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Simplified test on tilt response of CMG40T seismometers

Hiroshi Aoyama*

Deformation under the ground excites not only translational motion but also tilt changes, although
seismologists usually analyze recorded waveforms under an assumption that seismogram only expresses trans-
Since broadband seismometers have high enough sensitivity to tilt changes, the seismograms are
sometimes contaminated by tilting motion at a seismic station. To check the effect of tilt change on seismogram
recorded by a broadband velocity seismometer, we performed a simple experiment with a CMG40T seismometer
and a tilt sensor of surface mount type. Tilt changes yield one-sided oscillation of the pendulums in a horizontal
transducer. Such particular oscillation is clearly identified in the displacement trace calculated from the original
velocity seismogram. Theoretical consideration predicts that slow temporal changes in tilt angle correlate with a
time function of the apparent displacement of seismogram. Since results of our experiment well agree with the
prediction, we estimate the conversion coefficient from the apparent displacement to tilt angle and confirm that the
coefficient obtained experimentally well corresponds with the value from theoretical prediction. As a possible
example in an active volcano, we consider slow isotropic volume change near a seismic station and calculate

lational motion.

synthetic seismogram due to the volume change.
Key words: broadband seismometer, tilt response
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Table 1. Response properties of seismometers.
h~1
h>1
o>, 0 <,
Mechanical Displacement Acceleration Velocity
seismometer seismometer seismometer
Electro-magnetic Velocity Acceleration rate Acceleration

seismometer

seismometer seismometer
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Table 2. Poles and zeros of CMG40T seismometer.

Poles(Hz) Zeros(Hz)
p, =-0.02356 + 0.023567 z,=0
p, =—0.02356 - 0.02356i z,=0

p;=—350 z; =159

Normalizing factor 4 at 1Hz: -0.314
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Fig. 1. Amplitude component of velocity response
function of the CMG40T seismometer.
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Fig. 3. Amplitude component of tilt response func-
tion of CMG40T.
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Fig. 4. Schematic representation of the simple experiment in this study.
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Fig. 5. Waveform examples of the tilting test.

First and second traces are output from the

biaxial tiltmeter. Three traces in the middle are

velocity outputs of CMG40T. Bottom two traces
are displacements of horizontal components cal-
culated from the velocity traces.
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Table 3. Results of the experiments.
CMGA0T T701-2 Ratio
No. of Exp. H1(pradian) H2(pradian) (prad/mm)
H1(mm) | H2(mm) | Before | After | Delta | Before | After | Delta H1 H2

0707131032 68.4 49.3 401 | 745 | -326.5 69.1 -135 | -204.1 | 4.77 | 4.14

0707131110 14.1 6.04 13.8 -45 -58.8 2451 0.727 | -23.77 | 4.17 | 3.94

0707131120 18.4 8.96 76.3 | -4.95 | -81.25 86.5 50.0 -36.5 | 4.42 | 4.07

0707131134 71.4 92.7 -6.97 | -303 -296 14.6 441 4264 | 4.15| 4.60

0707131144 9.07 26 12.3 | -24.1 -36.4 12.6 117 104.4 | 4.01 | 4.02

0707131224* 186 112 2.69 | 843 | 840.31 60.5 | -407 | -467.5 | 4.52 | 4.17

0707131245 82.1 55.8 11.7 | 389 377.3 -17.6 | -248 | -230.4 | 4.60 | 4.13

0707131255 84.5 56.6 -4.7 | -362 | -357.3 7.01 263 | 255.99 | 4.23 | 4.52

Average 436 | 4.20
THNEGRRS OIRIEE, 55T HI T Y (0)| =9.07 o ]
mm, (%5 H2 T | Y (0)| =26.0mm TH 7. THH5D Eé 0_;2:2:; - . . 3
BOHELE S L Y (0)]/| Y (0| =035 5850, 1 |2 ]
REHTE B A SN EREBROL Vil /| Vi =035 |« “\\/ ]
RSB B, CRBEHOEARS OREAER T o A  annanns
LR WHIS 5L AR LTHY, fiomgmmkay ] e M/\, —
SYMIS kB, BREHR Y L@t EEoR ]
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4.02urad/mm & WS EBF SN S, BEFRAKS O AR freteecerd
AR &ML IERE Rstd 5 2 L 2T 5 Fig. 7. Same figure to Fig. 5. Experiment number is
7280, 27w T HERIEE A AT 53R A E R 0707131224, which is a case of longer rise time.
i7otc. thoHEFlIc >V TOfES E &5 &, Table 3
DEIHITH D, D CMGAOT HIEFTTIE LT ¥/d
—43prad/mm BEEE 5D, RN STMSNAEO  Wrw)= - (20)

4.48 yurad/mm EJTWVEICTS > TV B T EARER S Nz,

s oo, WEES 0707131224 T3 -
O EFEY #HBRBICHE 2 2 &T, MBI R
AHcldn <, mYRR RS AR 5 AT = 5
A TH 1z, Fig. 713 ERE S 0707131224 TE S 72
ETh 5. ERETOILEN S, BLE 70 F OB %
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LOWIIRE 155, ERIZENIC X 2 AU Eh 2R,
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Fig. 8 (a). Calculated waveforms at each step of simulating procedure. This is the case for signal duration of 60
seconds. A and B are schematics of isotropic volume change and associated deformation. C and D are

expected tilt change and translational displacement,
change.
G is apparent velocity trace due to tilt change.

H is translational velocity filtered by CMG40T response.

respectively. E is apparent displacement trace due to tilt

Tilt response of CMG40T is convolved. F is velocity trace derived from translational displacement.

Tis

combined velocity seismogram that will be output from CMG40T, and J is displacement seismogram.
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Fig. 8 (¢). Same to Fig. 8a. Signal duration is 10 seconds.
B2 B effects on the double-time integration of linear acceler-
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