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Design and Application of an Electric Control System for a Mining New-Energy
Dynamometer Based on PLC and Host Computer Collaborative Control
Zhang Shaogian'*, Li Fuwei'*, Ao Xinke'*, Liu Xiangyu'*®, Huang Yuanxin'’®, Liu Biyu'*, He Wei'*
(1.Changsha Institute of Mining Research Co., Ltd., Changsha, Hunan 410012, China;

2.State Key Laboratory of Safety Technology of Metal Mines, Changsha, Hunan 410012, China)

Abstract: Aiming at the problem of insufficient testing and verification of mining new-energy electric drive equipment under
typical working conditions such as full-load start, ramp traction, load mutation and long downhill braking, an electric control
system for a mining new-energy dynamometer was designed based on PLLC and host computer collaborative control. The system
realizes the functions of constant-speed operation, low-speed high-torque loading, load mutation simulation, VF separation and
segmented control, braking reverse drag. and fault interlocking protection. Bench tests were carried out with motors of
different power ratings, and field application verification was conducted in combination with a new-energy auxiliary transport
equipment at a metal mine. The results show that when the system is in constant-speed operation, the steady-state speed error
is within 0.44% and the speed fluctuation is within 2.11%. When the system is under low-speed high-torque loading, the
deviation between the actual average torque and the set value is within 2.22% , and the torque fluctuation is within 6.7 %. Under
load mutation conditions, the maximum speed of the system is reduced to 8.6% , and under braking reverse drag conditions,
the peak bus voltage is lower than the protection threshold. The protection tests for emergency stop, overspeed and overload
achieved an accuracy rate of 100% , with a average emergency stop response time of 0.12 s. The engineering application results
show that the system provides a new means for factory inspection, maintenance review, and operational diagnosis of new-
energy electric drive systems for mines.
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Fig.1 Overall framework of the system
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Table 1 Main test functions for mining operation conditions
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Fig.2 Secondary-side control architecture
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Fig.3 Functional structure of the host-computer monitoring system
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Table 2 Tested motors and corresponding mining conditions
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Table 3 Constant-speed operation results of

motors with different power ratings
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Table 4 Results of low-speed high-torque loading tests

ey BN iR RUE

1K 5 BE P

W/ R/ RE/ R/ ShE W/ R
(r/min) (N*m) (N*em) (N*m) [l/% kW s
M1 300 180 176 195 6.7 6.1 2.1
M2 300 380 374 405 5.8 12.7 2.8
M3 300 700 688 746 5.2 23.4 3.6

T 4 Al ARG N 8 F v S PR e S
B B i 2 1 W 7R 1,58 %6 ~ 2,22 Y6 22 [, %t H Igk
S FE P AR 6,700 LY. M 7 il 24 00 % ok ik
TR BT AR (EL P S I 1) A5 5 M2 e i ot ST R T
Rt Dy A 26 T W I 8 5 I3 e i A {1 ) 3R e 1
B IR E I AR B . A R R L B
AREAEY PR R L BRG] R A2 B I A3 R Ty A e (g
i1\ R (5K o1 = Wl TR VA T SSOG  o A IV B T
o T R R A8 KA TR T D e kS 2 g
I3 38 A2 5| RE 1R A7 R BLI BEK
34 HHRTE5HRIENSmM

28 5 70 1 6 3 3 7 L A B b B BR
T2 DR L SRS AR | I SR AR R AR AL .
IR 6], P R L b T B S B IR T L D) ROR
FHL AL 2k B0 (i o i A RE o ) 3 S At U L i 2
S Xof B0 i e 0 S A4 2 R AU T S sl Dk i B
TR I T S e L [ D AR R R R, B
BTHIRIERIE S,



200 g LB R S5 A

2026,46(7)

x5 FEIRRBER

Table 5 Results of dynamic operating condition tests
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Table 6 Verification results of fault protection
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Table 7 Statistical results of key parameters in field operation
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M1 7 AL TP N As AT I R ST s B B e
[0 2.4 00 BRI R AR R W AR E A7 3t



RV EF AT PLCYS Lapth R4z es 7 AATaL R MBIz R %R S5 2 AJ]F LTS FL,2026,46(7). 201

ARAS BT BE 42 5 B P35 5% 3 P BE % 642 r/min,
VAR I ZE 586 N o m, U B 3 18 FH Jy 5 35 4
AL AR F] 816 N » m, 245 Tl
P B e L AR B T 00 ) 2 0 20 B B I 3 R 2
T HHBE 7 A R ) Bh B i B, T SR R 41,8
kW, iz A7 R A 15, Uk B 05t 3 B o o & S5 DR

5 %k

B X8 BT 8 IR il B iz e A E S B N s AT .
BB A= | H GRS AR F B S OHE S AT
D6 IEAS 2 (1 ) B, 83 F T 3 F PLC 5 LA HLP»
[ 2 ] 1 FH B B 50 D ML F 4 R 48, IR 5 45,
90, 160 kW 3 Fifr Ty 28 55 ¢ i AL a0 56 S R 37 i FH 5
WE S E T 458,

(1) R T P  PLC #4625 4
AT DA B A B8 B At 1) Fi 4 R, T S B 06 X 42
BT OB SRR E SR I R il kL i
A1 M4 o0 B A e i 4 AR L T aE . EALHL B 5T
BB B IE SR g5 A L PLC IR 2 2 A
Pl AU B S H0S A RN R BB L RE S T L
FH BT e VR P O 2R 8 T D 336 4 1 B 4 )5 450 S

(2) fH#HE T R KW, 45, 90, 160 kW
HLAL7E 900 r/min ¥ & % 3 T, 7 3 5 3 4 5l 4
896, 902, 899 r/min, 2 A IR 2 40l O 0.44% .
0.22%.0.11% , ¥ ¥ ik h 3 | 55 5 R 2. 11%,
1.78%0.1.56 Yo , i B 3R 0 1 B 4 o A 2 . AT il 2 7E
-k N FA A A AT T AR Y R

(3) I 3 K J o 28 R0 2 25 T 00 3k 3 &5 2R 3R
W, 3 Fr L ALTE 300 r/min 500, 5 R0 I 3 5 L
5.2%~6.7% A ERT A Ry 2.1~3.6 s; 11 3 5 AF B}
B REE TG 4.9% ~ 8.6 %, & & ui e a2 it 1] Ky
1.7~3.1 s; il 3l 52 #i B B 25 B R U {A Sl 612 ~ 645
VAR B S w4 AL 10 B R G R 6% R 40 0 2R AP |
el Az 5| | B AR B B AR RS 4T T .

(D) SRR rh, S G L AR B
JE R A 525 PR B AT T 20 YRR, 1E I R Tk
3R 20 W PRI S VR HE BT R 100 %6, F 30 i
I IE 2 0.12~0.46 s, B R 48 B & B4 19 % 2 0%
BN S HAEALRE T

(5) BN A5 R FEW P8 N 1T P iE 4
G| E R R s S TR R & B RS IE
o Hrh PR NI AT R RSB R 2.4 %0, 3

45| 45 5 586 N« m, 51 2% i A5 % 16

KE) 816 N« m. il Zh R4 ) RIE(E K 41.8 kW, %

KGR B T RE IR H K R 4 TR B R B SR

B INFNIZ 412 Wr 2 A B0dl S 4%

2 % LK (References) :

C1] Ph™4L, a8 X R0 LB 4% 8 71 R gtk it 5

BEFWFFELT 1.4 H il i 5 71 4. 2025(8) : 143-145.
Sun Yanli, Liang Haoyun, Liu Qingwei. Optimization
design and application research of power system for mining
machinery equipment [ J ]. Today’s Manufacturing and
Upgrading,2025(8) :143-145,

(2]  FRWT, Pl o L8 A8 Ak ot 7= 95 5 0% B A FH 28R 42

Thty s L] Vet A 2026,42(2) 1 195-198.
Wang Haoming, Sun Bin. Impact of intelligent
transformation of mines on improving the recycling
efficiency of mineral resources[J]. Cleaning World,2026,42
(2):195-198.

[3]  EEBR, &4 0%, G N T8 AR IR BE 4 8 07 I R A9 £ R

FEHREREFLI]L P EA G4 E %, 2026, 36 (3):
1144-1163.
Huang Lingi. Li Xibing, Li Chuangi. Technological progress
and future prospects of artificial intelligence empowering
metal mining [ ] ]. The Chinese Journal of Nonferrous
Metals,2026,36(3) :1144-1163.

[4] TR O R, . 0 R B IR R AW ER RE

LI M4 R ,2020,40(1) 1 12-14,
Jia Zhigiang, He Zhongxiang, Li Chengyang, et al. Design
of control system for mine flameproof electric drive system
[I]. Marine Electric &. Electronic Technology,2020,40(1) ;
12-14.

(5]  Zi AR THOL = e V- 3¢ B 32 A2 5 i o & g A Ak it [T,

BB TR 5 A 34k, 2024(3) :162-164.
Luo Hao. Optimal design of three-level AC-DC-AC
frequency conversion speed regulation system for auxiliary
shaft hoist[J]. Mechanical Engineering & Automation,2024
(3):162-164.

[6]  TEXUH:.4lid3h % % = Rge & 2B LA e L)) R 4 52
FHH AR .2021,46(15) :28-29+33.

Wang Shuangzhu. Research on bench joint debugging test of
three-electric system for pure electric bus[J]. Automobile
Applied Technology,2021,46(15):28-29-+33.

[7] FaR0 S8 E A0, FUB A, 25 7 i 8% 0 2 AL 6% 3 46 i =0R

BBl ARG A L T v AD R S I AR O R 56 O R O
(I35 RHE,2025(6) :58-63.
Jiao Zhihui, Guo Shengquan, Zhou Xinwei, et al. Research
on test method for heat dissipation capacity of motor and
battery cooling system of non-plug-in hybrid tractor based
on chassis dynamometer [ J ]. Automotive Science and
Technology,2025(6) :58-63.

[8] &g ATMRA 22 W L 45 8 0 4 6 400 2 WL Jih A6 A4 0] X 0
Gt (I 4 2% 2 5T RE 4, 2024, 15(4) : 553-560.



202

g L AR

5 7 X

2026,46(7)

9]

[10]

[11]

[12]

[13]

[14]

[15]

Tong Chang, Ren Shuojin, Li Tengteng, et al
Measurement and statistics of fuel consumption of heavy-
duty vehicles on chassis dynamometer [ J ]. Journal of
Automotive Safety and Energy,2024,15(4) :553-560.

25 g% ARAB AT 2R AT R Wl B R 5 Ak BT T vk
FELI 98 5 HF % . 2019,39(7) :110-113,

Li Yan, Zhu Kai. Research on serialized design method of
travel reducer for crawler engineering vehicle[ ] ]. Mining
Research and Development,2019,39(7):110-113.

KA AR, L L 5% 4% L 45 L T AR 4R ) BT AR IRt R 4 I8 AL
i 3 g i Il e 43 ) S AF S [0 0. A B & R (i 4
2026,78(2) :32-40.

Zheng Silin, Zhan Kai, Guo Xin, et al. Research on braking
energy recovery control algorithm based on fuzzy control for
new energy underground LHD [ ]J]. Nonferrous Metals
(Mining Section) ,2026,78(2) :32-40.

AR AR XV, A5 R T L SR 4 R R R HE R
L] R 2 4. 2022,47(5) 1 2120-2130.

Li Yong, Yang Jue, Liu Rucheng, et al. Technical route of
energy saving and zero-emission for large-scale electric
mining truck [ J]. Journal of China Coal Society, 2022, 47
(5):2120-2130.

PN HE BB A R L B R B R G 56 B it
S5IF R[] AL 3. 2006 (2) :42-44.

Sun Shanhui, Xia Chaoying. Design and development of a
test platform for the motor and drive system of the electric
vehicle[J]. Electric Drive.2006(2) :42-44.

Gong Y P, Jiang Y L, Cheng C, et al. A deep echo state
network with scaling factor activation functions for fault
diagnosis of electrical drive systems[J]. IEEE Transactions
on Transportation Electrification,2025,11(3):7874-7884.
RHOE, E A, 2R R, 4 B Tl B O & R
ARSI RO TRWUFFE . 2026,41(1) :73-78,
Zhu Huizheng, Kuang Meikun, Li Shumin, et al.
Development of integrated monitoring system for mine
winches based on industrial internet platform[ J]. Mineral
Engineering Research,2026,41(1):73-78.

R ICHRTT Bk, A — A LI A R 7 B S
BEALI )AL TR ,2024,53(2) :295-298.

[16]

[17]

[18]

[19]

[20]

[21]

[22]

Li Tianwen, Liu Zhenfang, Wang Bin, et al. Design and
application of a testing platform for motor testing [ ] ].
Mechanical & Electrical Engineering Technology. 2024, 53
(2):295-298.

WO T PLC #2519 87 L B HILE 95 2R 46 1 AL 45 0 R 12 i
(U0t A 6 45 i . 2026 (5) - 25-27.

Xu Wei. Optimization and fault diagnosis of mine self-
electric control system based on PLC enhancement [ ] ].
World Nonferrous Metals,2026(5) :25-27.

Xing Y L, Xu T, Meng C J, et al. A braking energy
management algorithm based on variable time domain and
PHEV [ C]//2024

operating condition prediction for

International Conference on Electronics and Devices,
Computational Science (ICEDCS). New York:IEEE, 2024
548-552.

Shang H, Song Q, Wang G F. Research on dynamic load
emulation algorithm for electric vehicle driving motor test
bench [ C ]//Eighth International  Conference on
Electromechanical Control Technology and Transportation
(ICECTT 2023). Bellingham:SPIE, 2023:181.

Qiu Chengqun, Wan Xinshan, Wang Na, et al. A novel
regenerative braking energy recuperation system for electric
vehicles based on driving style[ ] ]. Energy.2023,283:129055.
Szumska E M. Regenerative braking systems in electric
vehicles: a comprehensive review of design, control
strategies, and efficiency challenges[ J]. Energies, 2025,18
(10):2422.

AR T 0554 T H 3l JC B0l D a8 ke o T IR T G i
FARD IR EH AR 2021,49(7) :118-123.

Ren Zhiyong, Shi Qin.

mine-used

Development status and key

technologies of electric auxiliary trackless
transport equipment [ ] ]. Coal Science and Technology,
2021,49(7):118-123.

B R IR S0 T F ) 40 R TR B R T 5% AR
SRR MERFHER AR 2023, 51 1) :343-350.

Feng Yanbiao, Shao Junkai, Yang Jue, et al. Research
status and prospects of new energy technology for mining
dump trucks [ J]. Coal Science and Technology, 2023, 51

(Suppl.1) :343-350.



