GURALPCMG-3T

BROADBAND SEISMOMETER

o Covers the complete seismic spectrum up to 50 Hz,
and a single transfer function defines the sensor
response.

e Suitable for local, regional and teleseismic
recording.

o Truly portable seismometer with alifting handle and
easy accessto electric connection.

e Remote electronic mass locking and unlocking
facility.

¢ Sensor can be operated with £2.5 degreesof tilt, and
microprocessor controlled remote centering is
provided.

eAdjustablefeet.

e Special design adjustable feet which reduces
spurious modes of resonance. Parasitic resonances
areabove220Hz.

o Low power consumption, 0.75 Watts. Operates over
10to0 30 Volt power input range.

o Stainless Stedl Construction.

The CMG-3T seismometer is a compact three-component version of the CMG-3 broadband sensor. The
sealed three-component stainless steel housing is suited for surface vault (observatory), subsurface vault
and post holeinstallations.

CMG-3T has been designed to provide seismic information over the COMPLETE seismic spectrum from
very low frequencies up to 50 Hz. Various frequency response options are provided for the user and
optionally the high frequency corner of the sensor response can beincreased beyond 50 Hz.
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Theseinstrumentsdo NOT require preciseleveling of the sensor package to obtain long period mechanical
responseand can be used without leveling the sensor caseupto +2.5degreesof tilt.

The scope of the CMG-3T seismometer includes the associated peripheral equipment for borehole
applications, including holelock, holelock installer and cable strain relief mechanism. Furthermore, CM G-
3T canbeinstalled inside ocean bottom capsul esto be used as broadband ocean bottom seismometers.

MECHANICAL SYSTEM DESIGN

The vertical and horizontal sensors are orthogonal to each other with an accuracy better than 0.1 degrees.
The beam type sensor boom which definesthe frame of referencein both the vertical and horizontal sensor
are absolutely identical. The sensor boom with a displacement capacitive transducer and a constant flux
feedback transducer are symmetrical.

Thevertical sensor inertial mass and the inverted horizontal pendulum are both supported with leaf springs
with a natural period of about 0.9 seconds. The beam type sensor boom moves with a single degree of
freedom and the parasitic resonance of the compl ete sensor systemisabove 140 Hz.
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The mechanical construction of theinstrument issuch that it iscompact, rugged and easy to use. The mass
clamping mechanism operates on the sensor massand pushesthe massunder controlled spring forcewithits
prongs against the precisely machined cavities such as the mass is restrained to move in six degrees of
freedom. The locking mechanism of the sensor mass ensures that under normal conditions, handling and
transportation, the sensor pivotsarenot damaged.

Thevertical component boom centering isaccomplished by moving theend of theload bearing springwitha
stable motorized precision micrometer under the control of microcontroller electronics. In the case of the
horizontal sensor the centering is accomplished by tilting the sensor base, again with a stable motorized
precision micrometer under the control of micro controller electronics.

The CMG-3T (three-component) sensorsare housed within acompletely
'O' ring sealed housing, and all the external components are
manufactured from stainlesssteel .

CMG-3T can also be delivered with awaterproof connector and cabling
(seephoto opposite). Thewaterproof connector/sensor can beimmersed
continuously under water down to a depth of 25 meters (other depth
optionsareasoavailable).

FEEDBACK ELECTRONICS

In apractical broadband seismometer, the natural characteristics of the seismometer are never used. The
period and damping of the sensor are compl etely deterred by afeedback |oop which suppliesacounter-force
totheinertial mass sufficient to oppose any overall motion. Theforcerequired to restrain the movement of
the mass is then a measure of the inertial force exerted by the mass due to ground motion. By using a
suitable feedback network it is possible to obtain virtually any desired frequency response or system gain
fromafeedback seismometer. Ref 1, Ref 2.
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The figure opposite gives the comparative
response of a conventional flat velocity output
broadband sensor (direct from the feedback
loop) and the optional hybrid response of the
USGSNationa Seismic Network..
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Thefamily of curves showsthe CMG-3T output response to input velocity in units of V/m/s. Curvesl, 2
and 3 are the conventional 360 second, 100 second and 30 second responses whilst curves 4 and 5 are the
hybrid 10 second and 30 second (USGSNSN) responses.
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Aswell asthe sensor frequency response the sensor gain (saturation levels) can also be adjusted according
to therequirements of the customer. Thefigure below, taken from Ref 4, showsthe dynamic rangeand clip
(saturationlevel) of the CM G-3 sensor.
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The sensor feedback electronics for three-components is housed within the sensor package. The velocity
outputs of the sensor are all differential and capable of driving long cables up to 50 meters. Aswell asthe
feedback electronics, al the sensor control operations required to operate the seismometer are supervised
internally by acontrol microprocessor which drivesthe mass clamping motors and overseesthe operation of
centering adjustment motors. Thepower supply isalso housed insidethe sensor housing.

SIGNALANDNOISELEVELS

The noise equivalent input accel eration of the seismometer transducer and the Brownian noise of CMG-3T
sensorsarewel | bel ow the background noiselevel encountered at the quietest siteon earth.

A discrete component pre-amplifier circuitry with ahigh responsivity capacitive transducer setsthe sensor

electronics noise level well below the Brownian noise level of CMG-3T sensors. The el ectronics noise
level of the sensor transducer isat |east 20 dB (factor of 10) bel ow the Brownian noise of theinstrument.
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Thefigures given below contain atypical estimate of the system noise power plotted as (small circled line)
non-coherent power for vertical and horizontal sensorsin thelong period and short period bands separately.
The power spectral estimates have been corrected for the system response and gain representing the sensor
input power (continuousthin line) in unitsof acceleration. 1nthese plotsthe Low Noise Model isplotted as
thethick continuousline.
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The theoretically calculated Brownian noise (Ref 1) of the sensor is set at -195 dB relativeto 1 m’/s’/Hz of
input ground acceleration. However, it is well known that the main practical problems in long period
instruments arise from thermal, magnetic field, pressure effects in the mechanical system and more
importantly the mechanical instability of the overall construction. In order to show thetrue practical noise
estimates of the CMG-3 instrument, two identical sensor output signals are measured. The coherence
function is used to estimate the signal power coherent between the two sensors and signal power non-
coherent between the sensorswhichisconsidered to arisefrom thetotal inherent sensor noise.

Tests show that the CMG-3T noise estimates are below the Low Noise Model up to 18 Hz and down to
0.0125Hz (80 seconds).

Please Note: CM G-3ESP type sensors results have been used as the high frequency noise estimates. The
performance of CM G-3ESP and CM G-3T sensorsareidentical inthe short period band (Ref 3). The CMG-
3T has similar mechanical and electronic components to CMG-3NSN units which have been tested at
Albuquerque Seismol ogical Laboratory, USGS.

SENSOR FREQUENCY RESPONSE

The CMG-3T seismometer isdelivered with comprehensive documentation which includesthe 'Operator's
Guide' and complete calibration document. Each CMG-3T sensor measured frequency response is
provided as normalized amplitude and phase plots. The frequency plots are given as the long period and
short period sectionsof the seismic spectrum.

M= He ¥er—3.8
Yea=—4a.Dor3 48 bl
I—M;FEEG RESF A0 A OO w1 = ey =2
1 | . j
in APt n il
== . H - Poms
ek Y
3 1
—B.0O | | i
o Y Z28Bm Log H= TRAASY Z T
Yh=m—23 153 Lwg
TMiERED RESF aOAg OXOwlE Hamn S
e | |
!
e o T E-T_ ) o I
"‘-_____ |
Dy 1 =T T T
. i '“!" NM"""“"“‘-. ; !
—1 80 i | ; "‘\..
Fwd ¥ A88m Log A= 0 77 TEIST Z STG
H=BmH= Y=—eD. B7TEm=0
Ta=-3 S3953 =B
rﬂ:‘-ié:DEG REZS | OO 1p Heamse o 1 By
- T | CIT T
=E 1 = 1
_/.-r"r :
T : -
i
] o [FAS Gt (N I
—am. 0 —l’r I ' J :
Fed ¥ BO0 Log == TEEI=F Z Ea0m
Ym=a3, 23 (=1 3=
FHM:FRED RESF Bhoeg QS g e i Owl ka3
8T ] H% i T i 1
Praos | x,_‘__\_“ = :
i e
Ong {
! ;
i I
-1 eo| ’ L1 ¢ |
Feeed v Elﬁ:},,q Los H= rocsys = e E-[L,-,I'

CMG-3T - Page 6 of 8



POLES AND ZERO TABLE

WORKS ORDER NUMBER: 0434

SENSOR SERIAL NO: Ti356 and T3357

POLES (HEL) LZEROSHEI
-55891 =10 +589*10 ]
- 315433 0

-14

Nommalmmg Factor &= 301 * 10
Sensor Senmtvaty See Calbration Sheet

NOTE: The above poles and ze1os apply o the vertical and honzonial sensors and are grven m units of Hz
To comvert o Radian/erc multighy each pole or zero with 2n. The novialising Factor A ehould aleo be recaloalated

Aswell asthemeasured frequency response, polesand zeros of the sensor transfer function areprovided asa
singletransfer function.

WHY A SINGLE TRANSFER FUNCTION?
It is required that a modern broadband seismometer covers the complete seismic spectrum. Under no
circumstances should the theoretical response of the sensor be described by dividing the response into

separate bands as this methodology will simply turn the clocks back to the days when more than one
seismometer (long period and short period) had to be used to cover the sei smic spectrum.

LINEARITY
Thevery widedynamicrangeandthehighlinearity level of the CM G-3 sensor makeslinearity measurement
of the sensor system achallenging task. The linearity measurement of the CMG-3 sensor was carried out

during the USGS NSN network sensor eval uation and the sensors exhibited distortion ratiosof - 111 dB for
thevertical and - 107 dB for thehorizontal sensor. Thelinearity measurement methodisgiveninRef 3.
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Ref4 USGSReport, “USGS Technical Summary”. 25 January, 1990.
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CMG-3T SEISMOMETER SYSTEM SPECIFICATION

Outputsand Response
Full scale outputs:

Standard Response:

Optional USNSN Response:
Optional Extended Broadband:
Other OPTIONAL Responses:

Controls
Cadlibration:

Calibration Resistor
Mass centering:

M ass |ock/unlock:

Physical

L owest spurious resonance:
Temp. before recentre needed:
Mass re-centering range:
Operating temperature range:
Base plate and top cap:
Pressure jacket material:
Power/signal connector:

Pressure relief valve:
Carrying handle:

Case diameter:

Case height with handle:
Weight:

Power
Standard power supply:

Current at standard (12 V) output:

Additional cal relay current:

+ 20 Vdc differential velocity (2* 750 V/m/s for 100 sec sensor)
+ 10 Vdc mass position (3000 V/m/< for 100 sec sensor)

Flat velocity 0.01 to 50 Hz

Flat accel. 0.005 to 0.033 Hz; flat velocity 0.033 to 50 Hz

Flat velocity 0.0027 to 50 Hz

0.0083 to 50 Hz

0.0333to 50 Hz

The calibration signal can be connected to each axis separately.

Calibration enable lines are provided for each axis.

Cal enable lines (active low) < ImAmp.

51K Ohmn

Microprocessor controlled. Automatic centering with remote
Control.

Microprocessor controlled with limit switches.

Automatic mass lock/unlock with remote control.

140 Hz vertical

+12deg. C

* 2.5 deg from horizontal
-10to+75deg C

Stainless steel

Stainless steel

Milspec connector on top cap, KPT 02E-16-26P.
Stainless, 1500 psi connector available.
On top cap

On top cap

168 mm (6.61 in)

350 mm (13.75in)

31.41b (14.2 KQ)

+ 12 Vdc, with internal DC/DC converter(lsolated)
(Can operate over 10 to 36 Volts.)

+ 75 mA

<1mA

Additional current when re-centering: + 300 mA (See Operator's Guide.)
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