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Instrument Description

The Metrozet TSA-100S is a high-performance, triaxial, force-balameteaometer that has been
developed for applications in earthquake recording and structural monitorintizdsutree,
compact, capacitive, force-balance accelerometers. The TSA-100S isquhbiagurface
applications. The complete package includes a level indicator, leveling feet, andngnbotes for
accurate installations in strong motion environments. The sensor providescalelirput range of
+/- 4 g over a measurement bandwidth of greater than 225 Hz. It is designed as a Inigiteaipee,
drop-in replacement for a number of common earthquake accelerometers (KiceE@®ensor,
Guralp CMG-5T, etc.). It uses a standardized connector, and a wiring protocd,gimtompatible
with many of the sensors currently on the market. The TSA-100S is designed to hmpirysuse:
simply place the sensor, attach the connector, and begin measurement.

While the size and form factor of the TSA-100S package is chosen to facilitaterdeptag surface
recording, the basic sensor module is very compact. This allows it to be used jrdemabole
packages (diameter under 2”). If you have specific downhole measurement reqis;grtease
contact Metrozet.

TSA-100S Package

Figure 1 shows a drawing of the TSA-100S package. Although most of the extamminents on the
package are self-explanatory, a few points are in order.

Bubble Level

The bubble level will provide indication that the axes are aligned with locakgtawvithin

+/- 0.25. Simply adjust the leveling feet so that the bubble is completely within the black
circle.

Leveling Adjusters
There are three %-20 set screws that serve as leveling adjustersielveaarept a 1/8” hex

key. Note that there three locking nuts (also ¥-20) that should be loosened prior to adjustme

Following leveling, the nuts should be tightened down to pre-load the set screws.

Case Ground Connection
There are two brass knurled screws at on each side of the package. These mavica el

connection to the entire instrument case, and to the “Case GND”connection (Pin UL8n the

socket circular connector. This connection is completely separate frormtwe’séPower
GND” connection.

Axis Orientation

The +X, +Y, and +Z axes are shown on the label on the top of the case. + Z is up. The axes

form a right-handed coordinate systefn. acceleration along the positive axis leads to a
positive output voltage.
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Watertight Enclosure

The package contains neoprene gaskets between the cover and the baseplate, emthkeetwe
circular connector and the cover. This design provides a good level of wadeares.

Exercise extreme caution when operating this and other electronigstems in the presence
of moisture.

No User-Serviced Parts

There is no reason to open the instrument case. There are no adjustments to makedorthe se
and there are no parts that can be user-serviced. Opening the case wih tagalking our
warranty seal and void your warranty. Please cos@wice@metrozet.comith any questions
about your unit.

Electrical Safety Notice

As with all electrical instruments, potentially lethal potentials canbe present on all metal
surfaces, including conductors within the cable and any exposed metal cpanents on the
sensor. Proper grounding of these elements is important to minimizbese risks. The user
of this product is responsible for its installation and operation in aafe manner, and in
accordance with all local requirements for electrical safety.
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Figure 1. TSA-100S Surface Package.
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TSA-100S Connections

Table 1 provides a description of the connections that are made to the TSA-100S, throughaiel9
connectorNote that this matches exactly the connections for both the Kineetrics EpiSensor and
HypoSensor products.

The connector part number is 851-07A14-19S50-A7. Metrozet recommends a right-aimge mat
connector (part number 851-08EC14-19P50). Both of these are available from Connector §gchnolo
Inc.

Metrozet has produced a quantity of mating cables with one end terminated vafptbpriate right
angle connector, and the other end left bare. These assemblies (15’ long Belden @§4ilablsix
twisted, shielded pairs (each conductor 20 AWG). They are connected as shown in Takbdeti2aiN
the shields around each twisted pair are tied to Pin U (“Case GND”). Pleaaet ddetrozet if you
need assistance with any custom cable design.
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cables

Pin | Name Description Input/Output

J +12V +12 DC Power Supply Input

H -12V/NC -12 DC Power Supply (standard dualpyip Input
No Connect (single supply option)
NOTE: For single supply units, pin H has no net
attachments. This prevents damage if the unit is
inadvertently connected to a dual supply system.

K Power GND Power Ground (Return); ground refereoceensor Input
output signals

U Case GND Connection to instrument case; thisdk&ited from Input/Output
Power GND

E CAL Calibration signal input; excites all thresnsors Input
simultaneously; requires CAL_EN line to be setrnalde
calibration; during normal recording, the CAL ligkould
be tied to CAL_EN, to Power GND, or left floating

F CAL_EN Digital signal line to enable calibratiowput; a signal Input
between +5 V and +12 V will enable calibration;idgr
normal recording this line should be disconnected
(floated) or tied to Power GND

L X+ X+ Acceleration; one phase of differentialtput signal; | Output
for single-ended operation, this signal is refeeshto
Power GND

M X- X- Acceleration; opposite phase of differehaitput Output
signal

N X Shield Connected to local GND for X-axis accelaeter; this | Output
can be connected to a shield within a user-defiradie

A Y + Y+ Acceleration; one phase of differentialtput signal; | Output
for single-ended operation, this signal is refeeshto
Power GND

B Y- Y- Acceleration; opposite phase of differehbatput Output
signal

P Y Shield Connected to local GND for Y-axis acogfeeter; this | Output
can be connected to a shield within a user-defiradie

C Z+ Z+ Acceleration; one phase of differentiatpau signal; | Output
for single-ended operation, this signal is refeeshto
Power GND

D Z- Z- Acceleration; opposite phase of differehtiatput Output
signal

R Z Shield Connected to local GND for Z-axis acomieeter; this Output
can be connected to a shield within a user-defiradie

G Power GND Alternate connection to Power GND feernadefined Output
cables

S Power GND Alternate connection to Power GND ferudefined Output
cables

T Power GND Alternate connection to Power GND fsemdefined Output
cables

V Power GND Alternate connection to Power GND feeudefined Output

Table 1. Connections to the TSA-100S through the 19-socket circular connerxct

YWithin Metrozet's standard mating cable, the thsbield outputs (pins N, P, and R) are connectd®biwer GND (Pin K).
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Twisted Pair# | Color Circular Connector Pin # | Description
1 Red J +12V

1 Black H -12vV

1 Shield U Case GND

2 Blue K Power GND

2 Black U Case GND

2 Shield U Case GND

3 Brown E CAL

3 Black F CAL_EN

3 Shield U Case GND

4 White L X+

4 Black M X-

4 Shield U Case GND

5 Green A Y+

5 Black B Y-

5 Shield U Case GND

6 Yellow C Z+

6 Black D Z-

6 Shield U Case GND
Additional N,P, and R tied to K Each of sensor shield outpatsto

Connections

Power GND

Table 2. Connections within Metrozet’s standard, mating cable.
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TSA-100S Specifications

Specification Value

Technology Triaxial, force-balance accelerometehwapacitive displacement
sensor, restoring coil and calibration coil

Full-Scale Range +/- 4 g Peak-to-Peak

Responsivity 5V/g Differential; 2.5V/g Single-Ended

Output Differential to > +/- 20V Peak-to-Peak
Single-Ended to > +/- 10 V Peak-to-Peak

Bandwidth DC to 225 Hz

Dynamic Range > 160 dB at 1 Hz, in 1 Hz bandwidth

147 dB, typical, 3 Hz to 30 Hz, integrated
135 dB, typical, 0.1 Hz to 100 Hz, integrated

Self-Noisé 2.2 x 10° gRMS /rtHz @ 1 Hz, Typical
2.0 x 10° gRMS/rtHz @ 10 Hz, Typical
2.0 x 10° gRMS/rtHz @ 20 Hz, Typical
2.8 x 10° gRMS/rtHz @ 50 Hz, Typical
7.0 x 10° gRMS/rtHz @ 100 Hz, Typical
3.0 x 10’ gRMS/rtHz @ 200 Hz, Typical

Offset <0.05 g (less than 0.02g available upon request)
Non-Linearity’ < 0.015% Total Non-Linearity

Total Harmonic Distortion <-74 dB

(THD)

Cross-Axis Sensitivity < 0.002% within each sensor

<0.5% total, within triaxial sensor, including axigsalignment

Hysteresi§ <200 micro-g peak-to-peak, with +/- 1 g excitation
or
<0.005% of Full-Scale

Calibration Caoll Standard, digitally enabled

Nominal scale factor: 0.035 g/V
Calibration Input impedance: 110 KOhms

Offset Temperature Coefficiéht 60 micro-g?C, typical, Horizontal Sensor
320 micro-giC, typical, Vertical Sensor

Supply Voltage Ranges +/- 12V to +/-16V (standaudlcupplyy
9-18 Volts (single supply option)

Power Consumption — Standard | Quiescent: +75 mA/-70 mA on +/-12 V Supply

Dual Supply Dynamic: +/- 4 mA/g/axis on +/- 12V Supply
Power Consumption — Single Quiescent: 180 mA @12V; 140 mA @ 15V
Supply Option Dynamic: 9 mA/g/axis @12V; 7.5 mA/g/axis @15V
Operating Temperature Rangg  %@Qo +85C
Connector 19-Socket circular connector
Connector Technology, Inc. 851-07A14-19S50-A7
Physical Size 8" (L) x 8" (W) x 3.75" (H) with leliag screws extended
Total height with right angle mating connector %"
Mounting Holes Three %-20 clearance holes at edigjéssufficient space for

washers/nuts; %-20 adjustable leveling feet andvlaulevel

Table 3. TSA-100S Specifications

Notes:

! Upper bandwidth is frequency at which sensor nespias -90 degree phase shift.

2The ratio of RMSull-scale to RMS noise. The dynamic range at 1idlza 1 Hz bandwidth, is a figure used by Kinenustfor their
EpiSensor.

3 Self-noise measurements utilize inter-sensor @stuertechniques. See, for example, “TechniquenfoMeasurement of the Noise of a
Sensor in the Presence of Large Background Sigriésjiew of Scientific Instrumer@s, 2767 (1998).
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% Non-Linearity is determined with a 180t test. Total Non-Linearity is the total, petdepeak residual error from a linear fit to this
data. It is the error over a +/- 1 g range.

® THD is determined using the calibration coil. Twl is driven to produce an equivalent acceleratib0.1 g Peak at 5 Hz Peak
amplitude, and the sensor output is recorded. T¢Hibe ratio of the energy in five harmonic peak#htd in the fundamental signal.

5 Cross-axis sensitivity includes both the axis figsanent associated with sensor mounting withinttiexial package, and the inherent
sensitivity of each sensor alone. The latter igmeined from the 18€lt test. Mounting misalignment is the dominanttfar. The
specification is a fraction of the applied signal.

" Hysteresis is determined through a repetitivegiit. Measurements are madedilObefore and after tilting the sensor through/al
g range. The test provides a measurement of thiatiearin sensor reading at filt, approaching from +1 g and -1g. Hysteresithis
total error peak-to-peak variation within the maasuent set.

8This involves measurement of the sensor outputspanse to a small increase in housing temperathestemperature rise is
approximately 2.8C. It was measured with a small temperature seh#485) mounted to the housing.

This specification guarantees a +/- 4g Full-Scalade. The sensor will operate on less than +/- h@Wever the full-scale range will
be reduced.
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TSA-100S Self Noise

Figure 2. Typical self-noise plot for the TSA-100S sensors. The full-scalgpdevel is also shown
at the top of the figure. The dynamic range of the system is calculated for a nueatof
frequencies: @ 1 Hz in a 1Hz bandwidth; over 0.1 Hz to 100 Hz range, integrated; ov@Hz to

30 Hz range, integrated;
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TSA-100S Frequency Response

Figure 3. TSA-100S typical frequency response. The total amplitude responisehe product of
the DC scale factor of the accelerometer (5 V/g, nominal) and a relative fyreency response
(unit-gain).
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TSA-100S Total Harmonic Distortion (THD)

Figure 4. Total Harmonic Distortion (THD). This measurement injects a pte sinusoid (5 Hz,
2.5V Peak amplitude) into the calibration coil. This corresponds to an equalent acceleration of
approximately 0.1 g Peak (-20 dB). THD is the ratio of harmonic energy to that in the
fundamental. This sensor has a THD of -80.6 dB. The limitations to the accuracy ¢ii$
technique are discussed below.
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Operation
Operation of the TSA-100S involves a few simple steps.
Mounting the Sensor

The TSA-100S should be placed on a level surface, with the circular connector pointing
upward. Adjust the orientation of the sensor to align the X and Y axes with the desired
measurement directions. Adjust the tip/tilt of the sensor platform to centeulbhée level (the

tip/tilt will be within 0.25’ of horizontal when the bubble is within the black circle). Tip/tilt
adjustment is carried out using the three %4-20 set screws at the edge néthddase. Loosen

the nuts and use a 1/8” hex key to adjust the screws. Tighten the nuts when finished. gror stron
motion applications, the sensor can be rigidly attached to a structure by usimgé:120
clearance holes positioned around the edge of its base.

Grounding the Sensor Case

In typical installations, the sensor case should be attached to local earth gtwaihslo Brass
screws on the sensor provide a convenient attachment point. These terminaistiacalbi
connected to the entire instrument case (both cover and baseplate).

Powering the Sensor

As shown in the specifications, the standard dual supply sensor requires an inpuapgeer r
between +/-12V and +/-16V to meet specifications. Operation on lower input vakages
possible, however, this may reduce the full-scale measurement rang@icHselg peak
acceleration). The sensor draws a quiescent current of approximately +7AmX at +/-

12V. In addition to this quiescent draw, the sensor draws a signal-dependent (Jlyuarart

in response to accelerations. This dynamic current draw is approxifatelyg per axis. For
example, with an absolute maximum 4 g peak signal simultaneously on each axis, the sensor
will draw an additional dynamic current of approximately 48 mA.

The power for dual supply sensors can be provided by one of a number of sources. Many
commercial data recording systems provide integrated, dual supplies formmpesxernal

sensors. It is important to ensure that a particular system can provide thevpitager and

peak current levels for your application. Standalone power supplies (such asléné Ag

E3620A) can also provide highly regulated dual power in a compact low-cost packége. N

that the dual supply TSA-100S provides reverse polarity protection, but does not provide over-
voltage protectioncontinuous application of supply voltages greater than +/-16 V can

damage the standard dual supply sensor.

The single supply option provides an internal DC-DC converter and accepts a 9-18 volt input
range. The internal converter operates with an efficiency of about 80%. Withiaf&V

supply, the quiescent current is 180 mA and the dynamic current is equal to 9 mAkhfor ea
axis under acceleration. With a 15V source, the quiescent draw is 140 mA and the dynamic
current is approximately 7.5 mA/g on each axis.
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With the single supply option, Pin H has no internal connections. Therefore, inadvertently
connecting a single supply unit to a dual supply system will cause no damage amd draw
current from the negative supply. Note that the single supply option TSA-100S also provides
reverse polarity protection, but does not provide over-voltage protectohnuous

application of supply voltages greater than +18 V can damage the single supplyser.

In both configurations, the user should ensure that the proper power supply voltagesere pr
on Pins J, H, and K of the mating connector, prior to attaching the connector to the sensor.
Upon application of power to either option, the user will hear a low-volume transiemqt™chir
from the package lasting about 1 second.

Recording System Connection

If possible, the full differential output should be recorded. Although single-ended regadi
possible, the differential outputs will provide the best noise performance. Both itieeparsd
negative outputs are compensated to drive relatively large (e.g., 100 nF) vapaads.

In order to utilize fully the low noise and large dynamic range of the sensomnjportant to

use a high quality recording system. One important point is that the systemprowidée a high
degree of anti-alias filtering (through oversampling/digital riittg and/or through a high
performance analog filter at its front end). The sensor output is very ligtehed (to

minimize phase shifts within its measurement band). It contains smad (eve) of signal at

32 KHz. The recording system needs to suppress this by approximately 100 dB in order to
avoid aliasing at the level of the self-noise of the sensor. This is a staghtd requirement
for most anti-alias filters (a 4-pole active filter with a 1 KHz cutsffnore than adequate).

Another point is that the best overall measurement performance will be obtaiheteniise of
a modern recording system (so-called “24-bit recorder”; such systems pbetwdeen 120 and
135 dB of actual dynamic range). Older, 16-bit systems can be used, but these Widinnot a
the user to observe the full dynamic range of the sensor.

Calibration

The overall transfer function of the sensor is a product of two terms: the DCasxtale(in
V/g) and a “unit-gain” frequency response.

The DC scale factor can be obtained through a simple tilt test. This candsy as @&
measurement with the sensor axis pointing up and down (+1 g and -1 g). The DC smaie fact
simply one-half the difference between these readings.

The calibration coils can be used to record the unit-gain frequency response tdrreelisor
has a second coil (with fewer turns) that is co-wound with its feedback coils@issr can be
used to inject a force (or acceleration) into the system. Measurementesploase to this
acceleration allows a very accurate determination of a number of sensoefgsa In order to
activate the calibration coil, the CAL_EN line is pulled high (to between +5V and)+TIBis
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activates the calibration mode in all three sensors. A calibration sighahisipplied to the
CAL input (the signal is relative to Power GND).

Typically, pseudo-random white noise, or periodic random noise, is used to excite the CAL
input. The latter is sometimes favored due to its self-windowing char#écterisynchronous
systems. The response to this random noise excitation can be used to calculatsfire t
function between the stimulus and response. Typically, this transfer functiomialized (to
magnitude 1, or 0 dB) at some low frequency value. The overall sensor responsehis then t
product of the DC scale factor and this transfer function. Note that the absolutéuchagii

the calibration response is largely indeterminate, as the calibration othessame magnetic
circuit as that of the sensor’s feedback coil. As such, the absolute DC saal®fdlce sensor
cannot be determined through the calibration input. For this reason, a tilt tegtiiede

The calibration input can also be used to measure the total harmonic distortion (TtH®) of
sensor. In this case a pure sinusoidal signal (at say 2.5 V peak and 5 Hz)ad injiecthe
CAL input. The sensor response is measured. The ratio of energy in the harmonicstthéha
fundamental is the THD. To be completely accurate, it should be noted that as the same
magnetic circuit is used for both calibration and feedback, this techmigirtunderestimate
the THD. This is because any non-linearities in the coil-magnet actuateeen by both the
calibration and response forces. Thus, they cancel one another, leading to antimdeomes
of THD. However, from DC tilt testing, it is clear that the overall mageitoidthe sensor (and
feedback actuator) non-linearity is very low (total non-linearity is under 0.015¢@one 1 g
range). In view of these caveats, measurement of the THD via the ¢cahlwail is an ideal
tool for assessing the sensor’s state-of-health.

Following calibration, it is important to bring CAL_EN to Power GND, or to disconihécim

its driving source (the CAL_EN line has an internal, pull-down resistor). In normedtaye it
should be connected to Power GND, connected to the CAL_EN line, or left floating. This will
deactivate the calibration mode and minimize any noise that may be introdtec#tei sensors
through the calibration coils. This mode should be used for normal recording.

Maintenance

The TSA-100S contains no user-serviced parts. All repairs and servicing shoultbbaeaiby
Metrozet. Please do not remove the sensor cover. Doing so will break the wazediatydsexpose the
sensor elements to both dirt and moisture, which may affect product perforrRase contact us
with any questions or service requests at:

Metrozet
21143 Hawthorne Blvd. #456
Torrance, CA 90503
866-823-0339
support@metrozet.com
WWW.METROZET.COM

TSA-100S User’s Manual, Version 1.1C 16 of 20



Appendix
Sensor Response Data

The sensor response is the product of a DC-scale factor (obtained throudHila te8€) and a unity-
gain frequency response (obtained by driving the CAL coil with a pseudo-randonsigois. The
overall response can be characterized fairly accurately by the fajpsynthetic transfer function:

o9 =V - AR
a(s)  (s- PJ(s- P(s- PJ(s- P

where,

G(s) is the transfer function (V/g)

V(s) is the Laplace transform of the sensor outltage (V)
a(s) is the Laplace transform of the acceleratignas (g)

Al is a scale factor (rads/sec)

R1 is the value of the DC scale factor of the se(i¢fm)

P is the value of Pole 1 (rads/sec)

P, is the value of Pole 2 (rads/sec)

Ps is the value of Pole 3 (rads/sec)

P, is the value of Pole 4 (rads/sec)

Metrozet provides the value of ARy, Pi, P, Ps, P4, for each sensor axes. These are contained in the
following pages. We also provide a plot of the &tic amplitude and phase response corresponding
to these value®ver the full bandwidth of the sensor (DC to 225 Hit)ese synthetic transfer
functions match the true response of the sensor to within:

+1.0 dB/-0.0 dB in Amplitude
+/- & in Phase
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