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ABSTRACT

A geophone is a device that response to the velocity of the ground by the movement
of the magnetic mass back and forth to produce a voltage. Generally, geophone can
measures a various frequencies of seismic events but there is a limit of frequency that
frequencies should be over to get an accurate measurement. The limit is also resonant
frequency which is usually in range 4.5Hz to 10Hz depending on the seismic sensor
type. If the frequencies detected is below the geophone’s resonant frequency,
geophone encounter inaccuracy in detecting the motion. By utilizing a feedback and
filter circuits, the sensor can measures even the low frequencies. This will be assessed
with a shaking table that is set to a certain frequencies and the measurement of the
output can be taken. The aftereffect of the geophone connected with the filter circuits
connected to an oscilloscope will be contrasted with the outcomes of the geophone
using current geophone circuit. The project of building of the circuit is to enhance the

sensitivity of the geophone in detecting lower frequency below resonant frequency.
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CHAPTER 1

INTRODUCTION

1.1BACKGROUND

A geophone is a type of sensor that converts a physical input or seismic signals for
example a ground motion, in terms of velocity and to be converted into a measurable
electronic signal which by means is voltage [1]. There are three types of geophones;
digital, piezoelectric and moving coil type [2]. Basically, geophone is using an
electromechanical coupling (transduction) to convert ground motion into voltage output.
Moreover, it is only can detect within a certain band of frequencies of the components of

the ground motions [3].

An additional damping resistor in parallel of the geophone terminals is improving the
damping characteristics level resulting it can improve the higher level of natural
frequencies. The improvement by damping resistor improve the vibration sensing which
the geophone capable of detecting wide range of frequency. By means, damping carry a
meaning which include electrical magnetic damping which suppressed undesired
developments of the coil form in a bearing significantly parallel to the axis of the

permanent magnet [4].

Furthermore, damping is essential to determine geophone output signals [5]. There are
three cases of damping ratio that can be distinguished; critically damped, underdamped
and overdamped. The value of resistor for the damping resistor connected determined the
level of damping ratio of the output signals. In designing the seismic sensor, eddy current
damping is also integrated by the movement of magnet. The movement induced an eddy
current to the electrical conductor and generating magnetic field. Both magnetic fields

intersecting each other produces a velocity dependent repelling force.

According to [6], a critical damping of 60% to 70% is should be selected. This is to make

sure a high output, flat amplitude response and short impulse output signals. In order to
1



detect a wide band range of frequencies, 8-10 Hz geophone resonant frequency should be
selected. However, the damping resistor of geophone has a disadvantage in detecting low

level of frequency of below geophone’s resonance frequency [7].

1.2 PROBLEM STATEMENT

The existing circuit connected to the geophone is a unit of damping resistor connected in
parallel with two output terminals of the geophone element. Geophone with damping
resistor showed an improvement in terms of the voltage output [8]. Geophone operates
below its resonance frequency record high noise level. According to [9], the common
natural frequency of geophone is 10Hz and if the natural frequency go below the range,
the response will roll off. Hence, the task is to come out and build an amplified circuit
together with filter to extend the sensitivity of geophone to lower frequency. Extending

the range of sensitivity of a geophone is a celebrated topic by researchers.

1.3 OBJECTIVE

The objectives are:

1. To improve the sensitivity of the geophone in lower frequency.
2. To amplify the damping resistor in order to extend the sensitivity range to lower

frequency.

1.4 SCOPE OF STUDY

The scope of the project is to amend the geophone’s existing circuit with an amplifier and
also a filter circuit. The range of frequency is set from 1Hz to 30Hz with the range of
voltage amplitude from 30mV to 150mV. The scale of the model is reduced to in

laboratory experiment with the distance between the source of vibration and the receiver



is set to 5cm. Both sender and receiver are using SM-24 geophones with specifications as
shown in APPENDIX 1.



CHAPTER 2

LITERATURE REVIEW

2.1 GEOPHONE

Seismic information has been procured through movement detecting geophone. Geophone
is based on a proof mass suspended from a spring. The mechanical design of geophone as
shown in Figure 1 below. A small permanent magnet is attached to its casing that provide
a magnetic field in a cylindrical coil [10]. The cylindrical coil is suspended by light flat
spring. For the geophone firmly fixed into the ground, the magnet takes after those ground
movement inasmuch as the coil tries with remain stationary due to its inertia. The relative
movement the middle of those coil and magnet has the ability to produce an electrical
voltage [11, 12]. The signal captured by the geophone is then transferred to the recording
instrumentation through a connecting cable where it is amplified and stored. Voltmeter is
used to record the voltage is proportional to the velocity where the ground is moving [13,
14]. The orientations of the coil inside the geophone casing either it is in vertical

movements or horizontal movements are measured[15].

— ————=""Connectors

| Inertial : P-T.

mass

\ ,“\"l
\ L 7 N\
N T ]
- - Plates
]
.

Figure 1 Mechanical design of geophone



2.1.1 ELECTROMAGNETIC PRINCIPLE
The system uses electromagnetic induction principle which is according to Faraday’s law:

v = (2.1)

where v represents voltage and x is the displacement of the magnet relative to the coll,
while voltage is converted from the velocity of the proof mass inside the geophone
element. The position of the proof mass is not affected by the system where the two
positions rating the movement. Hence, the information recorded is the magnet velocity for

the coil times with the sensitivity constant in Volts per velocity (Volt/m/s).

Geophones are based on a proof mass suspended from a spring that governs by the forced

simple harmonic oscillator equation:

62

9%x 0x u
— + 2Awg poles Wy’X = -z (2.2)

at?
where u is the ground displacement as well as the case displacement in permanent

position, A is the damping ratio and w, represents the resonant frequency.

Furthermore, geophone generates an analog voltage (v;) which is equal to the sensitivity

multiply with the proof mass velocity, therefore;
]
Vg = S a_: (2.3)

S represents the sensitivity constant of the geophone (in V-s/m). The strength of magnetic
field as well as the number of loops in the coil represents the sensitivity of the geophone.
Next, it is proven that proof mass is related to ground motion (based on Equation 2.2), the

analog output voltage expression can be obtained in terms of ground motion;

W= (2.4)

1
F
The partial differential from Equation (2.2) is solved by replacing time derivatives with

jo through the Fourier Transform method, where j =+ —1 . The equation is then

transformed into the frequency domain;

—w?X + 2jAlwowX + wiX = —w?U (2.5)
5



X and U are frequency-domain representations of x and u. The continuation gives

2
X(w) = —w2+2j)iuwow+w(2, U(w) (2.6)
In engineering texts,
w 2
X=U(Z)F 2.7)
where
F=—0y/ (2.8)
_w3+m+1
wo

The expression above is for proving mass displacement (X) is related to the ground
displacement (U). Based on the Equation (2.7), the resonance (w,) and damping (1) of the
sensor are obtained from the displacement of proof mass from the ground.

The analog signal is generated according to proof mass velocity (0x/0f). The starting point
can be taken from Equation (2.6) to consider all other domains of proof mass motion and
ground motion, using the provision that 0/0¢r may be replaced with jw. As the result,
Equation (2.6) can be considered as a general solution, jo can be modified depending on

the specific domains required.



2.2 GEOPHONE CIRCUIT

Geophone is considered as a passive instrument which has to be suitably damped. As a
ground movement detecting sensor, the initial ground movement will triggered a slow
decreasing oscillations which has to be suppressed [16]. In normal geological experiments
using geophones, the only electronic component or circuit used is by connect the damping
resistor, Rd, parallel with the induction coil as shown in the Figure 2 below. The sum of
the value of the damping resistor and the resistance of the moving coil, Rcoil, is the total

damping resistance of the sensor.

JRq

moving coil
[ 1

R ¢oil

Figure 2 Geophone damping resistor circuit

According to [16], a low damping resistor is good for the system by increasing the range
of decreasing amplitude signal. However, the minimum value of Rd is 0Q leaving just
Rcoil alone, which is impossible to use with negative value of resistor in a real life. Figure
3 below is the configuration of the real life geophone connected with the damping resistor
for the geological experiment.

Figure 3 Geophone element connected with the damping resistor
7



2.3 LOW LEVEL FREQUENCY DETECTION

Geophone is not suitable sensor to be used in all ground detection movement. As the
geophone operates below its resonance frequencies level, the noise increases [14]. The
high presence of noises makes the geophone as a poor sensor for applications that are
using low frequency level detection. For seismic exploration in detecting earthquake, a
precise, high sensitivity and low noise level is required to obtain an accurate data [14, 17].

According to [17, 18], the performance of the sensor is limited to the limit below resonant

frequency of 10Hz according to the fundamental resonance of the inertial mass.

—
(]

Magnitude (abs)

Geophone
= = = Feedback geophone |}

Phase (deg)
N
=
o
'

10* 10° 10’
Frequency (Hz)

Figure 4 Sensitivity curve of geophone operated in open circuit condition and closed
system with feedback loop (addition damping resistor)

Referring to [19], the sensitivity of the system which is the particle velocity that
corresponds to one bit of the ADC output;

Sensitivity System = Sensitivity AMP
Sensitivity GEOPHONE (2.8)




2.4 AMPLIFIER AND FILTER

Without modifying a geophone, the only term of “geophone” is referred to mean a vertical,
horizontal or multicomponent geophone [20]. Mostly, the external apparatus is invented
for the future use for example an invention employs a preamplifier to amplify the
geophone signal and connected filter. The output of the signal is can be measured using
level detector such as an oscilloscope. By amplifying the response of the input signal, the
output is enhanced into a readable and measurable data to be used in seismic exploration
[21].

According to [22], there are two options to extend the range of frequencies. First is through
using low frequency sensor. However, it can be really costly for a large scale surveys.
Second option is through processing method to recover a low frequency signals for
instance by inverse filtering or deconvolution. Inverse filter is a well-known technique to
compensate low frequency components of geophone data [23]. The main of this technique
is outlining the inverse filter, which is the frequency response reversal of the instruments.
Typically the frequency response bend is referring to the instrument manufactory, yet
those reaction bends just incorporate a little measure of the low frequencies underneath
the resonant frequency under the condition free of the self-noise.

The frequency range of the inverse filter, is determined by the two corner frequencies
because a noisy artifacts would be produced if the design is an unlimited inverse filter.
There are low corner frequency and high corner frequency that determined the range of
the inverse filter. In this study both the inverse filter and the lowest retrievable frequency
are estimated through the analysis of the power spectral density ratio (PSDR) based on
co-deployed geophone and low-frequency digital phone data. The estimated lowest
retrievable frequency for a field data acquired using 10-Hz geophones is 2 Hz. The stack
section shows a stable recovery of low-frequency signals and enhancement of SNR using
the PSDR method [22].



CHAPTER 3

METHODOLOGY

3.1 PROJECT FLOW CHART
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3.2 PROJECT INITIALIZATION

The choices of tools and equipment are selected after the literature review has been
studied. In this project, redesigning damping resistor of the geophone is the aim of the

project. The following studies has been done before the experiment:

v 1 Component geophone studies:
A single component geophone (1C) is use in conducting the experiment.
The output voltage is recorded according to the variation range of
frequencies. The geophone is dipped into the ground in vertical position in
order to get wave reflection effectively [24, 25].

v Circuitry design:
An amplifier circuit and a filter circuit have to be designed in order to test
the results when the geophone is connected with an oscilloscope. The
design of the circuit should consider the gain of the amplifier circuit and
the type of filter should be used in the design for the stability of the overall
circuit. The gain of amplifier is set to set the level of amplification of the
geophone response in voltage. In this project, the gain is set almost the
same as the actual output response voltage level of the geophone without
connected with the damping resistor.

v' Comparison between geophone connected with damping resistor with amplifier

and filter circuit:

At the end of the experiment conducted, the comparison of results between
geophone sensitivity is measured with damping resistor with geophone
connected with amplifier and filter circuit with an oscilloscope connected
to analysis the output waveform. The adjustment should be made to the
circuit if the result is not achieved. The adjustment of the circuit is referring
to the gain of the amplifier circuit as well as the low pass filter.

11



3.3 PROJECT DEVELOPMENT

In this stage, the focus is the amplifier and filter circuit design. Procedures for conducting

the project are:

> Experimental block diagram
A study regarding the block diagram to conduct the experiment is set and the
simulation of the expected outcome should be obtained. Figure 5 shows a
geophone is connected to the oscilloscope through the damping resistor, amplifier

and filter circuit.

|

N
' i Damping Amplifier &

= . . . .

resistor Filter circuit
Geophone Oscilloscope
L3 [
v v
Shaker - +  Movement up and down
— Line flow

Figure 5 Experimental block diagram

Figure 6 Experimental apparatus and connections
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» Amplifier and filter circuit design

There a lot of researches and studies regarding the amplifier filter circuit design.
The amplifier is designed to amplify the current output response in terms of
voltage based on the experiment previously which is using damping resistor.
However, the amplification process will invite external disturbances [26].
Therefore, the criteria of the filter circuit design should be considered in terms of
its operations and the functions to improve the sensitivity of the geophone when it
is connected with the oscilloscope. The filter circuit must be able to eliminate the
noise above the cutoff frequency of the response.

3.3 TOOLS AND EQUIPMENT

Tools and equipment for conducting the experiment as follows:

e Geophones element (SM-24)

e Function generator (Model: Instek)

e Oscilloscope (Model: Tektonix)

e Damping resistor (1000€2)

e Amplifier circuit (Gain: 2.0 VIV £ 0.2 V/IV)

e Filter circuit (Low pass filter)

13



3.4 GANTT CHART AND MILESTONE

FYP1

Week

Activities

7

8

10

11

12

13

14

Project  topic

selection

Problem
Statement

Objectives and

Scope of studies

Literature

review

Geophone

Oscilloscope

Design

Amplifier

review

Resistivity

review

Amplifier and
Filter

Experiment

design

14




FYP 2 Week

Activities

Prototype
Design

Amplifier circuit

Filter circuit

Lab testing

Damping

resistor

Amplifier circuit

Filter circuit

Amplifier &

filter circuit

Report writing

i% symbol represents a Milestone

15



CHAPTER 4

RESULTS AND DISCUSSION

4.1 GEOPHONE EQUIVALENTS

According to [27], a geophone’s configuration to detect the movement of the earth by
either placed onto the surface of the ground or by stuck into the ground using spike
housing. The motions of the earth is exchanged to the geophone’s casing which the
movement is related to the movement of coil inside the geophone. The current passing

through the coil will be induced a magnetic field and the induction induced an emf.

The velocity from the casing and the result of the emf across the coil is related and can be

computed from:

0
- = 4.1
1 Brdn (4.1)

where;

0 represents velocity to coil

B represents flux density of the magnet
v represents emf across the coil

d represents diameter of the coil

n represents number of turns of the coil

Figure 7 shows the geophone’s mechanical and electrical analogous circuit. The
geophone case, its spring and its mass behave in a similar way to the suspended rubber
band and weight system. In addition, the geophone has a coil attached to the mass with an
air gap of the magnetic circuit. As the vertical force of ground motion is applied and the
motion detected by the case, the significant mass moves in the direction of the applied

force, while the mass to which the coil is attached tends to resist the motion. Figure 8

16



shows the electrical equivalent circuit of the geophone to find the energy transfer to the
load with the value of components used are based on SM-24 specification and data sheet

in APPENDIX 1 and APPENDIX 2.

[ i 77— Seismometer or geophone case
Compliance
k
Inductance of Resistance of
moving coil: L moving coil: R
1: Brdn a
7 Mass : EE0 —e ANAN s o
g M
Damping resistance
Damping L across moving coil: Rp
Sl
b
PIIIIITIITIIDII IS I ©

s day
- veu,
-

o % Earth’s motion ftransferred
o "-.,.m geophone -

.
.. -
L2 -
.. -
Srannan

Figure 7 Geophone’s mechanical and electrical analogous circuit

Figure 8 Geophone’s electrical equivalent circuit
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Figure 9 Output gain from damping resistance geophone
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4.2 CIRCUITRY DESIGN

Based on the circuitry design shown in Figure 10, there are parameters to be set in order

to conduct the experiment of circuit prototype.

Figure 10 Amplifier and low pass filter design

This circuit consists of two circuits which are amplifier and low pass filter circuit. The
input supply to the circuit is in terms of ground motion from the geophone. The amplifier
circuit is made up of an operational amplifier (op-amp). The gain of the amplifier is varied
by changing the value of R2 and to determine the gain value (A) of the amplifier as refer

to the Equation 4.5 below.

4 = FitR2 (4.5)

R1

The filter circuit design is low pass filter where it is functioning to filter out noise when
the circuit operating in low level frequency. It consists of a unit if resistor and capacitor

to cut off the noise above the cutoff frequency and smooth the graph.

19



4.3 EXPERIMENTAL RESULT

Table 1 Output response geophone SM-24 and 1000 Ohm damping resistor values

Frequency SM-24 (mV) 1000 Ohm (mV)
1 Hz 55.26 32.27
2 Hz 65.27 40.76
3 Hz 77.64 53.31
4 Hz 86.84 57.16
5 Hz 92.92 68.08
6 Hz 96.34 73.45
7 Hz 100.95 78.20
8 Hz 102.21 82.47
9 Hz 128.82 86.61
10 Hz 135.77 87.12
20 Hz 156.81 102.38
30 Hz 157.67 102.68
Output response geophone SM-24 and 1000 Ohm damping
180.00 - resistor values
160.00 -
140.00 -
— 120.00 -
>
£
< 100.00 -
el
2
£ 80.00 -
£
< 60.00 -
40.00 -
20.00 -
0.00 T T T T T T T T T 1
1Hz 2 Hz 3 Hz 4 Hz 5Hz 6 Hz 8 Hz 9 Hz 30 Hz
Frequency
—SM-24 (mV) 1000 Ohm (mV)

Figure 11 Output graph based on Table 1
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Experiment was conducted based on the circuit diagram as shown in Figure 10. The
experiment was setup using two units of geophones in a container filled with soil and

apparatuses as shown in a Figure 6. Frequencies vary from 1Hz to 30 Hz.

Based on the experimental results shown in Table 1 and Figure 11, geophone in opened
circuit condition with no load resistor added. 1Hz frequency gives high starting amplitude
of 55.26mV. This response is an overshoot output where it is one of the disadvantages of
this geophone which it makes data processing more difficult [7]. Other than that, the large
initial amplitude is due to the vibration of ground movement at low frequency [28]. Based
on the graph on Figure 11, it shows a diverge of the output response between output
response of original SM-24 geophone and geophone with damping resistor at frequency 8
Hz to 30 Hz. The output response of the original SM-24 geophone is highly accelerated
and unstable while with addition of damping resistor, the output response is increasing
accordingly as the frequency increases.

SM-24 geophone is connected to the damping resistor of 1000 Ohm value. Damping
resistors or shunt resistors give more stable output but it lower the amplitude of voltage
detected in low level frequency [16]. The damping resistor control the movable
components inside the geophone to make the curve smooth [4]. Based on the experimental
result, 1000 Ohm shunt resistor resulting more smooth and stable graph compared to the
original output response of SM-24 geophone in frequency 8 Hz to 30 Hz. As cited by [16]
earlier, lowering the amplitude of voltage detected in connecting shunt resistor is proved

by conducting the experiment and the results as shown in Table 1 and Figure 11.
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Table 2 Output response of SM-24 geophone connected with 1000 Ohm damping
resistor and three different amplifiers with different gain

SM-24 1000 Ohm Amplifier 1 Amplifier 2 Amplifier 3
Frequency (mV) (mV) (mV) (mV) (mV)
1Hz 55.26 32.27 43.53 46.71 54.75
2 Hz 65.27 40.76 64.19 60.78 66.62
3 Hz 77.64 53.31 84.79 70.16 70.94
4 Hz 86.84 57.16 84.47 78.12 79.32
5 Hz 92.92 68.08 95.05 91.37 87.01
6 Hz 96.34 73.45 106.95 96.56 97.94
7 Hz 100.95 78.20 114.94 111.82 116.71
8 Hz 102.21 82.47 126.41 116.31 121.38
9 Hz 128.82 86.61 125.79 122.83 126.53
10 Hz 135.77 87.12 153.53 140.16 140.97
20 Hz 156.81 102.38 216.63 182.59 165.27
30 Hz 157.67 102.68 155.54 146.56 148.96

Output response of SM-24 geophone connected with 1000 Ohm
damping resistor and three different amplifiers with different

250.00 - gain
200.00 -
S
£150.00 -
()]
©
2
-y
ElOO.OO .
<
50.00 -
0.00 T T T T T T T T T T T
1Hz 2 Hz 3 Hz 4 Hz 5Hz 6 Hz 7 Hz 8 Hz 9Hz 10Hz 20Hz 30Hz
Frequency
= SM-24 (MmV) ===1000 Ohm (mV) Amplifier 1 (mV) = Amplifier 2 (mV) == Amplifier 3 (mV)

Figure 12 Output graph based on Table 2
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Referring to the result shown in Table 2 and Figure 12, 1000 Ohm shunt resistor is proceed
in conducting the second stage of the experiment. The 1000 Ohm shunt resistor is
connected to three different amplifiers with different gain value. Three different circuits
of amplifier were tested in order to obtain stable point. Therefore, value of components of
the amplifier circuit which is the value of resistor (R1) was adjusted to give an output from
the geophone with the gain of the amplifier sets to 2 V/V = 0.2 V/V. Table 2 and Figure
12 show the result of geophone response when connected to Amplifier 1, Amplifier 2 and
Amplifier 3 circuits with the gain rated as 2 V/V, 1.8 V/V and 2.2 V/V respectively.

From the graph, amplifier amplify the geophone response in terms of its voltage amplitude
when the geophone operate at lower than its natural frequency response. As the amplifier
amplify the output response of the geophone connected to the 1000 Ohm shunt resistor
Amplifier 1 circuit recorded unstable frequency from 3 Hz to 9 Hz while Amplifier 2
circuit is unstable from 5Hz to 7 Hz. Amplifier 3 recorded the most unstable output in
amplifying the geophone response with 1000 Ohm damping resistor from 2 Hz to 30 Hz
frequency. In frequency 8 Hz to 30 Hz, the output response amplified as expected.
However, at 20 Hz, all three amplifier circuits experience the high peak amplitude. The
variations of peak amplitude are according to the gain of the amplifier. As the gain
increases, the lower the sharp peak amplitude. The strong and sharp peak of the graph
shows the resonant frequency for the geophone when it is connected to the amplifier

circuit.
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Table 3 Output response SM-24 geophone connected with 1000 Ohm damping resistor,
three different amplifiers and low pass filter

Frequ- SM-24 | 1000 Ohm | Amplifie Amplifier Amplifier | Filter  Filter 2 Filter 3
ency (mV) (mV) rl(mv) 2 (mV) 3 (mV) 1(mV) (mV) (mV)
1 Hz 55.26 32.27 43.53 46.71 54.75 4117  43.62 51.65
2 Hz 65.27 40.76 64.19 60.78 66.62 57.35  55.85 61.02
3 Hz 77.64 53.31 84.79 70.16 70.94 72.50  65.42 68.76
4 Hz 86.84 57.16 84.47 78.12 79.32 80.94  75.37 76.46
5 Hz 92.92 68.08 95.05 91.37 87.01 93.52  91.37 87.01
6 Hz 96.34 73.45 106.95 96.56 97.94 98.78  94.89 95.78
7 Hz 100.95 78.20 114.94 111.82 116.71 | 100.94  97.88 103.34
8 Hz 102.21 82.47 126.41 116.31 121.38 | 112.57 109.53  114.68
9 Hz 128.82 86.61 125.79 122.83 126.53 | 120.39 116.85  121.64
10Hz | 135.77 87.12 153.53 140.16 140.97 | 131.41 125.87  128.44
20Hz | 156.81 102.38 216.63 182.59 165.27 | 149.67 140.98  144.39
30Hz | 157.67 102.68 155.54 146.56 148.96 | 142.50 136.97  140.62
180.00 - Output response SM-24 geophone connected with 1000 Ohm
160,00 damping resistor, three different amplifiers and low pass filter
' |
140.00 - |
|
120.00 I
S
€ |
<100.00 - 1
]
2 |
£ 80.00 -
£ |
< I
60.00 -
40.00 -
20.00 -
0-00 T T T T T T T T

1Hz 2 Hz 3 Hz

—SM-24 (mV)

4 Hz 5Hz

———1000 Ohm (mV)

6 Hz 7 Hz 8 Hz 9Hz 10Hz 20Hz 30Hz
Frequenc
filter 1 (mv‘; e—=filter 2 (mV) e=—filter 3 (mV)

Figure 13 Output graph based on Table 3
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Table 3 and Figure 13 show the output response of the geophone when connected with an
amplifier circuit together with a filter added to the circuit. In order to overcome the strong
peak graph output, a low pass filter is used [29]. The function of the low pass filter is to
eliminate frequency above the cutoff frequency and make the graph smoother without

having a sharp peak [30]. The RC low pass filter is designed to filter and response.

The output response of the geophone connected with shunt resistor, amplifier as well as
filter show an improvement. The main objective is to reduce the high peak output at 20
Hz frequency. The comparison can be made before and after the filter is added to the
amplifier circuit. Amplifier 1 reduces the peak resonant by 31% while Amplifier 2 and
Amplifier 3 reduced by 23 % and 13% respectively. At frequency 8 Hz to 30 Hz, the
output responses are filtered and become more stable. The responses show no changes of
diverge nor converge which all responses recorded the same output pattern. Stability
output response shows Amplifier 1 circuit recorded unstable frequency from 6 Hz to 8 Hz
while Amplifier 2 circuit is unstable from 5 Hz to 7 Hz. Amplifier 3 recorded the best
output in amplifying the geophone response with 1000 Ohm damping resistor.
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Table 4 Final output response selected for SM-24 geophone connected with 1000 Ohm

damping resistor, amplifier and low pass filter

SM-24 1000 Ohm Amp 3 Filter 3
Frequency (mV) (mV) (mV) (m)

1Hz 55.26 32.27 54.75 51.65
2 Hz 65.27 40.76 66.62 61.02
3 Hz 77.64 53.31 70.94 68.76
4 Hz 86.84 57.16 79.32 76.46
5 Hz 92.92 68.08 87.01 87.01
6 Hz 96.34 73.45 97.94 95.78
7 Hz 100.95 78.20 116.71 103.34
8 Hz 102.21 82.47 121.38 114.68
9 Hz 128.82 86.61 126.53 121.64
10 Hz 135.77 87.12 140.97 128.44
20 Hz 156.81 102.38 165.27 144.39
30 Hz 157.67 102.68 148.96 140.62

180

160

140

N
o

Amplitude (mV),
N Iy [e)) (0] o
o o o o o

o

Final output response selected for SM-24 geophone
connected with 1000 Ohm damping resistor, amplifier and
low pass filter

-

1Hz 2 Hz 3 Hz 4 Hz 5Hz 6 Hz 7 Hz 8 Hz 9Hz 10Hz 20Hz 30Hz

Frequency

—SM-24 71000 Ohm (mV) Amplifier 3 e Filter 3

Figure 14 Output graph based on Table 4
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After all three stages of experimental conducted with SM-24 geophone, the selected value
of damping resistor as well as the amplifier and filter circuit are chosen. The comparison
of changes of the geophone response can be seen from Figure 14. The unstable output
response for SM-24 geophone from 8 Hz to 30 Hz are reduced by adding a damping
resistor with 1000 Ohm value. The output from damping resistor showing a high damping
output and the response is smoother. Hence it shows that the SM-24 geophone can be
operated in low frequency range of 1 Hz to 30 Hz. Next, in order to increase the amplitude
as much as same as the original SM-24 response, an amplifier circuit is added. Even
though the output response recorded is unstable from 2 Hz to 30 Hz frequency, however,
when the filter circuit is added, the output response become smoother. The low pass filter
selected to cancel the undesired response resulting a better quality of output response. The
high peak amplitude at 20 Hz frequency from amplifier circuit is reduced by 13%.
Therefore, SM-24 geophone can be operated in low frequency of 1 Hz to 30 Hz.
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CHAPTER S5

CONCLUSION AND RECOMMENDATION

5.1 CONCLUSION

In conclusion, a geophone’s performance can be improved by designing the external
circuit of amplifier and filter circuits. The cost of buying an equipment to enhance the
performance of this seismic sensor is expensive. Thus, theoretically, a simple low cost
amplifier and filter prototype can be designed in order to get the better performance

for the geophone as a seismic sensor to detect lower frequencies than its resonant.

An experimental study has been performed in the lab provided to proof the concept of
amplifier and filter when geophone is connected to an oscilloscope. The range of
frequency set for the experiment is between 1 Hz to 30Hz. The results show an
improvement on the geophone performance to operate at lower frequency below its
resonant. Based on the experiment, SM-24 geophone alone gives higher starting
amplitude and the amplitude is varying proportional with the frequency. However, the
output response is undesirable because it acts aggressively in open circuit due to the
aluminum coil acting as a single coil and shorted the circuit causing a large current

flowing in the coil.

The geophone is connected to the damping resistor of 1000€Q2 to suppress and control
the movable component inside the geophone. The response of the geophone is
recorded more stable however it lower the amplitude voltage level. Next, the geophone
then connected to the amplifier circuit with voltage gain is set to 2 V/V in order to
amplify the response to the higher level which is as the same as the original voltage
amplitude level of the geophone. Three different amplifier circuits with plus minus 0.2
V/V gain are designed and connected to the geophone to obtain almost accurate
geophone original voltage amplitude level. However, the amplifier circuit still can be

adjusted to have higher gain to get higher amplitude output response from the device.
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Based on the amplifier circuit designed, the amplifier manages to operate from 8Hz to
20Hz if more than, the amplitude is decreasing as the frequency increasing. This
situation occurs because the amplifier designed has reached its resonant frequency.
Other than that, the sharp peak resonant frequency can be detected due to the low
damping. Hence, a low pass filter is added to the amplifier circuit in order to eliminate
frequency above the cutoff frequency resulting a smoother graph without any sharp

peak output response.

Next, from the graph of the output response of the amplifiers and geophone, the most
stable frequency response is recorded at 6Hz and 8Hz. Further experiment of
geophone connected with shunt resistor, amplifier and filter circuit is required to
obtain the optimum result of performance of the geophone in operating at lower
frequency. Last but not least, further studies should be taken in order to develop the

implementation of the design in real seismic explorations.

5.2 RECOMMENDATION

SM-24 geophone can obtain 60% of damping response using damping resistance value
of 1339Q according to APPENDIX 1. Some changes can be done to the circuit which
probably give benefits in detecting lower frequency of the device. The changes can be
done by replacing the components used for the circuit as well as increasing the gain of
the amplifier or by adding filter stages to improve filtering process of the response. In
addition, the amplifier and filter circuit can be printed on printed circuit board to get
better stability components connections from loose as well as to make it more portable

for the testing.
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APPENDIX 1

Physical specification of geophone element (SM-24)

Frequency
Natural frequency 10Hz
Tolerance t 2.5%
Maximium tilt angle for specified Fn 10° Geophone Response Curve - SIF24 10 Hz
Typical spurious frequency >240 Hz 1w
Distortion E x
Distortion coil to case velocity with <0.1% 'g 1
17.78mm/s (0.7 in/s) p.p. = !
Distortion measurement frequency 12 Hz g Damping
Typical distortion (string of 12 in series, 5 — Open- 25%
measured at 12 Hz) 0.03% 1330 - :Eun.]
— 1000 - 63%
Damping
Open circuit (typical) 0.25 Ll T T -
Damping calibratio- shunt resistance 1,339 0 ‘ Yty .
Damping with calibration shunt 0.6
o % .0
Tolerance with calibration shunt +9%,-0% Geonhone Phase Laa - SH-24 10 He
Sensitivity ] 1]
Sensitivity 268Vimis (0.73 Viinis) *'_j";éﬂ""'
Tolerance t 25% ; ] /ff"’c
RiBcin 6,000 O Hz 1281 [
y Damping
Maving mass g (0.38 oz) % ‘:"
g - - '] e (Jpen - 25%
Max coil excurstion p.p. £ mm (0,08 in) E ;: N« A
.. w1000 - 69%
Coll Reslstance i ’
Standard s Q 15 e
Tolerance +-25% " : 2 g
Frequency i) -
Physlcal Characteristics
Diameter 2admm  (1in)
Height 32 mm (1.261n)
Weight T4 (26 0z)
Operating temperafure range A0°C to+100°C (-40°F to +212°F)




APPENDIX 2

SM 24 Electrical Parameter
Based on the geophone equivalent circuit shown in Figure 1 below, the parameters are

find in order to construct and simulate the circuit.

Req = ~(;2)% x 107 Ohms (42)
_ 1 .G 2 7 .
Leq =~ (37;)" 107 Henries (4.3)
1
Ceq =M (l(ﬂ—:-.)x 107 Farads (4.4)
o)

The constant geophone parameters can be obtained from Appendix 1.
Rc=375Q

Lc =32mH

M =119

G =28.8v/iml/s
fo = 10Hz

D = 0.25 (open damping)

Calculated values:

Req = 2.40kQ
Leq=19.1H
Ceq = 13.5uF

— | ———— . L

Ceav
Rd
va () Leou Reou JEI)
Geophone Load

Figure 1 Geophone electrical equivalent circuit
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