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[ Abstract]  The work aims to study the formation mechanism of squeal of a rotary compressor. According to the mode-coupling
mechanism for squeal, a full-size finite element model of a rotary compressor was established. The main contact pairs in this model
are: the crankshaft was pressed into contact with the upper flange to form the main bearing, and was pressed into contact with the
lower flange to form the sub bearing. the roller surface to the eccentric part surface of the crankshaft to form a journal bearing, and
the end surface of the lower eccentric part of the crankshaft to surface of the lower flange to form a thrust bearing. The complex
eigenvalue extraction method was used to study the tendency of the squeal occurrence propensity of the rotary compressor during

working. Tests on squeal of the rotary compressor were carried out. The squealing vibration of the rotary compressor was measured,
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and the power spectrum density analysis of the squealing vibration was performed. Using the harmonic wavelet packet transform
method, the rubbing fault was successfully identified. The crankshaft rubbing against the flange may be the source of the frictional
noise of the compressor. Numerical results showed that the unstable vibration frequency of the rotary compressor was /=10021Hz,
which was corresponding to the frequency of the rotary compressor squeal. Results showed that the squeal frequency measured was
in a good agreement with one predicted by the finite element model. Finally, the factors affecting squeal of the rotary compressor

was studied. Results showed that increasing the elastic modulus of the flange can suppress squeal of the rotary compressor. And the

greater the friction coefficient, the more likely friction-induced noise will occur.

[ Keywords]

finite element method

0 5|8

RN, ¥ IRGNLCH 2N T B
IKFEEHRIA & B PEEILHE T Wh. <
N Il N R e ol o 2 L5 ) N 7
i Co 8 b, BRVR 5 ot o0 ) o D
R TS SELH O R RL I, W A 7B 3R A<
JE W R s A S e 5IR T AR T
flio [RIES, MRS IRERE AR R, T2
PRSI T RS 4R, HEREE TR

E A o B 78 32 A v 78 TR 4 LT i R
FAR BN AE ST . ITOMNCAIRRIE T =
TR DM R 5 0 B A Bl B kS, gk
PR BRI . YANGERZE) IR F [ K THRE AN
WS, 1 AR T R 4 WL R 1 B 1) M B K

FEARHLIGE 75 2 723 A& 1) M i %
AEMLII MRS T ELALFE SRS S L AL 7S R
g3, WANGHEE FA PR T 75 5 IR 4E L
%7 RAFATIN 10T SEREKH: WG,
AL AT g R ont M- T RGBT ECR,
TE 3 AT AN B4 20 o 5 18] S B CFD J7 7%
FEAEMLARE I SR A AT TR FL . A5 RER WL Ak
JE G R A, 2 P A7 AE T 0 0 B K R e I i 3
FE IR AR S ) B IR . HUANGIOH#E o 512
B8 75 10 AN [ A 55 3 L PN e S AT AT o S SRR
B EFR G GRERE 500HZ), HESME R HE
GENE

SR O T R 4 WL EE H e 75 ORI 7, 224570 LR
. RPN R PR AL AR E A . H
BUGS) . PEEE I AHRE A R g RS G
DA% JEE 5% 7 B s 28 7T

SRS T AR AL P 7 (A BR e AR
T, 38 R RFIEAE 4 AT 77 1R A 7 R (R R R

squeal; friction-induced noise; complex eigenvalue analysis; rotary compressor; frictional self-excited vibration;

HRAE A& 75 A7AE 7 S RBHJE LER AT R G e R AE »
BV 15 7 A R 75

1 HFEARENEEEETUN G &
1.1 RPN P T BE 10 B i

PR G — BNy BER R P PE R R G A BE A
JIER T KA AT B IR B 5 K i s-11,
SREAE 7 Wik 2 i I BEE R iz ah e e M &2
B, CHETEZ R TR ER )R], #E
LR AU 75, 7K T 2 A B g PR 14151 D K %
MU S BE RV & B Ui 58 . A SR A
Abaqus AT IR AR ML B R HE R Suidk AT B
TEEIZ BN RRE M 1T o B SR LA BRI R Guis
BNy IR

MR+ CR+ Kx =0 1

X M. C. K3 nl R RGiE. HEm
WIBEHE R . WA BEHER, JiF2E (1D BIREGEFE M.
C. K # A FRARE. LR (D FIRHE T FEAS
AIRe tHILSERR R T 0 IUAFAE(E, B RGEA 2= HIAS
FaE IR o

FIREWRE, BEEE S RN

F=uN 2)

e FABERES), w NERREL, N Edib
R

RAMIEBN TN

(M —-M )& (C+C,+C,)R(K +K,)x=AN

(3

Kb My G K ONBEB X R G BE . FH
JE UL I FE R B R B2 AR B o €, B 1A
B FEE 2 5 R R R R SR R AR R

JEE 5 1A B R R IE A«

U= +av 4)



. 836 ¢ il ¥

72 2021 4F

e ug NEFEEEREL o NEEE - HIXH
BRI RIRIEE, v AR B E .
Kl O AN A, AIERLRIZEn T

2

(M, &+ C &+ K x=0) (5)

X M. G K. al AR E . FH)E .
NIFEAERE . BT R G ER, M. C K. 3
AT R AR -

TR (5) KRR T FE N

(M2 +0C.+K )p=0 6

ARAGTTRE (60 K@M :

x(t):Z@exp(ﬂi"'jmi)t (7

K B o 73 BIJTRHIEAR K S B AT RE 36 o

Ha (7 AT, SR E S g, VIR,
ARGUA] e B E PR3l o 8 H R ISR fE ok
HIE ARG RAEAAFEIRBIES, HoE SON:

=-Z£ (8)

(<0, MRS ERAENFERS. ARG
TN TR T 2 H IR M kbR O 1 B SR 3l FF HL
CHR/N, RGUREAFE IR BN 1 355 .

1.2 R IRARHEE 0 7 A BR e A
1.2.1 HIRuHA

JBE YN 7 SRR b PR R — R AR T I
PRAR B A ST e 7 1200, A BT 2 TR 3l 2R G
HIRIR B AR H AiER122, A Abaqus EEAT 4
ST F IR AW LB R AR AL WA 1 fTR. 145
Rh R G B FERTF S5 E. MR
OVl B A S A, B 1 (b)) FioR. Hhfl R
Pl O S Sty THT -5 V2 22 e [X T i Al R o i il 5
RS R X R T R, R S R X R
HK . AR 32 BURH N TH A& C3DST Kl 43 A%,
SR T 5 A%, A Y& C3D10M &Il
g5 o ARLZIA 342678 AN R 152384 4~ C3DSI
FLIGAI 94452 A C3DIOM Hiyt. N T IR HEKE
B, TEHMRDCIR, LIRS . SELRIBRARM KL R K
Bk, ETAEN FC300 4M,  iihAs Ry ER B
Bk, EZEMRECN HT250, TR R s 1 BT
TN o TE U AN IR ) ) 4l J 2 7 SR P A R
B, IEPA RS EEN.

(a) BERPLIE

(b) FEBALIA

1 BFEHENOBRTER
Fig.1 Finite element model of a rotary compressor
Fx1 HREH

Table 1 Material parameters

B FE R e
p/ (kg'm=3) E/MPa
YRS 7070 130000 0.26
FC300 44 7200 130000 0.3
HT250 7300 130000 0.3
BREBEGER 7190 163000 0.3
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3 [EZENEEREIANK K 5
3.1 RAEHLIREhI R

R 1 [ A8 WL 5% 1A 2R T A B 22 A Jin ok P A%/

&% LU [FT R R SR KR (E Rk . B 6



- 838+ #4525 1 2021 4E

NI AAE x~ y~ z 7 MRS E FE 28 B
80 10000Hz
20
o 15
B 10
5
02000 4000 6000 8000 10000 12000 14000
100 R Hisk Mz
0 Il'-J'?ir]/s 8 10 12 (o) y 7
(a) x A 7
80 6 10000Hz
=0 i
= 4
= 3
% 5
; &hm I M
1 |M
" WI im
0 2000 4000 6000 8000 10000 12000 14000
-100 A Hz
0 2 4 6 8 10 12 .
I} il /s (¢) zJim]
(b) y F7lf B 7 B 6 %I AR B0 B ) D Fa oy
= Mo HEIRTET, =ANJ7 Ml RSN D0 FE e 3 N
' 10000Hz . 1% iR 5 45 3 5 07 1 45 R AR R 224
2 0.2%, Pt %A PR JCHE R0 T 5% 1 IR 4 b LB gt s
% (R TIINAS B L vy, T T adE— 2B ot
= 7
s 6 10000Hz
N
5
4
0 2 4 6 8 10 12 =
B il /s 3
(c) z J7lA 2
6 EFEHNAIRIMEE M. M ll
!
Fig.6 Vibration accelerations of the rotary compressor M J.!M

2000 4000 (\000 8000 10000 12000 14000
B/ Hz

(a) x K



3555 6
%

BIARA, SF: BT IRARALEE SRR LB R

° 839 -

—10000Hz

AN

10

0 2000 4000 6000 8000 10000 12000 14000
% Hz
(b) y 7

6 —10000Hz

MMNW

2000 4000 6000 8000 10000 12000 14000
B Hz

(c) z W
B 7 siniEE IR S

Fig.7 Power spectrum density analysis of vibration

[

i EL

accelerations
3.2 RARHLEEEGE R IR
FEANFA87 J5 2 A PR SR R, i &
AR BB AR TE o X FT e S50 bR vk 22 ) A A Al
B, XA REAE SR i LB S R . B8
VA5 A T P, A P X3 ol R 22 e fd DX sk
l97'JHH$EH$§%ﬁDﬁ /=90Hz I, TG L AEHLIRA0 M
T o INE EEAE S 5 RN A AR 24, ]
2 32 A7 . TR TR N R B
(B, BN, BT RS R R 2
(257, @ 10 9N I NBORS, BRI RDL, 2R 6
AT PR /N 2R B R (B B0 T Wy 05
PRl B A B %2 Fig.10 Wavelet entropy of each
sub-band

FRENINE g

‘0.0 0.1 0.2 03 0.4 0.5

i (/s
(a) 36 6 AT My X 7R B duk 3 T

—90Hz
25
2.0
L5 _-180 Hz
1.0
0.5 270 Hz
0.0bensd r Lo
0 200 400 600 800 1000
e /Hz
(b) BZIEH

11 Ca) ANE 6 AT B 6 N I8 T, Fig.10

FRENINE g

Wavelet entropy of each sub-band

‘0.0 0.1 0.2 03 0.4 0.5

i (/s
(a) 36 6 AN My X 7 R B 3uk i T

—90Hz

L5 _-180 Hz

270 Hz
0.0bensd rl A

0 200 4{}:1 600 800 1000
%./Hz

(b) B




- 840 » HIA

72 2021 4F

B 11 (b) ik, i mran, thihse e
FeRRMIA, #a Ay, BRIl A 22 )
AT R B

&8 PEi5HhAHE
Fig.8 A pictures of worn crankshaft

80

60

(SR
==

0

Ak E /g

[
=]

S
=

'
=
=3

-8
%AO 0.1 0.2 3 0.4 0.5

0.
I [A)/s
B9 phihEEsH 90HZ RIS RIINIR E HLk
Fig.9 Measured acceleration when the rotation frequency

is 90Hz

9.20 /\
B

Z

=~ 9.10

9.05

9.00

8.95

024638 lb 12 14 16 18 20 22 24 26 28 30 32
T4

B 10 BDFIERNK LS
Fig.10 Wavelet entropy of each sub-band

FRENINE g

0.0 0.1 02 03 0.4 0.5
Ik [E/s

(a) 55 6 A>3 A0 X L PR Sskipl

—90Hz

Els _-180 Hz

270 Hz
0.0 bud rll

Anin
"0 200 400 600 800 1000
4 Hz

(b) L&A
E 11 5 6 NP BHER R R B g E
Fig.11 Time-domain waveform and envelope spectrum of

the 6th sub-band

4 [EHEHEERESINE RS

4.1 PEEE BN AR AL FE 0 75 (15

F T FE A8 ATL HH 5% A B4 1 ] (1) R 4 R B8/, BT LA

K i =R 7 ) R R A AR A YE B 0.11-0.13,

i A=y == 1A] BE R R A AR VB LY 0.1-0.12, 1k

1325 == 1) PR R A AR A E L R 0.115-0.14 ()
T 2R - R R OGS R MR R T (1) SR

-0.001
.-
-0.002 - .
H \“\
3 AN
= -0.003 S~
-&;;( ~
k2
-0.004
N
-0.003
0100 0.105 0.110 0.115 0.120

(b V25 =2 PR A 0T R R R 75 (5



3555 6

BIARA, SF: BT IRARALEE SRR LB R

nd
7t - 841 -
-0.001 -0.001
[N .,
o RN
e .
™ ™~
-0.002 N -0.002 N
LS L
\\ \\\
aJ a9 “\
m \\\ ] \\
= -0.003 N = -0.003 N
B = .
b .y b=
-0.004 ~ -0.004 .y
~ .
-0.005, -0.005
{}115 0.120 0.125 0.130 0.135 0.140 6.1]5 0.120 0.125 0.130 0.135 0.140

B R
(e) AEAEIT-VE 22 BEYE 2 HO0S JBE R 75 1) S

Bl 12 SR T AN EE B R 0 BE 4 AR O B 1 TR
AIDLBEEME A RSO . BT R, HiAR—R T,
=02, Al AT -0k 22 B R HON R AR AL BE e
IS S — B, RIBESE RHOMUK, 4524 FHJE ik
N RGUEATETE , B 7 IRAEN R b 7= AR BRI
Fio AL, AT DA SO 2% AN BE SR BT T IR L FD £ 5
Ok A1 R 452 ) 1) P B8 2R 2, 0 17 AR IR s A LB 4

o
W pe
-0.001
.
.
\\
-0.002 “u,
Ee ™
= .
= -0.003 ™
#r ~
N
-0.004 .
-
-0.005
02110 0115 0120 0125 0130 0135
BB B3
32§ N B 1=
Ca) HhEh-VR T BEYE ZRBO BESR G P 152
-0.001
[N
0.002 ‘\_\
E= \“\K
I N
= -0.003 S
k2
0.004
-0.005
00100 0.105 0.110 0.115 0.120
P AL

(b -5 =2 PR A 0T JEE 2 R 7 [ 2 )

B A8
(o) IRHETT -V 2 R 13 R 00T R gt 75 (1) R T

B 12 AR EEIRER
Fig.12 Effect of friction coefficient on
friction-induced noise

4.2 LRV EL G R A LR FR g 7 1 e

N T FEAS R 22 s PR A R 0 7 T R 4 AL
JEE PR S (), W SRR BB N 0.9Ey, Ey»
1.1Ey, 1.2Ey, 1.3Ey. Ey=130000MPa, ik 2siifh
T ) BEE . B 13 R T A RIVE S S R X A T
JESEHLBE G 75 (5o . BT S0, PR 2 g
PR, SRR B B 4 5o S f /S, BB
T 2 SRS RN TR A AL BE R S S A K. Y
E>1.1E, (E~=130000MPa) i, ZERCBHJE ELiZa%
R 0. MBS, RG/RBEN, A RAEDTER
3, BPRARNIA 27 AL BRI S o DR, A P i
PRE LR (E, AT DAS ] R SR

0.0002

0.0000 = -
-0.0002
-0.0004

-0.0006 /

ERM ekt

-0.0008 /
-0.0010

20,0012 W

-0.0014

117000 130000 143000 156000 169000
LR/ MPa

13 E=MMR S N BRI RS20
Fig.13 Influence of flange elastic Modulus on
friction-induced noise

5 #Eig

AR SCHESL T R AL BE 5 0 7 A BR T
R, R R AEAEAE W7 5 1000 7C 1 BE AR 75 1) R 2B
L. RBILIF LRSS L

(1 1E f~10021Hz It}, RGKAEATEIRD).
S H ARG S g R AR — B, 1A AU
TR T AR N BE g 75 BAT G



© 842 ¢ il

2021 4E

(2) EEERBIR, RGOSR 57 A g

5 A DAL e R ) I PO R R0 R P A1 s 4
PUBESEIE 7S

(3) BERVE 22 A5 AR B mT DA 6 1 [ 4

PUBESR R P R

(4) AR ADE 22 () A AR R B X AT BE A SR 4

HUBEFR R 75 R ORI

EEPEE

(1]

ITO Y, HATTORI H, MIURA K. Lubricating
characteristics and motion characteristics of a rolling
piston for rotary compressors in air conditioners[J].
Proceedings of the Institution of Mechanical Engineers
Part J-Journal of Engineering Tribology, 2014,228(9):
984-996.

YANGJ S, MEI L, NOH K Y, et al. A sensitivity study
of size parameters in a twin-type rolling piston
compressor[J]. International Journal of Refrigeration-
Revue Internationale Du Froid, 2013,36(3):786-794.

I T U R TR, A 1T 1, 55 D 2 R 45 DA R TR T 9 4%
A5 R[] IR8) 5 ¢ 7,2005,(4):120-121,126,145.
WANG Z L, YU X L, LIU F L, et al. Dynamic analyses
for the rotor-journal bearing system of a variable speed
International ~ Journal  of

rotary  compressor[J].

Refrigeration-Revue Internationale Du Froid, 2013,36(7):

1938-1950.
T, LAl S AE 52,55 BT CFD IR 335G 28 R 48
HLE SRS 5. #3155 b ,2012,3103):
123-126.

HUANG Z, JIANG W, ZHANG H, et al. An effective
experimental method for identifying radiated noise of
different

angular ranges for the

of the

rolling-piston

compressor[J]. Proceedings Institution of
Mechanical Engineers Part C-Journal of Mechanical
Engineering Science, 2008,222(12):2409-2417.

CHEN G X, ZHOU Z R. A self-excited vibration model
based on special elastic vibration modes of friction
systems and time delays between the normal and friction
forces: A new mechanism for squealing noise[J]. Wear,
2007,262(9-10):1123-1139.
W, Jo) A 5% 0 T/ SRR ) P R M P S AR S L
HRFTE[]. R 2 541, 2003,(6):524-528.

[14]

[15]

T, TR, T M A 2 B A R A 7 R R
FE[I). A E B T RE,2005,(23):2141-2144.

REE, A BTIE, 22 2 AR 55 R IR IF AU F BRI BE 527
B FUBUIR 5 3 FE (0] BE #7412, 2005,(4):379-384.
P2, B 0 2, X TE AR, S5 A A0 7K T R A IR A
RERIT T b SLak JRR 7] [ i #41,2017,58(3):221-232.
LIU P, ZHENG H, CAI C, et al. Analysis of disc brake
squeal using the complex eigenvalue method[J]. Applied
Acoustics, 2007,68(6):603-615.

ABUBAKAR A R, OUYANG H. A prediction
methodology of disk brake squeal using complex
eigenvalue analysis[J]. International Journal of Vehicle
Design, 2008,46(4):416-435.

ES B, T A K T AR IR 3 RS AT A
S BGBIF TU[]. 991 B KA SR (A PR R),2015,42(8):
53-58.

JT R, K, AR PR, A ARS8 AR R K AR
2 < Al 7K JEE R IR P BT L 0] 9% 3 5 1 117,2013,32(20):
14- 17,34

CHEN G X, ZHOU Z R, OUYANG H, et al. A finite
element study on rail corrugation based on saturated
of a

creep force-induced self-excited vibration

wheelset-track  system[J]. Journal of Sound and
Vibration, 2010,329(22):4643-4655.

RIS 55, MG, AR R 38, 55 il 81 R AR 2 10 R I #E
¥ ML B 52 DR 3R 4R T[], R T 1R ,2018,47(8):
8-13.

HR6, MRt A = 52,55 R AR AR BE 8 Uk 2 X
B RS2 [J]. 22 TH R 2020,49(3):134-140.

FAN N, CHEN G X. Numerical study of squeaking
suppresses for ceramic-on-ceramic hip endoprosthesis[J].
Tribology International, 2012,(48):172-181.

TR EL B4k B, MR, S5 v R T R A0 3% T B e
PR PE SO FE ] B4R 7 541, 2013,33(3):304-310.
KL ZE BRI AR, 70, A R B A A K B 2
SR FZIE ) 475 BT V] 4R 30 5 1 17,2016,35(5):59-64.
TROLFE, A hh, i S A RGBS B )
A PR TEE L[], [FGE RS A 4R (B AR R RR),2014,
42(10):1586-1595.

ZHANG H F, WU J H, XIE F, et al. Dynamic behaviors
of the crankshafts in single-cylinder and twin-cylinder
International  Journal of

rotary  compressors[J].



%535 B4 6 i BIARA, SF: BT IRARALEE SRR LB R

7 - 843 -
Refrigeration-Revue Internationale Du Froid, 2014, signals[J]. Mechanical Systems and Signal Processing,
47(36-45). 2020,138.
[24] XING P F, LI G B, GAO H T, et al. Experimental [25] Z==dh, Xk, pRam i, 5. SNt st 3 A RO
investigation on identifying friction state in lubricated SE 5 15 TR E IR0 [T AU AR 22 4,2014,50(17):

tribosystem based on friction-induced vibration 69-76.



