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Current status and development trend of research on intelligent

maintenance of coal mine electromechanical equipment
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(CCTEG China Coal Research Institute, Beijing 100013, China)

Abstract: The intelligent maintenance of coal mine electromechanical equipment is an important part of
the construction of intelligent mines. The research status of intelligent fault diagnosis and predictive
maintenance of coal mine electromechanical equipment is summarized from four aspects, coal mine
electromechanical equipment fault mechanism, equipment condition monitoring, signal analysis and
processing, and fault diagnosis and prediction algorithm. @ Equipment fault mechanism research is mainly

for different equipment, which uses different methods to establish equipment fault analysis models and
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applies incentives to the models to obtain dynamic response to equipment fault so as to provide a basis for
subsequent fault diagnosis. @ Equipment condition monitoring research has established a relatively
complete condition monitoring system for coal mine electromechanical equipment, which can obtain
equipment parameters accurately and timely and provide data support for equipment fault diagnosis.
® Signal analysis and processing research not only uses traditional time domain, frequency domain and
time-frequency domain analysis methods, but also combines multiple methods for signal processing and
characteristic extraction, which improves the efficiency of signal processing and the reliability of processing
results. @ Fault diagnosis and prediction algorithms mainly use artificial neural networks, including
machine learning, deep learning and other intelligent algorithms to establish equipment fault diagnosis and
prediction models so as to achieve intelligent diagnosis and prediction of faults. It is pointed out the
problems of intelligent maintenance research of coal mine electromechanical equipment are as follows.
@D The study of equipment fault mechanism lacks the study of fault mechanism under multiple fault
compound state. And more research is needed on the chain reaction caused by the fault of a certain part of
the equipment. @ The fault data obtained in the simulated environment cannot fully reflect the actual
operating conditions of the equipment, and it is necessary to continuously collect on-site monitoring data
for a long time, preferably the whole life cycle data of the equipment. @ At present, there is few research
using the combined algorithm, and the research object is more limited to a certain part or component of the
equipment. Finally, the development trend of intelligent maintenance of coal mine electromechanical
equipment is proposed as follows. (D It is suggested to study the application of intelligent sensors with
higher sensitivity to monitor equipment, combine the methods such as random resonance and blind source
separation to extract weak characteristic signals from strong noise to identify early equipment faults in a
timely manner, thus realizing predictive maintenance. @ The use of independent diagnosis method can no
longer meet the diagnosis needs of actual equipment. The diagnosis and prediction based on multiple sensor
information fusion technology can identify all faults in the equipment accurately and effectively. @ It is
proposed to use the migration learning algorithm as a “bridge’ to establish the correlation between
simulation, test data and field data, and provide data support and guarantee for solving the problem of the
difference between simulation and test conditions and field conditions.

Key words: coal mine intelligence; coal mine electromechanical equipment fault diagnosis; intelligent
maintenance; predictive maintenance; fault mechanism; equipment condition monitoring; signal analysis

and processing

HAREEL,

0
|l B AL A B 2 R K BT KA SRR RS

i}

A e I T I AL L B R L
SR B IE B AD ) B AT I Bk BT R Tl
Pk R EHE LN TR BE 56 SR 5 R IT &
PR BE il o AT 52 BRBE A SR 4 o i ok 2 e XL
[ e R LR R P UN X S Y B SR

B P B A S 20 R o PR e A AR T X
w18 B BEHE K B 5 5 L 3 28 B A K ] A
IR L PRI T B B L by B [ AR R A 4
SRR AN (R WA AT TSR AR B TR T B L AR A
b 28 555 A - EL SRR AN BE S Ik b B ab 23 B AR B A
A el FH 7 i s B e Al B AT AR o PRI L R R v
P2 RER AL L B A 25 /T 938 A7 RS A 24 i R I
X A B R A A U L X AR R R 2 4 R

R B R A DARER AL R R R P2 4 1 L
280 Ry L TP 5 A A RE B L A A
T 0B ()R . A G2 A2 Wi R O 125 TE kR R
M RS B 20 B A B SR L R R R 2 1B 5 T
7 V58 2o TR A2 0 A DR TP BT 0 2 AL AR i
B A B P L 58 A 48 B 45 28 BB TR U Hh B
U AF 7 YRR B L O R R R gt AT VAL, A
T R Al i 4 44 A8 B UL ROR R T e s 4
P A T SRR MIRCR . EH AR A B
RE K K512 BT 55 B0 8 4 4 F 72 BOR 47 1 B 45 0
BT BIL R 3 A 1 BE AL 4k 37 W S A7 AR B9 (R AT T
Bro BT BT AL E A R RE AL 4R B B 5T R R R
[ER2IS



2021 % 7

N AEAE EH AR RS AP TR IRE R ALH - 81 -

1 FHRIAK

1.1 =R

B PR AL B S AR o L 2 1 5 B e mOR B
J5 1 A B RE A% B W B0 A R IR 28 R R S R AR 5
& HERESRZ MRS 550
T T BN G S R OO T 4 O R A A K
I B RS ELRY IF AT T E A AR TN
I T I DA /0N AR T A T A X B T e AR
BRI 14 ¢ AR i 2R Sy S I Y AR B0 0 e 4 3t
TR . R A AT T R KL
TR 0 2l g 2 R O TR0 TR R s S
I AL A R ) B i U L LA G AR Sy 2 S S RUBIL M B 12
WM . Liu Yue S5 diny T 3B B T e
& Bl G (149 23 77 27 4R 0 o R AR AU A A (]
BORER AR SRR -5 R A 5E ¢ &R L n] TR Bl i
() 390 S RIS T o K SIE E AE L T R TR SR AL
T A 5 2 8 v DA 8 BT O R Tl R B 4 i) R
A3 0 280 Fr % il B W B R A R AT T R
I3 53 A7 5 75 HC R R ML g 1% 30 &R e it Ll
AR T T+ A M EmS% . B4 R %D
SRkl s 1 R A T A R A X 6 AL e
RN 8 B 7 A B RL L R AR AUURE BIL T 35 AU A 3
ATV Y AN [ 2 ik T 1) 14 58 3 g~ R 7T
T e R A RO X A AR 3 KUBL Y
IBATHRE A ST T Wi i P i A AL DL O S
filt 75 1 38 RUHIL P I & A= I A XU R i Y A2
A« AT DAy 2 Wl e i A AR B

UL BB 5T T ok T il B AL B B F 5
S X AN B A SR AN TR 5k CAnsh g 22 5 ik A
FRICJ5 1 45 ) 9 57 A 30 I 1) 20 T A 8 o A6 50 i
TRl AR AT B o5 5 Bl 25 R 1 DT S S 2 B
B2 W 4R (LD AR
1.2 &&EREENH T

L A Tfy i A HCISE  >4 i3 A7DR A K
B A BEAT HICRRE 2 I R TI0I  4E 4 B AL . € R R
A RS I 2 8 — MR A A5 A R R AR B
I R €y R TN i S| O
TR AT R SRS I W R 28 0 R BEHL R i IR S
FE 5| R | AT A Mos AT AL B AT S I, O
HoAH A5 B8 i CAN B4R 1840 2 01 F 40 b, P38
A Tl A 9 i A% 30 b M 4 TR AT AL
- SR RN AT 9 30 25 1 T S 0
i o K A X IR T AR TR R R S AR
OIS AL T T T ZigBee SORBY I H R S
Fe T3 I AR G S B T SCRATAE L R FTR (2
J T3 (L F9 S5 I ts 00 5 ] 3 4 s 0 A o b N B3 o3 A

BT A0 YR TR T 0 Ok TR 4R Bt T e . B R R
K H WaveMesh 64k B 4 W& R 17T T &
SCHRE RS WD R G5, AT SRR B O T T
JEXHM R 1A Ak, B A S B R B =L
P AL 23 ) 67 8 1) W 0 5 5K L 4R R T — b 2 AR A
R I AR X R AL A R S M R G T &
T ZE ) I AT R 1 J A A DN 48 2 A AL A
FHH S CHOC R 5 5 0wl S 0 205 155 R T A
BEALAL B 25 [0 o7 25, S0 T S B =X i AL A 48
S HORS B WO . 2R % R AT T RS485 FI CAN
ML BT T BRI R LI R R KRS
HAT WA= DI RE 56 o B o7 ) e 15 52 i ] g 4
. RN R T A BT STM32F4 4%
O T BT LA B 2 T kA 0 R R A
T 6 A JRAT ORI DL R A R B R R
07 S5 R0HE I 2 I A PR B A L D K BT
A5 Qb B A T AL FL TR A A TR A 1Y s AT IR T N
R L il 2 IR S S R L R A BT L R A E Y

LA b SCHR AT & Y 15 A RS 0 ) A DG A 5
AR T =m0 A 6 M AL R A ST T B
25 RS W 2R 45 BE A% T A S R b R IO A S K
CondR 2l R R J) R SR A BB ) RS
TR R A A% AR DI RE . AR 1 R A2
Pt T RS SR
1.3 B5 o5 AEHmR

Xf SR AR AT B 1Y 15 5 HEAT 53 R0 Ak B AR HUR A
g R I 10— BRSO L R 12 B ) 9 A A A
AR, BRIR R ST ST TORIEMLREE BN )R
PR R R B 5 5 LAY TR IRl b A0 0T T AT R G4
SERREAE SR B A5 5 7 B AR AR A IF 64T T K
5, NSRRI IR I R S A5 5 AT 7 AR S B AR
WML T W R R R W, R
SEUOT BT X B Bl A5 5 R R O 1k P 4 56 RS Oy AR AE
BSR4 7 — R TR A LR
fif (EEMD) FIHR# A 57 53 570 7 (FastICA) Ay~
J =X 26 ALK 2 7R A7 il R IR 3 A5 5 IR O 1 1%
TrEABOERR T IR R S5 5 b e & R S L [l 1S
K B VR A AR IS A TR S R AR R B e R T
W2 W M R BN R R e R 2 E
AR A RS S R R R, SR T — AT
EEMD F/Ivig 6 i 0 B e M 5 vk o 9200 ok A 3 9
S i AR LAF T, AT O B R AR S B R Al AR
5 s AR SRE 0 B S0 R 30 0 gl 2R A 5 BRI UR R
b RSCHLAEDS X I B0 AR B 1E T HEAT N
353 i B2 HURRAE AT BE o L A8 4% W01 Be e = 4 /)N A
AT R S O A G R Al T T Bl B 2 e v Y L AR



. 82 5 B

%47 %

AT S BT N SRR AR AR AR B S 3 RO A
3 B9 o D TIRG ff 448 B i e R AE A0 %, AR A A5 4
X FH AL R 35 A 147 % A T A M L 2 BB [i) fE
2 R B SR 2N Dk A A 2R B I N T L R
I HH A7 15 A A9 I R A 00 56 L O W s 12 T R I T e
A

ML L SCHR AT & L 715 5 20 B 5 Ak BRI 5
AT & [ T SR FH A% G5 B4 st 38K L A0 SR sk 0 3 43 W O
Gb BN Z T IR S A T B TE 5 AL B 5 RRAE
PREEC, B T A5 5 b BRS04 B 2GS AT SR
1.4 #wrhRn g Ema

ER LR BITIRESE A E B S0 2 A TE
OB | IR A AR 1 & SR ke Bl AT I,
SO T B A 2 ML 0 M 2 R 2 B R T R R
38 KUHL SR 12 WA 78, U 11 T — AP o 3 22 KL
4 88 12 W7 2R 46 1 2R 5 R W B 2 2T WL ARk 3B A i
() 2657 L W50 02 DT o A 3R 1 BB A% S B o XUATL i
A SCEE HERRIS T . SRR AR B T ASTR 5 AR T DL
307 0 26 4 T — B 4 T ML DR e 2 W
s LA B THHLTRE ) 238 53 BB A 190 2R 47 4347
05 1 TR A 12 T4 T BIL R 2 AR R A
i FE A B T — R 3L TR Petri [ 9 5 - 2
FHHLEE Z2 G5B 12 Wi 7 12 3 i 8 ST B2 TR AL K
(AR Petri XA 7R, ) T 55 HL S 17 19 338 4 bR 25 O
P 255 R R E 5 AR R 8 Hh 1 I T A
HEFF S HM U A7 0 o A o 3 T i) i e B i e 1) £
38 PR IR . LSS AU T AT L 45 A8 WL T LA R
I T AL R GBS B AR . BRI
ST TR B RO 2h S B B R 4 ) 4%
(DCNN) [ R 8 HLVR 2l filt 7K e 12 i B Y L 3% 7 1
ANE U HE A 26 5y B 12 W s [R) JE . X6 A2 2% v e S T
BLF R Sh R BCRR 2 W B B 2 i RE .
filt g S0 BB T A R OE & OB T Bk
(VSAPSO) 4 1, Kyt VSAPSO—-BP #i 25 [ 4% %] 4
EML LG 5 N [R) 5 e 2 A7 W ol w9 A A A )
VAL & 0 S w0l AR T —Fh
BET BP w2 I 2% (1 =X ik ALk O O O ik
O AR R S kB R OC R Ll BP A
25 I 45 b iy 2 % AL Y B A8 AT 0O L AR 4 £ 48
I 9 00 4 1% AR 0 A 5 B g o A X 2 AL
PEAT [ 3 R VA 5 5 T 9 B TOORG B A R i 2 X
ik ALEK B S O A TR . R IE AR Petri ]
I R F IR KR B R s Wi, @ ar TR TR
B Petri [0 R S W W0 04 I F K 52 s 12 I A AL
AR DA KL B AR 2045 51 S BOR 16 0 R AE 1]
BN I A2 4 i) BP 5L X I 4 2 4k
AT AR AR I 2 o B 5 o 10 b 4% 30 7K 5 BB S B, LA 4%

Ly (0 o B A O

M BEF L AT TS BUIRR TS 32 2R N T
2 B HLAR oA VTR BE 2 ) SR RE R S I A
A2 W 5 N AR 25 AT S5 B A 4 R BE A2 W
.

2 HFEMEE

(D) A BBENLEEM AR . ST VL&
FEAERRIE K, 2500 2 2%, b i A0 15 4 E A T I
MLBRAIF I, A 1 75 B XS A o 6 G b AT — e FE E 1Y
fT Ak o A 0] LA ST AH R A 8502 ) 2E A Sl a7 3
T B A A A A A G IR A
1 AT Ak 1 02 A R OR B 7 B I Wi 5 AR B 4R I
REFE EETTRES £ R R W & ok A &
BURHIE X 23 452 W TAERGIMMERE . DL, 78 LA
507 Tt B E— 2 R B 5 . 57 B 6% S 1T A8 J
T A RS 1 7 AR ASE 78 () 455 B30 2 A5 AR R B0 A DD
A B S T LR SRR L R T IR A R AL B ) A
GE L HE T U A B B — W 1 BL BRI O L B> 2
W BE A AREE TR SR HLER B 5T . A R T B £
Xof 15 8 T o e f 1 3 B B g AT E O

(2) By WG RS R A . BEEETF R
PR B2 0 AS BT 2 125 o 3 IO 4% S B 3 47 bR S 1 B8
EL N TR . H E T W e )RR E R R O i
B I AT I AR v S A R ) B D R R
X5 £ I 2 T A5 T P A LA R LB
Wi . H AT 20058 8 R FH S R 5 SO S
15 B8 7535 SR B4R e, (R R A 4DL 3R 858 T T AR A5 1Y
WA I A A 1 Hb i BIARL, S B 98 4 LS I I 1 A S
PRI IZATARSE o PRI A7) 75 4 B () A DBy SR 4 9 37 W
ISR & Je B 2 18 2% 4 A A R B kT i A 1Y
2 WA T HL AT R

(3) L WrRTH 1 e AL FR AN B . 7E H AT
1R R R U R NN i - T
NS BLL S IR A 1E W T 1R B B R S A U e B
AR R S A TR P IIE. L,
i — 2o 3 T N T e vk 1 & Be iz i 5 ol
P HATWESE T A2 W 5 00 5k K 22 0k HH RS A A
— Bk R A A R g D TR B A 5T X 42
T 2 Jry BRAE 13 45 5 A~ 30 20 180 2 BB A B vl £ A A
X} HEAS R I E 4712 W AR B4k i T 9 320
R e R ) 2 R oA U0 2 2 B W B A AR T 12
W 5 T R R A R ek g BOA T

3 REBB
(D) & & R R AR5 . X HLH R & &



2021 % 7

N AEAE EH AR RS AP TR IRE R ALH

« 83 o

KAz AT AR A HEAT TOA L 2 A 12 W 5 0 1V
PRSI LN H bR, E S B AR i AR A
HH B B 1 B 3 R I e B O SR BBORH ) 4 3 T
Beo WFFEL ) 2 SR B i A R RE A B ok M N X
o S EPLIER L IR B A D5 1 DGR I P e 4
P58 PR R A 5 (00 A T 7 00 e e A st 3t 1)
H 5 DA T S 3 0 P A4

(2) B2 PR 1Y 2 6 Rl & /912 W 5 B
W FESEPR TOLFRE T i IR 2 — il
B 5 RT B 5| A e X B B, S OB RO K A SR
TS B2 W T B 22O RE I I S BRI A 1912 Wil
R BT ZALERE BRRS BOR 1912 R 500 e
i A A58 i TR B A7 A B9 T A L X N B 2
W7 5 U0 P 2 4 A T 5 LA R

(3) A B 55 1050 B4 X 3 37 15 4% 12 W 5 T 1
18T Ny L5 IR T BT I A MO R i R A 11 B
BB W AL R o ) B R AT AT R TR
A TR K3 4 22 18] K Bl o A 2 5 1 14 TRD RS L o 5T 2
2 FEAE B R S H U K 5 B Kt
A AR DG A » S fifp DR (17 55 106 2% 10 A B 3 % 1 22
F T A i (3t 540 S35 TR i

4 HiE

TER B I B A 5T T LR B A B
W12 W 5 FUI A 2 4P g AT B B BEE N T
AE B PR I 45 R 1 ) K R B R A4S R
AREE G BENLIL IR L5 IR B 5507 1% n] s U B A
TS R 5 A B 22 4% IR 15 B Rl B AR AT E B A 2L
R 35 A A B e s M T A RS A S Bk
A LA ST A L A R 5 3 O A DG X B
s AT e W S . A5 X 3 A7 T JETT
TRAMESE 4 8 5e AL %12 W 55 T B 4 1 1y 1) 3
SRR N A = L LR U R e o [
AT .
% % 3Lk (References) :

C1] BRI, 5%, 08 20 11 5% R i 5T
[J70. M9 TR, 2021,53(2) :191-196.

SUN Chunsheng, SONG Xiaobo, GONG Haijun.
Construction strategy of intelligent coal mine[ J]. Coal
Engineering,2021,53(2) :191-196.

R 2. BB R 2 T i A 2 v 3 ) = TR R LT . ALB
TR, 2007,43(1) 1 25-34.

CHEN Yushu.
mechanical fault diagnosis [ J]. Chinese Journal of
Mechanical Engineering,2007,43(1) :25-34.

2507 TR T AR G R Sl 1 K M R 2 W F 5
LD 4 M« v Al R 2%, 2008,

Nonlinear dynamical principle of

[3]

[5]

L6]

[10]

[11]

LI Zhanfang. Study on the vibration characteristic and
typical fault diagnosis of mine hoist system [ D].
Xuzhou:China University of Mining & Technology.,
2008.

A2 B TR TS AT Y 3 UL T
AN Bl R 2 BT [T BT HL AR, 2012, 33 (10) -
273-274.,

CUI Guoliang, MENG Guoying, DING Cheng. Fault
diagnosis of main fan rotor imbalance based on
spectrum analysis [ J ]. Coal Mine Machinery, 2012,
33(10):273-274.

LIU Yue, SUO Shuangfu, MENG Guoying, et al. A
theoretical rigid body model of vibrating screen for
spring failure diagnosis[J]. Mathematics,2019,7(3):
1-18.

TR, SR 2, TR AFL B RLR LR B AL 3 R
GEw e AL B 2y A LT, ML A AE 2, 2018, 42 (11) .
137-141.

ZHANG Yanchao, WU Luji, YIN Minghu,et al. Fault
mechanism analysis of transmission system for a
shearer rocker arm [ ] ]. Journal of Mechanical
Transmission,2018,42(11) :137-141.

2. BT SRR LB R 19 0 R T R A A 4
WD ALt "k K2 (b 50 . 2012,

LI Wei. Research on fault simulation of mine-used
heavy load reducer based on virtual prototyping
technology[ D]. Beijing: China University of Mining &
Technology(Beijing) .2012.

X SR Al g =X XL W iR ALl s 9 R T S LT .
K3 RAME G BB 4 - 2019(2) : 30-31.

ZHAQO Jun. Mechanism of surging of axial-flow
ventilator in operation and study of countermeasures
[ JJ]. Hydraulic Coal Mining &
Transportation,2019(2) ;30-31.

SRR SRS AR, o L AE SR ML AR T 00 S
R ] AL & 0 A & LT 8ok TR, 2008,
40(3):101-103.

ZHANG Xu. ZHANG Pengcheng. MENG Guoying,

et al. Development

Pipeline

of on time monitoring and
measuring system and visualized platform for coal
cutting performances of coal shearer [ J]. Coal
Engineering,2008.,40(3) :101-103.

X 3 P FE. BT ZigBee HAR MY H W SR 7 M
WA LGB ]. TH Ak ,2014.40(1) :31-34.
ZHAO Duan, ZONG Xin.

monitoring system of underground hydraulic support

Design of pressure
based on ZigBee technology[]J]. Industry and Mine
Automation,2014,40(1) :31-34.

HPHRE T WUE SRR L I R gt )] T
# 1 3h4k,2015,41(12) . 9-11.

HUANG

monitoring system of underground hydraulic support

Danqun. Design of online pressure



84 -

5 B

%47 %

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[J]. Industry and Mine Automation, 2015, 41 (12);
9-11.

TER . KIONE, D2, 5. 2R E B R
P AL S )AL 2 W I R e P oE () 0. IR BE 22 F R
2018,46(12) :41-47.

MAO Qinghua,ZHANG Xuhui, MA Hongwei, et al.
Study on spatial position and posture monitoring
system of boom-type roadheader based on multi
sensor information[ ] ]. Coal Science and Technology,
2018,46(12) :41-47.

ZRAR ARl SR UL AF. JE T RS485 Al CAN B 2R
g = % PR 4 R gt L) R TR 2017,
49(7).18-21.

LI Hongwei, LI Lu, QU Bingni, et al. Design of belt
conveyor monitoring system based on RS485 and
CAN bus[J]. Coal Engineering,2017,49(7) :18-21.
A2 % B AL B A PO 4 R BT B ik
1. T8 A 3h1k,2020,46(8) : 106-111.

ZHOU Libing. Design of collecting and computing
platform used for predictive maintenance of coal mine
electromechanical equipment [ ] ]. Industry and Mine
Automation,2020,46(8) :106-111.

B e VAT R A Ak TR S0 A A ) SR AL
PR 15 56 ) B B S A3 B () ). A A 8h 4k, 2016,
42(7) :34-39.

DUAN Jiaolong, XU Chunyu,SONG Jiancheng,et al.
Spectrum analysis of partial failure of shearer rocker
gear based on vibration model[ J]. Industry and Mine
Automation,2016,42(7) ;34-39.

WtE, RS A0k, S5, s = 26 ML OK 3 VR R
HRIR A5 B R 7 [0, T8 A 311k, 2019,45(3)
66-70.

YANG Xiang, TIAN Mugqin, LI Lu, et al. Vibration
signal denoising method for drive roller bearing of
mine-used belt conveyor [ J ]. Industry and Mine
Automation,2019,45(3) :66-70.

KRB, S R EEMD 456 /NI A 1 9k 3h 7
Wk A7 5 R MO A B LT 0. HLAR R T 5 W i
2020(5) :63-67.

ZHU Min,DUAN Zhishan, GUO Baoliang. Denoising
analysis of vibration screen bearing signal based on
EEMD and wavelet packet[ J]. Machinery Design &.
Manufacture.2020(5) :63-67.

WOCH L HFESE R ETZHRESMENE
DM R B BB RE 4> BT LT ] T A g 4k, 2018,
44(6) :74-79.

GUO Wengi, TTAN Mugin, SONG Jiancheng, et al.
Wear fault analysis of centrifugal pump impeller
based on multi-source signal fusion[J]. Industry and
Mine Automation,2018,44(6) :74-79.

B R RAE BRI, 5. ST PR AN AR £/ i AH 4
FEC B 5 S A R e LT ] B ok 2= i, 2016,

[20]

[21]

[22]

(23]

[24]

[25]

[26]

41(HEF) 1) .253-258.

HUA Wei, NIU Zhenhua, WANG Zhiyang, et al.
Mine gearbox fault diagnosis based on neighboring
coefficients of translation-invariant multiwavelets[ ] ].
Journal of China Coal Society,2016,41(S1):253-258.
T MR BT . — PR IR 32 KL R
LW RS[)]. T8 A3hk,2017,43(6) :69-71.
WANG Haoyu, CHEN Ying, MIAO Yanzi, et al. A
fault diagnosis system of mine main ventilator [ J].
Industry and Mine Automation,2017,43(6):69-71.
TR VPR PV L . TS0 R AR A L i 7
Ky R LR 2 W (1] T A 31k, 2020,
46(11):1-5.

ZHANG Mei, XU Tao, SUN Huihuang, et al. Fault
diagnosis of mine hoist based on fuzzy fault tree and
bayesian network[ J]. Industry and Mine Automation
2020,46(11) . 1-5.

FSEN L T e . T AW Petri [ (947 JF $2 71
MLk R G MR 2 Wi )], T# B 814k, 2019,45(6) .
91-95.

MENG Xiangang, YU Xiao, LI Xiaojing. Fault
diagnosis of mine hoist deceleration system based on
fuzzy Petri net[J]. Industry and Mine Automation,
2019,45(6) :91-95.

HILN, gk E A, 9k L L BT IR 3 B4R 1 DCNN
1 SR 8 AL 7R 3l Bl R B R a2 W LD 0. B8 AL, 2020,
41(7):149-152.

CAO
Xinyuan, et al. Fault diagnosis of shearer rolling
bearing based on vibration image and DCNN[]]. Coal
Mine Machinery,2020,41(7) :149-152.

7R RN R O N N S S I T S
VSAPSO-BP ¥ 4if L7 % 45 0 77 3 LT 1. #x 3l 3k
51211,2019,39(1) :130-135.

YANG Jianjian, TANG Zhiwei, WANG Xiaolin,et al.
Roadheader
VSAPSO-BP under the single category learning[]J].

Xiangang, ZHANG  Guozhen, ZHANG

anomaly detection method based on

Journal of Vibration, Measurement &. Diagnosis,
2019,39(1):130-135.

AR A = ALK B D T vk LT T A
24k .2018,44(10) . 38-42.

LIN Guangxu. Tension force prediction method for
mine-used belt conveyor [ J ]. Industry and Mine
Automation,2018,44(10) :38-42.

I E R SRR R TR L R T Petri ) DR &
W Kk Rz W ()] T A 31k, 2016,
42(5) :28-31.

GAO Zhengzhong, GONG Qunying, ZHAO Lina, et
al. Fault diagnosis of underground water pump based
on fuzzy Petri net and condition monitoring [ J .

Industry and Mine Automation,2016,42(5) :28-31.



