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Study on surface flash temperature for spiral bevel gears under

condition of mixed elasto-hydrodynamic lubrication

GU Jian-gong', FANG Zong-de', FU Bi-bo''*,~ZHU Xiao-yuan'
(1. Schoolof~Mechanical Engineering.,
Northwestern Polytechnical University, Xi’an 710072, /China;
2. China Aviation-Powerplant Research Institute,

Awviation Industry Corporation of China, Zhuzhou 412002, China)

Abstract: The average friction coefficient in"the mixed elasto-hydrodynamic lubrication
state was derived from Block flash temperature formula, and the calculation precision was
improved. In combination with teoth contact and loaded tooth contact analysis of spiral bev-
el gears, the flash-temperature formula under the condition of actual lubrication state was
proposed by calculating the surface curvature radiuses and tangential velocities along the con-
tact point. The results show that, its maximum flash temperature locates in the middle of
the approach path, but decreases obviously and the scuffing load capacity is enhanced signifi-
cantly as the inclination and length of the contact path increase, the actual coincidence de-

gree rises and the load at the contact point reduces.

Key words: mixed elasto-hydrodynamic lubrication; average friction coefficient;

spiral bevel gears; flash temperature; contact path

WHES R Z I T MR bl EH MIRIEBR ML RGN R St A A T E X
(T 00 e RO By A R e i T B It FI I FE A A5 14 4 1 I 5 R 2R 0 A N IR IR
HEVG 48 O & /R BBE S0 B2 R A HE S R p0 A5 AN AR RE R P RN O 3 RR 0 B R X A e

W #s H A :2009-11-12; 1EITHHEI:2010-01-18
EETE HEARPEES (5087521
TEHZ B AT AT (1980—) , B, L PY AN A, 18 A, S0 S5 46 e 4 TG S mT SE PR 9T



512 4

A H DA RS S I T DI A S 1A T DN R T Y 2847

WG A1k B A7 TE Ry 30 e B W R B A5 AN R RBURR
M TN R 2 7 BE B vE R M T A IS e G A R P Y R
PR SR TR BRI PR A R
AE A Ry Bk

A 3% 5 N IR A OB S R IR T AR R IR A
AR AE N HIRZ O A L AU TS S EE A
BOA ¢ A BRI T T U o 2D 1% e S IS 4 TR
M . $5 52 | Martin®™ & B0, 45 %6 104 52 BriE
TR AL HE T 57 4 SR T Y RN 1 AL IR A
ST . DAL O AT TR - $8 RE 4 DRSO F ¢ 4 SRR
T T RN 20 U W T B AT T T 34 R 45 DRSO R
U A 3 A0 SINH 4 15 6 B9 U T A = 8] il T, L AR]
R o= 1 D Y S N B /N W g o = S PN B
B —ERIXERE. £ X% L SO A SO 3 IR A 5
T R I #E U 5 A T 4 R R R
TR B 1A T VA M o P DD 1) kB R gt R AR
Bk A5 IR A RO T T T U A O e U 1 ik
B AR 4 TR RL 2 2L 43 B 422 i S5 A28 0 00 ) R
JEE X A 5 i A2 11 TR YR 1 B T
1 HBRREAR

A% s N IR A S A TE R

T (& LTT
@ = 0.62Cy 1 ol [E [pl + H v

‘ Uis — oy |

Bay /ot Buo\ v/ 0\
AP @ R WE A KL IR (CCH L G = 1.5 2 AR
B o AW AL SR TR EE 5 ARSI e
o 15 GE B AR AT (N/mm) o E,/ Ol 24 4k 31 A
(N/mm”) s o s RPANFEFIR A 1A 1T 7E W 5 5 Ak
A AR (mm) o v e /NS TR B2 15 T AE
WA a5 U0 a1 3 B (mm/s) 5 By s Bue H/NEREFIR
I IIE ik R AN/ (mm » 7%« TC) ).
2 REMERERE TIIEH#ERN
HH AR

A 508 24 5% 254 4
TCA™ (tooth contact analysis) il LTCAY! (load-
ed tooth contact analysis) . 7T B IR G MR HEE T
ST B 1A % 1) 447 T DA
2.1 EBEERERTHNEHEZRHY

S S5 T L0 0 2 4 5
PR A AR PRI F . R 0H o R 4% PR K S 249 R AR
B SR EE g R (A AR Castro S8 857 (1 15
A% Sl I TR A UL T AR O U T 1 2R A F

(D

A48 58 4 BT I W R R R 040 TR 1) 2
T Foo Fh N TREESE S (W1 f1) B, A4 o & i
DL T R B R RO TR R R
F, = F+F (2)
F,o=F+F (3)
RAYE Zhu A1 Hu B9 0F 78, 76 TR A 57 1 W
S E]

' 1.21¢"%
Fn=—————"—%
14-0.37&"%

P e TR L L BV WG 5 Ak 1 18 1 i T R
tn GRS PR ¢ Z Gy = xts o=
Cpi )% s e PR VT THTFLRE B2 . 2 A%
AT s W A it T 9 it A A 0 TR B2 R ) 114 B fi
ERECS o Ryl W T R

F, = oF, 4)

WAEMTXR .
F, = —aTF, (5)
MR PEARTE 3250 - 2 AR
Fo = f.F, (6)
F'= £, Fb (7)

= W S 1 T € O = 117 < s Rl e S 1
T RIS T R RS- 357 R 4 R KK
RG34, (5) . (6) (7)) FRAF TR A B
TR ()7 25 0 Bl BE 4 AR
f=of . +FU—0f, (8)
Winter il Michaelis™'" # 5 T 5¢ 4 5 37 11 W%
T2 S EE SR AL S
Xt FAH R 89 U5 58 I 7E S W pd e ek A
B 0 5 A B i T 6T N 9 1 Y i B BRI R B 2 L
W51 58 267 s Wy A 6T W i 3 183 ) 28
faf FIHA 98 P A
Ey’ Ey’ 1
i i
IS fo N

fe=d"f. (10)

K BRI SE T B, 0 A R R sh

JEE 45 PR RCZE /INYE L N (0. 07~ 0. 15) 28 4k, Z0 W% %%

o o 8 20 R ¥ 0 R O R e Y i el R R

VR TEREL R 5 4 [ B DA Ay T A 9 30 i v i T

T B X S EE R AL £, R RO

fH0.11).

mAOMAOER K

f=d"fitQ—0of, 1D



2848 i

H¥

)

PARE 5 25 &

2.2 MiARAHIHERLE

SIS 1A 5 14 42 ik DX g AV (B0 JEZ i A 193]
iR sSe N R 1 S IR TR L RS LTS
b 77 1) F) b RAR /DN AT 22N T R il RO U
S A T AR R B e s e R/ INER UK T E I A A
ARG M E Ky Koo XY 5 18] 5 e 5 e 9 KEE
A TR G 3 s AR Y 32 3 K s Koo X B Y 3 7
W] N en S HE RN B A T A ¥ e
en YA, 1k 2 BOnT AR 408 914 4k 14 8 TCA 1%
I, D) phy R 2 2SR /0N 147 T A R B 147 T A G
o My KRB 3 AR BRI S s O B 1 T
Zm AL B R AR o o

_ 1
(Ol K]]Sinz o + I{]QCOS2 [e5]

(12
_ 1
£ K21Sil’12(al + 812) + Kzg COS2((X1 + 312)
(13)

2.3 WEE RALRIY)EE E

R SO 4 5 8 TCA, AIA5 2[5 T/ N A 1)
AARER S A SR r (mm) , BB TR
n s [EE T RIEFBIRR S, AR K r
(mm) BRI R np. BEARAR RSy T /NS 1 ff ol
JER BN o (rad/s), B RS, K40 fr i 7
KN o (rad/)M A TR RS, T /NS Y T LE WG
G AL AT E v (mm/s) SRR S, PR
YT TRTFE WG A a5 AL B 48 X 3 v, (mm/ ) 2K

v = @ X I 14

wi=w X r 15

JINER IR B R TR A 5 s Ak Y U 1) S E v

v, SR X8 IO 48 0o R B R e HG T Bk T 55 1Y
JERGZ P

vip=w — (v - (16>

Voo = v — (o an

3 Al bR AR A, A5 B [ E T HUR AR R S,

Hh NS R OR 8 1A T T G B A DD ) B v v

W 90 A e Al I HE G 48 LTCA SKA5 . X #

A8 2 (1) L RE 6% T 53 1 914 ik 147 48 10 422 b B 3

% PR L

3 EHlSHh

PA—XF 94 HE 14 5 o0 91, e S B0 1L 315
FF 3 A7 426 fih 85 A8 AT 38 R E AN [ A i 42 fh e A2

nl)nl

n)n,

149 DR T 53 A 1 B0 /N8 e 36 000 1/ min, DA 667
KW, AR IR BE 100 °C o A (4 3 B2 T i 8 b 30 ) &6
JE 10 m +Paes, ZfL SR B 225694, 4 N/mm'/*,
A /NG R K4S O THDRLBE BE 0. 35 pm, /NEE I
KA A i R %L 13, 8N/ (mm « 5%« °C).

x1 BERBH

Table 1 Gear geometric parameters
28 N PN i
vtk Z 23 65
KIHEEL m/mm 3.9 3.9
% 9 B/mm 37 37
Bm RS o/ () 22.5 22.5
R REE A B/ 35 35
g f o/ () 90
T J5 17 ayd iy
TAEW S he/mm 6. 63 6.63
SMNETEE A, /mm 134, 45 134. 45
THER y 19°29! 70°31'
THHEAT 7 21°7 71°13'
HAHE A7 18°47' 68°53'
5T/ mm 4.65 1.98
WHRE h/mm 2.72 5.38
TP he/mm 0.73 0.73

B LR 2 R 3 s B E T Ak S K
FEMRAE e fA N 60°, 35°F0 187 B Y 1A T EN R, Vi 4
Sl B8 A28 119 SRS RTINS 1 UID 1) S A AT 43 T DA R
VR T DA T 7 4% T v ek B AR 50 0 1T HE 1 5
Aab 5 W A TET A B0 ) SR R /N A A S ) AH IR, TN
R 0C NI KRR 18 102.9°C . & 2N

% 16 D\
5{ 14 ._n_.o_-o/"/o
# 12 \
=10 Khe i
8 llllllllllllllllll
0 2 4 6 8 10 12 14 16 18
Wi

(b) By e



%12 A H DA RS S I T DI A S 1A T DN R T Y 2849

3 5 7 9 1 13 15 17
R ey DA

N S S S S T S N S S B S S O (d) (A 2R
1 3 5 7 9 11 13 15
e VAL
() Zh i 43 C Hh 2% 2 el s R R MA 35°

Fig. 2 Angle between contact path and
110)
90|

gear root cone is 35°

(A C

0 2 ai : 6 é :m 12: 1:4 16 (a) 14 167 EN9EE
W (7 i

(d) Rk Rh 2k — i/ \//‘\, )

18

£ 16

B 1 ke 5 K E S A 60° g 14

Fig.1 Angle between contact path and iﬂ 12
=

13 57 9 11131517 19 21
W i
(b) L) e 5

() 47 1 ENIRE

VI B /(m/s)
=

A6 8 10 12 14 1618 I3 5 7 9 1113151719 21
e ALY Ly VA
(b) 5 i k) (c) i Ac 2k
90 :
= 60
% 50 o
= = L
] = .
ey : ; ; ; NS i :
2 1 3 5 7 9 1113 15 17 19 21
e A
: Polon A (d) (A3 Hh 2k
1 3 5 7 9 11 13 15 17
ey DAL 3 Hfih kAR 5 REARET A 18°

) B o0
(c) Afir S A Fig. 3 Angle between contact path and

gear root cone is 18°



2850 Wi 2

g N o

05 %

93.3°C . [ 324 81. 4°CH i T ABLilk i, 31X 2
P 45 T HR ) 2 A 43 T H 206 X AR T s A B0
PR U] 1] S B 25 Lb mt B B0 b B R Bl A 4 f
AR P AR B 3 O, R FE RS s B K T AR 1A T A
Wk a5 AL B 1) 1) 3B DR/ ELP B 2 2N
BRSSP E A M 18 2.0, K 2 K
2.2 B 38 2.6), & WhA s Ak A& SZ 1Y 8 A B 5 U
JIN S DR SR T 2 fh 66 A8 %) DR T e R S R AR, L v
P2 fuh B AR 5 R A0 AR A e AR R 18° ) 1 IR T B3 KA
Fe e i Ay 35 I REAR 1 12. 75 %, He e f ol 60° I
FEAR T 20. 89 %.

4 & it

1) Ak % 1 6 1% YR B B O V0 O R A 5 30 R
I VI RIS 4 L I T A T O £ B 4 PR Y
WFSE A5 T SE BRI RS 0 14 1 2 8 4 1A
B, AR 142 8 7 A 18 o DN TR 2 2 A A

2) TEAR I 0 N IR S SR LAl L, 25 A 90k
Wik TCA F1 LTCA, 35 1 914 HE W 48 4T 14 TH
Mk A DD 1 R R R R AL 19 B TR G R
2 i N R e SR o e e o L S el NI i a
BTk

3) X FIE 3 Cii 52 /1 ok 907) 1 S HG-4f U F
R 7E B2 M 6 AR 5 0 HERY 28 AL L TN RS 0°C L
e KA AL T Wi AL v 30, e A B 2 R A IS
SR AN A B2 M A % O AR R 1 B i TR
S AT 0 1 S B G B R S AL Y B A
DAL T ) e AR P b B AT 4 TR O S B R A T
TE A UEIE )

S 3Hk

L1 VLok#m. EAAE. IR UK A SR 57 o L) . g
S $,2001(5) :9-14.
JIANG Qinyu, WANG Songnian. A study on calculation
method for scuffing resistance of gears[J]. Lubrication En-
gineering.2001(5) :9-14, (in Chinese)

[2] ER P EPURE TR EEE % [DB/CD]. YL . VLY R
SRR R 2002,

[ 3] Martin K F. A review of friction predictions in gear teeth

[J]. Wear,1978,49(2) :201-238.

4] Jrosts, X%, MBAE. Je T4 ZiR 22 Bt 04 I 14 6 147 56

EAIHTL ] s 4%, 2002, 23(3) 1 226-230.
FANG Zongde, LIU Tao, DENG Xiaozhong. Tooth conta-
ce analysis of spiral bevel gears based on the design of
transmission error[ ] ]. Acta Aeronautica et Astronautica
Sinica,2002,23(3):226-230. (in Chinese)

[5] ST R AT AR . P T 4 1) KA R 7R 4

Hefuh 73 Hr [T MUK T 2244 . 2002, 38(9) :69-72.
FANG Zongde, DENG Xiaozhong, REN Dongfeng. Loaded
tooth contact analysis of spiral bevel gears considering
edge contace[ ] . Chinsese Journal of Mechanical Engineer-
ing,2002,38(9):69-72. (in Chinese)

[ 6] CastroJ,Campos A,Sottomayor A,et al. Gear friction co-
efficient in mixed lubrication[ C]// Proceedings of Tribolo-
gy and Interface Engineering Series N48, Life Cycle Tri-
bology. Leeds, UK : Elsevier, 2004 :525-536.

[ 7] ZhuD,Hu Y. A computer program package for the predic-
tion of EHL and mixed lubrication characteristics, friction,
subsurface stresses and flash temperatures based on meas-
ured 3-d surface roughniess[ J ].-Fribology Transactions,
2001,44(3):383-390;

[ 8] Gohar R. Elastohydrodynamics, Ellis Horwood series in
mechanical engineering [M]. New Yo6rk: John Wiley &
Sons, 1988,

[ 91 Dowson D, Higginson G R Elastohydrodynamic lubrica-
tionL M4 Oxford} Pergamon Press Ltd. ,1997.

[107~Winter H, Michaelis K. Scoring load capacity of gears lu-
bricated with ep“oils[ R]. Montreal, Canada; AGMA Fall
Technical Meeting,1983.

[11J~Hamrock B. Fundamentals of fluid film lubrications, me-
chanical engineering series| M]. New York: McGraw-Hill
International, 1994.

[12] Horng J. Contact analysis of rough surfaces under transac-
tion conditions in sliding line lubrication[ ]J]. Wear, 1998,
219(2):205-212.

[13] Gelinck E,Shipper D. Calculation of stribeck curves for line
contacts [ ] ]. Tribology International, 2000, 33 (3-4):
175-181.

[14] Williams J. Advanced in the modeling of boundary lubrica-
tion[ J . Tribology Series,2002,40;37-48.

[15] Robbe-Valoire F. Theoretical prediction and experimental
results for mixed lubrication between parallel surfaces[ ] ].
Tribology Series,2002,40:129-137.

[16] ASME Tribology Division Technical Commit. 1SO 281/2
Life ratings for modern rolling bearings a design guide

for the application of international standard [ S]. New

York: American Society of Mechanical Engineers,2003.



