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Digital Modeling and Manufacturing Method of Rack Variable
Ratio Tooth Profile of Recirculating Ball Steering Gear
NIU Ziru', XIN Zhenbo', LI Gangyan®, TU Ming®, ZHAO Xinxue®, LI Yany', WANG Liheng', WANG Jianfi'

(1.School of Mechanical and Electronic Eng., Shandong Agricultural Univ., Tai’an 271018, China; 2.School of Mechanical and Electronic Eng.,
Wuhan Univ. of Technol., Wuhan 430070,China; 3.School of Eng., Huazhong Agricultural Univ., Wuhan 430070, China;
4.College of Mechanical and Electrical Eng., Binzhou Univ., Binzhou 256603, China)

Abstract: The variable ratio tooth profile is the key to realize “variable transmission ration” for recirculating ball variable ratio steer-
ing gear, and it is a kind of envelope surface formed by the envelope process of involute tooth profile in accordance with the variable
ratio transmission relationship.This special envelope process leads to difficulties in modeling and Computer Numerical Control (
CNC) machining of the variable ratio tooth profile. Focused on the digital design method and CNC machining method for variable ra-
tio tooth profile of recirculating ball variable ratio steering gear, the gear sector of variable ratio gear pair was taken as a set of inter-
section lines obtained by using countless planes perpendicular to the axis of the gear sector to cut the gear sector. Assuming that there
was a line through a point on the variable ratio tooth profile and parallel to the variable ratio rack would generate a series of interac-
tions between this line and the corresponding intersection lines in gear transmission, and the point that the length coordinate value
was the extremum of all intersections was a variable ratio tooth profile point. The mathematical models used to solve the variable ra-

tio tooth profile points were established and the corresponding solution algorithm was developed. Tooth profile point cloud of a vari-
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able ratio rack was obtained based on this method. Using the tooth profile point cloud, planning of the tool path, size selection of the

finishing tool and calculation of the cutter bar vector at cutter-contact point were completed, and CNC end milling of the variable ra-

tio tooth profile was achieved. The relevant tests of transmission ratio and transmission stability on the sample were performed, and

the experimental results verified the correctness of the proposed method. This method could overcome some disadvantages of design-

ing variable ratio tooth profile with meshing principle, and realize the digital modeling and CNC end milling of variable ratio tooth

profile .

Key words: recirculating ball variable ratio steering gear; variable ratio tooth profile; digital modeling; end milling; transmission stability
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Fig.1 Schematic of recirculating ball variable ratio steer-
ing gear
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Fig.2 Concept model schematic of variable ratio tooth
profile solving

12 B S EA T R 5 A

T 20 4 BT T 4 B LS 2R S, 7 %
TE R 19 2 SRR 4 4 2 0 42 o 5 G 2 57 25 R
551 MR B 6 R 0 CAMPEL3 TR ) 2 A R 1
FRASERRR , 51 (01 — 'y 2 ) WIFHEIAAT R, 520, — 192)
RS % AR R, 51 (0s—ne’) o Ui B U ALFR 7
5404 — o) W 555 525 A 5 ALE 03 R4
S RTERIT | 725 L AT 1R 00 86 220, %125 e

Q .
W f
M
e ~
SN
- N
T
a
R, H
6 a .
g
05 g
0
(a) HITT LA VTR

2R rpC B A% Bl LE, I 2040 AR bR 2 A i
B T EBITR I s o, ki B o BE I B o

22, 2"
R
A\ R ) x,x, ¢
; H '
! 1
roa
Y, VN,
1 ]
0
x, x', €, &

3 THERBERILGFRSEE
Fig. 3 Coordinate system diagram of variable ratio gear
sector nut pair
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Fig. 7 Schematic of variable ratio tooth profile point cloud
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Fig. 11 Angle transmission error diagram of variable ra-
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