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Half-modified roll for the optimization-of transmission
error function of spiral bevel gears

LIU Guanglei, FAN Hongwei's. GU Jrhong', JIANG Ping’
(1.7School of-M echanical Engineering,
Northwestern Polytechnical University, X1an-710072, China;
2. China\A viation-Pow erplant Research Institute,

Aviation Industry Corpoeration of China, Zhuzhou 412002, China)

Abstract: A half modified roll(HMR) method for the optimization of transmission er
ror function of spiral bevel gears was proposed. Based on local synthesis, the pinion ma-
chinetool settings were firstly obtained, then tooth contact analysis (T CA) was carried out
and a contrast ' was made between the predesigned transmission error function with that of
TCA. In order to narrow the differences between these two transmission error functions,
the cutting ratio and the third order modifiedroll coefficient were slightly adjusted. By ap-
plying HMR to optimize the transmission error function of a pair of spiral bevel gears in avia-
tion, the researches find that the cutting ratio of the pinion has some influence on the magni-
tude of transmission error function, and the thirdorder modified roll coefficient has influ-
ences on the whole deflection of transmission error function. The optimized transmission er-
ror function agrees very well with the predesigned curve, and the contact pattern meets the

design requirement, so the validity of HMR is proved.
Key words: spiral bevel gears; transmission error function; optimization;

half modified roll (HMR); local synthesis; cutting ratio;
third order modified-roll coefficient

12009 06 24; ; : 2009 0815

(1962- ),



8 1889
, 1 @
s , AP
Litvin F L L3t
Ao,
@
> o >
[ 48]
’ 1
Fig.1 Predesigned transmission error function
) G- By = Lmél(‘Pl— (‘PIO)Z (1)
(tooth contact analysis, TCA) 2
ma ,
Q1 =12 2 )
’ ;%o
[910]
2
? K 2.1
T CA o TCA
( )
1 :
2.2
ax
a2 = = (2)
, a2, as a3 [4].
(2) m(rll
m(ril
’ mzrll
> M1 : (2

[11]

9 .

Mecry1



25

1890
( TCA ,
) . ,
[910]
2.3 (4,
(2) mer,1
, T CA , .TCA [12]
§(®)= (B- ®) - i—;(%— %) (5
’ 21 Z2
. mrrll 4
R TCA
m:’rll 1 )
9 ’f" 2
Gleason R
2 4 0. 00635 mm-
, D 1.
1
’ Table1 Blank data
D, 0
, 38 43
/(%) 90
3
m('rll o
/() 35
¢l ,(hrl
3 TCA /mm 52.507
/ mm 6.7
/mm 3.455
/ mm 0.344
r{]l)(ep & (PI) _ rfD(@g ¢ (B) /mm 1.712 1. 339
’ ery = h i @y
(4) /mm 1.743 2. 056
" (6, b, @)= (0, b, @)
/(%) 41. 4667 48.5323
O, b B, %, /) 39. 5258 46.6259
’_cﬁ ® /(%) 43. 3731 50.4732
L (=1 ,i= 2
) Sh
2.



8 : 1891

2 3 . TCA s 5
> 7. 053
Table 2 Gear machine tool settings ) ’
4
/(%) 21. 1667 Table 4 Pinion machine tool settings
/ mm 88.9
/mm 0. 9381
/ mm 43. 4093 ) 18,8333
) - 57.0127 / mm 63. 4645
1.3338 / mm 56.2939 57. 6016
/ mm 0 /1) 287.4275
/mm 0 17113 1.751
/ mm - 0.3081 / mm 1. 4357 2. 6833
/(%) 46. 6259 / mm 7.1597 7. 6675
/ mm -.4.5203 — 4.8434
3. , ) 39.5258
’/
mai - 0.0146 0
= 0. 0387 0.0001
-0.0081 0
0. 0566 0
3
Table 3 _Tocal synthesis ‘parameters
af
g
£
0. 01 fé 2
L5
e 50 <
) ot [ |
0.2 ; ; ; ; ;
9 0 2 4 6 8
/N /mm
(a) ZINEE T AT 2 A )R
4.
TCA ] 4|
2 3 3, &
2 27
i
’ el
D -K [
"
, 3 . . . . .
3 0 2 4 6 8
’ FEH I fmm
(b) KAk EE
murll D

2

Fig.2 Contact pattern of modified roll
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Fig. 4 Contact pattern of half modified roll
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Fig.5 Transmission errors of half modified roll

[1] Litvin F L. [(M]. . ,
s s : , 2008.

[2] Litvin F L, Vecchiato D, Gurovich E, et al. Computerized
developments in design, generation, simulation of meshing,
and stress analy sis of gear drives[ J]. Meccanica, 2005, 40
(3):291-324.

[3] Litvin F L, Vecchiato D, Yukishima K, et al. Reduction of
noise of loaded and unloaded misaligned gear drives[ J].
Computer M ethods in Applied M echanics and Engin eer
ing, 2006, 195( 41 43): 5523 5536.



1893

[ 4]

[5]

[6]

[7]

Litvin F L, Zhang Y. Local synthesis and tooth contact &«
nalysis of face milled spiral bevel gears| R]. NASA Office
of Management Scientific and T echnical Inform ation Divi
sion, 1991.

Litvin F L, Wang A G, Handschuh R F. Computerized gerr
eration and simulation of meshing and contact of spiral
bevel gears with improved geometry[J]. Computer Metlr
ods in Applied Mechanics and Engineering, 1998, 158( F
2): 35 64.

Argyris J, Fuentes A, Litvin F L. Computerized integrated
approach for design and stress analysis of spiral bevel
gears[ J]. Computer Methods in Applied Mechanics and
En gineering, 2002, 19( F2): 1057- 1095.

Litvin F L, Fuentes A, Mullins B R, et al. Computerized
design, generation, simulation of meshing and contact, and

stress analysis of formate cut spiral bevel gear drives| R].
NASA/CR-2003212336, ARI: CR 525, 2003.

[8]

[9]

[10]

[11]

Litvin F L, Fuentes A, Hayasaka K. Design, manufacture,
stress analysis, and ex perimental tests of low noise high
endurance spiral bevel gears[J]. Mechanism and Machine

T heory, 2006, 41( 1) : 83 118.

[M].
, 1988.
[M].
. 1989.
¢ )IM].2
, 2000.
[J]. ,2002, 23(3) : 226 230.

FANG Zongde,LIU Tao, DENG Xiaozhong. T ooth contact
analysis of spiral bevel gears based on the design of trans
mission error[ J]. Acta Aeronautica et Astronautica Sinica,

2002, 23(3) : 226 230. (in Chinese)



