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Contact characteristics analysis of involute cylindrical

worm and helical gear transmission

LI Shixuan , CHEN Bingkui, CHEN Yonghong
(State Key Laboratory of Mechanical Transmissions , Chongqing University, Chongqing 400044, P. R. China)

Abstract: Aimed at the solution of the contact problem in the involute cylindrical worm and the helical gear
transmission pair, a mathematical model of conjugate tooth surface contact geometry of the involute
cylindrical worm and the helical gear was established based on the gear geometry theory and the differential
geometry. Taking a transmission pair equipped in a type of horizon drive machine as an example, we
simulated the tooth surface contact of the worm helical gear transmission pair with numerical analysis and
carried out the experiment of tooth surface contact. The analysis results show that the contact position and
contact area can be effectively controlled by adjusting the transmission parameters such as transmission
ratio, normal pressure angle, normal modulus and helix angle and they will have a theoretical significance
for the design and manufacture of the cylindrical worm and the helical gear transmission pair.

Keywords: involute cylindrical worm; helical gears; contact area; tooth contact analysis; bearing capacity

W T 24 B R 9 T84 0k 48 A% Bl A D — ol £ 328 58 i i 22 () s 3 i) A% sl JE 50 IR L B 25 0 S L s P AR
Lo A Sl R 75 7N R i AR AR S5 I T 2 I P T R R R A A A 2l
AT P AP Ktk 25 35 DA & 1 Sl 3R T 158 2 MURR T ORI RE 1 A5 A BE T K X I 2K (R A U AT

Yo #s B #A :2020-04-30

BE2TR . {FEHESH AR B H (2017YFB1300704) s F PR HRBLF# R H (estc2018jcyjAX0301)
Supported by National Key Research and Development Program of China (2017YFB1300704) and Natural
Science Foundation of Chongqing(cstc2018jcyjAX0301)

EE- N FLFA995—) B PSR LT L, AT T5 1] 5 %1% 3 5 R 58 . (E-maiD) ShixuanLi@ cqu.edu.cn,

BIRAEE PRI E I PROR A 2, T 1 S0, (E-maiD) bkchen@ cqu.edu.cn,



30 TR K FFHK % 43 %

RHA AL BRI BEAT THEFE . Sohn 55501 X i AT 4% 2y &I WG 5 7K 45 B8 J7 R il DX SR BEAT TS 43 BT T4 T4
VR T IN T X 8 A% Bl 5 DX 0 . Nomura 5807 0 AS [F) 26 20 (1 AT 15 YR RHA $E 61T T 20 BT 05T
SN T — PR 55 A5 A BT T 1 ARAL DA AR BT T EORL BT 5 A 14 1% B I Y HE Ak ok L A58 T
H BT 55 5 R R S A Bl S R A iR R L RXRR TR T S A T 9 A AR 0 A Sl By = AR 4y
T 3z I IMMB IR J7 14 B 4% 08/ N 1A Th 456 fiph 7 3 K o B8 o DA TTT 4R i 147 48 B A R B0RE 0 . B R X i O 2k 1R
FE 38 KT A6 58 A% BRI A T 5, 4 v T 5 IR L 007 32 DA R R #0RE I 25 07 T, I B A % LG & 7 v g 4
i RE P HEAT 23 B A8 3K A AR 32 B aod e v I 1 68 A7 TR ik 07 5 AT A BT R 1 L SO T A% SRl B
W2 55 R AT RE AR T 1% Sl I ] 7 i

SR B TR RS MG S I R o TLART S ST T (B A AT AR AT 1 Sl R Y 1A T ik K R A
MATLAB #AFBEAT T W55 R 00932 S B IT  RGE0 AT 13k 1 IR 7 ffy KR VIRUE # % A% 8 LE 25 L AT 2 H00)
BRI fh B 5 A 1 AR A B2 0 L DB AT T RO M R AR I T LA S B0 AL Bl R A R R R A . A
Jev LA RE R AR PR AT K S 38 1 8 I O 2 (A S AT R A A% Sh R D 0 AT T S AT T S S 5 6 R B e
B BERUA 23 M 45 R B9 IE A 1

1 HEEMSN

1.1 EEJLER

VT I 4 (B A W AT 4 47 6 A 20 1) R — 34 T 28 (B A 0 AT R — 97 T 2 AR 1A 5 T 1 L R S s IR o, e
W H N 90%,

R A 7 2 (A AT AR 47 6 1% 20 R WG 5 A% Bl el B A 7 TR P S A i A BT A bR R L IR 1 R, R e
00w —ZTms Vw2 )Mo, (0, —xusyasz,) NERIEERIRER 0, (0, —x1:y1:21) M 6,0 —225y20.22) K
2 s Az s A bR &, i P LR B AL B AT 5 A AR R o) B 1 58 Z) MLLA N o, B2 3 W T L RHA
WHBIRR o, BB SR SR Z, WMILAHEEN v, 530, Z, W Z, MR o e ShE .o, B %)
BT 2 IR AL SR AT B0 S LAl @ WTIT 2R RHA RS MM LRSS o, AR B OC R TN f L8 5 4% 3l L DL K 14 56
A R A

P2 [OF) Z1

ez Bz, AR T 2% B 8 T 84 Sk SR T 26 AHk 48 16 505 10 ROR AL BRI R AL Bl 1L

1 EHEEMITLRR

Fig. 1 The contact analysis coordinate system of transmission pair
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Table 1 Structure parameters of involute cylindrical worm and helical gear
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Fig. 3 The contact trajectory distribution of worm and helical gear
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Fig. 4 Influence of different factors on the contact area
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Fig. 5 Influence of parameter change on growth rate of contact area

DA G 2R A7 8 AT U7 58 4% B0 R 11 B, o DA fioh DX T RRAS /N R s 7R 2k B 0 o L Ak B A 5 A 5 25 TE )
eI @ AT A PR E L 3E Y ST R IE M B U S L T 256 5 IR 1 B m, FVE TR 1 o HUMH.
2.2.2 % AR F A kA B 69 e ML AE

2 35 53 A7 1 00 2 4 £ 0 e AR AR S S A R OGN R . PRI R X ik 3 A R AT S B SR 45
il o AR L AR AL 2 Al B L B A2 R AR BRI o, R R TI A o, ARSI | S E R,
R T S A S AR 2 A R ) S A O K R S ) A A AR B R L, 4RO T LAY TR R R O
R A TEAC BE SR AR B U R S AR B DA fih i A B R R AR B o 7, O R0 P o R AR o R A B
2 fol 3 ) AR ASHIR 00 o D e 3 AR 3R 705 R T Ml e 4 4 BE
‘hout 7/7-in‘

‘ Lout — Lin ‘

, a2

a — arctan

p=v (o —h) + (@ — )", (13)
Ao AR W SR S — A B TR A D L N A R s A, o TN WA S ) A 2 i R A
T b A DA R 5 20 o AR HE G A B 40 5 i — 1 25 Ml 0 T A R AR AR 5 e S R A I B A 00 B 2 Sl a5
e AR T R A R
PLFR 1 iy U S ECR AR E . LARHEG 58 14 10 8 1), BAR 23 B8 liE /1 g€ (10°,307) ik AR EL m, € (1,5)
B E S a, € (15°,25) HIE R BIAE B L 0 € (5,10 45 PR 28 500 422 fioh 706 47 & f0 52 mi B L AN 1L 6 s

70T 6T
6o 5T
< :
M m4'
‘ESO- M
gm- w
W . L
30 |
1}
20 1 1 1 ]
0 0 1 2 4 5

B 6 7 EE R T E R I0

Fig. 6 Influence of different factors on the positon of contact trajectory
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Table 2 The specific parameters of tooth surface contact experiment
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