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Appendix B
B.1 M1 Results
B.1.1 M1 UT Results
Table B.1: Comparison of UT KPVs of component M1.
PAUT SEUT (CONTACT) SEUT (SQUIRTER)

Equipment Setup:

Flaw detector

Probe

Probe frequency
Element size

Element configuration
Probe housing

Probe structure
Manipulation method

Encoding method

Omniscan MX2

Olympus 5MHz 64
Element Array

5MHz

Imm

1D

Flat

Rigid, non-focus
Automated

Automated gantry, string
encoder (2-axis)

Omniscan MX2
AREVA Qualicon 5MHz

5MHz

6.3mm

Single

Flat

Rigid, non-focus
Automated

Automated gantry, string
encoder (2-axis)

Omniscan MX2

Olympus V309-SU
5MHz 0.5

5MHz

12.7mm

Single

Squirter

Rigid, non-focus
Automated

Automated gantry, string
encoder (2-axis)

Coupling method Contact Contact Water column
Variable Setup:

Energy 80V 95V 95V

Gain 10.06dB 39.00dB 43.00dB
Velocity 2976.2m/s 3001.1m/s 3115.3m/s
Filter None None None

Gates I,A B I,A B I, A B

Pulse width 100ns 100ns 100ns
Element aperture 8 elements 1 element 1 element
Scan/index pitch 1mm 1mm 1mm
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B.1.1.1 PAUT Results

Figure B.1: PAUT amplitude C-scan of component M1 with identified artificial defects.
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Figure B.2: TCG applied to component M1 in PAUT.
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Table B.2: As-measured FBH defect characteristics in component M1 using PAUT technique.

DEFECT  STEPor STEPwr MEASURED DEFECT DEPTH: RAG
D (mm) (mm) CHARACTERISTICS (mm)

SIZEm (mm) DEPTHwMm (mm)

Al 5 5.10 ~5.18x5.25 ~4.76 4.50
A2 5 5.10 ~6.17x6.11 ~2.86 2.50
A3 5 9.93 ~5.77x6.91 ~0.83 0.50
Bl 10 9.93 ~4.87x5.30 ~9.73 9.50
B2 10 14.80 ~5.97x6.90 ~5.21 5.00
B3 10 14.80 ~5.88x6.98 ~0.80 0.50
C1 15 19.80 ~4.78x4.95 ~14.70 14.50
Cc2 15 19.80 ~5.20x5.89 ~7.80 7.50
C3 15 24.83 ~5.03x5.89 ~0.77 0.50
D1 20 24.83 ~5.33x5.34 ~17.64 19.50
D2 20 29.97 ~5.14x6.03 ~10.12 10.00
D3 20 29.97 ~5.83x5.83 ~0.71 0.50
El 25 29.97 ~3.65x5.04 ~24.70 24.50
E2 25 29.97 ~5.93x5.83 ~12.68 12.50
E3 25 29.97 ~6.03x6.62 ~0.65 0.50
F1 30 29.97 ~6.69x7.40 ~29.46 29.50
F2 30 29.97 ~5.99x5.87 ~15.18 15.00
F3 30 29.97 ~5.86x7.14 ~0.65 0.50
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B.1.1.2 SEUT Contact Results

Figure B.3: SEUT contact amplitude C-scan of component M1 with identified artificial defects.
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Figure B.4: TCG applied to component M1 in SEUT contact.
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Table B.3: As-measured FBH defect characteristics in component M1 using PAUT technique.

DEFECT  STEPor STEPwr MEASURED DEFECT DEPTH: RAG
D (mm) (mm) CHARACTERISTICS (mm)

SIZEm (mm) DEPTHwMm (mm)

Al 5 5.10 ~5.07x5.93 ~4.92 4.50
A2 5 5.10 ~6.04x5.02 ~2.64 2.50
A3 5 9.93 ~5.98x6.17 ~0.96 0.50
Bl 10 9.93 ~5.96x6.20 ~9.96 9.50
B2 10 14.80 ~4.97x5.03 ~5.40 5.00
B3 10 14.80 ~6.16x5.91 ~0.96 0.50
C1 15 19.80 ~3.79x6.13 ~14.99 14.50
Cc2 15 19.80 ~4.92x3.93 ~7.92 7.50
C3 15 24.83 ~5.12x6.06 ~0.84 0.50
D1 20 24.83 ~7.03x7.77 ~20.16 19.50
D2 20 29.97 ~6.13x4.91 ~10.44 10.00
D3 20 29.97 ~5.96x4.99 ~0.96 0.50
El 25 29.97 ~5.58x%6.68 ~25.44 24.50
E2 25 29.97 ~5.24x6.00 ~13.08 12.50
E3 25 29.97 ~5.86x5.93 ~0.96 0.50
F1 30 29.97 ~5.18x5.19 ~30.59 29.50
F2 30 29.97 ~4.92x5.19 ~15.60 15.00
F3 30 29.97 ~5.72x6.89 ~0.96 0.50
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B.1.1.3 SEUT Squirter Results

Figure B.5: SEUT squirter amplitude C-scan of component M1 with identified artificial defects.
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Figure B.6: TCG applied to component M1 in SEUT squirter.
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Table B.4: As-measured FBH defect characteristics in component M1 using SEUT squirter technique.

DEFECT  STEPor STEPwr MEASURED DEFECT DEPTH: RAG
D (mm) (mm) CHARACTERISTICS (mm)

SIZEm (mm) DEPTHwMm (mm)

Al 5 5.10 ~4.91x4.85 ~5.11 4.50
A2 5 5.10 ~5.89x6.02 ~3.11 2.50
A3 5 9.93 ~5.95x4.91 ~0.99 0.50
Bl 10 9.93 ~5.93x4.90 ~10.34 9.50
B2 10 14.80 ~4.23%x4.90 ~5.61 5.00
B3 10 14.80 ~4.89x3.86 ~1.00 0.50
C1 15 19.80 ~6.09x5.13 ~15.70 14.50
Cc2 15 19.80 ~5.05x5.06 ~8.34 7.50
C3 15 24.83 ~5.79%x4.98 ~0.99 0.50
D1 20 24.83 ~7.07x4.80 ~20.94 19.50
D2 20 29.97 ~5.93x4.80 ~10.84 10.00
D3 20 29.97 ~6.01x4.96 ~0.87 0.50
El 25 29.97 ~7.71x7.01 ~26.17 24.50
E2 25 29.97 ~3.93x4.96 ~13.46 12.50
E3 25 29.97 ~5.11x5.12 ~1.00 0.50
F1 30 29.97 ~6.79x5.97 ~31.40 29.50
F2 30 29.97 ~4.66x5.97 ~16.07 15.00
F3 30 29.97 ~5.88x4.99 ~1.00 0.50
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B.1.2 M1 IRT Results

Table B.5: Comparison of IRT KPVs from component M1.

PT LT TrT
Equipment Setup:
Software IR-NDT IR-NDT IR-NDT
Camera Flir SC6670sc Flir SC6670sc Flir SC6670sc

Heat source

Mode

Camera distance
Camera incidence angle

Camera wave band

Flash lamps
Reflection
380-550mm
0°

1-5um medium-wave IR
band

Halogen lamps
Reflection
400mm

0°

1-5um medium-wave IR
band

Halogen lamps
Reflection
400mm

0°

1-5um medium-wave IR
band

Frame rate 125Hz 125Hz 125Hz
Noise equivalent 18mK 30mK 30mK
temperature difference

Camera resolution 640x512 640x512 640x512
Lamp distance 300mm 300mm 300mm
Lamp incidence angle <15° <10° <10°
Lamp power 2x6000J 2x2000J 2x2000J
Variable Setup:

Excitation duration Flash 4s 4s
Excitation frequency n/a 4Hz n/a
Recording duration 20s 25s 25s
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B.1.2.1 PT Results
s i 2 -0.104
Figure B.7: PT Root-Model thermogram of component M1.
Table B.6: Detected paper and PTFE insert defect in component M1 using PT technique.

DEFECT  STEPor DEPTHE RAG  DEFECT  STEPor DEPTHE RAG
1D (mm) (mm) D (mm) (mm)
Al 5 4.50 O D1 20 19.50 O
A2 5 2.50 @) D2 20 10.00 @)
A3 5 0.50 O D3 20 0.50 O
Bl 10 9.50 @) El 25 24.50 @)
B2 10 5.00 O E2 25 12.50 O
B3 10 0.50 O E3 25 0.50 O
Cc1 15 14.50 O F1 30 29.50 O
C2 15 7.50 @) F2 30 15.00 @)
C3 15 0.50 O F3 30 0.50 O
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B.1.2.2 LT Results

Figure B.8: LT Single Frequency DFT thermogram of component M1.

Table B.7: Detected paper and PTFE insert defect in component M1 using LT technique.

DEFECT  STEPpr DEPTHE RAG  DEFECT  STEPor DEPTHE RAG
1D (mm) (mm) D (mm) (mm)

Al 5 4.50 O D1 20 19.50 O
A2 5 2.50 @) D2 20 10.00 @)
A3 5 0.50 D3 20 0.50

B1 10 9.50 @) El 25 24.50 @)
B2 10 5.00 O E2 25 12.50 O
B3 10 0.50 E3 25 0.50

Cc1 15 14.50 O F1 30 29.50 O
C2 15 7.50 @) F2 30 15.00 @)
Cc3 15 0.50 F3 30 0.50
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B.1.2.3TrT Results

Figure B.9: TrT Pulse-Phase thermogram of component M1..

Table B.8: Detected paper and PTFE insert defect in component M1 using LT technique.

DEFECT  STEPor DEPTHE RAG  DEFECT  STEPor DEPTHE RAG
ID (mm) (mm) ID (mm) (mm)

Al 5 4.50 O D1 20 19.50 O
A2 5 2.50 D2 20 10.00 O
A3 5 0.50 D3 20 0.50

B1 10 9.50 @) E1 25 24.50 @)
B2 10 5.00 O E2 25 12.50 O
B3 10 0.50 E3 25 0.50

c1 15 14.50 O F1 30 29.50 O
C2 15 7.50 @) F2 30 15.00 @)
Cc3 15 0.50 F3 30 0.50

11
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B.2 M2 Results

Inspection reporting detail is shown in Chapter 6 however the tables in the following sections include RAG ratings

for matrix entry.

B.2.1 M2 UT Results

B.2.1.1 PAUT Results

Table B.9: As-measured paper insert defect characteristics in component M2 using PAUT technique.

DEFECT STEPor STEPwmt MEASURED DEFECT DEPTHEk RAG
ID (mm) (mm) CHARACTERISTICS (mm)
SIZEm (mm) DEPTHwM (mm)

Bl 5 S5833 ~5.99%6.96 ~1.29 1.05
B2 5 ~5.33 ~6.06x6.00 ~2.70 2.62
B3 10 ~10.38 ~7.21x6.90 ~1.29 1.05
B4 10 ~10.38 ~6.18x5.87 ~5.16 5.24
B5 15 ~15.42 ~7.27%6.93 ~1.29 1.05
B6 15 ~15.42 ~5.81x6.93 ~7.04 7.86
B7 20 ~20.47 ~7.13x7.14 ~1.29 1.05
B8 20 ~20.48 ~6.25x6.92 ~9.50 10.48
B9 25 ~25.53 ~7.13x7.06 ~1.17 1.05
B10 25 ~25.53 ~6.17x5.96 ~11.96 13.10
B11 30 ~30.43 ~6.04x7.05 ~1.17 1.05
B12 30 ~30.43 ~5.97x6.05 ~14.31 15.72
B13 30 ~30.43 ~5.90x5.84 ~16.66 18.34
B14 30 ~30.43 ~5.97x5.91 ~21.58 23.58
B15 30 ~30.43 ~7.89x7.98 ~26.28 28.82

12
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Table B.10: As-measured PTFE insert defect characteristics in component M2 using PAUT technique.

DEFECT  STEPor STEPwr MEASURED DEFECT DEPTH: RAG
D (mm) (mm) CHARACTERISTICS (mm)

SIZEm (mm) DEPTHwMm (mm)

T1 5 SOK3 ~6.31x6.90 ~1.29 1.05
T2 5 ~5.33 ~7.01x7.03 ~2.46 2.62
T3 10 ~10.38 ~5.94x7.06 ~1.29 1.05
T4 10 ~10.38 ~7.21x6.90 ~5.16 5.24
TS 15 ~15.42 ~6.02x7.07 ~1.29 1.05
T6 15 ~15.42 ~5.88x6.10 ~7.16 7.86
T7 20 ~20.47 ~6.10x6.97 ~1.29 1.05
T8 20 ~20.48 ~5.25x5.84 ~9.50 10.48
T9 25 ~25.53 ~6.79x7.15 ~1.29 1.05
T10 25 ~25.53 ~6.12x6.04 ~11.96 13.10
T11 30 ~30.43 ~6.97x6.84 ~1.29 1.05
T12 30 ~30.43 ~5.97x6.05 ~14.19 15.72
T13 30 ~30.43 ~5.76x6.98 ~16.54 18.34
T14 30 ~30.43 ~5.83x7.05 ~21.35 23.58
T15 30 ~30.43 ~7.11x6.98 ~26.28 28.82

13
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B.2.1.2SEUT Contact Results

Table B.11: As-measured paper insert defect characteristics in component M2 using SEUT contact technique.

DEFECT  STEPpr  STEPwr(mm) MEASURED DEFECT DEPTH: RAG
D (mm) CHARACTERISTICS (mm)
SIZEw (mm)  DEPTHwm (mm)

B1 5 ~5.33 ~5.07x7.00 ~1.17 1.05
B2 5 ~5.33 ~5.88x7.04 ~2.46 2.62
B3 10 ~10.38 ~6.66x6.18 ~1.05 1.05
B4 10 ~10.38 ~5.89X5.97 ~4.93 5.24
B5 15 ~15.42 ~5.82x6.79 ~1.05 1.05
B6 15 ~15.42 ~4.86x5.98 ~6.93 7.86
B7 20 ~20.47 ~5.75X7.97 ~1.17 1.05
B8 20 ~20.48 ~5.04x5.98 ~9.63 10.48
B9 25 ~25.53 ~5.97x7.97 ~1.05 1.05
B10 25 ~25.53 ~5.91x6.04 ~11.98 13.10
B11 30 ~30.43 ~6.98x6.99 ~1.05 1.05
B12 30 ~30.43 ~5.78x5.89 ~14.09 15.72
B13 30 ~30.43 ~4.79x5.89 ~16.80 18.34
B14 30 ~30.43 ~4.89x6.09 ~21.49 23.58
B15 30 ~30.43 ~5.89x7.09 ~26.19 28.82
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Table B.12.: As-measured PTFE insert defect characteristics in component M2 using SEUT contact technique.

DEFECT  STEPor STEPwr MEASURED DEFECT DEPTH: RAG
D (mm) (mm) CHARACTERISTICS (mm)

SIZEm (mm) DEPTHwMm (mm)

T1 5 ~5.33 ~6.01x6.02 ~1.05 1.05
T2 5 ~5.33 ~5.88x5.98 ~2.46 2.62
T3 10 ~10.38 ~6.80x6.96 ~1.05 1.05
T4 10 ~10.38 ~6.38x5.90 ~4.93 5.24
T5 15 ~15.42 ~6.04X6.94 ~1.05 1.05
T6 15 ~15.42 ~5.09x5.98 ~6.93 7.86
T7 20 ~20.47 ~6.04x5.76 ~1.17 1.05
T8 20 ~20.48 ~4.90x6.90 ~0.28 10.48
T9 25 ~25.53 ~7.07x6.79 ~1.05 1.05
T10 25 ~25.53 ~6.04x5.98 ~11.74 13.10
T11 30 ~30.43 ~4.69x5.99 ~1.05 1.05
T12 30 ~30.43 ~6.08x5.89 ~14.09 15.72
T13 30 ~30.43 ~4.89x5.79 ~16.56 18.34
T14 30 ~30.43 ~4.59x5.99 ~21.26 23.58
T15 30 ~30.43 ~4.99x5.89 ~26.19 28.82

15
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B.2.1.3SEUT Squirter Results

Table B.13: As-measured paper insert defect characteristics in component M2 using SEUT squirter technique.

DEFECT STEPor STEPwmt MEASURED DEFECT DEPTHEk RAG
ID (mm) (mm) CHARACTERISTICS (mm)
SIZEm (mm) DEPTHM (mm)

Bl 5 ~5.33 5.92x6.01 1.52 1.05
B2 5 ~5.33 6.05x5.97 2.77 2.62
B3 10 ~10.38 6.03x5.92 1.38 1.05
B4 10 ~10.38 5380x5.92 5.40 5.24
BS 15 ~15.42 6.93x6.00 1.24 1.05
B6 15 ~15.42 6.90x6.09 7.48 7.86
B7 20 ~20.47 ~6.00x6.10 ~1.39 1.05
B8 20 ~20.48 ~5.92x7.10 ~10.12 10.48
B9 25 ~25.53 ~5.72x7.05 ~1.52 1.05
B10 25 ~25.53 ~4.84x4.85 ~12.6 13.10
B1l 30 ~30.43 ~5.85x6.01 ~1.11 1.05
B12 30 ~30.43 ~5.10x5.03 ~15.11 15.72
B13 30 ~30.43 ~4.95x5.94 ~17.60 18.34
B14 30 ~30.43 ~4.88x5.03 ~22.73 23.58
B15 30 ~30.43 ~4.88x4.96 ~27.71 28.82

16
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Table B.14: As-measured PTFE insert defect characteristics in component M2 using SEUT squirter technique.

DEFECT  STEPor STEPur MEASURED DEFECT DEPTH: RAG
D (mm) (mm) CHARACTERISTICS (mm)
SIZEw (mm)  DEPTHwm (mm)

T1 5 ~5.33 ~6.00x6.01 ~1.24 1.05
T2 5 ~5.33 ~5.88x5.93 ~2.77 2.62
T3 10 ~10.38 ~7.09x7.97 ~1.24 1.05
T4 10 ~10.38 ~6.09x6.04 ~5.40 5.24
T5 15 ~15.42 ~6.93x7.29 ~1.24 1.05
T6 15 ~15.42 ~6.08x4.97 ~7.49 7.86
T7 20 ~20.47 ~7.00%5.93 ~1.39 1.05
T8 20 ~20.48 ~5.50%6.01 ~9.98 10.48
T9 25 ~25.53 ~6.07x4.85 ~2.36 1.05
T10 25 ~25.53 ~5.98%5.02 ~12.61 13.10
T11 30 ~30.43 ~6.08x5.94 ~1.39 1.05
T12 30 ~30.43 ~4.58x4.81 ~14.97 15.72
T13 30 ~30.43 ~6.08x5.71 ~17.6 18.34
T14 30 ~30.43 ~3.98x5.94 ~22.45 23.58
T15 30 ~30.43 ~4.05x4.96 ~27.85 28.82

17
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B.2.1.4TTU Results

Table B.15: As-measured paper and PTFE insert defect sizes in component M2 using TTU technique.

DEFECT STEPor DEPTHE SIZEm RAG
ID (mm) (mm) (mm)

Bl 5 1.05 ~6.90x6.70
B2 5 2.62 ~6.70x7.30
B3 10 1.05 ~6.60x7.70
B4 10 5.24 ~6.70x6.70
B5 15 1.05 ~6.80x6.00
B6 15 7.86 ~8.00x6.00
B7 20 1.05 ~7.80x5.90
B8 20 10.48 ~6.80x6.90
B9 25 1.05 ~5.10x6.30
B10 25 13.10 ~7.20x5.70
B11 30 1.05 ~6.00x7.20
B12 30 15.72 ~6.80x7.00
B13 30 18.34 ~6.70x6.90
B14 30 23.58 ~7.70x6.60
B15 30 28.82 ~6.00x6.90
T1 5 1.05 ~6.00x6.80
T2 5 2.62 ~6.00x5.80
T3 10 1.05 ~6.90x7.40
T4 10 5.24 ~6.90x7.50
T5 15 1.05 ~5.30x7.80
T6 15 7.86 ~6.00x6.40
T7 20 1.05 ~6.30x6.40
T8 20 10.48 ~7.50x5.80
T9 25 1.05 ~5.20x5.90
T10 25 13.10 ~6.10x6.00
T11 30 1.05 ~6.80x6.90
T12 30 15.72 ~6.30x6.80
T13 30 18.34 ~6.80x6.70
T14 30 23.58 ~6.70x6.80
T15 30 28.82 ~7.50x7.00

18
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B.2.2 M2 IRT Results

B.2.2.1PT Results
Table B.16: Detected paper and PTFE insert defect in component M2 using PT technique.

DEFECT  STEPpr DEPTHE RAG  DEFECT  STEPor DEPTHE RAG
ID (mm) (mm) ID (mm) (mm)

B1 5 1.05 T1 5 1.05

B2 5 2.62 O T2 5 2.62 O
B3 10 1.05 T3 10 1.05

B4 10 5.24 O T4 10 5.24 O
B5 15 1.05 T5 15 1.05

B6 15 7.86 O T6 15 7.86 O
B7 20 1.05 T7 20 1.05

B8 20 10.48 O T8 20 10.48 O
B9 25 1.05 T9 25 1.05

B10 25 13.10 O T10 25 13.10 O
B11 30 1.05 T11 30 1.05

B12 30 15.72 O T12 30 15.72 O
B13 30 18.34 O T13 30 18.34 O
B14 30 23.58 O T14 30 23.58 O
B15 30 28.82 O T15 30 28.82 O

19
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B.2.2.2LT Results
Table B.17: Detected paper and PTFE insert defect in component M2 using LT technique.

DEFECT  STEPpr DEPTHE RAG  DEFECT  STEPor DEPTHE RAG
ID (mm) (mm) ID (mm) (mm)

B1 5 1.05 T1 5 1.05

B2 5 2.62 O T2 5 2.62 O
B3 10 1.05 T3 10 1.05

B4 10 5.24 O T4 10 5.24 O
B5 15 1.05 T5 15 1.05

B6 15 7.86 O T6 15 7.86 O
B7 20 1.05 T7 20 1.05

B8 20 10.48 O T8 20 10.48 O
B9 25 1.05 T9 25 1.05

B10 25 13.10 O T10 25 13.10 O
B11 30 1.05 T11 30 1.05

B12 30 15.72 O T12 30 15.72 O
B13 30 18.34 O T13 30 18.34 O
B14 30 23.58 O T14 30 23.58 O
B15 30 28.82 O T15 30 28.82 O

20
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B.2.2.2TrT Results

Table B.18: Detected paper and PTFE insert defect in component M2 using TrT technique.

DEFECT  STEPpr DEPTHE RAG  DEFECT  STEPor DEPTHE RAG
ID (mm) (mm) ID (mm) (mm)

B1 5 1.05 T1 5 1.05

B2 5 2.62 O T2 5 2.62 O
B3 10 1.05 T3 10 1.05

B4 10 5.24 O T4 10 5.24 O
B5 15 1.05 T5 15 1.05

B6 15 7.86 O T6 15 7.86 O
B7 20 1.05 T7 20 1.05

B8 20 10.48 O T8 20 10.48 O
B9 25 1.05 T9 25 1.05

B10 25 13.10 O T10 25 13.10 O
B11 30 1.05 T11 30 1.05

B12 30 15.72 O T12 30 15.72 O
B13 30 18.34 O T13 30 18.34 O
B14 30 23.58 O T14 30 23.58 O
B15 30 28.82 O T15 30 28.82 O
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B.3 M3 Results
B.3.1 M3 UT Results
Table B.19: Comparison of UT KPVs of component M3.
PAUT SEUT (CONTACT) SEUT (SQUIRTER)

Equipment Setup:

Flaw detector

Probe

Probe frequency
Element size

Element configuration
Probe housing

Probe structure
Manipulation method

Encoding method

Omniscan MX2

Olympus 5MHz 64
Element Array

5MHz

Imm

1D

Flat

Rigid, non-focus
Automated

Automated gantry, string
encoder (2-axis)

Omniscan MX2
AREVA Qualicon 5MHz

5MHz

6.3mm

Single

Flat

Rigid, non-focus
Automated

Automated gantry, string
encoder (2-axis)

Omniscan MX2

Olympus V309-SU
5MHz 0.5

5MHz

12.7mm

Single

Squirter

Rigid, non-focus
Automated

Automated gantry, string
encoder (2-axis)

Coupling method Contact Contact Water column
Variable Setup:

Energy 80V 95V 95V

Gain 12.86dB 42.00dB 43.50dB
Velocity 2762.4m/s 2673.8m/s 2710.0m/s
Filter None None None

Gates I,A B I,A B I, A B

Pulse width 100ns 100ns 100ns
Element aperture 8 elements 1 element 1 element
Scan/index pitch 1mm 1mm 1mm
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B.3.1.1 PAUT Results

Figure B.10: PAUT amplitude C-scan of component M3 with identified artificial defects.
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Figure B.11: TCG applied to component M3 in PAUT.
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Table B.20: As-measured FBH defect characteristics in component M3 using PAUT technique.

DEFECT STEPbpr STEPmr MEASURED DEFECT DEPTHEk RAG
ID (mm) (mm) CHARACTERISTICS (mm)
SIZEm (mm) DEPTHM (mm)
Al 5 5.08 ~6.06x6.09 ~1.22 1
A2 5 5.08 ~5.98x7.01 ~2.54 25
A3 5 5.08 ~6.06x5.91 ~4.31 4
Bl 10 10.09 ~6.92x7.03 ~1.22 1
B2 10 10.09 ~5.98x5.96 ~5.30 5
B3 10 10.09 ~5.95x6.03 ~9.17 9
C1 15 15.06 ~6.08x5.88 ~1.22 1
Cc2 15 15.06 ~5.96x5.97 ~7.73 7.5
C3 15 15.06 ~5.96x6.09 ~14.03 14
D1 20 20.05 ~5.91x6.96 ~1.22 1
D2 20 20.05 ~5.99x5.96 ~10.17 10
D3 20 20.05 ~5.48x6.12 ~18.56 19
El 25 25.00 ~6.06x6.89 ~1.22 1
E2 25 25.00 ~5.96x5.97 ~12.60 12.5
E3 25 25.00 ~7.85x7.91 ~23.87 24
F1 30 29.93 ~5.93x5.89 ~1.22 1
F2 30 29.93 ~5.93x4.91 ~14.70 15
F3 30 29.93 ~10.01x8.95 ~28.84 29
F4 30 29.93 ~5.98x5.98 ~17.13 17.5
F5 30 29.93 ~7.00%6.76 ~21.99 225
F6 30 29.93 ~8.36x8.42 ~26.85 27.5
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B.3.1.2SEUT Contact Results
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Figure B.13: TCG applied to component M3 in SEUT contact.
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Table B.21: As-measured FBH insert defect characteristics in component M3 using SEUT contact technique.

DEFECT  STEPor STEPwr MEASURED DEFECT DEPTH: RAG
D (mm) (mm) CHARACTERISTICS (mm)

SIZEm (mm) DEPTHwMm (mm)

Al 5 5.08 ~6.89x7.02 ~1.20 1

A2 5 5.08 ~5.99x6.05 ~2.53 25

A3 5 5.08 ~5.03%5.93 ~4.21 4

B1 10 10.09 ~7.91x6.08 ~1.32 1

B2 10 10.09 ~4.01x2.95 ~5.29 5

B3 10 10.09 ~4.81x6.04 ~9.02 9

Cc1 15 15.06 ~8.00%6.97 ~1.32 1

Cc2 15 15.06 ~5.97x4.02 ~7.58 75

Cc3 15 15.06 ~4.94x4.31 ~14.92 14

D1 20 20.05 ~7.08x7.05 ~1.32 1

D2 20 20.05 ~4.91x4.94 ~9.87 10

D3 20 20.05 ~5.07x5.02 ~18.05 19

El 25 25.00 N/A N/A 1

E2 25 25.00 N/A N/A 125

E3 25 25.00 N/A N/A 24 O
F1 30 29.93 N/A N/A 1

F2 30 29.93 N/A N/A 15

F3 30 29.93 N/A N/A 29 O
F4 30 29.93 N/A N/A 175

F5 30 29.93 N/A N/A 225 O
F6 30 29.93 N/A N/A 275 O
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B.3.1.3SEUT Squirter Results
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Figure B.14: SEUT squirter amplitude C-scan of component M3 with identified artificial defects.
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Figure B.15: TCG applied to component M3 in SEUT squirter.
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Table B.22: As-measured FBH defect characteristics in component M3 using SEUT squirter technique.

DEFECT  STEPor STEPwr MEASURED DEFECT DEPTH: RAG
D (mm) (mm) CHARACTERISTICS (mm)

SIZEm (mm) DEPTHwMm (mm)

Al 5 5.08 ~6.99x6.00 ~1.10 1

A2 5 5.08 ~5.04x4.08 ~2.56 25

A3 5 5.08 ~6.17x6.07 ~4.02 4

B1 10 10.09 ~6.00x6.05 ~1.34 1

B2 10 10.09 ~5.92x4.03 ~5.37 5

B3 10 10.09 ~5.02x5.10 ~9.02 9

Cc1 15 15.06 ~6.00x6.08 ~1.46 1

Cc2 15 15.06 ~5.93x5.00 ~7.68 75

Cc3 15 15.06 ~3.89x4.03 ~13.78 14

D1 20 20.05 ~6.97x6.05 ~1.22 1

D2 20 20.05 ~5.04x6.10 ~9.76 10

D3 20 20.05 ~2.97x2.10 ~18.66 19

El 25 25.00 N/A N/A 1

E2 25 25.00 N/A N/A 125

E3 25 25.00 N/A N/A 24 O
F1 30 29.93 N/A N/A 1

F2 30 29.93 N/A N/A 15

F3 30 29.93 N/A N/A 29 O
F4 30 29.93 N/A N/A 175

F5 30 29.93 N/A N/A 225 O
F6 30 29.93 N/A N/A 275 O
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Appendix B

B.3.2 M3 IRT Results

Table B.23: Comparison of IRT KPVs from component M3.

PT LT TrT
Equipment Setup:
Software IR-NDT IR-NDT IR-NDT
Camera Flir SC6670sc Flir SC6670sc Flir SC6670sc

Heat source

Mode

Camera distance
Camera incidence angle

Camera wave band

Flash lamps
Reflection
400mm

0°

1-5um medium-wave IR
band

Halogen lamps
Reflection
400mm

0°

1-5um medium-wave IR
band

Halogen lamps
Reflection
400mm

0°

1-5um medium-wave IR
band

Frame rate 125Hz 125Hz 125Hz
Noise equivalent 18mK 30mK 30mK
temperature difference

Camera resolution 640x512 640x512 640x512
Lamp distance 300mm 300mm 300mm
Lamp incidence angle <15° <10° <10°
Lamp power 4x3000J 2x2000J 2x2000J
Variable Setup:

Excitation duration Flash 4s 8s
Excitation frequency n/a 4Hz n/a
Recording duration 20s 50s 50s
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B.3.2.1 PT Results
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0.549

Figure B.16: PT Pulse Phase thermogram of component M3.

Table B.24: Detected paper and PTFE insert defect in component M1 using PT technique.

DEFECT  STEPpr DEPTHE RAG  DEFECT  STEPor DEPTHE RAG
ID (mm) (mm) ID (mm) (mm)

Al 5 1 El 25 1

A2 5 25 @) E2 25 1255 @)
A3 5 4 O E3 25 24 O
B1 10 1 F1 30 1

B2 10 5 O F2 30 15 O
B3 10 9 @) F3 30 29 @)
C1 15 1 F4 30 175 O
c2 15 75 O F5 30 225 O
C3 15 14 O F6 30 275 O
D1 20 1

D2 20 10 O

D3 20 19 @)
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B.3.2.2 LT Results

lzt derivation
0.0

17
-0.0z0
-0.057
-0.0%4
-0.131
-0 168
-0.208
=0.241

Table B.25: Detected paper and PTFE insert defect in component M3 using PT technique.

Figure B.17: LT Single Frequency DFT thermogram of component M3.

DEFECT  STEPor DEPTHE RAG  DEFECT  STEPor DEPTHE RAG
ID (mm) (mm) ID (mm) (mm)

Al 5 1 El 25 1

A2 5 25 @) E2 25 125 @)
A3 5 4 O E3 25 24 O
B1 10 1 F1 30 1

B2 10 5 O F2 30 15 O
B3 10 9 @) F3 30 29 @)
c1 15 1 F4 30 175 O
C2 15 75 @) F5 30 225 @)
C3 15 14 O F6 30 275 O
D1 20 1

D2 20 10 O

D3 20 19 @)

31



Nikita Gandhi Appendix B
B.3.2.3TrT Results
0.003
0.003
Figure B.18: TrT Root-Model thermogram of component M3.
Table B.26: Detected paper and PTFE insert defect in component M3 using TrT technique.
DEFECT  STEPor DEPTHE RAG  DEFECT  STEPor DEPTHE RAG
ID (mm) (mm) ID (mm) (mm)
Al 5 4.50 O El 25 24.50 O
A2 5 2.50 E2 25 12.50 O
A3 5 0.50 E3 25 0.50
B1 10 9.50 O F1 30 29.50 O
B2 10 5.00 O F2 30 15.00 O
B3 10 0.50 F3 30 0.50
C1 15 14.50 O F4 30 175 O
c2 15 7.50 O F5 30 22.5 O
C3 15 0.50 F6 30 27.5 O
D1 20 19.50 O
D2 20 10.00 O
D3 20 0.50
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B.4 M4 Results
B.4.1 M4 UT Results
Table B.27: Comparison of UT KPVs of component M4.
PAUT SEUT SEUT TTU
(CONTACT) (SQUIRTER)
Equipment Setup:
Flaw detector Omniscan MX2 Omniscan MX2 Omniscan MX2 AREVA ISQUS
Scanning Machine
Probe Olympus 5MHz 64 AREVA Qualicon  Olympus V309-SU  GAMMA Pair
Element Array 5MHz 5MHz 0.5 5MHz 0.75
Probe frequency 5MHz 5MHz 5MHz 5MHz
Element size Imm 6.3mm 12.7mm 19.1mm
Element 1D Single Single Single
configuration
Probe housing Flat Flat Squirter Squirter

Probe structure

Manipulation
method

Encoding method

Rigid, non-focus
Semi-automated
Automated gantry,

string encoder (2-
axis)

Rigid, non-focus
Automated
Automated gantry,

string encoder (2-
axis)

Rigid, non-focus
Automated
Automated gantry,

string encoder (2-
axis)

Rigid, non-focus

Automated

Automated gantry

Coupling method Contact Contact Water column Water column
Variable Setup:

Energy 80V 95V 95V 240V

Gain 11.3dB 38.00dB 46.00dB 38.00dB
Velocity 2809.0m/s 2890.2m/s 3012.0m/s 3000m/s
Filter None None None 2.9-5.0 (log)
Gates A B I,A B I,A B A

Pulse width 100ns 100ns 100ns 120ns
Aperture 8 elements 1 element 1 element 6mm
Scan/index pitch Imm Imm Imm 1mm
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B.4.1.1 PAUT Results

Figure B.19: PAUT amplitude C-scan of component M4 with identified artificial defects.
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Figure B.20: TCG applied to component M4 in PAUT.
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Table B.28: As-measured FBH defect characteristics in component M4 using PAUT technique.

DEFECT  STEPor STEPur MEASURED DEFECT DEPTHE RAG
D (mm) (mm) CHARACTERISTICS (mm)
SIZEw (mm) DEPTHwm (mm)
H1 5 4.91 ~6.34x6.20 ~0.9 05
H2 5 4.91 ~6.04x6.05 ~2.58 25
H3 5 4.91 ~5.89x7.02 ~4.49 45
H4 10 9.87 ~6.97x7.01 ~0.79 05
H5 10 9.87 ~6.81x6.13 ~4.94 5
H6 10 9.87 ~3.41x6.33 ~9.33 95
H7 15 14.84 ~6.03x6.88 ~0.90 05
H8 15 14.84 ~7.46x7.05 ~7.53 75
H9 15 14.84 ~4.94x5.70 ~14.04 145
H10 20 19.81 ~4.67x6.00 ~0.90 05
H11 20 19.81 ~5.89x7.12 ~10.00 10
H12 20 19.81 ~4.00X6.54 ~18.88 195
H13 25 24.80 ~6.17x7.03 ~0.9 05
H14 25 24.80 ~6.94x6.18 ~12.36 125
H15 25 24.80 N/A ~24.04 245
H16 30 29.78 ~5.86X6.12 ~0.9 05
H17 30 29.78 ~8.36x5.95 ~14.61 15
H18 30 29.78 N/A N/A 29.5
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Table B.29: As-measured paper and PTFE insert defect characteristics in component M4 using PAUT technique.

DEFECT  STEPor STEPwr MEASURED DEFECT DEPTH: RAG
D (mm) (mm) CHARACTERISTICS (mm)

SIZEm (mm) DEPTHwMm (mm)

T1 5 4.91 ~7.08x5.97 ~2.36 2.79
T2 5 4.91 ~7.06x6.75 ~1.12 1.39

T3 10 9.87 ~7.08x6.01 ~6.85 7.90

T4 10 9.87 ~6.08x6.16 ~4.49 5.11

T5 10 9.87 ~6.19x5.93 ~1.01 1.39

T6 15 14.84 ~6.86x7.03 ~10.34 1255

T7 15 14.84 ~7.19x5.89 ~6.63 7.90

T8 15 14.84 ~6.13x5.89 ~0.67 1.39

T9 20 19.81 ~8.18x6.21 ~15.06 17.67

T10 20 19.81 ~6.78x7.00 ~12.92 15.34

T11 20 19.81 ~6.12x6.17 ~8.23 10.23

T12 20 19.81 N/A N/A 1.39 O
T13 25 24.80 ~7.15x6.00 ~19.33 22.78

T14 25 24.80 ~6.94x6.00 ~14.83 17.67

T15 25 24.80 N/A N/A 12.55 O
T16 25 24.80 N/A N/A 1.39 O
T17 30 29.78 ~7.84x5.61 ~23.71 27.90

T18 30 29.78 ~6.69x5.82 ~21.57 25.11

T19 30 29.78 ~7.09x7.03 ~19.10 22.78

T20 30 29.78 ~5.95x7.03 ~17.30 20.46

T21 30 29.78 ~7.03x5.88 ~14.72 17.67

T22 30 29.78 ~6.76x5.95 ~12.92 15.34

T23 30 29.78 N/A N/A 1.39 O
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Table B.30: As-measured paper and PTFE insert defect characteristics in component M4 using PAUT technique.

DEFECT  STEPor STEPwr MEASURED DEFECT DEPTH: RAG
D (mm) (mm) CHARACTERISTICS (mm)

SIZEm (mm) DEPTHwMm (mm)

B1 5 4.91 ~7.00x6.75 ~2.25 2.79
B2 5 4.91 ~6.90x6.91 ~1.24 1.39

B3 10 9.87 ~7.16x5.93 ~6.74 7.90

B4 10 9.87 ~5.93x7.01 ~4.27 5.11

B5 10 9.87 ~8.20x6.93 ~0.90 1.39

B6 15 14.84 ~4.98x7.51 ~10.22 12.55

B7 15 14.84 ~6.21x6.95 ~6.40 7.90

B8 15 14.84 ~4.00x6.95 ~0.67 1.39

B9 20 19.81 ~6.86x5.69 ~14.94 17.67

B10 20 19.81 ~8.01x6.74 ~12.58 15.34

B11 20 19.81 ~5.46x6.90 ~8.20 10.23

B12 20 19.81 N/A N/A 1.39 O
B13 25 24.80 ~8.10x5.79 ~19.44 22.78

B14 25 24.80 ~6.21x6.00 ~14.72 17.67

B15 25 24.80 N/A N/A 12.55 O
B16 25 24.80 N/A N/A 1.39 O
B17 30 29.78 ~9.05x5.82 ~24.27 27.90

B18 30 29.78 ~8.78x6.63 ~21.35 25.11

B19 30 29.78 ~6.96x6.90 ~19.55 22.78

B20 30 29.78 ~8.24x6.90 ~16.97 20.46

B21 30 29.78 ~6.96x5.82 ~14.94 17.67

B22 30 29.78 ~6.89x4.87 ~13.03 15.34

B23 30 29.78 N/A N/A 1.39 O
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B.4.1.2 SEUT Contact Results

... it Tt 5; P I.t

e |£r1.1|tl R e 4llng|

. J

: - 4. ’

NS SR

e e T e

Figure B.21: SEUT contact amplitude C-scan of component M4 with identified artificial defects.
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Figure B.22: TCG applied to component M4 in SEUT contact.
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Table B.31: As-measured FBH defect characteristics in component M4 using SEUT contact technique.

DEFECT  STEPor STEPwr MEASURED DEFECT DEPTH: RAG
D (mm) (mm) CHARACTERISTICS (mm)

SIZEm (mm) DEPTHwMm (mm)

H1 5 4.91 ~6.93x5.95 ~0.70 05

H2 5 4.91 ~6.01x4.89 ~2.66 25

H3 5 4.91 ~6.22x5.10 ~4.63 4.5

H4 10 9.87 ~6.89x6.13 ~0.70 05

H5 10 9.87 ~5.88x4.89 ~5.21 5

H6 10 9.87 ~6.58x6.13 ~9.60 9.5

H7 15 14.84 ~6.95x6.05 ~0.70 05

H8 15 14.84 ~7.07x6.17 ~7.63 75

H9 15 14.84 ~4.79x5.71 ~14.57 145

H10 20 19.81 ~4.88x4.99 ~0.70 05

H11 20 19.81 ~6.21x6.86 ~10.06 10

H12 20 19.81 ~4.87x4.88 ~19.77 19.5

H13 25 24.80 N/A N/A 05

H14 25 24.80 N/A N/A 125

H15 25 24.80 N/A N/A 24.5 O
H16 30 29.78 N/A N/A 05

H17 30 29.78 N/A N/A 15

H18 30 29.78 N/A N/A 29.5 O
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Table B.32: As-measured paper and PTFE insert defect characteristics in component M4 using SEUT contact technique.

DEFECT  STEPor STEPwr MEASURED DEFECT DEPTH: RAG
D (mm) (mm) CHARACTERISTICS (mm)

SIZEm (mm) DEPTHwMm (mm)

T1 5 4.91 ~5.92x5.85 ~2.43 2.79

T2 5 4.91 ~7.09x7.02 ~1.16 1.39

T3 10 9.87 ~6.37x6.14 ~6.94 7.90

T4 10 9.87 ~4.17x4.17 ~4.51 5.11

T5 10 9.87 ~5.98x7.07 ~0.93 1.39

T6 15 14.84 ~4.99x4.89 ~10.82 1255

T7 15 14.84 ~4.78x5.10 ~6.59 7.90

T8 15 14.84 ~5.92x6.87 ~0.58 1.39

T9 20 19.81 ~5.93x4.81 ~15.50 17.67

T10 20 19.81 ~6.03x7.68 ~13.07 15.34

T11 20 19.81 ~5.73%5.21 ~8.68 10.23

T12 20 19.81 N/A N/A 1.39 O
T13 25 24.80 ~6.44x6.73 ~19.51 22.78

T14 25 24.80 ~5.94x5.51 ~14.98 17.67

T15 25 24.80 N/A N/A 12.55 O
T16 25 24.80 N/A N/A 1.39 O
T17 30 29.78 N/A N/A 27.90

T18 30 29.78 N/A N/A 25.11

T19 30 29.78 N/A N/A 22.78

T20 30 29.78 N/A N/A 20.46

T21 30 29.78 N/A N/A 17.67

T22 30 29.78 N/A N/A 15.34

T23 30 29.78 N/A N/A 1.39 O
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Table B.33: As-measured paper and PTFE insert defect characteristics in component M4 using SEUT contact technique.

DEFECT  STEPor STEPwr MEASURED DEFECT DEPTH: RAG
D (mm) (mm) CHARACTERISTICS (mm)

SIZEm (mm) DEPTHwMm (mm)

B1 5 4.91 ~6.08x5.85 ~2.32 2.79

B2 5 4.91 ~6.00x6.87 ~1.16 1.39

B3 10 9.87 ~7.18x6.14 ~6.71 7.90

B4 10 9.87 ~6.13x5.91 ~4.17 5.11

B5 10 9.87 ~7.13x7.88 ~0.70 1.39

B6 15 14.84 ~4.7927.29 ~10.72 12.55

B7 15 14.84 ~5.82x5.93 ~6.48 7.90

B8 15 14.84 ~6.96x4.79 ~0.58 1.39

B9 20 19.81 ~5.93x5.02 ~15.50 17.67

B10 20 19.81 ~6.44x7.79 ~12.95 15.34

B11 20 19.81 ~5.90%6.77 ~8.41 10.23

B12 20 19.81 N/A N/A 1.39 O
B13 25 24.80 ~4.89x4.85 ~19.60 22.78

B14 25 24.80 ~4.66x6.12 ~14.85 17.67

B15 25 24.80 N/A N/A 12.55 O
B16 25 24.80 N/A N/A 1.39 O
B17 30 29.78 N/A N/A 27.90

B18 30 29.78 N/A N/A 25.11

B19 30 29.78 N/A N/A 22.78

B20 30 29.78 N/A N/A 20.46

B21 30 29.78 N/A N/A 17.67

B22 30 29.78 N/A N/A 15.34

B23 30 29.78 N/A N/A 1.39 O
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B.4.1.3SEUT Squirter Results
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Figure B.23: SEUT squirter amplitude C-scan of component M4 with identified artificial defects.
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Figure B.24: TCG applied to component M4 in SEUT squirter.
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Table B.34: As-measured FBH defect characteristics in component M4 using SEUT squirter technique.

DEFECT  STEPor STEPwr MEASURED DEFECT DEPTH: RAG
D (mm) (mm) CHARACTERISTICS (mm)

SIZEm (mm) DEPTHwMm (mm)

H1 5 4.91 ~8.11x7.01 ~0.85 05

H2 5 4.91 ~6.88x5.07 ~2.90 25

H3 5 4.91 ~5.84x5.07 ~4.94 4.5

H4 10 9.87 ~6.97x8.01 ~0.85 05

H5 10 9.87 ~5.71x4.92 ~5.55 5

H6 10 9.87 ~5.15x6.03 ~10.12 9.5

H7 15 14.84 ~8.97x8.23 ~0.84 05

H8 15 14.84 ~5.98x4.83 ~7.95 75

H9 15 14.84 ~6.03x5.06 ~15.30 145

H10 20 19.81 ~7.19x7.11 ~1.08 05

H11 20 19.81 ~4.79x5.05 ~10.48 10

H12 20 19.81 ~4.79x6.20 ~20.36 19.5

H13 25 24.80 N/A N/A 05

H14 25 24.80 N/A N/A 125

H15 25 24.80 N/A N/A 24.5 O
H16 30 29.78 N/A N/A 05

H17 30 29.78 N/A N/A 15

H18 30 29.78 N/A N/A 29.5 O
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Table B.35: As-measured paper and PTFE insert defect characteristics in component M4 using SEUT squirter technique.

DEFECT  STEPor STEPwr MEASURED DEFECT DEPTH: RAG
D (mm) (mm) CHARACTERISTICS (mm)

SIZEm (mm) DEPTHwMm (mm)

T1 5 4.91 ~7.00x5.93 ~2.66 2.79

T2 5 4.91 ~6.94x6.77 ~1.38 1.39

T3 10 9.87 ~5.88x3.87 ~7.35 7.90

T4 10 9.87 ~6.13x4.88 ~4.70 5.11

T5 10 9.87 ~6.88x7.04 ~0.97 1.39

T6 15 14.84 ~7.11x6.19 ~11.21 12.55

T7 15 14.84 ~6.19%5.96 ~6.87 7.90

T8 15 14.84 ~5.95x8.05 ~0.61 1.39

T9 20 19.81 ~5.83x4.01 ~16.02 17.67

T10 20 19.81 ~5.83x4.89 ~13.74 15.34

T11 20 19.81 ~5.03x3.90 ~9.19 10.23

T12 20 19.81 N/A N/A 1.39 O
T13 25 24.80 ~5.89x5.20 ~20.41 22.78

T14 25 24.80 N/A N/A 17.67

T15 25 24.80 N/A N/A 12.55 O
T16 25 24.80 N/A N/A 1.39 O
T17 30 29.78 N/A N/A 27.90

T18 30 29.78 N/A N/A 25.11

T19 30 29.78 N/A N/A 22.78

T20 30 29.78 N/A N/A 20.46

T21 30 29.78 N/A N/A 17.67

T22 30 29.78 N/A N/A 15.34

T23 30 29.78 N/A N/A 1.39 O
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Table B.36: As-measured paper and PTFE insert defect characteristics in component M4 using SEUT squirter technique.

DEFECT  STEPor STEPwr MEASURED DEFECT DEPTH: RAG
D (mm) (mm) CHARACTERISTICS (mm)

SIZEm (mm) DEPTHwMm (mm)

Bl 5 491 ~6.88x6.77 ~2.41 2.79

B2 5 4.91 ~5.86x6.89 ~1.20 1.39

B3 10 9.87 ~6.88x6.89 ~7.11 7.90

B4 10 9.87 ~6.98x7.28 ~4.46 5.11

B5 10 9.87 ~6.73x7.20 ~0.85 1.39

B6 15 14.84 ~7.07x3.96 ~11.04 12.55

B7 15 14.84 ~6.11x5.19 ~6.87 7.90

B8 15 14.84 ~6.80x8.05 ~1.09 1.39

B9 20 19.81 ~5.83x2.99 ~15.90 17.67

B10 20 19.81 ~6.11x5.77 ~13.61 15.34

B11 20 19.81 ~5.53x6.00 ~8.83 10.23

B12 20 19.81 N/A N/A 1.39 O
B13 25 24.80 N/A N/A 22.78

B14 25 24.80 N/A N/A 17.67

B15 25 24.80 N/A N/A 12.55 O
B16 25 24.80 N/A N/A 1.39 O
B17 30 29.78 N/A N/A 27.90

B18 30 29.78 N/A N/A 25.11

B19 30 29.78 N/A N/A 22.78

B20 30 29.78 N/A N/A 20.46

B21 30 29.78 N/A N/A 17.67

B22 30 29.78 N/A N/A 15.34

B23 30 29.78 N/A N/A 1.39 O
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B.4.1.3TTU Results
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Figure B.25: PAUT amplitude C-scan of component M4 with identified artificial defects.
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Table B.37: As-measured PTFE and paper insert defect sizes in component M2 using TTU technique.

DEFECT STEPor DEPTHE RAG DEFECT STEPor DEPTHEk RAG

ID (mm) (mm) 1D (mm) (mm)

T1 5 2.79 B1 5 2.79

T2 5 1.39 B2 5 1.39

T3 10 7.90 B3 10 7.90

T4 10 5.11 B4 10 5.11

T5 10 1.39 B5 10 1.39

T6 15 12.55 B6 15 12.55

T7 15 7.90 B7 15 7.90

T8 15 1.39 B8 15 1.39

T9 20 17.67 B9 20 17.67

T10 20 15.34 B10 20 15.34

T11 20 10.23 B11 20 10.23

T12 20 1.39 O B12 20 1.39 O
T13 25 22.78 B13 25 22.78

T14 25 17.67 B14 25 17.67

T15 25 12.55 O B15 25 12.55 O
T16 25 1.39 O B16 25 1.39 O
T17 30 27.90 B17 30 27.90

T18 30 25.11 B18 30 25.11

T19 30 22.78 B19 30 22.78

T20 30 20.46 B20 30 20.46

T21 30 17.67 B21 30 17.67

T22 30 15.34 B22 30 15.34

T23 30 1.39 O B23 30 1.39 O
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B.4.2 M4 IRT Results

Table B.38: Comparison of IRT KPVs from component M4.

PT LT TrT
Equipment Setup:
Software IR-NDT IR-NDT IR-NDT
Camera Flir A6751sc IRS640 IRS640
Heat source Flash lamps Halogen lamps Halogen lamps
Mode Reflection Reflection Reflection
Camera distance 300-620mm 500-600mm 500-600mm
Camera incidence angle  0° 0° 0°

Camera wave band

1-5pum medium-wave IR
band

7-13um long-wave IR
band

7-13um long-wave IR
band

Frame rate 125Hz 125Hz 125Hz
Noise equivalent 18mK 30mK 30mK
temperature difference

Camera resolution 640x512 640x512 640x512
Lamp distance 300-620mm 300mm 300mm
Lamp incidence angle <20° <20° <20°
Lamp power 4x3000J 2x2000J 2x2000J
Variable Setup:

Excitation duration Flash 4s 4s
Excitation frequency n/a 4Hz n/a
Recording duration 20s 40s 10s
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B4.2.1 PT Results
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Figure B.26: PT Pulse Phase thermogram of component M4.

Table B.39: Detected FBH defect in component M4 using PT technique.

DEFECT  STEPor DEPTHE RAG  DEFECT  STEPor DEPTH: RAG
1D (mm) (mm) 1D (mm) (mm)

H1 5 05 H10 20 0.5

H2 5 25 @) H11 20 10 @)
H3 5 4.5 O H12 20 195 O
H4 10 05 H13 25 0.5

H5 10 5 O H14 25 125 O
H6 10 9.5 @) H15 25 24.5 @)
H7 15 05 H16 30 05

H8 15 75 O H17 30 15 O
H9 15 145 O H18 30 29.5 O
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Table B.40: Detected PTFE insert defect in component M4 using PT technique.

DEFECT  STEPor DEPTHE RAG  DEFECT  STEPpr DEPTHE RAG
ID (mm) (mm) 1D (mm) (mm)

T1 5 2.79 O T13 25 22.78 O
T2 5 1.39 O T14 25 17.67 O
T3 10 7.90 O T15 25 12.55 O
T4 10 5.11 O T16 25 1.39 O
T5 10 1.39 O T17 30 27.90 O
T6 15 12.55 O T18 30 25.11 O
T7 15 7.90 O T19 30 22.78 O
T8 15 1.39 O T20 30 20.46 O
T9 20 17.67 O T21 30 17.67 O
T10 20 15.34 O T22 30 15.34 O
T11 20 10.23 O T23 1.39 O
T12 20 1.39 O

Table B.41: Detected paper insert defect in component M4 using PT technique.

DEFECT  STEPpr DEPTHE RAG  DEFECT  STEPor DEPTHE RAG
ID (mm) (mm) ID (mm) (mm)

B1 5 2.79 O B13 25 22.78 O
B2 5 1.39 B14 25 17.67 O
B3 10 7.90 O B15 25 12.55 O
B4 10 5.11 O B16 25 1.39

B5 10 1.39 B17 30 27.90 O
B6 15 12.55 O B18 30 25.11 O
B7 15 7.90 O B19 30 22.78 O
B8 15 1.39 B20 30 20.46 O
B9 20 17.67 O B21 30 17.67 O
B10 20 15.34 O B22 30 15.34 O
B11 20 10.23 O B23 1.39

B12 20 1.39
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B.4.2.2 LT Results

phase
414

.60+

.79+

1994

.18+

.374

574

o 5=

Figure B.27: LT Single Frequency DFT thermogram of component M4.

Table B.42: Detected FBH defect in component M4 using LT technique.

DEFECT  STEPor DEPTHE RAG  DEFECT  STEPor DEPTH: RAG
ID (mm) (mm) ID (mm) (mm)

H1 5 05 H10 20 05

H2 5 25 @) H11 20 10 O
H3 5 4.5 @) H12 20 195 O
H4 10 05 H13 25 05

H5 10 5 O H14 25 1255 O
H6 10 9.5 @) H15 25 245 @)
H7 15 05 H16 30 05

H8 15 75 O H17 30 15 O
H9 15 145 O H18 30 29.5 O
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Table B.43: Detected PTFE insert defect in component M4 using LT technique.

DEFECT  STEPor DEPTHE RAG  DEFECT  STEPor DEPTHE RAG
ID (mm) (mm) 1D (mm) (mm)

T1 5 2.79 O T13 25 22.78 O
T2 5 1.39 O T14 25 17.67 O
T3 10 7.90 O T15 25 12.55 O
T4 10 5.11 O T16 25 1.39 O
T5 10 1.39 O T17 30 27.90 O
T6 15 12.55 O T18 30 25.11 O
T7 15 7.90 O T19 30 22.78 O
T8 15 1.39 O T20 30 20.46 O
T9 20 17.67 O T21 30 17.67 O
T10 20 15.34 O T22 30 15.34 O
T11 20 10.23 O T23 30 1.39 O
T12 20 1.39 O

Table B.44: Detected paper insert defect in component M4 using LT technique.

DEFECT  STEPor DEPTHE RAG  DEFECT  STEPor DEPTHE RAG
ID (mm) (mm) ID (mm) (mm)

B1 5 2.79 O B13 25 22.78 O
B2 5 1.39 O B14 25 17.67 O
B3 10 7.90 O B15 25 12.55 O
B4 10 5.11 O B16 25 1.39 O
B5 10 1.39 O B17 30 27.90 O
B6 15 12.55 O B18 30 25.11 O
B7 15 7.90 O B19 30 22.78 O
B8 15 1.39 O B20 30 20.46 O
B9 20 17.67 O B21 30 17.67 O
B10 20 15.34 O B22 30 15.34 O
B11 20 10.23 O B23 30 1.39 O
B12 20 1.39 O
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Figure B.28: TrT Pulse Phase thermogram of component M4.
Table B.45: Detected FBH defect in component M4 using TrT technique.
DEFECT STEPpr DEPTHE RAG DEFECT STEPbr DEPTHEe RAG
1D (mm) (mm) ID (mm) (mm)
H1 5 0.5 H10 20 0.5
H2 5 25 O H11 20 10 O
H3 5 4.5 O H12 20 195 O
H4 10 0.5 H13 25 0.5
H5 10 5 @) H14 25 1255 O
H6 10 95 O H15 25 245 O
H7 15 0.5 H16 30 0.5
H8 15 75 @) H17 30 15 @)
H9 15 145 @) H18 30 29.5 O
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Table B.46: Detected PTFE insert defect in component M4 using TrT technique.

DEFECT  STEPor DEPTHE RAG  DEFECT  STEPor DEPTHE RAG
ID (mm) (mm) 1D (mm) (mm)

T1 5 2.79 O T13 25 22.78 O
T2 5 1.39 O T14 25 17.67 O
T3 10 7.90 O T15 25 12.55 O
T4 10 5.11 O T16 25 1.39 O
T5 10 1.39 O T17 30 27.90 O
T6 15 12.55 O T18 30 25.11 O
T7 15 7.90 O T19 30 22.78 O
T8 15 1.39 O T20 30 20.46 O
T9 20 17.67 O T21 30 17.67 O
T10 20 15.34 O T22 30 15.34 O
T11 20 10.23 O T23 30 1.39 O
T12 20 1.39 O

Table B.47: Detected paper insert defect in component M4 using TrT technique.

DEFECT  STEPor DEPTHE RAG  DEFECT  STEPor DEPTHE RAG
ID (mm) (mm) ID (mm) (mm)

B1 5 2.79 O B13 25 22.78 O
B2 5 1.39 O B14 25 17.67 O
B3 10 7.90 O B15 25 12.55 O
B4 10 5.11 O B16 25 1.39 O
B5 10 1.39 O B17 30 27.90 O
B6 15 12.55 O B18 30 25.11 O
B7 15 7.90 O B19 30 22.78 O
B8 15 1.39 O B20 30 20.46 O
B9 20 17.67 O B21 30 17.67 O
B10 20 15.34 O B22 30 15.34 O
B11 20 10.23 O B23 30 1.39 O
B12 20 1.39 O
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B.5 C1 Results

Inspection reporting detail is shown in Chapter 6 however the tables in the following sections include RAG ratings

for matrix entry.

B5.1 C1 UT Results

B.5.1.1 PAUT Results

Table B.48: As-measured hole defect characteristics in component C1 using PAUT technique.

DEFECT MEASURED DEFECT  SIZEx RAG  RAG
ID CHARACTERISTICS ~ (mm) (Defect) (Non-

Defect)

SIZEm (mm) DEPTHwm

H1 ~20.84x20.44 Bond line  20x20 O
H2 ~14.89x16.10 Bond line  15x15 O
H3 ~8.29x9.97  Bondline  10x10 O
H4 ~6.99x7.92  Bondline  6x6 O

Table B.49: As-measured PTFE defect characteristics in component C1 using PAUT technique.

DEFECT MEASURED DEFECT  SIZE: RAG RAG
1D CHARACTERISTICS (mm) (Defect) (Non-

Defect)

SIZEm (mm) DEPTHwm

T1 ~20.99x20.99 Bond line  20x20 O
T2 ~13.81x14.58 Bond line  15x15 O
T3 ~8.97x10.16  Bond line  10x10 O
T4 ~5.93x7.29  Bondline 6x6 O
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B.5.1.2SEUT Contact Results

Table B.50: As-measured hole defect characteristics in component C1 using SEUT contact technique.

DEFECT MEASURED DEFECT  SIZEz RAG  RAG
D CHARACTERISTICS ~ (mm) (Defect) (Non-

Defect)

SIZEv (nm) DEPTHwm

H1 ~19.63x20.03 Bond line  20x20 O
H2 ~14.96x15.80 Bond line  15x15 O
H3 ~9.15x9.96  Bond line  10x10 O
H4 ~6.66x5.98  Bond line  6x6 O

Table B.51: As-measured PTFE defect characteristics in component C1 using SEUT contact technique.

DEFECT MEASURED DEFECT  SIZEz RAG RAG
D CHARACTERISTICS ~ (mm) (Defect) (Non-

Defect)

SIZEm (mm) DEPTHm

T1 ~21.82x22.04 Bond line  20x20 O
T2 ~15.62x16.00 Bond line  15x15 O
T3 ~8.98x10.08  Bond line  10x10 O
T4 ~5.93x5.97  Bondline  6x6 O
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B.5.1.3SEUT Squirter Results

Table B.52: As-measured hole defect characteristics in component C1 using SEUT contact technique.

DEFECT MEASURED DEFECT SIZEe RAG RAG
ID CHARACTERISTICS  (mm) (Defect) (Non-
Defect)
SIZEm (mm) DEPTHM
H1 ~19.72x19.46 Bond line  20x20 O
H2 ~14.73x15.87 Bond line  15x15 O
H3 ~11.23x9.98  Bond line  10x10 O
H4 ~5.24x5.92  Bond line  6x6 O

Table B.53: As-measured PTFE defect characteristics in component C1 using SEUT contact technique.

DEFECT MEASURED DEFECT  SIZEz RAG RAG
D CHARACTERISTICS ~ (mm) (Defect) (Non-

Defect)

SIZEm (mm) DEPTHm

T1 ~19.47x19.96 Bond line  20x20 O
T2 ~14.23x15.98 Bond line  15x15 O
T3 ~9.23x10.02  Bond line  10x10 O
T4 ~4.95x5.99  Bondline  6x6 O
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B.5.1.4TTU Results

Table B.54: As-measured hole defect characteristics in component C1 using TTU technique.

DEFECT  MEASURED DEFECT SIZEx RAG
ID CHARACTERISTICS (mm) (Defect)

SIZEm (nm) DEPTHwm

H1 ~18.00x19.10  Bond line  20x20
H2 ~15.00x14.80  Bond line  15x15
H3 ~9.20x9.00 Bond line  10x10
H4 ~5.80x5.20 Bond line  6x6

Table B.55: As-measured PTFE defect characteristics in component C1 using TTU technique.

DEFECT MEASURED DEFECT  SIZEx RAG
D CHARACTERISTICS (mm)  (Defect)

SIZEm (mm) DEPTHw

T1 ~14.60x15.60  Bond line  20x20
T2 ~9.40-9.70 Bond line  15x15
T3 Bond line  10x10
T4 Bond line  6x6

B5.2 C1 IRT Results

B.5.2.1 PT Results

Table B.56: Detected hole and PTFE bond line defects in component C1 using PT technique.

DEFECT SIZEg DEPTHE RAG DEFECT SIZEg DEPTHEe RAG
ID (mm) (mm) ID (mm) (mm)

H1 20x20 Bond line T1 20x20 Bond line O
H2 15x15 Bond line T2 15x15 Bond line O
H3 10x10 Bond line T3 10x10 Bond line O
H4 6x6 Bond line O T4 6x6 Bond line O
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B.5.2.2 LT Results
Table B.57: Detected hole and PTFE bond line defects in component C1 using LT technique.

DEFECT SIZEe DEPTHE RAG DEFECT SIZEe DEPTHE RAG
ID (mm) (mm) ID (mm) (mm)

H1 20x20 Bond line O T1 20x20 Bond line O
H2 15x15 Bond line O T2 15x15 Bond line O
H3 10x10 Bond line O T3 10x10 Bond line O
H4 6x6 Bond line O T4 6x6 Bond line O

B5.2.3 TrT Results

Table B.58: Detected hole and PTFE bond line defects in component C1 using TrT technique.

DEFECT SIZEE DEPTHE RAG DEFECT SIZEg DEPTHEe RAG
ID (mm) (mm) ID (mm) (mm)

H1 20x20 Bond line T1 20x20 Bond line O
H2 15x15 Bond line T2 15x15 Bond line O
H3 10x10 Bond line T3 10x10 Bond line O
H4 6x6 Bond line O T4 6x6 Bond line O
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B.6 C2 Results
B.6.1 C2 UT Results
Table B.59: Comparison of UT KPVs of component C2.
PAUT SEUT SEUT TTU
(CONTACT) (SQUIRTER)
Equipment Setup:
Flaw detector Omniscan MX2 Omniscan MX2 Omniscan MX2 AREVA ISQUS
Scanning Machine
Probe Olympus 5MHz 64 AREVA Qualicon  Olympus V309-SU  GAMMA Pair
Element Array 5MHz 5MHz 0.5 1MHz 0.75
Probe frequency 5MHz 5MHz 5MHz 1MHz
Element size Imm 6.3mm 12.7mm 19.1mm
Element 1D Single Single Single
configuration
Probe housing Flat Flat Squirter Squirter

Probe structure

Manipulation
method

Encoding method

Rigid, non-focus
Semi-automated
Automated gantry,

string encoder (2-
axis)

Rigid, non-focus
Automated
Automated gantry,

string encoder (2-
axis)

Rigid, non-focus
Automated
Automated gantry,

string encoder (2-
axis)

Rigid, non-focus

Automated

Automated gantry

Coupling method Contact Contact Water column Water column
Variable Setup:

Energy 80V 95V 95V 240V

Gain 10.0dB 38.00dB 46.000B 60.00dB
Velocity 2976.2m/s 3000m/s 3115.3m/s 3000m/s
Filter None None None 0.5-1.7 (log)
Gates LA B I,A B I,A B A

Pulse width 100ns 100ns 100ns 514ns
Aperture 8 elements 1 element 1 element 6mm
Scan/index pitch Imm Imm Imm 1mm
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B.6.1.1 PAUT Results
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Figure B.29: PAUT amplitude C-scan of component C2 with artificial defects; defect side (left); non-defect side (right).

Table B.60: As-measured hole defect characteristics in component C2 using PAUT technique.

DEFECT MEASURED DEFECT SIZEe RAG RAG
1D CHARACTERISTICS (mm) (Defect) (Non-
Defect)

SIZEm (mm) DEPTHwm

H1 ~19.99x20.11 Bondline 20x20 () O
H2 ~14.05x14.98 Bondline 15x15 () @)
H3 ~8.92x10.82  Bond line  10x10 () O
H4 N/A Bond line  6x6 @) @)

Table B.61: As-measured PTFE defect characteristics in component C2 using PAUT technique.

DEFECT MEASURED DEFECT SIZEE RAG RAG
ID CHARACTERISTICS (mm)  (Defect) (Non-
Defect)

SIZEm (mm)  DEPTHwm

T1 ~21.95x19.92  Bondline 20x20 () O
T2 ~13.94x15.05  Bond line  15x15 O @)
T3 ~14.99x15.05  Bond line  10x10 O @)
T4 N/A Bond line  6x6 @)
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B.6.1.2 SEUT Contact Results
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Figure B.30: SEUT contact amplitude C-scan of component C2 with artificial defects; defect side (left); non-defect side

(right).

Table B.62: As-measured hole defect characteristics in component C2 using SEUT contact technique.

DEFECT MEASURED DEFECT  SIZE: RAG  RAG
1D CHARACTERISTICS (mm) (Defect) (Non-
Defect)
SIZEm (mm) DEPTHwm
H1 ~17.75x17.87 Bondline 20x20 () O
H2 ~15.93x12.97 Bondline 15x15 () @)
H3 ~10.77x10.03 Bondline 10x10 () O
H4 ~7.13x5.94  Bond line  6x6 O @)
Table B.63: As-measured PTFE defect characteristics in component C2 using SEUT contact technique.
DEFECT MEASURED DEFECT SIZEe RAG  RAG
ID CHARACTERISTICS (mm)  (Defect) (Non-
Defect)
SIZEm (mm)  DEPTHwm
T1 ~19.87x20.00  Bond line  20x20 O @)
T2 ~14.30x13.08  Bond line 15x15 O O
T3 ~14.90x13.96  Bond line  10x10 O @)
T4 ~7.83%5.92 Bond line  6x6 O @)
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B.6.1.3SEUT Squirter Results
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Figure B.31: SEUT Squirter amplitude C-scan of component C2 with artificial defects; defect side (left); non-defect side
(right).

Table B.64: As-measured hole defect characteristics in component C2 using SEUT Squirter technique.

DEFECT MEASURED DEFECT  SIZE: RAG  RAG
1D CHARACTERISTICS (mm) (Defect) (Non-
Defect)
SIZEm (mm) DEPTHwm
H1 ~18.11x20.01 Bondline 20x20 () O
H2 ~15.33x13.95 Bondline 15x15 () @)
H3 ~0.06x9.97  Bondline 10x10 () O
H4 ~4.01x4.98  Bondline  6x6 O @)
Table B.65: As-measured PTFE defect characteristics in component C2 using SEUT Squirter technique.
DEFECT MEASURED DEFECT SIZEe RAG  RAG
ID CHARACTERISTICS (mm)  (Defect) (Non-
Defect)
SIZEm (nm)  DEPTHwm
T1 ~19.75x19.99  Bond line  20x20 O @)
T2 ~14.90x14.94  Bond line  15x15 O O
T3 ~15.06x15.33  Bond line  10x10 O @)
T4 ~5.22x4.98 Bond line  6x6 O @)
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B.6.1.4TTU Results
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Figure B.32: TTU amplitude C-scan of component C2.

Table B.66: As-measured hole defect characteristics in component C2 using TTU technique.

DEFECT MEASURED DEFECT  SIZEz RAG
D CHARACTERISTICS  (mm) (Defect)

SIZEw (mm) DEPTHwm

H1 ~21.80x20.90 Bond line  20x20
H2 ~14.80x14.70 Bond line  15x15
H3 ~10.80x9.90  Bond line  10x10
H4 ~5.20x4.90 Bond line  6x6

Table B.67: As-measured PTFE defect characteristics in component C2 using TTU technique.

DEFECT MEASURED DEFECT SIZEe RAG
ID CHARACTERISTICS (mm)  (Defect)

SIZEw (nm) DEPTHwm

T1 20.40x20.80 Bond line  20x20
T2 13.30x12.40  Bond line  15x15
T3 10.80x10.50  Bond line  10x10
T4 N/A Bond line  6x6 @)

64



Nikita Gandhi

Appendix B

B6.2 C2 IRT Results

Table B.68: Comparison of IRT KPVs from component C2.

PT LT TrT
Equipment Setup:
Software IR-NDT IR-NDT IR-NDT
Camera Flir A6751sc Flir A6751sc Flir A6751sc
Heat source Flash lamps Halogen lamps Halogen lamps
Mode Reflection Reflection Reflection
Camera distance 300-325mm 300-325mm 300-325mm
Camera incidence angle  0° 0° 0°

Camera wave band

1-5pum medium-wave IR
band

1-5pum medium-wave IR
band

1-5pum medium-wave IR
band

Frame rate 125Hz 125Hz 125Hz
Noise equivalent <18mK <18mK <18mK
temperature difference

Camera resolution 640x512 640x512 640x512
Lamp distance 250mm 250mm 250mm
Lamp incidence angle <10° <10° <10°
Lamp power 4x3000J 2x2000J 2x2000J
Variable Setup:

Excitation duration Flash 4s 10s
Excitation frequency n/a 4Hz n/a
Recording duration 10s 4s 15s
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B.6.2.1 PT Results

— T = e
; : T,:..—-.;
‘ -

phase
.141 4

.140
21395
.138
.137 1
.136
.135 +
.134 -

R S

Figure B.33: PT Pulse Phase thermogram of component C2.

Table B.69: Detected hole and PTFE bond line defects in component C2 using PT technique.

DEFECT  SIZEe DEPTH: RAG  DEFECT  SIZEg DEPTHE RAG
ID (mm) (mm) ID (mm) (mm)

H1 20x20 Bond line T1 20x20 Bond line O
H2 15x15 Bond line O T2 15x15 Bond line O
H3 10x10 Bond line O T3 10x10 Bond line O
H4 6x6 Bond line @) T4 6x6 Bond line @)
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Figure B.34: LT Single Frequency DFT thermogram of component C2.
Table B.70: Detected hole and PTFE bond line defects in component C2 using LT technique.
DEFECT SIZEg DEPTHEg RAG DEFECT SIZEe DEPTHE RAG
ID (mm) (mm) ID (mm) (mm)
H1 20x20 Bond line O T1 20x20 Bond line O
H2 15x15 Bond line O T2 15x15 Bond line O
H3 10x10 Bond line O T3 10x10 Bond line O
H4 6x6 Bond line O T4 6x6 Bond line O
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B.6.2.3TrT Results
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Table B.71: Detected hole and PTFE bond line defects in component C2 using TrT technique.
DEFECT SIZEg DEPTHE RAG DEFECT SIZEg DEPTHE RAG
ID (mm) (mm) ID (mm) (mm)
H1 20x20 Bond line T1 20x20 Bond line (:)
H2 15x15 Bond line T2 15x15 Bond line @)
H3 10x10 Bond line T3 10x10 Bond line (:)
H4 6x6 Bond line @) T4 6x6 Bond line @)
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B.7.1 C3 UT Results
Table B.72: Comparison of UT KPVs of component C3.

PAUT SEUT SEUT TTU
(CONTACT) (SQUIRTER)
Equipment Setup:
Flaw detector Omniscan MX2 Omniscan MX2 Omniscan MX2 AREVA ISQUS
Scanning Machine
Probe Olympus 5MHz 64 AREVA Qualicon  Olympus V309-SU  GAMMA Pair
Element Array 5MHz 5MHz 0.5 1MHz 0.75
Probe frequency 5MHz 5MHz 5MHz 1MHz
Element size Imm 6.3mm 12.7mm 19.1mm
Element 1D Single Single Single
configuration
Probe housing Flat Flat Squirter Squirter
Probe structure Rigid, non-focus Rigid, non-focus Rigid, non-focus Rigid, non-focus
Manipulation Semi-automated Automated Automated Automated
method
Encoding method Glider (2-axis) Automated gantry,  Automated gantry,  Automated gantry
string encoder (2- string encoder (2-
axis) axis)
Coupling method Contact Contact Water column Water column

Variable Setup:

Energy 80V 95V 95V 240V

Gain 10.0dB 38.00dB 46.000B 60.00dB
Velocity 2976.2m/s 3000m/s 3115.3m/s 3000m/s
Filter None None None 0.5-1.7 (log)
Gates LA B I,A B I,A B A

Pulse width 100ns 100ns 100ns 514ns
Aperture 8 elements 1 element 1 element 6mm
Scan/index pitch Imm Imm Imm 1mm
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Figure B.36: PAUT amplitude C-scan of component C3 with artificial defects; defect side (left); non-defect side (right).

Table B.73: As-measured hole defect characteristics in component C3 using PAUT technique.

DEFECT MEASURED DEFECT SIZEe RAG RAG
ID CHARACTERISTICS (mm) (Defect) (Non-
Defect)

SIZEm (mm) DEPTHwm

H1 ~20.82x20.65 Bond line 20x20 () O
H2 ~15.02x15.99 Bond line  15x15 () O
H3 ~0.09x10.09  Bondline 10x10 () O
H4 ~6.06x6.99  Bond line  6x6 O O

Table B.74: As-measured PTFE defect characteristics in component C3 using PAUT technique.

DEFECT MEASURED DEFECT SIZEE RAG RAG
1D CHARACTERISTICS (mm) (Defect) (Non-
Defect)

SIZEm (mm)  DEPTHwm

T1 ~19.86x18.94  Bond line  20x20 O @)
T2 ~12.08x11.08 Bond line  15x15 O O
T3 ~9.01x8.07 Bond line 10x10 () O
T4 ~8.00%6.99 Bond line  6x6 O O
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Figure B.37: SEUT contact amplitude C-scan of component C3 with artificial defects; defect side (left); non-defect side

(right).

Table B.75: As-measured hole defect characteristics in component C3 using SEUT contact technique.

DEFECT  MEASURED DEFECT SIZEE RAG RAG
1D CHARACTERISTICS (mm) (Defect) (Non-
Defect)
SIZEm (mm) DEPTHwm
H1 ~20.23x19.86 Bondline 20x20 () O
H2 ~16.40x15.88 Bond line  15x15 () @)
H3 ~9.57x9.91  Bondline 10x10 () O
H4 ~7.11x6.00  Bondline  6x6 O @)
Table B.76: As-measured PTFE defect characteristics in component C3 using SEUT contact technique.
DEFECT MEASURED DEFECT SIZEE RAG RAG
ID CHARACTERISTICS (mm)  (Defect) (Non-
Defect)
SIZEm (mm) DEPTHMm
T1 ~19.28x19.84  Bondline 20x20 () O
T2 ~14.42x13.00  Bond line  15x15 O O
T3 ~9.09x7.96 Bond line  10x10 O @)
T4 ~7.37x6.05 Bond line  6x6 O @)
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Figure B.38: SEUT squirter amplitude C-scan of component C3 with artificial defects; defect side (left); non-defect side

(right).

Table B.77: As-measured hole defect characteristics in component C3 using SEUT squirter technique.

DEFECT MEASURED DEFECT SIZEe RAG RAG
1D CHARACTERISTICS (mm) (Defect) (Non-
Defect)
SIZEm (mm) DEPTHwMm
H1 ~20.11x20.05 Bond line  20x20 () O
H2 ~15.29x15.99 Bondline 15x15 () @)
H3 ~9.69x9.89 Bond line  10x10 O O
H4 ~6.03x3.97  Bondline  6x6 O @)
Table B.78: As-measured PTFE defect characteristics in component C3 using SEUT squirter technique.
DEFECT MEASURED DEFECT SIZE:e RAG RAG
ID CHARACTERISTICS (mm)  (Defect) (Non-
Defect)
SIZEwm (mm) DEPTHwm
T1 ~19.08x19.95 Bond line  20x20 O O
T2 ~12.40x12.92  Bond line 15x15 O O
T3 ~9.06x9.01 Bond line  10x10 O @)
T4 ~5.72x5.93 Bond line  6x6 O @)
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Table B.79: As-measured hole defect characteristics in component C3 using TTU technique.
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Figure B.39: TTU amplitude C-scan of component C3.

DEFECT MEASURED DEFECT SIZEe RAG
ID CHARACTERISTICS (mm) (Defect)
SIZEm (mm) DEPTHwm
H1 20x200 O
H2 15x15 O
H3 1x10 O
H4 6x6 O
Table B.80: As-measured PTFE defect characteristics in component C3 using TTU technique.
DEFECT MEASURED DEFECT SIZEx RAG
ID CHARACTERISTICS (mm) (Defect)
SIZEm (mm) DEPTHwm
T1 2020 O
T2 15x15 O
T3 10x10 O
T4 6x6 O
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Table B.81: Comparison of IRT KPVs from component C3.

PT LT TrT
Equipment Setup:
Software IR-NDT IR-NDT IR-NDT
Camera Flir A6751sc Flir A6751sc Flir A6751sc
Heat source Flash lamps Halogen lamps Halogen lamps
Mode Reflection Reflection Reflection
Camera distance 300-325mm 300-325mm 300-325mm
Camera incidence angle  0° 0° 0°

Camera wave band

1-5pum medium-wave IR
band

1-5pum medium-wave IR
band

1-5pum medium-wave IR
band

Frame rate 125Hz 125Hz 125Hz
Noise equivalent <18mK <18mK <18mK
temperature difference

Camera resolution 640x512 640x512 640x512
Lamp distance 250mm 250mm 250mm
Lamp incidence angle <10° <10° <10°
Lamp power 4x3000J 2x2000J 2x2000J
Variable Setup:

Excitation duration Flash 4s 10s
Excitation frequency n/a 4Hz n/a
Recording duration 10s 4s 15s
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Figure B.40: PT Pulse Phase thermogram of component C3.
Table B.82: Detected hole and PTFE bond line defects in component C3 using PT technique.

DEFECT SIZEg DEPTHe RAG DEFECT SIZEg DEPTHEe RAG
1D (mm) (mm) ID (mm) (mm)

H1 20x20 Bond line O T1 20x20 Bond line O
H2 15x15 Bond line O T2 15x15 Bond line O
H3 10x10 Bond line O T3 10x10 Bond line O
H4 6x6 Bond line O T4 6x6 Bond line O
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Figure B.41: LT Single Frequency DFT thermogram o

Table B.83: Detected hole and PTFE bond line defects in component C3 using LT technique.

DEFECT  SIZEk DEPTHE RAG  DEFECT  SIZEe DEPTHE RAG
ID (mm) (mm) ID (mm) (mm)

H1 20x20 Bond line O T1 20x20 Bond line O
H2 15x15 Bond line O T2 15x15 Bond line O
H3 10x10 Bond line O T3 10x10 Bond line O
H4 6x6 Bond line O T4 6x6 Bond line O
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Figure B.42: T R‘oot-ModeI thermogram of component C3.
Table B.84: Detected hole and PTFE bond line defects in component C3 using TrT technique.
DEFECT SIZEg DEPTHEk RAG DEFECT SIZEg DEPTHEk RAG
ID (mm) (mm) ID (mm) (mm)
H1 20x20 Bond line T1 20x20 Bond line O
H2 15x15 Bond line T2 15x15 Bond line @)
H3 10x10 Bond line T3 10x10 Bond line O
H4 6x6 Bond line @) T4 6x6 Bond line @)
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B.8.1 C4 UT Results
Table B.85: Comparison of UT KPVs of component C4.
PAUT SEUT SEUT TTU
(CONTACT) (SQUIRTER)
Equipment Setup:
Flaw detector Omniscan MX2 Omniscan MX2 Omniscan MX2 AREVA ISQUS
Scanning Machine
Probe Olympus 5MHz 64 AREVA Qualicon  Olympus V309-SU  GAMMA Pair
Element Array 5MHz 5MHz 0.5 1MHz 0.75
Probe frequency 5MHz 5MHz 5MHz 1MHz
Element size Imm 6.3mm 12.7mm 19.1mm
Element 1D Single Single Single
configuration
Probe housing Flat Flat Squirter Squirter

Probe structure

Rigid, non-focus

Rigid, non-focus

Rigid, non-focus

Rigid, non-focus

Manipulation Semi-automated Automated Automated Automated
method
Encoding method Glider (2-axis) Automated gantry,  Automated gantry,  Automated gantry
string encoder (2- string encoder (2-
axis) axis)
Coupling method Contact Contact Water column Water column
Variable Setup:
Energy 80V 95V 95V 240V
Gain 10.0dB 38.00dB 46.00dB 60.00dB
Velocity 2976.2m/s 3000m/s 3115.3m/s 3000m/s
Filter None None None 0.5-1.7 (log)
Gates LA B I,A B I,A B A
Pulse width 100ns 100ns 100ns 514ns
Aperture 8 elements 1 element 1 element 6mm
Scan/index pitch Imm Imm Imm 1mm
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Figure B.43: PAUT amplitude C-scan of component C4 with artificial defects; defect side (left); non-defect side (right).

Table B.86: As-measured hole defect characteristics in component C4 using PAUT technique.

DEFECT MEASURED DEFECT SIZEe RAG RAG
ID CHARACTERISTICS (mm) (Defect) (Non-
Defect)
SIZEm (mm) DEPTHwm
H1 ~20.89x19.72 Bondline 20x20 () O
H2 ~14.04x16.38 Bondline  15x15 () @)
H3 ~10.02x9.40  Bond line  10x10 O O
H4 ~6.11x6.82  Bondline  6x6 O @)
Table B.87: As-measured PTFE defect characteristics in component C4 using PAUT technique.
DEFECT MEASURED DEFECT SIZEe RAG RAG
ID CHARACTERISTICS (mm)  (Defect) (Non-
Defect)
SIZEw (mm)  DEPTHwm
T1 ~19.98x19.11 Bond line  20x20 O @)
T2 ~14.94x14.71 Bond line  15x15 O @)
T3 ~10.16x10.02  Bond line  10x10 O @)
T4 ~7.02x6.07 Bond line  6x6 O @)
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Figure B.44: SEUT contact amplitude C-scan of component C4 with artificial defects; defect side (left); non-defect side

(right).

Table B.88: As-measured hole defect characteristics in component C4 using SEUT contact technique.

DEFECT MEASURED DEFECT SIZEe RAG RAG
1D CHARACTERISTICS (mm) (Defect) (Non-
Defect)
SIZEm (mm) DEPTHwm
H1 ~19.87x19.97 Bondline 20x20 () O
H2 ~14.70x13.98 Bondline 15x15 () @)
H3 ~12.06x10.93 Bond line  10x10 () O
H4 ~5.97x5.99  Bondline  6x6 O @)
Table B.89: As-measured PTFE defect characteristics in component C4 using SEUT contact technique.
DEFECT MEASURED DEFECT SIZEE RAG RAG
ID CHARACTERISTICS (mm)  (Defect) (Non-
Defect)
SIZEm (mm) DEPTHwm
T1 ~19.18x19.02  Bondline 20x20 () O
T2 ~14.82x14.97  Bond line  15x15 O O
T3 ~10.68x11.01  Bond line 10x10 O @)
T4 ~5.88x5.98 Bond line  6x6 O @)
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Figure B.45: SEUT squirter amplitude C-scan of component C4 with artificial defects; defect side (left); non-defect side

(right).

Table B.90: As-measured hole defect characteristics in component C4 using SEUT squirter technique.

DEFECT MEASURED DEFECT  SIZE: RAG  RAG
1D CHARACTERISTICS (mm) (Defect) (Non-
Defect)
SIZEm (mm) DEPTHwm
H1 ~19.65x20.03 Bondline 20x20 () O
H2 ~13.78x15.02 Bondline 15x15 () @)
H3 ~0.92x9.90  Bondline 10x10 () O
H4 ~6.43x7.03  Bondline  6x6 O @)
Table B.91: As-measured PTFE defect characteristics in component C4 using SEUT squirter technique.
DEFECT MEASURED DEFECT SIZEe RAG  RAG
ID CHARACTERISTICS (mm)  (Defect) (Non-
Defect)
SIZEm (nm)  DEPTHwm
T1 ~20.17x19.99  Bond line  20x20 O @)
T2 ~14.69x11.98  Bond line  15x15 O O
T3 ~11.81x11.00  Bond line  10x10 O @)
T4 ~4.62x5.99 Bond line  6x6 O @)
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Figure B.46: TTU amplitude C-scan of component C4.

Table B.92: As-measured hole defect characteristics in component C4 using TTU technique.

DEFECT MEASURED DEFECT  SIZEz RAG
ID CHARACTERISTICS  (mm) (Defect)

SIZEv (mm) DEPTHwm

H1 20x20 @)
H2 15x15 @)
H3 10x10 O
H4 6x6 @)

Table B.93: As-measured PTFE defect characteristics in component C4 using TTU technique.

DEFECT MEASURED DEFECT SIZEe RA
ID CHARACTERISTICS (mm) (Defect)

Q

SIZEm (mm) DEPTHwm

T1 20x20 O
T2 15x15 O
T3 1x10 O
T4 6x6 @)

82



Nikita Gandhi

Appendix B

B.8.2 C4 IRT Results

Table B.94: Comparison of IRT KPVs from component C4.

PT LT TrT
Equipment Setup:
Software IR-NDT IR-NDT IR-NDT
Camera Flir A6751sc Flir A6751sc Flir A6751sc
Heat source Flash lamps Halogen lamps Halogen lamps
Mode Reflection Reflection Reflection
Camera distance 300-325mm 300-325mm 300-325mm
Camera incidence angle  0° 0° 0°

Camera wave band

1-5pum medium-wave IR
band

1-5pum medium-wave IR
band

1-5pum medium-wave IR
band

Frame rate 125Hz 125Hz 125Hz
Noise equivalent <18mK <18mK <18mK
temperature difference

Camera resolution 640x512 640x512 640x512
Lamp distance 250mm 250mm 250mm
Lamp incidence angle <10° <10° <10°
Lamp power 4x3000J 2x2000J 2x2000J
Variable Setup:

Excitation duration Flash 4s 10s
Excitation frequency n/a 4Hz n/a
Recording duration 10s 4s 15s

83



Nikita Gandhi Appendix B
B.8.2.1PT Results
phase
.145 4
.144 4
. 143 4
.142 +
.141 4
.141 4
. 140 A
.139 -
Figure B.47: PT Pulse Phase thermogram of component C4.
Table B.95: Detected hole and PTFE bond line defects in component C4 using PT technique.
DEFECT SIZEg DEPTHEg RAG DEFECT SIZEe DEPTHE RAG
ID (mm) (mm) ID (mm) (mm)
H1 20x20 Bond line @) T1 20x20 Bond line O
H2 15x15 Bond line O T2 15x15 Bond line O
H3 10x10 Bond line O T3 10x10 Bond line O
H4 6x6 Bond line O T4 6x6 Bond line O
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Figure B.48: LT Single Frequency DFT thrmogram of component C4.
Table B.96: Detected hole and PTFE bond line defects in component C4 using LT technique.

DEFECT SIZEg DEPTHEg RAG DEFECT SIZEe DEPTHE RAG
ID (mm) (mm) ID (mm) (mm)

H1 20x20 Bond line O T1 20x20 Bond line O
H2 15x15 Bond line O T2 15x15 Bond line O
H3 10x10 Bond line O T3 10x10 Bond line O
H4 6x6 Bond line O T4 6x6 Bond line O
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Figure B.49: TrT Root-Model thermogram of component C4.
Table B.97: Detected hole and PTFE bond line defects in component C4 using TrT technique.
DEFECT SIZEg DEPTHEg RAG DEFECT SIZEe DEPTHE RAG
ID (mm) (mm) ID (mm) (mm)
H1 20x20 Bond line Tl 20x20 Bond line O
H2 15x15 Bond line T2 15x15 Bond line @)
H3 10x10 Bond line T3 10x10 Bond line O
H4 6x6 Bond line @) T4 6x6 Bond line @)
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B.9.1 C5 UT Results
Table B.98: Comparison of UT KPVs of component C5.
PAUT SEUT SEUT TTU
(CONTACT) (SQUIRTER)
Equipment Setup:
Flaw detector Omniscan MX2 Omniscan MX2 Omniscan MX2 AREVA ISQUS
Scanning Machine
Probe Olympus 5MHz 64 AREVA Qualicon  Olympus V309-SU  GAMMA Pair
Element Array 5MHz 5MHz 0.5 1MHz 0.75
Probe frequency 5MHz 5MHz 5MHz 1MHz
Element size Imm 6.3mm 12.7mm 19.1mm
Element 1D Single Single Single
configuration
Probe housing Flat Flat Squirter Squirter

Probe structure

Rigid, non-focus

Rigid, non-focus

Rigid, non-focus

Rigid, non-focus

Manipulation Semi-automated Automated Automated Automated
method
Encoding method Glider (2-axis) Automated gantry,  Automated gantry,  Automated gantry
string encoder (2- string encoder (2-
axis) axis)
Coupling method Contact Contact Water column Water column
Variable Setup:
Energy 80V 95V 95V 240V
Gain 10.0dB 38.00dB 46.00dB 60.00dB
Velocity 2976.2m/s 3000m/s 3115.3m/s 3000m/s
Filter None None None 0.5-1.7 (log)
Gates LA B I,A B I,A B A
Pulse width 100ns 100ns 100ns 514ns
Aperture 8 elements 1 element 1 element 6mm
Scan/index pitch Imm Imm Imm 1mm
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Figure B.50: PAUT amplitude C-scan of component C5 with artificial defects; defect side (left); non-defect side (right).

Table B.99: As-measured hole defect characteristics in component C5 using PAUT technique.

DEFECT MEASURED DEFECT  SIZE: RAG  RAG
ID CHARACTERISTICS (mm) (Defect) (Non-
Defect)
SIZEm (mm) DEPTHwm
H1 ~19.83x21.82 Bondline 20x20 () O
H2 ~14.99x15.17 Bondline  15x15 () O
H3 ~0.89x10.40  Bondline 10x10 () O
H4 ~6.03x7.51  Bond line  6x6 O O
Table B.100: As-measured PTFE defect characteristics in component C5 using PAUT technique.
DEFECT MEASURED DEFECT SIZEz RAG  RAG
ID CHARACTERISTICS (mm)  (Defect) (Non-
Defect)
SIZEm (mm)  DEPTHwm
T1 ~20.99x20.23  Bond line  20x20 O @)
T2 ~12.93x15.03  Bond line 15x15 O O
T3 ~10.11x8.05 Bond line  10x10 O @)
T4 ~6.28x9.39 Bond line  6x6 O O
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Figure B.51: SEUT contact amplitude C-scan of component C5 with artificial defects; defect side (left); non-defect side

(right).

Table B.101: As-measured hole defect characteristics in component C5 using SEUT contact technique.

DEFECT MEASURED DEFECT  SIZE: RAG  RAG
1D CHARACTERISTICS (mm) (Defect) (Non-
Defect)
SIZEm (mm) DEPTHwm
H1 ~19.87x19.99 Bondline 20x20 () O
H2 ~15.60x13.94 Bondline 15x15 () @)
H3 ~11.90x11.70 Bondline 10x10 () O
H4 ~8.17x7.06  Bondline  6x6 O @)
Table B.102: As-measured PTFE defect characteristics in component C5 using SEUT contact technique.
DEFECT MEASURED DEFECT SIZEe RAG  RAG
ID CHARACTERISTICS (mm)  (Defect) (Non-
Defect)
SIZEm (mm)  DEPTHwm
T1 ~19.68x20.03  Bond line 20x20 O @)
T2 ~14.86x15.89  Bond line  15x15 O O
T3 ~8.91x8.87 Bond line  10x10 O @)
T4 ~5.76x7.99 Bond line  6x6 O @)
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Figure B.52: SEUT squirter amplitude C-scan of component C5 with artificial defects; defect side (left); non-defect side

(right).

Table B.103: As-measured hole defect characteristics in component C5 using SEUT squirter technique.

DEFECT MEASURED DEFECT SIZEe RAG RAG
1D CHARACTERISTICS (mm) (Defect) (Non-
Defect)
SIZEm (mm) DEPTHwMm
H1 ~20.49x18.95 Bondline 20x20 () O
H2 ~14.32x13.96 Bondline 15x15 () @)
H3 ~9.92x9.92 Bond line  10x10 O O
H4 ~7.49x5.91  Bondline  6x6 O @)
Table B.104: As-measured PTFE defect characteristics in component C5 using SEUT squirter technique.
DEFECT MEASURED DEFECT SIZE:e RAG RAG
ID CHARACTERISTICS (mm)  (Defect) (Non-
Defect)
SIZEwm (mm) DEPTHwm
T1 ~19.17x19.93 Bond line  20x20 O O
T2 ~15.20x15.02  Bond line  15x15 O O
T3 ~0.25x9.03 Bond line  10x10 O @)
T4 ~5.73x5.91 Bond line  6x6 O @)
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Figure B.53: TTU amplitude C-scan of component C5.

Table B.105: As-measured hole defect characteristics in component C5 using TTU technique.

DEFECT MEASURED DEFECT  SIZEz RAG
ID CHARACTERISTICS  (mm) (Defect)

SIZEv (mm) DEPTHwm

H1 20x20 @)
H2 15x15 O
H3 10x10 O
H4 6x6 O

Table B.106: As-measured PTFE defect characteristics in component C5 using TTU technique.

DEFECT MEASURED DEFECT  SIZEz RAG
ID CHARACTERISTICS  (mm) (Defect)

SIZEm (mm) DEPTHwm

T1 20x20 O
T2 15x15 O
T3 1x10 O
T4 6x6 O
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Table B.107: Comparison of IRT KPVs from component C5.

PT LT TrT
Equipment Setup:
Software IR-NDT IR-NDT IR-NDT
Camera Flir A6751sc Flir A6751sc Flir A6751sc
Heat source Flash lamps Halogen lamps Halogen lamps
Mode Reflection Reflection Reflection
Camera distance 300-325mm 300-325mm 300-325mm
Camera incidence angle  0° 0° 0°

Camera wave band

1-5pum medium-wave IR
band

1-5pum medium-wave IR
band

1-5pum medium-wave IR
band

Frame rate 125Hz 125Hz 125Hz
Noise equivalent <18mK <18mK <18mK
temperature difference

Camera resolution 640x512 640x512 640x512
Lamp distance 250mm 250mm 250mm
Lamp incidence angle <10° <10° <10°
Lamp power 4x3000J 2x2000J 2x2000J
Variable Setup:

Excitation duration Flash 4s 8s
Excitation frequency n/a 4Hz n/a
Recording duration 4s 10s 50s
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Table B.108: Detected hole and PTFE bond line defects in component C5 using PT technique.
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Figure B.54: PT Root-Model thermogram of component C5.
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DEFECT SIZEg DEPTHE RAG DEFECT SIZEg DEPTHEk RAG
1D (mm) (mm) ID (mm) (mm)

H1 20x20 Bond line T1 20x20 Bond line O
H2 15x15 Bond line T2 15x15 Bond line O
H3 10x10 Bond line O T3 10x10 Bond line O
H4 6X6 Bond line @) T4 6X6 Bond line @)
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Figure B.55: LT Single Frequency DFT thermogram of component C5.

Table B.109: Detected hole and PTFE bond line defects in component C5 using LT technique.

DEFECT SIZEk DEPTHE RAG DEFECT SIZEk DEPTHEk RAG
1D (mm) (mm) ID (mm) (mm)

H1 20x20 Bond line T1 20x20 Bond line O
H2 15x15 Bond line T2 15x15 Bond line O
H3 10x10 Bond line O T3 10x10 Bond line O
H4 6X6 Bond line O T4 6X6 Bond line O
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Appendix B

B.9.2.3TrT Results

Table B.110: Detected hole and PTFE bond line defects in component C5 using TrT technique.

2nd
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-0.
0.
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=0.
.004
004
.004
.oos -

Figure B.56 TrT Root-Model thermogram of component C5.
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DEFECT SIZEg DEPTHEg RAG DEFECT SIZEg DEPTHE RAG
ID (mm) (mm) ID (mm) (mm)

H1 20x20 Bond line T1 20x20 Bond line O
H2 15x15 Bond line T2 15x15 Bond line @)
H3 10x10 Bond line T3 10x10 Bond line O
H4 6x6 Bond line @) T4 6x6 Bond line @)
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