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Experiment research on influence factors of travel error of
planetary roller screw pair
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(1. School of Mechanical Engineering, Nanjing University of Science and Technology, Nanjing 210094, China;
2. Key Laboratory of Ministry of Industry and Information Technology for General Technology of Functional Parts of
Numerical Control Machine, Zhangjiagang 215600, China)

Abstract : Travel error is an important parameter to evaluate the accuracy of planetary roller screw pair, but there are a few studies on the
influencing factors and modeling of travel error. Therefore, firstly, the influencing factors of travel error of planetary roller screw pair are
analyzed, including machining error, installation error and deformation error. Then, based on the error conversion, the travel error
model is established and the errors are measured. Finally, the travel errors of four planetary roller screw pairs and the travel errors of
planetary roller screw pairs under six different load conditions were measured with the travel error test bench. The test results show that
the machining processing level and installation accuracy have a great influence on the travel error index, and the travel error of the screw
pair increases with the increase of the load, which indicates that the deformation error caused by the increase of the load has a great
influence on the travel error. The relative error between the test value of the screw travel error and the calculated value of the model is
1. 62% ~4.37% , and the relative error of the screw pair is 1. 81% ~6.53%. The effectiveness of the model is verified, the study can
provide a reference for the transmission accuracy analysis of the feed system.

Keywords : planetary roller screw pair; travel error; error analysis; elastic deformation
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Fig. 1 Structure of planetary roller screw pair
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Fig.3  Eccentric error
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Fig. 4 Screw tilt installation error
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Fig.5 Screw pair deflection
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Fig. 6  Support unit lifting error
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Fig.7 Screw force schemetic diagram
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Fig. 8 Loading deformation
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Fig.9 Travel error curve
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Fig. 10  Screw raceway surface error test bench
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Table 1 Structural parameters of planetary roller

screw pair
2 WRFE P51 SR iz R
/mm /mm /mm /mm f/(°)
2 FT 2 5 10 27 90
RAL 2 1 2 9 90
LES83 2 5 10 45 90
x2 FEMIRE
Table 2 Raceway machining error
YIS EBEERZE/um PRIRZE/mm FRREMAIRE/(°)
1 0.18 0.001 0.12
2 0.12 0.001 0.15
3 0.35 0. 003 0.23
4 0.31 0. 003 0.19
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Table 3 Installation error measurement result  pm
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Fig. 12 Travel error test bench
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Table 4 Test data of the worst travel error index

of four screws pm

E v, v,

(VS N - 1 M . S 1
1 22.44 2191 375  3.66 9.45  9.16
2 18.67 17.15  2.68  2.47  6.45 6.0l
3 35.24 3315 3.77  3.49  9.37  8.63
4 31.69  29.95  25.75 23.88 41.06  38.05

21T

x5 FBRETERREZHERIREE
Test data of various raceway travel error indexes

wm

Table 5

E v, v,

X HE X HE L i
S1 22.44 21.91 3.75 3.66 9.45 9.16
52 22.82 22.09 3.65 3.54 8.93 8. 68
S3 22.63 22.01 3.81 3.71 9.31 8.95
S4 22.27 21.91 3.76 3.62 9.38 8.96
S5 22.18 21.74 3.69 3.59 9.27 8.94
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Fig. 13 Comparison of four screw travel error worst indexes
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Fig. 14 Comparison of various raceway travel error indexes
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Table 6 Relative error of various indexes of

screw travel error %
TIPS E, Vor V.
1 2.36 2.40 3.07
2 3.48 3.36 2.48
3 3.94 2.38 3.63
4 2.77 3.61 3.39

R7 BRETRREZERENRE

Table 7 Relative errors of various indexes of

raceway travel errors %
Ry E, Vor V.
S1 2.36 2.40 3.07
S2 3.20 3.01 2.81
S3 2.74 2.63 3.87
S4 1.62 3.72 4.37
S5 1.98 2.71 3.56
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Table 8 Analysis of influence factors of travel

variation V,_ wm

Var
22N . hE S mO BiRt BiH EH
- W I R RE e

3.66 0.14 1.84 0.51 0.72 0.45
2.48 0.11 1.07 0.51 0.34 0.45
3.49 0.24 1.96 0.51 0.33 0.45
23.88 0.33 20.73 0.51 1. 86 0.45

B W O =

R WFFEAS TR G0 3% T 00 22 4T B AT RE 5% 22 AR 1 1
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Table 9 Test data of screw pair travel error wm

Hk E, Var Vi
L\ B = < A o S TR A . 1

0 27.73 25.92  8.15 7.89 15.10  14.46
3 36.58  35.13 7.92 7.70 14.34  13.89
42.65 41.07  8.14 7.93 14.33  13.74
48.72  47.02  8.06 7.76 14.65 14.13
12 54.83  53.29  7.98 7.72 14.44  13.98
15 61.02 59.54  8.13 7.79 14.52 14.09
18 67.44  66.22  8.09 7.86 14.29  13.75
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Fig. 15 Comparison of travel error indexes under

different load conditions
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