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Fatigue Life Simulation and Reliability Analysis of Rapping M echanism Swing Arm

ZHANG Bo, ZHAO Gang, LI Yuan-kui
(Nuclear Industry Physical and Chemical Engineering Research Institute, Tianjin 300180, China)

ABSTRACT: The work aims to conduct simulation analysis of the fatigue life and the effect degree of key parameters for the
swing arm of the rapping mechanism to obtain life distribution and reliability data of the swing arm, so as to check whether the
design of the swing arm meets the requirements of use. The life simulation of the swing arm of the rapping mechanism was car-
ried out based on the S-N curve. Dynamic simulation and stress simulation were carried out to obtain the relationship between
the minimum life and the wall thickness of the swing arm at different temperature. Through simulation analysis on the effect
degree of key parameters of life, life distribution and reliability data were obtained. When the wall thickness of the swing arm
was greater than 1.77 mm, the average life of the swing arm was more than 1.44 million times, which met the product design
requirements. Fatigue life was negatively correlated with elastic modulus £ and positively correlated with tensile strength and
surface finish coefficient. When the reliability R was 0.8, the reliable life of the swing arm was about 29 005 times; when the re-
liability R was 0.9, the reliable life of the swing arm was about 11 891 times. The wall thickness of the swing arm of the rapping
mechanism should be greater than 1.77 mm. The surface quality coefficient of the swing arm should be greater than 0.827 3, the

tensile strength of the material should be greater than 907.76 MPa, and the elastic modulus £ should be less than 2.041x10° MPa.
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Fig.1 Flow chart of fatigue simulation and reliability analysis
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Tab.1 Effect parameters on fatigue life of swing arm
of rapping mechanism
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Fig.4 Displacement of swing arm of rapping mechanism and movement speed and displacement of swing arm over time:
a) initial position; b) compression limit position; ¢) impact workpiece position; d) position after rebound; e) movement
speed of swing arm; f) movement displacement of swing arm
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Fig.5 Stress pattern of swing arm at (a) initial position, (b) limit position, (c) contact surface and (d) rebound position
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Fig.6 Fatigue life pattern of swing arm at normal temperature
(a) and 500 C (b)
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Fig.7 Simulation results of effect parameters of swing arm life

in terms of tensile strength (a), surface processing coefficient
(b) and effect degree of elastic modulus (c)
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Tab.2 Calculation results of parameter coefficients affecting swing arm life (the variation value is positive)
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Tab.3 Calculation results of parameter coefficients affecting swing arm life (the variation value is negative)
SRR Ji IR WA/ IR FF A B AT/IR tia
Brhiom & 951 480.7 926 616.4 24 864.3 6013.13
PR R 951 480.7 1459 486 508 005.5 —495.62

FKHEIN TR 951 480.7 927 897.5 -23583.2 6 288 865.66
*k4 BEEVEUHSEITESER
Tab.4 Calculation results of reliability parameters of swing arm
SH AR fi tia RECFHME ¢ P2 o, t,0;
B 6 120.09 6013.13 6 066.61 41.35 2.509x10°
PR A ~592.40 -495.62 —544.01 10 250 -5.576x10°
FKmn TR 6 388 801.09 6 288 865.66 6.34x10° 0.037 5 2.377x10°
1.2 0.9 I}, PRI M40 11 891 K,
1.0 MR BT 25 5, XTHRFTHLA 13 £ 1 DL R ke

R=0.9, T=98 601.915 5
R=0.8, T=132226.447 2

0.8
~
ﬁ 0.6
=

0.4

0.2

(14477¥%, 0.003 147 5)
0 0.5 1.0 1.5 20 25 3.0 35
7108
P8 A AT R Al 4k
Fig.8 Reliability life curve of swing arm
3 H#Hig

S XIR AT WA HET 9% 55 05 1 % TR e i, 3RA%
U\?énlb

1) YRR RE L HUE>1.77 mm B, 127345
MRT 144 TTR, R =i 2K .

2) PRITHLA AR R 7 foe K o7 0 T 43858 5 i
WIS AL E, R TR R A, H
SEERIT TAEAS, BN HEP,

3) P A SRR E e, Shihian g
o FIZRTH N T 240 By IEAHE .

4) XPTREEREE N 1.5 mm (943, WEERE R IR
0.8 i, BRI FEH ML 29 005 ¥k ; AIHERE R HL

HEEETL :

1) TERPBEARM BRPTHI R o, B2 3 TH 5T R 5L B
FIRTEE R, SEBCRPERR E/NT 2.041x10° MPa Ay #4
JEAE R AR A

2) TEASR S M T PER G E SO AR SR 18 T
R WRTIR T, BEEBTHISRE o, KT 907.76 MPa
M AR S H A I

3) PR ROE S R R, SONR £ R
($1=0.9 ), {di3R1H i ZEL g KT 0.827 3, MIfife
=% 57 FF AW o

4) fFARE R EEREA/NT 1.77 mm,
HRZ BN T7 o

5) SRR A BT, AR Sk R AL
R AT R (R s R VA E Lt

ARSCHT S-N WLk, 5T PRFT WA R I S 9% o5

v B A S B W RE BE A B AT, RIS 454
Hﬁ T RZABESR S HMNER, MEEERET
S H K o v TR RO S RSO HA RS i
PESETIRE M AILAE N T AR 0 B4 B 4y ik 5 LB
B X AR S BT I8 55 F5 A i AT, B et Ao

I/ N T

T, PRUEFE S B Ak B R

S E ik :

[1] &, ki, 224, %ﬂﬂamm}?é’ﬂi ARFTAL
FIRTSEPE ST 0], Tk AR5 B shib2E i, 2021(3):



+ 130 -

2023 3 H

(3]

(6]

(]

71-74.

ZHAO Gang, ZHANG Bo, LI Yuan-kui. Reliability
Analysis of Reactor Rapping Mechanism Based on Fault
Tree Analysis[J]. Industrial Instrumentation & Automa-
tion, 2021(3): 71-74.

SR, VR, SREREE, 5. HERE TR
BB AT [T]. B2, 2019, 56(5): 34-39.

ZHANG Zhi-ping, XU Zhong-zheng, ZHANG Wei-yu, et
al. FTA Analysis of Motion Mechanism for Vacuum Equ-
ipment Automatic Door[J]. Vacuum, 2019, 56(5): 34-39.
GONG Zheng, WANG Jia-hao, GAO Xiang, et al. Pre-
liminary Study and Selection of CFETR In-Vessel Com-
ponent Tritium Dust Decontamination Method in Hot
Cell[J].
111705.
AEUUA, AN, WHEARE, S BT -0 i e
F18 A5 JE W I 245 g 743 i LN BIF 9 (0], % A PR G TR,
2021, 18(12): 25-30.

LI Gui-jie, HU Peng, XIE Chao-yang, et al. Research on
Life Prediction of Rubber Vibration Damping Structure

Fusion Engineering and Design, 2020, 155:

Based on Mechanical-Thermal Double Stress Accelerated
Test[J]. Equipment Environmental Engineering, 2021,
18(12): 25-30.

Fuk, EH%E, FIL, 5. MABUKIR XA 2519 9%
FF BRI IISRPIIC)]. B P TRE, 2021, 18(6):
107-114.

WANG Qiang, WANG Yong-jun, DONG Jiang, et al. In-
fluence of Tank Water Environment on the Fatigue Safety
Life of Tank Structure[J]. Equipment Environmental En-
gineering, 2021, 18(6): 107-114.

AR, MO, B, AF SR T IROTHE &R
PEBLICBRECE % 55 75 i o0 A [J]. BRI S l i TA,
2020, 49(11): 5-10.

LI Wei-yi, YE Wen-hua, LI Jia-xuan, et al. Analysis on
the Fatigue Life of Key Parts of Scrap Metal Crusher
Based on Finite Element[J]. Machine Design and Manu-
facturing Engineering, 2020, 49(11): 5-10.

TREREE, KB, K&, A HETIREIRIR R AL
£ B o <5 i 2 L9 05 A L)) A PR TR,
2021, 18(2): 120-127.

ZHANG Wei-yu, ZHANG Li-yuan, ZHANG Zhi-ping, et
al. Simulation on Fatigue Life of Aluminum Metal Seal-
ing Ring Based on the Temperature Cycle Failure
Mechanism[J]. Equipment Environmental Engineering,
2021, 18(2): 120-127.

Ui, 290, RN JRAPLIN AR 0T RE e b A7
AERFFEIT]. BV T AR, 2021, 28(11): 196-203.

YOU Meng-ping, LI Bin, XIE Chun-hui. Study on Fa-
tigue Crack Propagation and Life of Compressor Crank-
shaft[J]. Journal of Plasticity Engineering, 2021, 28(11):
196-203.

A Fi. AL I T S ST R O BT[], TR

[10]

[11]

[12]

[13]

[14]

[16]

[17]

LB T A2, 2021, 30(3): 61-66.

WANG Qi-rui. Design and Simulation of a Self-Lubrica-
ting Rod End Spherical Plain Bearing[J]. Computer Aided
Engineering, 2021, 30(3): 61-66.

WML LT F SN IMZRIE R BIE -5 0] AL LA
LW 57 o], BARHE BR 53 4%, 2021, 57(9):
102-106.

PENG Li-xiang. Weld Fatigue Analysis of Railway Vehi-
cle’s Bogie Frame Based on Master S-N Curve Meth-
od[J]. Modern Manufacturing Technology and Equip-
ment, 2021, 57(9): 102-106.

REE, B, /g, & T SN ELREE =
77 2T HLSK T BRI 95 PRAR (7], R PR AEZE 4, 2021,
42(9): 250-255.

YU lJian-xing, ZHAO Yan, YU Yang, et al. Fatigue As-
sessment of Tethers of Fowt Based on S-N Curve and
Fracture Mechanics[J]. Acta Energiaec Solaris Sinica,
2021, 42(9): 250-255.

WP, Sebd, BEAR. JTEIE P-S-N ihZ&nZs
FAr UML), ML), 2021, 45(11): 161-165.

HUANG Qing-wen, WU Bai-sheng, LIAO De-lin. Life
Prediction of Flexspline Based on the Modified P-S-N
Curve[J]. Journal of Mechanical Transmission, 2021,
45(11): 161-165.

kA, KB, TR, S T IASEA SN LR
LR MENE 5 AR A TN A AL [J]. KR 224, 2021, 22:
1-11.

ZHANG Tuo, LIU Kun, HE Ai-min, et al. Linear Fatigue
Life Prediction Model Based on Dynamic Residual S-N
Curve[J]. Journal of Chongqing University, 2021, 22:
1-11.

VRHIR, DT, Sms A B o7 5 iy (1], LA
REE, 2021, 43(2): 404-411.

XU Di-feng, YAO Wei-xing. The Fatigue Life Model of
Honeycomb Sandwich Structure[J]. Journal of Mechani-
cal Strength, 2021, 43(2): 404-411.

BEEE. HUME ST 5 AT SEMEBOH M. JEat: Bl iR
1t, 2006.

LI Shun-ming. Mechanical Fatigue and Reliability De-
sign[M]. Beijing: Science Press, 2006.

MRA. GEMEEST S-N MA@ o). has
18 2019, 39(1): 184-185.

ZENG Jun-tao. Analysis of Fatigue S-N Curve Measure-
ment of Metal Materials[J]. Metallurgy and Materials,
2019, 39(1): 184-185.

BE, 5, B, SRS T S-N UG Tk
B AETE R (D). 45274, 2020, 41(1): 80-85.

LI Xiang-wei, FANG Ji, ZHAO Shang-chao. Master S-N
Curve Fitting Method of Welded Structure and Software
Development[J]. Transactions of the China Welding In-
stitution, 2020, 41(1): 80-85.



208 3

SR, S RATHUR R 57 75 fi 07 HL AT SEE o B 131 -

[18]

OO, R, WRBUEIE T A A AT fB T
F 8l K443k, 2010, 37(7): 56-58.

BCAO Wen-hui, YU Xiao-chun. Study on the Reliability
of Fatigue Life of Bellows[J]. Control and Instruments in
Chemical Industry, 2010, 37(7): 56-58.

NI, AR, FEbeE, . SERE P-S-N iyl
WHFE K], AL 3D, 2018, 42(5): 167-171.

SUN Wen, REN Tao, KANG Xiao-qing, et al. Theoretical
Study and Application of the P-S-N Curve of Chain Plate

[20]

Parts[J]. Journal of Mechanical Transmission, 2018,
42(5): 167-171.
Aok, PMREF. 3T 3 S-N IhZR I T L% 57T
FEFTRIRIET]. THAPUER) TR, 2018, 27(2): 18-22.
YU Zhuang-zhuang, SUN Zhen-xuan. Fatigue Evaluation
and Test Verification of T-Shape Joint Based on Master
S-N Curve Method[J]. Computer Aided Engineering,
2018, 27(2): 18-22.

ST XL



