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The ball screw can be included in steering systems, the brake system, seat moving devices, and transmission systems of
vehicles. Performance of the ball screw in these systems plays a key role in delivering agile and accurate power
transmission. The purpose of this study is to improve performance by focusing on performance of the ball screw, by
applying various conditions based on a design factor in the circulation system. The selected single design factor is to apply
the cycloid curve to a circulation area. The circulation part to obtain a cycloid curve with highest performance, can have the
smoothest ball flow. In addition, based on results, we intend to reduce failure cost that may be incurred in developing future
ball screws for automobiles, and to establish databases that can be applied to developed products by deriving optimal
shape.

Manuscript received: May 15, 2018 / Revised: September 16, 2018 / Accepted: October 3, 2018
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NOMENCLATURE
2T FA7NA RopollAHE A=, 5 thFEt wofell it

J%5(High Performance), 117 (High Precision)?] &5 5 (Ball
Screw)el| gt 8171 S7FSAL Qi olof| whe} EAAFE 4%
BofollA] HEEIT Qow], 715 g Hofo] wt Baage] 3
s 7|40l R7ET Ytk o] Aol Mg sl BAaRs
2 AP, A A, Wi 2] So) 48 ol ojeigt
A Yol d Badge] A5L W Hud 52 ddel
o FR3t ofae sjul, BAae) Aol ukE XA 4, 15
28 5L AL LA SR SRS QHHlol 2 L

D,,, = Pitch circle diameter
D,, = Ball diameter

@ = Lead angle

/= Lead

a = Contact angle

d. = Diameter of axial pressure

Fy = Normal force on the ball
Ay, = Deformation of the ball and ball raceway in the nut
Agnan = Deformation of the ball and ball raceway in the shaft

A, = Axial strain

=
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Position of the end-cap

(a) Position of the end-cap in the ball screw

Py (11)

(b) Position of the end-cap at P, P>

Fig. 8 Position of the end-cap in the ball screw

Table 1 Cases of the analysis of the end-cap at Py, P,

N

Case Position Cycloid R

1 R2.0

2 R2.1

3 Pi(-1,1) R22

4 R23

5 R24

6 R2.0

7 R2.1

8 P,(1,-1) R22

9 R23

10 R2.4
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Fig. 9 Conditions of dynamic analysis of end-cap
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Table 2 Dynamic analysis of the end-cap at P, (-1, 1)

Cose  CyeiaR  REEL ey
1 R2.0 0.61 m/s 19.72 rad/s
2 R2.1 0.60 m/s 24.58 rad/s
3 R22 0.57 m/s 31.61 rad/s
4 R23 0.56 m/s 22.29 rad/s
5 R24 0.55 m/s 25.13 rad/s

Table 3 Dynamic analysis of the end-cap at P, (1, -1)

Case Cycloid R Speed O.f the Angu.l ar
revolution velocity
6 R2.0 0.49 m/s 73.84 rad/s
7 R2.1 0.49 m/s 71.91 rad/s
8 R22 0.48 m/s 77.48 rad/s
9 R23 0.50 m/s 80.68 rad/s
10 R2.4 0.51 m/s 78.16 rad/s
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Fig. 10 Results of the speed of the revolution of the ball at P,
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Table 4 Multi-body dynamic analysis for each end-cap

Results R2.0 R2.1 R22 R23 R24
P (-1, 1) End-cap Part 19.72 rad/s 24.58 rad/s 31.61 rad/s 22.29 rad/s 25.13 rad/s
Angular velocity End-cap Ass’y 94.98 rad/s 81.58 rad/s 103.42 rad/s 48.34 rad/s 41.03 rad/s
Py (1,-1) End-cap Part 73.84 rad/s 71.91 rad/s 77.48 rad/s 80.68 rad/s 78.16 rad/s
Angular velocity End-cap Ass’y 109.38 rad/s 26.43 rad/s 55.49 rad/s 4527 rad/s 147.29 rad/s
Min. 15.12N 1520N 15.00 N 15.01 N 1524 N
Ass’gorfz?ﬁo“ Avg. 17.86 N 1825N 18.13N 1857 N 569.30 N
Max. 32.37N 3734 N 33.63N 3738 N 112336 N
Shaft Nut assembly 160 1500

(b) Ball and end-cap assembly
Fig. 14 3D models of the ball screw assembly
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Fig. 15 Driving conditions of the ball screw assembly
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Performance analysis of R2.4 End-cap
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Fig. 17 Friction force of the ball screw with the cycloid R2.4

Fig. 19 Hold-up of the balls
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