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Abstract

Aiming at the influence of friction torque on measurement accuracy in servo loading systems, a fric-
tion torque prediction modeling method considering both velocity and pressure effects is proposed.
Firstly, torque response data of the spindle under different velocity and loading pressure conditions
were collected through an experimental platform. Based on the traditional Stribeck friction model, an
improved model with pressure influence terms was established, and the parameters were identified
using a genetic algorithm. Finally, the least squares method was applied for accurate approximation.
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Experimental results show that the proposed model achieves good fitting accuracy in both medium-
and high-speed ranges, with the maximum relative error between the predicted and measured val-
ues within 3.5%. The model can effectively describe the actual variation trend of friction torque and
has high modeling accuracy in engineering applications.

Keywords

Servo System, Stribeck Model, Friction Identification, Genetic Algorithm

Copyright © 2025 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 518

TR ARG N EEDR,  HAT DU 2R PRI i BT N TR TR R,
WMAERIPFIEREVPA . B IR S 2 0T A . TR RGP AR Z ISR, Eizsh il ied, 24
VP BRI, RO AR GUI s R L N TR AT AR . O T MERR A B ) 5 R 1A A AR
KE, BB CEIRN T 2 EEENT 7, WS EEEARL R PR | Stribeck #5274 LUK B0y
K LuGre s 5 AR[1]-[3]. Horr, Stribeck 57 REMSEL L 1 A IR X A BEEIL 5L, BT RAFIY
TREE N, ez R T R AR AR R G 4]

TR, S BRI AR S RO . 2B, BEE TR L EE . R R
FRSE R RE AT E X BE G AT W, DS R H RS BEAI B R VR[S Bt Li S5 N i seis #y
Tt Stribeck #EAY, FERFMACFVEIINSE, A ZAM TS %T G P IIGEBEEL S RS
SN T RTINS (ESO) Y RBF #0145 W) 45 i A4 1l (RBF-SMC) 5, 1l A3 25 pellE 2k
PEEESEIE I “F T BLAR([5]; Gao & A/MHT 1R R M BRI A (R B i, BRI T — LR AR LR Itk R R
P SEms (1 ik T 225 6]

ASSCET X B B R EEE AR R, PR T el R T R A7 A A 5 L R 3K ) B R R TN A
W7k et T G, M SRR T R A R SIS R, 3k 40 MAFE T AL
A, SR A T ARSI Stribeck AR, M T I I SRR SGHERR R, IR T R A A R
TIEHAT S HARR, RN, SCREIRIEE T S84 E ) DO AR R AT IR . A 2 AT I T A T
FEARIE X A R LA B, RENE A AU S B BEF AR A ALta 3, L 4 v BRSNS S5 55 TR B
I fE -

AL I FCL IR GRS JT I B SR 1 — AR5, thm] DU R S A A R ik AT b

£z,
2. RGARBENT
2.1. EHIEERE RG RIS LA R

A SO T GO — B T 22 A RCR AR R 1A R o s SR 48, WE 204 23 S o8 A e bl #198
fRds . Bhas ISk S M TN E I T . FOLIE I I A 25015 SIVR BR 22 AT e, 224 o 0008 1o 5 Sk
S BAIE, RN IR AT, SEEU AT AR SRR R N B AR I A, RAE N 1 B
No

DOI: 10.12677/m0s.2025.1410602 22 RS R


https://doi.org/10.12677/mos.2025.1410602
http://creativecommons.org/licenses/by/4.0/

BIRMH, Houhk

faH L miafeld Bk

N ,[/ — // \L_ i
(ﬁ | H S
S = i '

Figure 1. Structure of the servo loading system
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Table 1. Measured friction torque data under different speeds and pressures
1. TEERSENTHERDEN S8R
LTI 880 1940 2900 3940 4920 5800 6930 8030 0 O(fLAEHh)
50 rpm -0.5341 -0.6671 -0.7942 -0.9244 -1.1010 -1.1783 -1.3385 -1.5462 -0.4180 -0.4110
100 rpm -0.6330 -0.7543 -0.8719 -1.0178 -1.1738 -1.2583 -1.4329 -1.6194 -0.5022 -0.4925
200 rpm -0.8229 -0.9239 -1.0522 -1.1877 -1.2791 -1.4335 -1.5562 -1.7841 -0.6638 —0.6273
300 rpm -0.9344 -1.0967 -1.1827 -1.3098 -1.3997 -1.5511 -1.6768 -1.8886 —0.7963 —0.7185
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Table 2. Genetic algorithm identification results of optimized parameters
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Figure 2. Comparison between predicted curves and experimental data
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Table 3. Comparison of fitting errors between different friction models and measured torque
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IOAIE 539 (rpm) JE73(N) SEMME(N-m)  FRI{E(N-m) 2R % ABRT 1R 2 (%)
1 50 1940 -0.6671 -0.6626 0.0101 1.52%
2 200 4920 -1.2791 —1.2954 0.0434 3.39%
3 300 5800 -1.5511 ~1.5659 0.0149 0.96%
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Figure 3. Residual distribution diagram
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