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Calibration of the Broadband Sensor(STS-2) using the Step Method

& olgs™ olHy’ 24 F"
Yong Gyu RYOO, Duk Kee Lee, Jun Hee LEE, Seok-Hoon Ch

ABSTRACT

A close examination of the step calibrations for STS-2 seismometers installed by KMA has
been done to deduce the response parameters of those instrument including angular corner
frequency, damping factor and coil constant factor, A non-linear least square inversion
method has been applied to estimate these parameters, The estimated parameters coincide
with the manufactory specification with less than 1% error. This method will be extended

near-future to deduce the response parameters for $S-1 short period seismometer.

2 71438 A" 1174F 9708 Folg A AA(STS-2) AME AF3H] ¢l3] & d38 &
gt Hoiyg NJANAMLY FoHE A4 LAY F4(angular corner frequency), i
A+4=(damping factor), I U4r4(coil constant factor : amplification)& &3}l

A A XL AFYHols Aldvl(sine), 2%I(step), ko]Z(noise)& o] &3tz Yol A
2, ¥ dFdxxe AEYE ol Y Me|Beole{(calibrator)oflA] UEY ARHA
(step pulse)7t 2| AA] MAE Fsle, 7|FAA 0 IR/ 42HES 7 WA T4
& 3todcth

A AA L] FoYFE Fil= AYoNA ol8EE= BAYST v2d ¥ (non-linear) 2jo]7] wigol,
B}8 A AAps FAH(non-linear least square inversion method)& o] &3l |z} o] &
ko] 228 HAME of Ao 42 FAYsigch 2 AFolA A 2 AN FF
B a3 1x Helvol e YYo= AFUrie AL ¥ ¥ 4+ Yt

17148 AL BN, ¥
#7] A T4 A A GA T
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2.5 8
2.1 AWM o] 2

2 dFelA HFY Iy AWM= 2Y olF(moving coil) EFYe] MAe] oiyt &
Chakrabarty2} Choudhury(1964)ol 2|3jA o]EA o2 AL 4 ol AEAE o83t 1t
th AAA WAL HEEe] SutF 84 ol whel, WAL AYUSE £A3 s Y
of-¢ theksith 12l B dtol M= ASTEN(1997)2) Fig. 1, Fig. 29} Zo] wh&¥® Rg
&34t

)

&
i<

= o 32 rfo

Stiffness : K

Mass : M
Coil [ % Electrical
Inductance : L Resistance : R

TransDuctance : S

L“[_J Mechanical

? I Resistance : H

Force : F
Fig. 1. The diagram of Electromagnetic Seismometer.
!
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Fig. 2. The equivalent mechanical circuit consists of mass, with mechanical resistatnce M:
springs of stiffness K and S*/L and dampers with mechanical resistances H and S*/R, using
the principle of electromagnetic analogy.

_12_



Fig. 13} YL dutaed 2we Ag$t4(transfer function)ofs FU-FE3H(coil inductance
terms)} 7]1AIA Q1 ¥ (mechanical terms)& T A7 HQ WH &M damping terms) 28 FA|E
th Fig. 2042} ol s H#Tlo] &J2|A JAAU 5ol A/ AL ¢HeE HHFHAY, A
713 REo] JAAA £¥o A chxHoch el AA] YA Y(damping
resistance) g B3t M2l AHE EWF o= el A% SV/Ro| HEEE= MAo] U=
W% (damper)2] 4= x ol 3l Uehd 4 alch 23 20ld ik WM Frame &%, =
Mass 4%, iz WIGEolch A A AdsE

Bi(9=-"74 =MD/ [(sM+ KIp+ H+ S*[sL) - A/pL+1R) =S¥/ p* L2 (1)

A71A  p=jw, j=V -1, w=2f

. seismometer mass

¢ spring rigidity

¢ mechanical damping resistance )

: transductance definded by e=—Sx

: EMF generated in the coil

! inductance of seismometer coil

: total resistance of the electrical damping circuit
= Rc+ RD

. : resistance of the coil

p : external damping resistance

oY v ERE

LR

223 A Frame 4ol whE A¢rlolo] Bt ALY+ 7|&shd chgat gt

v 7p (2)

y= yoexp(pt) HolA W7} Aol uie} A Prin JPEEH, DA &5 BEY 4

o W4l Aog i 29
G(p)=— p°S/D (3)

A7l D= p3r+ p*(1+2r hp) +p(rw 242 B +2 b )+ @ 2
T = L/R = time constant of the electrical circuit
2h, =S/MR (the eletrical damping)

2 h, =HM (the mecahnical damping)
@ ?, = K/M (the natural angular frequency of the undamped seismometer)

2.2 29 ¢
2.2.1 Mass®?] 3189 WY

U Mass 232 LHE WA (7] AFAR( Io)7F DA 324 BV, Mass &
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Boll HEHEe AR A YL Kx,= .52 yepd 4 rh 282 4(4)8} gol u

Ehd 4 gt
x,= IcS/Mw? (4)
2.2.2 Mass %9 298y

g% AR AA € o, AB(t)o] Mass®] o]FL FFA(Underdamping), YA

(Critically damping), Z}#|%l(Overdamping) 522 g 4 tl & AFoME= 2ZA1 3

$E JPEY o= A(5)9 o] UEhd 4 gt} olF #5olM IYRES A= BAWC

A(4)olM s 27 23T Heol g3 AARAE ol &3to] AuE £ At 2 A=
2 Ao} 0 Aul( t=0) x'(H=0 oI, 2ol x(H= x,°ITh

A<l ¢ Underdamped harmonic motion

2(t)=A exp(— hdcos( w,t+0) (5)

ANH wli=wli- hl= (rwp)?. h=dw, r= (1- 1),
8 = arctan(—A/7)
= arctan(— A)
= arccos (1)

A= x%/cos8= x,/7
912 #PEE o83}, 2)(5)& n]&E3pH

F(O=—(x, w,/7)exp(— h)sin( w¢t+0) (6) .

2.3 Aat vy

A(6)22FE $42HE 022 ZASIAL thA] Feshd AUl oyt AIUA AqY g2
the2t gtk

f(t, xo,/ly wo)=_—z1_:_x_LAw2—;]7ﬁ_ exD(—A a)o(t—' td))Sm( (1_ /12) 12 wa(t_ td)) (7)

A714 AE BT, 0.2 IFFIE, x5 Messg] H4], 3203 te AAYolth

A7) uldgao|7] wiEd HAAEZHEE A4, IRFue, 22 FHFES GAats})
23ty H|AE 2 LxE GArY(Non-linear least square inversion method)& AHE3}4r}.
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AN P =(x,.4, etz s A 2 97t "ok olAg 2 of chsiA Taylor BA
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o Bf (... _Of
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[ odra] dre)( —ap) (™ ) 9

o)A MY HaAlE dabgolm A AZE 7817 9s) ofehel LHl WAL Feas

& A%}
(10)

kAﬁ= (kGl llG)'-l th kAf

6 Bd@e A P Hg 74 stelulelel cisiy njEske Yelolnl, of MsA4 (expansion) Th3t

2t

GIA’ 0 o [4] .
M ot 00 __ (ff S exp(=2 0,0t t)sin( (1= 497 0,(1= 1)
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205
—JLLM—f/fglexp(—A w,(t— tNsin( (1= 2D 0, (= 1))

(1~ 2%
204
Axo(iv:(az)td) exp(—A w,(t= t))cos( (1— AD™ o, (t— t,)
L %, A w, ) |
7L axa)a 2o (l_x/{z) 77 exp(—A w,(t— t))sin( (1— A?) V2 (t— t2)

X Cl)oli(t—' td)
(1- )™
—x, 0, (t— ty) exp(=Aw,(t— t))cos( (1— AD2 o (t— t))

exp(—A @, (t— t)sin( 1— A v, (1~ t,))

Of(t, %6,4, wo) _ W,
dx, (1- 1%

77 exp(—4 0, (t— £ )sin( (1= 4D o, (t— t))(11)

2.4 45 4 43

HE WS QAR HEYu|Y AudgoH 2Ry U Ag)HX(step pulse)7t AUA
ANE B33t 71§ZA o] 7|58 & ol &3l flolM AFUD WHez B0l dg 34
th A EEold WY 2SS olEFLE wEY MA VS ZYE HEY 3t viast
of, d4Fo2 WHERth Yol AFY UNAFLR Matlab £ZEQ o] o] g3 ZeIPg 2}
gsto], dAlel ol 23k A7l M4 d dizkA] UEIE vAY Haaky dayor HAY
Heis Adadol ERse 242 Aol uhel 2y of 2033 = whEstE @&k ol &3
ol A2 dA|¥rh(Fig. 4). o]¢} ol T3 MM Fo}4e HFZH= Table 12} Zrh

synthetic and rea) cslibration data

0.5 —

-3.5 I 1 A 1
[n] 0.5 i 1.6 2 25
x 10*

Fig. 4. The resuits of synthetic and real step response output,
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Table 1. Results of Calibration of STS-2

Amplification

Site Date Corner frequency| Damping factor
Manufactory 120. 2200 0. 7025

SEO 2000/09/30 120, 0127 0.7144 1.6342E+08
2001/05/06 120. 3706 0, 7405 1. 6350E+08
2001/09/01 120, 4232 0.7440 1.6378E+08
Manufactory 120. 3300 0.7036

KAN 2000/09/30 119.8728 0. 7048 1.3470E+08
2001/05/06 119. 8995 0. 7036 1.3438E+08
2001/09/01 119. 9494 0.7032 1. 3481E+08
Manufactory 120. 3600 0.7040

PUS 2000/09/30 120. 0733 0.7035 1.0312E+08
2001/05/06 120. 0639 0. 7047 1.0278E+08
2001/09/01 120. 1351 0. 7041 1.0292E+08
Manufactory 120. 3800 0.7029

S0G 2000/09/30 120. 2093 0.7048 1.0715E+08
2001/05/06 120, 2298 0, 7058 1.0617E+08
2001/09/01 120. 2226 0. 7052 1.0666E+08
Manufactory 120. 7700 0. 7040

SES 2000/09/30 120.4114 0. 7049 1.2847E+08
2001/05/06 120. 4961 0. 7056 1.2821E+08
2001/09/01 120, 5309 0. 7039 1. 2810E+08
Manufactory 120. 2200 0.7034

TAG 2000/09/30 120.1170 0. 7051 1.6881E+08
2001/05/06 120. 0729 0. 7055 1. 6860E+08
2001/09/01 120. 1690 0. 7039 1.6913E+08
Manufactory 120. 1500 0.7018

TEJ 2000/09/30 120. 0944 0. 7025 1.2273E+08
2001/05/06 120. 0444 0.7021 1.2238E+08
2001/09/01 120, 0834 0.7021 1.2188E+08
Manufactory 120. 1000 0.7015

ULJ 2000/09/30 120.1088 0. 7056 1.1596E+08
2001/05/06 120. 1809 0. 7048 1.1476E+08
2001 /09/01 120.1276 0. 7040 1,1625E+08
Manufactory 120. 1800 0. 7040

CHU 2000/09/30 - - -
2001/05/06 120.0346 0. 7051 1.5351E+08
2001/09/01 120. 1893 0. 7059 1. 5370E+08
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€ d7olAde 20009 949 309Uzt 20019 59 6, 2001 9% 1ol Alxtslol AA, Py
AAA AA 97lol thdl Fo45e] AEE AU ASY A= ule STHH, Ao
AEY AFUL AALeIA LY 5 Y= 1x Lol Syt o]RAL Fujd WA FA 2
TEE BAY + gl oY WY WHoE P AZ S HrYoT By
22 AFHE AAAEY AP U & YAk YOT ol wWHos JatHe] HxH
©@F7] A A o 2E g AYolct,

#2192

2 e 20009E JIAE HFAAY “Adolx] W AL A& AY e dBos
TR olo Zap =grh.
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