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A Novel Double-Grating-Based Horizontal Geophone

Zong Ze Xing Hongyan
(College of Electronic and information Engineering . Nanjing University of Information Science and Technology .

Nangjing, Jiangsu 210044, China)

Abstract A new type of short-period horizontal geophone is developed for solving the low sensitivity for detecting
ground motion caused by S-wave, which mainly constructed with a vibration limit pendulum and a double-grating
diffraction system. The working principle of this geophone is introduced. Its feasibility is proved by analyzing the
differential vibration equation and frequency characteristic of mechanical model using a new simulation function of
artificial ground motion and theoretical studying the diffraction field after superposed gratings. The light intensity on
receiving screen is derived by applying Fresnel diffraction theory. The horizontal velocity of ground motion is
calculated through putting forward an easy way to determine the relation between fringe frequency and ground motion
speed, and record the time when pendulum passes through the equilibrium position based on the symmetric indicative
grating. The dynamic range and sensitivity of geophone system that uses 1800 grooves/mm gratings and 4096 fringe
subdivision technique is around 144 dB and 136 pm, respectively. Compared with other kinds of geophone, the
corresponding parameters of this newly system is improved at least 10% , showing its application potential in
exploration engineering.
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Fig. 1 Internal composition of double-grating geophone

LA A BRIE T R g 1 /N RO AR R DGR A
e B M G R S 5 O RT 5 A 9 K 5 A P BE
ez o AT SR AR A T R R R B RO N T Gy Y
I o R G 16 s et Go o 78 M a7 072 3l i
G 5 G, ¥ B TR Oy BRIE 2 AT 5 A 1 0L
WSRO AT 4 7E R G TARR G, b UG 4
AT Gy BB XN . 8 7R e R e B Lok
G, Xl 73 o Ze A7 A R/NRE ] B 23 S ol 1 G s
P73 S 20 26 56 T 73 B 408 Bk EL 235310 45 6l 2
S I — K/ EE 5 1) AR B B/ NG e 5% 11 0,
0o o AU/ IN T TGI8 W5 1 37 4 A T 1
Wi Gy 5 G, [ TR]EE RS AT BE B/ AHRe 250K T T
FIRAEL - LBy 1B B 22 F0 0 O M. 7 B A4 e & 1w
Dyt FoL TN E BB R S Em . TR R
BE A ISR T - 0 B AR 28 A i o o 5 1) 737 59 6 - B
b FE e A TS 4 1 S S ok T

R 5 g A T a0 20 181 A A 2 B O 9 2 AR 4 4
B HACFHCE o 2 AR S A I 5 78 G BE A 5 A
Shre—i R s . th TOeME A B i BErE A 68 0t
-5 45 7 S 2 18] 57 A= s 16 Y- 1l a2 8l B A4S
2026 Z 18] (9 e iy e A /N AR A S R O A% K I R
BT A 7 O R e B B 2 R R A 220 OB
i AR G0 AR5 AT 2 PR RS 8l 477 5 4 80
Ot L PRI K A% SUE 5 R O BOE (R 5 R i A
PR A5 5 Ak PR B L R AT M THT 7K - (] 52 Bl A 38R A
B .

3 Rripzas Jy o r LR oy A

AR K H M0 5 9 5 R M T BEHLRE 2
U A4 R B R LA T AT B AT
R R 8 — 3 1 e



9 5O

T 2 XU K S 1 3 5 A 90 s ) B 5 2495

a(t) = Alwst) X > X(w)cosant + @) (1)
k=0

B R T R BE AL R A R TR D X () X

cos (awut + )RR BE AR AR S Fa i 98 T
Alw s DB Alwst) = Blwst) X f(0),Blwst) MK
GRS B I R B T R UK 1 6 A5 R R A R
o SO R etk B E R X(w) =
VAS (w) X Do F R B a () B IFH, do =
27/ Tas Ty g a(t) 5w, = Aw X k(k = 1,2,++,
n) S, (w) 7 fIE BE T A58 % BE o X (D kA7 1
LR e 7 3

n

a(t) = > Blw)coslat + @) » (2)
k

k=0

X B T o 5359 S 28 10 i 38 14 i (60 A £ 03X
B C2) 2 A 3% BB B 4 14 S e 3 i R AR BCew s ) 1Y
fERT.

B 2 45 1 RSl A O 1 R ik
52100 . ATCHRE 3l 26 P T SR BRI v o0 o A
2 S SR | I N i Bt R S T e v (S DTN
M e bp R 2Oy WU WY o i, y Bl IE J5 1)
LRZ R

S

directive grating
d=d,=d

1=

Kl 2 JEHHE ) E R G Sz o B
Fig. 2 Grating pendulum mechanical system and

its load conditions

SR AE M H A A N T R R 0N AR A
B AR RN RE 3 B Y M OC SR, — IR T 3 4
(M <Z3) H 00 3 B0 5% ol 3 /N T 20 km (A<
20 k)M Xk 1973 4F ~ 1994 4F [E 55 1 Hb )7 Hb
w2 B DU B2k AR AR SR R AT ST i S
2 S o b R B PR B » R B 45 Rl ws UL ) 3 2k R
T N T H R 5 R ) 3 T 52 Bl KT 43t ) B R IR
A<I537 pm, JEMHEBRAR X HE 7R SE 4 7K - 1 467 A%
BB | Az | <X2A=1074 pm (BB BRAE 55 KA A5 40 38 5]

S T W (L B WG 11 7% 3 B AR5 o R T BB O
SSEERR O EE B L=0.5 m (e HIHE, LA
CEE T M- M5 37 5 56 O T % 3] 35 Aub o s 1 ) 1) 4
XHE | A0| <<0. 00215 rad,sin A0 5 A0 BIRT 9 17 %k
BIHITE s B sinAg=> AQ . S A2 ik 34 i i 3t 5 Rtk m]
ZWE LI Sy el S e A0=0. f1 i A0'=0 kb
TF 19 28 Bl GBS IR L 4 ) 238 43 3 AL B AE [R] —
BEPH NS A R RS TR
I8 K TR L FRAR AR A A T A T R
JEMHE I B AL TRk G B S KB R %
JEBRARFT BB AT . B (2O A R AR Sh A1 . i
U AR A RS R O R AL B
WHEZ S o 5 e

A 200 A0 + i A0 = D By (w)cos(aw £ + @) s

(3)
By (w) = Blaw) /L7 sy 53530 0 G2 4 5 FTBH
Je R ARG EAH AINE 0, = Mvﬁz v/ (2mew, )
g i AR e IR F
JEANHE IE 5 AR B R Ab TR B @R A B 0<<
B<1, BB RAE M ZR W) iy Bf 2 (e = O) o T - Mg o7 5
GBI A0, - A0 2 7 12 A R 3 BE R 0 56 (8 T
A AR N AR 31 (3) XS N Y 5 IR 7 R Y A
0, (1) = exp(— Bwot) X

2 (ﬂwoA 190 + Ag/o )2
\/Aﬁo + w” (1— ) ~

sin[ Wmol + arctan(ig‘}:":_—ﬁ i)o_Agi) J 4)

H R IR — AR B AR b 7R 59 1 i B R AT, Oy
fRT A 43 A » 220 N T b 3R 80 K RS B #5  A TAR
W EWIE S L A0, ~0 H A0, B/ 458
¥ exp(—wot) BIAETES 0, () o B[] PR 5 0, 32
Vo R B T B AR y . B3y R ER
XT38 7% S 2K S 1) B B o, (o, = A6+ L)
TEAR RV BUE 2 F 2 00 (o) e HEAR 08 4R A Fifs B 8] A
5 EE L, Hh L=0.5 m,m=10 kg, Af, =0,
£=9.794 m/s" (i) . B LAE H .0, (o) bl s 1] FR
BRI/ oy B0 Co R 5 A BRI s o, X W) R
FADL B M SN, (y=88. 4 B PRIETE 1.4 s N
MW NE] 4 pm LU W01 AL LA 2Z v, 1)
W) . T v, SZHL K 1] 12 3 3 v, 19 SR
A Gy FEl R R v e 7R L E RRAE B O {5 AT
A B b 2 Bl 4R B B A1 s YEAHE 2 Bl oy T R 1 i
PEAAE T B I RE AR 4 . A % 0, (O W] 2B AT




2496 ot 2 2 i 30
2.0 = 2
@) — y=04 g )
L.8f<v =0.25 mm/s =444 + 1 =
Let y=88.4 S 0
£ 14} = -1 ==
£ 12-,‘)_(1;;0.175 mm/s E 9 . . ‘
5 R < 0 0.5 1.0 15 2.0
T 1.0y \ Time /s
b= LY el
B8 A v,=0.1 mnv/s N? 16 (¢)xv,=0.025 mm /s oy=04
3 29X gg 10 v 0175 mm /s Lyessd
0.4 vx=0.025 mm/s E B 5l v, =0.1mm/s “ ’ sUT==e
0.2p— 00 7 4 @ { v,=0.025 mm /s
E—————mams—aa—— £ ol e :
% 05 1.0 15 2.0 R (I 2 3 4 5 6

Time /s

Angular velocity /(rad /s)

3 (. (b (3 H15 0 () Je HARBE AR L7 I A1 19 42 A 15§ B0

Fig.3 (a), (b), (¢) shows 6, (z) and its amplitude and phase changes over time, respectively
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Fig. 4 Bode plots of the geophone mechanical model
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Fig. 6 Three-dimensional simulation of diffraction intensity in the reception screen with 600 nm laser beam.

(a) Intensity distribution in low-value range; (b) Intensity distribution in high-value range
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of grating pendulum'’s free swing

Movement Fringe Fringe
o 0 and s Or and sg
direction of @ ) movement or ) movement
(opposite trends) ) (opposite trends) .
pendulum direction on F;, direction on Fy
Moves along ¢ increases, when 6, <0 ,
= AW decreases .
positive except when 0 decreases Or increases, ~
direction of on the fringe when 0, >0, , ) while sg decreases
] N increases
r-axis from EP jump position 0 increases
Moves along ¢ decreases, when 0, >0, ,
. AN decreases
negative except when on 0 decreases Or decreases, /
direction of the fringe jump when 6, <0 , . While sk increases
) AN increases
z-axis to EP position 0 increases
Moves along ¢ decreases . @r Increases, when 6, >0 ,
) 0 increases, N
negative when 0, >0y hil . except when Ox decreases
- while s
direction of ¢ increases on the fringe when 0; <0 »
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Moves along ¢ increases ¢r decreases, when 0, <0 »
. 0 decreases, P
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