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Analysis on Geometric Characteristics of Cylindrical Gear with

Variable Hyperbolic Circular-arc-tooth-trace
LUO Lan', HOU Li"", ZHAO Fei', WU Yang', BAI Qingsong'
(School of Manufacturing Sci. and Eng., Sichuan Univ., Chengdu 610065, China)
Abstract: According to the processing principle of cylindrical gear with variable hyperbolic circular-arc-tooth-trace (VH-CATT) and the deduced
tooth surface equation of the gear,the range of parameters was determined.Based on the obtained tooth surface equation and the differential geo-
metry,the calculation method of the principal curvature of concave and convex gear of VH-CATT was obtained.Based on the principle of spatial
meshing,the relative velocity of gear teeth on meshing point at an input angular velocity was calculated. According to the calculated method of the
curvature of the tooth surface and the relative velocity,the formula for calculating the sliding ratio of VH-CATT pair was derived.Setting a certain
VH-CATT design parameters for example,principal curvature,induced curvature and sliding ratio were calculated and their change trends were
analyzed.Sliding ratios under different design parameters were obtained,as the reference of analysis and optimization for gear design.Analysis res-
ults showed that for the VH-CATT pair,the greater the modulus,tooth number ratio and tooth trace radius,the smaller the range of sliding ratio of
gears is,and the abrasion in working process would be more uniform.Gear pair with larger modulus,smaller tooth number ratio,greater tooth trace
radius has better performance in wear process.The quantitative relationship between sliding ratio and wear of VH-CATT was established,which
provides reference for the calculation of gear wear.
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Fig.1 Principle of cutting VH-CATT by cutter disc
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Fig.2 Principal curvature on tooth trace of convex surface
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Fig.3 Principal curvature on tooth profile of convex surface
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Fig.4 Principal curvature on tooth trace of concave surface
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Fig.5 Principal curvature on tooth profile of concave sur-
face
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Fig.6 Sketch map of slide rate analysis
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Fig.8 Slide ratio of convex tooth surface
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Fig.11 Slide ratio of concave tooth surface
433 NHEFEFERFHFEG A
1 452 A 0 v TR AR B T2 il 3R OR AR R
PG # 0, PRUEHAR S HOARE , BF5E 24 H i i e 2R
G/ SO S N TR A S s K S 0 R e YA B
a1 SR BRI e, anIET 12 13077

0.5
0+

5 0.5

= -1.0

Er

B -LS gk E R R=300

2 o | — Btk Red00
2T [ — kAR R=500

95 | — tiZk4E R=600
—— £ 148 R=700

-3.0 : : :
-04 -03 -02 -0.1 0 0.1 02
W24 ¢/rad
B 12 OAEAThREZ%
Fig.12 Slide ratio of convex tooth surface
F P12 L 13RI k1 2l R A 248 3 R AT 93 A,
Xt TR B, 780 BE [ LA B 5 L B, kP AR
B, T Bl A A (R /N5 23 8 [ L L F) il 57 5447 26
AR, W Bl A A0 (R R o o [0 TR B, A 23 S
LATR (G & 8, th 2 AR 0K, 3 3l 5 ) (i i

R BE I LA B 5 00 B 0A 2 P AR UK, 3 3 R Y
(ELHE /| o X 2l 3R A A WG i e v 0728 A Y T ok
Ui, 2RO, 1 3h R AL BB, RIE U
Fers AT R, KL AR i1 B A 1 S i B
2y,

0.8

— 1% R=300
0.6 L —— thiZk>F12 R=400
—— Wi 1E R=500
| —— K415 R=600
—— 4% R=700

N
~

M T 2% o
=
o o

-0.2

04 . . . . .
-04 -03 -02 -0.1 0 0.1 0.2
W ZH ¢/rad
B 13 Mi&HEHBHRML
Fig.13 Slide ratio of concave tooth surface
4.4 FHRGENHBENELEF SRR EBRXR
it E
Xof A Lt [BR] S 147 2 (o] A 47 I R 10, 2 4530 3
REBESZ A E 8O ER, —J7 1 n] LATE HHE 1 5%
PERAZ vh S Bt B BRI, 55— O T A] LAKE T e R AT
W R, il ST R N & PR
Xof 788 R TR I AT 2 [0 A 1A A ), R 4ot A
4 AR 5 A A 2L, F2 R iy T o B A T 3R
TE P i R I g 55 1A T — 5 TR BBE 1 e R DD ) 7
TR 812 B 3t A v S AR T, 0 JHG 3 v AR T 2 T i B
S AWy RO e 1A e AT T A 42 ok v B s
FEH, B f R UI I ) 7 B 1) R BUE A% B B 4
T 2 AT o PR A A 2 AR L AR A T A
XS T8 I EA7 28 3 A 47 7 ) ) 43 ik 8 2y v, 94 2 3R
R, A B RE D ) B D e 2 3 A 2 2R — D T
PRI 1, o5 — 5 N R EOUAZ I # 3 ;
XA 5 TR 45 SR A ) 145 6 R A S R T R e A
LB 458 3 SR HE A, mT LAt Sy 70 Uty (B o o 4 [ A 1A
& R B9 57 B AR T AR TR
g YR A R R o RO Sl 57 )R X 9 S
BAS , Hat A i an v
S =2do (28)
2, o Ry R LA AL 3 Bl R d Sy R A (B A
DGR S
A8 XS 53 I A7 £ [ A 147 5 = i >3 77 18] St 4k 07
1] 5 A7 JE 7 1), G Sy Al G [ 1 4 ety 5 1
(e I, 122 147 6 ) Wk o i v 1) 7 T AR X 38 ) 3
1] BV 2 D7 1o AL e 1A B 5 1], DRI, RIDA T A R A9




178 TRERp A HEOR

% 50 &

Kl SCER 31T, drl a2 (29) B3
d:‘% ’ (29)

A 61k 4 R 1) B 3 Mk AR I, AT e A8 RN

SE, — A 70.006 3 mm; B HE Al 15 7 PR B4

A= (30) 5K 7

1
B =7k —k+Igi=gl) (30)

A, k=K +K", g =K' —K"(i=1,2),k.g 5
T = R A DC I A S

DR b, 3 A4~z B ) 1A oA ) R 4 R g T ph = (31)
R

L=_Snt (31)
A, o IR RE R, o 14 58 1Y OB L I
O P45 2 PR 1 T 2t (32) 2R ik U
h = L,S ntWy W, Wp (32)

b, 1o R R IR R, W WL We g D A S
B IE Z 80 Horb s Wi 147 TSR 2R 8, B i oAk B 2%
T X UA TV A T 7 A R X A R S
WS T 3, A SR JH v A A s A7 S 590 X o4 4
VB F08 FRY 520 5 WSS IR 8 i B HG AN 329 S PR 0 7 447 1
TR

5 & ¢

1) AR5 4T A5 21 7 A28 Rty [ 47 2 [0 A 4 5 14
T 5 R, FE o LA o] DLSR O TR 3 — a5 i ik
23 DAz 1 A R ke £ B rp AT L R i, AR
PG5 1) B 32 il 6 DL R vk il R ] B SR O R T
/ﬁ’ M BE o T MO T A
2) M3 1z 5 e B Mok o B R b R A il R
B, DL SRR AN B (A A 32 Bl B, FE T LA A
Ve mhi A R B, o] DU RS 2 mE A S i R, I
MG T A [R5 T & A B 0 A A R 2 A 1 T 27
A
3)MRIE T RO , FUHEUE T Ry
2, TR WG A 5 Bh RN RTS8 (B 4 4L
tb TIEREAR) IR BRI AR 0L, S5 L5k
W’*b BILT, S A8 0 52 9N 17 28 (B0 A 45 4 s o 3
o3, BN A8 R Bl 2R 5 0 T 0 A) i B B
&, Nz R E S TR RIS % 5K
S E 3k
(1] 4 3t 8 30 A 0 T 00 43 B [MLL T B Tl i, 1998
48-59.
[2] B 5% S0 BE 527 R i T BOR [M] S 85 Tl A, 1992:
142-162.

[3] Litvin F L% JL a2 5 i F B8 [M
R i, 2008.

[4]Li Dawei.Research on curvature of tooth blank of grason

M. [ERE S, PF. i

spiral bevel gear[J].Journal Mechanical transmission,
2009,33(6): 1-4.[Z= KA A% R ARG IR O U5 50 A0 U5 T il 22
FRMERTIE (I HUAE (% 301,2009,33(6):1-4.]

[5] Chen Bingkui.Analysis on geometric and contact character-
istics of tubular meshing tooth surfaces for conjugate-curve
gears[J].Journal of Xi’an Jiaotong University,2015,
49(3):85-94.[WrE 2= SLHE ih 2tk 48 Wk 4 A5 14 T ) LA 2
FEAMERE 3BT [J]. V0 42 38 R 2424 417,2015,49(3):85-94.]

[6] Zhao Yaping.Calculation method of sliding ratio for spot
contact tooth surfaces and application to crossed helical in-
volute gears[J].China Mechanical Engineering,2009,
7(1):40-43. X7 - s 42 o 145 T8 0 31 38 108 Jr vk B L%
A2 Al T 2Rk 1A 56 A% Sl B 5 T[] b E LB AR,
2009,7(1):40-43.]

[7]1 Song Aiping, Wu Weiwei,Gao Shang,et al.The ideal geo-
metry parameters of arch cylindrical gear and its process
method[J].Journal of Shanghai Jiao—tong University,2010,
44(12):1735-1740.[ R Z T AR, & 18, 55 D0 B A 7 4e
BRARU LA S5 B N T 532 (0], L9 588 R 241,2010,
44(12):1735-1740.]

[8] Wang Shaojiang,Hou Li,Dong Lu,et al.Modeling and
strength analysis of cylindrical gears with curvilinear shape
teeth for manufacture[J].Journal of Sichuan University(En-
gineering Science Edition),2012,44(2):210-215.[ /YL, 5
T FE A5 T T )3 A 9ICIAT B AT 1A 8 AT B ik B A

DU KA (TREREAR),2012,44(2):210-215.]

[9] Xiao Huajun,Hou Li,Dong Lu,et al. Mathematical modeling
of rotary cutter arc tooth line of cylindrical gear shaped by
origin face of rotary cutter[J].Journal of Sichuan University
(Engineering Science Edition),2013,45(3):171-175.[ &
B A5 B R A e T R T SOE I R 1A e K
FRL[I]. DU )1 22 R (T RERF22 ), 2013,45(3):171-175.]

[10] Chang Qinlin,Hou Li,Sun Zhijun,et al.Process analysis of
two kinds of processing method cylindrical gear with curvi-
linear shape tooth[J].Journal of Mechanical Transmission,
2014,38(6):96-100.[F bR, 1, #0575 N4 B A U7
WA T B T AT [I]. WL A% 507,2014,38(6):
96-100.]

[11] Tseng R T,Tsay C B.Mathematical model and surface devi-
ation of cylindrical gears with curvilinear shaped teeth cut
by a hob cutter[J]. ASME Journal of Mechanical Design,
2005,45:982-987.

[12] Di Yutao,Hong Xiaohui,Chen Ming.Generation principle of
actuate tooth trace cylindrical gear[J].Journal of Harbin
Bearing,2006,27(3):58-61.[4k £ ¥, Uk el R B AN 145 £k [
FE G645 THDE AR 3L 0]. 06 /R T 47K ,2006,27(3):58-61.]



514 K,

AR TS (B I 1A £ 53]

W R AL S LR B 179

[13] Zhao Fei,Hou Li,Duan Yang,et al.Research on the forming
theory analysis and digital model of circular arc gear shaped
by rotary cutter[J].Journal of Sichuan University (Engineer-
ing Science Edition),2016,48(6):119-125.[#X 3 417, Bk
FHL 25 e e 70 455 B Ik 8 1O RS 23 B B BT A AR AT

SR PN R 2= (TR 22 0R),2016,48(6):119-125.]

[14] Sun Zhijun.Research on the fundamental theory of circular
arc tooth trace cylindrical gear [D].Chengdu:Sichuan Uni-
versity,2016. [P0 ZE. [ SNAT ZR (R HE 15 8 4% sh F A B AT
FE[D]JRAB: )11 K=%,2016.]

[15] 22 % 3 5 R WG A SR B M. AU 5T AU Tolk e i, 1982.

[16] Wang Shuren.Calculation model of fatigue wear-off in gear

engagement[J].Journal of Northeastern University (Natural

Science),2008,29(8): 1164—1167.[ T 1 . 0 48 W A EE 15
FFEM AT AR R [T R R i (A AR
}12),2008,29(8):1164-1167.]

[17] Akinci IYilma D,Canakci M.Failure of a rotary tiller spur
gear[J].Engineering Failure Analysis,2005,12(4):400-404.

[18] Ohue Y,Matsumoto K.Sliding-rolling contact fatigue and
wear of maraging steel roller with ion-nitriding and fine
particle shot-peening[J].Wear,2007,263:782-789.

[19] Ding H,Kahraman A.Interactions between nonlinear spur
gear dynamics and surface wear[J].Journal of Sound and
Vibration,2007,307:662—679.

(w4 =MD

L e S S S S S S S S SR S S S R D S S S R S e R SR S S S S SR SR SR R S SR S S S S S R SR R e Sl

* o o o o

51 F#&3X:Luo Lan,Hou Li,Zhao Fei,et al. Analysis on geometric characteristics of cylindrical gear with variable hyperbolic
circular-arc-tooth-trace[J].Advanced Engineering Sciences,2018,50(1):171-179.[% i, 15y, #X 3, £, A5 XU [F 51k 26 5
WAL S LR AT 0], TARRL A 54 R,2018,50(1):171-179.]

> o o o o

LR S S S S S S R SR S S R SR S S R S S S R S S SR S R R S S SR S IR S SR R R S SR S S S 2



