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Multi-factor influence analysis on ability of cleaning mechanism for

frozen and sticky coal under train car for safe operation

XU Xu, MA Pengfei, LIN Xuejian, LIU Qianshan
(Open Pit Coal Mine, Guoneng Baolixile Energy Co., Ltd., Hulun Buir Inner Mongolia 021008, China)

Abstract: In order to increase transportation efficiency, improve the safety of workers, and enhance
cleaning efficiency, the discrete element modeling-multi-body dynamic simulation ( EDEM-RecurDyn )
method was proposed to analyze the cleaning ability of the cleaning mechanism. Firstly, EDEM-RecurDyn
was used to analyze the stress changes of the hob, and the three factors that affected the stress of the hob
were obtained: the rotating speed of the drum, the dragging speed, and the depth of cleaning. The
reference range was determined. Then, the response surface was used to carry out the three-factor three-
level test, and the cleaning energy consumption ratio was obtained by analyzing rolling. The quadratic
fitting polynomial was carried out. Finally, based on Matlab, a particle swarm optimization algorithm was
used to solve the parameters. The results show that when the drum speed of the cleaning mechanism is
78 r/min, the traction speed is 0. 05 m/s; when the cleaning depth is 100 mm, the cleaning mechanism is
subjected to the least resistance and the lowest energy consumption.
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Fig.1 Influence of freezing and sticking temperature

on bonding strength of normal and tangential freezing
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Fig.3 Variation of mean peak value of tangential

force with rotating speed of drum
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Fig.4 Variation of mean peak value of tangential

force with traction speed
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Fig.5 Variation of mean peak value of tangential

force with cleaning depth
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Fig.6 Response surface of different parameters to

cleaning energy consumption ratio

B, ARG B BT 32 BH T3 35 /0y 05 9 RE FE R A1
THHFERT S5 JLF R R 255 % 8, 8 i Matlab #1014
PEATRLFRERE T DL R ) Sk R R £ H
FrAt Ak 0] 5K 5 A M, DR Ak kAR 25 R &l 7
F7R o

N7 AT LA R R A AR B L s )
JOEARE ) 20 AR B PR, T LA 35 30t PR R - B B ok
Ak, %5553 K 78 v/min A FEE N 0.05 m/s .
THHEVR B 100 mm, b B 35 49 78 £ fe A8 b e IR R
0.22 kW-h/m’ , THHHERER B



hoE e B o e $34%

- 100 - China  Safety Science Journal 20244
0.228 0.230 1
i 222; I 2 0228 +
% 0.225 50226 -
S 0224 | 3
e | W 0224 +
gé 0.223 =
ﬁmng zzj ﬁmng 0222 |
0.220 . . " . . . . . " ! 0.220 L L . . L i
0 5 10 15 20 25 30 35 40 45 50 0 10 20 30 40 50
RARBL RAKBL
() BT BESEMRAE 1 (b) WA B Sk A 45 R
7 2WEERLUER
Fig.7 Optimization results of two algorithms
5 & B SR 7 fe/ T L REFERARAT 11z 3h 24K
=A

MR FE N 78 r/min E5|HEE R 0. 05 m/s G

1) @ S SRR IR BN 2R T1 01 TRBE 100 mm I 3 4 HLRA 76 3 41 RORS P2 ML 7 v
RN PR I R ARCR R EE N FONE AR BEFE LR AR 0.22 kW - h/m’, Y
FIRE IR A S 22 5 | PERERAIL

2) 8

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

1d Matlab i FHEEALRIEDEAL T,

2 % X #

2R, FEE, 2. UHMWPE 24 RIEAMRBE S0 2B REBBEZIWREINI]. REINZ,
2020,11(20) :18-21,25.
AN Da, WANG Chunhua, JIANG Hongxing. Coal freezing adhesive interface structure , strength and the influencing factors
of roughness on UHMWPE matrix material[ J]. Heilongjiang Science, 2019,11(20) .18-21,25.
PRelEs , 8, 368068, . EF ANSYS/LS-DYNA 8/ \UREe RSN S0TH S LI]. fISIWEni,
2015,37(4) .98-101.
CHEN Hongxia, WANG Chao, GUO Yangyang, et al . Structure optimization of snow throwing blade of small spiral
snowplow based on ANSYS/LS-DYNA[J]. Manufacturing Automation,2015,37(4) :98-101.
H207T. BNTURBEE FHBVHBIDAALT]. IRRRIZEIR, 2008(2) :59-61.
NIU Jiyuan. Development and application of horizontal screw type mine car cleaner[ J]. Coal Science and Technology,
2008(2) :59-61.

BiX, 0ER. BERAVSEIEDRESHZOMEDHLI]. THKRZZR. ERRZER, 2004(5) .
380-384.
TIAN Jinyue, XIANG Huarong. Analysis on parameter influence laws and milling resistances of pavement miller[ J].
Journal of Jiangsu University :Natural Science Edition, 2004(5) :380-384.
IEXF. BERASSBEGHFIERSFSECHALD]. K& SMKZE,2019.
WANG Xueying. Research on adhesion characteristics of road snow and ice and pavement and snow removal theory[ DJ.
Changchun ; Jilin University,2019.
DONG W, DING J, ZHOU Z X. Experimental study on the ice freezing adhesive characteristics of metal surfaces[ ]].
Journal of Aircraft,2014,51(3) .719-726.
PRz , FHEhT. KM AR ]. ELIKFIKBARZZR . BRBIEMR, 2015,36(3) :40-43.
GUO Yingkui, MENG Wenyuan. Experimental investigations on mechanical properties of ice[ J]. Journal of North China
University of Water Resources and Electric Power: Natural Science Edition,2015,36(3) .40-43.
EBRR. ABFRNRENZIERERINENRMAZ[ D]. 8K, BKKX,2018.



R 1 BRI 7% A IRV R B IUR A 2 1 B 3 - 101 -
REN Minglong. Experimental study of the effect of freezing on the mechanical properties of raw coal[ DJ]. Chongging:
Chongqing University,2018.

(9] AUTUMN K , SITTI M , LIANG Y A , et al. Evidence for van der waals adhesion in gecko setae[ J]. Proceedings of the
National Academy of Sciences, 2002, 99(19) .12 252-12 256.

[10] Z&RNT. CNEEEFRESKRGEERMARLD]. BR: ERMEMKAKT,2020.
LI Kanggiao. Study on the strength characteristics of frozen adhesion at different solid phase interface[ D]. Nanjing:
Nanjing University of Aeronautics and Astronautics,2020.

(1] &%, 2R, 818, 5. JUPHEM R SKEVARIARM)]. KEETKRFSR, 2004(1):77-79.
SHANG Guangrui, YANG Xiaodong, JIN Jingfu, et al. Research for freezing-adhesive-coefficients between some
engineering materials and ice[ J]. Journal of Changchun University of Science and Technology,2004(1) :77-79.

(12] IhgE,s V,.Bs XENRESENCRENEELZ S EAMAERINL)]. PELZERNFFIR, 2018,28(8):
55-60.
SHI Jianguo, GAO Guangcai, TENG Rui. Multi objective optimization of shearer drum parameters and its influence on
strength of rocker arm[ J7]. China Safety Science Journal, 2018, 28(8) . 55-60.

(13] B8, 7BR, 26,5 EFMEr FZERRNE WSN RIFENCEBHEAR[)]. PELERZFR, 2023,

33(10) :207-213.
ZHOU Zixiang, YU Xiuwu, PENG Wei, et al. WSN particle swarm optimization routing algorithm based on nuclide
monitoring of uranium tailings pond[ J]. China Safety Science Journal, 2023, 33(10) :207-213.

EE®: M (1983—) 5 A07 P A, Ml g TR, 32 2 NS ek
S B Iy T ) TAE, E-mail : 11550549@ chnenergy.com.cn,,



