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Appendix I 

CONFIGURATION OF SLOW STRAIN RATE TENSILE 

TESTING MACHINE 

AI.1 Introduction 

This section will provide a configuration of the slow strain rate tensile (SSRT) 

testing inachine and its compositions such as load frame, motor and reducing gearbox 

system. The design of both pulled rod with load cell and linear variable differential 

transformer are illustrated. The schematic diagram of tensile specimen will provide in 

this chapter. Finally, the developed chemical cell is shown in schematic diagram. 

A1.2 Configuration of SSRT testing machine 

Figure AI. 1 through figure AI.5 shows the configurations of load frame, pulled 

rod and driven system. 

AI.3 Schematic diagram of Tensile Specimen 

Figure AI.6 shows the schematic diagram of tensile specimen. 



AI.4 Schematic diagram of Developed Chemical Cell 

Figure AI.7 shows the schematic diagram of developed chemical cell. 



Figure Al. l  Schematic diagram of slow strain rate tensile unit. 



Figure AI.2 Zlustration of the detail of SSRT unit. 

. , ., 



Figure AI.3 Schematic diagram of load frame. 
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Figure AI.4 Schematic diagram of the upper load train. 



Figure AI.5 Schematic diagram of the lower load train. 



Figure AI.6 Schematic diagram of tensile specimen used in this thesis. 



Figure AI.7 Schematic diagram of developed chemical cell. 



Appendix I1 

COMPUTER PROGRGM FOR DBPA SPECTROSCOPY 

AZZ. I Background 

The objective of this work is to develop the computer program for analyzing 

doppler broadened positron annihilation (DBPA) peak. It has become common practice 

to describe the annihilation line by a "line parameter"; S, introduced by MacKenzie et 

al. To evaluate the shape profile of an annihilation line reflecting the state of 

microstructure inherent in the solid. The statistics of the S parameter is of concerned 

because the percentage of S parameter is only in the order of a few percent as defects 

change. In evaluating the state of microstructure using DBPA spectroscopy, it was the 

51 1 keV gamma line that will be affected by defects density and distribution. 

The S parameter is defined as the ratio between the centroid area and the total 

peak area. The S parameter can be expressed as: 

where n is the centroid area between 51 1 f A& (A& is the energy shift depending on the 

materials being investigated) and N is the total peak area, figure ,411.2. It should be 

noted that thus far there is no standard criterion for selecting the value of AE although a 

value of 1 keV has been cited in a few occasions. Nevertheless, the measurement 

system could be affected by many variables resulting in the instability of the peak shape 

affecting the accuracy in the S parameter.. Hence, it is not trivial to calculate the S 



parameter by simply fixing the AE value in equation (4.1) since the shape of the 

spectrum may not be constant in each measurement. To solve this problem, the 1274 

keV gamma ray, which decay from NaZ1, was proposed to use as the reference spectrum 

for each experimental variation. From the decay scheme of NaZZ, figure MI. 1, it was 

clearly seen that there is a direct correlation between each positron and 1274 keV 

gamma ray that given off from ~ a "  source. The 1274 keV spectrum is insensitive to 

the inicrostructures of the specimen while the 51 1 keV resulted from positron/electron 

annihilation within the specimen are significantly influenced by the microstructures of 

the specimen. As a result, the 1274 keV spectrum carries all the information about the 

system variations of each experiment and identical to that in the 51 1 keV spectrum 

except the state of the microstructure of the specimen. Thus it may be used to 

compensate for the system variations and directly compare the S parameter of varying 

states of microstructure. To correct the S parameter of the annihilation spectrum, it was 

proposed that the S parameter of the reference spectrum be fixed to be 0.5 in order to 

first extract information on the width of centroid energy, AE value. Since the & value 

of the reference spectrum is only affected by system variation and not by 

microstructure, thus the AE value calculated from the 1274 keV spectrum can be used as 

a reference to evaluate the S parameter of the corresponding annihilation spectrum. 

Based on the above-mentioned technique, the total area of the reference 

spectrum was first calcuiated and the centroid area to give the S parameter of 0.5 was 

determined. The calculated AE value was used to calculate the centroid area in the 

corresponding annihilation spkctrum. A., computer program was proposed to 

automatically extract the AE values of the references spectra with S parameter = 0.5 i 

0.00000001 and also used the calculated AE with the corresponding S parameter of the 

annihilations spectra. 



AZ1.2 Using the ComPAS 

AZZ. 2.1 General Notes: 

This part tells you how to use the Computer Program for Doppler Broadened 

Positron Annihilation Spectroscopy (ComPAS), and provides guidelines for updating 

the program. The ComPAS has been written for DOS. In your ComPAS directory, type 

ComPAS, this will run the program and you will come to the main menu of the 

ComPAS as shown in figure AII.3. The procedural instructions will be described later. 

Please note; the data file to be analyzed must be in same directory as the program. 

AI1.22 Main Menu 

The user operates ComPAS through a menu displaying on the screen. The menu 

options, which are available by pressing a single button, include 

AII.2.2.1 Simulation of the Radiation Spectrum 

This option has three modes of simulation of the spectrum. The first 

mode lets you simulate the spectrum by smoothing the observed count. It is the simple 

technique used to correct the distribution of the observed wunt in the spectrum. 

The second mode simulates the summation curve by calculating the 

average of both energy and observed count in the spectrum. The summation curve used 

to sum up the series of spectrum obtained from experiments. 
I :  



The last mode let you simulate the Gaussian curve. It lets you calculate 

the centroid energy (peak) and standard deviation of the spectrum that needed to 

simulate new Gaussian spectrum. 

AI1.2.2.2 Calculate the S parameter Using a Smooth Curve 

technique 

This option is selected when you need to calculate the S parameter using 

the smooth curve technique. It lets you simulate the new spectrum by smoothing the 

observed count per energy. To create the new spectrum, the number of data point used 

to smooth the observed count and new filename to store the spectrum are need. The 

smoothed curve is a suitable form used to calculate the total peak area, the centroid area 

by using trapezoidal technique as described later. 

Please noted; the various numbers of data points used to smooth the observed 

count give you the various shape of the spectrums. 

AIL2.2.3 Calcula&? the Spafameter by Fking the Energy Shift 

This option is selected when you need to calculated the S parameter of 

the spectrum by fixing the energy shift technique. It let you simulate the summation 

curve and then smooth the observed count to create the new spectrum used to calculate 

the total peak area, the centroid area and the S parameter of annihilation spectrum. 



AZZ.2.2.4 Calculate the S parameter Using Fix S parameter 

technique 

This option lets you calculate the S parameter using summation curve, 

smooth data and a fixed S parameter of reference spectrum. It lets you s i~ula te  the 

summation curve and then smooth the observed count to create the new spectrum used 

to calculate the total peak area, the centroid area, the energy shift and the S parameter of 

both spectra. 

AZZ.2.2.5 Calculate tlte Sparameter Using Gaussian Fit 

This option is selected when you need to assume the spectrum presented 

in Gaussian distribution. It lets you simulate the summation curve and then smooth the 

observed wunt automatically. The next step is'to calculate the centroid energy (peak) 

and standard deviation of the raw data. Moreover, to simulate new Gaussian spectrum, 

two parameters are needed as the wrrection factor and probability of the data. The 

centroid energy, standard deviation, correction factor and probability are necessary 

when assuming the spectrum presented in Gaussian distribution. 

AII.2.2.6 Calculate the S parameter from Simulated Cuwe 

This option lets you recalculated the S parameter of the spectrum, if you 

need to change either the value of S parameter of the reference spectrum or the energy 

shift that used to calculated the centroid area of the spectrum. 



AII.2.2.7 Exit Program 

This option used when you need to exit the program. 

AZ1.3 Procedure Operation Feaatres 

AZ1.3.1 Procedure Edithta; 

This procedure is used for rearranging the data to suitable form for used in 

ComPAS. In this procedure you will enter the filename of the spectrum that you want 

to rearrange and a new one for rearranged data. Moreover, this options is used to 

correct the observed count by subtracting the background and calibrating the channel 

number to energy using equation (2a) as described later. Figure AII.4 illustrates the 

flow chart of this procedure. 

AI1.3.2 Summation Procedure; 

The summation curve technique is selected to correct the different in shape of 

the spectrum in the series of experiment. To simulate the new spectrum, the program 

will calculate the average of energy and observed count per energy in the spectrum and 

then simulate the new curve. A typical operation for this procedure is as following: 

1. Get the number of spectrum in the series of experiment used to simulate the 

summation curve. 

2. Get the entire spectrum from the data file. 

3. Calculate the average of energy and observed count. 
,. 4. Simulate the new spectrum and then write it to the data file. 



A flow chart of this procedure is shown in figure AII.5. 

AZI.3.3 Smoothing Procedure; 

This procedure used to smooth the observed count per energy in the spectrum to 

correct the error in shape of the spectrum. It is necessary for assuming the spectrum 

presented in Gaussian distribution and suitable form to calculate the total peak area, the 

centroid area, the energy shift and the S parameter. To smooth the observed count per 

energy, the number of data used to smooth curve and new filename to store the 

spectrum are needed. Figure AII.6 show the flow chart of this procedure. 

AII. 3.4 Procedure Centroid; 

This procedure is used for calculating the centroid energy and standard 

deviation. It will automatically calculate the centroid energy and standard deviation 

after smoothing curve technique finished. The correction factor and probability of the 

data are calculated in the next step, and then the program will simulate the new 

Gaussian spectrum. Flow chart of this procedure is shown in figure AII.7. 

Please note; to simulate the Gaussian spectrum, the number of the data point used to 

calculated the standard deviatiomof the raw data are needed. 

AII.3.5 CalFivE Procedure; 

This procedure is used for calculating the S parameter of an annihilation 

spectrum using fix energy shift technique. First the program asks you to enter the value 

of the energy shift. The prozram will automatically calculate the total peak area (N)cby 

equation (7a) and (8a). The centroid area of the reference spectrum is calculated by 



equation (lOa), while fixing the value of energy shift. This procedure will be 

accomplished by calculating the total peak area, the centroid area and the S parameter of 

the annihilation spectrum. The step of this procedure can be summarized as shown in 

figure AII.8 and will be described below" 

1. Get the value of the energy shift from keyboard. 

2. Calculate the total peak area and the centroid area of the reference 

spectrum. 

3. Calculate and the S parameter of the reference spectrum. 

4. Calculate the total peak area, the centroid area and the S parameter of the 

annihilation spectrum. 

AII.3.6 Ca1Fk.Y Procedure; 

This procedure lets you calculate the S parameter of the annihilation spectrum 

by fixing the S parameter of reference spectrum. First the program asks you to enter the 

value of the S parameter of the reference spectrum, as you need. The program will 

automatically calculate the total peak area (N) by equation (7a) and (8a). The centroid 

area of the reference spectrum are calculated by equation (4. l), while fixing the error of 

S parameter = f 0.0000001. The energy shift is calculated later. This procedure will be 

accomplished by calculating the total peak area, the centroid area and the S parameter of 

the annihilation spectrum using the energy shift obtained from the reference spectrum. 

The step of this procedure can be summarizes as follows: 

1. Get the value of S parameter from keyboard. 

2. Calculate the total peak area of the refercnce spectrum. 

3. Fix the error of S parameter of the reference spectrum = f 0.00000001 

and then calculate the centroid area and the energy shift 

4. Recalculate the value of S parameter of the reference spectrum 

5 Calculate the total peak area of the annihilation spectrum 



6 Calculate the centroid area of the annihilation spectrum using the energy 

shift that obtained before. 

7 Calculate the S parameter of the annihilation spectrum 

Figure AIL9 shows the flow chart of this procedure. 

AZl.4 Algoritl~m Used in Computation 

. A background is first determined by locating the minimum observed count per 

channel number in the spectrum and the channel peak are found by searching for 

maximum observed count channel number. To increase the efficiency of the 

computation, the energy calibration peaks are needed. The calibration peaks are 

required to calibrate the channel number to energy. For doppler broadened positron 

annihilation (DBPA) spectroscopy a linear formula relating energy to centroid is 

sufficient. The energy calibration peaks are computed by the equation: 

Energy = A + (B x Channel number) (la) 

where A and B are determined by interpolations of gamma ray energy to the centroid 

enersy. 

The centroid of peak (x) as a function of energy versus collected counts can be 

expressed as: 

L 

- Energy[i]Count[i] 
Centroid energy = Peak = x = ' 

Ecount[i] 

where Count[i] is the count in energy i 



The standard deviation (SD) is wmputed as the first moment of energy versus 

collected counts by equation: 

To create the new gaussian spectrum, two parameters are required. One is the 

probability of the data that can be expressed as. 

The other is the parameter, H, which is used to calibrate the new observed count 

per each energy and providing the new spectrum presented in Gaussian distribution. 

The parameter H is defined as the ratio between the centroid count of the spectrum and 

probability of the centroid energy. The parameter H can be expressed as: 

Centroid count H = 
 PI 

and the new gaussian wunt can be calculated by equation: 

The centroid, standard deviation and the correction factor are necessary for 

creating the new spectrum presented in Gaussian distribution and to help reducing the 

computation time and error associated with AE vahe extracted from the reference 

spectra. 

Peak areas are determined as the sum of area per energy at full width at tenth 

maximum (FWTM) that calculated by a trapezoidal technique. To calculate the S 

parameter of the annihilation spectrum by compensating technique, the total areas of 

reference peaks are calculated first. The total areas are calculated by equation: 



Area[i] = (0.5 x Abs (Energy[i]-Energy[i-11) x (Count[i]-Count[i-I])) 

+ Abs (Energy[i]-Energyri-I]) x (Countril-Count[i-I]) (74  

1 

and Total Area (N) = C Area[i] 
i 

If you assume the data present in Gaussian distribution, thus it is acceptable to 

calculate the total peak area from one side of the spectrum. The total peak area can be 

calculated by 

X 

Total Area (N) = 2 x Area[i] 
i 

where i is the starting energy, x is the centroid energy, and z is the end energy. 

The total peak areas of both reference and annihilation spectrums are calculated by 

these equations. 

Centroid area (n) of reference spectrum is computed by equation (4.1), while 

fixing the error of the S parameter to be 0.00000001. So, the centroid area must fall in 

the interval 0.49999999N to 0.50000001N. The As value of reference spectrum is 

calculated in the next step. The calculation of AE can be summarized as follows: 

1. Assume Energy[x] and Count[x] is the centroid energy and centroid count. 

2. Calculate the area between Energyrx] and Energy[x-1] by equation: 

Centroid area = 2x{[0.Sx(Energy[x-i]-Energy[x-1])x(Count[p-x]-Count[p-y])] 

+r(Enersyr~-xl-Energ~~~-~l)xCountr~-~ll) (lOa> 

while x=O and y=l 

3. Determine the calculated centroid area in previous step. 



3.1 If the calculated centroid area is less than the acceptance centroid 

area, recalculate the area by vary x = x-1 and y = y-1. The calculated centroid 

area is the sum of them. Repeat this step until the calculated centroid area is 

greater than the acceptance centroid area. Note the value of x and y. 

3.2 If the calculated centroid area falls in the interval of the acceptance 

area, the AE value is the different of Energy[p] and Energy[p-y]. 

El + Er 
4. Assume El = Energy[p-x], Er = Energy[p-y] and EnergyA = - , used 

2 

them instead of Energy[p-x] and Energyfp-y] in equation (lOa), calculate 

the area between El and EneryA. The calculated centroid area is the area 

between Energy[p] and EnergyA. 

5. From previous step, determine the calculated centroid area as following: 

5.1 If the calculated centroid area is still greater than the acceptance 

centroid area, repeat Ea = + Ea and recalculate step 4 until the calculated 
2 

centroid area is less than or fall in the interval of the acceptance centroid area. 

5.2 If the calculated area is less than the acceptance centroid area, repeat 

Ea + Er 
Ea = and recalculate in step 4 until the calculated centroid area is 

2 

greater than or fall in the interval of the acceptance centroid area. 

Repeat these step until the calculated centroid area fall in the interval of the 

acceptam centroid area. The AE is the different of Energy[x] and EnergyA 

Centroid area of annihilation spectmm is the area between centroid f AE by 

equation (10a). The S parameter is defined as the ratio between the centroid areas and 

the total pzzk areas. The S parameter can be expressed as written in equation (4.1). 



List of Svmbol 

=the S parameter 

=the centroid area 

=the total peak area 

=the energy shift 

= array of energy used as program code 

= channel number 

= array of energy number used as program code 

= constant, determined by interpolation used for calibrating 

the energy peak 

Peak, x 
Cl..C8 

Count[i] 

z 

i, x 

Area 

Area[i] 

Total 

Centroid 

Energy4 EnergyB 

= centroid energy of the spectrum 

= observed count either per energy or per channel number 

= array of observed count either per energy or channel 

number used as program code 

= number of data in the spectrum 

= index of data in the spectrum 

=the area under curve 

= array of the area under curve used as programming code 

=total peak area under curve 

= the calculated centroid area used as program code 

= energy shift used as program code 



i: Na 
tx = 2.6 yr. 

10Yo EC 

90% p+ 

1.274 MeV 

0 MeV 

Figure AII.1 Shows the decay scheme of NaZZ positron source. 



Figure AII.2 The definition of centroid area and total peak area used for calculate the S 

parameter. 

Figure AU.3 Illustration of the main menu of computer program. 
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Figure AII.4 Flow chart of the EditData procedure. 
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Figure AII.5 Flow chart of the Summation procedure. 
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Figure AIL6 Flow chart of the Smoothing procedure. 
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Figure AII.7 Flow chart of the Centroidal procedure. 
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Figure AILS Flow chart of the CalFixE procedure. 
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Figure AIL9 Flow chart of CalFixS procedure. 
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