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Abstract : Mining equipments are mostly operated in extreme environments with heavy load, humidity and explosion—proof conditions. The
traditional driving system of mining equipment usually adopts the AC asynchronous motor drive technology, the equipment often runs in the
low efficiency working area for the continuous production of the mine, so the degree of intelligence is low, and there is serious power
waste. With the development of power electronic technology and modern electric drive control technology, permanent magnet driving tech-
nology, as a kind of green intelligent driving technology which uses permanent magnet motors to drive load, has been applied in many

fields such as electric vehicle, rail transportation and automatic production, but it is less used in the field of mining equipment and has a
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broad development prospect. Firstly, compared with the traditional AC and DC motors, the three most commonly used permanent magnet
motors for permanent magnet drive are introduced;permanent magnet synchronous motor, permanent magnet brushless DC motor, perma-
nent magnet linear motor. At the same time, according to the characteristics of mining equipment operation conditions, the paper analyzes
and compares three common frequency control technologies used in permanent magnet motor, and the advantages of permanent magnet
drive technology in the field of mining equipment are highlighted. On this basis, the application and research status of permanent magnet
driving technology in mining and tunneling equipment, mine transportation and hoisting of mine are analyzed, it is pointed out that:in or-
der to further promote the application of permanent magnet driving technology in the field of mining equipment, the permanent magnet semi
—direct drive system can be developed for the heavy load, sudden load and other operating conditions requiring low speed and high torque
operation condition of the cutting part of mining equipment and scraper conveyor; the permanent magnet semi—direct driving system should
be vigorously developed; With the characteristics of heavy load friction transmission, the full permanent magnet intelligent driving system
of “permanent magnet direct drive + permanent magnet tension” can be applied; in order to adapt to the increasing load and lifting depth
of the ultra—deep well, the new type of mine hoisting system driven by “wire rope + permanent magnet linear motor” is developed. Final-
ly, the research focus and development direction of permanent magnet driving technology in the field of mining equipment are prospected.
It is considered vigorously developing high—reliability permanent magnet driving technology for extreme mining conditions and developing
intelligent mining equipment based on permanent magnet driving technology should be main development direction of this field.

Key words : permanent magnet driving technology; permanent magnet motor; motor control; mining and tunneling equipment of mine;

transportation and hoisting of mine
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Fig.2  Rotor structure of PMSM
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Fig.3  Double closed loop vector control model
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Fig.11  Mine hoisting system driven by wire rope
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TEREEERE 1, 9B R AR BRI AR A
LB IRINKAE RO 57 T 7 P RE AN = B R
T KRG ARSI $ ) T3 T oK A
Az iR R BT R G R OB A L i
e URA AR T RGN R ok K I R R it
IS SIVE S

5 HlR&EXEENRARRE

1) 2 B4 i 3 O AT N AR PR R 1
# TOURRRL, A B — 20 i e m] 5 P 7K G BiK 5
PR SR R ALTE w5 il | R TRAR S | AL ek 25 3
SN LA B AR AR A T KRR A R AR
e, FARTE AL AR - (R SN AE B R 0 B4
ARG AL ¥ A0 X e B2 1) 1 37 19647 5 1
DAk G 7 AR IR W, S5 P AG: DN K 1 P AL B2 5



K FHEE KRR IR AR B R L A U I AR

www.chinacaj.net

2022 455 3

—RHBS UL R RN i R A AR 5

2) BT L2 A E AU Bl T LR A T
BRGRALNS TR P AL A2 AN RIS e K T e N
A FOC 5 DTC SE5EHE K mE AR AL R SRR
R R AR B AR, HAS K i LG AR IR il 5
FIHTIL PR 1125 5 v 382 42 RS 12 Dok
ANEHLT AR B LR B3l . B X 2 X L5 B AR
SR L AT >R 22 FBLKC R BIK Bl 2R G o R B e AL
HR B 255 6 ) BRI AT 00T , i/ INUBLIARRA,

3)AER 3 SR AT 11 26 e 7K i R 2l B2 A 1) il
NS Bri s 2R VP A 8 B NS Sk i ]
BT TR ORHE B LA KT R AL s AT A
L HS R 2 a5 YR U A #EGE] L GTS M
PRAF AL 5 Z YIS AR IR AR A | 18K 5 1Y
HLE A REICAE ) IR XU R 1 B
A (T 2R B 22 208 AR RTINS L 7%
SR RELBIE 5 et HAR A LA Sk, KT
K LT K BEAK S R e R BEAL A L2 7, AT
SRR TR L B O A IR

£ % 3Lk ( References) :

(1] #AE, x| 5, B, % 0 sk & 8 b BoRUFR
PR Bk SRR )]. EEDT 1, 2020, 1(1):78-88.

[2] Bihae, A%, WEE Ry smBoR SHEE[M]. Lot &
Tl R, 2015.

[3] EdBL, & 2R, FhAHE. KRERI LR LR IR [ T].
B 5 Q1% , 2016(16) :5-6.

WANG Jianshe, XU Rong, SUN Youzeng. Overview of the devel-
opment of permanent magnet synchronous motor [ J]. Science and
Technology & Innovation, 2016(16) :5-6.

[4] LIU Rongming. Status of china rare earth permanent magnet ind-
ustry and development trend of the technology ( continued ) [ J].
China Rare Earth Information, 2013,19(8) :3.

[5] EFHM. AKBEEMLCH M) [(M]. dbst. o EAE SR
#,2011.

(6] B, IRIER, 55T, KR AL b S HLAS R 2R 58 b He
PRI M. AU AU Tl R, 2018,

[7] MA S H. Study on the application of permanent magnet synchronous
motors in underground belt conveyors[ J]. IOP Conference Series :
Materials Science and Engineering, 2017, 283.1-8.

[8] #IAZE, W M, B W, % —FhoAn 20K B A KN RE 25
St B L2 B g R Ok [ P ). L CN202111363979. 5,
2022-02-01.

(9] = &, §I0ORT, BocdR, 55, UK BEIR] 25 B B4 o) e 24 %
MATLAB f B[ M. dbat: JEatfiias (R ks ikt , 2016.

[10] X1 BH, #fA3E, B OF JCHUB R 29K S HOR BUAR JR &

I ML), R TR, 2016, 48(6) :26-28.
LIU Yang, BAO Jiusheng, YIN Yan. Current status of driving

technology and hybrid scheme research for trackless tyred vehicle

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[J]. Coal Engineering, 2016, 48 (6) :26-28.

Re—ih. EE S ORI B RK B EFE IR ]].
HLEHLEE), 2017(1) :117.

ZHU Yidi. China’s first “permanent magnet Metro” passed the
passenger carrying operation evaluation [ J]. Locomotive Electric
Drive, 2017(1) :117.

JAMES G, Wieler, RICHARD D, Thornton. Linear synchronous
motor elevators become a reality[ J]. Elevator World,2012,(5) .
141-143.

Wi, Ak, BB, S P E LRI E S
THRERIFSIG[P]. . Z1201811054886.2, 2020-05-19.
MATSUKI Y, DOKI S. High-performance V/f control of PMSM
using state feedback control based on n—t coordinate system[ ]J].
Electrical Engineering in Japan, 2019, 206(4).

PREINDL M, BOLOGNANI S. Model predictive direct speed
control with finite control set of PMSM drive systems[ J]. IEEE
Transactions on Power Electronics, 2013, 28(2) :1007-1015.
SHENG Lianchao, LI Wei, WANG Yugiao. et al. Sensorless con-
trol of a shearer short—range cutting interior permanent magnet
synchronous motor based on a new sliding mode observer[ J].
IEEE Access, 2017, 5.18439-18450

BB T KREBHLIRS R RAEVLE B 3 R 58 A BT A4 i
TSRS D] IRM . T E R, 2021

JIN Tianyu. Study on auto—disturbance fault tolerant control strat-
egy of shearer cutting drive system driven by permanent magnet
motor [ D ].
Technology, 2021.

Bitae, b B, T, S BT k8 1L SR AL
PR 2EP]. T E:CN201710376487. 7, 2017-09-01.
AR AR [R5 W SR R BE IR R R AL R (D] 48
WHLEL, 2017(2) :75-77.

ZHAO Junjie, Application of permanent magnet synchronous

Xuzhou: China University of Mining and

motor in short wall and large mining height shearer[ J]. Colliery
Mechanical & Electrical Technology, 2017(2) :75-77.
MASOUDINEJAD M, FELD horst S, JAVADIAN F, et al. Re-
duction of energy consumption by proper speed selection in
PMSM - driven roller conveyors [ J ]. IEEE Transactions on
Industry Applications, 2015, 51(2) :1572-1578.

B/ pk, 25 9K, AL, S BRI B HLB D RGP
[ . CN201420841030. 0, 2015-05-27.

B, B/, SIACE, A Ko IR R A 6 Bk R
B G IREMEL AR R]. PR [ 2018 5 JX17
5. 2019.1

ek, B, bk, . R ALK eIk 3 &
Gt B O pERIRmE ()], a4, 2020, 45(6) :2116-2126.
YANG Xiaolin, GE Shirong, ZU Hongbin,et al. Permanent mag-
net intelligent drive system and control strategy of belt conveyor
[J]. Journal of China Coal Society, 2020, 45(6) :2116-2126.
ik # KRR R AL - AR S S AR [ D]
TRM AR, 2021

ZHANG Lei. Research on electromechanical coupling dynamics of
all permanent magnet driving belt conveyor [ D]. Xuzhou; China

University of Mining and Technology, 2021.
283



www.chinacaj.net

2022 4E55 3 1 # 52 A F H K 5 50 %
[25] Ofbafls, A3k, BihoR, 5. Uk ML E K 3h R 48 H shtml. 2019-07-29.

[26]

[27]

[29]

[30]

[32]

[33]

[36]

284

PRSI [ T]. LS FERINAE, 2021, 48(9) 9.
HAO Jianwei, BAO Jiusheng, GE Shirong,et al. Active disturb-
ance rejection synchronous control strategy of permanent magnet
motor drive system for belt conveyor[ J]. Electric Machines &
Control Application, 2021, 48(9) .9.

EVETE, SO, B, L RIS HIK R G-
AR AR B S Mo [ )], BEaRaF4, 2020, 45(6)
2127-2139.

WANG Yangyang, BAO Jiusheng, GE Shirong, et al. Simulation
and experimental study on electromechanical coupling model of
permanent magnet direct drive system for scraper conveyor|[ J].
Journal of China Coal Society, 2020, 45(6) :2127-139.

LU En, LI Wei, YANG Xuefeng, et al. Composite sliding mode
control of a permanent magnet direct—driven system for a mining
scraper conveyor[ J]. IEEE Access, 2017, 5:22399-22408.
WA, A R, WERAY, SF. KRG HLEK B AR g 1 AL
T ARG B ARSI [T]. ka5 i,
2018, 37(23) :60-68.

JU Jinyong, LI Wei, FAN Mengbao,et al. Dynamic bifurcation anal-
ysis of electro—mechanical coupled torsional vibration for main trans-
mission system of scraper conveyer driven by permanent magnet
motor[ J]. Journal of Vibration and Shock,2018, 37(23) .:60-68.
B/hak, A, 20, S5 —Fh R R AL R
Rk REBR B RS [ P, H [E . CN201620156767.8, 2016-07 -
27.

EFT e, AKRE AL H KRR LS SR EDFR (D], R
M EE LR, 2019

SHU Zilong. Research on dynamic characteristics of permanent
magnet motor semi—direct drive scraper conveyor [ D]. Xuzhou
China University of Mining and Technology, 2019.

WO, HIAK, Bk &, L —FOFBROKEOB L ek B
IRAHIMR A EALL P, P E .20190976513.9,2019-10-15.
WHEOR, BIACE, K &, S —FhIRIBOK G HLE RE ELOK
A=V AL P]. HE 120190976522.8,2019-10-15.
Xi, XIEm. 7RI LR R G R AN [ 1] 4
AR, 2017, 36(10) :264-266.

LIU Yunxia, LIU Chunli. Development and application of me-
chanical and electro—pneumatic control system of mine hoist[ J].
Coal Technology, 2017, 36(10) :264-266.

THAR, HERR], BN 75 PLEK SN R G PWM 845
IR FHAFEL )] B S 4k, 2015(13) :253.

DING Baidong, TIAN Jinzhao, CHEN Yonggang. Research on
the application of dual PWM frequency converter in mine hoist
drive system [ J]. Science and Technology and Enterprise,
2015 (13) :253.

FRI. 5 IHRTH LR DI ARSI s RGBS 0F5E [ D].
BT YLIRRHCR S, 2016.

WANG Junming. Design and research on high power ac drive sys-
tem of mine hoist[ D ]. Zhenjiang: Jiangsu University of Science
and Technology, 2016.

XUERAR. BRE KGN R IR TS A T 2. [ DB/
OL]. http : //www. ddepe. en/news/201907/120190729 _535280.

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

KNGS R BEANEE TP LA R R ST [ D] KR R
T K%, 2021.

ZHANG Linan. Research on the control system of external rotor
permanent magnet elevator [ D ]. Taiyuan; Taiyuan University of
Technology, 2021.

TAN Guojun, HE Fengyou, XU Zhiou. Low—cost, high—reliah-
ility fully digital control system of direct current hoist of mine
[ C]// International Conference on Control & Automation,
IEEE, 2019.

R 0TI SL IR I L B 2 S BB R K T AR Y
[D].AIMN . P E Gl R, 2014.

WANG Miao. Key technologies and mechanical characteristics of
mine shaft large skip [ D ]. Xuzhou; China University of Mining
and Technology, 2014.

B, INGE, FARA, S5 5T DSP RUKRE H LR A H
ML HiZH R R BRI )]. AL, 2010, 43(7) .
99-101.

FENG Xiaohui, HU Xingzhi, WANG Changli, et al. Study on
vertical transportation system vector control of permanent magnet
linear synchronous motor based on DSP [ J]. Micromotors, 2010,
43 (7):99-101.

BIACE, sk &, B, & mEXELB B
BRI AR 5 FE AR+ R4 [ P] T E L 201911100558.6,
2019-11-12.

BIAZE, k&, Witk & 2 A E L A LA B AR S 1Y
B TR IR i o7 2 4R T R S [ P P 201911100559.0,
2019-11-12.

XD RRRBIEE S KRG A LA B T R S BT
[D]ARM ARz, 2019.

LIU Yong. Design and research on auxiliary lifting system of super
large bucket based on permanent magnet linear motor [ D ].
Xuzhou ; China University of Mining and Technology, 2019.
BIAE, WS, WIS, 45 —FhIE T B KA 41 48 1Y 5
PR TR G P]. PIE | CN202110839415.8, 2021-09~
03.

BIAE, FIRDE, W, 5 —FoR U EOLHE R p e s X
RERFHRE[P]. P E:CN202110839422.8, 2021-09-17.
B, FORE, EIE IR SR R OCHE R BT
L[] IEBRIEHAR | 2016, 44(7) :1-9.

GE Shirong, WANG Zhongbin, WANG Shibo. Study on key
technology of internet plus intelligent coal shearer[ J]. Coal Sci-
ence and Technology, 2016, 44(7) :1-9.

EREE, X W, mREE, S OETE REL (R B BFRE
SRERLI]RABLEEAR , 2019, 47(8) :1-36.

WANG Guofa, LIU Feng, MENG Xiangjun,et al. Research and
practice on intelligent coal mine construction ( primary stage )
[J]. Coal Science and Technology, 2019, 47(8) :1-36.
EREE, B, S ST SRR R RO
BRI T] SR, 2019, 44(1) :34-41.

WANG Guofa, ZHAO Guorui, REN Huaiwei. Analysis on key
technologies of intelligent coal mine and intelligent mining[ J].

Journal of China Coal Society, 2019, 44(1) .34-41.





