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Abstract

Regarding the issue of fatigue failure in the bearings of a certain electric vehicle’s scroll compres-
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sor rotor, the effects of different rotational speeds, radial loads, and their matching on their fati-
gue life were studied. Perform force analysis on the compressor rotor structure and calculate the
radial load on the rotating turbine bearing under different working conditions. Model the rotating
turbine bearing using UG, combined with WORKBENCH/LS-DYNA and nCode Designlife for fatigue
simulation analysis of bearings under different working conditions, to obtain the stress distribu-
tion, damage situation, and life distribution of the bearings. And conduct bench tests for different
operating conditions to verify the rationality of the simulation results. The results indicate that fa-
tigue failure occurs mainly in the bearing load area where the rollers are in contact with the race-
ways of the inner and outer rings. The influence of rotational speed and radial load on the fatigue
life of the rotating turbine bearing is not a simple linear relationship, and the influence of radial
load is greater than that of rotational speed. The average absolute error between simulation re-
sults and experimental results is 8.7%, which significantly reduces the time cost of fatigue life test-
ing for rotating turbine bearings. The research and development of scroll compressor service life
has certain reference significance.
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B RHFHAR R E KR, RIS %120 T 2 o ME 2, A2 M2, AR H .
KB R o 55 06 25 000 R WA, — LR AR s, 223 ™ B 22 i e B 2 N R T2 [1] [2]. BRI,
o ML 2 4% T P2 TN 5 {k B 7 2 (Proginostics and health management, PHM), #E47{g@ BEIEAL S5, 36+
TINS5 RAT WAL, e TR 4 g, X IR BEA U e R 4 A P BRI N 5 2 2 &
KEE[3].

FEHRENRET ARG T, AL A 4 v 18 R H ) PR A Rk BI# 61 2 IR E R B ). H
W, R e R AR 3 B HLIR B — AN B B Ol RCR SE ISR B S ER iR B A G, SR AR R B T AR
TR s AR S 53 20 55 I IR 5 o A W e P A LR U 2 38 1) 2 S TR TR o sl o 57 2 388 1 Ji BT 32
TR Al N PORMRRE . BIIESE . TR BN I S W AN R 2 i T 7V (R TN AR
TN RG LA WEE. FEBITHE IR RBENIE o el 52 il 2R 57 75 iy T A HE R M ol — N
TET R, FEGIES TR A O . IR SCER[4)5 N BUR TR NU306 i 5 i 4, Jid AR 2
T 5 18 AR ARl 1 AR A i 4R, #R7R T Rkt 7 A SR B AR AS TR S M L s Leid Ren [5]55 A4 H
T b TR R A R X 45 (CNIN) PR il 7K 8 A 0 FH 5 i 8000 B 7 9% Wei KOU W [6]4% A\ % T
ANSYS/LS-DYNA SR BRI P ZLAMRFAEREAT T B A . DCRIR Bk 5 R TE 2 0] (1) ) R4 2 R AR
FEIERH, HHE TR e ORI EE 5 R B TR BRI ISR . FEANDT I T IE B AL AN o A
FebEs TR 7]5 NK 52 PR R 22 2 ALEGE 5 51 NIR SIS dr A AL 2 rp, 3R T — Pl T2 BR3¢
IR 25 2N AR 2 P 48 il K 75 i T RBM-CNIN A5 7Y . i [8]45 NAEY & Harris TR BN A& IR L1 7
PRz | ST VR SRR A I B PR AL b, BN T — Fh ok A R T B O O AN B M R RN )
RGN IIFR AR, SRR T RSO RO S B3R E i i 3 R K Bl 7 R 5 R
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Yongwu Wang [9]1Z: A\ K30 11 5EBRICHSE & KI5, BAE T RS IE 08 R BB N o3 A . 38
FE MU EAAAE ] B2 5, I [10]25 AT Romax 117 B4t DAk AL 2% Nl A 7 e i TAE 5 R 5
ATE L, R I AR T AL X S 7 A B SR 25 RS T SRR )R B N B s Jason Deutsch [11]55 A$&H T
— P T IR A S % AR R A ) T VR B AR T RUIL TROI (3 77 BRAE NIN[12] 55 At 3
KIEFLREALLH R FAR AT 700, I P AR AR BURE X il R 0% 55 75 i s e AR K, MR ok, % 57
F#fmiliA; Nannan Zhang [13]5 A$&H T —FhcE IX BN R0 AR 06 FH 25 an B 75 3%, SR ST a3 BUE
SHFAE,  FEAS R ECT I BRI TN 28 AT S AL B DA Al A Y RUL. B ARG Tl A 5
KZEEPIER TR B far SASTAOLl R P P &1 Bl e e A7 400, 56 DR 3 0 L2 ) R /N Bl BE A AT R s, 2>
iy R 3 50Tl AR A IE S FH 2R TR B 55 A i — U7 T .

AT S0 B H BV AR R e e A L 20 2 Sl R o I 55 BRI R B 1 1) L, SR A ANSY S/Workbench
R R B ) AR LS-DYNA 45 695 55 75 i 73 At i 24 nCode Designlife, 1245 Miner 2kt SR 145 218,
XoF iR e R AR LB B R AE 3 FhAS RIS T LA S 3 b s oo R IR 55 5 e it AT /b, FRAEAS IR T Rt
AENUHEAT IR 75 iy & 2056, I SRAEAH B L0 T R4 b8l B Al 2R % AR B R PR F (] DABGHIE FC A 3 . AR
50 P9 25 R AL I P e 28 5 R AR R sh B SR N T, IR e R e LA 25 O 32 44 7 —Fh
B, £ TR EX BRI RGNS A m R EA — M SE R L.
2. M55

TR 248 WL FR % 1 DK )y 1 il e 6 AT (A Bhi B S B i B M A, AN SC AR FLBhVR AR IR R R 4B AL
BNELHAACRTE TN G, HAE M A B B 1 R, BT R AR R S A R ) S AR A 3
o o} FLIR 55 A5 A o B AR NJ203 ARV Tk, HeimE 2 s, #3234
U

Figure 1. Rotating turbine bearing position
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Figure 2. Rotating turbine bearing
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Table 1. NJ203 bearing parameters
= 1. NJ203 3h&R S8

24 i /mm 24 H{H/mm
W R TE B AR 221 RTHR 6.5
SR ITE BAT 35.1 B 11
W EA 28.5 B R e 12

RYEZ SRS ar L-P 390, IR BNR S N A B EE AT, RNk 1A B 3k 5 Hor 8 2 L
AT N AP R A0 B 3T 5 M BBl B 2 b e X UM e VR B Ak R B B e A1 2 Bl Ek A S N A
Rl (1) 200 5 B8 Ay R 2 B ) T A R [14] o % G AR A 2 1) 2R R0 B SR THIER FE T (W B R B . ) 5121, S0
AR A SCHF BB A 5 sl AR A B A R 720, 32 B S el s of 1 4% 8 3 far A1
Bl AR TR AR AL v e 5 B I 28 4 VA W 5 B BT P AR AR T Ay o IR AR LZEAS [R] AR WRCHE SO ) T
RIS, BN A AR SZ AR R A AN [

ZIEGEHLIA 2 FELHE > 500 V, B4 Bl A 0~6000 rpm, AR 45iE #4334 4000 rpm, f# ] R134a ¥
B (bR AERHE SR 7178 0.2/2.4 MPa [G]. A IR ST 5Bt 4L ) 3 Fi% 8. 2000/4000/6000 rpm
3 52 BIAS [FIRHE SR 70 00T 458 1) 7 ) B BN B el AR 8 57 o WIE LD RN

T I R AT SRS R HE SO ) Tl N R AR 2 B A, ST AT AT B v %

PR UG B8, SN ANSYS FRghAT ISR 43 5 it N 20 S5 A A B R i, AR FA
nCode HHEAT 98 57 7 i i1 0 HT +

X TOLEEAT G 28RS, K ilae 45 SR 5 07 LR AT X LG, oA sg e 55 A5 IR R N, 3R iE A PR
VI IR 7N O ETA G 38

3. GREHH

AR A A S IE FVR B AR A BT AL, U U 24 1) SR T R AR R, 5 SCEEAloR FI 29,
TN TR HEAT SR A 3 Hr IR VR B AR 1 BT R AR 73 AT AR, A9 RISl R H IS sk, IF dhh
AW ERIE sk R UE T H A IEf .

EXHR BN AE B R R AR RO R P SR A BB T

EH T2 R A5 50 B P B 20 23 AR BRI SRR DS, T RAZIREAN T, i DR ) v S, AN B £
5108

T AR BVEARTEAR N, B A B RHEEL M, [RUCHARIRS A AN 2t A

B AR BRI R ROE SOIRBIIES7 R, AN B I 1 A EE R JEs okt
3.1. Zhoh

T e L A AL 32 S e R ATLBR S e e )y, ot e ) oo A5 L T T AL v T ) B i A 5 R B AT
Mg, A I N TTIE BB FIRCR . HshiRat. Bk, WO EL R EA 2 5ot 3
I

ENELAAFI 52 1P, X X T

F,+f=Fxcosp (1)
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F =F,xsing+F,—F 2
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Figure 3. Direction of force on the rotating
turbine assembly

3. HBEHZNFHE

f =0.02x(F, =P, xS,,) ©))
F.=mxao’xr 4

HIRAHLIFE . 5 TOURE G, RIATSA Ay 580 77, 3E i m] 545 th el i Co B X0 3 L 201
IR 0 Bl R A & BB 3t o PRSI 4 s i O B EAT B2 ) 70 -

WF
c

Figure 4. Direction of force on the eccentric sleeve
4. WILBEZNFE

i Lo B 1R 32 A8 T3 R

F.x=F;xcosp=F+f (5)

F.v=Fxsing+F, (6)

F,=mxo’xr @)

Fm = (Fnix + an—Y) (8)
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Fro = o =[(F + 1) +(F,xsin g+ F,, ) ©)

H b 3T S5 O T B X S AR I D R, o

X RO AUATs, NS ST B 2 B g, R,y il O 80 B 1, p
JyHEEIHES R, F iR BEmS S AR E R Sy, iR S BT EROVF >0, F ORI
J1s B OBV TS PO T, S ABNERT TR 32 TUE 70 X TR, R Nsh 4L B0,
m NIRRT R, o N, rOyihBliORE, R ONESIEEEEERER T, By RO ER
0, mONRCIEERE,  F, AEhERITRZ IR 1.

3.2. HES#H

7E UG Hgr ik () = e ) . Bl 1180 5 N ANSYS Workbench 1, & 2% 15 B Bl A4 KHE M,
H RN SRR G S, %575 1140 Kg/m®, SAPERE 1.62 GPa, JHKAEL 0.41; PIAMEILL AR
THIRRL N GCri5 iR, 25 7830 Kg/m®, #thfig: 206 GPa, JHFALL 0.3.

3.2.1. MRS

18 F] workbench R BEAT A% K14y, %6 SOLID164 7T, Mtk Seik et KA 5 H H T
) E A, 7R N RN — E5E e S N R SR R AL ORI, R R E
N SHELL163 ¥.t. AR S 5 frw, 5 mi%0k 60,787 A, HIGHCH 45,624 /.

Figure 5. Meshing
B 5 XIomig

3.2.2. W RFH
LS-DYNA [fif:fib BEHEIE T A 3, BRI BN -

pie = o +( s — £y )e PNl (10)
C D S D

e BB RE,  f N R, DC IR HCEIR A, HUE Y 0.00001, V,,, s i 5] K AH
XTI, HRAEHARSS DL A H 3T AR R

SR TR, S B e s a1, Py Rl [ 58 76 i i _E R AT (i 0is 3, ARl eid
BACE . T 0n 5 A RIRIE . ShEFRE DR SRFF 2 AT 3E =0 e, 6 B 3hifd - iR, e
SCRANRBN AR T g, A BIANEE L A1 A FE A OR R ZESEALAT . S PIIEN H AR, RS
BIREOLY, NESCHANIR T 5 WM AR FFAZ R OG &, BB S, SRR R 2 Frs.
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Table 2. Coefficient of friction between contacts

3R 2 BiEMEEERY

Hefpltst H PR R A BEEHE R A
M RE - BT 0.20 0.05
HMERIE - BT 0.20 0.05
PREFSE - BT 0.05 0.02

A ST B B RN AE An RN FR W HE ST 0 0 42 1) 3 4m7 43 531) 79 1000/1800/2300 N
7E LS-DYNA e rptf S8l A8 2R TR AT A 200K, BEEAR m) A8 far V6 F E P9 B8l P 3R THT A0 R 2 [T L, el
A3 N INAS 5] B 3%, A AE PN T8 PN 2 T NP T L o

323 (TEGRSH

HhARE IR, WA S S A AR m B AR MR AAT . R ALRAT LS-DYNA Kf#s
SRRV 1416 4125 1 ££ 1000 N A2 118k faf I A [F) 3 3 T390 (1) 55 3508 ) 2 T8, 45 S35 B 4000 rpm #6000 rpm
IR OKEE RN S KN 5 216.15 MPa AT 371.24 MPa, 73 7t BILAEVE T~ 5 P ARl 3 fd X3, 7K 35 X )
TR BT 5K T JE AR R X R AR T, 75 KA A il R 1 DA R — @ IR FE X3k, I8
B AP EEIR, X5 SRl AR R AL SR T R ARSI L — 3. R E AR R IR s R PR [ T e [X
SR AE N 7 5 5 N 7 BRIV o T PR o) MR 26 7 1m0 24K, I HLs RSy th ILEE B fid X ek — 58 R AR [15]
DRI, AR SCHT BUAE SR 5 24 4 ful PR e AR — B,

E: LS-DYNA_4k_1kN

E: LS-DYNA 4k 1kN by
T BRI

FHRLS .
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AdiE): 1.e-002 s Big): 1.e-002 s

. 216.15 &KX
192.15

216.15 &K ‘
192.15

168.15
144.14 122’12 '
. 12014 ;
5 96137
72134

120.14
q 96.137
l 40431 | 72134
24.128 48.131 ot o
0.12522 2ijr I 54 755 HEEH?
0.12522 &)

(a) 4000 rpm_1kN Hli2K BAASE N S = (b) 4000 rpm_1kN ¥R T8RN i KME =

A: LS-DYNA 6k _1kN
OR A: LS-DYNA 6k 1kN
e smn
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Figure 6. Equivalent force maps at different rotational speeds
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#£ nCode Designlife T &40 7 Fros i) 7 HritAEHE R, 735 e B P S EIRITR 5~ LUK GRER SRR}k
k79 GCr15 AU i S » R IR AR 4 A AR i AR B 5 2CMUIN T AR xS HoP 2 82 77 Y Goodman %42
1B R IR ST R MR+ i A 57, ORI A% SUNF17 Mk (S-N - ERIR)BEAT SRAR R SR AR A5 21 1) 734 3L
P NBAT I T A5 dn i, 19 81 SARB = AR 57 75 i = B i P 8 s

FEDisplay
FEInput g SNAnalysis ~|:
DataValuesDisplay

Figure 7. Fatigue life analysis process
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Figure 8. Fatigue life and damage cloud at different rotational speeds
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Table 3. Fatigue life simulation results for each condition
#3 ELREFHFGHESER

o RHERAN

i frpm — N 1000 1800 2300
2000 5893.6 4972.5 2429.6
4000 4662.5 3754.3 1842.1
6000 2994.4 2083.4 862.8

6000 - v ﬁjﬁmow
> {f H.1800N
{}5 E2300N
5000 |-
Y
< 4000 |
- L 2
o
4% 3000 - v
2000
1000 -
1 L 1 " 1 " 1 " 1
2000 3000 4000 5000 6000
R (rpm)

Figure 9. Line graph of fatigue life simulation results for each condition
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BB R 9% 55 75 o B A A S AR B (0 R PR R R T RS, HIEA RN R, R
) far EEE] 2300 N PIARFR T00 T, 9855 A5 i) R B0 0B &, AR08 %5 4000 rpm 4L, 1800 N
FE IR B N Zh A BRI 57 75 A L 1000 N L350 TR 1 19.5%, 1M1 2300 N A2 [a) &8s it~ HIe 55 73w Le
1800 N Lt N R T 50.9%; A [a)%% i X 3809 57 75w ) N M BE A7 A — e I %2 5%, £ 4000~6000 rpm
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35.8%, X Ui BABN A A A TE TR S5 O T I8 57 4 an ] Be /N T HUE
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Figure 10. Compressor continuous endurance bench test
10. EZEHEST A & 5K5E

Table 4. Fatigue life test results for each condition
F 4 BELREFEGRELER

AN

g frpm 1000 1800 2300
2000 4682.3 5264.9 2108.6
4000 4467.1 3463.5 1718.4
6000 3256.8 1875.3 785.4

@) (b) (©)
Figure 11. Bearing outer ring, inner ring, roller fatigue damage
11. #ESMNE RE. R FEFRG

IS5 SRR, B MIAR ) B PR KO sl 2 AR 55 77 i B0 WS ) AR A o e, RS2 38 2000
rpm A2 [ FA 1000 N 50N SR I 55 75 ar il T 900, 1 i TR TAR SR R 0%, ARAE AR iR
22 B ¥ PR A8 1) L LS 57 7 A R I O e 45 PR A R DA Bl A R 1 E L™ A % S B0 22
Bk 12, BTARRRE, AHNETEmGTT 2N

Figure 12. Failure of rollers with se-
vere deformation
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Table 5. Comparison of fatigue life test and simulation results under various operating conditions

F# 5 FEIRTEFE®RESHELRIL

H ik rpm &M ARTN 1l 45 R R 2E Rh IRZEI%
1 1000 5893.6 4682.3 25.9
2 2000 1800 4972.5 5264.9 5.6
3 2300 2429.6 2108.6 15.2
4 1000 4662.5 4467.1 4.4
5 4000 1800 3754.3 3463.5 8.4
6 2300 1842.1 1718.4 7.2
7 1000 2994.4 3256.8 8.1
8 6000 1800 2083.4 1875.3 111
9 2300 862.8 785.4 9.9

L = RI31000N
wrr . o I 1800
. —A— JR52300N
5000 F o —v— {jE1000N
e, S . + fiE1800N
SR« fZ2300N
24000 - 5 . S
{=X ® -
- “u
& 3000 | v
2000 | A ‘ ~3
A
1000 |-
2000 3000 4000 5000 6000
3 (rpm)

Figure 13. Comparison of fatigue life simulation and test results
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