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A Designing Method for Parallel Shaft Internal-Meshing
Line Gear with Pure-Rolling Contact
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Abstract: To improve the transmission efficiency of line gear, a designing method for pure-rolling
internal line gear mechanism is proposed for parallel shaft transmission. Following the line gear
meshing theory, the equations of spatial conjugate curves are solved and the constraint conditions
for pure-rolling meshing are analyzed. The profile cross-section located on the contact point and
perpendicular to the direction of angular velocity is established. The mathematical models of
tooth surface of convex-convex, convex-concave and convex-flat contacts are constructed
according to the profile cross-section equations and contact curve equations. Taking cylindrical
helix as an example, the selection criterion of designing parameters for pure-rolling meshing state
is analyzed and the pure-rolling internal meshing tooth surface is constructed. The contact stress
of tooth surface with different contact forms is analyzed. Meanwhile, the modeling of convex-
concave surface and the kinematics analysis are carried out with 3D software. The results show
that when the theoretical transmission ratio, the contact ratio, and the teeth number of pinion are
respectively set as 2, 1.5 and 6, the convex-concave contact with the relative smallest curvature
radius has the lowest contact stress under the same restrictive conditions, and the contact stress

is reduced by 28.95% and 19.17% respectively, compared to convex-convex and convex-flat
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contacts. The average transmission ratio of the internal line gear pair constructed by this method

reaches 2. 00, and the maximum variation of the instantaneous transmission ratio reaches only

0. 07, smooth and continuous speed transmission is thus realized.

Keywords: internal line gear; conjugated curves; pure-rolling; convex-concave surface;

kinematics analysis
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2.2 HHEHME

2.1 71 b, 1A R AR T il £k R R OE £ i BE R
ANTA] 2 52 M 147 TR U7, e o AR AR /DN O R R AT B O JEG
TR T PR e 1 [ B AN RS A2 o, AT DAAR R
3 T AN [ 422 At % P Wil 5 1A T« o T o o 2
A P ik o A Sk BN 1 5 147 0 A8 1T 1 4R B E
5,

(D MHE . M ADBGE S S A2) BUE S
B /N D7 B R A7 P 0 A G A 1T [ S 181 0> O O, 2
TR o B A PO T Sk 0T TR 4 A 2 8 Sy o 1]
Hefl, nE 5 Frs

)My, M4 ADBGE S L A2) B 5
o /N i A D LA 47 JE B S 1 10 O O, S T 57
M. oS A R A TET SRy o A T B Ak 2 R SR
fil, 40 1&] 6 JIF A

(M. HXADBGES A2 K fi 5
H oo, YR AB 48 4 H £k AB . ¥ 8l 14 1 4%
Sk YIS T o b B 422 ik 24 7 kg o 5P fi L G BT 7 R

X 3 bz fl R 200 U T, FR T 2 a4 AH X
iR AR AN R]  H A T2 fl N ) R AH R fR R 2%
2 fioh JrCER 202 T WA A B Ak R ) A SO

Tnex = [ E'Q <ZP>?T

vi 1= s
E -+ E, )

E—ld

i

Vlirg

21’ =

http: // zkxb. xjtu. edu. cn

P15 [ 4 fih

Fig. 5 Convex-concave contact
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Table 2 Relevant parameters of line gear pair design

S8 il

L E/mm 4

(BRI A 8% JE 2 1) M i 2 42 m/mm 4

9 HE R EL n/mm 6

N A A7 AT IR 9K AR 1 /mm 1

P Bl 7 R R T R KR 4R, /mm 4

VINSSR (o875 O 6

(B A R £ 1) 7 S 4 (0,7/2)
AN EE RN BB SE m (—a/12,57/18)
P B AT 5 4 TR [R5 R 1 28 S e (—n/9.7/3)

B v, 2

e e f =/ 0

Hef s v/ () 45




42 i3

sk

SNV NIE S

555

(a) /NE %

=

() LV FE R
[ g N i
Fig. 9 Solid model of line gear pair

BEHERTEET 1 BIRIENRESWEG1E D)
FEARIEAL Bl i Sk FAR e M L B4 . AR SC )
B ECN 6, AR P5 SCHR 3 T | & A A, 1T
DREEIES Frsg i e )

_ AgtN, | t.—t, | N,
€T T2 2n

WA 1.5 ARy 2 XS
B2 A1 S R T A A L S 0 04T LA 2%
U L e 2 B RE DR A DR BN 2R

R B2 U 5 BT 22 0 2 A0 10
AR SE SN B A R o R
AN T B 50 5 2 24y 5D 5 A
P W84 0 1 S P 2% o E 1T R/
WA MR R 10 rad/s, 14 P8 ff 3 BEAE 4. 84~5. 11
rad /s WEBH T H 4G 3 1L 2,00, #9720 5.1

=1.5 (26)

[ 10z HAE R

Fig. 10 Kinematic simulation model

http: // zkxb. xjtu. edu. cn

101 e RS AAR Ry 0. 07, SE3G 25 5 R W . 3l o A
SCT7 1 K T F) S VR 2l V-4 A P9 G 21 e LR AT S
BUV-AG L 1 25 10 3 R A 3o 09 A BT A% Bl FE TR OR L B
WE TR B A AT AT . M T EE (. s B
D5 R 22 R IR AT - 147 181 A2 T 3 2001 Bk I 45 g A2
5 B fih B A 1 O 2 s TE BB AR B K
PRI TR 22 - AR M B L 15 22 B3 1 AR RBUIOKR

151

N,
UG i T

w0, /(rad *s")

0 03 10 L5 20 25 3.0 335 44
I /s

LT /NG S AN B A I i £

Fig. 11 Angular velocity curves of pinion and gear ring

4 7t B

(1) e F 75 (] fth Ze Ie B mk & 320 A58 7 —Fh 4l
VR BI) N WG B 2 U e R R A v ST T B A
o7 TU 2 foh R o™ P 2 ik ) O TR B AR o M T
R AR B K A [R) B AT 4% 10 O T2 ok 7 g e/

(2) DL IG A BB T 2 191 SR T — b e i 4% ik
SR M T T AlVR S A A /N U R N U L ik 2
JE ) A R BR e R A AH AL Bl R X R E=
m(i,— 1),

(3) A4l 0 1T 7 R AL A T R O A0 R B A L IR R AT
18 B A L S B W 3l A AR SOy A AT
SEVR Bl N Wi & LG e MR AT DL SE B i 2% 8,
W R B R ) R oK

SE K.

[1] CHEN Yangzhi, XING Guangquan, PENG Xuefei.
The space curve mesh equation and its kinematics ex-
periment [ EB/OL]. [2021-01-11]. https: // www.
researchgate. net/publication/237397932.

[2] CHEN Yangzhi, LIU X, CHETWYND D G. Investi-
gation of a novel elastic-mechanical wheel transmission
under light duty conditions [J]. Mechanism and Ma-
chine Theory, 2007, 43(11). 1462-1477.

[3] BrimAl. Zifse (M1 dbat: B2 W R, 2014.
1-63.




56 1 Ayt &5 P AT R R 3h N e A IS R iR T TR 43
(4] AT X, FEHAEL, FEwl. %515 22 XF 25 18] gl £ k& 15 design, meshing simulation, and stress analysis of

(5]

[6]

[7]

(8]

[9]

(10]

[11]

[12]

[13]

RALIEE R [J]. R TR M (A AP
D, 2012, 40(12): 24-29.

HE Enyi, CHEN Yangzhi, CHEN Zhen. Effects of
assembly errors on transmission precision of space
curve meshing wheel [ J]. Journal of South China Uni-
versity of Technology ( Natural Science Edition),
2012, 40(12). 24-29.

CHEN Zhen, CHEN Yangzhi. DING Jiang. A gener-
alized space curve meshing equation for arbitrary inter-
secting gear [J]. Journal of Mechanical Engineering
Science, 2013, 227(7) . 1599-1607.

CHEN Yangzhi, LU Yueling, DING Jiang. Funda-
mental design equations for space curve meshing skew
gear mechanism [ J]. Mechanism and Machine Theory,
2013, 70, 175-188.

MRimZs, BRAR, modaldk. S shdbpeth g m e (U]
ML TR 2441, 2014, 50(1): 130-136.

CHEN Bingkui, LIANG Dong., GAO Yane. The prin-
ciple of conjugate curves for gear transmission [J].
Journal of Mechanical Engineering, 2014, 50(1); 130-
136.

SO, PRIR g, Zimxd b s e i B [T]. h E ALK
TR, 2020, 31(8): 937-943.

PENG Shuai, CHEN Bingkui. Principle of geometric
elements constructed tooth pairs with curve-surface
mesh [J]. China Mechanical Engineering, 2020, 31
(8): 937-943.

CHEN Yangzhi, YAO Li. Design formulae for a con-
cave convex arc line gear mechanism [J]. Mechanical
Sciences, 2016, 7(2). 209-218.

CHEN Yangzhi, YAO Li. Study on a method of CNC
form milling for the concave convex arc line gear [J].
The International Journal of Advanced Manufacturing
Technology, 2018, 99(9) . 2327-2339.

CHEN Zhen, DING Huafeng, LI Bo. Geometry and
parameter design of novel circular arc helical gears for
parallel-axis transmission [ J]. Advances in Mechanical
Engineering, 2017, 9(2). 733-744.

CHEN Zhen, ZENG Ming. Design of pure rolling line
gear mechanisms for arbitrary intersecting shafts [J].
Journal of Mechanical Engineering Science, 2019, 233
(15): 5515-5531.

CHEN Zhen, ZENG Ming. FUENTES A. Geometric

[14]

[15]

[16]

[17]

[18]

[19]

[20]

(21]

(22]

http: // zkxb. xjtu. edu. cn

pure rolling rack and pinion mechanisms [J]. Journal
of Mechanical Design, 2020, 142(3): 1-10.

FRIp o, A WG R (M. 2 hR. 794 . 75258k
2R AL, 2009 55-58.

WP, B, WYME, WRARD AN
S0 [T]. HLAAE3h . 2001, 25(3): 5-8.

HUANG Xiaoping, HUANG Aiping, HUANG Xikai.
Principle and realization of pure rolling contact gearing
[J]. Journal of Mechanical Transmission, 2001, 25
(3): 5-8.

BNV, BB, MESEEMG RSB (] M
LS AR T 4. 2004, 32(12): 39-41.

HUANG Xiaoping, HUANG Aiping. The research on
tooth form of pure rolling contact gear [J]. Forestry
Machinery & Wood Working Equipment, 2004, 32
(12): 39-41.

HAEE, XUWI, %54, AR R 2RI
& Bt TE BT I ik Komi G R B gE L], MLAR TR 2
i, 2016, 52(11): 50-56.

Y1 Yali, LIU Pengpeng, AN Zijun, et al. Tooth pro-
file design and meshing characteristics analysis of any
tooth-difference pure rolling movable tooth transmis-
sion [J]. Journal of Mechanical Engineering, 2016, 52
(11): 50-56.

TAN Rulong, CHEN Bingkui, XIANG Dongyun, et
al. A study on the design and performance of epicy-
cloid bevels of pure-rolling contact [ J]. Journal of Me-
chanical Design, 2018, 140(4); 1-14.

LITVIN F L, FUENTES A. Gear geometry and ap-
plied theory [M]. New York, USA: Cambridge Uni-
versity Press, 2014. 36-44.

MOLDOVEN G, VELICU D. On the maximal contact
[2021-01-
11]. https: // www. researchgate. net/publication/237
782162.

B RUR . Bl % 80 5 SRR A [M] R
e A BHE R A L 2018 28-52.

CHEN Zhen. ZENG Ming, FUENTES A. Computer-

stress point for cylindrical gears [EB/OL].

ized design, simulation of meshing and stress analysis
of pure rolling cylindrical helical gear drives with varia-
ble helix angle [J]. Mechanism and Machine Theory,
2020, 153: 1-19.

(W AHFX Koz




