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PREFACE 

The present volume presents the Part III, the last containing ~e 
proceedings of the XV General Assembly of the ESC. 

Papers and reports presented and discussed at the meetings of the· 
subcommission and working groups are included in this voJume. 

Chairman of the Organizing Committee 

Roman Teisseyre 





I 

I 

Publ. Inst. Geophys. Pol. Acad. S c . , A-6 (117), 1977 

CALIBRATION OF SEISMIC DETECTORS AND DATA LINKS OF LOCAL 
ARRAY STATIONS FOR ROCK BURST CONTROLLING 

U. CASTEN, G. GOMMUCH 

Institute of Geophysics, Ruhr-University of Boclium, Bochum, GFR 

Abstract 

The respons~ functions of electrodynamica'l detectors are de
termined by measurements on an electrodynamical shaking table. 
The input signal may be harmonic, a pulse, or a ~weep, The 
output functions are .recorded directly or punched on tape for 
digital data processing. Nonlinearities within the operating range 
are observed .an?- identified. as resonance oscillations of the mass-
- suspending spring. The tested detectors are observed • to be sensi
tive to transverse. exitation a_lso within the frequency range of 
interest. The pulse calibrati~n method with digital data processing 
is used for testing tl).e response functions of the .data _links. 

The detection and interpretation of local seismic events generated by 
mining activities is the aim of a research programme directed cy Prof. Dr. 
H.' Baule, Head of the Institute of Geophysics at the Ruhr-University, 
Bochum, and financed by the state Northrhine-Westfalia of the Federal 
Republic of Germany. 

The two-folded aim of research, the detection of events by an array 
station and the interpretation of recorded events, is connected with many 
problems. The interpretation at the moni.eiri: is concentrated on the localiza
tion and on the measurement of. amplitudes. · The latter one is of environ.men:
tal interest, because rock burst.s 9ften give trouble to the population. 
Therefore the seis'l!ic detectors and the data links have to be calibrated. 

The seismic signals generated by rock bursts have a broad banded 
frequency conte'nt. Events detected by geophones placed in a coal · seam 
have considerable spectral amplitudes up to several hundred Hz. Experien:
ces with the frequency content of- signals observed at the· surface are quite 
different. Normally a low p'ass filtering by the underground is e;xpected, 
nevertheless frequencies of more than 100 Hz have been observed. While 
the lower limit in frequency content is given by the natural frequency of 
the used detector the upper limit is determined by the low passing effect 
to the recording equipment. In our case the limit has been· chosen as 
200 Hz. 



6 -

Besides the used electrodynamical detector, B 5 from Hottinger-Baldwin 
( system Baule), the response functions of some other types of vertical elec
trodynamical detectors are of interest. In all ca .ses, the frequency range, 
which is known from the specifications, is smaller than that necessary for 
rock burst controlling ( see Table I). 

Tabl e I 

Frequency range of detectors. f 1s the natural frequency, . n 
ful the known upper limit of frequency range 

Detector f [ H"] ful [ Hz] 
J1 

Geotech · S 13 0.75:..1.l 100 
Geo $pace H S-10-1 1 25 
Stroppe F S 60 2 60 
Mark L 4 A ' 2 100 
Mark L 22 D 2 80 
Hottinge'r-Baldwin B 5 2.5 100 

The remote calibration of the array detectors together with the data 
links is not possible, because the detectors have no calibration coil and 
each ,data link is only a one-way connection between the detector and re
cording equipment. The seismic detectors therefore are tested on a shaking 
table while the data links are, tested together with the recording equipment 
in the field. · 

The Institute of Geophysics at the Ruhr-University, Bochum, is equip
ped with electrodyna:mical shaking tables ( system Bimle-Gommlich), one for 
vertical and c·ne for horizontal excitation. Figure 1 shows the complete 
equipment in a block diagram. For controlling the displacement and the 
velocity, an inductive and an electrodynamical element is mounted between 
the fixed and the movable part of the shaking table .. The input signal may 
be harmonic, a pulse, or a · sweep. The output signals measureq are the 
voltage proportional to table velocity, the voltage proportio~al to table dis
placement, and th~ output voltage from the detector. For calibration with 
harmonic excitation the output voltages are measured with an oscilloscope. 
Using the pulse excitation, the voltages are controlled and digitized with 
a digital storage oscilloscope and then punched on tape, to precess it 
further on a computer. A very rapid method for testing seismic detectors 
on a shaking table is the excitation by a sweep signal. The continuous 
change in frequency is controlled by a linear incre'asing voltage, which 
at the same time controls the axis of frequency on a x-y-re.corder. The 
transverse axis. is controlled by one of the three output voltages. It must 
be mentioned, that the shaking table is damped via a feed back of the 
velocity controlling element to the excitating coil. For this purpose the 
outpuf voltage is inverted and added to the input. 
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Fig. 1. Block diagr4m of complete shakiJ!-g table equipment. 

Using the harmonic excitation of the shaking table the response function 
of a detectcr is tested for discrete values of frequency. Supposing a linear 
behaviour of this instrument the discrete values of spectral amplitude are 
connected by a continuous curve. An example is given in Figure 2 ( upper 
part). In this case the values of the discrete sensitivity for 50 Hz and 
100 Hz- don't fit the response .curve. With pulse excitation, the response 
curve of the same detector has been · calculated digitally in steps of 1 Hz. 
This is shown in Figure 2 (lower part), Now a nonlinear behaviour wHh 
50, 100 and '150 Hz becomes evident, 

The testing with sweep _ excitation confirms the nonlinearities 
of the detector. Figure 3 ( upper part) shows _ the velocity output from 
the table together with the _ output from the B 5 detector. The table func
tion is without any disturbances, but the detector is disturbed between 
40 and 50 Hz, 90 and 100 Hz, near 140 Hz, and between 180 and 190 Hz. 
The first looks like the fundamental oscillation and the others are the 
multiples, While testin-g the S .13 detector (Fig. 3, lower part), 
a non-linearity is observed at 110 Hz. In this case the moving mass 
( 5 kg) of S 13 is reacting on the shaking table. A. more_ detailed picture . . 

of the nonlinear behaviour of the B 5 and S 13 detector is ·'given in 
Figure 4. Both instruments have a mass-suspending spring system of 
tensional type. The observed disturbances result from a nearly undamped 
resonance o~ cilla tion of it. 
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Fig. 2. Response curves of vertical detector B 5. 

The pulse method has been chosen for calculating the response curves 
of all the seismic detectors to be tested. Figure 5 shows the sensitivity 
as function of frequency up to . 200 Hz. The detectors. have been damped 
with 62"/o of critical damping ( 12: 1). The absolute values of sensitivity of 
the different detectors may not be compared, because the detectors are 
supplied with coils of quite different resistances. The generalised result is, 

· that the tested detectors have a nonhnear behaviour within the frequency 
range of interest. In several cases the given · specifications are not fol-
lowed. . 

Besides· the sensitivity in vertical direction, the transverse one 
also is of interest. Transverse sensitivity means the reaction of a detector 
to movements transverse to its axis. It has not been known for the above 
types of detectors. The transverse sensitivity has b~en measured . with 
the horizontal shaking table again by pulse excitation. The result is shown-· 

. in Figure 6. The sensitivity is given in reiation to the vertical sensitivi
ty measured at 10 Hz. All seismic detectors are sensitive to transverse 
excitat!ion within the operating frequency range. The L 22 and L 4 A 
detectors are sensitiye even between 20 and 30 Hz and the L 22 has a 
peak of 25% at 30 Hz. 
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Fig. 4. De~ctor _ output for sweep excitation in detail. 

The pulse calibration wfrh digital data processing also has been used 
to get the response functions of the data links of the array station including 
the recording equipment, The data links are cable connecticns by the local 
telephone network between the array detectors and the -central recording -
equipment using the FM-technique. The recording is done using PCM-tech
nique on magnetic tape with digital storage and event detection . As input 
for the calibration; a sequence of rectangular functions ( pulse width 2 ms) 
has been chosen. The pulsgenerator thereby has been triggered by the _ 
radio time signal DCF 7_7, At the central station the output signals toge
ther with the same radio time_ signal have been recorded . on magnetic tape. 
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Fig. 5. Response curves of vertical detectors. The given .sensitivity is a 
relative measure. 

The time s·ignals used as reference make it possible to determine the time 
delay fqr each of the data links. The delays of about 1 ms are less than 
the accuracy in determination of arrivaltime for seismic signals. The 
reccrded test signals have been played back, averaged with the digital 
storage oscilloscope, which was used for pulse calibration of the seismic 
detectors, and then punched on tape. The averaging has been triggered 
again by the recorded time signal. Figure 7 shows to the left averaged 
output functions of the 4 array channels Kl to K4 - in the . time domain 
and to the right the calculated amplification as function of frequency. 
While the output functions look very regular the response functions 
clearly demonstrate a behaviour of the channels K 2 to K 4, which is . 



100% 

50% 

0 
100% 

50% 

0 

~ 

--

I I 
513 . 

100% ~316 mv, 
mm s 

~ 

I l 
HS-10-1 

100%!! 62 m~s 

~- J 

12 

L22 
100o/c ~ 60 mV 

O mm/s 
A 

J' I 

I I 
L4A(2) 

100 % !! 127 m:,s 

\., 
I 

\) 
.-.. I LJ 

I ., 
} 

I 

\,' 

100%r-~.--~-.---~~~.--~~~~-

50% 

0 

95 
100% ~ 73 m~/s 

I I 
FS60 

100% !!146 ~/s 

2 5 10 20 

lJ t ~· . 
50 · 100 200 f [Hz] 

2 

L4A(1) · 
100 % !! 162 .JJJY_ mm/s 

5 10 20 50 · 100 200 f [Hz] 
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not linear between 1 and 5 Hz. Harmonical testing of this range has con
firmed it. The reason for this are failures . in the electronics. Only the 
function for channel Kl is as expected. Iri all four cases the· -J dB point 
is reached between 150 and 160 Hz, which is considerably low. 

Rece t ved: November. J, 1976 
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