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Foreword

Thisisthe second volume of atechnical report prepared by the University of Dayton Research
Ingtitute for the Materials and Manufacturing Directorate (ML) of the Air Force Research
Laboratory (AFRL), Wright-Patterson Air Force Base, Ohio. The work was performed under
Contract Number F33615-95-C-5242 with Mr. Charles F. Buynak (AFRL/MLLP) asthe Air
Force project engineer. The technical effort was performed between 29 September 1995 and 31
December 1999, with Dr. Alan P. Berens of the University of Dayton Research Institute as the
principal investigator.

The final report of thiswork comprises three volumes. Volume 1 presents a description of
changes made to the probability of detection (POD) analysis program of Mil-HDBK-1823 and
the statistical evaluation of modifications that were made to version 3 of the Eddy Current
Inspection System (ECIS v3). Volume 2 contains the Users Manual for the version 3 update of
the POD program. The results of a separate study for predicting POD from specimens of like
geometry and materials are presented in VVolume 3.



Section 1

| ntroduction

The probability of detection computer program POD Version 3isaC"™ program that interacts
with aMicrosoft Excel 97 workbook to perform a POD analysis on the results of a
nondestructive evaluation (NDE) capability demonstration. The interface between the user and
POD is an Excel workbook. The POD program controls the analysis though a window that opens
and closes workbooks, calls for recal culations using the analysis and data specified on the input
sheets of the workbook, and executes Excel macros that produce the output of the analysis. POD
names, uses, and controls a maximum of 11 sheets of the workbook. Two of these sheets contain
the input information for an analysis and the other nine contain analysis output in the form of
tables and graphs. Graphical output sheets are optional.

This Users Manual assumes familiarity with the objectives and analysis methods for fitting the
cumulative lognormal and log odds models to & versus a and pass/fail (find/no find) forms of
NDE reliability data. See References 1 - 4 for details of such analyses. Reference 4 contains a
discussion of the specific analyses performed by POD Version 3.

Section 2 presents a description of the use of the program and the worksheets of a POD
workbook for both the & versus a and pass/fail (find/no find) analyses. The descriptions
emphasize the input sheets for aPOD(a) analysis and the explanation of the output tables and
graphs. The input and output sheets are standard worksheets of an Excel workbook. All Excel 97
commands can be used at the discretion of the user. Knowledge of Excel is assumed and no
Excel commands are discussed. Section 3 presents the details of implementing the commands of
the POD window. The list of references are in Section 4.



Section 2
Description of POD Version 3

The program POD Version 3 opens an Excel workbook and uses inspection results from a sheet
named Data to perform analyses as specified on a sheet named Info. These two sheets comprise
the input to the POD analysis. The output is produced in the form of tables and graphs on as
many as nine new workbook sheets that are regenerated each time the POD maximum likelihood
calculations are executed. If the datain aworkbook have not been previously analyzed by POD,
the program will assist usersin setting up an Info sheet and will immediately perform the first set
of calculations and create a Results sheet and a Residuals sheet. Pod will then create additional
plots upon request. If avalid Info sheet is present when POD opens the workbook, the program
will recalculate for the analysis as indicated on the existing Data and Info sheets and will renew
all existing output sheets. This recal culation ensures that the output sheets will agree with the
analysis as defined by the current Info and Data sheets. The following subsections describe the
contents of the input and output sheets of POD for the & versus a and pass/fail analysis methods.
Materia that is common to both analyses is repeated.

2.1 aversusa(Ahat) Analysis

The input for a POD analysisis contained on the Data and Info sheets of the Excel workbook.
The Data sheet contains the flaw sizes and inspection responses, &, from an NDE capability
evaluation. The Info sheet contains identification and modeling information that will be used by
the POD program. The & versus a analysis output comprises as many as nine worksheets that
summarize the POD(a) analysis in tables and graphs The specific graphs to be generated are
selected by the analyst.

When POD opens a new Excel worksheet containing & inspection results, the program first
ensures that the sheet is named Data. An Info sheet isthen initiated that contains the minimum
information needed to perform a POD analysis. See section 3.3.1 for an example. Whenever
POD opens a workbook, the POD(a) model parameters are recalculated to ensure that all results
and plots were generated from the current setup on the Info sheet. After aworkbook has been
opened and recal cul ated, the Data sheet can be modified and the Info sheet can be changed to
provide a more complete description of an analysis run and to change analysis parameters.

Columns not used by-POD on the Data and Info worksheets can be used at the discretion of the
analyst, and the information will remain in the workbook. However, POD produces output on a
set of named worksheets and these output sheets are recreated every time the analyses are
recalculated. To preserve new or existing worksheets, they must be assigned names that are
different from the standard POD output sheets.

The following subsections describe the contents of all of the worksheets of an & versus a
anaysis.



2.1.1 Data Sheet for Ahat Analysis

The inspection result input to POD is contained on the Data sheet of the workbook. The columns
of the Data sheet contain crack identification fields, crack size fields and the inspection results
obtained for each of crack sites. The first row of the spreadsheet must be a header row
containing, as a minimum, the names of the crack size column and inspection columns to be used
in the analysis. Each succeeding row after the first contains the identifying information, sizes of
the cracks, and all & inspection results for each crack of the specimen set. The POD program uses
only the column that contains the crack size and the columns that contain the & values. The POD
program will request the column letter that contains the results of the first inspection of each
crack. Results from any additional inspections must be in columns that are contiguous to the first
set. If other information is placed on the Data sheet, it must be separated by at |east one column
from the & values.

As an example, Figure 1 presents part of a spreadsheet that contains the first 15 cracks from a
Data sheet for an & versus a analysis. The first three columns of this example Data sheet contain
identifying information for the cracks and these columns will be ignored by POD. Both crack
length and depth are listed for the cracks, and the analyst will specify which isto be used in the
analysis on the Info sheet. Each crack shown in the example data sheet has been inspected twice
and the inspection designations are Ins1 and Ins 2. Note that some of the inspection sites do not
contain flaws and this absence of flawsisindicated by “blank” in the size columns. These
inspection sites were the unflawed sites, and such sites will have no effect on the analysis.

”@ File Edit Yiew Insert Format Tools Data ‘Window Help

hedshy| iz d|o- - (&€ = & 8%
| i -0 - BIUS=E=E 8%, %
K1 =| =|
A B (5 O E F G
1 =T Suface Theta Length Depth Ins 1 Ins 2
2 1 tap 1] 35 17 322 303
3 2 blank blank blank blank 0 0
4 3 ton 75 28 13 284 300
5 4 blank blank blank blank 1] 1]
h 5.1 tap 135 29 15 224 2685
7 5.2 top 345 2a 13 272 276
a8 5 top 315 34 16 307 360
9 7 blank blank blank blank 0 0
10 8 bottom 240 B 3 1] 1]
11 9 tap a0 27 13 322 347
12 10 bottom 315 2B 12 223 254
13 11 tap 1] 20 9 217 291
14 12 top 1] 33 16 a7a S45
15 13 blank blank blank blank 0 0

Figurel. Example Data Worksheet for an Ahat Analysis Using POD

The datato be used in an analysis are selected on the Data worksheet. The POD program will use
al cracksthat have a clear (uncolored) background. To eliminate any cracks or range of cracks



from an analysis, select them and add a highlight background color. This selection process makes
it very convenient to select particular inspections of al cracks, to exclude ranges of crack size,
and to check the influence of apparent outliers. Note than an asterisk in the inspection result
column indicates that the site was not inspected. A missing inspection is distinct from amissed
flaw and the program will not interpret the asterisk as amiss.

Note that POD provides an easy sort by crack size of the data in the worksheet (see POD
window, Tasks — Sort by size, section 3.4). But note also that the Data worksheet is an Excel
spreadsheet, and any spreadsheet functions can be directly performed. It is necessary to maintain
the inspection results in contiguous columns starting in the column as indicated on the Info
worksheet.

2.1.2 Info Sheet for Ahat Analysis

The Info sheet of a POD workbook contains information that the program will use to generate the
output tables and graphs. An example Info Sheet for an & versus a analysisis shown in Figure 2.
The information is grouped in 4 categories for ease of interpretation. Entriesin column A define
the type of information in the row but only the entries that end with a colon have meaning to
POD. For example, the names of the 4 categories of information are ignored by POD as would be
any other entry. Further, the order of the lines on the Info sheet is not important. However, exact
spelling of the entries that end with a colon must be maintai ned.

Column B of the Info sheet contains the following information for the POD pertinent rows:

» Title— Identification entry that will appear on the Results output sheet and all graphs.

» Subtitle— Additional identification. The first four Subtitle entries will appear on all graphs.
All subtitle entries will appear on the Results sheet in the order in which they are on the Info
sheet. As many subtitle lines as desired can be inserted in the Info sheet by adding rows at the
bottom with “ Subtitle:” in column A. All Subtitle lines will be printed on the Results sheet.

*  Flaw Column — Column letter of the Data sheet containing the flaw sizes to be used in the
anaysis.

* Flaw Units— Flaw size units that will appear in the output.

* Flaw Transform— Definition of flaw size transformation to be used in the analysis. The
default transformation for flaw size is the natural logarithm. Different transformations can be
used by entering the transformation name in the row labeled Flaw Transform. Column B
should contain one of the following entries:

Column B Entry: Transform:
none y=X
log y =1In(x)
inverse y = X
custom User defined

Either no entry or log in column B is the default natural logarithm transformation. In a
custom transformation, Column D in the same row must contain a formula transforming the
valuein column C of the same row. Similarly, column F must contain the formulainverting
the transform for the value in column E of the same row. Figure 3 shows an example of the
formulas needed to define alog transformation using the custom option.



A | B | ¢ | D |

1 ID INFO

2 |[Title: Titanium Small Balt Holes
3 |Subtitle: Example line 2

4 |Subtitle: Example line 3

5 |Subtitle: Example line 4

B |Subtitle: Example line 5

7 |Subtitle: Example line B

B

5 | FLAW INFO

10 |Flaw Column: E

11 |Flaw Units: il

12 |Flaw Transform: log

13

14 | SIGNAL INFO

15 |Insp Start: F

16 |Insp Units: counts

17 |Insp Transform: log

18 |=ignal Min: a0

19 |Signal Max: 1024

20

21

22 | ANALYSIS

23 |Analysis: Ahat

24 |%ersion: FOD 3.0

28 |Threshalds: A0 500

26 [FOD Threshold: 150

27 |FOD level a0

28 |Confidence: g5
[4 [« ¥ [psInfo £ Data £ Results / FitFlot 4 Residuals Plat

Figure2. Exampleinfo Sheet for an Ahat Analysis Using POD

9 | FLAWINFO

10 |Flaw Marme: Depth

11 |Flaw Units: il

(12 |Flaw Transform: | custom 10 =LMN(C12) | 2303 =EXP(E12)
13

.14 | SIGNAL INFO

15 |Insp Start: F

1B |Insp Units: counts

17 |Insp Transform: custom 1a =LMN(C12) | 2303 =ExP(E12)

18 |Signal Min: 50
19 | Signal Max:

Figure 3. Example Showing Formulas for Custom Data Transformations



* Insp Sart — Data sheet column that contain the first set of inspection results.

* Insp Transform— Definition of flaw size transformation to be used in the analysis. The
default transformations for signal response, &, is the natural logarithm. Different
transformations can be used by entering the transformation name in the row labeled Insp
Transform. Column B should contain one of the following entries:

Column B Entry: Transform:
none y=X
log y=1In(x)
inverse y = X
custom User defined

Either no entry or log in column B is the default natural logarithm transformation. In a
custom transformation, Column D in the same row must contain a formula transforming the
valuein column C of the same row. Similarly, column F must contain the formulainverting
the transform for the value in column E of the same row. Figure 3 shows an example of the
formulas needed to define alog transformation using the custom option.

* Sgnal Min—Minimum a vaue that can be registered by the NDE system.

* Sgnal Max — Maximum & value that can be registered by the NDE system.

* Analysis— Ahat directs POD to perform an & versus a anaysis.

* Vesion-Version of POD being used for the analysis.

» Thresholds— Columns B and C define the range of & decision thresholds for the ag, versus
Agec plot. Threshold entriesin column D, E, etc. can be used to extend or refine the agy versus
Agec plot.

* POD Threshold — & decision threshold for a plot of the POD(a) function with confidence
bound.

* POD level — POD percent value for which confidence bound will be calculated. Default value
IS 90 percent.

» Confidence — Percent confidence bound for POD value. Choices are 90, 95, and 99. Default
valueis 95.

2.1.3 Results Sheet from Ahat Analysis

The Results sheet contains a summary of the & versus a analysis. An example is presented as
Figure 4. The top lines repeat al of the identifying information from the Title and Subtitle lines
of the Info sheet. Theidentification lines are followed by the range of crack sizes, the number of
cracks, the number of censored recordings, and the inspection titles. In the example sheet, there
are two inspections per crack identified as Ins 1 and Ins 2, the inspection names from the Data
sheet. Four of the cracks had both responses | ess than the minimum (signal threshold), and one
crack had one response above and one below the minimum. None of the cracks had & values
above the maximum (saturation).

The analysis type and model for the analysis are followed by the parameter estimates and
standard errors of the & versus a fit parameters. The standard errors (Std. Error) are the standard
deviations of the estimates of the parameters and indicate the degree of precision of the
estimates. The Residual Error isthe standard deviation of the differences between the average &



values and the linear fit. The Repeatability Error isthe pooled standard deviation of the repeated
a valuesfor each crack. The results of the hypothesis tests for model fit are presented in terms of
the calculated test statistic and the significance level of the test. High values of P indicate that the
data are compatible with the assumption.

& e | ¢ | o | E | F | G |
_E |Ezampleline &
7
_ & |Flaw Depth Range: 3 =] 17 mils
3
10 | Cracks analyzed: 42
I Zome all
12 | Signal Minimum: 50| counts below 1 4
_12 | Signal Magimum: 024 | countz above 0 0
1 between 37
15 |
_IE |Inspections: | Inz 1 Inz 2
Kl
_12 |Tahat vs. a~ Analysis ¥ersion:| FOD 2.0
13
Mlodel: In[ahat] = B0 + B1'Infa)
FParameter Estimate Std. Error
Intercept [E0] 0.50EEGT 0371044
Slope [B1) 182331 0185633
Fesidual Error 0200434 0034237
Repeatability Error 0026534

Tests of Assumptions
P, if true
Mormality: Anderson-Oarling 0414763 F =01

A=
Equal Wariance: Bartlett 5= 0057012 F 01
Lack of fit: Fure Error [df=27] F= 1E2029% F 0

POD Model Parameters

_ 27 | Sigma 01684907

38 |

_ 23 | Inspection

40 | Threshold ah0 adn af095
4 2600 12 TAEER 1529052 1243543

4| 4| | p{Info £ Data % Results / FitPlot 4 Residuals Plok £ Ahat ve

Figure4. Example POD Results Sheet from Ahat Analysis

The POD parameters are summarized only in terms of Sigma and aso, ago, and agogs values for
the POD Threshold on the Info sheet. The parameter 1/ depends on the decision threshold, p/=In
(as0). The variance-covariance matrix for the estimates of 1 and o are contained in adifferent
worksheet.



2.1.4 Residuals Sheet from Ahat Analysis

Figure 5 presents a portion of the Residuals sheet of the Ahat example. The Residuals sheet for
an aversus aanalysis comprises four tables that are used to generate the Anhat vs. a, Fit Plot, and
Residuals Plot graphs. The residual table lists only the cracks used in the analysis and includes
the crack sizes, the average & for each crack, the log of crack size, log of average &, and the
differences (residuals) between the average and predicted log & values. The & versus a table lists
al of the cracks from the Data sheet and contains the crack sizes, theindividua & values from all
inspections, and the predicted a for the crack size. Thefit table is atwo cell by two cell table of
the straight line fit to the data used in the analysis. The min/max tableis used to plot the
minimum and maximum & value over the range of data.

Al B [ C| D |E|F [ G| H [+ | J K] L [#W]|HN]|
L] In[a] ahat | In[ahat] | fit diff a Q. min i, max a fi Ihe1 Ine2
(2| 516034 515 3342 33 0714 3 A 1] 3 A0 BO
[ 3| 7/1.9483 778 43547 442 006 17 A 1] ] A0 B8
(4 | 719453 142 45533 442 0536 ] A0 BO
[ 5| 715459 3204 435873 442 003 a ahat B BZ51E67E A0 BO
[ B | 8 20734 123 43604 466 0133 53104 A 7| 8289031 73 83
[ 7| 8/ 20v34 745 43103 466 035 17 4204026 7| 8285031 151 133
(8| 8 20734 85 44427 466 022 7| 8289031 a4 77
9| 9/21372 10 47003 483 078 7| 8289031 A0 BO
1o 921972 126 48355 483 -0.04 gl 1088333 140 119
(11| 9/21372 251 55266 4.83 0649 g/ 1088333 A0 BO
(12| 9/21972 33 45385 483 023 g 1088333 h T4
(13| 100 23026 175 5628 L07) 0.093 2l 1058333 ga &85
(14| 100 23026 175 51665 507 0.036 9] 131.2894) 108 112
(15| 10 23026 147 43303 507 -0.08 9 131.2894) 121 134
(16 | 10 23026 260 55606 507 043 9] 131.2894) 217 291
17| 11 23373 203 531320 5.24) 0.063 9 131.2834) 113 &5
(18| 1123373 N3 53612 524 0117 100 189.207| 186 164
19| 11 23373 232 GEVRD) 524 0432 100 189207 167 184
(20| 1123373 281 56373 524 0.333 100 189.207 145 149
L2 | 12/ 24843 238 54723 G4 0068 100 189207 257 263
(22| 12/ 24343 266 55843 G4 078 11 1895423 202 204
(23| 1224843 163 51238 54 0% 11 1835423 210 216
(24 | 12/ 24343 262 55637 G4 016G 11| 189.5423) 286 298
(&5 | 12/ 24843 153 50291 G4 -0FF 11 189.65429) 273 283
[26 | 12/ 24843 181 51376 G54 -0 12| 2222581 223 254
[&F | 13 25643 274 BR131) 555 0.0B3 12| 2222531 279 284
(28 | 13 25B43) 324 57823 555 0232 12| 2222581 171 167
(29| 13 25643 232 GEVR4) 555 0126 12| 2222581 271 254
(30| 13 25643 273 56275 555 0.077 12| 2222581 145 161
A 13 25649 373 59218 5h5 0372 12| 2222531 197 166
[ 32| 13 25643 223 54233 555 0712 13 287.3176| 272 276
(33| 15 27081 460 B1318 581 032 13) 2873176 322 37
(34| 15 27081 253 56321 581 028 13 2873176 284 300
(35| 16| 27726 455 B1206 593 013 13 2873176 283 273
(36| 16 27726 332 G80BS 593 0712 13 2873176 348 400

Figure5. Example Residuals Sheet from Ahat Analysis



2.1.5 Ahatvs. a Sheet from Ahat Analysis

The Ahat vs. a sheet contains a plot of & versusa for al of the inspections of al of the cracks. An
example of this plot for the datafrom Figure 5 is presented in Figure 6. Thisplot aidsin the
selection of the range of crack sizes or in the model formulation to be used in the POD(a)
analysis. It also can identify individual inspection results that do not agree with other inspections
of the same crack.

Tilaniuwm Simall Ball Haoles
Example e 2
Example bne 3
Example ne 4
Example e 5

1000 - !

a ! i fil

i o |nE 1
100 LI 51
& & s 2

—— zignal min

Siynal Response (coursh
e
-p = D

1 10 100
Flass Depikh (roal)

Figure6. Example Ahat vs. a Sheet from Ahat Analysis

2.1.6 Fit Plot Sheet from Ahat Analysis

The Fit Plot sheet for an & versus a analysis contains a plot of the average & for each crack versus
the crack size with a superimposed straight line fit obtained from the analysis. Figure 7 presents
an example fit plot for the data of Figures 3, 4 and 5. The Fit plot provides for easy visual
inspection of the goodness of fit and can be used to choose crack size regions for which the
relation might be more linear.

2.1.7 Residuals Plot Sheet from Ahat Analysis

The Residuals Plot presents the difference between average and predicted log & as a function of
the size of the crack. An example Residuals Plot is presented in Figure 8 for the fit of Figure 7.
Theresiduals plot for & versus a data aids in identifying crack size regions for which the fit may
not be linear or for which the scatter in residuals is changing. The Residuals Plot isalso useful in
identifying the outlying data points that may be affecting the tests of hypotheses.
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Figure 8. Example Residuals Plot Sheet from Ahat Analysis
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2.1.8 Threshold Data Sheet from Ahat Analysis

The Threshold Data sheet is atable that contains aso, ago, ago/es, V11, V12, and Vo, for ranges of
thresholds that are specified for the analysis on the Info page. The program will insert nine equally
spaced threshold val ues between the listed thresholds. More than one threshold range can be
included by entering larger threshold values in contiguous columns in the POD Threshold row of
the Info sheet. Figure 9 presents the Threshold Data sheet for the analysis of the datain Figure 6.

A | B | ¢ | b | E | F | &6 | H |
1 |Threshold a50 240 290,95 W11 W12 W22
2| B0 5310422 £.594332 7508603 0.004165 -0.00074 0.000508
3 95 7541539 9.364871 10.36314 0.001529 -0.00036 0.000508
4 140 9.321563 1157524 1287156 0.000798 -0.00013 0.000508
5 | 185 10.85513  13.4796 15.23459 0.000675 4.12E-05 0.000508
B 230 12.22665 1518271 17.47546 0.000812 0.000172 0.000508
7] 275 13.48082  16.7401 1960711 0.001077 0.000279 0.000508
B | 320 1464481 1818551 21.64399 0.00141 000037 0.000508
5 365 15.73659 1954125 2359919 0.00178 0.00044% 0.000508
10 410 16.768682 2082305 2548361 0.002169 0.000519 0.000508
11 455 177508 2204245 2730614 0.002567 0.000582 0.000508
12 500 18.68963 23.20826 29.07404 0.002968 0.000638 0.000508
12

Figure9. Example Threshold Data Sheet from Ahat Analysis

2.1.9 Threshold Plot Sheet from Ahat Analysis

The Threshold Plot presents the estimates of agy and agg5 as functions of the decision threshold.
The Threshold Plot for the data of the Figures 6 and 9 is presented in Figure 10. This plot has
become the most useful characterization of NDE capability for & versus a data because asingle
demonstration of capability is often used for different target agy values. Further, thresholdsin
automated systems often need to be adjusted, and the threshold plots readily yield the agy values
that would result for different choices.

2.1.10 POD Data Sheet from Ahat Analysis
The POD Data sheet comprises three columns that contain the array of crack sizes, the estimated

POD(a) function, and the confidence bound for POD(a). Figure 11 presents a small portion of the
POD Data Sheet for the example & versus a analysis.

11
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Figure 10. Example Threshold Plot Sheet from Ahat Analysis

A,

Decision Threshold {counts)

E | ¢ | D | E

—_ | | |t | —t
—_

—_
[y ]

=]

7703564
783511
7 960657
8.086203
521175
§.337256
5462542
5.585354
B.713935
5.839452
5965025
5.090575
4216121
83416685

FOD{a)] |95% confidence hound
0.00135 5.44E-05
000184  89E-05

0.002475 0.000142
0.003233 0.000223
0.004315 0.000342
0.005547 0.000514
0.007181 0.000758
0.003115 0.001099
0.011454 0.001565
0.014252 0.002194
0.017568 0.003026
0021462 000411
0.0259493 0.005501
0031221 000726

Figure1l. Example POD Data Sheet from Ahat Analysis
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2.1.11 POD Sheet from Ahat Analysis

The POD sheet contains the POD(a) function and its confidence bound. Figure 12 presents the
plot of the POD sheet for the example & versus a analysis. In an & versus a data analysis, the
decision threshold of the POD(a) function is that identified as the POD Threshold on the Info
sheet. In Figure 12, the POD(a) function and the confidence bound stop at the maximum crack
size (a =17 mil) in the data of the analysis.

Tranham Small Bokt Holes

Example ine 2
Extarmple Bne 3
Examiple e 4
Example Bne 5
0.9 =
ITE “
0.8 +
2 77
5 = 07 _r'- /
g N /
T 06 —
=
% E 05 J"Il r'f —— PliKa)
iE ;o — = 95% corddence bound
E /
B < 04 +—
4E a3 f Jf
£8 " 77
RTE .
E S
0y 3 .
o ] A
0 3 10 13 20
Flaw Deepth {mil)

Figure 12. Example POD Plot with Confidence Bound from Ahat Analysis
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2.2 PassFail Analysis

The input for aPOD analysisis contained on the Data and Info sheets of the Excel workbook.
The Data sheet contains the flaw sizes and the quantified find/no find decisions (one for afind
and zero for ano find) from an NDE capability evaluation. The Info sheet contains identification
and modeling information that will be used by the POD program. The pass/fail analysis output
comprises as many as six worksheets that summarize the POD(a) analysisin tables and graphs
The specific graphs to be generated are selected by the analyst.

When POD opens a new Excel worksheet containing the pass/fail inspection results, the program
first ensures that the sheet is named Data. An Info sheet is then initiated that contains the
minimum information needed to perform a POD analysis. See section 3.3.1 for an example.
Whenever POD opens a workbook, the POD(a) model parameters are recal culated to ensure that
al results and plots were generated from the current setup on the Info sheet. After a workbook
has been opened and recal cul ated, the Data sheet can be modified and the Info sheet can be
changed to provide a more complete description of an analysis run and to change analysis
parameters.

Columns not used by POD on the Data and Info worksheets can be used at the discretion of the
analyst, and the information will remain in the workbook. However, POD produces output on a
set of named worksheets and these output sheets are recreated every time the analyses are
recalculated. To preserve new or existing worksheets, they must be assigned names that are
different from the standard POD output sheets.

The following subsections describe the contents of all of the worksheets of a pass/fail analysis.
2.2.1 Data Sheet for Pass/Fail Analysis

The inspection result input to POD is contained on the Data sheet of the workbook. The columns
of the Data sheet contain crack identification fields, crack size fields and the inspection results
(onefor afind and zero for amiss) that were obtained from the inspections of the crack sites. The
first row of the spreadsheet must be a header row containing, as a minimum, the names of the
crack size column and inspection columns to be used in the analysis. Each succeeding row after
the first contains identifying information (if any), sizes of the cracks, and the inspection results
for each crack of the specimen set. The POD program uses only the columns that contain the
crack size and the inspection results. The POD program will request the column letter that
contains the results of the first inspection of each crack. Results from any additional inspections
must be in columns that are contiguous to the first set. If other information is placed on the Data
sheet, it must be separated by at |east one column from the inspection results values.

As an example, Figure 13 presents part of a spreadsheet that contains the first 17 cracks from a
Data sheet for a pass/fail analysis. The first column of this example Data sheet contains
identifying information for the cracks and this column will be ignored by POD. The crack size
information is in the column named Depth. The analyst will specify this column on the info sheet
as the Flaw Column to be used in the analysis. Each crack shown in the example data sheet was

14



inspected once and the inspection designation is Insl. More inspections for each crack are
possible. Note that inspection sites that do not contain flaws can be included on the Data sheet.
This absence of aflaw at asite can be indicated by an initial apha character such as “blank” in
the size column. Such inspection sites will be ignored in the analysis. Note also than an asterisk
in the inspection result column indicates that the site was not inspected. A missing inspection is
distinct from amissed flaw and the program will not interpret the asterisk as amiss.

A, B c

1 |Seqg#  Depth  Ins 1

2 28 2.8 0
3 249 2.5 0
l a4 2.8 1
] a7 2.8 0
G [=15] 2.8 1
K 74 2.5 1
g 91 2.8 0
9 = I 2.5 0
10 a3 2.8 0
11 Q4 2.5 1
12 30 428 0
13 45 428 0
14 47 428 0
15 a6 428 0
16 31 217 0
17 32 217 0
18 a7 217 0
|44 » | M[5 Info s Data ¢ Resulks £ Salve £ R

Figure13.  Example Data Worksheet for a Pass/Fail Analysis Using POD

2.2.2 Info Sheet for Pass/Fail Analysis

The Info sheet of a POD workbook contains information that the program will use to generate the
output tables and graphs. An example Info Sheet for a pass/fail analysisis shown in Figure 14.
The information is grouped in 4 categories for ease of interpretation. Entriesin column A define
the type of information in the row but only the entries that end with a colon have meaning to
POD. For example, the names of the 4 categories of information are ignored by POD as would be
any other entry. Further, the order of the lines on the Info sheet is not important. However, exact
spelling of the entries that end with a colon must be maintai ned.

15
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ID INFQ

Title: Ultrasonic Surface VWave Inspection
Subtitle: Example line 2
Subtitle: Example line 3
Subtitle: Example line 4
Subtitle: Example line 5
Subtitle: Example line 6

FLAW INFO
Flaw Column: E
Flawy Lnits: il
Flawy Transform: |l

SIGNAL INFO

Insp Start: C

ANALYSIS
Analysis: Fass/Fail
Wersion: FOD 3.0 (6/28/2000)
Ama
(5Less:
FOD level:
Confidence:

“hd
[4 |4 ¥ [psInfo { Data £ Resuks # Solve / Residuals 4 POD £ POD Data 4 FitPlot /

Figure 14. Example Info Sheet for a Pass/Fail Analysis using POD

Column B of the Info sheet contains the following information for the POD pertinent rows:
Title— Identification entry that will appear on the Results output sheet and all graphs.
Subtitle— Additional identification. The first four Subtitle entries will appear on all graphs.
All subtitle entries will appear on the Results sheet in the order in which they are on the Info
sheet. As many subtitle lines as desired can be inserted in the Info sheet by adding rows at the
bottom with “ Subtitle:” in column A. All Subtitle lines will be printed on the Results sheet.
Flaw Column — Column letter of the Data sheet containing the flaw sizes to be used in the

anaysis.

Flaw Units — Flaw size units that will appear in the output.

Flaw Transform — Definition of flaw size transformation to be used in the analysis. The
default transformation for flaw size is the natural logarithm. Different transformations can be
used by entering the transformation name in the row labeled Flaw Transform. Column B
should contain one of the following entries:

16



Column B Entry: Transform:

none y=X

log y =1In(x)
inverse y = X
custom User defined

Either no entry or log in column B is the default natural logarithm transformation. In a
custom transformation, Column D in the same row must contain a formula transforming the
valuein column C of the same row. Similarly, column F must contain the formulainverting
the transform for the value in column E of the same row. Figure 15 shows an example of the
formulas needed to define alog transformation using the custom option.

89 | FLAWINFO

10 Flaw Column: B

11| Flaw Units: mil

12 |Flaw Transform: | custom 100 =LMN(Z12) 2303 =EXFIE12)

Figure 15. Example Showing Formulas for Custom Data Transformation of Flaw Size

* Insp Sart — Data sheet column that contain the first set of inspection results.

* Analysis— Pasg/Fail directs POD to perform a pass/fail anaysis.

* Vesion-Version of POD being used for the analysis.

*  Amax — Upper limit of crack size on plotsif POD defaults are not wanted.

* Guess— Columns B and C can contain initial estimates of i and o, respectively, that will
override the POD default initial estimatesin the iterative m estimation calculations. See
section 2.2.5.

* POD level — POD percent value for which confidence bound will be calculated. Default value
IS 90 percent.

» Confidence — Percent confidence bound for POD value. Choices are 90, 95, and 99. Default
valueis 95.

2.2.3  Results Sheet from Pass/Fail Analysis

A Results sheet for the example pass/fail analysisis presented in Figure 16. The top lines repeat
all of theidentifying information from the Title and Subtitle lines of the Info sheet. Next are the
range of crack sizesin the analyzed data, the number of unique crack sizes, and the total number
of cracksin the analysis. This example has one inspection that is named Ins 1. The analysis and
model areidentified and followed by the estimates of the POD(a) parameters. Estimates of aso,
agp, and agogs are listed along with the variance-covariance matrix of the parameter estimates.

224  Residuals Sheet from Pass/Fail Analysis
The Residuals sheet for a pass/fail analysis comprises the observed proportion of the cracks of
each size that were detected, the POD(a) estimate for each crack size, and the difference between

the observed and estimated POD. Figure 17 presents the small crack portion of the Residuals
sheet for the pass/fail example.

17
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Figure 16. Example POD Results Sheet from Pass/Fail Anaysis

00061

A | B | ¢ | D | E

R logia) 8] fit diff

2 | 25 08916291 04 0142539 0257461
3 428 1453953 0 0431636 -043164
4 517 1842873 05 0556812 -005681
9 | H615 1725442 075 0610494 0139506
B 606 180171 0625 06558296  -00333
7] 6505 1872571 03 0700558 -040056
N 695 18938747 08 0737733 0062267
9 7395 2000804 0333323 0770316 -043695
10 J640 2058239 0666667 0798502 -013214
11 8285 2114447 1 0823668 0176332
12 873 2166765 0833333 0845351 -0.01202
13 962 2262844 1 0880724 0119276
4 10065 2309064 1 0895086 0104914

Figure 17. Example Residuals Sheet from Example Pass/Fall
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2.25  Solve Sheet from PasyFail Analysis

The pass/fail Solve sheet tracks the iterations of the parameters, usually to convergence for
reasonably designed capability demonstrations. If convergence is not reached in 20 iterations,
POD changesthe initial estimates and tries again. If convergence is not reached at the end of
POD’ s pattern of changes, the program returns a message that convergence could not be reached.
If the analyst so chooses, initial guesses can be entered on the Info sheet in the row labeled Guess
and the manually entered values will override POD’ s initial guesses. The Solve sheet on occasion
has indicated the direction of changes that should be made to the initial estimates. Note that
convergence to a maximum likelihood solution is not always possible. The Solve sheet for the
pass/fail exampleis shown in Figure 15. Convergence was reached in 6 iterationsin this
example.

A B |

Trial 1

iteration Sigma fnorm

—_—a |

—=
[

=
pa

2.2.6

La3 RS, BN SV Y N R ]

1.505276
1623194

1.58317
1.561206
1.557339
1.557203
1.557202

0.789553
0473732
0.563332
0593345
(0.5899313
0599552
(0.5899553

1156465
18 3812 damping:
3113032
0502407
0020372
8 54E-05
1.25E-08

1.404439

Figure 18. Example Solve Sheet from Example Pass/Fail Analysis

Fit Plot Sheet from Pass/Fail Analysis

The Fit Plot sheet for a pass/fail analysisis a plot showing the POD(a) fit on the observed
detection probabilities. Observed detection probability for a crack size isthe proportion of all
inspections of cracks of that size that resulted in detections. Figure 19 istheFit Plot for the

example pass/fail analysis. A subjective judgement of goodness of fit can be made from this plot.
2.2.7  POD Data Sheet from Pass/Fail Analysis
The POD Data sheet comprises three columns that contain an array of crack sizes, the estimated

POD(a) function, and the confidence bound for POD(a). Figure 20 presents a small portion of the
POD Data sheet for the example pass/fail analysis.

19



Uitrasenic Surface Wave Inspection
Example ling £
Example line 3
Example line 4
Example line 8

as

Prodiability of Detaction

OO R O L

—

-

Figure 19. ExampleFit Plot Sheet from Pass/Fail Analysis
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Figure 20. Example POD Data Sheet from Pass/Fail Analysis

(5
0785453
1.150701
1.515918
1.881136
2246354
2611572

297679
3342007
3707225
4072443
4437661
4802879
5168096
5533314

POD{a
0.00135
0.00906

0.028495
0061372
0.106122
0159586
0.218331
0279334
0.340229
0399314
0455461
0507993
0556569
0601088

20

95% confidence bound

3.86E-06
0.000169

0.00161
0007183

0.02063
0044783
0.050443
0126405
0180083
0238363
0298214
0357084
0413068
0464932
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2.2.8

POD Sheet from Pass/Fail Analysis

The POD sheet contains plots of the POD(a) function and the confidence bound. Figure 21
presents the POD sheet for the example pass/fail analysis.

Prakability of Detetion

Uitrasonic Surface Wave inspeastion

Exampls lna Z
Example lina 3
Exampls line 4
Example line &

[ :-.:‘:“ &1
— — 5% confdamnt e Douns

Flaw Dapth [mil)

Figure2l. ExamplePoD Plot with Confidence Bound from Example Pass/Fail Analysis
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Section 3

| mplementation of POD Version 3

This section describes how to use POD Version 3 to perform POD analyses of a versus a and
pass/fail datathat are contained in an Excel workbook.

3.1 POD Version 3.0 Installation

Toinstall, copy POD Version 3 to any directory in the search path. The POD Version 3 requires
Microsoft Windows 95 (or later) and Excel 97 (or later). The POD program requires design link
libraries MFC42.DLL, dated 04/27/1999 or later, and MSVCRT.DLL, dated 07/23/1996, or later.

3.2 Starting POD

Start POD by double clicking on the POD icon. A shortcut to the icon can be placed on the
screen, if desired. When POD activates, it first brings up a copy of Excel and opens the POD
window, Figure 22. Do not close this copy of Excel while POD is running.

£ Untitled - pod =]

File Tasks Chartz “iew Help

D|=(@| v=e] a] 2]

Ready l_ I_ l—;ﬁ

Figure22. POD Window

3.3 POD File Operations
The File menu in the POD window contains items associated with opening and saving the Excel

data and analysisfiles. It also contains alist of the most recently used files and a menu item for
exiting the application. The POD File menu is shown in Figure 23.

22



¥ AHAT from scratch.xls - pod M=l E3
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Open... Chrl+01
Save Chl+5
Save bz,

1 AHAT fram scratch.sls
2AHAT already worked =l
3 PF from scratch.slz

4 PF already worked. xls

Exit

I

Figure23. POD File Menu

3.3.1 OpeningakFile

Selecting the File - New menu item opens the Excel workbook to a blank Data sheet for direct
entry of new data. A message appears that prompts the user to enter the data and Recalculate.
Datain the correct format for a Data sheet can be entered by any convenient method. See
subsection 3.4 for the Recalculation command. In this File — New sequence, the Recalculation
command will first open an Info Worksheet window that requests the necessary information to
start an analysis (as discussed below). POD will then generate a preliminary Info sheet and will
perform the analysis as indicated on the Info and Data sheets. Note that is often more convenient
to enter the datain a spreadsheet without opening POD. The file can then be saved and opened
using the File — Open command.

Selecting the File - Open command opens an Excel workbook that contains avalid Data sheet. If
the workbook also contains avalid Info sheet, POD will automatically recalculate the analysis as
indicated on the Info sheet using the selected data on the Data sheet. Thiswould be the case for
filesthat had been previously opened by POD. If the workbook does not contain an Info sheet,
POD opens an Info Worksheet window that prompts for an initial set of information and creates a
preliminary Info sheet. Figure 24 presents the Info Worksheet window for creating the preliminary
Info sheet. If the analysis, flaw column, or flaw inspection entries are not entered correctly on the
Info sheet, POD may not be able to perform the analysis.
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Figure24. POD Info Worksheet
3.3.2 Saveand Save AsMenu Items
The File — Save and File — Save As menu items operate as in Excel.
3.3.3 Recently Used FileList
Double clicking on afilein thelist of recently used files will open the workbook.
3.3.4 Exit Menu Item

The POD File — Exit menu item will first ask if the workbook should be saved sinceit is
automatically modified upon opening. The POD program will then close both the POD program
and the Excel application. The workbook can also be closed using the Excel File commands. It is
not desirable to close the Excel application opened by POD using the Excel close commands.
Closing Excel early can cause POD to generate communication errors, since POD expects the
workbook it created to be open. If closing Excel early produces one of avariety of warning and
error messages, close and restart POD.

3.4 POD Tasks Menu

There are two menu items under the Tasks menu (Figure 25). Recalculate uses the information
on the Info sheet and the selected data from the Data sheet to cal culate the maximum likelihood
estimates of the parameters of the model and to regenerate and replace al existing POD tables
and graphs. Recal culating does not change the Info and Data sheets or any sheet with a name not
used by POD.
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Figure 25. POD Recalculate Menu

It is often necessary or convenient to select ranges of crack sizesfor analysis. The Tasks —
Sort by size menu item rearranges the contiguous inspection result columns of the Data sheet in
ascending order of the flaw size column.

3.5 POD Charts Menu

The Excel macros that generate the graphs are not activated the first time POD opens a
workbook. The Charts menu allows the user to choose the particular graphs of interest.
Computing time is saved when unwanted graphs are not generated. The Charts menu is shown in
Figure 26. Clicking on a specific graph activates the macro that produces the graph as a sheet in
the workbook. If agraph sheet exists in the workbook when arecalculation is performed, a new
graph will overwrite the existing graph. Changing the name of a graph (or any other worksheet)
generated by POD to a name not used by POD will prevent loss of the graph (or other
worksheet).

All of the plots listed on the Charts menu are available in an & versus a analysis. See Section 2.1
for examples. Only the Fit plot, Residuals plot, and POD plot are available from a pass/fail
analysis. See Section 2.2 for examples.

3.6 POD Help Menu

The Help menu contains the About POD menu item. Figure 27 presents the About POD window
which is a statement of proprietary rights and limits of liability.
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Figure 26. POD charts Menu Showing All Graphs Selected from an & versus a Analysis

About POD E

pod Yerzion 3.0 Copyright [C] 2000

Copyright 2000 the Univerzsity of Dayton. All Rights Reserved.
Thiz material may be repraduced by or far the LS. Govermment pursuant
to the copyright license under the clauze at DEARS 252 227-701 3 [kay 1987].

THIS SOFTWARE AND ANy ACCOMPAMYIMG DOCUMEMTATIOMN IS RELEASED “AS 15"

THE U.5. GOYERMMEMT MAKES MO WARRANTY OF &My KIMD, EXPRESSED OR IMPLIED,
IMCLUDING, WITHOUT LIMITATIOM, AWNY WARRAMTIES OF MERCHANTABILITY ARND FITHESS
FOR A FARTICULAR PURPOSE. IM MO EVENT WILL THE U.5. GOVERNMEMT BE LIABLE FOR
AN DAMAGES, INCLUDING &MY LOST PROFITS, LOST S&VINGS, OR OTHER INCIDENTAL OR
COMNSEQUEMTIAL DAMAGES ARISING OUT OF THE USE, OR IMABILITY TO USE THIS SOFTWARE
OR AMY ACCOMPAMYIMNG DOCUMEMTATION, EVEM IF INFORMED IM ADWANCE OF THE
POSSIBILITY OF SUCH DAMAGES.

Figure27. About POD Window
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