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Abstract To meet the demands of sophisticated exploration of deep mineral resources in Deep
Exploration Projects of China, seismic controlled source technology is an essential technology.

Seismic resolution ratio of single vibrator and combination are not enough in the process of
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portable vibrator applied to mine exploration. Based on Phased-Array Vibrator System (PAVS),
the paper adopts the finite-difference method to carry out numerical simulation of wave
propagation and the response of detector in different two-dimensional medium models. We have
made numerical simulation of the single vibrator, 0 ms and 1. 33 ms 9-unit phased-array in models
of homogeneous, multi-layered and irregular mining, respectively. The results are as follows:
PAVS produce directional seismic wave in the homogenous model. The main beam direction is 90°
and 70. 4° for time delay parameters of 0 ms and 1. 33 ms. In the model of layered medium, the
direction of main beam of 0 ms PAVS is vertical and does not change. Seismic waves of 1. 33 ms
PAVS are still directional in multi-layered media. When the wave velocity changed, bending
waves occur. Directions of seismic waves changed from 70. 4° to 68.5°, 66.0°, 63.7°, and 61. 1°.
In irregular mining model, directions of seismic waves of 1. 33 ms PAVS are 70. 4° in first floor,
65.4° in surrounding rock and 63. 1° within ore mineral body. In layered model, 1. 33 ms and
0 ms PAVS increases the SNR by 14. 1 dB and 10. 2 dB compared with the single vibrator. In tilt
mining model, 1.33 ms and 0 ms PAVS increases the SNR by 18. 9 dB and 14. 9 dB compared
with the single. Thus we get a conclusion that seismic waves of PAVS are directional in complex
media, although the direction of the beam will deflect in different media. For a variety of time
delay parameters, PAVS have the ability to improve the SNR of seismic data. According to the

numerical simulation results, PAVS can effectively improve the quality of seismic data in ore

cluster area.

Keywords Deep exploration, Phased-array, Numerical simulation, Finite-difference, SNR
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Fig. 1 Principle of Phased-array vibrator system
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Snapshots of seismic wave of the single vibrator, 0 ms and 1. 33 ms

phased-array vibrator in model of homogeneous media

x/m
0 120240 360 480 600 720 840 960

(a) Single vibrator; (b) 9-unit vibrator combination; (¢) 9-unit vibrator phased-array.

12 14 B RN GE AR RR IR AE 0 7= S p R % (B LT 5T 4271
x/m x/m x/m
0__120 240 360 480 600 720 840 960 _ 0 120 240 360 480 600 720 840 960 0 120 240 360 480 600 720 840 960
120 | 120]  v~2000ms, h,=200m 300 1501 v ~2000m/s,h,-200m .
240 20005 240 240
v,=2400m/s, h,=200m
360 : : 3000 360 v,=2800m/s, 7,=820m 3000
g 480 =2000m/s, /=1020m 2000 %0 ¥,=2800m/s, h.=200m £ i
600 600
720 2500 720 . 2500
1999.5
840 840 v, =3600m/s
960 960
1999 L2000 L 2000
(a) (b) ()
4 () WHABRIEL; (b) KP 2R XABLRL; (o) AN G X A5 A
Fig.4 (a) Model of homogeneous media; (b) Model of horizontal layers; (c) Model of irregular mining
x/m x/m x/m
0 200 400 600 800 1000 200 400 600 800 1000 0 200 400 600 800 1000
200 200 —
4 4
= 00 E 00 \g (A)
DN o DN
600 600
800 800
1000 1000 1000
200 200
400 400
E £ (B)
N N
600 600
800 800
1000 1000 1000



e Mo Bk B

4% (Chinese J. Geophys.)

55 &

J5 Tl Pk S I 1) PR SE B 2 00 AN R T & AR AR 4K 0 ms
bR R 5 1] 2 B T L By iy 90°, 1. 33 ms R
Jila) 29 70.4°50 ms Al 1. 33 ms AH$E 52 IR0 ) 2
BT 90°H 70. 47 1] AR S HY ﬁ'éé
4.4 KEBRT REBERLE

Kl 7(a—d>/\“J7@i&;ﬁ/BZT7k%sz4ﬂTl:ff%ﬂ‘”
8 AN T) 2 o A 48 I 1) e S PR B pla [T 7 AT O L PR
577 HE 1 52 AN A TE D7 [ M 5 AR A5 DA T 1)
WA T W0 Jr Y & B SB[
0 msHLFZ P 77 0] M B ) R HOAS [ 3 )2 05 m oA
%51, 33 ms MR TT 6] 7EA W] L= kA D AT s

Te WL, 0 ms APV B 2B — )2 R ST S B
IRETR 2% FEAR T 43 BERE LT 1. 33 ms AN WU T
20 TS HaA R B WAy O AR T A B
G 7d L R 2 B RS R L 1. 33 ms AR IR
14 fiE F2 O e o ey

FH L 8 Y 5 1] 4R Pk T AT UL s KT R AR XA AR
o BRIR AN RE 7 AR A 1) A bR U R 0 ms AH 45 IR
PR MR E AR Ty L L B A g R
90%51. 33 ms AH ¥ U5 G877 AL R 1] 19 b 72 R, B
1w Fifi 25 A J0T R A AR A 32U ) AR A AT
R EWR T M 1 70. 4° ARIKAE Hy 68.5°,66. 0%,

x/m x/m x/m
0 200 400 600 800 1000 200 400 600 800 1000 0 200 400 600 800 1000
200 1 200 - |
. 400 400
B 0.5 051 (A)
600 600
800 0 0 800 0
1000 1000 1000
0 200 400 600 800 1000 200 400 600 800 1000 0 200 400 600 800 1000
200 | 200 1
g 400 400 /
S 0.5 v 054 (B)
600 600
800 0 0 800 0
1000 1000 1000
0 200 400 600 800 1000 200 400 600 800 1000 0 200 400 600 800 1000
200 1 200
c 400 400
S 0.5 i ©
600 600 /
800 Ol 8001 0 800
1000 1000 1000
0 200 400 600 800 1000 200 400 600 800 1000 0 200 400 600 800 1000
200 | 200
_ 400 400
N 0.5 ! (D)
600 600
800 0 0 800
\/
1000 1000 1000

B7 0 BRRIR ARPER 0.1, 33 ms ZERS ZHCT ONZE A7) 7K P J2 R AT DX R I 377 PR
(A) 133 ms; (B) 233 ms; (C) 333 ms; (D) 367 ms

Fig. 7 Snapshots of seismic wave of the single vibrator, 0 ms and

1. 33 ms phased-array vibrator in model of horizontal layers
(A) 133 ms; (B) 233 ms; (C) 333 ms; (D) 367 ms.



12 1 BRI AR S M RS IR A 7 B R v L ) R AL 4273

63.7°,61.1°. TETJ7 M IE B S BT J5 AN TA] 50 ms iR % 7
4.5 A X444 R W] 3 B R HR R 2 oy m AR AL 5 1,33 ms AR

9 AN KL XL (S PR IR B 9a S BAFAETT R L O T 7EAS [ )2 P R A 3 s e AT 9
R — B AL AR S B 9b R IF (bao) AL ASEL I AT A | R T A PR R RO T Y
BRI A KL AK  B 9c iR FAT AT RIS MR BRE R S . AN BEE BB A R . 0 ms A
e A KL (A, 18 9 by al WL SRR T JRAEE B I (H A BRI 1. 33 ms AR IR AT
(9 Mo 2 B AN TR DT Tl P 5 AR DA B B MR AT BERE R NI L 23 R

x/m x/m
0 120240 360 480 600 720 840 960 0 120240 360 480 600 720 840 960

4 4
35 120 ‘ 35

x/m
0 120 240 360 480 600 720 840 960

120
240 240 3
360 360 25
480
£ 2

600
720
840
960

600
720

z/m
S
o}
{=}
|
© o o o o o
S = = NN
W Wi i
z/m
O 0 N @ B W N =
S ERDS R LD
S & & &8 & & & &
| o ]
S O = = NN W
i i i
e
S
{ =

960
(@) (b) (c)
8 KT 2R DX AR A ) e [
(a) B 5 (b) 0 ms MV ; (o) 1. 33 ms FAEE .
Fig. 8 Directional character of model of horizontal layers
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Fig. 9 Snapshots of seismic wave of the single vibrator, Oms and 1. 33ms phased-array vibrator in model of irregular mining

(A) 133 ms; (B) 333 ms; (C) 367 ms.
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