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Analytical Expressions for the Equivalent
Stiffnesses of Ball Screws

WANG Yaoyu, HU Yujia
(School of Mechanical Engineering , University of Shanghai for Science and Technology , Shanghai 200093 , China )

Abstract: To obtain the analytical expressions for a ball screw’s axial and torsional stiffnesses and
guarantee their high precision, a new method was proposed to calculate the ball screw’s
stiffnesses. Using the theoretical derivation, the finite element method analysis and the fitting of a
modified density function with lognormal distribution, the analytical expressions of stiffnesses
considering different parameters were provided. Comparing the data obtained by the expressions
with the finite element method results, it is shown that the expressions proposed are of much better

generality and accuracy.
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Fig.1 Model of a ball screw
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Fig.2 Screw’s sectional view and its modeling procedure
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Fig.3 Sectional view of the ball screw and the explanation of parameters
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Fig.4 Relationship between the ball screw’s

length and size-effect coefficient
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Tab.1 Parameters of ball screw

do/mm p/mm n di/mm ds/mm dy/mm
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Fig.5 Specific equivalent coefficient’s distribution

of the torsional stiffness
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Tab.2 Fitted results of the size-effect coefficient

of the axial stiffness
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Fig.6 General size-effect coefficient’s distribution of the torsional and axial stiffness
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Tab.3 Fitted results of the general size-effect

coefficient of the torsional stiffness
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Tab.4 Fitted results of the general size-effect

coefficient of the axial stiffness
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Fig.7 Comparison of relative errors between the
size-effect coefficients obtained by the

fitted expression and the simulation

7 AT LA S 4R 2RO AR IR 2R Y
2% LA » 38 1 5 5 RO ROV R MO B R 45 R A
A e RS



254 TR 22 R

2017 4 55 39 %

4 EERIE

3 3 AT A AN AL A 3 A W RE S 2L A5 B TR
PREATAEC FISECT 25 A RAF RN RBOTHA A
L GO EGE RAEAT AT 45 SRR AR 22 8N
BT Seni R ali % 58 AT 5 — S50 W EE i o L A
SCH AR AT BT SEER A & e TSP
JOLFL e A A 3 1 2 R SR A R HERR M L ELR Y
FEISEINT . Zead M Wl T — PR R 22T S5 b AL
PURLAIBT L WIBE (1) %A (Hf5 201710232572. 6) 1%
LR P 7 i A T A A 245 SR R B 305 FE P TR

S 3k

(1] e AR E E 550 & S g o Jm , th
FIREAL T Z: 51 2. GB/T 17587. 4 — 2008 7R Bk 24
FLE 55 4 F0 55 ey W EELS . At . v ERR v i
#1.,2009.

JAROSCH P. Zur Lebensdauerprognose zyklisch hoch
belasteter Kugelgewindetriebe [ M ]. Buch: Shaker
Verlag.2008.

[2]

[3]

[4]

[5]

L6]

[7]

L8]

L9]

[10]

BARH - RIR AL R ot v 5 D0 B2 D37 AR SELT . Bl
PR3 E - 2011,39(10) : 112 - 114.
BARH . RIR LKL RN 1) 173 W BE A4 0 A LT 1. AL R
F£,2015,37(5):930 — 934.
TR . TR TR 22 AT @ A 1o B B e 43 BT SO e - &
TFAEBIFELD]. B at: B HUH TR, 2014.
MESSAGER T,CARTRAUD P. Homogenization of helical
beam-like structures: application to single-walled carbon
nanotubes| J ]. Computational Mechanics, 2008,41(2) ;
335 — 346.
DADALAU A, MOTTAHEDI M, GROH K, et al.
Parametric modeling of ball screw spindles [ ] ].
Production Engineering,2010,4(6) :625 — 631.
ANSYS Inc. PDF documentation for release 15.0[ DB/
OL]. [2016 — 08 — 297]. 148. 204. 81. 206/ANSYS/
readme. html.
Bosch Rexroth Inc. Precision ball screw assemblies
R310EN 3301 [ DB/OL]. [2008 — 07 — 01]. http: //
www. rexroth-kbh. com/pdf/BALLSCREW. pdf.
AITCHISON J, BROWN J A C. The lognormal
distribution[ M |. Cambridgeshire : CUP Archive,1976.
i1 BO

B BB DA DA D DA DA DA DA DA DL DA DA DL DA DA DA DA DA DA DA DA DA DA DA DA DL DA DA DA DA DA DA DA DA DA DA DA DA DA DA DA DA DD

45 209 170

[17] CLARKSON P A. New similarity solutions for the
modified Boussinesq equation[J]. Journal of Physics
A. Mathematical 1989, 22 (13):
2355 — 2367.

CLARKSON P A. New

Painlevé analysis for the symmetric regularised long

and General,

[18] similarity reductions and
wave and modified Benjamin-Bona-Mahoney equations
[J].Journal of Physics A: Mathematical and General,
1989,22(18) 3821 — 3848.

CLARKSONPA, LUDLOW D K.

reductions. exact solutions,and Painlevé analysis for a

[19] Symmetry
generalized Boussinesq equation [ J ]. Journal of
Mathematical Analysis and Applications,1994,186(1) .
132 - 155.

CLARKSON P A. Nonclassical symmetry reductions of
the Boussinesq equation [ J |. Chaos, Solitons &

[20]

[21]

[22]

[23]

[24]

Fractals,1995,5(12) : 2261 — 2301.
CLARKSON P A,MANSFIELD E L,PRIESTLEY T J.
Symmetries of a class of nonlinear third-order partial
differential equations[ J ]. Mathematical and Computer
Modelling,1997,25(8/9) : 195 — 212.
BLUMAN G W, COLE J D. Similarity methods for
differential equations: applied mathematical sciences
[M].New York: Springer,1974.
MAN ]. Similarity reductions and Painlevé property of
coupled KdV equations [ J |]. Communications in
Theoretical Physics,2008,49(2) 275 — 280.
ADEM K R, KHALIQUEC M. On the solutions and
conservation laws of the coupled Drinfeld-Sokolov-
Satsuma-Hirotasystem[ J ]. Boundary Value Problems,
2014,2014.248.

€ LS D)



