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CAE APPROACH TO THE DEVELOPMENT OF ROLLING PISTON TYPE ROTARY
COXPRESSORS

Noriyoshi Shige!,Yoshio Okamoto! ,Tsuneaki Hamada?

1Daikin Industries.,Ltd.,Shiga Works Kusatsu,Shiga, Japan
2Cae Center,Sakai,Osaka,Japan

ABSTRACT

This paper describes the computer aided engineering (CAE)
approach to investigate the vibration of roelling piston type
rotary compressors in the design and analysis stages. At Ffirst,
the optimum design procedure for the compressor and piping system
is presented. Then ,a compressor data base used for a dymamic
simulation of the royary compressors are carried out. Fimally,
@ practical application of the CAE approach to the optimum design
of the rotary compressor is comsidered.

INTRODUCTION

Rolling piston tvype hermetic compressors have been used
widely for room air-conditiomers and unitary air-conditioners,
because of high efficiency and reliability ,small size ,and light
weight. However ,ezciting faorces generated by the rotary compressors
are sometimes comparable to ithe conventional reciprocating compressors.
Because,the motor and the copponents ate directly fized to the hermetic
housing in order to reduce the size and improve the productivity.
This means that an unbalanced inertia force around the erankshafi
directly transmits to the hermetic housing which is suspended with
three coiled springs. Therefore,it is important task to design
the piping system connected tg the rotary compresser in view of
low vibration.

4 general concept of the CAE approach to the piping systen
in outdoor units has been established at DAIKIN and has already been
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reported. [1] At our rotary compressot division we utilize the
CAE approach to design the rotary compressors with reduced vibration.
In this paper we introduce the CAE approach to the reduction of the
excitation forces generated by the rotary coBpressors in operation.

OPTINUM DESIGN PROCEDURE FOR THE COMPRESSOR AND PIPING SYSTEM

The optimum design procedure for the compressor and piping
system is shown in Fig.l. Following are the key tasks in this
procedure.

(1) Solid modeling technique is emploved to obtain precise
geomelries and mass properties of compressars, because it is a
difficult task to measure the mass properties experimentally.

(2) Kinematic simulations of compressors are carried out, in
which excitation forces generated by the compressors are calculated
based upon the unbalanced mass and the fluctuation of compression load.

The results of previous tasks (zeometries,mass properties,and
egcitation forces) are stored in a compressor data base.

(3) Three dimensional piping design is performed using a 3-D
CAD system.

(1) Piping geometries are converted into Finite Element
vodel.

(5) Eigenvalue analysis is carried out with the piping
system model which comprises the beam elements and the rigid
elements representing compressor and accumulator by Building

Block Approach.

(6) Calculated results are compared with modal testing data
in the form of transfer function.

(7) Dynamic respomses on the piping system are catculated
and local stress distribution is derived from the displacement
boundary condition.

The alternative design cycles will be repeated until the
optimum design is ohtained which satisfies the design criterion.
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CAE APPROACH TO THE DEVELOPMENT OF ROTARY COMPRESSORS

Fig.? shows a cross section of a rolling piston type rotary
comptessor in which the motor and the compressor cowponents are
gach directly fized to the upper or lower portion of the hermetic
housing.

Design process for a rotary compressor starts with performance
evaluation of the compressor,which is followed by dynamic simulation
of rolling piston and discharge valve,and also lubrication analysis.
In the view of vibration,the prediction of the the excitation forces
is also a key factor in designing rotary compressors,because dynamic
responses of piping system depend upon the excitation forces.
Therefore,before the detailed design of rotary compressors,the
prediction of the ezcitation forces must be carried out.

THE PREDIGTION OF EXCITATION FORGES

Solid Modeling Of Compressors

The gravity center and the moment of inertia (mass properties)
are necessary parameters in calculating the excitation forces
of the rotary compressors. However,it is a difficult task to
measure the mass properties experimentally,because the geometric

shapes of the compresser components are very complicated.

Therefore,solid wodeling technique is employed to ohtain precise
geometries and mass properties of compressors. In Fig.3 the computer
model of 2 HP rotary compresser is shown. Fig.4 shows the computer
podels of several components which are comprised in the compressor.
And Table 1 shows the mass preperties.

Excitation Force Analysis

(1) Momentum Equation

The torque balance around the center of rotationmal axis can
be written as the following equation of wotiom. [2]

I 0 =Ty—Ty - Ty (n
where, Ir=moment of inertia of rotating components

0 =crank angle
Tn=motor torque
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Ty = loading torque due to the cylinder pressure
Ty = loading torque due to the blade force

In the momentum equation men_tiuned above,the loading torque due
to the mechanical friction is neglected for the simplicity.

Using the mass properties mentioned previously,the moment of
inertia around the rotatiomal azis, Ir , is obtained by the
following equation.

Ir=1Inp +Icr +mo-e? 2)

where, Iwr =moment of motor-roter imertia
Tck =moment of crankshaft inertia
pro =mass of roller
e=eccentricity of crankshaft

(2) Calculation Of Ezcitation Forces
On the coordinate system shown in Fig.D ,each component of

the force and the moment acting at the cylinder center can be
written ds the combination of unbalanced inertial forces.

Fx=mpy -§ay +mmo-¥ro +mr-Ecn +meL-FpL ®
Fy=—my-§v +my-¥su +wRo-Fro +mcr-Jer -FmeL-FBL )
Fz=0 (5)
Mx =mpy -¥au-lpu +mer-¥aL - lBL ()]
M, =mgy-3pu-lsy +meL-%6L 1Bl 4))
Hz=—1r‘ .é (8)

where, mgy =mass of upper balance weight
mpL =mass of lower balance weight
mcr =eccentric mass of crankshaft
lgy =gravity center of upper balance weight
g, =gravity center of lower balance weight

Therefore,excitation forces around the gravity center of
the compressor,the location of which is (X¢,Ys,Ze) im the c¢ylinder
cootdinate system,can be writtenm as follows.

Fex =Fx (9)
Fey =Fy (10)
Hex =Hx +Zs -Foy 1
Moy =My —Zs-Fax (12)
Moz =MW —Xo -Fav + Yo -Fox (13)
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(3) Results Of Amalysis

Fig.6 shows the cylinder pressure fluctuation used for the
analysis. Fig.7 shows the loading torque fluctuations in steady state,
in which the loading torque due to the cylinder pressure is dominant.
Fig.8 shows the angular velocity and acceleration around the rotational
axis which calculated from equation (1).

The excitation forces are calculated from the set of equations
(3) ~(13) using the mass properties as well as angular velocity and
acceleration obtained above. The excitation forces in both X and Y
azes are shown in Fig.9,and the escitation moments around X,Y,and Z
azes are shown in Fig.10. Fig.1l and Fig.12 show their Fourier
transforwed data. It can be seen from Fig.10 that the excitation
moment around Z azxis is the largest compoment. Table 2 shows the
maximum values of the excitation force in each direction.

APPLICATION TO THE OPTIMUM DESIGN OF THE ROTARY COMPRESSOR

Optimum Design Of Balance Weight

The unbalanced forces other tham the inertia force of the blade
can be canceled by the optimum design of upper and lower balance
weights. The comparison between curreni design and the optimum design
is shown in Table 3 ,in which the balance weight specifications and the
resultant excitation forces are tabulated.

Table 3 Comparison between Current Design and Optimum Design
of Balance Weights

Current Design Optinoum Design

Upper Balance Welght Thickness ( mm ) 5.5 4.5
Upper Balance Weight Nass (Keg) 0,0527 0.0431
Lover Balance Weight Thickness ( am ) 16.0 11.717
Lowsr Balance Weight Mass (Ke) 0.,1730 0.1267

FOX (max) (N) 100,079 8.167

FGY (max) (N) 71.823 ~16.089

HGX (max) (N-m) 4.344 -1,286

MGY (max) {(Nw) 5.897 0.580

HGZ (max) (N-m) 8.208 7.678

In Fig.13 the fluctuations of the ezcitation forces are shown.
It can be seen that all the ezcitation forces are reduced by the
optimum design of the balance weights.
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Influence Of Gravity Center Change

It is difficult to conform the gravity center of the rotary
compressor to the cylinder center,because the wotor is the largest mass
in all the compressor components and is located in the upper portion
of the compressor. Therefore,it is interesting problem to investigate
how the excitation forces are influenced by changing the gravity cenmter.

Fig.14 shows the comparison between current design and modified
ones,in which the gravity center is changed. It can be seen that the
excitation moments around Lhe both X and Y axes are reduced by
conforming the gravity center to the cylinder cemter. Therefore,
it is desirable to locate the gravity center as nearly as possible to
the cylinder center.

Influence Of Blade Imertia Force

The blade is the only reciprocating element in the rotary
compressor components. It cam be seen in eguation (4) that the
excitation force in Y akis direction is influenced by the inertia force
of the blade. We investigated the imnfluence by changing the blade mass.

In Fig.15 the comparison between current design and modified omes,
in which the blade mass is changed,is shown. The excitation force
in Y axis direction can be reduced by increasing the blade mass.

CONCLUSIONS

The CAE approach to the development of rolling piston type rotary
cowpressors was introduced focusing on the investigation of the vibration
characteristics,which is summarized as follows.

(1) The loading torque due to the cylinder pressure is most
dominant within the fluctuatiom of torques which generates the excitation
forces of rotary compressor,and the ezcitation mowent around the
rotational axis is the largest force component.

(2) 1t was confirmed that the excitation forces could be reduced
by the optimum design of each component.

(3) The results of this analysis are effectively used for the
optimum design of the piping system in air conditioning units as a
compressor data base.
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The verificatian of the accuracy of the results remain as a
future work.
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Table 1 Mass Properties of Compressor Components

GRAVITY CENTER ( am MOMENT OF INERT .
LOMPONENT (o) LLSLALE
1 Y A Ixx Ivy Izz
HOUSING TOF 1.306 | 11.719 | 281.452 | 14.634 | 12.080 | 24.441
HOUSING BOTTON 1.257 0.449 | 112.107 | 26B.983 | 268.498 | 147.134
MOTOR STATOR 0.000 0.000 | 183.067 | 200.708 | 198,273 | 187.004
NOTOR ROTOR 0.420 0.000 | 182.524 | 25.700 | 25.788 | 12.050
FRONT HEAD 0.638 0.836 | ~99.821 2.248 2.247 3.709
REAR HEAD 0.593 | -1.978 | 45.312 2.351 2.3998 4.391
CRANK SHAFT -1.122 0.0106 | 113.273 | 14.558 | 14.398 0.494
CYLINDER 2.388 | -9.824] 7i.984 | 14.484| 22.040( 933.481
ROLLER -4.000 0.000 | 71.475 0.550 0,550 0.572
BLADE 30.126 | 10.8916 | 72.000 0.039 0.052 0.018
ACCUMULATOR 118.288 0.000 | 204.356 | 31,989 | 32.029 9.354
2HP ROTARY 6.754 0.267 | 151.494 | 1195.188 | 1317.142 | 569.344
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Table 2 Mazimum Values of Excitation Forces ( Current Design )

Maximum Value
FGX ( N ) 100.079
FGY (N ) 71.8238
Hex (New) | a7
MGY ( N-m ) 5.897 |
MGZ ( N:m ) 8.208
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