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Research on relationship between key machining dimensional error
and preload torque of ball screw

Liu Dong, Zu Li, Lin Weiguo

(School of Mechanical Engineering, Nanjing University of Science and Technology, Nanjing 210094, China)

Abstract : The preload torque is an important factor that affects the reliability of the ball screw. At present, the calculation of preload
torque is mainly based on the empirical formula. There is a large error between the theoretical calculation value and the actual preload
torque value. To calculate the preload torque of the ball screw accurately, based on the contact deformation and load distribution theory,
the influence of key machining dimensional errors on the preload torque is analyzed. The relationship model among pitch diameter error,
lead error and preload torque of ball screw is formulated. The lead error and pitch diameter of different types of ball screws are measured
by the ball screw lead error and the profile detection test bench. The theoretical value of preload torque of ball screw is calculated
through the lead error and pitch diameter error. The actual value of preload torque is measured by the preload torque test-bed of ball
screw. The measurement results show that the relative error between the theoretical calculation value of preload torque and the test value
is 0. 65% ~12. 18% , which is less than 15. 07% ~45. 57% of the existing models. The consistency between the theoretical model and the
actual friction torque is accurate. The correctness of the theoretical model is verified.

Keywords : ball screw; key machining dimensional errors; preload torque; pitch diameter error; lead error

SRR T 22K £ DO R A 4 — R 5

AE , (EUE R T T B B AL 22 KT 2 AN Al sl 6 A9 A7 7

INT RSP R2E o SRR 25 P AR IR 2502 5 W0 U 5 0
TRIRZZFT R A R RSB UK A% O I BERB I, B FOSCHEIN TRGHRZE | WS IR Bk 22 AL R e R i 22 o

FUE THURRIIN TS . A RERZALRI IR RIRES PRI R AR EE L,

S HE AT LAY BRIL R ), 4 e FLa A T R T R P b F R AT B9 005 0 1R S AR R T R

FEA RIS H RS R IR R 5 AT SR B RE R M S H00 NSK 2 AJ7E 2003 AR42 2 0 A IO ik IHE T IR

0 35

i

Wk H 191.2021-08-09  Received Date: 2021-08-09
« FE4 I H . [ Z R H K E I (20182X04039001 ) 151 H ¥



18 I # I F

TEF# %) T B S L S M  (EL T 00 2% TRy R R
HOEE I TR AR R . Frey TS T IR ER 2
FLENUE SR 5 e GRS B el P RRRZEZ B E R
T A il AR T DL S HE fih Sy 45 B2 e B R AR B R
Wei %5 SHRBR 2 AT RIEAT Tz sh2gmroe, fe="
HR T 2 FIRIRCRE SR, g T E NG R R )
S S EE A 2 500 2, W A A AR A 2 A 5 B o AT
HEN T e R T3S A R, Zhou S HFSE TR
SR TIOR8 T R R R R A
Wl ST TR B PR AR T A . RIS F T X
B SRR TR B AT TR, A W K
T R 2 T TR R 2L KT 1 T A R R

TR R 2 FLEN 0 i 53 ) v ARtk s 1 e R 15 P g
B, h iR iR 22 R IR 22 S 52 T VR B 22 KL Rl 01 55 5
A FEE I TR iR 2 Kagiwada SOV B T R
VR T 1 U TH R AR SN T ik AR TR AR N R I R 2
Y& 59 5 Sostar U T = A R ) B ST P R 5
FERLAT TR R A N AR B A, JF A A 1 D R R A
JEE S 7 22 19 TAC 22 RBIT 6 2 9 MSXP 28 81 R 4 41 i
IS, AT - A 3 R SR B S A T AR R AR R
P AR A SR A AR Sy T R AT R
TR IR 22 KRR B 42 15 5 0 PG A 45 11 42 1 3 T LA
PG AR AR 0 6 5 1, I 4 A 0 DN AR 2 1 7 A
S B 5 DA 5 i AT LA o ) D0 TR 25 B
Xof BN TR 1% 22 5 TR 3R 22 FL 1) 0 5 ) el 55 O
RIATRAMIIE

AR SO T 4 ik A8 T 5 A o A B, 45 S RO
SR F R AR R 25 G R A T A R HET TR
PREZFLRIDCH N T RSP R E—h Rk 22 SRR 2E 5l
SR OGRS AT TS SR

1 R4 XBMIRTIREEMEAR
FEXREE

HAR SRR VR R 22 KT ol 35 BB B AR A £ 180° 5 7R T8 $2 fi
FIPEATRERBR O IR S AN 1 fis  h AR (I i 2 £
AMNEIEARIR S (el 38 E RO BB | TR 12 22
YV LEA ST, TRERZAT I T A2 0 22 M VR BR 22 FT 10 3K
PR S EEEN M, B Ad, =d, - d,,d, TR
FLSEPRHARIE, d, TRBRZZAT BLIS R AR (E, A0 W b | IR F)
RN Ad, =d, - d,,

1.1 FRERESMAEMXRKLITAMEREXR

WA 2 s Ry 3 R AR X B R B TR BR 22 AT R 3 A
FU VR 225 (RIS R A VR B , B TR Bk 4 i fih, TR Bk R 2B ok
PEASIE P2 A TS 7, A8 VR Bk A R T sk 28 L s
1.

B IRERZZAT IR AR

Fig. 1 Pitch diameter of ball screw and nut
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Fig.2  Four point contact ball screw pair

SR B 0 I RN 5 22 4T BB R
4 A, WL 3 R, B VR TR d, , TRFR 2
R BURARTT F, 4 0,

B3 4 SRR IR 22 KL R RS TR BRI RS

Fig. 3 Single ball contact state of four point contact ball screw
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Fig.5 Contact state of variable lead ball screws
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Fig.7 Contact state of ball screw pair with lead error and pitch diameter error
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Table 1 Parameters of screw, nut and ball
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Fig. 10 Ball screw travel error test bench
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Table 2 Experimental data of lead error, pitch diameter

and pre-tightening torque

wir (e, AP,/ TR/
mm wm Nm
1 32.747 -0. 053 0.705
2 32.745 -0. 140 0. 630
3 32.744 -0. 168 0.612
4 32.744 -0. 055 0. 649
5 32.742 -0. 048 0.599
6 32.742 -0.015 0.527
7 32.741 -0. 140 0. 530
8 32.741 -0.024 0. 508
9 32.741 -0.033 0. 525
10 32.741 -0.015 0. 435
11 32. 740 -0. 056 0. 465
12 32. 740 -0.032 0. 494
13 32.739 -0. 623 0. 507
14 32.739 -0. 466 0. 504
15 32.739 -0.319 0.410
16 32.738 -0.726 0. 495
17 32.738 -0.374 0.368
18 32.737 -0. 666 0. 359
19 32.737 -0. 607 0.419
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Fig. 12 Ball screw preload torque test bench
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Table 3 Preload torque test data and theoretical 02 04890
calculation data based on machining error 0.1 04383
0.3880

TS
iR, Ad/ AP,/
2ZFT it/ iR/ AR
mm mm }.Lm
Nm Nm /%
1 32.747 -0.001 -0.053  0.791 0.705  12.18

2 32.745  -0.003 -0.140 0.698 0. 630 10. 84

3 32.744  -0.004 -0.168 0. 651 0.612 6.41

4 32.744  -0.004 -0.055 0.634 0. 649 2.31

5 32.742  -0.006 -0.048 0. 535 0.599 10.73

6 32.742 -0.006 -0.015 0. 530 0. 527 0. 65

7 32.741  -0.007 -0.140  0.501 0. 530 5.40

8 32.741  -0.007 -0.024  0.485 0. 508 4. 66

9 32.741  -0.007 -0.033 0. 486 0.525 7.53

10 32.741  -0.007 -0.015 0. 483 0. 435 11. 08

11 32.740  -0.008 -0.056  0.444 0. 465 4.60

12 32.740 -0.008 -0.032  0.440 0. 494 10. 88

13 32.739 -0.009 -0.623 0.478 0. 507 5.68

14 32.739 -0.009 -0.466  0.456 0. 504 9.58

15 32.739 -0.009 -0.319 0.435 0.410 6.17

16 32.738  -0.010 -0.726  0.448 0. 495 9.63

17 32.738 -0.010 -0.374  0.399 0. 368 8.48

18 32.737 -0.011 -0.666  0.396 0. 359 10.22

19 32.737  -0.011 -0.607  0.388 0.419 7.41
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Fig. 13 Relationship among pitch diameter error,

lead error and preload torque
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Table 4 Comparison of model error between this model

and reference [17]

T AR AR Sk 17 KA
B/ s IR, R, MR/

(N-M) (N-M) % (N-M) %

0.705 0.791 12.18 1. 009 43.05
0. 630 0. 698 10. 84 0. 894 41.86
0. 612 0. 651 6. 41 0. 835 36. 48
0. 649 0. 634 2.31 0.813 25. 34
0.599 0.535 10.73 0. 689 15.07
0. 527 0. 530 0.65 0. 683 29. 57
0. 530 0. 501 5.40 0. 647 22. 04
0. 508 0. 485 4. 66 0. 626 23.26
0.525 0. 486 7.53 0. 627 19. 51
0. 435 0. 483 11.08 0. 624 43.35
0. 465 0. 444 4.60 0. 574 23.52
0. 494 0. 440 10. 88 0. 570 15.22
0. 507 0. 478 5.68 0. 620 22.22
0. 504 0. 456 9.58 0. 591 17.28
0. 410 0. 435 6.17 0. 564 37.53
0. 495 0. 448 9.63 0. 582 17. 56
0. 368 0.399 8.48 0.518 40. 83
0. 359 0. 396 10.22 0.515 43.57
0.419 0.388 7.41 0. 505 20.53

4 % @
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