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Simulation Analysis of Influencing Factors on Transient Temperature Field of

Face-Gear Tooth Surface in Meshing Process
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Abstract: According to heat-conduction theory and face-gear meshing characteristics, transient thermal analysis is
conducted with APDL language for moving heat source loading , the node temperature data in different regions of face-gear
tooth surface is obtained under different working conditions. Results indicate that during face gear transmisson, improving
face-gear tooth surface precision, using lubricating oil with relative high dynamic viscosity and lowering face-gear rotate
speed and contact load could help to prolong face-gear service life. The conclusions provide temperature data of tooth
surface meshing for face-gear life prediction.

Keywords : face-gear drive; transient temperature fields thermo analysis; node temperature

0 9 JTIRAERHET H. Block #HE, HI T WIS TER

ASTE LT BT TR S AR R AR E R, A T

T P W%Aﬁm Mpk L s, BAES W BUEEESECRETH RN . XN RS IR

B MR IRBINFIF SR BERARSCEOR RS O R A OO A A 0 S 2 R A 1A T I

MR, WAt syl TR BT AT TR R . (R T AR B A AR
HAR ARG . WSS R RO TS AT R BRAS AR R R DR K A A i

e i T T A SRR IR, 2R S I BT . SR TR TR A A e R e I A e AR LS

BB : 2014-05-09

E€TA . EXARPERERIIE (51375159), BIFA ®mEFRAERESREIIE (124038, 13C379)

TEER N MM C1989-), 55, INPGIG Y A, RS Tolk KRR A, EEERE T [ AL, E-mail: 531760493@qq.com

BISMESE : T BE(1969-), &, MR, 1R BE TR B AR 24 B g TRR, 3020 A S5 8505 fb il 1 B0 5 B R i 1Y)
HE SIS, E-mail: 503904249@qq.com

T




%440 EREA, 45

TET AT 5 W 5147 TR I 5 T 2 2 Wi R 3% ) 075 B0 B 103

AT 0, A SCHEAT T 1A 5 14 58 14 i 2 42 fi
IR, BARE T R A R A B B PR
FHHH APDL i H HEAT TR SIFERIR AN, Xt HAZ3)
WRREAT TSRS T I WP TR %
Mﬁﬁu&ﬁ@%ﬁ%f%l%ﬁ%*%ﬁ¢?ﬁ
AT B PRSI, O TR A B A B R A T —
5 465

1 (eI R E AR AN T

T4 e L s AR T, T AR L A AT T [
KA B, T A EE ARG, R A
£ R /N5 TP A7 T T2 940 AR T 3 3 32 042 fh 28 i
A WL, T ERE " R A WG DX,
FeXT A T B4 1 Ak U AT o0 B
1.1 HEMLE S

M T 1A 6 A% 2l acd R P R G 5 B0 A AT T Y
T fiuh w53 EL A AR ] A A7 8 ) F R 0, B

{%1(”1 91»‘//1) Yo (uzaezalllz) (1)
hy (ulaelallll)_noz (”2=925‘//2)’ :
A ABBREAS | AE AETREDA
FE AR R FR T AL ) 4

o o, ARIRE B 7 AT 1
ABFR R T IR I 6

wy, w, SRR RS | TRIA 8 1A T — s A4 Bl )

0,, 0, /3B BN . TAFE G T E—
MRS

w,, v, PR RBRE RS | A RS A T AR

K (1) iy AT EEL ATLORIBHART 5
ANSH, T E A SRR TREMGE, M
W TR AR UG 11 DS A, W5 1~11, 0
Kl BiR.

1 SEEARE
Fig. 1 The tooth contact trajectory
1.2 HEXBRE
F T A 14 46 F 05 58 A6 30y 1) B i AN

ARAE, DRI, AT R kDX s P D7) 1 D ) L

F18 4t of SR JRE UL AN A 25, e 28 S 0B 1A e R T 24
AT R s

T A G A R 2 % . IR 10
B 6, L 6 IR R 4 T T3 5
SRS N v, v, (ERFER SIS ARR R s, Wit
KA AR R 5, IO A 1 s TRV R
TS 1 I IE 0 Ko, @, WA 15 6 AL EEFTET A
AU B E S 5 O

V=V V=0, X T, X 1o (2)

ym

Y
B2 EEREFNESLIIRARMS RIBHXR
Fig. 2 The relation of meshing coordinate of face-gear drive
and the motion of meshing points

MRAEF (2) SRAFAS RV 8 Ay T 67 58 147 THI 42 fih
B b AR S A, A 3 TR

12

n,=4 000 r/min;
nl:6 000 r/min;

—e—n,=8 000 r/min

(=
T

relalive sliding speed/(m « s7')

along the direction of the track
TE: p FORBIAE WS IR, TR,
B3 114 S A B X TR B
Fig. 3 The relative sliding speed of 11 meshing points
HIPET 3 IR, TRTATHE LR MILE A G 15 AT 2 G H I
HABRAHAR N S, 7EmGS 1 A BN o,
I AAT 8 P SIS, R O 8 A X e 2l 3 Rt iR
1.3 HEEE
B T TR pmr(p, q)> WG
n=r,xr,[|r,xr,|o (3)
W 5 6(p, q)HFJ7 11 A=dp/dg BIZHT AN
B Gdp® +2Hdpdg + 1dg’ ,

= (4)
Adp* +2Bdpdg + Cdg® 4




104 72 I 2 DO /A == S

2014 4F

ﬁ*'AB(ﬁM}HIﬁ%%ﬁﬁ%%—\Z%¢

HG— ‘n, H=r, ‘'n. I=r, 'n, A=r,"r,» B=r,"
e C_q oo
PRIt AT 4%
(DF - E*)N” +(2EH - FI -FG)N +(GI - M*) =0
(5)
K (5), BRI N, N,, RIALTE

W F s 6 A 2 ATl
R 0 2 i i B 2 SR A5 i At [ ) 4 L e

b[6-8] 5

a,
a=E*J0.75F.E, /S o)
6
b=n*JOISEE, /S
K & IR ARG
. N l—p® 1-p}
E, WEREHIPEREL, FLE, =— s
1 2

Wi, o, S AR RS RN S 48 IARA L, E,, E, 230
SR B AT 147 21 R TR A 4 L A o

S=(N,+N, +N, +N,)/2, Hh N, N, FEER
FOAE R 6 I il 2

F, Wik, F = 6F 5%
B F RS EEIR E RS Jye

S AR TR0 T 14 - X Ak Nz 3 Sy

o =F,[(nén) (7)

[ 2847 4 FiE 2%

R RAE ML 1 M

ma\ 3F /(271577) ( 8 )
RS (8) RAFEEAWEA S AL 1 e R 1 )
o, WEHRWME 4 PR

max

9000

8 000

7 000

6 0001 ¢ [=3 000 N;

-———F/=5000N;
—e— /=7 000 N

5000 \{

4000

maximum contact stress/MPa

w

[

<

(=
T

2 000F

1006, 2 4 6 8 10 P

along the direction of the track

TE: FROREEMBERT, TR,
B4 111MEE SRR KBRS
Fig. 4 The maximum contact stress on 11 meshing points
I 4 RIRD, Bl e fr 0RO, I FE 4 T
5% DX B i R Ml 17 A A [ R B i, ELA
T01 300 25 B 3 DX 3 f 1 1 5K

2 EEMRENHE

L s R, whia mﬁ@?im&m%
%uﬁ@%@mﬁﬁ\ﬁmﬁﬁu&AE%ﬂf
EENRA K, Hl TR EE  Jm i
SR S A R A AR Y A ¢M%Eﬁd
BRI 3 L2 o DR RTS8 s 4 ™ AR
B PR 12

G=HO 10 V120 (9)
SRR, WS A TR AR A A PR

(10)

WL s
9.=4 g
o A BRI R R A, LA =0.5.
AT T G 5 S Ak P T Bl BE 4 RN

£=0013(c?R, /(n, v ))- (11)
Kofe Ry DRLREE
n, Y 2 IR
Ve AT B
AL (10) AU (11) ARAGES AR T
10T A7 TRT k5 AL ) T 2 JEE 4 2R 5 B 4 A O o

+: PH./
AN, BB 5~6 BT
0.065 R
—— =6 000 t/min, /=5 000N, R =08 pm, 5,=0.0033Pa *s;
0.060- —— 7,8 000 t/mii, #=5 000N, R=0.8 pnt, 7,=0.003 3 Pa * s;
’ —— 12,=6 000 t/min, /=7000N, R =0.8 jum, 4,=0.003 3 Pa *s;
0.055F 7,=6000 t/min, /=5 000N, R=016um, 5,=0.0033Pa~s;
= = = = 7,=6.000 /min, #=5 000 N, R=0.8 un, 7,=0.005 0 Pa * s
£0.050F
5
[*)
£ 0.045}
=
=
3 0.040
o |
=
0
50.035-
0.0301
0.0250
0.020
12
along the direction of the track
Bs5 1AMERLeHEHERRY

Fig. 5 The coefficient of shdmg friction of 11 meshing points

2500
—— =6 000 r/min, #=5 000N, R=0.8 jun, #,=0.003 3 Pa * s;
—— 1,=8 000 r/min, F=5 000N, R=0.8 um, 5;,=0.0033Pa *s;
—&— 1,=6 000 r/min, F=7 000N, R=08 um, 5;,=0.0033Pa *s;
2000- —— 16 000 ¥Anin. £=5 000N, R =16 jun, 7,70.003 3 Pa * s;
= = = =»1,=6 000 //min, F=5000 N, R=0.8 pm, =0.0050Pa+s
o~
@
g 15001
.
2
E
=2 1000F
5]
o
<
5001
L . L I
0 2 4 6 8 10 12
along the direction of the track
Be6 111MEERLHNERERRE

Fig. 6 The friction heat flow of 11 meshing points



%440 EREA, 4

THT AT 5 W 5147 TR I 25 T 2 2 i[R3R ) 075 B0 70 B 105

FIE 5 TR, AR IAT TR J3E A8 P 30 7RG A
ORI b A B T i I 7 T Ak ) Bl EE 4 R
Bro RIS, kTN Ak T Bl EE 4R AR i 3
MEBLIEMR KR, SRFEEAMRER.

HIE 6 AIRT, EESEP R 2051 516 S e | Hefih
A W THDRDRE B S BLIE AR SG G AR, ST T il iy 3l
IR R BRI R . TR shid b kA ih %
FEfuh, oA TR A 8 AT T PR A DX 3 0 B 4 A A ] A
Rk T HCA 07 B ) BE SR P o AEME 51 LAk v
TARX I BB 0, PI)™ A= I EESE PR R HL O 0.
P Ss = M U R &L T W&, i, ik
AR P BB IR, ] DA e oA R 422 floh 28 i A i 20
PR IR 107 A

3 BRESBRESNSARMSAENE
R &

MR fhe A FINE T B A O R,
T Wl A A A B3 D R A
Sk, NPT AR S HGE T AT .

31 SHMHIE

HUI R T, P B 14 A R

55 0 AR A R g

e (or.0r.0n )
ot cplox® o o
K e NRR PR AR

¢ MR A 5

p R

32 TERREH

TR A7 6 o A UL i S A O AR, B A B TR
FE SR 2 AAREE R, HOE SRR AR IR AR 1
%A

WG S5 . ¢ =0 B TR 48 09 00 B 40 A RS
T, = f(x9.2);

NG T A B E PR E 1

TR 6 B AT B AN (] DX 300 A5 A ]
Fiis

7 BERBRAREN
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Table 1 Face gear drive parameters

Z 4 Wk T H A4 [ORZo it
i 20 17 60
BB m/mm 7 7 7
EFfal/(® ) 25 25 25
Wacsy /(0 90 90
%K d/mm 42 44 40
W42 /mm 196
Hh2FA2 - /mm 236
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Table 2 The face gear material properties

BV R YA I Py A ¢/ W p/
E/MPa u (w/ (m-K)) (1 (kg*K)) (kg*m™)
209 0.269 71 460 7 890
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