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ABSTRACT 

The investigation of a non-intrusive method to detect defects in metal pipelines 

has been started. A generator produces a pressure pulse, which travels along the pipeline. 

A detector monitors the refiected signals from discontinuities such as thin spots or 

fractures in the pipeline. Both the generator and the detector are external to the pipeline 

and do not have to be in mechanical contact with the pipe. 

The generator consists of a coil enclosing the pipe. The coil is excited with a short 

high-cunent pulse. The magnetic pulse generated by the cunent pulse compresses the 

pipeline sending pressure pulses up and down the pipeline. The detector consists of an 

insulated cylindrical electrode around the pipe. When a refiected pulse from some 

discontinuity along the pipeline returns to the detector it causes a temporary local change 

of the pipe diameter due to the coupling of the longitudinal and the azimuthal strain of the 

material. This change in diameter causes a voltage change of the charged electrode, 

which is amplified and analyzed. The location of the defect can be infened from the 

delay of the refiected signal. 

Measurements with mechanical and magnetical excitation of pressure pulses have 

been performed. Reflections from the ends of the pipe are clearly detected. 
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CHAPTER 1 

INTRODUCTION 

1.1 Purpose and application of the experiment 

The detection of defects in pipelines is imperative for the protection of the 

environment and public safety. Mechanical damage in pipelines carrying liquids could be 

caused by denting, metal movement, and conosion [1]. On an average there are 200 

incidents per year in the US resulting in fatalities or injuries. The property damage per 

year is in the millions of dollars and in some years it has crossed the 50 million-dollar 

mark. The average loss of oil in banels is 100,000/year. Internal and external corrosion 

are the causes for the damage to pipelines in about 25% of the cases [2]. 

1.2 Various methods used in locating defects in pipelines 

Magnetic fiux leakage (MFL) inspection tools locate pipeline defects by applying 

a magnetic field in the pipe wall and sensing a local change in this applied field with 

sensors near the pipe wall. These changes depend on the type of defect, e.g., metal loss 

due to conosion or changes in material or magnetic properties, and on the geometry of 

the defect. Cracks will locally change the magnetic flux pattern. Stress concentrations can 

be detected by this method, since mechanical stress influences the magnetic properties of 

steel. These changes are much smaller and depend on the pipeline steel and the damage 

characteristics [1]. 



Another general class of non-destructive testing methods uses the generation of 

ultrasound pulses and analysis of their echoes to detect defects in materials [3,4]. One 

particular scheme for flaw detection in pipelines uses a diagnostic device carried by a 

"pig," which travels along the inside of a pipe and sends information through a cable to 

the outside world. This scheme uses ultrasound pulses and their echoes to detect defects 

in the pipe wall [1]. From the time between echoes the wall thickness can be derived. 

This allows the detection of thin spots due to conosion. 

In our investigation a similar method is used for detection of defects without 

entering the pipe. A pulse generator generates a pressure wave in the pipe. The pressure 

wave propagates up and dovm the pipe. A detector detects reflections of the propagating 

pressure pulses due to defects and other discontinuities. The detected signals are recorded 

and analyzed. From the delay between the primary and reflected wave the location of the 

defect is determined. In the present investigation the pressure pulse is generated either by 

mechanical impact, by an arc striking the pipe, or by a pulsed magnetic field from a coil 

sunounding a short length of the pipe. For detection, a cylindrical electrode encloses a 

short length of the pipe and forms an electrode of a capacitor, while the pipe represents 

the other electrode. This capacitor is charged to a few hundred volts from a high-

impedance source. When a pressure pulse passes through the pipe the outer diameter of 

the pipe changes temporarily, which resuhs in a temporary change of the capacitance. 

This change in capacitance leads to a signal, which is detected. The general set-up is 

shown in Fig. 1.1. 
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Fig. 1.1 General set-up to detect defects. 

1.3 Overview of contents 

In the second chapter, the theory of the pressure pulse generation and the 

capacitive detection is presented. The third chapter discusses the experimental 

configuration, which includes the different methods used to generate the pressure pulse, 

the detection device, and details of the data acquisition. The fourth chapter describes the 

measurements and gives the experimental results. The fifth chapter gives the conclusions. 



CHAPTER 2 

THEORY 

2.1 Magnetic generation of the pressure pulse 

In the following, the theory of the magnetic pulse generation is presented [5]. A 

short compression pulse is generated in the pipeline by a coil, which is excited by a 

cunent pulse of the order of 3 kA and a duration of 2 to 10 p sec. Fig. 2.1 shows the 

Tangential stress G t due to extemal pressure p m. 
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Fig. 2.1 Tangential stress crt due to extemal pressure pm 

The magnetic pressure exerted on the pipe, when the coil is excited is 



Pm=-/ /oH^ , (2.1) 

where p o is the penneability and H is the magnetic field intensity. H is approximately 

nl 
given by y where - is the number of turns n per length 1 of the coil and I is the cunent 

through the coil. This results in a tangential compression stress in the pipe as shown in 

Fig. 2.1 and given by 

Gx 
F 

2tl 

with F = p^^dl 

(2.2) 

(2.3) 

Here F is the force on the area dl. d is the diameter and t is the wall thickness of the pipe. 

The tangential stress results in a longitudinal compression stress in the pipe as 

shown in Fig. 2.2 and given by 
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Fig. 2.2 Relationship between the tangential and longitudinal stresses. 



^ / = / ^ P ^ t (2.4) 

where// p is Poisson's ratio, which is of the order of 0.29 for steel. Substituting for GI 

yields the longitudinal stress 

d 
(^i=Mp — Pm- (2.5) 

Substituting the value for pm yields 

G, = - / / o / / p — n \ (2.6) 
•̂  Zt 

Substituting for H yields 

1 d.nl.2 G, =-p^p -{—f . (2.7) 

2.2 Detection of the pressure pulse 

In the following the theory of the pulse detection [5] is presented. A capacitive 

detection scheme is used to detect the pressure pulses. The associated local change of the 

outer diameter of the pipe is detected by a capacitor formed by the pipe and a surrounding 

cylinder, which is charged to a voltage VQ. 

Due to the coupling of longitudinal and transverse strain the longitudinal 

compression will result in a radial strain. The radial and longitudinal strains are coupled 

by the Poisson's ratio. 

^d A/ ,^ g. 

d I 

The longitudinal strain due to GJ is given by 



- = ^ ^ , (2.9) 
I 2E 

where Emod= 2.14x10*' Pa is the Young's modulus of elasticity. The factor — is due to 

the fact that the pressure wave at the generator produces two waves, one propagating up 

and one propagating down the pipe. 

The change of the outer radius is equal to the negative change of the gap g 

between the pipe and the detector electrode. 

Ag = -— (2.10) 
2 

Substituting the value for Ad in the above equation yields 

A g = - d / . p y . 

Substituting the value for — in the above equation yields 

Ag = -Ld^^-p- . (2.11) 

Substituting the value of G, from equation (2.5) in the above equation yields 

1 2 d' 

<> ' ^ m o d 

This change in gap width leads to a relative change of the detection capacitance. 

AQet ^ Ag (2.12) 

As shown in Fig. 2.3 the capacitor is charged through a high impedance source to a 

voltage Vo of typically a few hundred Volts. The change of capacitance AC^^,{t) leads to 



a voltage Vout(t). C2 is a large coupling capacitor ofO.lpF. Ci is the parasitic capacitance 

due to the line between Cdet and the amplifier plus the input capacitance of the amplifier. 

The effective load impedance R\^ consists of the charging resistor Rch in parallel with the 

input resistance RL of the pre-amplifier. 

^/.=Rch|| RL 

Fig. 2.3 Detector circuit 

Applying Kirchoff s voltage law (KVL) to the loop with the three capacitors as shown in 

Fig. 2.3, we get 

Vdet + V2 +Vi = 0. 

Applying Kirchoff s cunent law to the node 1, we get 

idet + ii + 11 = 0. 

(2.13) 

(2.14) 

The voltage-cunent relation for Cdet has two terms since the capacitance Cdet is time 

dependent: 



^ = i d « « _ _ v , , , ( , ) ^ L - (2.15) 
dt C^(t) "' C^(t) 

The derivative of the voltage across Ci is given by 

^ = Z2L (2.16) 
dt C, 

The derivative of the voltage across C2 is — - = - ^ and is neglected since C2 is large 
dt C2 

compared to Cdet and Ci. 

Assuming | Cdet(t) - Cdet(0)| « Cdet(O) and substituting Cdet(O) for Cdet(t) in equation 

(2.15), we get 

^!d^ = _idJO__^ ( ^ ) _ ^ ^ (2.17) 
dt C,,(0) ' ' ^ ' ' ' ^ . (O) 

Taking the derivative of the KVL we find 

H e r e W = v , , ( 0 ^ . (2-19) 

Neglecting - ^ we get 

IA^. van ' det i £ ^ _ i i _ = o. (2-20) 
c c c 

Assuming harmonic time dependence with frequency co, we get by cunent 

division 



-jcoRC, , 

Substituting the value of I^ in equation (2.20), we get 

C<,« Q„ (7«/fC,+l)C, "=• 

Simplifying the above equation, we get 

1 + jcoRC^ 

''"^l + jo>R(C,+cy^-- '̂-''̂  

The output voltage is Vout = ^L ^ ' where /^ is given by current division 

/ . = 7 — ^ / a e , - (2-24) 

Substituting for Idet yields 

L= ^ / . (2.25) 
' l + jcR{C,+C,J -

We can write C(t)det = C(0)det + A Cdet(t). Then — ^ ^ ^ in phasor notation is j &> A Cdet 
dt 

Since Vdet(t)= Vo, we can approximate 

Igap = Vo j ty A Cdet . 

Ae 
Since A Cdet = — ^ Q e f we find 

JCDRC, 

g 

Ag 
det 

^•"" i + yo/j(C,+Qj'° 

or with equation (2.11) 

§ ^ v , (2.26) 
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Vou. =\MA ^P' . . / j y ^ ^ „ • . where ^ / is the phasor of cr,. (2.27) 

The two asymptotic cases give either the pressure wave or its time derivative: 

If R(C,+C2)» - then 
CO 

^ 6 ^mod ' - l + ^de t 

If R(C,+Cdet) « - t h e n 
CO 

dG,{t) 

vout(t)- ^p,V, -RC,,, - ^ . (2.29) 
o mod 

2.3 Generator field pick-up and trigger coil 

The analysis of the pick-up circuit as shown in Fig. 2.4 is as follows. [5] The flux 

change is given by the equation 
dt 

d^ . dH , , , ,^ , 
- r - = ^«/ /^o-r-^ , (2.30) 
dt dt 

where A is the area of the coil, nt is the number of turns of the trigger coil, //Q is the 

dH 
permeability, and is the change in magnetic field intensity at the trigger coil. k< 1 is 

dt 

a geometrical factor. The induced voltage Vemf is given by 

c/O dH 

dt dt 

or 
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Wcmf=-}0)An,pQkH. 

Fig. 2.4 Pick-up circuit 

The voltage at the resistor R is given by 

V n „ t = • 
R 

R + jcol 
V 
'^ emf ' 

Substituting the values for Vemf, we get 

Vnut = 
JO) 

1 .^A 
1 + 7 — -

R 

p^n^AHk, (2.32) 

where Z, is the inductance in the trigger circuit. 

We can look at the two asymptotic cases: 
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If ^ « i , t h e n 
R 

Vout(t)=-Ant//ok 
dH{t) 

dt 
(2.33) 

If ^ » 1, then 
R 

-RAn.uA ^̂ , , 
Vout(t)= -^^^^H{t) (2.34) 

2.3.1 Pre-Amplifier 

The pre-amplifier as shown in Fig. 2.5 has been simulated using P-Spice. The 

result of the simulation is shovm in Fig. 2.6 indicating a 3 dB bandwidth of 1 MHz 

Rl 900k 

ys vin̂ ' 

R3 < 
150k 

CI 2n 

'400V Y ^ 28p 

C5 -X. ^ R4 
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' • ^ 
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R2 J 50k N*.. 
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9 V -
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Fig. 2.5 Pre-amplifier as simulated by P-Spice. 
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Fig. 2.6 Voltage gain of the pre-amplifier. Simulated using P-Spice 

14 



2.3.2 Low-pass filter 

A low-pass filter was introduced between the pre-amplifier and the oscilloscope. 

Fig. 2.7 shows the circuit as simulated using P-Spice. Fig. 2.8 shows the frequency 

R1 

24 Q 

STIMULUS=V8 

1̂ F 
C 

T -" SCOPE 

R3 
<,. 51 

Q 

> R2 
50 

Fig. 2.7 Low-pass filter between the pre-amplifier and oscilloscope. 
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Fig. 2.8 Simulated frequency response of the filter 
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CHAPTER 3 

EXPERIMENTAL CONFIGURATION 

A 30-feet-long metal pipe on wooden supports, placed on concrete blocks, is 

shown in Figure 3.1. The pipe has an outer diameter of 2.4" and a wall thickness of 0.2". 

A pulse generator generates a pressure pulse, which travels along the pipe and reflects 

from the ends of the pipe. These pressure pulses are detected by a capacitive detector, 

amplified, filtered and recorded on the oscilloscope. The data is then transfened to a 

computer, where the data is prepared for fiirther analysis. 

23" 

Pulse Generator 

tiftx 
km 

HV..>Av^-#-j 

do 

Pre-Amplifier i oscilloscope | 
Computer 

LPF 

-i 
Detector 

144" 62" 

"̂ \W.Qoden, Supports 

>• Concrete Blocks 

,. 38" . 

<J2 

Fig. 3.1 General set-up of the experiment. 

The distances between the supports are shown in the Fig. 3.1 and have remained 

unchanged, while the distances do, di, and d2 were varied during the course of 

experiments. Due to unevenness of the ground, the pipe firmly sits only on the V\ 2"'*, 

and the 4̂*̂  support and does not rest on the 3*̂^̂  support. 
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3.1 Pulse generation 

Two different types of pulse generation were tried 

1. Mechanical excitation by a steel sphere striking the end of the pipe. 

2. Magnetic generation of the pressure pulse with different coil geometries. 

3.1.1 Mechanical pulse generation 

A steel ball weighing 64.7 grams and 1 inch in diameter is held by an electro

magnet and released so that it impacts on the lid at the end of the pipe creating a pressure 

pulse. The steel ball is suspended using a thin conducting wire and is connected to the 

trigger circuit. The set-up is shown in Fig. 3.2. 
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Fig. 3.2 Mechanical generation of the pressure pulse. (Dimensions in inches) 

When the sphere touches the pipe, the voltage at the output of the trigger circuit 

goes to zero and triggers the oscilloscope. The trigger circuit is shown in Fig. 3.4. The lid 

is fastened to the end of the pipe using epoxy, so that it makes good mechanical contact 

with the pipe. The lid is shown in Fig. 3.3. 
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Fig. 3.3 Lid on the end of the pipe. (Dimensions in inches) 
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Fig. 3.4 Circuit used to trigger the oscilloscope. 

3.1.2 Magnetic pulse generation 

For magnetic pulse generation, a 0.156//F capacitor with a self-breaking switch 

is connected to a coil enclosing a short section of the pipe. The capacitor is charged 

through a charging resistor typically to 15 kV. Different coils where used as described 

below. The charging circuit is shown in Fig.3.6. The different coil geometries are shown 

below. 
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The coil I consists of 4 turns of copper tubing. The self-breaking gap is 0.20". Fig. 

3.5 shows the dimensions of the coil. 

4 turns of copper pipe 

Lucite 

Self-breaking switch 

k 
("•̂ H 

Cross-section of the pipe 

Fig. 3.5 Pulse generation using coil I. 
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Fig. 3.6 Circuit with self-breaking switch used to excite the coils I and II. 
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The second coil ( coil II) geometry is shown in Fig. 3.7 and consists of 5 turns of 

flat copper gaskets cut open and braced to form a coil. The self-breaking gap is 0.2" for a 

breaking voltage of 15 kV. 

Front View 
Side View 

03.200 -V 
v>/ •M-rjil "••• \ - ^ _ ^ 

- / y 

0,090 

3.200 

1.2 

1 ^w 

2.000 
i 

v 

O 

.at-"' 

Brass plate 

Capacitor 
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|- 1.300 
^~ - 0.300 

5 turns of flat copper 

Lucite 

Self-breaking switch 

Fig. 3.7 Pulse generation using coil II. 
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The geometry of coil III is shown in Fig. 3.8. It has 34 turns of insulated wire 

wound over a layer of Mylar sunounding the pipe. The wire is 0.08" and the insulation 

covering is 0.12" in diameter. The wire is rated for 500 V. The charging capacitor is 

placed at a distance of 8 feet away from the pipe, so that sound from the arc does not 

interfere with the generated pressure pulse. The charging circuit is shown in Fig. 3.9. 

1.75" ~ * * i « » ~ 4.25" 

Fig. 3.8 Pulse generation using coil III 
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Fig. 3.9 Circuit of the self-breaking switch used to excite the coil III 

An RG8 cable connects the capacitor to the coil. The length of the RG8 cable is 

149" and the insulation on the last 5 inches has been removed on both ends to avoid flash 

over from the inner to the outer conductor. The gap of the self-breaking switch is 0.5". 

3.2 Detection 

The detector is a capacitor formed by a copper cylinder sunounding the pipe and 

separated from it by several layers of Mylar foil. There is a layer of styrofoam on the 

outside of the Mylar layer and the copper electrode The gap between the electrode and 

the pipe is about 0.5mm. 
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Fig. 3.10 Electrostatic detection 

A brass screen that is fastened to the pipe by hose clamps shields the whole set

up. A conducting flat wire feeds through a V-i" diameter hole in the brass mesh. It 

connects the copper electrode to a 400 V DC supply through a 1 MQ resistor, ft also 

connects the copper electrode through a 0.76//F capacitor to the input of a nearby pre

amplifier that has a gain of 27.5. From the pre-amplifier the signal is brought to a screen 

room by a 50 Q coaxial cable. The signal is then passed through a low-pass filter inside 

the screen room and fed into the digital scope. 

3.3 Data Acquisition 

The data acquisition system is as shown in Fig. 3.11. The data is recorded by a 

HP54111D digitizing oscilloscope after passing through a low-pass filter. The low-pass 

filter is terminated using a 50 Q terminator at the scope. A PC (HP Vectra) running a 
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HPBASIC program controls the oscilloscope. The data from the scope is read and stored 

on the computer as ASCII and binary files. ASCH files are recognized by most of the 

high-level software like Mathcad and Matlab. The program used to control the 

oscilloscope is listed in the Appendix. 
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Fig. 3.11 Data acquisition system 
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CHAPTER 4 

MEASUREMENTS AND RESULTS 

4.1 Measurements using the mechanical generation of the pressure pulse 

Measurements using different methods of generating the pressure pulse were 

performed. There was mechanical generation by impact of a steel sphere, pressure pulse 

from an arc propagating through air to the pipe, and magnetic generation with the 

different coils. Fig. 3.1 shows the general anangement. 

The three distance's do, di, and d2 are varied for different experiments. The 

distance do is considered equal to zero whenever the pulse generator is moved to the near 

end of the pipe. 

Fig. 4.1 shows the signals received with the mechanical generation of the Pressure 

pulse with the set-up as shown in Fig. 4.2, Fig. 4.3 and Fig. 4.4 shows the signals 

received and the set-up respectively, with the detector moved to the center of the pipe. 

Fig. 4.1 Signals with mechanical generatJSh of the pressure pulse. (File abl5) 
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Fig. 4.2 Set-up used to get the measurement shown in Fig. 4.1 

Fig. 4.3 Signals with mechanical generation of the pressure pulse and detector 
moved to the center of the pipe. (File ab22) 
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Fig. 4.4 Set-up used to get the measurement shown in Fig. 4.3 
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The speed of the pressure wave in the pipe is calculated for the two anangements. 

The speed is also calculated using the difference between the 2 readings. 

In the measurement of Fig. 4.1 the distance between the pulse generator and the 

detector is 228" and the time for the pulse to reach the detector is 1.35 ms. 

The speed is 

d. 228m ^^^^ 
v=—^ = = 4290 meters / sec. 

ĵ 1.35m5 

In the measurement of Fig. 4.3 the distance between the pulse generator and the 

detector is 176.5"and the time for the pulse to reach the detector is 1.05 ms. 

The speed is 

d. 176.5m .-^_ , 
v=^^ = = 4270 meters/sec. 

2̂ 1.05m5 

The difference in the transit times of the two measurements yields the speed to be 

v= 
rf,-rf, _ (228-176.5)m_ 43^0 ̂ ^^^^ /̂̂ ^^^ 

r, -^2 (1.35-1.05)m5 

The calculations for the speed give a group velocity around 4300 meters/sec. 

The theoretical bulk phase velocity is Vph=J—^^^ = 5200 meters/sec, where Emod 

2.14x10'^ Pa is Young's modulus of elatiscity and p=7.9 g /cm^ is the mass density of 

the pipe material. The mode in which the pulse propagates need not have the phase 

velocity of the sound in the bulk material. 

31 



4.2 Measurements using magnetic generation of the pressure pulse 

4.2.1 Measurements using coil I 

In this set-up the coil I is placed at a distance of 139.5" from the detector and the 

detector is at a distance of 124.5" from the far end of the pipe as shown in Fig. 4.6, and 

Fig. 4.5 shows the signals received. 

Fig. 4.5 Signals with magnetic excitation by coil I. (File cmp67) 

Fig. 4.6 Set-up used to get the measurement shown in Fig. 4.5 
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For a pulse velocity of about 4300 m/s one would expect the primary signal after 

89zw 
a time of t, = = 0.53ms . At this time the amplifier is recovering from the 

' 4300m/5 

electro-magnetically coupled pick up from the generator circuit. 

In addition to this reading, the coil was kept in different orientations in relation to 

the pipe to check if it would generate any specific signals. The coil was displaced up, 

down, sideways and also at different angles. The signals for the different orientations of 

the coil did not generate any specific signature on the signal. The recorded data does not 

indicate any distinct pulses at regular intervals as expected due to reflections from the end 

of the pipe. 

There were some indications that the sound waves in air originating from the arc 

were exciting pressure waves in the pipe. To investigate this, coil II was placed at a 

distance of 42" perpendicular to the pipe as indicated in the Fig. 4.8. The resultant signal 

is shown in Fig. 4.7. This signal starts after 9 ms. The sound waves travel in air at a 

42m 
speed of about 330 meters/sec. It takes / = ^^ , = 3.2ms for the sound from the arc to 
^ 330w/5 

reach the pipe and about 0.8 ms for the sound to travel to the detector, which is a total of 

4 ms. The first increase in noise is observed at about 4.8 ms, which does not completely 

contradict the model. 
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Fig. 4.7 Signals obtained when the coil is kept 42" away from the pipe. (File pip50). 

Fig. 4.8 Set-up used to get the measurement shown in Fig. 4.7 

Some more measurements with acoustic excitation by the arc nearby the pipe 

where performed. No conclusive results were obtained. 
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4.2.2 Measurements with excitation by arcing to the pipe. 

Since the noise from the arc was capable of exciting the pipe, a few measurements 

were done where the capacitor was discharged by an arc striking the lid at the end of the 

pipe directly as indicated in Fig. 4.10. The distance between pulse generator and the 

detector is 228.5". The signals are as shown in Fig. 4.9. 

20 

V. 
J 

mV 

I 
-20 

Fig. 4.9 Signal from direct arc excitation. (File pip34) 
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Fig. 4.10 Set-up used to get the measurement shown in Fig. 4.9 

The observed signal is shown in Fig. 4.9. One would expect the signal to start at 

t = ^ = 1.35ms . The observation does not exclude a propagation velocity of 4300 
4300m/s 

m/s. 

4.2.3 Measurements using coil III 

In order to increase the magnetic pressure, coil III was tightly wound around the 

pipe. The charging capacitor and the self breaking switch are placed at a distance of 8 

feet away from the pipe and covered with a plastic bucket, so that sound from the arc 

does not interfere with the magnetically generated pressure pulse. This anangement is 

shown in Fig. 4.12, and the signals received are as shown in Fig. 4.11. 
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Fig. 4.11 Magnetic excitation using coil III (File b47) 
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Fig. 4.12 Set-up used to get the measurement shown in Fig. 4.11 

Fig. 4.11 shows the observed signal. The first signal is detected after a time of 

about 1 ms and this is the direct pulse. The next pulse, which is the reflected pulse from 

the far end of the pipe, is detected after an additional time interval of 1.8 ms and is 

attenuated. Using the direct signal and the four reflected signals to calculate the speed of 

the pressure pulse in the pipe, we find the speed of the pressure pulse to be 
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^Kipe 4 •353m .^o, , 
v = —^^^ = = 4981w/5. 

t,-t^ (8.2-l)w5 

This is close to the phase velocity of the bulk compression waves of 5200 m/s. 

The detected signal using this coil is clear and several reflected pulses can be 

distinguished. In this set-up a blue difftise discharge is observed over the high field 

region of the coil. This discharge extends to about half the length of the coil. It is not 

clear if this interferes with the generated signal, if it generates a signal, or if it has no 

effect on the signal. Future experiments have to clarify this. 

Occasionally heavy acoustic noise is detected in the pipe by the detector, even 

without firing the pulse generator. This noise could be coupled to the pipe from the 

ground through the supports or through the air. 

4.3 Attempt to detect a defect 

A few measurements were performed with coil III at the near end of the pipe and 

the detector at the center as indicated in Fig. 4.14. Three C-clamps were attached to the 

pipe 60" downstream from the detector to introduce an artificial defect. Fig. 4.13 shows 

the received signal. 

The detected signal shows, in addition to the reflections from the ends, other 

reflections that could be from the clamps. We can see in Fig. 4.13 the direct signal after 1 

ms and the first reflections from the ends of the pipe after 2.8 ms. We also see reflections 

at about 0.6ms after the direct pulse and 0.6ms after the reflection from the end. 

The expected reflection should appear at t = ——-—— = 0.6ms after the direct 
^ 4900m / s 

pulse, and after the following reflections. The observed signal does not exclude the 
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interpretation of being reflections from the disturbance by the C-clamps. Not every 

attempt with varying distance of the C-clamps from the detector gave clear enough 

signals. Future measurements will have to investigate these effects fiirther. 

m i \f4k\ CsP-^^ , _ ^ Wi. ^ | | Y ^ ^ ^ ^ ^ 

10 

10 

Fig. 4.13 Signals with a defect introduced in the form of C-clamps on the pipe. (File b86) 
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Fig. 4.14 Set-up used to get the measurement shown in Fig. 4.13 
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4.4 Measured frequency response of the pre-amplifier 

Fig. 4.15 shows the measured frequency response of the pre-amplifier. The data 

agrees with the simulated values. The midband voltage gain of the amplifier is 27.5. 
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Fig. 4.15 Measured frequency response of the pre-amplifier. 

It was observed that even after disconnecting the supply voltage from the detector 

electrode, sometimes pressure pulses could be detected for some minutes to hours. This 

might be explained by charges located on the surface of the Mylar foil. When a pressure 

pulse or mechanical noise passes through the detector, the mechanical motion of the foil 

could relocate the charges. 
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4.5 Noise 

Sometimes electrical noise was picked up when the brass shield had insufficient 

contact with the pipe. At times the detection of pressure pulses was impossible due to a 

large acoustic noise level, presumably coupled to the pipe from the ground. Simple 

introduction of thin styrofoam pads between the pipe and the supports was not sufficient 

to suppress the noise. 

4.6 Measurement of the coil cunent 

The signal from the trigger coil allows to find the inductance of the generator 

circuits. A measurement of the pick up signal with coil III is shown in Fig. 4.16. 

Fig. 4.16 Signal from the trigger coil when coil III was used for pulse generation. 
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The pressure pulse generated has a time period of about 4.8 // s. The Inductance L 

in the coil circuit is L - —^—= 3.74 p H, where C is the charging capacitance. From this 
CO C 

we calculate the coil cunent /Q at t = 0: 

C,, 0.156JC10-'F , , ,^3,^ , ^ , ^ 
/ =J—V = J 15A:10^Ko//=3kA, 
° VI V 3.74x10"'// 

where V is the charging voltage. 
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CHAPTER 5 

CONCLUSIONS 

A pulse echo system has been set up. The work has mainly concentrated on 

magnetic pulse generation and electrostatic detection. Echoes from the ends of the pipe 

have been observed. Mechanical excitation of the pipe indicates a group velocity for this 

mode of excitation of v=4300 m/s. 

Magnetic excitation with coil III gave the most distinct echoes from the ends of 

the pipe. The group velocity for these pulses was about 5000 m/s, which is close to the 

bulk compression wave velocity of 5200 m/s. 

The signals observed, when three C-clamps were attached to the pipe, could be 

interpreted as the refiections from the artificial defect. 

There is a diffuse discharge observed when coil III is operated. It is not clear if 

the discharge contributes to the generation of the pressure pulse. 

Occasionally strong noise is observed even without excitation of the generator 

coil. In some of the fixture experiments, the pipe has to be acoustically isolated from the 

environment. In later stages of development, the pipe cannot be isolated from the noise of 

the ground and signal analysis has to be employed to distinguish reflected signals from 

acoustic noise. 

Generation of pressure pulses in a metal pipe and electrostatic detection has been 

successfiilly demonstrated. 
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APPENDIX 

This program is written in HPBASIC to transfer data from the oscilloscope to the 

Computer. 

PROGRAM PIPELflSTE K. W. ZIEHER 
26 May 1999 

Parts adopted from Thesis of D. Buraczyk (1990) 
and dissertation of M.Grothaus (1989) 
This program controls the HP5411 ID Scope 
and transfers the trace from ChannelO to a file. 

(1) Set the scope parameters and save setup in memO 
(2) Will perform measurement. 
(3) Will prompt for saving data on Drive A 
(4) Will prompt for Hardcopy to the printer 
(5) Will prompt for saving an ASCII file 

10 
20 
30 
40 
50 
60 
70 
80 
90 
100 
110 
120 
130 
140 
150 
160 PRflSfTER IS CRT 
170 ! 
180 ! Arrays and paths 
190 ! 
200 CLEAR SCREEN 
210 OPTION BASE 1 
220 DIMV(8192,2),X(1:8) 
230 DIMFunc$(l:8192)[6] 
240 INTEGER Func(l :8192) BUFFER 
250 1=0 
260 
270 
280 
290 ASSIGN @Buff TO BUFFER Func(*);FORMAT OFF 
300 ASSIGN ©Scope TO 707 
310 ASSIGN ©Printer TO 701 
320 
330 
340 
350 CLEAR 707 
360 OUTPUT @Scope;"STOP" 
370 OUTPUT @Scope;"RECALL 0" 
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Adjust Time Scale 

380 INPUT "File name w/o ext ?",File$ 
390 Filep$=File$&"p" 
400 MASS STORAGE IS ":,1500,2" 
410 OUTPUT @Scope;"ACQ TYPE NORM RESO 7" 
420 OUTPUT @Scope;"WAV SRC MEMl FORM WORD HEAD OFF EOI OFF" 
430 OUTPUT @Scope;"DIGl" 
440 
450 
460 
470 CLEAR SCREEN 
480 INPUT "After Trigger has occuned what delay in usec?",Tdelay$ 
490 INPUT "TIME/DIV in micro sec ?",Tdiv$ 
500 OUTPUT @Scope;"TIM DEL "&Tdelay$&"E-6" 
510 OUTPUT @Scope;"TIM SENS "&Tdiv$&"E-6" 
520 INPUT "Does it look good ? (Y/N)",Answer$ 
530 IF Answer$="N" THEN 470 
540 IF Answer$="Y" THEN 560 
550 GOTO 470 
560 ! 
570 CLEAR SCREEN 
580 INPUT "Save Data ?",Answer$ 
590 CLEAR SCREEN 
600 
610 
620 
630 IF Answer$="Y" THEN 
640 PRTNT "Acquiring Trace and Parameters" 
650 OUTPUT @Scope;"WAV SRC MEMl FORM HEAD OFF EOI OFF" 
660 OUTPUT @Scope;"XINC?" 
670 ENTER @Scope;X(l) 
680 OUTPUT @Scope;"YINC?" 
690 ENTER @Scope;X(2) 
700 OUTPUT @Scope;"XREF?" 
710 ENTER @Scope;X(3) 
720 OUTPUT @Scope;"YREF?" 
730 ENTER @Scope;X(4) 
740 OUTPUT @Scope;"XORG?" 
750 ENTER @Scope;X(5) 
760 OUTPUT @Scope;"YORG?" 
770 ENTER @Scope;X(6) 
780 OUTPUT @Scope;"CHANl" 
790 OUTPUT @Scope;"RANGE?" 
800 ENTER @Scope;X(7) 
801 OUTPUT @Scope;"TIMEBASE" 
802 OUTPUT @Scope;"RANGE?" 
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803 ENTER @Scope;X(8) 
810 OUTPUT @Scope;"WAV SRC MEMl FORM WORD HEAD OFF EOI OFF" 
811 OUTPUT @Scope;"DATA?" 
820 TRANSFER @Scope TO @Buff;COUNT 8192 WAIT 
830 ASSIGN @Buff TO * 
840 CLEAR @Scope 
850 END IF 
860 ! 
870 ! HARDCOPY 
880 ! 
890 nSfPUT "Want hardcopy ? (Y/N) ?",A$ 
900 IF A$="Y" THEN 
910 OUTPUT @Scope;"PRINT" 
920 SEND7;UNLUNT 
930 SEND 7;LISTEN 1 
940 SEND7;TALK7 
950 SEND7;DATA 
960 CLEAR SCREEN 
970 PRINT TABXY(25,8);"Hardcopy in progress" 
980 END IF 
990 ! 
1000 ! CREATE DATA FILES ON DISK 
1010! 
1020 INPUT " want datafiles on disk ? (Y/N)",A$ 
1030 IF A$="Y" THEN 

1031 PRINT TABXY (25,12);"Creating Data file on Disk" 
1040 CREATE BOAT File$,8192,2 
1050 CREATE BOAT Filep$,8,8 
1051 CREATE BOAT Filep$,8,8 
1060! 
1070 ! DUMPING DATA ONTO DISK 
1080! -
1090 CLEAR SCREEN 
1100 PRINT TABXY(25,12);" Dumping binary data on to disk" 
1110 ASSIGN @F1 TO File$ 
1120 OUTPUT @Fl;Func(*) 
1130 ASSIGN @F1 TO Filep$ 
1140 OUTPUT @F1;X(*) 
1150 END IF 
1160 ! 
1170 ! Dumping ASCII Data onto Disk 
1180 ! 
1190 CLEAR SCREEN 
1200 INPUT "Save data to ASCII file ?",A$ 
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1210 IF A$="Y" THEN 
1220 Afile$="A"ifeFile$ 
1230 Afilep$="A"&File$&"p" 
1240 CLEAR SCREEN 
1250 PRINT TABXY(25,12);"Creating ASCII file on disk" 
1260 CREATE ASCII Afile$,3000 
1270 CREATE ASCII Afilep$,100 
1280 CLEAR SCREEN 
1290 PRINT TABXY(25,12);"Dumping Data to ASCII file A$File$" 
1300 FOR 1=1 TO 8192 
1310 Func$(I)=VAL$(Func(I)) 
1320 NEXT I 
1330 FOR 1=1 TO 8 
1340X$(I)=VAL$(X(I)) 
1350 NEXT I 
1360 ASSIGN @F1 TO "A"&File$ 
1370 OUTPUT @Fl;Func$(*) 
1380 ASSIGN @F1 TO "A"&Filep$ 
1390 OUTPUT @F1;X$(*) 
1400 END IF 
1410! 
1420 ! RESET SCOPE TO LOCAL 
1430! 
1440 OUTPUT @Scope;"LOCAL" 
1450 CLEAR SCREEN 
1460 INPUT "another shot ? (Y/N)",A$ 
1470 IF A$="Y" THEN GOTO 260 
1480 PRINT TABXY(25,12);"thats it!!" 
1490 STOP 
1500 END 

48 



PERMISSION TO COPY 

In presenting this thesis in partial fulfillment of the requirements for a 

master's degree at Texas Tech University or Texas Tech University Health Sciences 

Center, I agree that the Library and my major department shall make it freely 

available for research purposes. Permission to copy this thesis for scholarly 

purposes may be granted by the Director of the Library or my major professor. 

It is understood that any copying or publication of this thesis for financial gain 

shall not be allowed without my further written permission and that any user 

may be liable for copyright infringement. 

Agree (Permission is granted.) 

Student's Signature Da't< 

Disagree (Permission is not granted.) 

Student's Signature Date 


