*oamH TR F20E H4H
“ 40 - EQUIPMENT ENVIRONMENTAL ENGINEERING 2023 4 4 1

-

= i 2% 45 B 2 B 1 e R R R BY
& B 7 7 an VA

RoE, TR, TEE, AE

(FEEM=SAFAT, LR 101121)

WE: Be Md Rk BRIE RS G/ EINSG Tl RaARER, AL EREE B 0 F6., A/
FEHEMTORE R Fik B EMEERRT (ERER, Wbt BE e EgGaie G E) | %
R 2 = 75 o RT Ao A8 JEARLE &, B R ARSI 3R 09 KB F) ¥ o 2T 5 FRfe A 8 FX-4, FX-17 Rl % 3 2
FhA k5 R Y R0 FAUK A T AT 5 AR S0 ik ZALKIE, M 2 AR B AT B RS KA T Feh 24k
FARAA, FRREASIIFE A0 RBAER, LA FREA 13 a 9K FH B0 ES KA TN FHITH
I, BRI RN EH TR AR, SR A 25% A KA, BIEHBEGEFRTA 198a, &6 A
TR R Z Aot it a2, FX-4 BHBEIER 1 atd S THA2 a, FX-17 FHBENAELA 1 a8
4 TG 3 a.

KEEFE: TR E; RIRFHE,; BAERRBEE; BRAEG; EHEAALTHBE; mikEl

FE4SES: V215; TQ330.7 XEAFRIRED: A XERS: 1672-9242(2023)04-0040-08

DOl : 10.7643/ issn.1672-9242.2023.04.006

Perfor mance Attenuation Model and Calendar Life Evaluation for
Rubber Seal Ring of Main Reducer

WU Yun-zhang, LI Jian, LI Chang-fan, SHEN Jun
(Army Aviation Research Institute, Beijing 101121, China)

ABSTRACT: The work aims to establish the performance attenuation model for the rubber seal ring of the main reducer under
storage/installation condition to evaluate its calendar life in actual storage and conversion coefficient under storage/installation
condition. According to the actual size of the functional structure (actual assembly, initial axial thickness and axial thickness
during compression), the actual product size and the safety margin, the failure criterion of rubber seals was determined. Acceler-
ated aging tests at 5 temperature points were carried out to the actually used FX-4 and FX-17 rubber seal rings under the instal-
lation and at two initial compression rates. The aging parameters of the two rubber seal rings under the permanent compression
deformation rate were determined. Then, the attenuation model was obtained by regression analysis. The permanent compres-
sion deformation rate of rubber seal ring after storage for 13 years was adopted to test the model and determine the conversion

coefficient under storage/installation. With 25% as failure criterion, the calendar life of rubber seal ring could reach 19.8 years.
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In order to ensure the safe use and convenient field calculation, the use of FX-4 seal ring under installation for 1 year is equiva-

lent to storage for 2 years and the use of FX-17 seal ring under installation for 1 year is equivalent to storage for 3 years.

KEY WORDS: main reducer; rubber seal ring; performance attenuation model; calendar life evaluation; permanent compres-

sion deformation rate; accelerated aging
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Tab.1 Design of accelerated aging test for rubber ring!'™

IS TEES A A C TR A8 HOCRE I TR) 25 /d JE45 2 /% FATRE R

80 10, 20. 30. 40. 50. 60. 70. 80. 90 14 >
20 5
100 10. 20, 30. 40. 50. 60. 70. 85 14 >
.20, 30. 40. 50. 60. 70. o .
14 5

120 10, 20, 30. 40. 50. 60. 70. 80
FX-4 20 >
14 5
150 10, 20, 30. 40. 50. 60. 75 o .
14 5
200 10. 20. 30. 40. 50. 60. 70 % .
. 14 5
- EILiU‘i 0 20 5
14 5

80 10, 20, 30. 40. 50. 60. 70. 80. 90

20 5
100 10. 20, 30. 40. 50. 60. 70. 85 14 >
.20, 30, 40, 50. 60. 70. ot .
14 5

120 10, 20, 30. 40. 50, 60. 70. 80
20 5
FX-17 " :
150 10. 20. 30. 40. 50. 60. 75 % .
14 5
200 10, 20, 30. 40. 50. 60. 70 o .
T 14 5
-~ Eﬁt# 0 20 5
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Tab.2 General situation of rubber ring before and after experimental compression

5 el JEGR AR R BE (BrifE 2% ) /mm SRR R (BRHEE) /% Jedi e eV 5 (hrifE2E ) /mm
FX-4 5.581 (0.026 4) 10.515 (0.6826) 5.468 (0.0816)
FX-4 5.579 (0.029 1) 18.331 (0.776 0) 5.352 (0.1218)
FX-17 5.648 (0.0304) 11.948 (0.602 6 ) 5432 (0.1394)
FX-17 5.646 (0.029 3) 19.446 (0.968 4 ) 5.289 (0.1813)
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Fig.2 Performance parameter P with aging time 7
(FX-4 seal ring at 10.5% initial compression rate)
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Tab.2 InP and coefficient of regression analysis 7% (FX-4 seal ring at 10.5% initial compression rate)

IR/ C a a A K=|b| Ir] » 2MH
80 0.1928 6 0.824 597 0.000 743 2 0.000 743 2 0.726 248 r,%01=0.79
100 0.23172 0.793 168 0.001 357 7 0.001 357 7 0.832 025 r,%01=0.79
120 1 0.1791 2 0.836 006 0.000 864 3 0.000 864 3 0.604 228 r60=0.83
150 0.0860 8 0.917 521 0.001 343 0.001 343 0.590 31 re"1=0.83
200 0.14929 0.861 319 0.011 352 0.011 352 0.994 07 rs01=0.87
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Tab.3 Data of InK and 1/T (FX-4 seal ring at 10.5% initial
compression rate)

BE/IC K T InK
80 0.000 743 2 0.002 83 ~7.204 58
120 0.000 864 3 0.002 54 ~7.053 64
150 0.001 343 1 0.002 36 -6.612 8
200 0.011 3522 0.002 11 —4.478 35
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Fig.4 Performance parameter P with aging time ¢
(FX-4 seal ring at 18.3% initial compression rate)
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Tab.4 Data of InK and 1/T (FX-4 seal ring at 18.3% initial
compression rate)

R/ C K T InK
120 0.009 0.002 54 —4.75
150 0.016 0.002 36 —4.14
200 0.109 0.002 11 -2.22
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Fig.6 Performance parameter P with aging time ¢
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