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Intensity Analysis and Fatigue Life Simulation for Connecting Bolt of Shearer
Machine Body

Abstract

Abstract: To obtain the cutting load spectrum of themachine body connecting bolt, the method of
merging unknown quantities and multi calculation combined with the test experiments of shear
mechanical properties was used to solve the overdetermined equations of shearer left haulage unit
spatial mechanical model The cutting load spectrum of the machine body connecting bolt was taken to
run PSD analysis, and the rainflow counting method was used to script the load spectrum. The frequency
domain characteristics and time domain continuation characteristics were therefore obtained. The static
analysis and fatigue life simulation analysis combined with the bolt load spectrum and the consideration
of the impact condition of clearance, indicate that the initial cracking region for bolt cutting fatigue is the
preliminary part of the threaded fit, the fatigue life of machine body connecting bolt is 5 625.68 hours. The
simulation results show that under specific conditions the simulation can reach the goal of reflecting the
cutting fatigue damage evolutionary process of the connecting bolt of shearer machine under real
conditions.

Keywords
shearer, connecting bolt of machine body, testing experiment, fatigue life

Recommended Citation
Hao Zhiyong, Lei Yaolong, Mao Jun, Yuan Zhi. Intensity Analysis and Fatigue Life Simulation for
Connecting Bolt of Shearer Machine Body[J]. Journal of System Simulation, 2017, 29(7): 1481-1488.

This paper is available in Journal of System Simulation: https://dc-china-simulation.researchcommons.org/journal/
vol29/iss7/12


https://dc-china-simulation.researchcommons.org/journal/vol29/iss7/12
https://dc-china-simulation.researchcommons.org/journal/vol29/iss7/12

Hao et al.: Intensity Analysis and Fatigue Life Simulation for Connecting Bol

H 2955 7 W RGN HFERO Vol. 29 No. 7

201747 A Journal of System Simulation Jul., 2017

RIENUHL 5 B ug e 5 B 0 A B o7 Fam T

iﬁ'z"’&ﬁ la @ﬂ‘zﬂzl» %ﬁ_ 1’ /%2%72
LI T TRERAR RN TSP, 107 BB 1230005 2.9 G HLMeE & IR DT AR, dkxnt 100011

WE: 56 RN FHFENA T I, 1R SHFAAF, F A KA T7 KA RBEAE £ 5] 2210 7
AR T AL AT RIR , RAF G K FEIFA T Ly H 7 7, )R IRAF 6L BB 8040 3] Dy 3 AT i it
1T HEHEFEZEDT, AL BRI BITEIAT R F, RAT B AT EIKAFIE S i 2 241, 4
BB BATE, BIE BRI ER G GEDI It EF aF1, SR FERT IR T
B KB A SR ARIE IS, B HF P K 5625.68 h; 1AL RIEW, £ —F &M Tl AEM
T IX L B R e . TN T RRAIEAE T 470 57 17 15 77 1622 #2 49 A 6.

B R MUY BRAESEAY; IR, BT AE

K55 TD421 CHRFR RS A Y E ST : 1004-731X (2017) 07-1481-08

DOI: 10.16182/j.issn1004731x.joss.201707012

Intensity Analysis and Fatigue Life Simulation for Connecting Bolt of Shearer Machine Body
Hao Zhiyongl, Lei Yaolongl, Mao Junl, Yuan Zhi?

(1. Mechanical Engineering College of Liaoning Technical University, Fuxin 123000, China;
2. China National Coal Mining Equipment Company, Beijing 100011, China)

Abstract: To obtain the cutting load spectrum of themachine body connecting bolt, the method of merging
unknown quantities and multi calculation combined with the test experiments of shear mechanical
properties was used t0 solve the overdetermined equations of shearer left haulage unit spatial mechanical
model The cutting load spectrum of the machine body connecting bolt was taken to run PSD analysis, and
the rainflow counting method was used to script the load spectrum. The frequency domain characteristics
and time domain continuation characteristics were therefore obtained. The static analysis and fatigue life
simulation analysis combined with the bolt load spectrum and the consideration of the impact condition of
clearance, indicate that the initial cracking region for bolt cutting fatigue is the preliminary part of the
threaded fit, the fatigue life of machine body connecting bolt is 5 625.68 hours. The simulation results show
that under specific conditions the simulation can reach the goal of reflecting the cutting fatigue damage
evolutionary process of the connecting bolt of shearer machine under real conditions.
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Fig. 2 Sensors for loading spectrum test

http: // www.china-simulation.com

* 1483«

Published by Journal of System Simulation, 2017



Journal of System Simulation, Vol. 29 [2017], Iss. 7, Art. 12

%529 %4 7 ) ARG EAAAR Vol. 29 No. 7
2017 4E 7 H Journal of System Simulation Jul., 2017

ZEd

JR R AZ e

il

PC L RAR S i Ak

K3 #frhA R G
Fig. 3 Schematic diagram of loading test system

1.3 IR A BT E

AR U0 SO S gt T e In Ak e B, 3R A
Ho—IREMERU S 2, B S50 PRl N AR 45 S AT
B, SRAF I A A It £ o AR UK IR S 1
HATEARNA(2), 8 SR AR R 5 7 R nT 3R 45
PSR B AR AR 5256 T 00 N B BT DI AT o 515 e
PRl AR ar:

F,, = 213.000k, p, +0.257

F,, =985.048k,p,, —1.204

F., =990.524k, p_, +0.997 3)

F.q = 250.146k, p., +0.146
Xy F(r=x,m229) WALIKIEATE, KN
p,(r=x, 1,2 zg) NWALEIHE S, ues kAl

HKAGSHARE, WHHAKL:

A
k=000 @)

s A NP RS RBUZ, wv/ues U R
RAGHE, V.

W EIR AT, T AR AN H TP R
s, BRI S (2) 5 M7 R (0 SR A g T i e
) o AR T RE, ANSCER H— A AR AR
Ee, ZUOSERmRE T,

LA Xy, 9 B AU SR A 4518 1 b 4 R
EHRIRAE B Xy, AL e B A A 1 T a midl
ST ISP TR O, AT PR AR S fiff A< 2 et 4
H, R BRAE Xy, 10 H 1,

A L R R T4 g R R, JiBR
R IIHIBE X AN SR S oeE, I 6

ITHIRE, JERRBOERE A ARV 2R 800 B
B SEOR 5 I R BOE R A 53R 1A X AN
(2), BIATSE R Xy, ISR .

s BakJr X, i 2 kA S SRk Ad, By
1340 4 AR R A x Bl y BIPIANJ7 17 (1 B 1)
BT o TR AR BT U7 1) B HAT & [F) P, XK
fiff I AR A i) BY DD BT BEAT 5 0T, BUBCRIEHL EL
ZAFE TOUT 100 s WIERR BT D) BT ihZe, wnlEl 4
FroR, JEx H 2 THL B Bl R LA T SE o,
® 1R,

WIS AT 4 thZe gk 1 8 v LUE S, Bl
RO AT 5 AT 8 (o A AL ) 4546, A B 1) 3
T oI AT S, P G DL BC AL, PRItk £e
8 538N B R R M L g AT 1 — 25 4047 .

% 20

=15

gm

x
g

I
(b) HEREEM -

20 40 60 80 100

I
(c) RZMTF
20
=15 | ‘
10 UitY
§5WWWM ‘ WMMWW
0 20 40 60 80 100

B El/s
(d) JEEEMIT

B4 BLE IR ERR A B 1) 2k Ay it
Fig. 4 Cutting load spectrum of machine body connecting bolt

http: // www.china-simulation.com

* 1484

https://dc-china-simulation.researchcommons.org/journal/vol29/iss7/12
DOI: 10.16182/j.issn1004731x.joss.201707012



Hao et al.: Intensity Analysis and Fatigue Life Simulation for Connecting Bol

F29 % T Vol. 29 No. 7
2017 4 7 /1 T, 45 SRAAUIL G PRI R 5 o T 5 9% 57 75 7 2L Jul., 2017
F 1 HEAEEIH B G BCHIS A 8A R A E £
Tab.1 Characteristic value data of pressure loop sensor in 58.0
linear cutting stage 50 46.4
HEAEAA BLEHICEEI 95 D 40 .
kN KA RN SRR R %?‘ 116
K 237470 233040 206350 20.1230 f 18 - 0
B/ME 01155 00858 00712  0.0077 0- oo ... 23.747
FHME 70491 68699 62389  6.0394 ~ HIEAN
s {H/KN =< 0115 48
bRt 22 36375 35835 3.0752  3.0036 23.867 8 :
s ST K6 mmgilE
21 WA HE T 0l %0 .
& 10 ggé I 40
e v g SETIOEN " = : B
B Y V) 1) A T RN, O R £ 3 zmuwm o
- e s . o L
BRI, SR 200 L L5 T2 A 2 D QM|WM' 10

PRAATIAB AT, I 5 TR
B 2k

o)}

PSD/(KN)*Hz™*
SRS

A

0 10 20 30 40
S Hz

IS SR LR B VIR Al ) b
Fig. 5 PSD analyze for the bolt cutting load on the top of
gob side

MWL BT 5 IR T, HLE R IEAR BT )4
far e AP AE 20 Hz 1, it th& v LI B &
g LR, XN 0.39 Hz,
2.73 Hz F1 5.66 Hz.

2.2 Bkl

JH sk R LT EOE XS IR B AL A 2EAT G A T
HOREIR, FRAFR ML e BY 1) 2407 B0
{HS ¥ E AR, M54 FnT DL E A
BT KO 55 AR (K sk s, B AT
SRAFR AN LRI AR I 57 B AT 1

BT IS B SN ncode VR TH BB EAT
AbBE, I A R ST A RSO, 3k95 100s Y
WATIEIR KB 4 553 Wk, it MR G451
WL 6, 7 R A R AR S P E A E T

0
0 /KN 23.86780.11548 MfH/KN 23.747

7 IR A E T
Fig. 7 Distribution histogram of mean value and range

I 6 AR RS R T D B A
RIEATIRIR, IXLEEAT ORISR, IR,
X IRRE BT VIR 7 505 sk, A8 E R 40
LT BRI 55 s LR P 7 (W5 BT
W BT B M B LI AL S AT 2R A1, TP 7>
AR AR e et AN KB AL IES 70 A0

3 SEARAREC Y VR 7R P A

ETUIRAR BT VIR 7 R I, 5 AR AT R T
B, WEFUBY DI A I MR A P9 98 R ) O A 1
Do FXTEREI TR, AT BRI EE,
AR 2N ) SR BB IEA, RIVAT RS L B KA Ay
DIRE ISR R, 4 e P Al 55 L AR 5 A o

3.1 REFFRT

A = A g B A s BT DDA, Wl 8
B, AR e, IERERI T H Y AN AR 4L, 8
Sk 5 B UIAR, [ AE b BY DA N A7 KT
P77 S IR BT DI R . K L B SN
workbench 1, 2 BRI Ry m, B AR
() (R A S 28 A e B A R, 58 FAH V2 R ] 5 249 3R
ESE, KR 1 R SRR 5 ) A H

http: // www.china-simulation.com

* 1485

Published by Journal of System Simulation, 2017



Journal of System Simulation, Vol. 29 [2017], Iss. 7, Art. 12

%529 %4 7 ) ARG EAAAR Vol. 29 No. 7
2017 4E 7 H Journal of System Simulation Jul., 2017

(7.049 1 KN)TENEATIA S SN, A o
IIATASEHE OB RS AT o 5 SCIRRE L R EERY
4 40CrNiMOA, BT EL Y ZG25Mn2, Piffitt
BIZHNE 2,

wow [T 1]
v\

_B

-5 / BT

_B

B gk

K8 BT S s R
Fig. 8 Schematic diagram of the cutting model

R2 MEHERESE

Tab. 2 Performance parameters of materials

Sk B R
40CrNiMOA ZG25Mn2
B E pl(kg/m?) 7850 7860
FMERR/GPa 209 208
THAA L 0.3 0.29
PEEERR R 0, IMPa 1392 500
St Ak BR o /MPa 1333 300

R BT U 28 M 4 RN IR 9 Bl o i L%
WEFEBTUIREON ) 22 B 9 T LA Y, Al AE B
T BT (K1 ) B DX, S5 R4 BT DAY ) e g e
FLIRAR SN LT B UIAR 73 SR 17 A F5T 45° 75
4 J, 7RI I BT )T RSO AK s AERR AR T
P87 A Sk ik 22 T g MR A T 98¢ X A7 A/ Vi L )

Damage

1.598e—006
170196006

I AR X3, X TR AR A L BT UIRRK A ) A
IBTUI AR R 7= AL B 1) fiedee , 7 AT
T2 T (R AR PR AN A 1) 7, B 9 ik R SRR N
S S S AR 1) /N DI g £ R ARG 3 B IR 13X
s BEAN I TIRGUE R IO A7AE, HIS5S T IREERR 23 1)
PUBY VISR, DR SRIRAE T SRS A A A 1R S5 20 )
EYR T L,

B: Static Structural
Equivalent Stress
Type: Equivalent (von-Mises) Stres:
Unit: MPa
Time: 1

Custom

Max: 10.696
Min: 3.814 8e-5
10.696
9.507 4
8.3190
7.130 6
5.942 1
4.753 7
3.5653
2.376 9
1.188 5
3.814 8e-5

9 IRFEBYYIRIRY T A IR
Fig. 9 Static analyze result for bolt cutting model

3.2 BBV S T

R 448 STHIR [1L] FRY 8 75 3 # 20 952 55 Nk SI 565 25
SR, bk SRR N B AT IR LA T,
AFMEL S-N 2k, JFA8 1 workbench A4 5 Bt
1758 3, AT FHBE 3 LR B SO, i ) rBr 45 2R
SCPE SR RME I S N #) nCode 3% 55 0 MK 4E 1, W
F Goodman #8057 M2 A TS 1E, THESRAGIR
REBIUIIR 57 05 B 45 R < B an &l 10 A 11 B

Min=Beyond Cutoff

AtNode 33549

(a) BBRAL A v A

(b) AL IRAT LI 5y

Bl 10 AR BT 55 B0 20 A
Fig. 10 Cutting fatigue failure distribution of bolt

http: // www.china-simulation.com

* 1486 «

https://dc-china-simulation.researchcommons.org/journal/vol29/iss7/12
DOI: 10.16182/j.issn1004731x.joss.201707012



Hao et al.: Intensity Analysis and Fatigue Life Simulation for Connecting Bol

29 T
2017 4F 7 H

(a) BRLICAELAG S

FH TR BT D) AT BN, WA N R BT D) Y
DI /N TR B RE 952 55 4530 43 AT v FElAL /)N «
WS 57 AT 4 T LAR , BYYIEATIER T, 18
9% 55 13497 32 BEAE vh AR B A R 46 3 4 RS A
S BT I 43, X 5 By VI AT S AN TS
AAHTF, 1T B TR 2 A A D) IR TR
FO s AE T A5 PE MR 4 (0 . ) KT Bl
To PR A (e, PRMCAE RSO B ) 10 1) 7 35 AN H AR
Perp X3 e tbads o] LA — 2040, WA B D)9
F5 A5 At T BY D) AE 5 R A8 AR e 5 it = A= 1) i
I 7 AT R S, LRSI 350 45407 1 S e
TS AL SR FF LR 4), DR Mg BY D)% 57 i 4K
FER ARG A AL

R 751y 43 A1 foe/IMEL FT LA B D)9 57 5
TR, W 11 1) oA B,
RIS A 42/l 3.993x10° MRAFIEFR, B
I TH) 24 11 091.66 h, #& MECRIENLE H TARIR )4 18
NI, A E LR TAERKh 12 h, LS
PEUERAL ] 5 A2 924.30 K, BITE & AT 45 H
HEARAEY IR, B U I () 21T 2.5 4
3.3 R fLEC & A B BB AR IR 5 5 i Y W 2 AT

TESEBRAE =, 7 A5 22 2 HLS2 0 Tk B R
i, WERE 5L 1) 22 K FH I B G & 7 U3 . i
Er B BRAFAE AR T BRAEDIRZS U842 57 J) AR TR
A&, EM BT YA TR S By L i g R A TR, i
T SR R B LRI ) B AR AL T | A
Jigte B P BE AR, I SR T B D) A e B i 1)

G, A5 SRIBUNLE B AR R S 7 558 55 A7 i ) L

Life (Repeats)

\Vol. 29 No. 7
Jul., 2017

(b) ANASK AT LR 5y

11 SRR BT 57 45 dr o3 A
Fig. 11 Cutting fatigue life distribution of bolt

TIRN s AEr AR BTV 55 75 iy, DIAEVT SO AT
W B TR A B A A F SR o

SCHR T3] F) S5 56 DA A L I B IE 5 26 15 1 i A
BTV 57 75 dr A SR AL TR, SEgE I A LE R
FefLIE 5 TRIBE, FRAFAN ] IR B A P T R BT U3 57
A, MARER A thZ s 12 Jror.

12 x10*
—= A
— Lk
10 1
X
&
T 8
=
6
4
0.022 0.042 0.062 0.082

e £LI8] 5/mm

K12 e fLIR] RO AR % 55 75 i S
Fig. 12 Impact on bolt fatigue life by fit clearance of bolt
and hole

WL Al 12 FTLLE Y, IR 0T A B
F L) B RST H K DU B 1 e, e 58— 1 E
(EL R B0, Hha Ik mT LA T 45 ) B 6 AR B 1) 93
95 A5 R P 5 ey L, RIS TR] B s KR e R A
0.507 2, 454 3.2 1AL 7 A7 dnfe, 7% L&)
B 1) B 75 2% 1R T 100 20 4 5 | R WL B B 42 0B A4 B 1)
W95 e A A2 M 5 625.68 h, N THEHZ
b 468.80 K, #71.28 4.

AR S B A2 77 AT R BT IXCRIEN LA & 1 %

http: // www.china-simulation.com

* 1487

Published by Journal of System Simulation, 2017



Journal of System Simulation, Vol. 29 [2017], Iss. 7, Art. 12

H29 B T
2017 4E7 H

PRI, SRIEHUHL S R A 13 S A A0 148, H
SR IR B CA7 A ] Sl AU 2, 7 A Bl A
)5 R AE BRSO 15 2 5 2 AN N A1 Sk B IR )
P73, e T LA U ) D ORI 57 07 B4 RN HE
B, BT SO REAE IR AE B vl U 2t S ket
FLSAE AT R AR A D AL LR

4 Hiw

AL A RN ) ML, R 2% )
1 B g R ST 20 AR S L B G R A
ORPIES R IR WS 2 e 5. LS EE L DS e
X UEAR BTV 55 A A AT AN, 1R LU R 4 iR

(1) RIENLLE 25| ML L 6B MR A B 1) 8 A
Thei s BEAR T AE 20 Hz LAWY, S i e (i 53
E AT EAAAE DA, MR, WL
9 57 A0 A A5

(2) FRERAC AT MR PR Y. ) e B U T X AR
I3AT, AERRGUAC GRS AERY B TR BY DI, BLACEER
FEE 7S 1 S U [ £ 350 50 T J 1 B v

(3) Mok By D) 57 2 e By U AR b= AR I
]SV e S e P ST S ey o

(4) 7E2% I8 R AL A R B m T4 SR
RN A 2 5 | AL B B 422 W K 1) BY D)9 57 A i 4
A 5625.68 h, 1] T.{F%) 468.80 K, {{iJT] 1.28 4F.

(5) 4hiA MRS 45 B B4 _AE— e 4%
R AT RAIA 38 S i S SRR SR LR A BY 119
RO RE K H

S5 30k

[1] XFHEA, B RNV =R /s — e fif 8
Tiik [ 7 TRER RS2 (A R FHEIR), 2015,
34(4): 505-510. (Liu Chunsheng, Tian Cao. Solution of
Mechanical Model of Whole Shearer Based on Least
Square Principle [J]. Journal of Liaonina Technical
University (Natural Science), 2015, 34(4): 505-510.)

[21 RS MR DR R G vk 5 B R i [9]. %
RAEFEFR, 2015, 43(8% 2): 139-143. (Zhou Jiuhua.
Fault statistics and causes analysis on coal shearer in
Shendong Mining Area [J]. Coal Science and Technology,
2015, 43(S2): 139-143.)

E R
Journal of System Simulation

\ol. 29 No. 7
Jul., 2017

[3]1 EXEOU. iRz Jy Ry o PERERIE ST [D]. Kb W)
MiK%%, 2013. (Ouyang Qing. High Strength Bolt Stress
and Fatigue Performance Study [D]. Changsha, China:
Hunan University, 2013.)

[4] Yamatoto A. The theory and computation of threads
connection [M]. Tokyo, Japan: Yokendo, 1980.

[5] Sopwith D G. The distribution of load in screw threads [J].
Inst. Mech. Engrs. Appl. Mech. Proc. (S0954-4089),
1948, 159: 373-383.

[6] Fu Ku Okat. Evaluation of the mothod for lowering stress
concentration at the thread root with modification of nut
shap [J]. Proceeding of JSMS (S0387-5008), 1994, 60:
782-788.

[71 WIMSTR. 4 LS ey ik B MR 12 BBt BY R 1k BE 11 5% i
sy #r [D] db3g: ¥4 K%, 2014, (Hu Pengtian.
Investigation on Bolted Connection with Enlarged Holes
Under Static Shear [D]. Beijing, China: Tsinghua
University, 2014.)

[8] M J O’Brien, R G Metcalfe. High Strength Engineering
Fasteners: Design for Fatigue Resistance [J]. J Fail. Anal.
and Preven (S1547-7029), 2009(9): 171-181

[91 #unfh. A ACRIENURENL ) A8 B A0 53 47 07 1%
PIFSE [D]. bt KRB SERE, 2006. (Yang
Liwei. Research on the theory and analytical method of
the mechanical model of the drum shearer [D]. Beijing,
China: Coal Science Research Institute, 2006.)

[10] BN AR, PRI, =S @IRRENLAL 5] P n] FEPE 23
KSR T [3]. K244k, 2012, 37(3): 516-521.
(Zhao Lijuan, Sun Zhonggang, Li Guoping. Plow traction
block reliability analysis and fatigue life prediction [J].
Journal of China Coal Society, 2012, 37(3): 516-521.)

[11] HBZLLT. 40CrNiMoA 4Nt i Jil % 5547 AR5 [D]. ™
7 M P T K24, 2007. (Shao Honghong. Study on
very-high-cycle Fatigue Behavior of 40CrNiMoA Steel
[D]. Nanjing, China: Nanjing University of Science and
Technology, 2007.)

[12] Ridsr, EBARE, B, 5. WSS 8 v) 57 75
i BRI TT [3]. P T R R 24244, 2000,
32(1): 80-84. (Xu Jianxin, Wang Dianchun, Xia Daojia,
et al. Research on Fatigue Life Dispersivity in Bolted
Fastenings [J]. Journal of Nanjing University of
Aeronautics & Astronautics, 2000, 32(1): 80-84.)

[13] #rgr, FLAER. A AL Al B0 B 1) NI S A% 57 77
it [3]. o E RAE B (254 ), 2000, 18(6):
11-15. (Xu Jianxin, Wei Zhiyi. Influence of the Fit
Clearance Between Bolt and Hole on Shearing Stiffness
and Fatigue Life [J]. Journal of Cival Aviation University
of China, 2000, 18(6): 11-15.)

http: // www.china-simulation.com
+ 1488 ¢

https://dc-china-simulation.researchcommons.org/journal/vol29/iss7/12
DOI: 10.16182/j.issn1004731x.joss.201707012



	Intensity Analysis and Fatigue Life Simulation for Connecting Bolt of Shearer Machine Body
	Intensity Analysis and Fatigue Life Simulation for Connecting Bolt of Shearer Machine Body
	Abstract
	Keywords
	Recommended Citation

	/var/tmp/StampPDF/CCYDdHzkDh/tmp.1688108042.pdf.T2QDN

