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Abstract: As excessive tooth surface temperature of planetary gear system may cause lubricating
oil failure and transmission system failure, a numerical analysis and experimental study method
about dynamic temperature field of gearing-bearing-rotor system is proposed. Firstly, a
translation-torsional coupling dynamic model of multi-degree-of-freedom planetary gear
transmission system is established by using the centralized parameter method, and the dynamic
loads of gear and bearing are obtained. Then, a numerical analysis model of dynamic temperature
field including bearing-gear friction heat generation and transmission system heat dissipation is
established with the dynamic load of the system as the input condition and combined with the
principle of heat transfer. The dynamic temperature of the transmission system is calculated.
Finally, the temperature distribution characteristics of the transmission system are obtained based
on the fixed point temperature measurement by combining thermocouple and thermal imaging.
The numerical analysis results show that when bearing friction heat generation is included, the

bearing heat generation has a greater influence on tooth surface temperature as the load continues

Wi B . 2022-06-22,  FEEMA . XNEFQ97 OB WA EHECGEGEERZ B AR oA S0m, 4T
H. PR HI6 X S0 AR % B B (2021B01003-1) ; Frim 4 T /8 H G X H R B2 36 4 % B3 B (2021D01C050) ,
[ 2% WA ) . 2022-09-06 M 2% H B Hb4IE : http: / kns. enki. net/kems/detail/61. 1069. T. 20220906. 0916. 002, html



%1z

R FE AR 56 AT G 58 1% 30 RGBS A BB 2 7 5 SE R BF T 175

to increase. The system temperature has a logarithmic relationship with speed change and a linear

relationship with load change. Experimental results show that the external meshing temperature

is higher than the internal meshing temperature in the overall temperature field of the system.

The theoretical and experimental errors of the proposed method are reduced by 1.29% compared

with the traditional method.

Keywords: planetary gear transmission system; dynamic temperature field; friction heat genera-

tion; system heat dissipation
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Table 1 Basic parameters of the driveline gears
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Table 2 Basic parameters of driveline bearings
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Fig. 1 Flow chart of system dynamic temperature response

analysis
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Fig. 2 Dynamic model of planetary gear transmission system
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Fig. 3 Dynamic model of needle roller bearing
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Fig. 4 Comparison diagram of dynamic load and heat flux

of bearing
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Fig. 5 Steady-state temperature field of each part of

the system

PH &4 A b 38 23 3l B2 Y BT o W T A R R BE

50. 32 °C i A K1 23 (SUAE 1A 1 3 4 v i B2 A v
UnTEL 5 Ch) B s FE T A Bl R BE 458 A B 47 2

& AR G0 AT T L BE A R W I A 0 A 0 1A T A

http: // zkxb. xjtu. edu. cn

ELBE Sy 45. 33 °C T il 2 T A R i B R 42..86 °C,
WA 5 Co) BTz » D T kBB 4 oA 11 A Bl 7 A A i) i)
BT 6. 2°CAE A TR b B R R 4 A RO AT T e
Y ms K. T4 B R8N s i 2
o i) BsF 52 1A A il R R 4 A AR L WO A R 1

7 B 4 LR T AR T T At 1 48 R U R
B A R BRAS 517 2L 50 W A B % B 458 A 4R
e K TE B A T I T ) AR B AR N 2
R0 2 1 BN RS AR R B AN ] 5 (D Hp oy B R 43 1L
S s s W G 5 1A o TR 22 O 2. 32°C A
e il DX BAE W A A R R O AT R R SR
Rl s £ BoF o R AR R G R A 1 A R v AE X 1 2 R
BK.

3 SEEREUE N R GRS o

3.1 SRIBRIE

R T 47 A2 3 BE S i O ik 2R R 1
PR G A g B R S P R T D
JEE I PRSR L 1T N R GEas 4T il BE 23 A
R . % g BRI RA S RGN TAERE,
DA AR R 00 A7 L 00 3l 2 A 2 TR ) RO AR
ASCIM 5 A% Bl 28 8 48 1A T o A1 15 0 o 7 A 7 95 AR L
45 BB 4 T A DN ek 2R 8 a8 A Rl BE o A
Dt » PR A PR B AL B N 6 R . ARSI

N
N
-
)" P

(b 47 2 145 %6 1% 3 2R 0 2 i B ) 54X
6 SQIITR G EHZEMAT &
Fig. 6 SQI planetary gear system test platform




180 [ S N S %56 &

BRI 77 72 2 T 5 S AR 36 09 T4 08 Sa—— U — :

W T 0 28 5 SO M B0 R 0SSP 9 R of <8R ool |TEE 7

G2 96T W A2 X8 S AR A7 caof L i
S A 100 o/ min JT R HURR s} o0 Wl A

HLAE Y 50 N« b A T ot 18 55 A0 21 5T sof o~

B A YHT-309 %84 v {8 3 B2 I ek {300 4k

0 T B [ e HT R 2T A0 AR AR A 5 4
WA By 2 8 S I I JEE 37 ORI S5 8 00 {5 PR
e Bl 2530 B 5 45 A0 BB 0IE . X LU A SR AN IA] 7 B
7 FLEE R 5 I 4 25 2R 1 B KRR 22 Rl 4.57%.
SOy BT W I R R e T 35.7 C
Ao BET AR AR B R G B K & D — > AR
BT RE AR S B B L R AR 4 500 s B E
TR AR AT S R B R

37

34 |

28

25

2400 3600 4800

tls

0 1200

BL7 S S AR 7 05 15 S g xS L R
Fig. 7 Dynamic temperature field simulation and experi-

mental comparison diagram of measuring points

) T P BE X AT R U S R G O DL R 8K
R Y T Y v LI O R WO RE R 25 . A IR
o 24 8 TTAR IR BEJS AR IR BE 4 A1 5 B0 X IR
8y L R g VR ey 1 (AR i R R e
1% 3 R G0 TAE 5 i SO I R G & 4 v) ik
3.2 HRENRFBREHZ WO

IR FEAS [l g N i T % R B S B IR E Y
L B8 R T RGP 50 N« m ), 7
100~500 r/min [X 8] (4 5 A 5% S A% 50 T K FH & -4
Nl A7 P AT R -l R AT R T R B S e T Al
LK

H &L 8 1T, B A T I AN BT B T 3 e i 2
BT B 2 B TR e . LU A o T
T BEVE S 25 i TR0 HICHR T ARG KT 47 6 k45 1 e A
L it T Ik B ) T A A S B R R AT A Sy 4
145 % k5 T I 2 1 2 25 R G e 1T IR R L K PH AR
P T AR I BE R B I Y 5. 88 % FFFE 16.01% . {H
T DAk P v gl R G R L A T T 4%t e AT AL A AE R

http: // zkxb. xjtu. edu. cn

45 . . L
100 200 300 400
7/ (r'min’™)

Ca) K FHEE-H A fth

65 =e= i1 oA
el 11 i

==k

500 36100 200 300 400 500

7/ (r'min’™)
(b) 1k &

541 == A

=o= Jifj [fl]

¥

45 - - .
100 200 300 400
7/ (rmin’)

(OFT R -MR-1T 2

500 42100 200 300 400 500

7/ (rmin’™)

(DR R

(IR N ik 5 SR8 Do g =A L]

Fig. 8 Temperature rise contrast diagram of the system

under different speed conditions
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