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Study on the Influence of Surface Roughness of the Flywheel Joint in Spring Operating
Mechanism on Closing Stability
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Abstract: In view of the risks that excessiv dispersion and pronounced fluctuationin the closing time of spring operat-
ing mechanisms pose to system protection and equipment service life, the flywheel joint is taken as the research ob-
ject and the influence mechanism of its different surface roughtness levels on the closing time is systematically ana-
lyzed. First, the stress distribution on the friction surface of the flywheel joint is obtained through static numerical cal-
culations. Then, based on the stress results, the Hertz contact theory is used to determine the load conditions for fric-
tion and wear tests, and a mapping relationship between surface roughness and friction coefficient under real force
conditions is constreuted through testing. Finally, the kinematic model of the spring operating mechanism is set up
and the simulation analysis is performed by the use of friction coefficient variation, indirectly revealing the influence
of surface roughness of the flywheel joint on the stability of closing time. The results show that in the stable wear
stage, the influence of surface roughness on the closing time is small. However, during the running-in stage, the clos-
ing time exhibits an increasing trend, and higher surface roughness prolongs the running-in process, thereby exacer-
bating the instability of the closing time. The study results provide valuable certain guidance for improving theclosing
time stability in spring operating mechanism.
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Fig.1  Spring operating mechanism structure diagram
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Fig. 2 Research route of this paper
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Fig.3 Finite element model of spring operating mechanism
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Table 1 Constraints of main components

EAr e PR E/GPa B (grem™)  THIALL
KL 42CMo 212 7.85 0.280
A MBI 20CrMnMo 207 7.87 0.254

¥ 20CrMnMo 207 7.87 0.254

[ oaey 40Cr 211 7.87 0.277
RE 35CrMo 213 7.87 0.286
Ni7j: MPa

404.370 0 K
- 359.750 0
315.130 0

181.250 0
136.630 0
92.007 0
473830
2.759 2 f/h
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Fig. 4 Flywheel joint friction sueface stress

distribution diagram
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Fig. 5 Friction and wear testing machine
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Fig. 7 Friction coefficient variation curves at different roughness levels
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Table 2 Friction coefficient during the steady wear stage Table 4 Frictional parameters under different loads
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] m
Ra0.4 0.7140 i FERERE Bl mlals  BEEREC MG ETEl/s
Ra0.8 0.702 0 Ra0.4 0.728 2 199.763 7 0.696 3 129.3815
Ral.6 0.695 6 Ra0.8 0.7153 252.550 3 0.695 8 157.327 4
Ra3.2 0.720 5 Ral.6 0.704 7 400.559 9 0.687 5 303.266 9
Ra6.3 0.724 7 Ra3.2 0.725 4 447.136 4 0.710 5 3229325
Ra6.3 0.7339 636.547 2 0.721 8 471977 1
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Table 3 Break-in period duration

HLBEE/pm HLE B[ /s
Ra0.4 172.852 9
Ra0.8 195.623 6
Ral.6 373.648 1
Ra3.2 375.719 1
Ra6.3 554.779 7

(B b, Bz foh e BN HL =3 0y 4 b 3, IR
o BT P BB () A B ™ A 0 T - 42 M
R FE Y I Bk 2 I R I TR 5005 1 1 o0 A
DR T 60 25 B ] 22 K
2.6 FERhEETXEE RS T

R T RGBS S
e 55 O 2R 19 5 W), A BIF 50 76 BRI 15 280407 11 3 il
AR S AR B2 I 2 R 28 32 fik > X
PR E T 0.94.2.10 N R Rb 5T 470 4540, %
VAL S FRLRERE T BOBRIECEIEA T 1 #h e R4
BURE: . AT T, R BT I B 14 R 8 22 50N
HIAEHR LR 4,

i 2A
w

RN e U RS s A DN = A C R BN
R R PR 40 97 BB 48 28 A WS Bk S e, B 5 T ) 4
S, (H P A B E AN R8T 33 PR35 — 2

3 TREHERSLREAEMEEX A E R ERE
SRR Ky

U T TH RS FE AR R — FhROW T 35 2 550xE LA
TEIE B 2E A Borh S UL, SOh R DUEE#E 228
VERH SRR (B2 AE , FEM ST Wk %
TRTRELIE 88 6T 5 ] o PR 1 14 5 T B
3.1 RERIYAIEIFREIE L

SCHN FH 2R Bl T 2 A Adams THER [ EE
PERECN A AR 4k, BARZy L2 S,

FEIEH T, i R AR EZOR i # AR, 52
BR T 00 P 5 6 o0 G IR S A T — e R ) R4, DAL L
ZIVETAINGS TS ) T Ay , AU L3R 6

HURITE A 7132 sl i 1 Hh 3 25 52 B 5% vl 2 T
15 KRE AT VER . e B3R 2R
FH spline pRICKE % JEES S 19 2% vh 25TV 7 il 2



<128 20264F10 A

) § 271 4

a2t 10

RS FTEFTEHARBER

Table 5 Constraints on major components
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Table 6 Spring force settings

WHESH Tk JI{E/N PN /(N - mm™)
A ] 1 32491 113.83
A e 2 13 900 47.27
53 1 7538 117.97
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Fig. 8 Closing axial force curve
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Fig. 9 Kinematic model of spring operating mechanism
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Fig. 10 Output angle curve of output shaft
RT REBBRM RS FE

Table 7 Closing time during the stable wear stage

HURERE/um & IR EF 7] /ms
Ra0.4 85.027
Ra0.8 84.969
Ral.6 84.921
Ra3.2 85.021
Ra6.3 85.093
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Table 8 Closing time at break-in phase

FERR RS B IR} ] /ms
0.2 84.343
0.3 84.431
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0.5 84.781
0.6 84.829
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Fig. 11 Test equipment for closing time
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Fig. 12 Circuit closing time test result chart
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Table 9 Test result of circuit closing time

HHRE FE/pum AT fA) /ms
Ra0.4 86.12
Ra0.8 85.97
Ral.6 85.83
Ra3.2 86.55
Ra6.3 86.90
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