Journal of the KSTLE Vol. 17, No. 6, December 2001, pp. 426~434
The Korean Society of Tribologists & Lubrication Engineers

7% H5SE 24FI| IYIFHI01EAS] X HE &N
4 Ef &
P AT B AR

Dynamic Behavior Analysis of a Crankshaft-Bearing System in
Variable Speed Reciprocating Compressor

Tae-Jong Kim'

School of Mechanical Engineering, Pusan National University

Abstract — The hermetic reciprocating compressor driven by the BLDC motor rotating with variable speeds, is
modelled and analyzed for dynamic characteristics. The governing equations of piston, connecting rod and crank-
shaft of the reciprocating compression mechanism and characteristics of driving torque of the motor are obtained.
Dynamic behavior of the crankshaft supported on 2 journal bearings is analyzed considering compression load
and eccentric unbalance for the 4 rotating speeds of crankshaft. And, reaction forces generated from oil film in
the journal bearings are analyzed under transient condition using Reynolds' equation. To take into account the
dynamic characteristics depending on the variable rotating speeds, comparison on the dynamic behavior of crank-
shaft is made for the 4 operating modes of the compressor. Results show that the magnitude of crankshaft loci
operating on the lower rotating speeds is more larger than the higher ones due to reduction of inertia force of

the reciprocating piston.

Keywords — reciprocating compressor, brushless DC motor, crankshaft-journal bearing system, variable rotat-
ing speed, reaction force of oil film, eccentric unbalance load, frictional loss, shaft locus.
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Fig. 1. Schematic view of the reciprocating compressor.
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Fig. 2. Connecting-rod mechanism of the reciprocating
COMPressor.
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Fjig. 3. Free body diagram for reciprocating piston and connecting rod.

10jc} B x, <0018, C.= 10t

%, AdY 2= AFEAFM HLE He] B
g 7, 7.9 798 2o} mgase) Jgio) g
ke 1Y S, S, AYY 25 FASASA M) 2
FAAEERE L2 A HAEY ddRe) vl
2 Ba9) agavdae) vk 38 27t L, L8
viebd o, AdY 2oe) 8 9 §He) fE5UEy
2 o83} P

mi~S+7.=0 “
ey, ~8,+T,=0 (3

[.3-3.bsing~S,bcosp~T.asing—T,acos p+Ls+Ly=0
(6)

AW, Ly = fsST+ x5, Ly = pof T2+ T2y O,
2t ARLEE SEWARA B 7)7eE BAA N

PINFA2DY L% SR FEIBL e
ol fmgt,

7= myi, + P(O4f @
7,= G B L b, 1m0 PO+t

)
S, = (e, + m, )X, + P2} + f~m,» rg—t (8- 5in8) 9

_U-—mab)d+ L+ Ly .
S = 10050 [(m, +m )%, + P(1) +f)

Atan¢+m,,,~rl%('6-cos ) (10)

Journal of the KSTLE

AN, =, w1, =5m, ok

22 AYAE

2y aze] A& o Aojge] Fat S e d

= Zdlolgddiel A UL wlolsy AAEe] 3l
oja] & oulE 7Pt Ad Wejgel oj8) AR =
522} P FPAZof ojr], Fo AL PF
Fo) EAEA] Lol A HHHPo] AMAA] @AY
HBEEE BT s us) vy 8 Fskeol
g A4 wely 3] 7by 2 HaASE §
A wa seg vld¥ el off s wjoise]
7RI e fuEAel A g4 R SR
gy g7l o] APaz 4 A ¥
e 47 P 2P 8T Feggo) &) $Y
Ho

Fig. 4 $EFE Y&/ g3y 4 29L&
vEhRich 287 Sdatroone 25 Ay
ZRog AgEy, A7) A staons Y57 B
Ao ZAReR AFdat, siH ndA wolHel F
N3 AR 23S0 7)EER TN Xy
AL 48 O, 29y FAFY X B3R
Aol 94 0% Fu). XYZ HEAE F3 el o
A 8RB xyzAHEA Y Bzt F9 £FL X
WEeR X, YIHSR o WHALEHE ¥ YR
AR o X&F AR B FALFE she HAREE
Arel AleFeg /et 9714 o g P
nlAadlche FPRch X-yHwadeld A s1st
3tz A0 2R S| FAZH0l TS gler
2 P 2% o3 89% 52 1o vya



P4 GRE otz I I _wolYAle] B3 AE &)

! .
o :
Y
R Sx
C ]
Main bearing by
L]
Lol
Sub bearing | lo2 Ve X
G|O Lv2
p—
Z

Fig. 4. Analytical model for the crank shaft-journal
bearing system.
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Fig. 5. Crankshaft and journal bearing notation.
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Table 1. Mechanical properties of the reciprocating compressor
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Mass moment of inertia of crankshaft and motor rotor

L =082881X10° N - m - 5°
I, = 0.8313X10°
I, = 0.3728 X 10"

Mass of crankshaft and motor rotor

Mass moment of inertia of connecting rod
Mass of connecting rod

Rotating length of connecting rod
Reciprocating length of connecting rod
Mass of piston

Radius of piston

Radius of piston pin

Radius of crankshaft

m, =0.91668 kg
L=11301X10°N - m - &
m. = 0.0370 kg

a = 33.047 mm

b =12.393 mm

m, = 0.0471 kg

r, = 12.25 mm

rr=3.75 mm
r,=85mm, (i=1,2)

Radius of crank pin r;=7.55 mm
Length of between crankshaft center and crank pin center r=95 mm
Radius of eccentric mass of crankshaft and motor rotor r. = 0.341 mm
Length of main bearing I = 14 mm
Length of sub bearing I, = 15 mm
Distance of main bearing axial center position from crankshaft gravitational center G Ly =47.074 mm
Distance of sub bearing axial center position from crankshaft gravitational center G Ly, =5.574 mm
Distance of crank pin axial center position from crankshaft gravitational center G L;=70.574 mm
Viscosity of refrigeration oil A=3cP

Journal clearance on bearings
Clearance volume of cylinder

C=10um, (i=1,2)
V. =43.103%X10°m’

Table 2. Characteristics of driving torque of the BLDC motor

Mode Input power(W) Input torque of motor(N - m) Driving torque(N - m)
36 Hz (2160 rpm) 108.4 0.493 0416
48 Hz (2880 rpm) 144.8 0.480 0411
58 Hz (3480 rpm) 180.7 0.496 0.430
65 Hz (3900 rpm) 207.2 0.507 0.433
100 3
m,x,
('N') S0

-50

-100 L A i

1
80 180 278 360

8 (deg)
0 (deg)
Fig. 6. Inertia force of the piston versus crank angle 8
for the 4 operating modes. Fig. 7. Friction force between piston and cylinder

versus crank angle 6 for the 4 operating modes.
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Fig. 8. Reaction force Tx on the reciprocating piston
versus crank angle @ for the 4 operating modes.
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Fig. 9. Reaction force Ty on the reciprocating piston
versus crank angle 8 for the 4 operating modes.
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Fig. 10. Applied load Sx on crankshaft versus crank
angle @ for the 4 operating modes.
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Fig. 11. Applied load Sy on crank pin versus crank
angle @ for the 4 operating modes.
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Fig. 12. Transient orbits of crankshaft on main bearing,
sub bearing, and mass center position for the 36 Hz
operating mode.
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Table 3. Friction losses of the journal bearings for the 4 operating modes.

Classification Main bearing Sub bearing Total losses
Mode L (W) ) L,(W) o L (W)
36 Hz 1423 0.0031 1.263 0.009 2.686
48 Hz 2.405 0.0034 2.161 0.012 4.565
58 Hz 3.399 0.0036 3.084 0.013 6.483
65 Hz 4.190 0.0038 3.824 0.014 8.013
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