55 50 45 1 P2 R 2 Eird Vol.50 No. 1
20254 1/ JOURNAL OF CHINA COAL SOCIETY Jan. 2025

kBN FEIRE R EVAN-BERBEHNFETA

BiE', 874, 4%, THE, TS % B

(1. PEF AR dba) AU S AR TRRARE, bt 100835 2. W EH I AE HLHL TREABE, 1195 440 221116)

H E AP SR E AR ST T BALIR S R A SRR, TAFRRAR S AR KA A IR A IR R
TREAE R LRI TEE TR RTR T AEFEA, Xt T —FH AR IF AR R %, F)
A MATLAB/Simulink 15 B3 5 & XA T K AEF A IR AR E L HL— 848 6-3h /) 474 .
B, R TREEVHIRSH A, L SGZ1000/2000 A &R HriE A A 4], it T —FFREL B AF A IK
R, TART B RAAXELAMRIT., LR, FEREHRADHFHEE, ATREZNF
P2 A B AR A H RS R A EII IR AB 53 ) A5 AR, @iy AR R T KA
BALF AIRE R IEIE A TN T -85 N AT H; SREAN . KESHIFE AR ALE
THRRBNEFERE, ETFEREARKEEHB R IALTIAT, % ENRk THRET, Wb
ik 5w AR ik M AR B AAT; ERFBRNE AR EET, M5k E, mikF 5K
SR ERRRF, B, EMNEKEMBEESBLGRIEBRK; MEAFTFREIEMBLEEE R
B, JEBMKGHIRAARAIL, KAEEM), BR, ARARBEEARZARES, TAS
BRBHEVELE HR B ARG, 33T AREEIFE AR R A0S S4FE, REER 594846
I FEBGGALERARA -, %G, ATESRABEELAK, BEsLRBEINF HIRZR L
S5 %F 5 whIES 2 AW HARLGEIFE] . REEIFE AR AKAEA R R LGEHEHY®T
BohF e MIEs 2%, 20T 163% L, TEERZF LEHELH TR, AT
B A G EAREE T e R

K Bl E A R ALK HHE ) K ERH) - B8 N F

FESEES . TD528  XEIFEEME:A  XEHS:0253-9993(2025)01-0065-16

Electromechanical coupling dynamics behavior of permanent magnet motor
semi-direct driving scraper conveyor
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(1.S8chool of Mechanical and Electrical Engineering, China University of Mining and Technology-Beijing, Beijing 100083, China; 2.School of Mechanical
and Electrical Engineering, China University of Mining and Technology, Xuzhou 221116, China)

Abstract: Aiming at the problems of low transmission efficiency and high energy consumption of the traditional induc-
tion motor drive system of the scraper conveyor, and the radial size of the permanent magnet direct driving system which
is too large and difficult to be installed in the downhole working face, a new type of semi-direct driving system of perman-
ent magnet motors is designed, and the electromechanical coupling dynamics behavior of the semi-direct drive scraper

conveyor of permanent magnet is investigated by using the simulation software of MATLAB/Simulink and the test of the
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bench. First, a semi-direct driving system based on permanent magnet drive technology was designed using the
SGZ1000/2000 type scraper conveyor as an example, and the key parameters of the drive system were designed. Then, the
dynamic model of the gear transmission system was derived, and a simulation model of the electromechanical coupling
dynamics of the permanent magnet motor semi-direct driving scraper conveyor was built based on the state space equation
modelling method. On this basis, the electromechanical coupling dynamics behavior of the permanent magnet motor semi-
direct driving scraper conveyor under various working conditions was investigated through simulation experiments. The
results show that the semi-direct driving system of the permanent magnet motor could realize no-load and heavy-duty op-
eration, fast response of output speed and electromagnetic torque, and dynamic adjustment under the three working condi-
tions of no-load start of constant coal drop, non-constant coal drop, and full-load start after failure; At the moment of start-
ing and under the sudden change of load, the chain speed, acceleration and tension fluctuate significantly, among which
the fluctuation peaks are largest in the sprockets of the head and tail; as the fluctuation peaks of the chain transmission de-
cay, the farther away from the head and tail sprockets, the smaller the fluctuation peaks. The fluctuation peaks are attenu-
ated as the chain passes, and the farther away from the head and tail sprockets, the smaller the fluctuation peaks are.
Again, using the permanent magnet motor semi-direct driving system test bench, the simulation test of no-load start-up
coal drop and full-load start-up is carried out to obtain the dynamic characteristics of the permanent magnet motor semi-
direct driving system, and the test results are basically consistent with the simulation results of the electromechanical coup-
ling dynamics model. Finally, based on the experimental performance parameters obtained from the permanent magnet
motor semi-direct driving system test bench, after comparing the output torque, electromagnetic torque and other driving
performance of the permanent magnet motor semi-direct drive system and the traditional induction motor drive system, we
could see that the driving efficiency of the permanent magnet motor semi-direct driving system is better than that of the
traditional induction motor driving system at the full load point, which is at least more than 16.3%, which could signific-
antly improve the power saving rate of mine transportation equipment and help promote the development of mining in the
green and low-carbon direction. It can significantly improve the power saving rate of mine haulage equipment and help
promote the development of mines in the green and low-carbon direction.

Key words: scraper conveyor; permanent magnet motor semi-direct driving; gear transmission; vector control; elec-
tromechanical coupling dynamics
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Fig.1 Schematic diagram of permanent magnet semi-direct

driving motor structure for scraper conveyor
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Table 2 Key parameters of permanent magnet motor

semi-direct driving system for scraper conveyor
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Fig.5 Schematic diagram of the electromechanical coupling model of the permanent magnet motor semi-direct driving scraper conveyor
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Fig.9 Electromechanical coupling simulation model of permanent magnet semi-direct driving scraper conveyor
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Fig.11 Unsteady coal falling simulation curve
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Fig.12 Simulation results of unsteady coal falling conditions

R M EAFAE U, IR SR L R AL AL Y
R 2R 3ERE Hh B e B, ML AR B A s B A
w THLKER . PO HLR L HLS 3l i sk A i e
2o SRS ORGSR, T E R A i i A i B
TR, S ENLL I /N T R i sl 2x b
F IR AT, TE5 10 s SRl 2545 a5 14 2 B ] 4y
TERUE HEE 1.8 m/s, I /N 2 0, R RGO
AFEIBIPIRA, X5 LSS R E A PR —
B 5 8UR 3 TOUHXS L, T EUR 3h T, 884
B AL | INERE A S (] Bl sl B O R, S
WA T 00T B A 14 LR BB o 4 B B IR
B, MRS —E G bR, T2 0] B Ak iz
BELJT WL /N TR B B, S BT A S B SR I i A

STk AR T A A
34 HERETEREDRAEHESN

it —25, WAL-F RN G 3l ) B an i 14 By
AN IR v TN R 0 R b v S R Tl N QT S E I 2 DA
B SEAIE S5SNI AT . BT
(HFR S5 HAL bR R 7 R A

s 2o 7 T 58— G0 S8 L 60 B8 1 2 n
15 iR . #E55 S Rz B npi ki e, 55 —RAT A
RS IR A RS G, Hoh KRR L AT R
59 1 J8 Y LB L 8% B T i 4 B R 5.5%107%,
—3.5x107* 5-2.7x107 m, SRS AL, 235 1
T T 49%, 48.6% 5 33.3%. X FKW, fEvhdi &k r T,
B—RK AN RGN AL, SR ZE ™,



551 B RAE KRG EIKE S XL S 3h 1 # AT 75
70 2.5
60 - m —1
Tm T 2.0 —L
= 50 .
=} Z
= 215
< 30 E o~
=) i 1.0
ol = ~
s
10
0 f;' IIO 1I5 20 0 ; IIO 1I5 20
IS al/s If (/s
(a) LK HUR ZKHE ro AL LB 2 25 i 1 Ak ot 2% (b) WLk S HLR AL R EL X 2R Gl L r e 0 it 2k
3 60
! 40
o6 :
7 g 20
£’ & o
= 2 R
= = 20
00 *400
0 10 200 0
10 200
oy 400 ), 400
s B 000 k™ N I
(c) TIRR I WLBE 2% & U L 25 (d) TR AT AL B 2% 7% s ol 2
K13 e ilan s ol HAs
Fig.13  Simulation results of full load starting condition after fault
Sof RHAERIE 53 E e E R 5K 14 -2,
2\ St AT 3o 2 5 5 6 R R T AL A R
Z 16t B3 AT N e WA 1 RS
= ~ N S S s
g HIZ% 5 RIS, FEP i, S —2% . 5 2RI
wl2r B 54T R Z 18] A A TR e Y A2 AR R 23
Ho . . . . 26107, 4.1x10™* m, M55 —Z% . 5 N 51T
0 2 4 6 8 10

i A /s

K14 ki A
Fig.14 Impact load input

PRI AT A VA5 R, i 7 38 A PR

G RS = o N O TR R VA 2ot )
S, I 4 BB K A AL ik v
AT AR R R R A AR B

H 4 A3, 75 S B R AR AR T, 25 g K e
B AT BRSSP O P B RS 7 A AR AR 4 ) R
6.2x107*, 5.9x107* 5 4.8x10™* m, ZE5H I W] B KT
B—PATRI R XFRM, KWL EIK RS N
1R DG 00H 2 B LS (R i Ll i 5, 7 otk
far I, I i A\ SRz, A% 57 F% 6 B

T 05 5614 3 R e AL 0 3 5 B AR T o 4k
PESER, M 48 1] A ShAS G & 1 R Vi e IV I & 4R 1
SR AR 5 - 2 kA T R A TR AR, DR bk By A

B 22 [E] 1 M AR B B 0 AR AR L4 B 4.6
107, 8.8x10™* m. X EW, 7 vh i 8 T, N4 1B 5
17 R Z A 2 R RS 517 A fe 2 [a) =
A A O A L, [, 5 AT R A R I
PARIE A B B R T —RATE R R, X 5 vpd 8
TR G R R AR — S

H 3¢ 6 nI1H, 7656 S Bhopib iy T, 38— 2%, SR
PR BHFE 547 B 5 Z 8 1 sl A Wi A 1 W 53 51 R
4.6x10°, 1.2x10° N, TisE—4% . 5 Nk 5172
B 2 18] B B 25 0k A 7 0 {5 4 0 N 5.8x10°, 1.7
10° N, XFEW, 8 Rt RN RN EES T RT
B—GAT W RSN 5 T, FAR B Sy 2
W 5 AR LA — S

4 BIREEVAEENFERRESRKR

AT 23R AR v AR s AL B 3 T
%5, H AR A LB o By A A 5 22 ARG, 1T H i



76 # %

F #®

2025 4F55 50 4

i E]/s
(a) NP =

Hi#%/10% m

I 8] /s
(b) 1T R &
0
-0.5
E-10
S -1.5
ﬁ\&
=20
-2.5
-3.0
IR 1) /s
(c) Nk PTG (O s 1

K15 ehaydfir BoR— ke L 1082

Fig.15 First stage gear torsional displacement under impact load
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Table 4 Second stage gear torsional displacement

under impact load
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Table 7 Parameters of permanent magnet motor semi-direct

driving system test platform
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Fig.17 Equivalent scaled load torque of dynamometer

under no-load starting condition
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Fig.18 Output characteristics of the drive system under no-load

starting conditions

TG PRI LK 2R Gt L R e 4] 18b
Js o BRGEvhint ] Ab, it AR BUE 5 22 a3
ST EAR 2 XRW, AR ILE EIK R
Gt e A% R 17 AR, B R A AR R
etk
43 EHRFHAW

SRS i ALY B AR 4 e B
SRR, WOR AL 19 I 09 6 2807 50 ph 2 i A 7k



78 # %

F #®

2025 4F55 50 4

B sk Sk mE R AL BUAK AR GE 5 I Eh AL 32 2R 1
orbily, D HLH N 2 s T G ], 222 i 5 2
K 20 Fir 7= B 2808 B 00 B 2R Geka e

1200

1000
800

600

EESE/(N - m)

400
200

0 5 10 15 20
I} [ /s
19 R 3h 00T S5 R0 I D BIL 7 2
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Fig.20 Output characteristics of the drive system under full load

starting condition
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