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Theoretical and experimental investigation on contact characteristics of
hypoid gears under quasi-static condition
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(1. College of Engineering, Lishui University, Lishui 323000 ,China; 2. State Key Laboratory of Fluid Power
Transmission and Control, Zhejiang University, Hangzhou 310027, China)

Abstract: The precise mathematical models of tooth surfaces and fillet surfaces of the hypoid gear are established. Three indexes of
average semi-major axis of contact ellipses, the direction angle of contact path and the intersection of the transmission error curve are
selected to evaluate the tooth contact pattern and the transmission error. Then, taking a hypoid gear for example, the finite element
analysis model of hypoid gears transmission system is established which is suitable for tooth contact characteristics analysis under quasi-
static condition. By the analysis of quasi-static motion and loaded tooth contact, the variations of bending stresses, contact stresses, and
transmission error are investigated. Besides, the results are compared with the calculated results by empirical formula. Finally, a hypoid
gear transmission performance test bed is developed, then the tooth contact pattern test and bending stress test are carried out, and the
test results are well consistent with the simulation results.
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Fig. 1 Forming process of flake and fillet of gear

(1o, — s,8inay, ) cosB,
r,(s,,0,) = |: (ryy = $,8inay, ) sinﬂz} (1)
— 5,C080,
cosay, cosh,
n,(6,) =| cosay,sinb, (2)
— sinag,

B OM 51 I A 6, W IR E M H 2
Rry, MR n, 5350k
( o + Tpsiny, ) cosf),
r,(6,,60,) = (3)

(Tga F rosinfy, ) sinf,
r,(cosfy, — 1)
sin00200502]

ne2(002’92) = (4>

sinfy, sind,

F cosfy,

B EEGE k TERE Ag, , I o, Fl oy HIRFRA -
1 0 0 S,cos(q, +Aq,)

M, (Ag) = 0 1 0 S,sin(q, +Ag,) (5)
0 0 1 0
0 00 1

uk?iﬁ%qﬁh%mEmﬂh

M, = (6)

0
01 0 E,
1

FHUT k% 5h X, 0

10
0 1
00
Lo 0

MX,,E = (7)

S = O O
=)



UM S5« VXU AT (A7 4 o P 25 i 20 A7 A 5 1287

555 W
TG J e (90° = 6,,) , I
sind,, O cosé,, O
M, - 0 1 .0 0 (8)
-cosby, 0 sing, O
0 0 0 1
T p, %8l X,
1 0 0 O
M, = 01 0 O (9)
0 0 1 X,
0 0 0 1
JIEEGE k iEHe Aq, , RECLE p, TiEHe o, = inAq, U
cos(ip,) —sin(yh,) 0 O
M, (Aq,) = sin(¢,) cos(y,) 0 O (10)
0 0 1 0
0 0 0 1
it o, 5o, WRFRN:
M, =M, M, M, M\M, (11)
o o, MERN
M, (Ag,) = (M, )"'M,, (12)
SR T b A — R R
ar,
v, (s,,60,,Aq,) :aT/Z (13)
FROAMG T, ) -
v,en, =0 (14)

LRAG IR VR T AL I a1 1) 7 R 7, (6, Aqy ), BT
2 PR

TLE i

B2 R O T e I b i
Fig.2 Flake and fillet of gear

2.2 /N TETRAS i T R A

INFEAE P ISR A0 R T 35 i T A SR /A 1A T
TR IR T REE o /INEE AT THT -5 3o 52 a4 B o A
K3 fli.

B3, o A/NBHURABARR, py R/NERIZ DT 7]

(a) Mg HATER R

(a) The positional relation of pinion blank and cutting

bl
| !
Bl 1
| |
|
U i
o
00- \'E 6/

o1 ~ M
roel
(b /N T R

(b) The axial section of pinion cutter

3 /INER AT I A i O i e R o A
Fig.3 Forming process of flake and fillet of pinion

(IRRL L, ag T /NSRS TTREIE J1 0, o /NG D 4
NEFRF, b A ko AP 6, —j, BIOEEE; S, Rk I,
g, WA TN, By RTEEEL, Xy AL, X, K
FRAL, 8,0 HLRHRA, R TIR6 0, i ISR, ryy ISR
B, ra WITRBICER, 6, Jyit 0,M, 59 7] £ 5 4,
s, 7EB 3(a) b, % | MM, | = s, ,JUAE o, AU
WITE |- M SR r IRy 435000

(1o — s;sinay, ) cosB,
r,(s,0,) =| (r, - s sina, )sing, (15)
- s, Co80,
cosay, cosf,
n,(0,) = { cosay, sind, ] (16)
- singy,



1288 8 I F % M 38 %
B O,M 5 T18MR I A 6, , JIRFIR L M (72 % TIHESE K R Aq, BF/NREZE p, TR = i Aq, |
rfl %ﬂ?ﬁ% nel %%Uﬂ‘j: D_l\ljl
(rpy F 1,806, )cosh, cos(¢p,) =—sin(g;) 0 O
re1(001’01) = [(rOel + relSinem)Sinel] (17) Mwl(Aq,) = Sin(ll/l) 005(1//1) 0 0 (27)
r, (1 = cosfy, ) 0 0 1 0
sinf,, cosf, 0 0 0 1
n,(6,,0,) = [sinOm sin01] (18) Gt o, 5o WRREN:
+ cosfy, M, =M, M, M, M\ M, (28)
s 1 #6558 k TiE Aq, , N : @ﬂf@ﬁdﬁ’ﬁﬁﬁ*ﬂﬁ?ﬁﬂﬂﬁﬂ@ﬁﬁ r (60,,Aq,) ,
1 0 0 S,cos(q, +Aq,) Anel 4 B
i ANl
M, (Aq,) = 0 1 0 S;sin(q, +Aq,) (19) I ()
0 1 0
0 0 O 1
oo Gk, ¥ (g - ) 00
_COS(‘Il _]) _Sin(‘h _]> 00
Alj — Sln(ql _.]) COS(% _]) 0 0 (20)
0 0 1 0
- 0 0 0 1
%% iy, el i 0.
rl 0 0 0 ok i ANEEARHE T
0 cosi simt 0
Moo= i cosi 0 (2D B4 NG AL
Lo 0 0 1 Fig.4 Flake and fillet of pinion
%Lﬁg‘ (] 5 g, E‘J?‘é%j‘j . =l S ,
M, (Ag) = M, MM, 22y 3 SRR SRR EY
g, ?Efj *ij:] E()l yD!IJ:
0 0 0 3.1 HELH
v - 01 0 E, (23) SRS UESS 2 15 tA TR R I I gt R RS AR AR Y TE A P A
oo 1 o0 AT A T 2 e 3 T, S 3 P — ot T 4 4 T
Lo 0 0 1 BT S B, FO U280 1 s,
ATk Fsh - X, 0. F1 EVNHEEREN/LASH
1 0 0 0 Table 1 Geometric parameters of the hypoid gear pair
01 0 0 JIRCE & vl X2 N K
M, = (24)
0 0 1 -X, Wk z) 2, 9 35
L0 0 O 1 JEm] o e ayd
58 j Tieht (90° - 8,,) , I OB m/mm 4.899
rsind,, 0 —cosd, O B S/ (°) 90
M, = 0 ! 0 0 (25) {f B E/mm 44.45
cosdy 0 sindy, 0 WIH B2 dy dy/mm 64.913 171.45
-0 0 0 1 YT FE b, \by/mm 38.41 26.92
L & - Iy .
i p, B3 - X, 0. WRHES B1 B2/ (%) 50 15.63
1 00 0
01 0 0 " - R . .
M, = 00 1 _x (26) TR T AT A% Bl 0 47 T B A R AT Bl iR 22 Hh 4k
00 0 1 1 S AR BB . T EHAR A 1 T A T S RN



5

UM S5« VXU AT (A7 4 o P 25 i 20 A7 A 5 1289

B ERIE M AR IE ML T2 KM 43 2 19, anfig & 18
TZHORRASCITHE A A, DRI A (B 17 T 42 fih 3
SRS IR 22 2O B RN, A8 DT AN g I o
U T, DY A SO HAR g W5 0) G, HCFRAR G 5
FEPEANIE S Frs o

2T gt e ERRESE il
~g L=
g 10} )
E W TRHEREZE
2 |
™
# -
£ 6
__%
ooaf
¥ A idE 2k
<l
i \ﬁl'nmay
3 . . 0 . . .
S TR T R— 0 5 10 15
KA HVHEREZR JT 18] /mm
(@) A T FZ b B pei
(a) The contact pattern
%:\
.é
®
K
R
&
2n/z, 2n/z,

-0.3 -0.2 -0.1 0 0.1 0.2 0.3
KEEHEREH Ky /rad
(b) fleshin 2z M2k
(b) The transmission error curve
IS BRAE A IHE o TR/ NS (M T 5 R
Fig.5 Ideal meshing characteristics of gear convex

and pinion concave faces

WELS 7R BEAE 3 T8 b R VAN 1A TR 42 fih B4
TR 22 ML, 730 V- 3 v 15 2 il 1 B fi 2y
)y FfG SRS 8, AR N  BUE N 1 =
4 mm,y =60°F16=-5x 10 ° rad,

3.2 RE&R

H b ST B A Y G T U T A T R
/N B 1A T S 9 ol R R R S A G A
Pro/Engineer , #l G A5 HI 2L, WA 6 FT7R

DARE 2 B ZRAR T /N 50 SRR, T4 HR SR 22
BENT B HEATREMNC , RIAS AR v 145 56 w7

mﬁ%‘ﬁﬂgﬂﬂﬁ //J\%ﬁﬁ(mﬁ
KA V(M) /) ,///////// ’
)

/|

NI LY 1T
N T

(a) K¥&
(a) The gear

K6 KMMEMREA L

Fig.6  The spline curves of the gear and pinion

(b) e
(b) The pinion

4 NREILAERERE

ARSCREHT ABAQUS BEAT i Ui 1H7 147 4 74 i 285 T 40
A A A
4.1 tEHRGEHEE

FLSL I HE U T 1 5 14 3l 2R G0 60 D4 e il S A
R FERSE, T AR TR ], HE T RS AR
F8 UL T 7 21 T 8 447 TR 4 ik 23 A 1) LA , AR SCRE ST Y
TS RGAETUUNGE 7 Fi7 o ARSI 220 A Al A R 1
SEUCELEE ROy, P B B T 1A A i 45 G B 45 4
Tro RECRI PG SOREEHE /N WEH SR, 811 T,
B3 w, W/INFE YRR SCEE BT A, AT T, MR
R SCHERIRA

iz A
N

et SRT,

P 7 XA T4 1% 8l AR G BROGRE Y

Fig.7 Finite element model of the hypoid drive system



1290 & I £ ¥

38 %

4.2 B EME X R MIERI5

B A FNEE A SR 5 2.1 x 10° MPa, A He
0.3 BEERECH 0.1, MARRTR NG, i 7S 1
PRBATT , X2 Ml 145 TET A T A 2 A
4.3 siritiE

W TN fb oy BT EEEF IR 3 2

1) It 000 )t 755 0 047 TR 470 s 2 e 5

2) #far T, F A (A 1A T 52 A il 5

3) 128 w, M ER TR Z B 8B .

5 BRTHOWMER

5.1 REEMIES
[l 8 iRk T, =100,200 400 600 N « m i}, KFE

T2 fh B

AP
B35 [

el 2 F ik
X #3771

i e A DX

(a) 7,=100 N-m (b) 7,200 N-m

HABB A S
#3751l

EA BB Ak
XB 375 [

IR I F2 A X '
UL S

I A X D% s

(¢) T,=400 N'm (d) 7,7600 N'm

P8 RA M T4 Mk i B AT 922 A 17 B0

Fig.8 Loaded contact pattern of the gear convex face

HNPEL8 FE , T S50/ 14 T4 B 2 1 b
SRS T, KR BRI A K, 7 161
y N B K B T, (R, P TR A
ST T/ 2 ) /NS i R 52 2285 3 o
il R T B A N, AR5 2 R 4 B T B
ZHRAES,

5.2 HEEM S
&9 iz T, =200 400 N - m i, KESFI/ NG R
ﬁﬁ@jﬁ’ Om *u Oy o

Tl B X

pegEsans

brELEBELLELLS N
DN
NN
P

BEtzNy=aEEEs
Tiiiiiiiiiii 3

8%
&
3!

+4.683e-03

B KB 10, ~410 MPa

KB F),,=545 MPa

(a) K#T,=200 N'm
(a) The gear 7,=200 N-m

(b) K% 7,400 N'm
(b) The gear 7,=400 N'-m

W e X

S, Mises  (MPa) S, Mises  (MPa)

B X 1&aBoes0
3

+1.559e-02

- BERAZARN )
T RAZARR ) 0,,=706 MPa

0,,=451 MPa

() MET,=200 N'm
() The pinion 7,=200 N'm

(d) /N T,~400 N-m
(d) The pinion 7,=400 N-m
PO DRAR M I/ [1 T 2 fih 7 g it 28 £ )
AL B
Fig.9 Contact stresses of gear convex and pinion

concave faces

WP 9 7R, 24 T, 8K, o Fll oy BIEKR G oy 1Y
ABRITS 256 7T H 45 R (CB/T10062) By X IRk 2 fr
Ro

R2 EMENONERTEZEITELERIR
Table 2 Results comparison of FEM and empirical

formula of contact stresses

BWAr T,/ (N m) HRTLEE oy/MPa B AREER 0y /MPa
100 294 390
200 451 555
400 706 786

014 2 B A7 BG40 P28 6 R SR A A —
o
5.3 HREEES

K10 sl T, =200 400 N - m B, K /NS TR B
KAWBLSS 0y B oy



5

UM S5« VXU AT (A7 4 o P 25 i 20 A7 A 5 1291

5,Mises  (MPa)
(F1: 75%)
+2.9238+02

S, Mises  (MPa)
(F: 75%)
+4.075e+02
+2 6808+02
+2.4368+02
+2.193e+02

+3.056e+02
+2.7168+02

+5.1298-03

TR MRy

e o\ ok i

0,,=104 MPa

Wi 73

(a) K#:7,=200 N'm
(a) The gear 7,200 N-m

(b) K#T,=400 N'm
(b) The gear 7,=400 N-m

B N 77

spuses e Bk Sy
(F19: 75%)

427318402 =88 MP:
+2.503e+02 Om 88 &l
+2.2768+02
+2.04Be+02
+1.821e+02

S, Mises  (MPa)
(F9: 75%)
+3.7518402

+2.188e+02
+1.876e+02
+1.563e+02
+1.2518+02
+9.380e+01
+6.255e+01

+3.129e+01
+3.3608-02

(¢) "N T,=200 N'm
(c) The pinion 7,=200 N-m

P10 SR /NG DA MR 25"y 17 g Bt 1 119 A8 A1 0

Fig. 10  Bending stresses of gear and pinion

(d) K4E7,7400 N'm
(d) The pinion 7,=400 N-m

TNPE 10 Fross , 1A T Ao 98 2 Ak f) 1A AR 25t L e R
ERIS PN I VPIRCER: DNWN 5 PN il )
o NT/PNRIERKREREHIN S 0 oo HIRITE AL
TSR AN BRI 3 R

*3 HIREHENWAERTSEBITEERITR

Table 3 Results comparison of FEM and empirical

formula of bending stresses

K4 o jn/MPa INES oy /MPa
Hfar Tz/( N m)
AT BmAKX AT fmAs
100 32 36 53 40
200 59 73 88 80
400 104 146 142 159

33 PR, A RITath S &R AL R g5 A —
B, MY T, BRE, R K T A R IT/ g 4L, X
& B T A A 25 Rk A (A5 5 40 W FLSE E A B R
HIH .

B 11 R 3T T, =100 200 400 N « m i, K /)
SO T I PR A SR R T )

WE 1R, 24 T, BN, Rt AR & il v /T
/NS, 32 R T ORI R TN , PR K g 6 O A
HRE AR . Y T, KA Ml Bt s A/ Ne L%
Bl 77 1) 2 AR g D47 M 28] /N 7 00, 432 b XF it A/

N SR 55.(0.41,104)
\

1ot —o—100 N'm
100 —@— 200 N-m
90 —=— 400 N'm

KA VT4 FHE& % 1R KT 1Y J1/MPa

0 01 02 03 04 05 06 07 08 09 1.0
KAERHETT 179 (it — K )

(a) Kt
(a) The gear
B3R #5.(0.47,142)
1307 —&—100 N'm
—e— 200 N'm
125

—H— 400 N'm
100 - N J) 35K 14(0.49,88)
75
50

25

NSV T3 A KRS Y. 3 /MPa

0 01 02 03 04 05 06 047 0.8 049 1.0

(b) /N
(b) The pinion

i PR A R BRI ) T

The maximum value of bending stresses of the

B R /NG T
Fig. 11

boundary of gear and pinion faces

R A AR B, BT /DN DA ot ) DA R 5 7 7 L /)N it RS o
KN A AR B RS B g 1A ) A B AR AR, /NE
PR 1T 1] S EE R AR 2 K 1 A%, PR I /N 1 A 25 il 0 ) 76
Y 1) 7 ) b 43 A SR A

M T, =400 N - m i}, K /NG 14 T 3
N7 BB f AR A an B 12 BTR

WME 12 (a) Fios , KEeRAR A2 0048 R 2 1, 32 3
FIZA 3 MM g, = 2u/z, , TR R
R A5 K48 /N ity 5 AR A B R N i fE.
B 12(b) iR, /NG AR 52 FR AR N 32 4L, 52 480 PR He
KEEHE, T BT 5 B sh A hr R 3L [ R i, e /NG R
WL BT 2N TN

JINEE A AR g U 2 v 1 KA 5 T R 14 AR T 43
BT /NG o A R 1 TR A U 4R 45 19 S5 1 - 25 1 )
o MK (29),

o LA L



1292 % & L R ¥ R

38 %

K27
o (Kst—/I3)

10
80
60|
a0/

20

REEUTTH 43 T 2% 175 Ny o, /MPa

(a) K#&

PEAIR B30 7
KN

ok
B BHRE
- PRI A

NSV Y PR 10 N ) 6, /MPa

(b) "Mtz
(b) The pinion

P12 R /NI4T THT S 5 e 25 R D 122
Fig. 12 The change of bending stresses of the boundary

of gear and pinion faces

3 )

di
- t=0 Nz

Op = p (29)

o ok (1) RE W WL FA T N H, N, ok
P A LR T A, T O], T = 3¢/, .
Ao NS VG T RS T ST ST o K

N,
vy o (1)

k=1
7]\71 de

I (30)

e o (1) /NS IELR A5 AT, NV, S/

A T PR AR - o
2T, =400 N - m i}, 0, =40. 6 MPa, o =
19.7 MPa, ] WLRHE A7 A Fir 52 19 F- 2 14 AR 25 il bz g 8K
TN
5.4 fEFRE
B 13 fiink T, = 100,200 400 N - m B, $5 48 B Y
sz,
——100 N'm

s & % e 200Nm
NI : \ | L. —=— 400 N'm

AR B 25/(10°tad)
|

-6 L i L ) L n
0 0.5 1.0 1.5 2.0 2.5 3.0
KECTERE s 1y fy,
(a) feBh iRz ih 2k
(a) The transmission error curve
3.894 —— 100 N'm
3.893
3.892
3.891 %
X2 3.890
£ 3889 Qb
£ 388
3.887
3.886
3.885
3.884
0
KECTERE 1y fy,
(b) BEI B L

(b) The instantaneous transmission ratio

13 e a1 2l 1R 22 BE 2T 1) AS A 1 B

Fig. 13 The loaded transmission error of the gear pair

Wk s (b) Bz, B AL sl 22 M 2245 F sz H
FHSCHS, W 13 () Fron , AR sl 22 dh 42 % 52 H L
W, MBS

W S (b) P, BE B AL sl 22 iR 525 0 6 =
=5 %107 rad; 24 T, BN, P 8 B A6 — X R X 5 1
Hefih 2 AL AR U e, TN AT 8 Sh AR el 3l s il T4
Fem 2 AT IR, (A% Sl iR 22 e 3h i iR (e Rt T,
ARSI K5 2 T, ARSI T, 14 e & 78 9 X A 3 %6f
R TR M =2 ) AN T A A A8, DR ke a8 s e e i 0 AN 1) A
o



5

UM S5« VXU AT (A7 4 o P 25 i 20 A7 A 5 1293

B 13 (b) i gl L i (o)

(1) = Mgy (1) /A, (1) (31)
e A, (1) R WERS BERE B, Ay, () /el
I JERE FAE

WE 13 (b) s, i(e) fEBIEIEMTE R s, 4 T, 5
/NI, i) PSR A AR TIREE T, B, ke
RS2 BASTESE R, i(e) SR fEHE K

6 RXICIGIE
6.1 XWHa

AR ST 2 o v XS pb T 07 5 0 T2 B e R 47 AR 25
jJﬁtHA‘*zflnl 14 Fﬁmo

Parkerfr] IR LKL
$ o

n'-%':ﬂ%zsb l:l:tf&ﬁ%ﬁ

K14l s
Fig. 14  Test bed

UniEl 14 B X8 6 A AR R AL A Dk
il Bl 40 1 3 R GEte A4
6.2 IHEHEARBE ST

A ) A Rl R 5 B 1A /N, A T =
100,400,800 N+ m Hf, $47 T 12 fih JKE s 52 R (5 M7 BL445
XTI A 1S R

Fefuh gz A
ﬁf@m&é%ﬁ 1]

FiUK sl th

(a) EI%7,=100 N'-m
(a) Photo 7,=100 N'm

(b) &8 7,400 N'm
(b) Photo 7,=400 N-m

PRI
A

Bz A
T P DB Ak X B B0 77 7]

(c) €% 7,=800 N'm
(c) Photo 7,=800 N'm

(d) i 2L 7,100 N'm
(d) Simulation 7,=100 N-m

Beflis A0
ki b X AR BB T [

Bz
e 2 f [X ek X B 30 77 1)

(e) i £t 7,400 N'm
(e) Simulation 7,400 N-m (f) Simulation 7,=800 N-m

15 04 T 422 M BT i A 5 B 4 SR %o

Fig. 15 Results comparison of test and

(f) 1/ 3L7,~800 N'm

FEM of contact pattern

WA 1S F7R, 24 T, 8RB, 4 42 il 3 228 K, y
AN B 2R AR B K ) 15 R K A 2
Fh B 507 LA R 5 A G A — 3%, th BLIR IR T3 5 1
A BRIC AT 5
6.3 SRT AN

B4 5 ASIAS R AT TE R Fe —Fe v i v T O 4 L
WK 16 frs.

Kl 16

T8 R 54

Fig. 16 Installation of strain gages

Mg T, =400 .,800 .1 200 N « m B, 5 K225 il 1 7
D5 EANRIRZE RANIE 17 R o

B 17 Jros , 4 MRS b ) 07 AT IR A R Y A
RS AR—F, 25 T, R, 25 B g (948 o5 (0L 5 A%
T e A Ko FLER TR AR R T S R P 1A i3 T 1) 18 ) 5 A
BROTH7 ELAY 25 J7 18] - 3 BB AN TR, L ey 1 09748 7 #Y)
R Ut 37 T 5 2 RS U K B8 268 DR 28 1949 2 W, (75 5 00 {1
R4 R e 25



1294 oA & 2 38 %
Nr (0.42,88) 2 —©— 400 N'm transmission error of a spiral bevel gear[ J]. Journal of
80 —— 800 N'm

—=—1200 N'm

KRR T 43 SR 2% i m R 5 il ) /MPa

0 O.Il 072 0‘.3 0‘.4 0‘.5 06 07 08 09 lI.O
RECRHRET 171 (i — K i)
LT A AR 0 g ARG 5 0 LA 2R L A
Fig. 17 Results comparison of test and FEM of

bending stresses

ST M A XOU B TR O 8 1) DR /DN AT T R 2o 9

TR P 5~ R 1R 5 3 7 ) 55147 TR ok 90 A TR A AR A
FIR K 5 XS A T 04 21 1) S5 A R 5 9 S o UL T 47 4 A
SNARGUA FROCIM TR ;s BEAT TN A3 sk 73 A , 45 3 i Xt
T T4 G A 0 7 25 ) A% s iR 2 i AR A R, 23
AR X DA R A 8 TR AR 0 5 T i o U TR
R & , AT AT T 2 floh B R EAT AR 251 g 10 g Az 3
SO RGN — B

S 3k
[1] LITVIN F L, FUENTES A. Gear geometry and applied

(2]

[4]

(5]

theory [ M ]. Cambridge; Cambridge University Press,
2004.

TE S, J R 2% WRRE Bk A 58 2l g 24 BT 5 5k M ik
J&[J]. sPEHUM TR ,2006,17(11) :1203-1208.
WANG ZH H, ZHOU X L. Simulation methods and
developments of dynamics for spiral bevel gears [ J].
China Mechanical 2006, 17 ( 11 ).
1203-1208.

LITVIN F L, VECCHIATO D, YUKISHIMA K, et al.

Engineering,

Reduction of noise of loaded and unloaded misaligned
gear drives J ]. Computer Methods in Applied Mechanics
and Engineering, 2006, 195(41) . 5523-5536.
GUINGAND M, DE VAUJANY J P, JACQUIN C Y.
Quasi-static analysis of a face gear under torque [ J].
Computer  Methods in  Applied
Engineering, 2005, 194(39) . 43014318.

DE VAUJANY J P, GUINGAND M, REMOND D, et al.
loaded

Mechanics  and

Numerical and experimental study of the

[6]

(7]

[8]

(9]

[10]

(1]

[12]

[13]

[14]

Mechanical Design, 2007, 129(2) : 195-200.
SHEVELEVA G I, VOLKOV A E, MEDVEDEV V I
Algorithms for analysis of meshing and contact of spiral
bevel gears[ J]. Mechanism and Machine Theory, 2007,
42(2): 198-215.

SIMON V. Head-cutter for optimal tooth modifications in
spiral bevel gears[ J]. Mechanism and Machine Theory,
2009, 44(7) . 1420-1435.

HOTAIT M A, KAHRAMAN A. Estimation of bending
fatigue life of hypoid gears using a multiaxial fatigue
criterion [ J ]. Journal of Mechanical Design, 2013,
135(10) : 101005.

JHSCHE, A, TR T, FET ANSYS FyRUR IR 14 48
Fefl B2 3 A BR T ar A [T ] 4Rl BIL AR 27 4, 2006,
37(10) :139-141.

QU W T, SHEN Y W, XU J N. Finite element analysis
of contact stress for double-arc based on
ANSYS[J].
Agricultural Machinery,2006,37(10) ;139-141.

ZHANG J, FANG Z, CAO X, et al. The modified pitch

gear

Transactions of the Chinese Society for

cone design of the hypoid gear: manufacture, stress
analysis and experimental tests [ J ]. Mechanism and
Machine Theory, 2007, 42(2) . 147-158.

WANG Z, ZHOU X, OGUMA T, et al. Surface error
using

measurement of spiral bevel gears scanning

measurement | J |]. Chinese Journal of Scientific
Instrument, 2007, 28(2) :229-235.

TErPS AR T, ADRZ =, 55 B A U % 147 T o
ASOKT BE W 72 5 [ 1] AR X K 24 4, 2009, 30 (8) -
1752-1756.

WANG ZH H, ZHAO D SH, KUBO A, et al. Accuracy
evaluation method of gear measurement instrument for
spiral bevel gears [ J]. Chinese Journal of Scientific
Instrument ,2009 ,30(8) :1752-1756.

FUE, T SR8, B A B IR IRGR 2 R A N
KR 17 P47 56 8 T 4 Ak e A [ 1. A0k BLAR 272, 2012,
43(9).213-218.

WANG F, FANG Z D, LI SH J, et al. Tooth contact
analysis of epicycloid hypoid gear considering assembly
misalignment[ J]. Transactions of the Chinese Society of
Agricultural Machinery,2012,43(9) :213-218.

NV R KR, A5 AR T ARRAAE 23 B HOR 1Y
YRS T T A7 41 250 A B S A T Ay v [0 . LB T
4R ,2015,51(7) .77-84.

LI G, WANG ZH H, GENG ZH, et al. Modeling



5 UM S5« VXU AT (A7 4 o P 25 i 20 A7 A 5 1295

approach of digital real tooth surfaces of hypoid gears Zhuo Yaobin ( Corresponding author) received his B. Sc.
based on non-geometric-feature  segmentation and degree in 1984 from Xi‘an Jiaotong University, and his M. Sc.

interpolation algorithm [ J ]. Journal of Mechanical and Ph. D. degrees both from Zhejiang University in 2006 and

Engineering, 2015,51(7) :77-84. 2016, respectively. Now, he is a lecturer in Lishui University.
[15]  E:&A, XUEL, B8, 4. ek e RiE B iR 20 His main research directions include machinery manufacturing

TEHL I & [T ]. 1L 2% 1% & 2% e, 2015, 36 (5): automation, detection technology and mechanical dynamics.

1047-1053. PR ZE, 1993 4 T UL R F ARG 12

WANG ZH Y, LIU W, ZENG T, et al. On-machine A7, IR WL o 2R S0, BT
FEHT Tl AR AR A5 BAL L o PR
IR S AU B 3.

E-mail :cmeesky@ 163. com

measurement of tooth profile errors for the spiral bevel

gears [ J ]. Chinese Journal of Scientific Instrument,

2015, 36(5) :1047-1053.
EEE N

Zhou Xiaojun received his Ph. D. degree
SEEW GEIRER) ,2004 4 FPG4 38 from Zhejiang University in 1993. Now he is a professor and

R IR 2 2 A, A B AR 2006 4E F doctoral supervisor in Zhejiang University. His main research

2016 4EF WL R 2= ARAFA L 2= £ 2% directions include detection technology, information processing,

AL, WA I K 2% BE T, 32 2B 58 J7 1] R Bl quality assurance, vehicle test and machinery manufacturing

Bt E A A AR KA 127 automation.

E-mail :zhuoyaobin@ 163. com




