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National Seismic Stations
Transducers and Filters

ABSTRACT

The National Sersmic Stations CNSSyinstruments are beme descloped Tor sasmic
monitoring of regionat and telesersmic events They consist of two 3-conponent, broad-
band. borchole seismometers the KS-26000 and the S-7000 why chis thie hackup tor the RS-
26000, Output i divided into frequency bands 1o reduce data foss due to st o

Complete block dusgrams o the KS-26000 and S-7000NSS scismomoers and
hlters are presented Both opan-loop and dosea-Toop steads sstate amplhiade aond phase
curtesare given Without band-pass hilters that with shapiy tiltersy the RS- 36000 has 1
(e . between the 3R pomtsy veloaty sensitan from 003 we 23 Hyzo Wik s shapung
filters, the S-700 o~ e front 0 2 o 4o bz The siruciare of the three Pand-pass tiers ol P
MNP and SPUas saperanposed onthese vedoety sensitivines Pasapands o0 i sesalte o
overall velocity senstiiviy for the KS-36000 are as Jollows TP begic = 0o 0os Heo NP
band = 0.02-1 Y1/ oad SP has
delay s are given tor caan ol basids Tho MP-hund step response o~ osaidla

d I H St stuncions responses and phoec and sroep

sharp, highi-trequence caiotts sut o MP-had Piter work e abroapt Gt

oscrlhation.
To penerate tpread NSS ouiput stisnioviains, celoct cnpaas e s rorresen

Lalive seisiie eventis were ased o andererocne naclear fesi ol Yo ceie o caren
quahe 120 2000 creca canthgquakc S v b s 0 ond sociesean e oo s B
[he veloaty mpais for Those cvens wore obiesad troe sbe TN [N ARENRERN
CDSSEaound the Neesdn Tes Sie aN IS The sasnoss oo s raad i RN
bands were satstrcon s acheash e el e s 0 Y :
creased i freguencs o 00 Tl
The S-7n0wth an openstoup cosoran tregae w0~ L
speciication at T2 W e theretore seconimensd that soe s Do
ventionad shert perccd sesmiometes sach as e Mure Prool0 s 14
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m boreholes to reduce seismic noise. Three compo-
nents are used because they ereatly imerease the
ability 1o wdenufy particular wase types,

This report presents the steads-state sinusordal
and dananue respanses af both NSS sesmometers.
I'he bloch diagram of cach mstrument and filter
snen. and corresponding analvtic transfer tunctions
dre contained o tne Appendices

Both
sponses are plotted tor the two tronsducers, Overali

open- and closed-loop frequeney Te-
Cncluding Dltersy veloaty sensitiviy* (VS) curves

tpether wath phase and group delass are abso
preseniud
Fhe dvnam o response of cach seismometer and

tilter combunation is showirhoth by pts response to o

CHAPTER 2:

BLOCK DIAGRAM

hiack diagram tor the KS-20000 i~

OVERALL

I'he overals

Showe g be b Phe reansdueer atselt s block Ho
waich s anher Broken dos oo s mternal teed
v iy '

step function in velocity and its response to seismic
inputs  Representatise sersmic imputs are veloci-
tygrams of tocal. regronal and teleseismic events as
recorded by the LENL dignal seismie network.

Data {or these computations were taken rom
the August VL 1979 and b ebruary 27, 1980 infor-
mal reporis of HU B Durhum (Sandiay: “NSS-
Maodeb 1 Seisnne Data Sastem Response Fune-
tons.” Transfer functions for the S-700 were laken
tram the Latter report and those for the KS-36000
trom the former: theretore the responses for the KS-
36008 are ~hghthy. different
Irom the current sersion

bhut not sgmificanily.

THE KS-36000

hack loan Transter tunctions tor Hypo H . H g and
Ky are giver an Appendis v H s followed by the
Long Perog Mad Penod o P MP)Y shaping Dilter.
).
{ranster tunctions tor Heyand T1gz are also givenn
Appendin A

and the Short Period (SP) shaping fitter Hea,

Ihe two shaping tiltees Jeed mto the

1~

4
L

**}-Q
]

1
1

FIG. 1
filters, band-pass filters, and common filters.

Overall block diagram for NS5 seismographs showing feedback loops for the transducers, »haping



three major band-pass filters Hyp, Hyp. und Hsp
which, in turn. are followed by the three common
filters. H¢p. Transfer functions for the band-pass
and comur.on filters are listed in Appendix B.

TRANSDUCER CHARACTERISTICS

The open-loop frequency-response  curve,
HTHAHVK} is given in Fig. 2. The peak at approx-
imately 0.2 Hz is due 1o the resonance of the lightiy
damped (£ = 0.014171 spring-mass system of the
seismometer psell. The closed-loop acceleration
response which is flat out W 23 Hr (-3dB) with a
corner frequen v at upprovimately 30 Hez is shown

in bag. 3

SHAPING FILTERS

Figures 4 and S show the frequencs response of
the two shaping filters. Hyjand Hy The purpese of
Hyp s o cause the VS curve of Hyto Tall off as ~!
at frequencies below .01 Hzo (Without Hgp. it
would fall off as 1) The resulting overdll VS curve
for the transducer (5H | Hyp) is shown in Fig. 6. 1t
rises with a + 3 slope {corresponding o I3 below it
low-frequency corner at Q0105 Hz (= 193 sec). It
1s then flat out to approvmtely 20 Hz whero 1 talls
ol with & -4 slope. The frequency response of LP
and MP hands will he superimposed on this cunve to
ohtain the overall VS curves for the KS-36000.

- 106 ui1ru ||u!1||| \lllIIIH
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< 104 —
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g 10?2
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+iG. 2. KS-36000 open-loop frequency-responsc
curve peaks at approximately 0.2 Hz due to
hanical r e of the pendul
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FI1G. 3. K5-36000 closed loop acceleration response
is flat to 23 Hz.
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FIG. 8. Shaping fileer, Hy, . frequency response,
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CHAPTER 4: BAND-PASS FILTER CHARACTERISTICS

A AR tie NSS shech disan o PROPFRTIES OF BAND-PASS
RS oo ) che SSTO0 e aped by FIELERS

ahohe three Sund-pass filters 11

Pods o b

sesan themsthieow
AN I LNTRNEL Y L G
crtbahife Tooeview somie ceneral dhar -

ot nher tpes used o ihe NSNS R LY

¢dosorme these thers  deil

Poders s assad e thins section are als ot the

They e desanibad miterms o same
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FABLE 1.

Summary of simple, Butterworth. and Bsel filter characteristics,

Simple Gilter

Butrerworth filier Brssel filter

~hape of specteal Voderately Nat,
amplitude response

nioderately counded corner

Overshoot in None
Aep respunsg
I"hase distortion Maoderate

Vers flat, Very sloping.

hurp carner e rounded corer

Madverale Ve i

Quite a bt [R¥IN]

U Hessel ! hesc tiens rond oo pprony
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CHAPTER 5: NSS

BAND FILTERS

=1one Chances ab saturation of the elee-

oo g Batee seIsiii v ehts i i desianie

s e RSS3RU00 d SO0 ouspat ante hands

N

For ovuanple o there were ony one band teso-

et ssstemy, the barge amphitude sue-

crdud brodb

e wanes poncnatad hyogomeeors remote carth

Ctene condd cause s sturatnon of the electionics and
joss ot b sienads during the period ot the satara-

By

presaitahly oniy the TP hand would expenence

fin hreashing the ouwped e hands,
clectranie ~atur o, although rechanical or clec-
tal sazaraton af the transdacer sould spod the

data e oabl three bands

SANDIA FILTERS

Amphiude spectza of TPONMPand SPoaders

proposed by Durham o1 Sandia top Gt bare shawnp

BA

S0 the Biters e

Tabvic §osnows s

Chrbrceduss e g i es et rectangibat posse

[T IsBanr sy spurese. arid e
e broe, cowpet et selecineh Teectiee
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Seatsroct ot passhang dBatiervorth tha s

Bar il ov o

vt At
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ND-PASS
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CHAPTER 7: THE MP-BAND FILTER

As was stated previousho the upper corner o o anded seale The e an group delay tor
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CHAPTER 8: THE KS-36000 RESPONSE
TO VARIOUS REAL SEISMIC SOL RCES
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CHAPTER 9: THE S-700 SYSTEM

S-700 RESPONSE TO RE AL INPUIS O T A N N
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APPENDIX A: SEISMOMETER TRANSFER FUNCTIONS

TRANSFER FUNCTIONS FOR THE KS-36000 SEISMONETER
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APPENDIX B: FILTER TRANSFER FUNCTIONS

SHORT PFRIOD FILTER TRANSFER FUNCTIONS
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APPENDIX C: PHASE AND GROUP DELAY
WITH AFTAC FILTERS

r\o “:

. 4‘ v
. .
:osr -2
z 7LAFTAC e \\ : =
. 7 = H
2 Gk arTACHP - E
a.

bt T
0% 107100 0 10 0!

Fovaene

S Y

1) A

FIGO O Phase delay RS-360060 with AT AL

filters.
FIGL O Goroup deby RS Rolite swah A e
fifters.



APPENDIX D:
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