slot

Mo Coefficient of frictiom between vane and
piston

us Ratio of tangemtial force to contacting force
at point of contact between vane and piston

b Sliding/rolling ratio at point of contact
between piston and cylinder

X Eccentricity of journal in bearing

3 Eccentric angle of journal in bearing

Y1 Angle of oil film existence

MOTION OF ROLLING PISTON

Pressure Acting on Rolling Piston

The cross sectional view of a typical rolling piston

type compressor is shown in Fig. 1. Referrimg to
Fig. 1, the volume V(@) can be geometrically given
as follows:

v(e) = %{(S'Fgﬂ)Rz + (esin®+/r2 - elcoslf)ecoss

=]

- 12 (o +%r - sin”T[2€088,)
rO

8 =% -t 2)

Since in the compression stroke the following equa-
tion is held, the pressure p(8) can be expressed by
equation (4).

pv2 = constant (3)

(R2 - 2)L n
P(e) = Ps {Tr V(e]):o (4)

In this paper, it is assumed that the pressure p(6)
can not be increased over the discharge pressure py.
Then, the pressure p(6) may be

p(8) = pg (5)

Spring

Vane
Discharge Port Suction Port

Rolling Piston

/Ai; Ececentrie

Cylinder

Fig. 1 Cross—section of a typical rolling
piston compressor

Pressure Load on Rolling Piston

ey

Many forces act on the vane as shown in Fig. 3.
spring force Wy) together with the gas pressure load
Wy act behind the vame. The contacting force W,

The load W, acting on the rolling piston due to the
gas pressure distribution, as shown in'Fig, 2, is
given as follows:

Wp

I

L{p(8) - pg} AB

L{P(e)—ps}/Zroz{l -cos[# +%TI’— sin T (ecrose)}
0

(6)
And the argument of arg ﬁb is given by the following
equation.
arg W, = Q—+ }_Sin—lcggggﬁb + X %)
B¥p =773y rotr, 4

Forces Acting on Vane

The



and the tangential force Fy act on the top of the
vane. The force WH3 acting on the side surface of
the vane due to the compression pressure is larger
than Wgp due to the pressure in the inlet chamber.
So that the vane should be pressed to the slot wall
near the suction port. Then the reaction force Wg2
and the friction force Wy4 act on the side surface
of the vane.

Another slot wall reaction force Wgy and the fric-
tion force Wys also act on the tail of the vane.

The spring force Wyl, the pressure load Wy2, the
inertia force Wy3, the pressure load Wysg and Wp4 can
be easily obtained as a function of the angle 8 of
the eccentric., The other forces, Wy, Wgz, Wy and
Fy ' should be obtained by solving the following
equilibrium equation.

p N —

-
We

Fig. 2 Pressure distribution on rolling piston

wv1+wv2+wv3

Fig. 3 Forces acting om vane
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Equilibrium to the x direction:

ecosd W

Wi + W, + W, + W i
r, + X,

Hl H2 H3 H4

(ecose)

+ Fy /1l - ro+r2

=0 (8)
Equilibrium to the y direction:

ecosf., 2
Wyp + Wyy + Wyy + Wy, + Wyg = Wv//l - (;;EZ?

ecosd
+ Fy ro + r2 =0 9)

Equilibrium of moment about the shaft center o:

i ecosd. 2
Wypla -, +esing+ (rgtr,) /1 - (ﬁ) } + RWga

(ecose)z}

l L3
+ 5 + Wyg AR -1, +esind + (rytr,) /1~ T i1

ecosb ecosb,2
=toeE - (=225 ind +
+ {ro+r2 We+Fy /1 (ro+r2) Hesind + (r tr,)
ecosh ~
1 _(ro+r2) _rz} =0 10)

When the relative motion between the vane-top and
the rolling piston is of pure sliding, the following
Coulomb's law of friction is considered to be
applicable,

v
Fy = TuT ¥a¥o (11)

Where v is the sliding velocity at the vane-piston
contacting point. The veloeity v is represented as

e coslo-sind. /1- (36_952)2 }

= +
v MIE{I ro+r2 ro+r2

~ wRo (12)

Where ¢ is the slipping/rolling ratio at the piston-
eylinder contacting point. If ¢ = 0, the relative
motion between the rolling piston and the cylinder
is of pure rolling and if ¢ = 1, the motion is of
pure slidimg. In practice, the value of ¢ is
considered to be 0 £ ¢ = 1. Referring to equation
(12), the sliding velocity v will chamge with ¢.

It can be considered that there are three kinds of
relative motion between the vane-top and the rolling
piston.

(1) The rolling piston rubs the top of the vane
from the side of the suction port to the side
of the delivery pert as shown in Fig. 4 (a).
This kind of motion will occur when v > 0.

(2) The sliding direction of the rolling piston
against the vane is opposite to that in the
case of (1) when v < 0 as shown in Fig. 4 (b).

(3) The relative motion between the vane-top and



the rolling piston is of pure rolling when
v = 0.

In the cases (1) and (2), the contacting force W,
can be obtained as the following equation by sub-
stituting equation (11) into equations (8), (9), and
(10).

€ €1 D
1 1 b
Cy Cs D3
Wy = (13)
€ €1 G
1 1 ¢
Cy Cs Cg
Where,
_ _cosb -
Cy = w '8 (cosb % 0)
- ecosh, 2 ecos v
Cy = - l—(g_?z-) + up rorr, Tv] (v%0)

ecosh v / ecosb, 2
= = 4 - (22
€3 r0+r2 M2 v 1 (r0+r2)
_ . ecosh, 2
Cy = a-ro+esinb + (rytr,) /1 (r0+r2)

f(llr)
Cs = R
Cg = C3(Cy ~ a)
Dy = =(Wyy + Wy + W)
Dy = —(Wgy + Was)
D3=-21—DZ(C,+-a+R) J

In the case of (3), the force Wy is given by the
following equation by assuming a value of Fy. The
tangential force of Fy may be decided to a suitable

(a) vy0 , F >0 (b) v<o , F <0

Fig. 4 Two kinds of relative motions between
vane and rolling piston
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value after the computation of the angular velocity
of the rolling piston. The method for the computa-—
tion of the angular velocity of the rolling piston
may be deseribed in the latter chapter.

€ -C; D;°
1 1 Dy’
C4y Cs D3’
Ci -C1 GCp'
1 1 C3'
Cy Cs Cg'
Where,
T _ (ecosf.2
€2 I (r0+r2)
+ _ Ecos@
Cs rofl-r2
CG' = C3'(Cl+ - a) r (16)
Dy'" =Dy ~ F,+Cy!
D2'=D2+FV'C2'
D3'=D3+FV‘C2'(C|+*-EI.) ‘J

Friction between Rolling Piston and Eccentric

The eccentric and the rolling piston will behave
somewhat similar to a journal and a bearing and a
similar analysis on journal bearing should.be
applicable. The bearing loads acting in this casce
are: (1) pressure load of Wp, (2) contacting force
of Wy, (3) tangential force of Fy which is mentioned
before, and (4) centrifugal force of Fo. The equi-
valent angular velocities of journal and bearing are
(0 -w3) and (wp ~wg) respectively, where ), wp,
and wg are the angular velocities of the eccentrie,
the rolling piston and the concentrated load acting
on the eccentrie, respectively. The oil film pres-—
sure p is given by the following equation.

Ll .338py ., 23 .3 3p
on 12 ap ™ 3 t oz 32]
= (@1 + vy - 2wz - Zﬁ)g%+ 2cx cosy 17)

Referring to the differential equation of (17), the
eccentricity x of the journal, the eccentric angle
¢ and the angle ¥; of oil film existence can be
obtained by a method of numerical integration, when
the bearing load, w; and ws are given as functions
of time. Then, the friction torque Ty between the
rolling piston and the eccentric is given as
follows:

2
o . 2, (2mU  3nry o3y
T, = r,“e [ - (w1-+m2 - 2wy
Cennx? © {2+x2
Yp+m
- d -
-2 — v +wy —2uz =2
D], Tcom * 101402 205 =2



leﬂ% v + 2% I‘J’l*‘1T sin
y;  (L+Xcos¥)? v, (@ +xcosy)?
dy}] (18)
Where,
U =ri(w - w) (19)

And it is assumed that the half part of the piston-
eccentric bearing gap is filled with oil.

Calculation on Angular Velocity of Rolling Piston

The kinetic equation about the center of the rolling
piston is represented as follows:

tF, + Ty T wy 20)
The solution of equation (20) may be analytically
impossible because both variables ¥y and T are very
complircated. So that a method of numerical integra
tion is practically convenient to solve equation
(20).

Now assume the w, value be the following w, value as
an initial value.

- _R e 2
e, w1 ;g ;;{l-kro+r2 cos“h
. / ecos6,2
- sing / 1-—(;;;;;) ] (21)

With this assumption, the relative motion between
the rolling piston and the vane is not of sliding
but of pure rolling. This kind of state can be
continuative when the ratio uz of the tangential
force Fy to the contacting force Wy is less than the
coefficient of friction ps. However, when the ratio
u3 grows beyond the coefficient of friction sz,
slipping will occur at the vanme-piston contacting
point.

The F values can be obtained by the following
numerical calculating method.

(1) Assuming Fy value to be a constant. Then, the
contacting force Wy is calculated by equation
(15). Besides, the concentrated load {p acting
on the eccentric is evaluated by equatigns (6)
and (7) and the angular velocity wz of Wp is
computed,

(2) Calculate the friction torque T, by equation
(18) using the decided angular velocities of
w1, wp which is equal to w,, and w3,

(3) The tangential force Fy at the vane-piston
contacting peint is calculated by substituting
the Ty value, which is obtained above, into
equation (20).

)

1f the new obtained F, value is quite differemt

to that primarily assumed value, let the new Fy
value be the average value of the primarily and
the new one, Then continue to the step (1)
again.

This flow of calculation is repeated until the
difference between the previously obtained value and
the new one is considered to be less.

The coefficient ug is calculated by dividing the Fy
value, which is obtained above, by the Wy value, It
is considered that (1) if uz is less than the
coefficient of frictiom ypy, slipping should never
occur at the vane-piston contacting point. And
then, the angular velocity ws of the rolling piston
is represented by equatiom (21) and (2) if ug is
larger than up, slipping may occur at the vane-
piston contacting point. At this state, the angular
velocity of rolling piston may be caleculated by the
following method referring to the kinetic equation
(20) .

According to the advanced EULER's way of numerical
integration, the w; value after a very short time of
At can be obtained as follows:

wz(tl)l) = wp (ty) + At éz(to)
w6102 = wp (to) + BAELds (£0) +ip (£0)1}
wa(e)™ = wp (£0) + SAELS (£0) +02(£1) ™)
(22)
Whera, t1 = tg + AL,

EXAMPLE CASES

A typical refrigerating compressor is analysed to
demonstrate the applicability of the above analysis.
Dimensions of the compressor and operating condi-
tions are shown in Table 1.

Fig. 5 shows some instantaneous positions of the
rolling piston with a marked point as the result
of calculation using the input—data shown in Table
1, The point sweeps out a trajectory which looks
like a trochoid. The trajectory suggests that the
rolling piston rotates slowly to the same direction
as the eccentric rotates.

Fig. 6 shows abrasive tracks opn the cylinder head of
a compressor having the same dimensions and operat-
ing conditioms as shown in Table 1. These tracks
are made by hard surface asperities on the rolling
piston or by wear debris cut into the clearance
between the cylinder head and the rolling pistom,
The shape of abrasive tracks as shown im Fig. 6 is
similar to the analytical trajectory as showm in
Fig. 5.

Figs. 7 and 8 show the angular velocity of the
rolling piston and the sliding veloecity between the
vane and the rolling pistom, respectively, as
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Table 1. DIMENSIONS AND OPERATING CONDITIONS
Symbol
R 27 mm
T, 22 m
Ty 17 mm
ra 6 mm
a 24 mm
b 5 mm
¢ 0.011 mm
e 5 mm
L 24 mm
1 14 mm
Ps 0.6 N/mm2
P4 2.1 N /mm2
n 1.1
7 9 x 107 NS/mm?2

(6) t=0.13s,9=-§ﬁ

Fig. 5 Trajectory of a point on side

surface of rolling piston
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functions of time. Referring to Fig, 8, it is
noticed that the relative motion between the vane
and the rolling piston is of reciprocating sliding.,
And the v value is positive betwsen the point a and
b which means that the rolling piston rubs the vape-
tip from the side of the suction port to the side of
the discharge port. Distinct knees at points a and
b are found on the curve shown im Fig, 7, which are
caused by the change of the vane-piston sliding
direction.

This analysis is convenient for predicting the
behavior of rolling piston when new dimensions

Fig. 6 Abrasive tracks on ¢ylinder head

75 , |
[ | w,=1201s 7] b
501 | -
: I 5
WA:
ot 7
$'30
15¢ '
[ a
%500 ’0.10'5t' om0 onk
L i )% ]

| |
2 0 T2 T -3nyp
&

Fig. 7 Angular velocity of rolling piston



of compressor are attempted to be developed. For
example, the behavior of rolling pistons of three
different types as shown in Fig, 9 is analyzed and
the sliding velocities between the vane tip and the
rolling piston are calculated as shown in Table 2,
Referring to Table 2, type B has the lowest sliding
velocity and it is expected that the wear rate of
vane tip may be the lowest with type B.

Table 2. CONDITIONS OF CONTACT BETWEEN VANE AND

ROLLING PISTON

Type A B C

Maximum Sliding Velocity, m/s 1.1 0.37 1.1

Maximum Contacting Force, N 150 220 85
Friction Loss, W 7.3 1.7 4.5
4

n aAb
0 4
>._2 ’/35;9/, _ “J
M. L 1.
O CU XIS X =
5
/9 0 -/ -T -37/2
=
Fig. 8 Sliding velocity between vane and piston
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Fig. 9 Cross sections of three example cases

A : Square piston type
B : Long piston type
C : Short piston type

Each of three types has the same
volume of compression chamber.
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CLOSURE

The behavior of the rolling piston in a rotary
compressor has been analyzed and some calculations
for examples of refrigeration compressors are
demonstrated.

The usefulness of the analytical approach is summa-
rized as follows:

(1) The behavior of rolling piston can be easily
predicted with many kinds of dimensions and
operating conditions. At the same time, both
the sliding velocities and the contacting
forces at all the sliding contacts can be
obtained as functions of time.

(2) Referring to the analyses of many kinds of
compressors, appropriate dimensions can be
chosen according to the designer's demands.

REFERENCES

[1] Okada, K. and Kuyama, K., "Analysis on Plane-
tary Motion of the Rolling Piston in a Rotary
Compressor", Refrigeration (Japan), 50, 571
(1975), pp.331-337.

[2] Shimizu, T., "Frictional Loss on Rolling Piston
of Air Conditioning Rotary Compressor',
Refrigeration, 51, 589 (1976), pp.959-966.

[3] Pandeya, P. and Soedel, W., "Rolling Pistomn
Type Rotary Compressors with Speeial Attention
to Friction and Legkage', Purdue Compressor
Technology Conference (1978), pp.209-218.

[4] Tanizaki, J., Shimizu, T., and Shiga, T.,
"Kinematic Analysis of Rolling Piston of Rotary
Compressor", Preprint of JSME (Japan), No. 783-
2 (1978), pp.120-122,



	Purdue University
	Purdue e-Pubs
	1982

	Motion of Rolling Piston in Rotary Compressor
	K. Okada
	K. Kuyama

	tmp.1318282214.pdf.ezZ3G

