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Design for straight bevel gear based on low installation error
sensitivity and experiment tests

CAO Xue-mei, SUN Ning, DEND Xiao-zhong

(School of Mechanical and Electronical Engineering,

Henan University of Science and Technology. LLuoyang Henan 471003, China)

Abstract: Modified tooth surfaces of one of the members of the straight bevel gear set
were proposed in order to low the installation error sensitivity and improve the stability of
contact patterns. Profile modification was carried out by changing the trajectory of the cutter
from line to parabolic; tooth trace modification was carried by changing the roll, so the mod-
ifield tooth surface with drum shape could be obtained and the gear set could mesh with point
contact. In order to further improve the meshing stability, the optimization model for tooth
surface modification was proposed. The two modification coefficients were used as optimal
variables; the Gauss curvatures of two meshing surfaces at contact points were controlled to
construct the objective function, and the principal curvatures of the ease-off tooth surface at
the contact point were controlled to ensure that the length of the instantaneous contact el-
lipse is at least 1/3 of tooth width. Finally numerical example of design of straight bevel gear
drives was included to illustrate the advantages of the proposed geometry. A cutting and
rolling experiments validate that the patterns maintain good stability with amount of the total

axial misalignment and total axial separation accounted for 30% of the normal module.
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Fig. 1 Coordinate systems between the generating

gear and the work gear
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Fig. 3 Normal transversal along principal direction
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Table 1 Parameters of straight bevel gear

ZW /N KA
Hid Z 10 16
BEEL m/mm 7.65 7.65
JEI1 6 a/ () 22.5 22.5
izsfh 0/ 90 90
Y@ b, /mm 11. 115 4.185
H MR he/mm 4. 685 11.615
%5 9% B/mm 20. 4 20. 4
WHER 0/ 32 58
T4 £f 0./ (D) 39. 332 62. 62
HRAEAA o/ () 27. 38 50. 668
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Fig. 4 Contact pattern for unmodified and modified

tooth surfaces without installation error
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Fig. 6 Contact pattern of modified tooth surface under

axial misalignment error
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shalt angle error

IR 1A 14 TG /NI B% 305 V=1 o 545 fiph B3R 17 47 18T
R ¥ gy EVIRAS Sl R0 /0N o 32 Ml 08 28 14 5 1) H A

A K TCe) /T SR I R EVE A8k
5 il ER — 2K

w | (§

(a) F=—1 mm, 5 fkENIE

(b) V=1 mm, $%fih EQIRE

) .
il ' e ——|
[ \ i B
[ e ‘ ="\
= | | =\
= \\ n\ \
L ]

(¢) F=—1 mm, RILENIH (d) V=1 mm, RIFEE

& 7

A Bl 23 B R 25 BT AT T fih EVJR

Fig. 7 Contact pattern of modified tooth surface under

axial separation error



13

MG A A AR 2 e R 22 U M BT 5 SE IR e 231

XTECP 4~ 7 ol LUE ik 2 | T
AR S 147 1A B IR Y B3 o5 1 TE Y 1/ 3 AR BOR 2
B LIS ik EVIRE 1] /) S L A i ) B B kAN L SR W
St e AL BT Ia - A7 T 28 2 R 22 SRR A1 3 22
PR 22 HAT B 1 W WA . R BB IR 5 4 Sk ED
IR AEAL B — B0 R BB T 2P B R.

5 SKIRISIE

R 8 52 R R o B 1A T e AR A L A ST B AL
WAl 7 FA-3225H PURhIk 3 B 8K LR B
£ =4 mm B BE T TR/N T . 5 K
DU e o 4 A I /0N % 1) 1A T A7 THT e K58 22
5 pem, AR DRI 1A T35 22 2 A O B FEIR KL |
VRS EVIR o 00 3K 52 B 147 T X0) 28 2 152 2 1) ROk

D iR 2Em . fl V=0mm, H=0mm [}
MR KL EDIE an & 8 FroR. BRIR 7 T 5 1E a5
TCA 25 R 4(b) FA — 3.

2) V=0mm,H=—1mm I, &K B 1 &
9 Fron. 5 6 Ca) i HE il ER B A —F

3) V=0mm, H=1mm B} A7 EJE U0 &
10 fizs. 518 6 (b)Y 42 i B IR ] BE A — 3.

4) V=—1mm, H=0mm K} § & #: ENJE an &
11 . 518 7 Ca) i 42 fih BRI BT e AS — 3.

5) V=1mm, H=0mm B} %7 & BN JE a0 &

K8 V=0mm,H=0mm i [\ &EKENIE
Fig. 8 Rolling pattern for V=0mm, H=0mm

K9 V=0mm,H=—1mm B} AJEKEHIE
Fig. 9 Rolling pattern for V=0mm, H=—1mm

12 . 5B 7(b) il 4% fish B JR 1] 3k A — 2

10 V=0mm, H=1mm H} {{) & BN
Fig. 10 Rolling contact pattern for V=0mm.
H=1mm

B 11 V=—1mm, H=0mm [ & K ENIE
Fig. 11 Rolling pattern for V=—1mm, H=0mm

12 V=1mm, H=0mm [ &K EIR
Fig. 12 Rolling pattern for V=1mm, H=0mm

F AT 8~ &1 12 J7 715 9 8 A 45 2R ] R 3 fk ED
IR A 8 5 D SEA 1/3 5 B A 4 2 A 0L o 1 AR A
B YR 2 1) /) i 8 R o i A%+ AELR HH BEAS R . 5
S IA 41 1 56 75 22 B A LU (KIMoS {4 727 125 1)
B 1000 AR UK 92 B8 22 256 % 2 4% 22 O T 1) R
Bt 3020, EVRAR I T LI ARG SE TE.

6 #& i

D B IE )3z S B0 e T e nl S B
T R SIEABTE - TR 204518 1E D 5w 5

2l 3 PRGN K 5 B Al i 07 AR A £ )
B )R B 2 e AR 30 06 IR R ERATY B A



232 A |

%R %31 %

BUF MRS E v I 1 BIS o A 45 2R R W 4
AT Bt Ia HAT (6 22 258 1R 22 MU A

3) FE T A BT H AN AL 5 P R 5 R
7 T TAT e 307 B 23R B R/ 3 17 2 P A G A 2 7 o
P I Sl s O 0 T o A B 2 i BRI

4D Sy sl G AT T4 il 7 g e K s IO 9 ) g
e ful AR 0 P9 A BE AN /N T IR SERY 1/3.

S 3k :

[1] Litvin F L, Fuentes A. Gear geometry and applied theory
[M]. 2nd ed. Cambridge : Cambridge University Press,2004.

L2] Mo, WM M, & B 3 R iR RS
HEWBFELT ] Wias 3h 124 . 2009,24(8) ; 1878-1885.
TANG Jinyuan, LEI Guowei,DU Jin,et al. Research on a-
lignment sensitivity and tolerance limit analysis of spiral
bevel gears[]]. Journal of Aerospace Power,2009,24(8):
1878-1885. (in Chinese)

(3] WEM, MR 3R, 5T 50 0 T & 1 09 il 2 9K 15 40

WA W 1 sh i 22 46 T 40 S BT DL 2 3 s A 4
2015,30(1) :195-200.
CAO Xuemei, DENG Xiaozhong, NIE Shaowu. Ease-off
flank topography design for aviation spiral bevel gears with
higher-order transmission errors by modification of conju-
gate flank[ ] ]. Journal of Aerospace Power,2015,30(1):
195-200. (in Chinese)

C4] VN, B R, RF 5. a0 Fe filh 147 TR A 22 26 1R 2 SO BT

Fe[J]. o E LB TR 2000,11(5) :700-703.
WU Xuncheng, MAO Shimin, WU Xutang. Research on
the error sensitivity of point-contact tooth surfaces with
respect to the mounting errors[ J]. China Mechanical Engi-
neering,2000,11(5):700-703. (in Chinese)

[5] REE,EEE, G5 T HAG RO BT 09 R 4
WIRAETE 55280 [T . A2 80 1240, 2011, 26(2) :409-415,
WU Yongjun, WANG Jianjun, HAN Qinkai, et al. Tooth
profile modification of helical gears and experimental study
based on finite element contact analysis[J]. Journal of
Aerospace Power,2011,26(2) :409-415. (in Chinese)

[ 61 Jrosfi, Sathatk, o5 ik i . 5 T 04 Ta B0 2 il 1 oI 04 k147 4%
AZERACBITLT ], R AU . 2011,42(7) . 223-228.
FANG Zongde,GUO Linlin,SU Jinzhan. Optimal design of
tolerance for spiral bevel gears by controlling contact path
[J]. Transactions of the Chinese Society for Agricultural
Machinery,2011,42(7) :223-228. (in Chinese)

L7 FRdERe, Jy o qi., SN i o 46 B R A M A AL 80t 5 i 5
(1. WUz 3 1241, 2012,27(12) 1 2622-2628.

SU Jinzhan, FANG Zongde. Optimization design and test

of stability of contact patterns of spiral bevel gears[]].

[8]

[10]

[11]

[12]

[13]

[14]

[15]

[16]
[17]

[18]

Journal of Aerospace Power,2012,27(12):2622-2628. (in
Chinese)

NI Ry RSk SR = Y ) W [ S a1
28 f124 4R ,2012,27(1) : 183-189.

SU Jinzhan,FANG Zongde. Optimization design of the er-
ror sensitivity for spiral bevel gears[]J]. Journal of Aero-
space Power,2012,27(1) :183-189. (in Chinese)

2R 7. Ve e A% 3l i W0 BE 43 B FUB R O vk LML E G E R
Kl kL, 1998.

SRy HEWLHIE Y, 5. R RAETE B 4 0 5 8 7T
(I, A E LB T/ 2006, 17(19) :2038-2041.

JIN Junsong, XIA Juchen, HU Guoan, et al. Tooth profile
modification of spur bevel gears[]J]. China Mechanical En-
gineering,2006,17(19) :2038-2041. (in Chinese)

Alfonso F J,Iserte I J,Sanchez M. Computerized design of
advanced straight and skew bevel gears produced by preci-
sion forging[ J]. Computer Methods in Applied Mechanics
and Engineering,2011,200(30) :2363-2377.

Pramono A S. Experimental study of the influence of tooth
profile modifications on spur gear dynamic strain and vi-
bration[ ] |. Key Engineering Materials,2006,306(1) :78-84.
Litvin F L, Sheveleva G 1, Vecchiat D. Modified approach
for tooth contact analysis of gear drives and automatic de-
termination of guess values[]]. Computer Methods in Ap-
plied Mechanics and Engineering, 2005, 194 (27) ; 2927~
2946.

Stadtfeld H J. Straight bevel gears on Phoenix machines u-
sing coniflex tool[ J]. Gear Solutions,2007(12) ;32-39.
SRR, AN R BTEBORTESELD. BT R ¥ BH « 3 g R
i K2.2012.

JIAO Jisong. Research on the tooth modification methods
of the straight bevel gear[ D]. Luoyang Henan: Henan U-
niversity of Science and Technology,2012. (in Chinese)
3. A Fe A RO ML bt MUBR ol e b, 1982,
B XL B T IV A S U TR T A 6B
J7 5 SR IRAELT ] U 8 J) %4, 2015,30(2) 1 491-497.
CAO Xuemei, DENG Xiaozhong, GENG Longlong. An in-
variant approach for tooth surface curvature inference a-
nalysis of spiral bevel gears and experiment test[ J]. Jour-
nal of Aerospace Power,2015,30(2):491-497. (in Chinese)
To R A A TR R S A D AR SE R O i
SRR Bt T LT LA DR 2007, 18
(24):3001-3004.

FANG Zongde,CAO Xuemei, ZHANG Jinliang. Inverse e-
valuation of equivalent misalignment under real operating
mode and redesign of aviation spiral bevel gears[ J]. China
Mechanical Engineering,2007,18(24) :3001-3004. (in Chi-

nese)

(R# . 2HEZ EEE)





