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Abstract: In order to study the vibration characteristics of shearer’s spiral drum under various occurrence conditions, the coal-rock con-
tact model was optimized by taking the MG2x55/250-BWD thin seam shearer as the engineering object, and discrete element model of the
coal wall under various cutting conditions similar to the actual occurrence conditions were established. Combined with DEM-MFBD (Dis-
crete Element Method-Multi Flexible Body Dynamics) two-way coupling numerical simulation method, the two-way coupling simulation
platform of the rigid-flexible coupling virtual prototype model of the shearer cutting section and the discrete element model of the coal
wall was built. Through simulation, the cutting process of the spiral drum under different coal wall working conditions was obtained, and
the variation law of the vibration characteristics of the spiral drum under different occurrence conditions was analyzed. The results show
that: during the cutting process, the spiral drum vibrates to different degrees in three directions, of which the vibration acceleration in the
cutting resistance direction is the largest, the vibration acceleration in the traction resistance direction is the second, and the vibration accel-
eration in the lateral force direction is the smallest. With the increase of the hardness of the gangue and the proportion of the number of
layers in the model, the vibration intensity of the spiral drum during the cutting process continues to increase, and the difference between
the effective values of the maximum vibration acceleration reaches 4 403.149 mm/s>. The short-time Fourier transform was used to con-
vert one-dimensional vibration signal into two-dimensional time-frequency spectrum image, and the characteristics of vibration informa-
tion change under different working conditions were well preserved in time-frequency domain. The feature sample effect of time-fre-
quency spectrum image is better than that of time-domain one-dimensional signal curve under various working conditions. The informa-
tion such as the location, scope and shape of feature cluster of dominant frequency energy have obvious differences. Even if the number of
rock parting is different, the distribution form of energy characteristics in the time-frequency spectrum image is also significantly different
under complex working conditions where there are differences in the firmness coefticient of the rock parting. Through vibration modal
analysis, it is found that with the increase of the hardness of the gangue in the coal wall, the deformation of each part changes, and the
change of the pick part is the strongest. Building a vibration signal testing experimental platform for shearer based on similarity theory.
The cutting process of spiral drum under different working conditions was tested experimentally. By tracking the vibration state of the spir-
al drum, it is found that the vibration change law is consistent with the results of the two-way coupling numerical simulation. The error
between the effective value of the vibration acceleration of the spiral drum obtained by the DEM-MFBD numerical simulation method and
the experimental data inferred based on similarity ratio is smaller than the error between the DEM discrete element numerical simulation
method and the experimental data, which verifies the accuracy of the DEM-MFBD numerical simulation method. The research results are
of great significance for the working reliability of the lifting spiral drum, and also provide a new method for obtaining data signals during
the construction of the coal and rock cutting state recognition system for "unmanned" intelligent mining.
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Table 1 Contact parameters between coal-rock particles
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Table 3 Contact parameters of shearer cutting part
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Fig.9 Three direction vibration acceleration curve of spiral drum under different the coal and rock conditions
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Table 4 Three direction acceleration value of spiral drum centroid
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Table 5 Parameter setting of STFT transform

28 SRR

R B
FEAKEEL 1025
R L, 256
HINEGEL, 248

3.5 IS — It T (& 10b) H 34540 ) e B A
R A AE 50, 270 Hz &b BERY R FEVE 250 1.4,
i SJ A (14 1% 1P 22 E0CA 5.1 (8 — 2 e iF i T

7

1 000 8 000
800

600

400

200

I 6] #/s
(a) & TH

F

1000
800

600

400

200

INFIE] #/s
(c) & — EHEJeAt L

(Pl 10c) H 32 A4k r) E 8 7 AR 46 P 20 A5 £E 20, 520
Hz Ak BRI 1R R ECh 1.4, ety 0 [T 1 2R 450k
3.5, BEJAT Y M PR R BON 5.1 /Y& )2 Je bt T 50
(P 10d) H AR BERFFIESE o0 A 7 620 Hz &b
H I R R, Bt RS Y U [ R O, 4 A T
DL PRSI BRI AR SR O i HA A
[F], STET R i 2 5 1™ 2 J5 4 v s ZE At % 114 32
WAL o 7 AR R 22 S T B T R A R A ek
YL R 1) AN (), R ] A AR5 I SR B e 58
Je T R, BT 18] I 2 RIS A A AR AL, TR I
TR A7 e W] AR 3l (4 (5 % AR AR Ak, CRIAR S 1R
G, SRAMERL AT SEPERRAR

A
1000
800 s
£
N 600 £
E 10 2
=400 g
5
200
0
BF ] /s
(b) & — 2 RAT T
FEA
4
3 £
£
E
2 @
E‘E

B 1] #/s
(d) &2 JehT T4

B 10 BrREksEE = & e iuE ERK

Fig.10 Time-spectrum image of vibration information of spiral drum
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Table 6 Modal frequency of each order and corresponding vibration mode characteristics

ST TBRAFTH HFRERE T SEIght T
i1y PREVEFAE
iR /Mz B/mm  HR/MHz B/mm PiFR/Hz A/mm SR /Hz 25 E/mm
1 10.41 3.1 12.46 4.1 13.86 46 14.39 49 i TRASTE
2 21.97 4.6 27.94 4.7 29.65 5.3 30.12 5.7 Yy AR
3 29.13 5.1 35.21 6.2 37.82 6.6 39.64 6.9 U B AR Y
4 31.26 9.7 46.89 10.1 50.97 11.2 54.63 11.7 VEREN R sl AL, R kAR A AR
5 42.65 6.1 49.13 8.9 55.13 9.1 61.22 10.3 WRWE . B R A AR
6 53.17 47 65.17 5.6 69.71 6.3 70.15 7.2 e . B R A ARTE
7 62.18 52 70.46 5.9 72.04 6.1 73.89 6.8  EBMNMEMAEMNATIY,HS M PRSI FriA%
8 63.43 3.6 71.13 42 73.21 5.7 75.71 6.2 AR R EAEIE, H8 9 FIR sh AR A7 A%
9 6574 3.4 72.69 5.1 74.11 5.4 76.33 53 EEANREEAAEAY, B98I HR SR EA ATk T
10 70.16 6.8 73.93 7.7 75.77 7.9 77.71 8.1 i A AR T
PRBIIE A/ mm PRBNBEAS/mm
3.64 423
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8th order vibration mode of spiral drum under different the coal and rock conditions
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Table 9 & matrix of various parameters of gangue coal and rock

ZH D n vy p o F T P a
R a a, a; a, as as a; ag ay
m 1 0 0 0 0 0 -2 2 1
T, 0 1 0 0 0 0 1 -1 0
Ty 0 0 1 0 0 0 -1 1 -1
L 0 0 0 1 0 0 7 -8 5
s 0 0 0 0 1 0 5 -6 3
T 0 0 0 0 0 1 1 -2 1
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Table 10 Similarity coefficient
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Table 11 Comparison and verification of prototype and artificial coal wall model parameters

FhEE sS4 JEUE AHBIAR ABBLR 2SR R2E/%
P~ R K,/ (N-m ) 1.109 8x10° 5.556 6x10” 1.0853x10° 221
M~ SRR RIEEK,/(N-m ) 1.415 8x10° 7.227 7x10’ 1.411 6x10° 0.30
JehT ~ JehTk MK, /(N-m™) 1.954 8x10° 9.922 4x10’ 1.938 0x10° 0.86
HE~ BETE K /(N-m ) 8.510 4x107 4305 2x107 8.409 7x10’ 1.18
W~ SR FRIEK/(N-m™) 1.085 7x10° 5.466 810’ 1.067 8x10° 1.65
JEAT ~ JehFUI IR K/(N-m ™) 1.498 9x10° 7.609 6x10” 1.486 3x10° 0.84
&~ LR F)0/Pa 8.001 7x10° 4.045 8x10° 7.902 2x10° 1.24
JE ~ SERFIA D F) o/Pa 1.635 6x107 8.087 2x10° 1.579 5%107 3.43
JRT ~ Jeditidk N S10/Pa 2.537 5x10’ 1.286 7x107 2.513 1x10’ 0.96
JE ~ S [ RN Sy e/Pa 2.2232x10° 1.121 5%10° 2.190 5%10° 1.47
T ~ et N Fo/Pa 7.074 3x10° 3.592 4x10° 7.016 1x10° 0.82
Jehit ~ FerF iR /) o/Pa 1.253 9x107 6.242 6x10° 1.219 3x107 276
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Table 12 Experimental conditions
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Table 13 Comparison of experimental and simulation results

e J51] Tl TH2 TH3 TH4
25| fHL 05 1w 2559.995 3615.167 5176.949 7 030.686
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RIS 75 1w 2725.102 3847.082 5871.696 7527.186

#5| B3 77 1.09 1.95 2.53 3.16
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RIS 75 1w 3.04 4.20 4.08 6.40

#5877 7.06 7.81 10.36 12.41

5DEMIR2/% (isppat! 7.91 8.34 12.57 12.69

BEIRL )5 1w 9.27 9.34 12.78 15.72
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