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Residual life estimation of components of hydraulic support in service

ZHAO Dongbo', LU Jingui', YAO Lingling®, WANG Jingtao'
(1.School of Mechanical and Power Engineering, Nanjing University of Technology, Nanjing 211816,
China; 2.College of Mechanical Engineering, Donghua University, Shanghai 201620, China)

Abstract: In view of problem that existing hydraulic support life estimation method rarely consider
continuous performance decline of hydraulic support in use process and leads to great error, a residual life
estimation method of components of hydraulic support in service was proposed. Components S -N curve
was obtained by correcting material S-N curve through introduction of surface coefficient, structural size
coefficient and welding impact coefficient. Then the components S -N curve was used for life estimation
according to cumulative damage theory, residual damage capacity and stress spectrum. Multi-level fuzzy
evaluation method was used to evaluate the state of hydraulic support roof beam, and overall life coefficient
was multiplied by the estimated life to get the residual life of the components of hydraulic support in
service. The experimental results show that the estimation error of the proposed method is 3.52% and the
precision is high.

Key words: hydraulic support; life estimation; residual life; S-N curve; state assessment

TR N A5 UG 7 s FH 4y 3 2K BT IR
Fr A WU O B T R e T 4 A i FUA T i A

WO SRR A A i A B X R R SCORTE I B TR B R B A an B O ik . R T 024 1 75 i B
T EEREBTAARENE X TIVFEENPE AT s R 2 T 77 52 BE 19 73 i T4 J7

0 3

i}

Wi B H#1:2017-04-20; & E1 H#3: 2017-08-10; RAEHRIE : A .
E€WA “+ T HEERHE SCE RIS H (2013BAF02B11) .
EZE B A RV 1986 —), T TLIRIE LN By BE T AR, B3 1, =982 57 75 iy -5 8 BB 094 7 1 B9 BT 78 TA% » E-mail: zhaodongbo2853@163. com,
SRR B AR Bl ke BE SRR, A TEAR M SRR Ay A A G LT . T A 34k, 2017,43(10) :89-93.
ZHAO Dongbo, LU Jingui, YAO Lingling, et al. Residual life estimation of components of hydraulic support in service[ J]. Industry

and Mine Automation,2017,43(10) :89-93.



. 90 . 5 g3

2017 4 % 43 %

PEICURUEE T BRIT R R 0 B8 1 77 i WAL 7
RN H T R T SRR LR 1 A A TRUAG O 1 R 4
B BT AN, R BB R g 2,
BT RERGETH R A7 A il SR OT I R IR R e (G e
(¥ A G 2 8 AT HL A B 2% 00 5 A AT . B TR
BEARBFFan WAl 07 ik F LML R ARG e H
T B B LN T 2 I 4 S EA T AL I 4 1Y A A
TG E LA 0 R S A A i A O O IR AR
% I8 A B A IR A i B A £ 5 B A [ 6 798 B 1z 3
A HRBLBE 1 AN [ 155 0 » K 22 2R B R 57 1k 26
(S-N HZO UM S -N #h 22 17 5% 57 75 i il
HLORZEMRK. S-N L2 FRR —EMHAFE T
PRI 55 50 3 5 9% 97 73 i Z 18] O¢ 2R 1 h 2 AR A
N Ay~ FF a4k o AR SCHR Y — i AR B SCHEER A
R A A i A 7 1 25 BT TR U SRR R e A
FHAE AR rh BOR PEREAS T R B9 155 B0 - 51 A SR TR KL
L5 T R EORAR 88 52 W R BSFORIBIEM B S -N
A ARAFIRAE S -N 2 AR AE A S -N
Ok HEAT A7 A il

1 ARBEXRBURREFGHETE

TEACW T S SRR A F A S AL B O W e
AR B R, © TR B R R
Q) FH A7 75 s 25 OB 00, 49 30 76 AR S
BRI R A B R . D AR WO SR BT b
TAE PR35 BB MR A A 0 - A 28 Ao 45 5 2 ) 5 LA
F1i . © DALtk BB B N S a0 S 4
A HEAT 7 A 5

ST 25 S I R T T VR SRR A AR
B J 5 9T 2 1 9 401 40 e ) B R Rt R R A R
R T S 30 A2 o 3 1) % AR KT AT A VR S
AR B A . A R ACIR A R
BETC i B B A4 TC AR TR WA Sy L S 5 2 S
Lo 1~1. 35 WA A A0t AR T8 R BB ARATS SR 75
il 38 A v SR A AR R 0. 9~1. 0,

A A o 58 T 1 - A0 o B 5 A BT AR Y
o VU SR IR A o R e a7 B 58 AR B ey B AR
FEIF B RE . RIS L N RS S,
U I VE R 3 25 7 A — 5 o 1 540 2R A
TERN IEIAE T N G K AW 2 084 B =
WOGE N B E W /N, R4 Z S, R
JESZ BRI AR S -N -y £ R g ) 00 107 g 1% BT
i A v .

TE B SR A 75 A ik A AR Al 2R BU 4 B
VB TR A A5 0 2 B AL D 3 6 7 B T S AR B A

T B ARATAE B AR 1 3 A 77 i
2 HERBERISHEHMNS-N fHL

WOESCRFRAE M B S5 RS T B S -N &
R MR B AT AR K
le N= A+ Blg(m. — O (D
XN N HEA A B, C R RHE—E R T &
O — 5 L T7 KT B B3 00 9 T AF S 0 3502 9
97 R
PRI A (5 AR B R AR TR]D 15 70 B R SR
R R RS S TR R 3 K JIr 32 8 r S AN ] PR e A
RE 4 PH T S A ER A AR S N il 2 AU 1
PR SRR S -N il e b 200 AT B IE .
TR SCHR AR A 9 57 i B 1) SR A
o, = 0.feHC:C,, (2)
Aoy NERPE L 57 58 L 50, A RL Y 9% 57 50 B
il S -N H AR B R R M e WIGER
B H O RB0G Co 9 3800 45 8RR B Co 34
KRR

3 LGS

LN IR S AR T R A TR A
91 10547 T 4% 74346 Ay B o A 56 7 A% VPR S 4R A R A
TG T VI A B S e . TR A B AR
7 Q890,

3.1 ERREXLEMES-N w&it i

TE A% TP Stz 208 350 42 4 T J5 o Xt 9 9 8 B ) 5 i
T R EL B AR IR =B » Forb B DB
FMTHLREE . B N FBAF M R AL LU R8N
TR A T N JIRAS R, TOU A RLRE R R UE
SR (1 a3 KT R SE R VPR S SR I A B 1
fEEr 1 Q890 1 Rk, AR i [ 7= B 1) S 56 A4 T
£ =0.85, TR EMmAB L EBK, T L=
1.1, TR R R W LR, BT L. 3 =1. 2. &
F.p=0.85X1.1X1.2=1.122,

TR S B TR R B W AR T B S AR AR AR AL B T
AR A RS R B VR SR AR T R LA
AR BT LA A A KA RSE R B BL e = 0. 85,
R VR 2 50 T % 8 0 0 4 05 BUR B R B0 H =
0.75, WIE L HAE IR A 72 rp &5 38 B RS 4R 0l T2 AR



2017 £ % 10 # REKRE AL

R R R A F A + 91 -

SIS X FE W S B8 BB A T R 52 1 48 A 23 B
5 ol B A A T T A R ) K — BEEF ), B
GE I TSR R S SR A A o R AR B AR Y
IBE T AR B2 e S B8 5B A 19 9% 55 5 5 52 4 A
1R SE  AEAEAR /N o DR s MR AT 45 B R 8K Cr =
Lo V0 SCBRER AR 7 52 (R A0 38 Ao B BEAL 6 H R v T
it N 7 R A B 7. AE A I8 BRI B
AT LA K B9 1Y) i 26 2 22 % €= 0. 85,

MR 20 C2) 3 5 W] A5 0 B 52 e R R
0.608, MAEFS-N L A by A AE LA by 3fe L) 52
M) 22 450, BV AT 459 ) W e S 2R TR 3R S -N £k .
3.2 BERREIXRMBRATE

R 4 R s S 2 T s A ol B8 43k %) T S 2R 52 B
75 TN 30 AR B » W S R AR ST A ) A AR
JEJ128 9 000 kN B AR TAE R E N 2.5 m. i TAE
FEER 4.5 m, ERWE LR TEC Al
27 660 WKt 2 W T By AR D, T ot K
T — M. TREEAT N 3 A A O 1 4 EE A B A T L A
FAAEEEER SN EMEET N, EAEEPNE
AN RS TT R TH I o AR P R, S
SR 0 HA AR AR AR Y .

K] Sy 0 2 745 Ay R 25 SRAE AR VR S A R
7 1 AN W7 368 ol 2 AR 2 M 1 L T AL T X TR R AT RS
VAR o RASVPAG SR H 2 R 2 7k . B TFM
W R 5 e, AR 5 NIEHAE R B
W2 2. WM E A m 20 ZRAS TR A BARYE
RASAG I 25 R0 5 > B AR 3R DY 5 I 55 0 IF
B N5 ST NEO A o L. A R B R ZIT
ot 5 B ARl Z RO AT R E .

P A N @ B SR NN~ s 1
ARG AT MR S TE M. TR S R BOTE
AR

(1) ZETEAF O AR H5 12 T00 2% 9 45 A% 50 o 6 koK
R A R

B, = (0.1 0.8 0.1 0 0) (3)
(2) JREETF 2N B ARG XT 2 T0 K2 4% ) Rl A5
ST G DU L PR 1) AR R A
B,=(0 0 0.1 0.9 0) (4
A, = (0.7 0.3) (5
P IR B 25 5 VR A ) R
0.8 0.1 0 qi
0 0.1 0.9 0
0.27 0) (6)

0.1
B, = (0.7 0.3)[ 0

(0.07 0.56 0.1

(3) TOUGE 1) i 8 101 2 38045 8 o 45 K OF
WA T 280 A 2 1 B9 28 T 45 S L T 2R AR R A AT A 1)
)

B, = (0.5 0.4 0.1)X
0 0 0.9 01 0
0 0 0.2 0.7 0.1
0 0.2 0.7 0.1 0

(0 0.02 0.6 0.34 0.04) (7

(1) TG 5 st 7K 1 AP 5 VR K1 B 4 A
PRIRIK V- — i » O T50 2 (0 ) 2% 8 £ A 1 12
By, = (0.3 0.4 0.3)X
0.1 0.9 0 0 0}

0.1 0.8 0.1 0 0
0 0 0.1 0.8 0.1
(0.07 0.59 0.07 0.24 0.03) (8)
3 o TG PR T 2% A L B ) 2% R R A 2R A 1Y
ERATVEH T LLARAS T2 R A5 4% 1 B A1 1
5= (0.2 0.6 0.2)X
{0.07 0.56 0.1 0.27 0

0 0.02 0.6 0.34 0.04|=
0.07 0.59 0.07 0.24 0.03
(0.028 0.242 0.394 0.306 0.03) (9)
(5) 002 {fi B B 1] A i 31 75 A 9 60 %0, IR Ik L 3
M Ayt rp 2 TG i ] DT 1
B, = (0 0.1 0.8 0.1 0) (10)
(6) TURMPIRA RECH
B, = (0.7 0.3)X
0 0.1 0.8 0.1 0
[o.ozs 0.242 0.394 0.306 o.og}
(0.008 0.143 0.678 0.162 0.009)
(11)
0022 (14 15 T 0 3 KT B4, o B K P 4 T
75 100 % 61 5 RS A PEAY 1) 2

B, = (0.8 0.1 0.1 0 0) (12)
B,, = (0.1 0.8 0.1 0 0) (13)

T2 [ A AR S 255 PR 1) 2
B, = (0.3 0.3 0.4)X
0.8 0.1 0.1 0 0
0.1 0.8 0.1 0 1—
0.1 0.9 0 0 0
(0.31 0.63 0.06 0 0) (15
TG IR ZS DAY 17 42




. 92 . 5 g3

2017 4 % 43 %

B, = (0.5 0.5)X
0.008 0.143 0.678 0.162 0.009
[0.31 0.63  0.06 0 0 }
(0.159 0.387 0.369 0.081

0.005)
(16)
U 2R I TG 0 R 2 2 A BIR IR 285 R 8Ok
PR DR TR ] 70 o 5 AN B HL{E 1.0, 8.0. 6.,
0. 4.,0. 2, MR ALY 273 AT SRAGIZ TR ) SRR 28
ES @

V= z”]b,.vj/z”]b,. =0.7227 a7
Kb, BEVCRE TN REG o, AT ALE

A3 HEIRZS TE A A 25 SR nT A0 2 A A8 TR S R T
PSRN NN e S N
3.3 ERERELRMBHEEL

FE T RSB o a] LA SE a0 107 A8 R 64 5 =Xk
ST R o AR SO BE R ATl AR i MT312—2000,
AFRILL 9 000 kKN 1 0. 25,0. 65,1. 05 4% Wi FE 3 48
TG HEAT I8, AR 48 0 285 e KL I 35 67 1) B {E Ok
2 il L g3 X TR 8 5T 58 4 S AU T, AE A PR
TCA BT A oG T00 4T 5 0 3 o b . LA T i
IKF 27 660 YR IRALAVES 1 FrBe ARAETRERY S-N
iy 8 R 28 55 ) FH A 0 SR AR S L A B A BROT 4
Prc A 2 B 05 58 0. 62, MR 4f T 22 1Y) S B
G0 155 50 o TR ) SR A i o 1. 0,0 A e
P45 ko AT A5 IO SR ) ) A 45 45 =R 0. 38,

2 1 YR S 40 T Ak 2 IR A% 4 L T3 S DA FE R
39 0. 25,0, 65,1, 05 £ — A~ 4% Jd 9], AR 4
WA S -N il 2T B ) W E AR — IR T i #E
AR 25 4. A L T DA T 3 FE 1) 4 403 45 o 4
5911 3Fe LAAE % JE 301 v B U B 8K O R I s BT A B4 R
B iz i R A T AR R B A . AR N T 1 X T
R IEATAG PR 2K, 45 20 B A T 48 1T A B A
oM 0.265 752 85X 10 ¢, MRk 2R 0 H
W TG4 L S KT R A A i ) 4 R A S -N
Mk gy il . MRIBTRAE S -N i 2% Fn 4k 25 IR 4% 191 1]
7 S35 YR A AG 25 0. 38 T RE SE I L ELIE BRI
BB 4 Ffr k14 299 K, BT LB TR
IR A A R v 2 A A B IR IR A% 5 5T [ A R /N I
WA L JIT S o 31 6 14 953 403 5 o KT IR A w0 [ 5 155 0
T TIHRE (A0 2 1 T DK BRSO 1 R 4 7 A
e LLTH R (R 25 B8 0. 722 7,45 5 T 10 T/ 4 F5- Ay

H 10 334 ¥K.,

U 45 SRR W] IR S AR TG Y 52 B R A 7
AR 10 712 W, AR RALL R 2R 3. 5204, 7]
e TR 2
4 HiE

R A SR AR 3 B ) A AL 405 7 e I g 3% 1l
R SRR 0 S -N i £k 047 % Al 53 e B
PEAT PO SRR E A g S -N il 2 & B
P T A A S R R L . 5 R R R AR SR
AL A [ B B 4t 3 15 0 A [R] ok FH 22 SR 3
75X R W SR T A IR A VA L 45 3
PR R B MRS R BT AR A R AT 9T & 31
B AR B SR R A A i R AR
F L P 1 TR T S A R A A7 i Al B 7 1k
ARG SRR 250 3. 5220 R A o

2 2 L Hf ( References) :

CU] XUAGHE, E A, BT, 55 JE TR0 0 % - e AL i

LG £ % 55 A A [T BLB T R 4= 4R, 2015,
51(20):120-127.
LIU Jianhui, WANG Shengnan, HUANG Xinchun,
et al. Multiaxial fatigue life prediction based on
damage mechanics and critical plane method [ J .
Journal of Mechanical Engineering, 2015, 51 (20) .
120-127.

2] W3, R, JHHERM. 2T A BRIC/HT 54 B0 18

JE B i 1 T AL A i A ). AR R TR 2 A
CHARBHEM) ,2015,41(3) :424-428.
LING Jun, WU Fenggi, ZHOU Shaoping. Life
prediction of crane based on finite element analysis
and effective stress intensity factor range[ J]. Journal
of East China University of Science and Technology
(Natural Science Edition),2015,41(3) :424-428.

(3] FIBEE.RILR, DE W, S5 280 )N T 258 4k

B9 57 75 i A 00 I 48 T i B ST LT ] BUARRL 2 5 4
A ,2013,32(2) :289-293.
BAI Chunyu, MU Rangke, MA Junfeng, et al. Time
domain analysis for the estimation of structure
vibration fatigue life under multiaxial stress responses
[ J 1. Mechanical Science and Technology for
Aerospace Engineering,2013,32(2) :289-293.

(4] 2B QA B2 . WU SO 46 37 kE ) 2 T 9%
55 F it S0 1. B WL 2013, 34(12) : 15-17.



2017 4 %

10 #1

ME RS AR LR R A ES

15 H + 93 -

[5]

L7]

[8]

L9]

GONG Yu, ZHAO Tingsheng, MIAO Xingyuan.
Fatigue life analysis of double telescopic leg of
hydraulic support [ J]. Coal Mine Machinery, 2013,
34(12) :15-17.

e S L ok A, X 4 8, 4. 3L T BR o0 A TR R S e
55 75 i s A LI . Il LA . 2010, 38(17) . 7-9.
ZHENG Xiaowen,ZHANG Heng,LIU Jinlong,et al.
Fatigue life analysis of hydraulic support based on
FEM[J]. Mining & Processing Equipment, 2010,
38 (17):7-9.

I XITR 2, 2% . B0 R T T VT S 2R 9% 57 75
et ] HULBR TR 5 A 34k, 2015(5) 1 131-132.

SUN Quan, LIU Hunju, LI Bo. Fatigue life analysis of
hydraulic support in coal mining face with shallow
mining depth [ J ]. Mechanical
Automation,2015(5) :131-132.
U TR W S R A R A 57
BRI B AR 27 B 2% 4k, 2013(3) : 5-6.

SR /INE o PR W, 2 L AL AILBRCHL DR R A A i O £
WL AU TR 44, 2011,47(11) :100-116.
ZHANG Xiaoli, CHEN Xuefeng, LI Bing, et al.

Engineering &«

For AT LT ). A

Review of life prediction for mechanical major
equipments[ J]. Journal of Mechanical Engineering,
2011,47(11) :100-116.

JIANG Y. A continuum mechanics approach for crack

(10]

[11]

(12]

[13]

[14]

[15]

L)1
und Werkstofftechnik, 2006,

initiation and crack growth predictions
Materialwissenschaft
37(9).738-746.
JIANG Y, DING F, FENG M. An approach for
fatigue life prediction [ J]. Journal of Engineering
Materials and Technology,2007,129(2) :182.

QIU B X,GAO Z L,LU L J,et al. Two models for
predicting fatigue crack growth [ J]. Advanced
Materials Research,2008,44-46.917-924.
X SRR IR AL AL 7 A AR e O LT . 3
1%,2007,34(4) :58-64.

LIU Ting, ZHANG Duo, ZHOU Yuanquan, et al.

i JIE 5 3R

Survey of product life prediction [J]. Structure &.
Environment Engineering,2007,34(4) :58-64.

A B 2 T bR A AR I 1 VR S A R i T Oy 9 A Y
[DJ. K5 K JFFL T K2, 2013,
SRR . AR 2 25 H 9 57 77 i DF Al 7]
. K T K 4%, 2005,

EaU L Bl R IEAL, AL TR ST
ﬁﬁﬁm.Iﬁr‘éli:b4k,2017,43<3>:39-42.
WANG Jingtao, LU Jingui, ZHU Zhengquan, et al.

EASEERRINPN

53 7% fii 3L B

Approximate estimation of fatigue life of hydraulic

support[ J]. Industry and Mine Automation, 2017,
43(3) :39-42.



