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Research on rigid-discrete coupling effect of scraper conveyor under

different working conditions

WANG Xuewen'?, MA Haozhou'?, LI Bo'?, ZHANG Peilin'?, XIA Rui'”
(1. College of Mechanical and Vehicle Engineering, Taiyuan University of Technology, Taiyuan 030024, China; 2. Shanxi Key Laboratory of Fully-Mechan-
ized Coal Mining Equipment, Taiyuan University of Technology, Taiyuan 030024, China)

Abstract: As the key equipment of fully mechanized coal mining face, scraper conveyor undertakes the main task of coal transportation.
The movement and mechanical behavior of coal have an important impact on the design and failure analysis of scraper conveyor.
However, the working environment of the scraper conveyor is complex and harsh, and it is difficult to carry out effective research and ex-
periments. The interaction effect between the underground scraper conveyor and the coal cannot be analyzed in the real test, based on the
discrete element method and multi-body dynamics, the rigid-discrete coupling simulation model of the scraper conveyor was constructed,
and the simulation model under normal working conditions was verified from the perspective of bulk materials and machinery. The simula-
tion models were set based on different working inclination angles, different strike inclination angles and different traffic conditions, re-
spectively, and the rigid-discrete coupling effect of the scraper conveyor under variable working conditions was studied. The results show

that the rigid-discrete coupling model of scraper conveyor based on discrete element method and multi-body dynamics can effectively sim-
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ulate the transport conditions of scraper conveyor. Under normal working conditions, the coal movement presents a heap-like intermittent
distribution, and the coal accumulation on the front side of the scraper is more than that on the rear side of the scraper. With the increase of
the working inclination, the highest point of coal accumulation gradually moved towards the rear scraper, the average force on the deck
plate gradually increased, and the average force on the rear scraper gradually decreased. With the increase of strike inclination, the highest
point gradually shifts to the inclined side, resulting in uneven distribution of coal materials in the line pan, making the stress of coal materi-
als on the inclined side greater than that on the other side, and the stress of the chain fluctuates, and the synchronization of the two chains is
poor. With the increase of the transportation volume, the average force of the deck plate and the scraper gradually increases. There is an ef-
fective conveying area in the scraper conveyor conveying process. The coal material speed in the effective conveying area is basically the
same as the chain speed. The coal material speed near the chute wall is gradually lower. The wear of the deck plate is related to the coal
particle - deck plate - scraper (chain) contact and when they form an effective three-body contact, there is a significant upward trend in the
force and wear on the deck plate. The research results provide guidance for the subsequent simulation model construction of scraper con-
veyor wear characteristics and fault analysis under different working conditions, and provide a reference for the analysis of r rigid-discrete

coupling effect of scraper conveyor under different working conditions.

Key words: scraper conveyor; coal transportation; wear of the deck plate; chain; scraper
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Fig.1 Geometric model of scraper conveyor
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Fig.2 Contact restraint of various parts of scraper conveyor
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Table 1 Intrinsic parameters

PRAEXTS HE/(kg'm ) FYh/Pa HELNEA
HE 1229 4.7x10° 030
A 2600 5x10° 0.35
Ed 7850 8x10'° 030
F2 EMSH
Table 2 Contact parameters
PRAERT 5 B FEL TR HE DR 4K B
P 0.64 0.329 0.036
ST AT 0.53 0.3 0.027
- 0.65 0.46 0.032
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Fig.7 Diagram of scraper conveyor laying
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Table 3 Setting of working conditions for laying

T
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T AR50 0 2.54 —9.48
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Fig.8 Diagram of working conditions for laying
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Fig.16 Stress of coal under normal conditions
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Fig.17 Stress of coal under downward conditions
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Table 4 Stress time and average force of deck plate
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Z

5 4000

% 3000

ez

= 2000

£ 1000 f

o i

= 0

it

i []/s
18 FREFHRZAH
Fig.18 Force of scraper and deck plate
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Fig.19 Force and z-directional displacement of scraper
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Fig.20 Force on scraper under downward conditions

BEA T3z A B BN, 8 24532 00 23 5 BN
B iz LT ISR AL B AR 32 I
BLANIEL 21 F7w, AT LA kA2 5L s 23085
IR A LRSI TR UL 2 bl Rb & s R A
A REE 21 PR 1590 4 s JEEERZ )
LR AT LA, Tekiizs i A2 il o ek RAE R AR
() A b i H] 2> B3R 4532 1 9 AR 1E

~— EHLH - Fis 10°
—— NIiZ5° -+ Fiz 15°

i H)/s
H21 TEIRELZA

Fig.21 Force on chain under downward conditions

314 FAREBBEIL

T2 O Ao E RGBS An 22 BER, BE i
VRIE N WA BT A S BE B B R, ] LA A
4 Fofr T 50 S 0 A [], 33 2 T L el v S P A
AR D HERE R O R B AR S 8 R A R AN
1.6 s ZEAT B, TEH 00T rhopR BE S R B 3 — > B
B B TF, X0 T RS AT R R v B S R AR T Bl AR
ARk ) R 6, ARESIORE— R AR =S M (5% ) T B — 1R 2 ik
PR R AR B s s ZIER TS T
iz 5O EE R EE SE AR AR ], g 10° T30 B 4 v
JFEWEAR, 33X J2 T 5 7 11 9 o {4 B i 326 AL
TR 10 i iz 2 i 35, JERHAE rh S 9 43 A 3

198

A1, B N SR ORI > . T 15°7E 4 s JR 1Y
PESA TR U] W A, d E 21 AR T
A e A (B ) A AR 22 (8] S BB 5 IR
SN
32 fARTR
321 HEHZ AR

AR 10° T 00 T ] 32 3 dnE 23 fow, Bl LA
F RSP SZ TR AN —3K, B X IERE3Z T
KT A XS, BB BORE B BEDLYE R mm, 3% 1]
A XA B X8 F-4432 T LUAE (F o/ Fy) 47X E, 1E
B TOLE FuFg=96%, iR} 5° TOLT Fy/Fy=86%, i
FH0° T T Fu/Fy=70%, Fifizs & i O ANWHE A, 18
Rk ) ASHIU AR, 1 RS2 01 KT 55—l

0.150
= EH T
0.125}F o [ig s°
£ -4 Tiz 10°
£ 0.100 -« Fizg 15°

o
& 0.075

X
#a 0.050 -

0.025

0 1 2 3 4 5
RGNS
22 TEIAERREE

Fig.22 Wear depth under downward conditions

IS
=]
FERLITS2 5 1N

W23 M4 10T RERZAH

Fig.23 Stress of coal under the condition of inclination of 10 ©

322 #EZAHERL

SRORHE AT AE x 7 [0 0 A AN Y BN SR B A2 T
W RIS, iR T 4452 S n ik 24 Br
N, BE 2 AR WARMN B EE . PT LUE AR IE R T
T, #EARZ SR, I R IR AR A, B
) B 3 R, % 2% 52 JITERI G B BORE AR [R) 255 7R
SEIB B B, B2k 1 B o, L AREESZ
BRMZES, 55 2 %2 1 & T4 1 ZEEBHEL,
THETBERS, BE4532 10 SO IR S IR R D
323 &L HERL

B[R] — X455 20 43 3l B 1 00 5 Rt 100



F2ATCE . AR TBUAAE T EIBAE MR B & M7

2023 4F55 11 M8

T TR SRR B sz ) (& 25) . 7
0~0.9s WEEFR SEEFE MGG, B T A e 3R P A6 A
SR D, Bl 2% SRR IO i ) B AR S — B i
Stk 7E 0.9~ 5 s INEEAHT B 81 M a5 IR, LR
IR SR B A, e 1R 0. 5.35 s A IR I
BE, BER S EEACWEA, U SR P A R, 4 2%
5 HE R A il 1 e SR AR IR T 2 RAE R, IR T
0 T 4568 FMBTRE 10° T 00 N &E 1 3 shi 42, fi
B 10° TALA T 8E 2 WU sh B & T565 1. a5t
BOIE R T OURMBAL 10° T 00T P &4k 51 ek je i
fih oy 0 22 (H B YME, IEH T NS B R e
BT 2E(E R 54.13 N, 8 T80k 18 015.64 N.
55 1 24c AT, B TR T A0 A5 BORHE
oA A3, BRI EVES P SRS A — 2 1Y)
K 07 2%, AR 5E 4% 5 Bk e R Bl O AR E —E Y
ZE{H.

BRSP4 J1/KN
—_— N W A W
S SO OO O

i} [8]/s
(a) 1IEH T (4} 0°)

— WA
S Lo w!nmowm

BESKHTSZ 5 TI/KN

iy /s
(b) iR} 5°

524 71N

BRI

i [al/s
(c) iRt 10°

H24 MWMATRESTS

Fig.24 Chain stress under inclined working condition

552 575 5098

‘ I 8]/
—— WAL 0ok 1 —— IR} 04 2
IR 10088 1 —— f3UR} 10°-4% 2
K25 #E5HRZA
Fig.25 Force of chain and sprocket

33 AEEZEEIR
331 PmZAER

ANl iz & T il sz g i el A 12532 0 D
5. ATLVE M PARWI IR AZ T A A — 3
Tz A3 N, 300 ke/s Al 400 kg/s T30 T HERHR
B b fa e il . 400 kg/s T R &5 —35 FPAROE
¥152 J1/NT 300 kg/s, & Tz K, —#B o HEk
TERE RS ALY B T HEAR, FLAR YRS — 1 vl i 52
BF )R] DA, — 3o Bk BB AE T 58— i
5 T rh R oA rh o RS 1) 52 ) B R A A A Y
KR 2= P HRAE 300 kg/s THLF 2 1K,
454 2.3 AR RS TR S S Fr T,
Bz fE 1A B iz X B, 400 kg/s h Tiz#id oK,
SRR A B BT S, FERE S AT RO, il
3565 =Rz 17T 300 kg/s T

x5 HEEZARBIEHZNE

Table 5 Stress time and average force of line pan

it/ (kgs ) 200 300 400
S — PRI LR 22 IR /s 0.37 0.36 0.37
B PR E BT AR /s 0.39 0.36 0.37

H—TPRTZ S AN 94497 2069012 18204.95
F— TR A I PHEN 1230928 368790.16 334273.50

S AT PRI AR 32 T Tk /s 0.41 0.40 0.37

5 AT PR E W AR I [ /s 0.41 0.40 0.40
BEPRITZEIIEEN 137149 481230 6180.27
HHR T2 G BN 29 898.97 361 230.74 504 672.73

S =R AG Z JI T /s 1.81 1.74 1.47
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Table 6 Average force of scraper and mass flow rate
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Fig.27 Wear and force on the deck plate under

different traffic volumes
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