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Checking the distinction between accelerator and seismometer
records by means of mathematical model
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Abstract: With some known typical seismic data as reference, we analyzed the
essential differences between strong motion observation and small earthquake
observation, and compared the electric noises of FBS-3B seismometer and
BBAS-2 accelerator. We carried out a synthetic simulation using the data of a
small earthquake recorded by Xiaowan network. The result reveals the influ-
ence of electric noise and response type of the sensors on their sensitivities to
ground motion. With asynchronous synthetic sine waves as input of a pendulum
response equation, the output of a seismometer and accelerator is obtained. The
sensitivities of the sensors to a tele-seismic wave prove to be quite different and

it is this difference that leads to the distinction of recorded data.
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Fig. 1 Difference in sensitivity of the seismometer FBS-3B and
the accelerator BBAS-2 to a tele-seismic wave (A==90°)and

a near-field seismic wave(A==30 km)
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Fig. 2 Difference in sensitivity of the seismometer FBS-3B and the
accelerator BBAS-2 to a m;, =4 seismic event (dominant frequency

1 Hz) and a Ms=4 seismic event (dominant period 20 s)
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Table 1 Parameters of sine waves for constructing artificial seismic events

F5 W% /Hz Ja /s IR ] /s a;/10 6 g WIARAL /= it
1 20. 0000 0. 050 5. 000 5.0 0 Pk
2 10. 0000 0.100 5.002 5.0 0.1257 P %
3 8.6957 0.115 5.008 7.5 0.3005 P
4 8.0000 0.125 5.018 5.0 0.9048 P
5 7.6923 0.130 5.022 5.0 0.8216 P ¥
6 6.8966 0. 145 5.030 2.5 1.1916 P
7 6.8966 0. 145 5.042 2.5 —1.4300 P
8 6.6667 0.150 5.050 2.5 1.0472 P ¥
9 6.0606 0.165 5.062 2.5 1.1234 P
10 5.8824 0.170 5.120 2.5 0.7392 Pk
11 5.0000 0. 200 7.800 5.0 0 Sk
12 4.8780 0. 205 7.805 12.5 0.4597 S Ik
13 4.5455 0. 220 7. 840 6.0 0.8568 S
14 4.2553 0.235 8.010 7.5 0.5347 Sk
15 4.1667 0. 240 8.025 5.0 —0.3927 Sk
16 4.0816 0. 245 8. 040 5.0 —1.1541 S I
17 4.0000 0. 250 8. 050 10.0 1. 2566 S ik
18 3. 8462 0. 260 8.055 7.5 —0.1208 Sk
19 3.3333 0. 300 8. 060 5.0 —0.8378 S
20 2.2222 0. 450 8.075 5.0 —0.3491 S
21 2.2222 0. 450 8.100 5.0 0 Sk
22 2.1053 0. 475 8. 250 10.0 —0.8267 S
23 2.0000 0. 500 8. 400 10.0 —1.2566 S ¥
24 1.9231 0.520 8. 460 7.5 —1.4500 S
25 1.8349 0. 545 8.550 5.0 1.1817 Sk
26 1.7241 0.580 8. 650 2.5 —0.5417 S Ik
27 1. 6667 0. 600 8. 700 2.5 0 S
28 1.6393 0.610 8.725 2.5 —1.2360 S
29 1.6260 0.615 8. 760 2.5 1.5325 S Ik
30 1.6129 0. 620 8. 800 2.5 1.2161 Sk
31 20. 0000 0. 050 7.0250 5.0 1 W Pk
32 10. 0000 0.100 9.0520 5.0 1.1257 W P
33 8.6957 0.115 9.6655 7.5 1. 3005 W P
34 8.0000 0.125 10.0805 5.0 1.9048 M Pk
35 7.6923 0.130 10. 2870 5.0 1.8216 Pk
36 6.8966 0. 145 10. 9025 2.5 0.1916 WP
37 6.8966 0. 145 10. 9145 2.5 —0.4300 WP
38 6.6667 0.150 11. 1250 2.5 0.0472 WP
39 6.0606 0.165 11.7445 2.5 0.1234 W P
40 5.8824 0.170 12.0050 2.5 1.7392 M Pk
41 5.0000 0. 200 9.7000 5.0 1 S I
42 4.8780 0. 205 9.7525 10.0 1.4597 WS
43 4.5455 0. 220 9.9300 10.0 1. 8568 WS
44 4.2553 0.235 10. 2425 7.5 1.5347 WS
45 4.1667 0. 240 10. 3050 5.0 0.6073 WS I
46 4.0816 0. 245 10. 3675 2.5 —0.1541 WSk
47 4.0000 0. 250 10. 4250 2.5 0.2566 WSk
48 3. 8462 0. 260 10. 9100 2.5 0.872 WSk
49 3.3333 0. 300 12.3500 2.5 0.1622 S I
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53 2.0000 0. 500 9. 6500 10.0 —0. 2566 Sk
54 1.9231 0.520 9.7600 7.5 —0.4500 Sk
55 1.8349 0. 545 9.9125 5.0 0.1817 Sk
56 1.7241 0. 580 10. 1000 2.5 0.4583 Sk
57 1.6667 0. 600 10. 2000 2.5 1 Sk
58 1.6393 0.610 10. 2500 2.5 —0. 2360 Sk
59 1.6260 0.615 10. 2975 2.5 0.5325 S Uk
60 1.6129 0.620 10. 3500 2.5 0.2161 M Sk
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Fig. 3 Time history of acceleration(a), velocity(b) and displacement (¢)
of an artificial seismic wave
2.2 HWEHREWEITE
iR T A A e N 7 AR
d*y dy ) d*x
=+ 2D.w, == T wly =— £ D)
de? T de -y de*

sy HEERIE AL . v, HHTEE SRS . D HEARIILE REL. o, AR A IR MA
AR ARARETT R (1) B i A 5 2 — ZR 8 IE 52 1 I 28 T o F) 3 T 3 ) o 2 AP

d*x - .
£ = a;sinw;t (2)
dr* ; “
b O A B R GA
dv, <0 a; . k3
Era ; w—ism(a),t+ 2 ) (3)

http://www.dizhenxb.org.cn



539 BEDCAT A - BRGE L WURIC U 22 S R T 0 5 673

s ai BE w MRLIGEEIRIE . o BE S AR, v =a/o AEEIRE. BT O
hH RO Jr e R RN NAE 5 Y 0 S T AN TE B A S WA Y B . RS 4
PRI LRSSy 2 o DU o ok 32 432 A 10 5 285 ) B2 02 %% O (R Je 7555 . 20055 SR, A i AL
2007)

n a .
y() = : — sin(w;t — ¢@p;) 4)
,Z; (0! — i)’ + 4D 0l w!
Xrp
2D ww;i
@p = arctan — .
ws T W;

X B 3 R T SRR FARAE S A R o 2 kR

V() = ; — —a):)?;éLwafw? sin(w,-z‘ — ¢ -0—%) (5
b,y (O IR

SR N FE T BBAS-2 55 10 o R B b 52 11 FBS-3B [F] & % s A R O i ke DU R
P H A8 M P ) o7 o i e 33 2 1 il e (I Dt s THES R AT

HY T b R X B N AE 5 A I Ry S R SR S e g A & PR X T R R KT R T
EBRAIESZAE T AT LU A 5 5 2y S SR 2 R 0k B e g . AR S
TS E0 b 5B A R R L RO IR IE AT AR R R A 2 A IE A5 5. ANRE
DAL Sy G B — I W AP A 0 PRI 7 PR R B S A IR AL B AR U AL R VR R e
fCF R BR 7 A5 55 2R T S I3 2B 55 . FHESIE 5 1 IR I 5 {0 1 5 1 4
¥ HRAH (2-decades 7 58 2055 T A W H R P AR ) SR AT BE IR I R T R R 4 AR(E 1Y)
BE 2 5 20 BRI G R N TR RS 107 MRAE A R 15 A B

BBAS-2 H#REAM T, =0.01 s, fLJE L D, =0.707; FBS-3B fy {#RJE W] T, =20.0 s,
B2 It D, =0.707. 48 FRSEMR AR (1), (5), I BBAS-2 1y 2 5% $df (0. 2549
Vs?/m) S B R A BRI EE 3 7 (3. 814X 107 V/counts), A i1#E 74 %] FBS-3B 1 # it id
KPIE (& 42>, LK BBAS-2 Bl {5 5 FBS-3B i sg (13 (&l 4b).

XPHCE 4a 5 b AT R E /N B P B R B ER 4 P/ TR IR BRI T il sk 3 i B
BAE A IRig 5/ . BLIE 53S0 SR P A BRI 2.

BHBIC R 505 Bl s Z B X R 22 4 AE (count) | FHXTER 2224 7.

AE
Emax

AP Ena g BRUAR S 0 57 00 B KAH (count). Gl G 3t 3H 58, AT LIAS 2 0 b il 522 31452 2L 56
T2 SR 9 1R 22 70 A1 5 E BR B P ()

r =

Nr)
N

Ho s NGO RIXRZESE T r B AR No OB SRR SR RAREMTHOE S
HABTC S I 1 1R 2 A 85 B pR BC(E (] 4o).

MIE 2 Hal LA . RS 5 s 7= 3l i R R I Ak T BBAS-2 J FBS-3B P i i 52 3
F1 G 0 30 7 S R P . {EHT BBAS-292 5% B dis £ BCFBS-3B4C 5% 9B 4% B (19 45 5t 5 FBS-3B

P(r) =

http://www.dizhenxb.org.cn



674 LI 34 %
2,
2 (a)
=}
=3
3
z
0
=
E
lad
jpa]
"_‘_2 | | | )
0 2 4 6 8 10 12 14
t/s
5 2f
z 7
=
3
By
=0
w
Lﬂ:g
a4
=
- ‘ ‘ ‘ ‘ ‘ ‘
0 2 4 6 8 10 12 14
t/s
~ (¢c)
= o0.4f
@ 0.3F
0.2
T o1
o0
B o1 ‘ ‘ ‘ ‘ ‘ ‘ ‘
o —0.8 —0.6 —0.4 —0.2 0 2 4

it AR 2
4 FBS-3B X & MM 2 3 B9 B8 R 230 5% () » ] BBAS-2 FRIEIE R0 1Y
FBS-3BC 5% (b) o LI P A iE 57 204l =2 18] #8222 23 Al (o)
Fig. 4 Simulation record of FBS-3B to artificial seismic event (a), the result using BBAS-2

record simulating FBS-3B record (b) and error-distribution between the two records (c)
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