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*+++* CERTIFICATE OF CALIBRATION ****"

Typa: STS-2 Low-Power Serial Ho, 60127 Date: 01-0ct-2001

The above unll has been inspected and testad in pooomanca with the spacilications given in the
accompanying manual,

All tosts end calibrafions checkod below have boon padomed and passed:

Basic propariies:

(& Axes purity (%, y horizontal and rectangular to each other; 2 vertical,
Maximal doviation +/- 0.6 dog)

(4 Generator constants (x, y, z; value = 1500 +/- 15 V'sec/m each)

(W Transtor function {sach sensor)

Molsa

Instrumental nntsn lownar feoquandcy band (0.001...0.03 Hz)
Electronic sell-nolso 1...50 He (each senser)
{ ) Instrumenial nolse 20...50 Hz {reduced ground nolso by uso of a pneumaticaly docoupled tabia) *)

Pardomanod ovor tampariiura:
(% Propor oparation over lamparature (ca. 30 dog Celsius lemporaluro variation)
{ } Temporature coalficlent of tha mechanical system *)

M{k,? uw

*) Samplos only

Cwverieal you find solected tost and modal data of the unit with the above sortal numbaor,



et LABORATORY DATA OF THE SEISMOMETER NO. 60127 ==

1. Internal oscillator
Frequency: 22.21 kHz Amplitude; 5.614 Vims

2. Genaralor constant and orentation of the axes U, V, end W relatve lo X, ¥, Z
L. ¥, and W are the uncalibrated, obfique sensitivity axas (‘cube comer’ configuration)

== Naming conventions: See skatch below! <-
Sansor U: G/G0 = 1.0368 theta = 54.502d phi=178.78d
Sansor V. G/G0 = 1.0064 theta = 54.662d phl = 5§9.808d
Sansor W: GfG0 = 1.0407 thata =54 828d phi=289.81d

'GG0 s the normalized generator constant (eciual constant divided by 1500V*sea/m)

tHota=
4.7

aood v

1804

phi=&0d i
3. Model paramater oplimlzation of the fransfor Tuncikon -

&) High-frequency end (1 - 100 Hz)

Parametars partially oplimlzed for bes! fitting measurement dala. Modal function; Linear fler funclion
with discrate polas and zaroas at complax lrequences. Data points {o be oplimized:

86 complex values of the measured transfer lunclion applying sweep signal at calibration inpuis.

4 Zaroos [Hz):
Sensor lJ: -73.504/-68.201 -31.77" 2411
Smuuﬂ' -73.50+/-68.20: -31.15" -2.411
Sensor W: -T3.50+/68.200 -30.89"" -2.41

9 Poles [Hz]:
Sansor U -1620.7+/-433.7i -1514.04/-1825 51 -72.34 -67.85* -13.85" +/63.16/* 2440
Sensor V. -1620.7+/-433.7| -1514.04/-1B255] -72.34 -87.20" -13.64" +/-B53.90" -2.430°
Sensar W: -1620.7+/-433.71 -1514.0+/-1825.5( -72.34 -50.88" -14.74" +[-62.161" -2.441°

"= oplimized, ** = oplimized and comected lor ground melion inslead of calibration coll excitalion,
Nolas: Values without aslerisk are standard values Irom the theorstical modal function (no optimization).
Optimization parformed with MATHSOFT MATHCAD VB.01, buill-in inversion algorithm "MINERR'

b} Low-frequency end (0.00586 - 0.10547 Hz)

Model: Linear 2nd order highpass finer. Data points to be oplimized: 64 complex valuas ol

the measured ransier function applying sweap signal al calibration inpuls.

Faramelers: 1. 2nd order cornes petiod [sec). 2. 2nd order damping constanl. 3. Standard dev, comear
period [%]. 4. Standard dov. damping constant [%). 5. Ampl. RMS Error. 6. Phase RAMS Error.

Paramator
1 Z 3 & & (1]
Sensor U: 12017 07012 00893 0QL0BTE 0067 00.35
Sansor V- 12020 O7017 D094 01186 ODAEE  00.45

SensorW, 12036 0.7040 00734 003209 00.B0 0036
Note: Optimization performed with MATHSOFT MATHCAD VB.01, bullt-in Inversion algorithm 'MINERR'
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1) ROTICE

RS EE R AN EREENEEETANTES & CAUTION * el sddoppessnnnsesdannin

Inspect thoroughly for damage during transit. Each unit i=s
shipped ready to cperate. Do not open .the selgmometer.

Application of Incorrect power voltages may cause permanent
damage. Do not apply voltages bayond rated valyes to any
inputs,

Always be sure that the sensor masa locking mcrews have been
turned to the "LOCKED" position before moving the
seiamonaters.

Please note that each manual is labelled with the serial
numbar of the corresponding instrument.
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2) INTRODUCTION

The STS-2 "LOW-POWER" (simply STS8-2 in the following text) is
designed for quick and simple installation, wide temperature range
of operation, and secure transport, while resolving minimum earth
noise levels over the frequency range equivalent te and exceeding
traditional long- and short-period instruments,

Like the STS-1, the STS-2 is an slectronic force-feedback sensor
that provides an output signal proportional to ground velocity over
a broad range. Similarly, the S5TS-2 also employs the astatic leaf-
spring suspension (Wielandt and Streckeisen, BBsA, 1982),.

The STS8-2 uses 3 identical obliquely-oriented mechanical
sensors. The tri-axial design guarantees that horizontal and vertical

components are matched as closely as possible. Standard vertical and
horizontal outputs are derived electrically rather than mechanically.

JIFFERENCE BETWEEN "LOW-PONER"™ VERSION 2 (THIS ISSUE) AND “LOW-
OWER" VERSION 1:

O ol o R W W o e ke ol ol o o ok

Besides the motor control and the hoat-box clircuit, the version 2 and
varaion 1 alectronica are different. Therefore, moat circuit diagrams
of the secticn "SCHEMATICS" have changed. Reaponse and gain of the
two versions are identical except at the upper frequency limit. The
power consumption of version I amounts to about 3/4 of version 1. The
aslectronic self-noise has been reduced relative to version 1.
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3] GEHERAL DESCRIPTION

3)1) PHYSICAL

Three identical sensors with electronics and power conditiening
are mounted in a cylindriecal package approximataly 235mm

dianeter and 260mm high. Power, logic-lavel control mignals, and
cal ibration signals enter the STS-2 on a asingle

18-conductor cable that is alsc used to deliver tha 3-componant
differantial output mignal and smingle-ended mass position signals.
The standard 18-conductor cable is 3 meters long, and ism terminated
in & "host-box". Three threaded mounting feet alleow lavalling of
tha seismometer package. A mscrew to actuate the tranmit lock of
each sensor is accemsible aleng the edga of the bame ring. The
top and bottom of the ETE-2 have aluminum covars that

are gasketed to the base plate.

The 3T3-2 ls vacuum-tight. The construction is furthar

designed to minimize the distortion of the package by baromaktric
pressure changss by (sclating the top and boattem covars from tha
mansive base plate, in a way similar to the isolhition of a
saismograph pier from itm surrounding building. The top and bottom
covers area mecured to the base plate with compliant O-rings,
allowing the covers to compress wWwithout stressing tha antira
package. Tha sealed conatruction and mamsive metal basa plata
provide thermal isolation and inertia.

Sinca all 3 sensors are mutually aligned by mounting to a common
frame and the complete package is factory-calibrataed using a
standardized J-dimensional shake table, the STS-2

alininates some comnmon causes of installation and calibration arror.
It (s necessary to orlent and level conly a =ingle package in the
field. It is not necemsary to opon the 5TS-1 packaga, or

te individually adjust and orient esach sansor.

Some physical and geometrical outlines may be seen in the figure
"STS2 AXES"

4)2) FEEDBACK SY3TEM

{(See [lgure "OT3-2 FEEDBACK BYSTEM")

The 5TS5-2 f[eedback system is bamically identical teo

that of the 8T8-1/vBD (Wielandt and Steim, Annales Geophysicaa,
1986) although the feedback la stronger at short paricds inproving
linearity and extending the high-frequency flat-velecity

response. The low-frequency -3dB corner of the STS-2

is set at 120aec.



YAN:STSILPVI.HAN 18=MAY-35 PAGE 5 OF 15

Mo filters are used to darive the veloccity-proportional oubtput:

tha 5TS-2 feedback system dalivers velocity directly

from tho feedback loop. The cutput astago of the feedback
alectronica [or sach component provides a high=level (40V p-p.

nax) differential cutput mignal, suitable for direct connection to
a high-resolution A/D converter, such as the Quanterra 0Q52K-1 (20H=z
saspling) or Q52K-80@ (B8Hz sampling).

3)3) OUTPUT SIGNALS

The raw slectrical ocutput of sach of the STS-2's obliquely-mounted
sensors contalna both vartical and herizontal components of motlon.
These raw sensor mignals are electrically summed within the STS-2's
aleztronics to provide smtandard vertical and horizontal sutput
signals. Cross-coupling boetween components s suppreased
electrically, rathar than by mecanical adjustments.

The summation corresponds to a coordinate tranaformation of tha
sonsor frame U, V, W into the standard frame X, Y. Z (for mutual
axizs orlentation mee figure "STS2 AXES™). The thecrstical
transformaticon equationa are given in section 18. Dacaume of
mochanical material and asseably tolerances., the real
transformation eguationa differ slightly from the theoreotical ocnes.
But for on-=line test purposes (0.g9. discrimination of a bad senmor)
tha theoretical esquations will ba sufficient.

Threa additional sutput lines are used to monitor either the
noechanical balance or tha raw broad-band ocutput signala of the
individual sensors. The broad-band output signals are selected
by applying an external logic control mignal.

J)4) ORIENTATION AMD SIGMAL POLARITY

The orthogonal output signals are factery-adjusted to represent

motions In the geometrical X, ¥, and Z axis of the seismcmastar

:lth an accuracy of 1 parcent (9.6 degrees) at a period of ea.
aeC.

Physical orientation of the STS-2 by the user requires

the adjustment of only two parameters: the verticality and azimuth
of the package. Each STS-2 package is egquipped with an

integral bubble level. To facilitate orientation, a rod im supplied
With sach inatrument that represents the X axis when fitted

into the accordingly laballed hola in the edge of the base ring.
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Usually, the instrumant ju deployed with the X-axi o
thae east. A pomitive firat gxc a pointing te

. ursion in the signal then ari .
tha following ground motiona: 9 risea for

Step-shaped ground motion to the oa3t at output X+ wva. ¥-
Step-shaped ground motion to the north at oulpukt Y+ wva. v-
Step-shaped ground motion upward at output Z+ wvm., Z-

Hota: Tha POS ﬂutnutﬂ-lEIGEH not lﬁ:ﬂ-rtad, sea meactlion 5]3]] and the
raw sensor outputs (SIGSW asserted) show opposite polarity. Fer
datails mea mection B, E

3)5) CALIBRATION

The effoctive free-pericd and damping of each channel of avery

5T8-2 ia factory-adiuated to within +-1 percent of the
fnopinal wvaluam.

3)6} ELECTRICAL INPUTS

The 8TE2-2 comea supplied with a J-neter interface cablae

that ia terminated at the sensor end in a seismometer connectoar and
at the other and in a "host-box" with two waterproofl connectors
named "REMOTE" and "MONITOR". Power, control, output signals,

and calibration signals are accessible at the "host-box". The
"hoat-box" alas econtains DC/DC converters, input protection

circuita, and sthar signal distribution. See the CONNECTIONS
aection for further detalls.

31511) CALIBRATION CURRENT INPUTS

Tha ST8-2 providea meparate inputa giving accesszs to the
calibration coila to allow individual excitation of the three
sonscrs. The return legs of all calibraticon coila are tied togethor.

31612} CONTROL INPUTS

Logio-level inputa are provided on the STS-2 "host-box" to
control 4 functiona: monitor-signal selection (PUOSITION or raw
sonsor outputs), initialization of masa recentering, smelection

of low-frequency corner period, and connection or disconnection
of calibration lines.

The STS-2 can automatically recenter tha boom poaltion
an recaipt of an autozero command or pressing the "AUTOZERO"
pushbutton. Tha autozero cycle requires about 38 sec.
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To reduce inatallation and mass centering or recent

the STS-2 haa tho ability on command to :hlhql ita e b
low=frequency corner period from 120sec to 1 sec and vico-versa
without exciting the meisnometer's impulse response that can
require 19 - 20 minutes for coaplete decay mith the 120-sec low-
frequency corner. The autozers command automatically initiates

switching to 1 soc corner peried and returning to 122 sec after
the autozerc cycle ham finished.

3)6)3) POWER

Tha “"host-box"™ contains an isolating, regulated DC/DC converter.
Primary power is applied through a overvoltage and false-
polarity protection network conmisting of a thermal current

limiter and a voltage limiter. Primary DC operating voltage i=
18 - 32 VDC. Powor consumption im B8.55 W.

4) INSTALLATION

WARNING:

Whenever handling er meving tha STS8-2. be sure that the

three locking ascrowa are in the "LOCKED" pozition. Ses the section
on locking/unlecking bolow.

4)1) .UNPACKING

Each 3T8-2 shipmont containa the following:
1) 8T3-2 seisscmotor with internal electronica

2) “Emat-hn:' with 18-conducter cable terminated in a connector
that pluga into the BTE-2

3) 1 Connector 24-pin for REMOTE port on "hoat-box™
4) Orienting rod

For a [unctional teot of the ST8-2 selisnometer, inatall

it on a flat, soclid surface. Plug the 18-pin connector from the
"host-box® into the 8TS-2. Do not apply power yet.

Allow the asiamometer to adjust to amblent temperature.
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4)2) ORIENTATION

The 5TS-1 may be orlented using the supplied rod. Insert

the rod in the hole labelled X-AXIS and align it againat a ref
(usually directed to the sast), refarange

413) LEVELLING

Leval tha S8TS-2 using the bullt-in bubble laval. The

3 stainlass steal legs of the seismometer have locking jam rings
that should bs loosened before attempting to rotate the legs. Loosan
the rings just enough to be able to rotate the legas, stherwime

tightening them nay deteriorate levelling. After levelling tightan
the rings again!

4)4) LOCKING / UNLOCKING

After tha seismometer has been oriented and levelled, the maszses
of the three sensors (U, V and W) may be unlocked. Turn the

laballed screws counter-clockwise by 99 degrees until an audible
alick eccura. Do not force. The locking screws should turn with

little raaistance. Difficulty in operation may indicate internal
damage.

Tha seismometar 2 now ready to apply power, auto-center the
masnam, and begin cperation.

Alwaya lock the sensoras again before moving the seismometer.

5) COMNMECTIONS AND COMTROLS

Tha "hoat-box" gives accesas to the power, signal, and control

linan of tha miniature 18-conductor cable from the 8T8-2

through two connectors "REMOTE" and "MONITOR". Connecticns to the
data acquisition system are mada through the "REMOTE" connector. Its
pinout ims shown in schematic "STSZREMC.SCH".

The "host-box"™ contains optical ismolation of the control inputs,
a push-button for initlating an automatic mass recentering, and
a DC/DC converter that suppliss power to the seismometer. Control
signalas are transmitted to the seismomater over a single
conductor from a serial encoder in the "host-box". The achematic

for the "heat-box" is on the shoets "STS2BOXI.SCH", "8TSB2BXCI.SCH"
and "ETS2INP2.SCH".
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5)1) POWER

Input voltage (connector pins W and X) is wide range, 198 - 39 VDC.
Typical current is 22 mA at 24 VDC when recentering is not active
and the signal outputs X, ¥, and Z do not exceed 188 mV. Mass
recentering may draw an additional 12 - 28 mA. In the completely
dateriorated state (all booms deflected to the stop| the current

rises to about 88 =A.

The DC/DC-converter power-up peak current is about 250 mA. Bo sure
that the power source la dimensioned correspondingly! The power
input is galvanically isclated from the analog and logiec signala

and return linea.

In the event of applying an improper supply voltage, disconnect
power and wait for mseveral minutes for the thermal current limiter

to recovVar.

5)2) CONTROLS
This section refers to the REMOTE connector only.

The contrel inputs accept any input “"high® level froem 3 - 39 VDC,
and require an cperating current of approximately 8.5=A. Tho inputs
are optically isoclated, and require connection of the common RET
line to the return of the logic signal source.

For simple oparation mithout an external logic source, the RET
may be connected to VIN -. Control signals may then be asserted
by applving VIN + to the appropriate input.

The contrel inputas provide the following functions:

. (R) - PERSW assertion converts the free pericd to 1 second
for satup’

SIGESW assertion melecta raw sensor rather than
mass poaition outputa

2. (L)

i

3. (E) - AUTZ assertion initiates automatic masa recentering
A pulse width of 8.5 sec mininum is regquired.

4. {(E) - CALSW assertion connects calibration coils teo
calibration signal inputs. When this line is
de-asserted, the calibration coils are
disconnected from the calibration signal inputs
in order to suppress stray currents.
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5)3) SIGHALS

The REHOTE connector provides differential signal ocutputs, and
calibration signal inputs.

In most cases it will be favorable to connect the SHIELD {pin A)
to thea frame ground of your data syatem. In eleactromagnetically
contaminated surroundigs, where ground loops may arise, the best

mhield and frame ground connection must be evaluated by
axperiance.

The SIGHAL GROUND (pin F) should be connected to your data
syatem's Input common.

Tha orthogonal outputs X, ¥, 2 (vertical) appear on the
connactor as followa: X+ (pin D), X- (pin J), ¥+ (pin ©), ¥-
(pin H}, 2+ (pin B) and Z- (pin G). Each differential leg has a
awing of +-10¥, thus the peak-to-peak differential signal range
im 48V. Connect the differential output to a differential input
of your data syatem; unsymmetric inputs may introduce eslectronic

noisa. Use a symmetric voltage divider if your system doss not
accept signals as large aa +-208V.

Whan the SIGSW control input is not asserted, UFOS (pin T), VP08
(pin V) and WPOS (pin U) put out the position signals.

The position signals show the mass positions of the U, V, and W
sansors. A mass recentering cycle must ba initiated when thess
signals approach the ends of tha nominal range of +-10 V. HNo
vartical and horizontal position signals are avallable:
therefore a "maximum gravity” adjustment of verticality as
described in the ST5-1 manual im not possible.

When SIGSW is asserted, the same terminals (pin T), (pin V) and
(pin U) give accesa to .the raw (unmixed) U, ¥, and W sensor ocutputs
(+-13 ¥V output voltage swing). The single-ended signals on (pin

T), (pin V) and (pin U) are provided for monitoring purposes

enly and cannot be used for high quality data recording.

5)4) RECENTERING

The automatic mass recentering cycle is initiated by depressing
the "AUTOZERO"™ pushbutton on tha "host-box" or asserting the AUTZ
control input for at least 8.5 sec. During autozero, the
seismometer period will ba switched to one second 3o that the
leng transient response of the normal 12@8-second mode is not
excited. Following completion of an autozero cyclae, which takea
about 30 seconds, the seismometer periocd is automatically
switched back teo the normal 120-second mode.

Each sensor |s zerced in sequence. In case one autozero cycle is not
sufficient (one of the position aignals not within +-2 V), it may be
repeated. After having levelled the instrument by means of the
bubble level, it im a normal situation that more than ome autozero
e¢ycle is required (mee saction 11)1}) for mora details).
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£} SUGGESTIONS FOR CPERATION

A double styrofoam box (s recommendad for isolation against
rapid temperatura changes and air currents: it will
substantially improve the long-pariod noise level. Satisfactory
results may also be obtained with a mingle box. We have found
that in a typlcal seismic vault with still air and relatively
conatant temperature, an 5TS-2 covaerad by a aingle

box without apecial mealing can re=molve minimum earth noiss to
about 58 mec period. Operating under these conditions, the STs-2
will produce leng-period, narrow-band records [with a

peak magnification at 25-35 sec) that are virtually identical to
those frcm a properly inatalled set of ST8-1 melamoneteras.

For recording with subatantial gain at very long pericds, the
8TS-2 requires some additional protection from alr

prassure fluctuations. We recommend in thias case to provide a
simple pressure jacket which needs not be alr-procf for more

than a fewm hours. Evacuation im net required and not recommended.
In case of insatisfactory results see alsoc sectlon 11)4)

T) TRANSBPORT AND REPACKING

Preceding any manipulsation lack aach sensor by actuating the
locking screws.

Pack the selsmomeatars in the eriginal or equivalent shipping
contalners. Saiamomstaers should be protected by foam rubber on

all aides. The boxes should be shipped upright and clearly
marked for delicats handling.

8) SPECIFICATIONS

8)1) GENERAL

Principle of eperation Force Balance

Mechanical sensocrs 3 identical inertial pendula
in a cuba-corner geomatry.

The mechanical free period
iz virtually infinite.

Selasmic output =ignals 2 horizontal (X, ¥Y) and verticali Z)
Broad-band velocity response

Bize Cylindrical packeage 235 mm dia.,
260 mn high

Waight, complete with
"hoat -box" 13 kg

Environmental protection Vacuum-tight, low-stireas construction



B2} ELECTRO-MECHANICAL

Ganearator conatant

Response

Seiamic signal output

Auxilliary outputs

Elactronic self-noias

Clip leval

Dynamlc range

Parasitic resonances
PFower input

Fowar consumpkion

Control lnputs
(REMOTE connector)

Calibratlon inpults

Tenparature range

Maas centering

813) GEOMETRIC RELATIONS

Field orientation
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2 * 158 Vv*sec/n

Ground velocity betweoen cornera
8.3 mHz (128 mec) and »*50 Hz. Ses
gection 9 for details.

+=20 ¥V differantial range,
2280 chma serial resistance per line

+=180 ¥ mingle-onded, 1 kOhm serial

approx. 6 dB below USGE low-nolse
node]l batwaeen 5 mHz and 1 Hz, balow
USGS, low-noi=e modal betwesn 1 Hz
and 19 H=z

+=13 mm/mac ground velocity up to

28 Hz, linear derating from 290 Hz to
58 Hz down to 5.3 mn/sec at 5@ Hz:
aequivalent to the following
accelerationsa:

g paask-paak at Hz
@.34 20 - 5¢
.17 18
8.817 1
8.00817 ?.1
8. 20858 .83

gee figure "STSZ SEISHOMETER
HOISE AND CLIP LEVEL"

vartical: »148 Hz, horizontal: 80 Hz
18 - 38 v DC, galvanically isolated

Averaga: A.55 W, dateriorated state:
2.0 w

"high™: 3 - 38 Vv, 8.5 mA:
"lew": « 8.5 V: optically isolated

Calibration saila 318 Ohms sach
approx. 9.002 g / mA (obligque),
maximal current 58 mA aach

+=18 °C without mass recentering
(mea mection 11}3))

automatic on external command

normally: X diracted to the east,
¥ to the north
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Seiamic mignal output polarity (for X = east, outputs "+% wa. =-",
ist esxcursion of step reaponse)

- ground motion to E X: poa. voltage, ¥Y: av, Z: &v
- ground motion to M : OV, Y: poa. voltage, Z: oV
- ground motlon upward X OV, ¥Y: OV, Z: pos. voltage

Auxiliary output polarity

- sonsor boom acceleration pos. voltage on UPDS, VPOS, WPOS

upward va. signal ground (SGHD)
- sensor frame motion nag. signal on raw velocity outputs
upward 0, V. W va. signal ground [SGHD)

Calibration iaput polarity

- positive current on UCAL, downward directed force on the boon
VYCAL, WCAL vs. CCOM 0, V. W, reap.

9) RESPONSE

(Sea figures "STS-2 VELOCITY RESPONSE" and "STS-2 PHASE RESFONSE")
a) frequencies below 1 Hz

At low frequencies the 8TS8-2 seismometer may sinply ba
conaidered as a long-periocd, velocity-transducer, threa-
conponent seismometer with a free pariod of 120 zec and damplng
2.7807 of critical. Theae paranatera are factory-adjusted to
within 1 percent. The responsz=e of the seismometer to ground
displacement at frequency f is described by the transfer
function

T(E) = 2%pi*i*f*5 / [ 1 - 2% *f]1*h/f - (E1/f)**2)

where
5 = generator conatant, 20'809Q V¥seo/m

£l = corner fregquenoy, 0.38833 H=z
h = fraction of eritical damping, 9.787

b) frequencies betwean 1 and 10 H=z

Between ' and 19 Hz, the velocity response of the 5TS-2

ia flat within +-2.15 db (about +-1.5 % in amplitude). The group
delay time in thias freguency range iz nearly constant, about

4 +-1 mmoc.
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e¢) frequencies above 10 Hz

The velocity response of the STS-2 exhibits an amplitude peak at
about 7@ Hz because of the relatively low phase margin of the open-
loop function. However, the overall response at high frequencies
depends not only on the seimometer but also on its coupling to the
ground. While coupling may influence the amplitude and the phasa of
the tranafer function noticeably, its influence on the signal delay
time im small. The group delay time observed on a shake table is a
nearly conatant 3 +-1 msec at fregquencies betweon 18 and 58 Hz. The
ampl itude response may be expected to be constant within +-3 dB.

A more exact transfer function than the cne given above,
particularly for frequencies above 12 Hz, can be extracted from
the block-diagram "STS5-2 FEEDBACK SYSTEN".

16) THEORETICAL TRANSFORMATION EQUATIONS

In order to convert the differential output signals X, ¥, Z into
the approximate sensor output signals U, V, W and viea varsa, use

the following equationa:

0= - J{2/3) X + d(1/3) 2
v JS(1/6) X + J(1/2) ¥ + 4(1/3) 2
Wwe J(1/6) % - J(1/2) ¥ + L(1/3) =
X = - JL(2/3) 0+ J(1/6) ¥ + L(1/6) ™
Y - Ji1/2y v - J(1/2) W
z2 = JL(173) 0+ J(1/3) ¥V + 4(1/3) ¥

11) HINTS FOR INSTALLATION, OPERATION, AHD TEST
11)1) BOOM RECENTERING DIFFICULTIES

The autozerc seguancae of the sensors is V, then W, then U. Hote that
this mequence is running twice on one coamand!

For being able to cover a wide range of operating sita latitudes and
altitudes on earth, the masas that is shifted on a recentering
command must be rather heavy at the expense of the fine-adjustment
acouracy. Howaver, if centering is repeated, the koom positions
converge to within +-2 V. Be awars of the fact that a recentering
cyale may not always improve the boom positions. It ia therefore
very important to observe the boom positions after each recentering
action and not to rely on the automatic functionl

Actuating the boom recentering does not disconnect tha calibration
lines. Ba sure that no automatic or manual calibration is running
while sxecuting autozerc! Otherwise it may happen that ona or more
senzor mignals get ocut of range.
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11)2) OFFSET ON THE SIGMAL OUTPUTS

Having installed a seismometer, the temperature of ths instrument is
drifting towards an equilibrium temperature. Hermally, thae drift
poriod lasts one day at the minimum. The characteristic of a high
tomperature drift is a high "offset"” on the Z signal ocutput.
woffsat™ means here a gquasi-constant ocutput voltage, i.a. & voltage
romaining constant during many step-response settling times (about
18 minutes). Of course, an "offset" also arises, when the ambient
temperature is continually changing. If this "offset" axceads 20 mV
at tha differential outputs and is not remarkably diminishing during
soma hours, the temperature drift la very critical.

11)3) OPERATING TEMPERATURE RANGE

Tha temparature ranga +-10 degrees without recentering smpacified in
soction 8) only holds for long-term, cyclic temperature variations.
short-term variations produce noise and offsat (mection 11)2)).
bacauze of thermal disequilibrium inside the seismometer housing.
Additionally, the temperature drift shows a non-linear behavior. As
long as the temperature is fluctuating only within a specific

28 degree range no recentering is required. But if the temparature
laavea this range for the first time in either direction., a
aubatantially higher drift may be observed. Say, your wvault
tamparature is 2 degrees Celsius in winter time at the minimum and
22 degrees In sumpoer time at the maxipuam. Purther suppose, you
daploy the instrument in summer time. Depending on the storage
tenparature before the deplovment, occcasional recentering until the
next spring tine may be required. Aftarvards, you do not have to
racenter again. The drift caused by aglng is negligible by
experience. On the other hand, {f you move the solsmometer to a new
vault with an annual temperature range of 15 to 35 degrees, you may
have to recenter several times until the seismomoter has reached

35 degreea for the first time.

The specifications of section B) are guarantesed within the
temperature range of 2 degrees to 40 degreea Calaius.

11)4) DIFFICULTIES WITH LCRG-PERIOD NHOISE PERFORMANCE

Hearly all newly (nstalled selsmometers exhibit randeomly distributed
step-response peaks of variable amplitude on the X .Y, and Z records
because of internal and external mechanical stresses that are
releasaed at the baginning of operation. During the first few days or
wanka, these peaks should diminish in frequency and amplitude and
then almost vanish. If the disturbance activity romains consatant
over several weeks, the reason may be found among the following
three possibilities:
a) The temperature drift is relatively high (recognizabla by an
"offset” cof several Millivolta on Z).
b) Tha place of cperation is mechanically unatable (e.g. corrosien
phenomena, dewatering effects, etec.).
c] A sansor mechanics part (e.g. axis hinge) has been damaged.

For a proper long-period registration it is easential te follow the
advices of section 6!
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STA2 "IRIS-8F" HOST BOX REMOTE CONNECTOR ASSIGNMENT

POWER

INFUT POWER 18 GALVANICALLY ISOLATED

+VIN
-VIN

CONTROL

10TOMN VDC
POWER RETURN

CONTROL INFUTS ARE OPTICALLY ISOLATED
SAFE SWITCHING LEVELS ARE >3Y FOR ON
AND <0.5 ¥ FOR OFF AGAINST RET

PULSE OF MIN. 0.5 SEC LENGTH -~ AUTOZERO

ON = CALIBRATION COILS CONNECTED

ON = EIGNAL SWITCH TO U, ¥, W OUTPUTS INSTEAD OF X, Y, Z.
ON = SEISMOETER PERIODE SET TO 1 8EC

RETURN LINE FOR THE ABOYE CONTROL INFUTS

SEISMIC BIGNALS, MASS POSITION

X+

X, Y, ZARE ORTHOGONAL COMFPONENTS OF
THE SEISMIC SIGNAL

X-

Y+ + AND - DENOTE THE DIFFERENTIAL

Y- LEVELS REFERRED TO SIGNAL GROUND
+

z

UPOS/U- UPOS:  MASS POSITION OF SENSOR U

VPOS/V+ VPOS: MASS POSITION OF SENSOR V

WPOS/W+ WPOS: MASS POSITION OF SENSOR W
GND8 SIGNAL GROUND

CASE SHIELD

CALIBRATION COILS

UCAL CALIBRATION COIL U

VCAL CALIBRATION COIL V

WCAL CALIBRATION COIL W

ccoM CALIBRATION COIL COMMON

SEISMOMETER

Wmmmaoa

L

R

5

U+, V+, W+ ARE THE SINGLE
ENDED OUTPUTS OF THE TRI-AXIAL
SENSORS (SIGSW = ON)
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