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National Seismic Stations 
Transducers and Filters 

ABSTRACT 

The \ a l i o n a l SCIMHK" Sum mis < N'SSi ins t ruments are hem;; deve loped M i -eismie 
m o n i t o r i n g o l reg ion,n . ind te leseismu events I he\ eonsis: o! t u o a-eoir p Mien;, b road -
h a n d . bo reho le se ismometers : [he kS-aMMX) .nul ihe S—00. u h v h is the haekup l o : rhe k S 
3600(1. O u l p i i l is d m d e d m l o I r e q u e n o hands to 'eduee data loss di.e :o s,,;.., : ! ;on 

( (Milplele hloek d .ag ian is o l '.he kS-aM>l)U . ind S." l ) l l \ S S seism, .metei s , . . H | 
Tillers are p ieseu ied Hoih open - l oop and d o s e u - l o o p stead' .-sui le . .mpht .n te and phase 
e u r e • are g iven \ \ i thou t hand-pass h Iters [hut u uh shaping l i he rs i ihe k S iWMK) I'.a- a I'I.U 
l i . e . between 'he "dtt p o i n t s ' \eloena. M I W I I I I U : r om m i . ' 10 2a 11/ \ \ ,th Us - l u p i n . j 
Tillers, the S- 'DO ; - t l . , : i r o i n 0 I to 4u 11/ I he suae : a: e .a the three Uand-p.iss u'aeis 11 P. 
M l ' , t ind S I ' l is supei .mposed on these veloeitv sei is i tu a.es P. ; . ,n o u S .a •:...• ' , - . • ! ] : . • ^ 
<>\ c ra l l \ e h u i l ' . seiisitn, ,\\ l o i the k S - W i l l i are as lo l l ows 1 p h..; i ,: --- n o ; i l l ' s | | . . \ | p 
hand = H . I l M > ! i / . m d M M u m d l - ] U l l / Su- . i - lunet io- . responses and p i , ase and e h u . p 
dela> s are g u e n lot eae'i >: 'he hands ! h L M I ' -h.md step iespouse .s n x i I T i ' . ' ! . i!.,e :•• r> 
sharp . l u g h - t r e q u e i u ' . . u t a l l . Mil .m M I ' -u.md l i t e r w i t h • : i - ^ , i ln ;p : n i i o ! ; - am- a'es : :;e 
o.seill.it.o.'i. 

I o aener,He u. pa.ai \ S S o u ; p a l se ismoeia ins . .a] , .^ ,:\ ;:p...s : : . ,• • .• -et tese". 
la l tve seisitue e'-ents ae ie used i:. unde i sir. a. 'a : ;.a 
quake ' J. - 2<> i. i t . v a . e.u: hquake i i - I •- i. .nd ... :e 
I h e \ e l o e i l > i n p u t - i , " ' luse e-ea; - ,M. 'e ohaane , ! a , .;> •' 

i D S S l a i o u n d the \ e . a d lest Site i \ 1 Si I he - V M I . . . 

eieased n l i e q u e t u •. t " m ^ 11/ 
I he S-~: ;o -.- :t h ,u: open- lo . .p teson.a, ' I tea-.e 1 '. 

spee i f ua l i on a: j 11/ \ \ e thei e l .ue • esonm.e ' i d : h.u • i v s 
\ e n t l o i : a i slioat pe 'a I - a - a a s,,^ii . ; , ••.,.• \ | .... p. 

l e - I I j 
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in boreholes to reduce seismic noise. Three compo
nents arc used because thc\ tireath increase the 
abiln;. 10 idcntih particular wa\e t\pes. 

I Jus report present' the stead>-sfate sinusoidal 
and dynamic responses ul boih NSS seismometers. 
I'lie block diagram ol each instrument and filter is 
gi\cn. aivl corresponding aiiab ML transfer [unctions 
are coriKuned in me Appendices 

Boih open- and closed-loop I requeue) re
sponses are ploiied tor the two transducers. ()\erali 
(including tillers] velocin sciiMtnii) * (YS) curves 
Mgefhcr mi!) ph.f-e and group del.ivs are also 
presented 

Hie dwiarn t response o| each seismometer and 
tiller tnmhii iai i ' in is shown both In us response to a 

step function in \eloci i \ and its response u> seismic 
inputs Represental^c seismic inputs are vcloei-
i\granis of local, regional, and teleseismic events us 
recorded b\ the L I N ! d ig iu l seismic nciuork. 

Data lor these computations were taken from 
the Augu-.'. I I . 1979 and I ehruar> 27. 1980 infor
mal reports ot H. B Durham (Sandia): "NSS-
Model I J. Seismic Data S>siem Response } unc
tions." Transfer functions lor the S-700 were taken 
trom ihe l i t ter report and those for the KS-36000 
from the former: therefore the responses tor the KS-
36000 are sjjghih. but not sjgnjficanil>. different 
I mm the current version 

CHAPTER 2: THE KS-36000 

OVERALL BLOCK DIAGRAM 
I he o\cral. b|,1(.k diagram lor the KS-3bO0O is 

•how i-i I ,c I Ihe transducer useli is block II ,. 
w' ik l i :s Mrihei broken do.wi in'o its internal leed 

back loon I ranstcr tunctions lor H |. If \. i l|j. and 
K| .ire givei in \ppcndi \ \ H i is followed h\ the 
long Penoo Mid Period t l P MP) shaping filter. 
IK , , and the Short Period iSPl shaping titter Ms;. 
1 ranslei I unci ions lor If si and I Is; are also gi\en in 
\ppendi \ \ Ihe i«n shaping filters leed into the 

i-Q B-EI 4 r E +» " -E 

• -E 

Fid. I. Overall block diagram for NSS seismographs showing feedback loops for the transducers, shaping 
fillers, band-pass filters, and common filters. 



three major band-pass filters HLP- HMP. and HSP 
which, in turn, are followed by the three common 
filters. Ho-. Transfer functions for the band-pass 
and common filler*, are listed in Appendix B. 

TRANSDUCER CHARACTERISTICS 

The open-loop frequency-response curve, 
HJHAHVKI- is given in Fig. 2. The peak at approx
imately 0.2 H/ is due to the resonance of the lighii> 
damped l£ - 0.01417) spring-ma>s s\stem of the 
seismometer I'self. The closed-loop acceleration 
response which is Hal mil to 23 H/ (-3dB) with a 
corner frequeti *\ at approximate!) 30 H/ is shown 
in Fig. 3. 
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Fi(i. X KS-36000 closed loop acceleration response 
is flat to 2.1 Hz. 

SHAPING FILTERS 

Figures 4 and 5 show the i requeues response ol 
the two shaping filters. I Jsi and Us:. The purpose of 
lis] is lo cause the VS curve o( H i in fall off as ^ I 
at frequencies below 0.01 Hz. (Without Hsi. it 
would fall off as I.) The resulting overall VS cur\e 
for the transducer Islli llsil is shown in fig. 6. It 
rises with a + 3 slope {corresponding lo f") below its 
lo\v-frequenc> corner al 0.0105 H/ (= 1 '95 seci. It 
is then Hal out lo approximately 20 \\/ when, n falls 
off with a -4 slope. The frequency response of LP 
and MP bands will be superimposed on this curse to 
obtain the overall VS curies for the KS-36000. 
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FKi. 4. Shaping filter. I I M . frequence response. 
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FIG. 2. KS-36000 open-loop frequency-response 
curve peaks at approximately 0.2 Hz due to 
mechanical resonance of the pendulum. 
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Fl<;. 5. Shaping filler. H s i . frequency ' 
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