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NASA STI Program . . . in Profile

Since its founding, NASA has been dedicated to
the advancement of aeronautics and space science.
The NASA scientific and technical information (STI)
program plays a key part in helping NASA maintain
this important role.

The NASA STI program operates under the
auspices of the Agency Chief Information Officer. It
collects, organizes, provides for archiving, and
disseminates NASA’s STI. The NASA STI program
provides access to the NASA Aeronautics and Space
Database and its public interface, the NASA Technical
Report Server, thus providing one of the largest
collections of aeronautical and space science STI in
the world. Results are published in both non-NASA
channels and by NASA in the NASA STI Report
Series, which includes the following report types:

TECHNICAL PUBLICATION. Reports of
completed research or a major significant phase
of research that present the results of NASA
programs and include extensive data or
theoretical analysis. Includes compilations of
significant scientific and technical data and
information deemed to be of continuing
reference value. NASA counterpart of peer-
reviewed formal professional papers, but having
less stringent limitations on manuscript length
and extent of graphic presentations.

TECHNICAL MEMORANDUM. Scientific
and technical findings that are preliminary or of
specialized interest, e.g., quick release reports,
working papers, and bibliographies that contain
minimal annotation. Does not contain extensive
analysis.

CONTRACTOR REPORT. Scientific and
technical findings by NASA-sponsored
contractors and grantees.

CONFERENCE PUBLICATION. Collected
papers from scientific and technical
conferences, symposia, seminars, or other
meetings sponsored or co-sponsored by NASA.

SPECIAL PUBLICATION. Scientific,
technical, or historical information from NASA
programs, projects, and missions, often
concerned with subjects having substantial
public interest.

TECHNICAL TRANSLATION. English-
language translations of foreign scientific and
technical material pertinent to NASA’s mission.

Specialized services also include creating custom
thesauri, building customized databases, and
organizing and publishing research results.

For more information about the NASA STI

program, see the following:

Access the NASA STI program home page at
http://www.sti.nasa.gov

E-mail your question via the Internet to
help@sti.nasa.gov

Fax your question to the NASA STI Help Desk
at 443-757-5803

Phone the NASA STI Help Desk at
443-757-5802

Write to:

NASA STI Help Desk

NASA Center for AeroSpace Information
7115 Standard Drive

Hanover, MD 21076-1320
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Poppet #1

Surfacecrack sizes and locations

Poppet #1
Angle
Crack Number| Size (inch) (degrees)
1 0.007 330
2 0.001 330
3 0.007 330
4 0.002 30
5 0.002 330
6 0.008 150
7 0.002 150
8 0.005 150
9 0.008 150

Boeing Eddy Current Findings

Poppet #1
Run Data (Vpp)
Wgpecion 1 2 3 4 5 6 Average| CrackDetected Location (degrees)
U.Engel | 0157 | 0146 [ 0147 [ 0178 | 0.152 | 0.163 | 0157 Yes 140
H. Engel = E = E & 3 No 330
B. Devries - - - = = 3 No 330
B. Devries| 0151 [ 0.158 | 0.126 | 0.147 | 0.154 | 0.153 0.143 Yes 140

Note: Cracks at the 330° location were not detected by eddy current inspections
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Poppet #1

Location of Cracks #1-5

Reference
Mar

©

Cracks

330°
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Poppet #1

Size of Crack #2
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Size of Crack #3
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Poppet #1

Size of Crack #4
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Poppet #1

Size of Crack #5
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Poppet #1

Location of Cracks #6-9

Reference
Mar

4 Cracks

Cracks
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Poppet #1

Size of Crack #6

Note: Residual repliset material is visible along the crack surfaces
and the actual crack opening is considerably less than they appear

D p—50pm
99  NASA
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Poppet #1

Size of Crack #7

Note: Residual repliset material is visible along the crack surfaces
and the actual crack opening is considerably less than they appear
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Poppet #1

Size of Crack #8

Note: Residual repliset material is visible along the crack surfaces
and the actual crack opening is considerably less than they appear
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Poppet #1

Size of Crack #9

Note: Residual repliset material is visible along the crack surfaces
and the actual crack opening is considerably less than they appear
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Poppet #1

LaRC eddy current findings, the colors indicate ??7?
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Poppet #7

Surfacecrack sizes and locations

Poppet #
Crack Number| Size (nch) | (degrees)
1 0.0%7 125
2 0.0M 335

Boeing Eddy CurrentFindings

Poppet =7
Run Data (Vpp)
Inspector ”
: 1 2 3 4 5 6 Average | CrackDetected Location (degrees)
1. Engel 0.246 | 0.240 | 0.233 | 0.250 | 0.249 | 0.268 0.248 Yes 290
\J. Engel 0120 | 0130 | 0.149 | 0156 | 0.134 | 0.132 0137 Yes 135
B. Devries| 0.235 | 0.226 | 0.239 | 0.244 | 0.247 | 0.226 0.236 Yes 285
B. Devries| 0.132 | 0.127 | 0132 | 0133 | 0.139 | 0.145 0.135 False 190
B. Devries| 0.199 | 0199 | 0193 | 0.197 [ 0.199 | 0.192 0.197 Yes 140
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Poppet #7

Location of Crack #1

Reference
Mark

©

Crack #1

'83700,20.0kV 58.0mm x10 SE 6/2/2009 15:06
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Poppet #7

Size of Crack #1
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Poppet #7

Location of Crack #2
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Poppet #7

Size of Crack #2

=

0.024 inch

Note: Residual repliset material is visible along the crack surfaces
and the actual crack opening is considerably less than they appear

$3700 20.0KV 57.7mm x190 SE 6/2/2009 14:41
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Poppet #7

LaRC eddy current findings, the colors indicate ??7?

14:26:50 14:ZII:C0 H:2‘l:l0 l4:2.l :20 14:2.1 :30 14:2'1:40 14:2‘!:50
Time.

0 o
14:22:00 14:22:12

NESC Request No.: 09-00506



D t #: Version:
NASA Engineering and Safety Center | .. . . o
> NESC-RP- 1.0
Technical Assessment Report 09-00506
Page #:
STS-126 MPS#2 GH, Flow Control Valve Broken Poppet 23 of 538

Poppet #11

Surfacecrack sizes and locations

Poppet #11

Angle

Crack Number| Size mch) | (degrees)
1 0.07% %0

Boeing Eddy Current Findings

Poppet #11
Run Data (Vpp)
Inspector
L 1 2 3 4 5 6 Average | CrackDetected Location (degrees)
L. Engel 2 - - - NA -
B. Devries| 1.041 | 1064 | 1063 | 1.054 | 1113 | 1122 | 1076 Yes 70
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Poppet #11

Location of Crack #1

Reference
Mark

S3700 20.0kV 50.0mm x8 SE 6/1/2009 12:32
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Poppet #11

Size of Crack #1

0.075 inch

$3700 20.0kV 15.3mm x55 SE 6/1/200912:43 = . 1.00m
Note: SEM photograph of Poppet Crack with repliset residue highlighting the Crack
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Poppet #11

LaRC eddy current findings, the colors indicate ??7?
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Note: The time trace accounts for 2 complete revolutions of the Poppetrelative to the sensor
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Poppet #12

Surfacecrack sizes and locations

Poppet #12
Angle

Crack Number| Size (inch) | (degrees)
1 0.041 160

Boeing Eddy CurrentFindings

Poppet #12
Run Data (Vpp)
Inspector
¥ 1 2 3 4 5 6 Average | CrackDetected Location (degrees)
L. Engel 0.664 | 0.677 | 0.694 | 0.642 | 0485 | 0.368 0.538 Yes 170
B. Devries| 0.658 | 0.655 | 0.654 | 0.666 | 0.658 | 0.675 | 0.661 Yes 170
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Poppet #12

Location of Crack #1

Reference
Mark
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Poppet #12

Size of Crack #1

il e

TR Ay g s it W b s

0.041 inch

Note: Residual repliset material is visible along the crack surfaces
and the actual crack opening is considerably less than they appear

S3700 20.0kV 15.3mm x80 SE 5/27/2009 12.58 500um
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Poppet #12

LaRC eddy current findings, the colors indicate ??7?
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Note: The time trace accounts for 2 complete revolutions of the Poppetrelative to the sensor
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Poppet #13

Surfacecrack sizes and locations

Poppet #13
Angle
Crack Number| Size ch) | (degrees)
1 0.04 110
2 0.04 110

Boeing Eddy Current Findings

Poppet #13
Run Data (Vpp)
Inspector
! 1 2 3 4 5 6 Average CrackDetected Location (degrees)
U Enger | @185 | 0492 | 0196 | 0202 | 0202 | 0213 | 0138 Yes 12'3'(i’“al'sii"‘:;°3“°"
B. Devries| 0.190 | 0.187 | 0.185 | 0.186 | 0.192 | 0.192 | 0.189 Yes 110
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Poppet #13

Location of Cracks 1 &2

- '—I T mm

NASA
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Poppet #13

NESC Request No.: 09-00506

Location and size of Cracks #1 and #2
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Poppet #13

LaRC eddy current findings, the colors indicate ??7?
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Poppet #14

Surfacecrack sizes and locations

Poppet #14
Angle
Crack Number| Size (inch) {degrees)
1 0.033 310

Boeing Eddy CurrentFindings

Poppet #14
Run Data (Vpp)
Inspector
; 1 2 3 4 5 6 |Average | CrackDetected Location (degrees)
. Engel 0414 | 0412 | 0420 | 0.420 [ 0430 | 0426 | 0420 Yes 320
0042 | 0.038 | 0.037 | 0.040 | 0038 | 0030 | 0039 Falsg 145 {Not 3:1 S/N

1. Engel ratio)
B. Devries| 0.415 | 0.419 | 0.429 | 0443 | 0455 | 0461 0.438 Yes 315
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Poppet #14

Location of Crack #1

Reference
Mark
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Poppet #14
Size of Crack #1
E—— Y]

Acc. YV ff:;mt '.“‘1"",““ Det WLC

"I‘ii 00 kY 4.0 122%x SE 17.3
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Poppet #14

LaRC eddy current findings, the colors indicate ??7?
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Note: The time trace accounts for 2 complete revolutions of the Poppetrelative to the sensor
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Poppet #17
Surfacecrack sizes and locations
Poppet#7
Angle
Crack Number| Size (inch) (degrees)
1 0.0256 240
Boeing Eddy Current Findings
Poppet #17
Run Data (Vpp)
Inspector 1 2 3 4 5 6 Average | CrackDetected Location (degrees)
U Engel | 0269 [ 0275 | 0.275 | 0275 [ 0276 | 0.277 [ 0275 Yes 245
B Devries| 0.257 | 0.264 | 0.265 | 0269 | 0251 | 0271 | 0.263 Yes 255
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Poppet #17

Location of Crack #1

Reference
Mark

240°
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Poppet #17

Size of Crack #1

Note: Residual repliset material is visible along the crack surfaces
and the actual crack opening is considerably less than they appear
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Poppet #17

LaRC eddy current findings, the colors indicate ??77?
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Poppet #18

Surfacecrack sizes and locations

Poppet #18
Angle
Crack Number| Size ch) | (degrees)
1 0.078 140
2 0.02%5 30

Boeing Eddy CurrentFindings

Poppet 218
Run Data (Vpp)

Inspector

¥ 1 2 3 4 5 6 Average CrackDetected Location (degrees)
L. Engel 1.026 | 1.028 | 1.066 | 1.077 | 1.088 [ 1.091 | 1.063 Yes 120
L. Engel 0.231 [ 0.234 [ 0.238 [ 0.234 [ 0.237 | 0.248 | 0.237 Yes 320

. 1.028 | 1.061 | 1.041 | 1.051 | 1.051 [ 1.096 | 1.055 Yes 120
B. Devries

: 0.247 | 0.250 | 0.250 | 0.252 | 0.255 | 0.259 | 0.252 Yes 305
B. Devries
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Poppet #18

Location of Crack #1

Reference
Mark

140° @

Crack #1

\ Crack

$3700 20.0kV. 16.3mm x19 BSECOMP 5/27/2009 08:04
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Poppet #18
Location and size of Crack #1
0.078 inch Note: Residual repliset material is

S$3700 20.0kV 15.4mm x47 BSECOMP 5/27/2008 0837

NESC Request No.: 09-00506

visible along the crack surfaces
and the actual crack opening is
considerably less than they appear
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Poppet #18

Crack depth and correlation with surface measurements for Crack #1

0.071 inch

0.015 inch

S3700 20.0kV 10.2mm x60 SE 10/15/2009 14:17

NESC Request No.: 09-00506

500um
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Poppet #18

Location of Crack #2

Reference

Marf
Crack 52

330°

©

44
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Poppet #18

Location and size Crack #2

et

0.0%°

=

S$3700 20.0kV 14.7mm x180 SE 5/27/2009 10.50
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Poppet #18

Crack depth and correlation with surface measurements for Crack #2

__0.027 inch

S3700 20.0kV 10.1mm x130 SE 10/15/2009 14:45
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Poppet #1

LaRC eddy current findings, the colors indicate 7?77
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Poppet #19

Surfacecrack sizes and locations

Poppet #19
Angle
Crack Number| Size nch) | (degrees)
1 0.037 230
2 0.005 230
3 0.0 230
4 0.003 230
5 0.00 230

Boeing Eddy CurrentFindings

Poppet #19
Run Data (Vpp)
Inspector
¥ 1 2 3 4 5 6 Average | CrackDetected Location (degrees)
L. Engel 0.495 | 0.496 | 0.510 | 0.520 | 0.520 | 0.528 0.512 Yes 210
B. Devries| 0.501 | 0.504 | 0.523 | 0516 | 0.516 | 0.493 | 0.509 Yes 215

NESC Request No.: 09-00506
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Poppet #19

Location of Crack #1

Reference
Mark

Cracks

B\ x7 SE 5/20/2009 1158
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Poppet #19

Location of Cracks #1, 3, and 4

0.037 inch

4
#4

“

-Note: Residual repliset material is visisle along the crack surfaces
and the actual.qrack opening is considerably less than they appear.. =
~q x o e 3 ~ -~

$370Q 20.0kV 13:6min X120 SE 5/29/200912:09—  400um
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Poppet #19

Location of Crack #2

Note: Residual repliset material is visible along the crack surfaces

and the actual crack opening is considerably less than they appear

m— Y

3700 20,0KV. 18.4mm x80 SE_5/29/200942:15~

NESC Request No.: 09-00506
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Poppet #19

Location of Crack #5

A

$3700 20,0k 13.4mm %270 SE 5/29/2009 12:02.
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Poppet #19

LaRC eddy current findings, the colors indicate ??7?
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Poppet #20
Surface crack sizes and locations
Poppet #20
Angle
Crack Number| Size (mch) | (degrees)
1 0.017 110
2 0.003 110
3 0.003 110
Boeing Eddy CurrentFindings
Poppet 20
Run Data (Vpp)
kispector 1 2 3 4 5 6 Average | CrackDetected Location (degrees)
l.Engel | 0.147 | 0.150 | 0.154 | 0.154 | 0.155 [ 0145 [ 0151 Yes 265
B. Devries| 0.150 0.165 0.144 0.143 0.144 0.141 0.148 Yes 255

Note: It appears that both Engel and DeVries used a machining mark
on the flange as the reference rather than the mark that we put on the
specimen. The difference between the two marks was about 160°

NESC Request No.: 09-00506
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Poppet #20

Location of Crack #1

Reference
Mark

NESC Request No.: 09-00506
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Title: Pane
STS-126 MPS#2 GH; Flow Control Valve Broken Poppet 59 of 538

Poppet #20

Location of Cracks #1, 2, and 3

Note: Residual repliset material is visible along the crack surfaces
and the actual crack opening is considerably less than they appear

NESC Request No.: 09-00506




D t #: Version:
NASA Engineering and Safety Center penmen creon
> NESC-RP- 1.0
Technical Assessment Report 09-00506
Title: Page #:
STS-126 MPS#2 GH, Flow Control Valve Broken Poppet 60 of 538
Poppet #20

LaRC eddy current findings, the colors indicate ??7?

D
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1 g
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Time
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Poppet #21

Surfacecrack sizes and locations

Poppet #21

Crack Number| Size (inch)

0.017

Angle
(degrees)
300

0.01%5

(N |

HHH

Boeing Eddy CurrentFindings

Poppet #21
Run Data (Vpp)
Inspector -
: 1 2 3 4 5 6 Average | CrackDetected Location (degrees)
L. Engel 0143 | 0137 | 0130 | 0.143 | 0.153 | 0.145 Yes 300
B. Devries| 0.133 | 0139 | 0137 | 0126 | 0.149 | 01238 Yes 295

NESC Request No.: 09-00506
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Poppet #21

Location of Cracks #1-4

Reference
Mark

NESC Request No.: 09-00506
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STS-126 MPS#2 GH; Flow Control Valve Broken Poppet 63 of 538

Poppet #21

LaRC eddy current findings, the colors indicate ??7?
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Poppet #22

Surfacecrack sizes and locations

Poppet #22
Angle
Crack Number| Size (inch) (degrees)
1 0.02 135
2 0.008 135
3 0.0 135

Boeing Eddy CurrentFindings

Poppet =22
Run Data (Vpp)
Inspector -
! 1 2 3 4 5 6 Average | CrackDetected Location (degrees)
L. Engel 0223 | 0.215 | 0.234 | 0.224 | 0.233 | 0.230 Yes 140
B. Devries| 0.220 | 0.225 | 0.223 | 0.226 | 0.225 | 0.229 Yes 120

NESC Request No.: 09-00506
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Poppet #22

Location of Cracks #1, 2, and 3

Reference
Mark
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Poppet #22

Size of Crack #1

63
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Poppet #22

Size of Crack #2
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Poppet #22

Size of Crack #3
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Poppet #22

LaRC eddy current findings, the colors indicate ??7?
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Poppet #23

Surfacecrack sizes and locations

Poppet #23
Angle
Crack Number| Size (inch) {degrees)
1 0.026 85

Boeing Eddy Current Findings

Poppet 23
Run Data(Vpp)
Inspector 1 2 3 4 5 6 |Average | CrackDetected Location (degrees)
1. Engel - - - - - NA -
B. Devries| 0.180 [ 0.193 | 0.180 | 0.180 | 0.178 | 0.184 0.183 Yes 78

NESC Request No.: 09-00506
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Poppet #23

Location of Crack #1

Reference

Mark
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Poppet #23

Size of Crack #1

0.026 inch
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Poppet #23

LaRC eddy current findings, the colors indicate ??7?
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Poppet #24

Surfacecrack sizes and locations

Poppet #24
Angle
Crack Number| Size (inch) (degrees)
1 0.012 50

Boeing Eddy Current Findings

Poppet #24
Run Data (Vpp)
Inspector
¥ 1 3 4 5 6 Average | CrackDetected Location (degrees)
K. Engel 0.078 )39 ).077 0.089 0.087 Yes 45 (Not 3:1 SIN ratio)
B. Devries| 0.034 )34 036 0.091 Yes 30
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Poppet #24

Location of Cracks #1, 2, and 3

#1,2,and3—

Reference
Mark
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Poppet #24

Size of Crack #1

0.012 inch

Note: Residual repliset material is visible along the crack surfaces
and the actual crack opening is considerably less than they appear

NESC Request No.: 09-00506
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Poppet #24

LaRC eddy current findings, the colors indicate ??7?
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Poppet #26

Surfacecrack sizes and locations

Poppet #26
Angle
Crack Number| Size (inch) {degrees)
1 0.034 20
2 0.006 210

Boeing Eddy CurrentFindings

Poppet 26
Run Data (Vpp)
Inspector
¥ 1 2 3 4 5 6 Average | CrackDetected Location (degrees)

U. Engel E: - 3 < - - No 210

U. Engel 0363 | 0398 | 0361 | 0356 | 0353 | 0363 | 0.357 Yes 65

B. Devries - - = - No 210

B. Devries | 0.348 | 0.3d9 | 0362 | 0.365 | 0.363 | 0.367 | 0.359 Yes 75

NESC Request No.: 09-00506
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Poppet #26

Location of Crack #1

Reference
Crack#l Mar
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D t#: Version:
NASA Engineering and Safety Center e oo
) NESC-RP- 1.0
Technical Assessment Report 09-00506
Title: Page #:
STS-126 MPS#2 GH, Flow Control Valve Broken Poppet 80 of 538

Poppet #26

Size of Crack #1

0.020 inch

44"‘/"‘*;5, S/~ v
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Poppet #26

Location of Crack #2

Reference
Marl

210° :

NESC Request No.: 09-00506

Crack #2
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Poppet #26

Size of Crack #2

0.005 inch

Note: Residual repliset material is visible along the crack surfaces
and the actual crack opening is considerably less than they appear

S3700 20.0kV 17.7mm x800 SE 5/29/2009 10:26

NESC Request No.: 09-00506
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Poppet #26

LaRC eddy currentfindings, the colors indicate ???
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Poppet #27

Surfacecrack sizes and locations

Poppet #27
Angle
Crack Number| Size (inch) {degrees)
1 0.032 160

Boeing Eddy CurrentFindings

Poppet #27
Run Data (Vpp)
Inspector
¥ 1 2 3 4 5 6 Average | CrackDetected Location (degrees)
L. Engel 0423 | 0441 | 0437 | 0449 | 0456 | 0.456 0.444 Yes 155
B. Devries| 0.449 | 0460 | 0463 | 04564 | 0471 | 0467 0.462 Yes 145

NESC Request No.: 09-00506
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Poppet #27

Location of Crack #1

Reference
Mark
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Poppet #27

Size of Crack #1

—){._ R m* .-/-4:_\, ::_{3 ‘."‘Q*’\ddﬁ“"(ﬁ’ . }e

0.032 inch

Note: Residual repliset material is visible along the crack surfaces
and the actual crack opening is considerably less than they appear

S3700 20.0kV 15.8mm x140 SE 5/29/2009 1130

NESC Request No.: 09-00506
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Poppet #27

LaRC eddy current findings, the colors indicate ??7?
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Poppet #29

Surfacecrack sizes and locations

Poppet #29

Size (inch)

Angle
(degrees)

(N |

30
30
30
30

Boeing Eddy CurrentFindings

Poppet #29
Run Data (Vpp)
Inspector -
! 1 2 3 4 5 6 Average | CrackDetected Location (degrees)
L. Engel 0531 | 0538 | 0.535 | 0538 | 0.532 | 0.558 Yes 30
B. Devries| 0.549 | 0.559 | 0.558 | 0.570 [ 0.567 | 0.568 Yes 35

NESC Request No.: 09-00506
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Poppet #29

Location of Cracks 1-4

o —————

al repliset material
and the actual crack opening is

Reference

Mark
Cracks 3g0 l
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Poppet #29

Location and size of Cracks #1-4

0.008 inch -
=

-

= :
Noté: Residual repliset material is visible along the crack surfaces

and the actual crack opening is considerably less than they appear

<o
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Poppet #29

LaRC eddy current findings, the colors indicate ??7?
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Poppet #31

Surfacecrack sizes and locations

Poppet #31

;
E

Size (inch)

Angle
(degrees)

62|00~ [ [N | W [N | b

10

HHEHHHESEEEN

Boeing Eddy CurrentFindings

Poppet #31
Run Data (Vpp)
Inspector -
f 1 2 3 4 5 6 Average| CrackDetected Location (degrees)
L. Engel 0.233 | 0.233 | 0.230 | 0.230 | 0.231 | 0.230 0.231 Yes 40
1. Engel = s 3 = & No 220
B. Devries| - = 4 = B < No 220
6. Devries| 0221 | 0226 | 0.222 | 0.215 | 0.221 | 0226 | 0.222 Yes 45
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Poppet #31

Location of Crack #1

Reference Mark

©

Cracks

220°
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Poppet #31

Size of Crack #1

0.003inch

Note: Residual repliset material is visible along the crack surfaces
and the actual crack opening is considerably less than they appear

S3700 20.0kV 15.3mm x1.10k SE 6/3/2009 0738

NESC Request No.: 09-00506
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Poppet #31

Location of Cracks #2-12

Note; Residual repliset material is visible anhQ the crack surfaces
and the-actual crack opening is ¢considerably less than they appear

09'15'38"

S3700 20.0kV. 56.1mm x27 SE 6/2/20

NESC Request No.: 09-00506

Reference Mark

Cracl{ém"(v

©




D t #: Version:
NASA Engineering and Safety Center eeamen creon
> NESC-RP- 1.0
Technical Assessment Report 09-00506
Title: Page #:
STS-126 MPS#2 GH, Flow Control Valve Broken Poppet 96 of 538

Poppet #31

Size of Cracks #2 and 3

#2
(0.014 inch)

&/

0.007 inch

Note: Residual repliset material is visible
alongthe crack surfaces and the actual
crack opening is considerably less than they
appear

N

S3700 20.0kV 16.9mm x300 SE 6/2/2009 16:16
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00um
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Poppet #31

Location and size of Cracks #4 and

-

0.004 inch

5

#4
(0.004 inch)

. PSR, o -
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Poppet #31

Location and size of Cracks #6 and 7
#6

% (0.004 inch) F
e |

)

0.007 inch
, —

Note: Residual repliset material is visible
alongthe crack surfaces and the actual
crack opening is considerably less than
they appear

83700 20.0kV 16.8mm x371 SE 6/2/2009 16:19
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Poppet #31

Size of Crack #8

NGy,
#8

(0.012inch)

-

Note: Residual repliset material is visible along the crack surfaces
and the actual crack opening is considerably less than they appear

$3700 20.0KV 17.0mm x400 SE 6/2/2009 16:07

NESC Request No.: 09-00506
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Poppet #31

Size of Crack #9

#9

(0.010inch)
{M

.“‘. :
Q“.\*;"”‘ : /«

& -

8§3700 20.0kV 17.0mm x400 SE 6/2/2009 16:02 ‘ 100uml
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Poppet #31

Size of Crack #10

#10
(0.006 inch)

0"‘

‘oormg
. .

Note: Residual repliset material is visible along the crack surfaces
and the actual crack opening is considerably less than they appear

$3700 20.0kV 17.1mm x750 SE 6/2/2009 15:54 50.0um
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Title: Pane
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Poppet #31

Size of Cracks #11 and 12

#12
(0.002inch)

S3700 20.0kV. 17.0mm x1.00k SE 6/2/2009 15:50

#11 Note: Residual repliset material is visible along
> the crack surfaces and the actual crack opening
(0.004 inch) £ is considerably less than they appear

|||||||||||

S3700 20.0kV 17.3mm x1.20k SE 6/2/2009 15:45
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Poppet #31

LaRC eddy current findings, the colors indicate ??7?

-0.40 -]
.45~

Time
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Poppet #32

Surfacecrack sizes and locations

Poppet #32

:
E

Size (inch)

Angle
(degrees)

0.02%

0.0

0.013

o011

002

6200 [ | 1 [ | NS | b

SUUHEEEEE

Boeing Eddy CurrentFindings

Poppet #32
Run Data (Vpp)

Inspector i

3 1 2 3 4 5 6 Average | CrackDetected Location (degrees)
. Engel 0248 | 0.241 | 0.241 | 0.249 | 0.250 | 0.250 | 0.247 Yes 75
. Engel 0.077 | 0.075 | 0.076 | 0.081 | 0.084 | 0.086 0.080 Yes 255 (Marginal 3:L5/N)
B. Devries| 0.074 | 0.073 | 0.067 | 0.072 | 0.067 | 0.070 | 0.071 Yes 255
0. Devries| 0.244 | 0.246 | 0243 | 0.244 | 0.251 | 0.244 | 0.295 Yes 75
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Poppet #32

Location and size of Cracks #1-6

0.112inch

0.015inch

0.025inch

Reference
Mark

@ Cracks

260°

102
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Poppet #32

Location of Cracks #7-9

#9

e

0.07 inch

B T
| s VA
}—1 1 mm

NASA

NESC Request No.: 09-00506

Reference
Mark

Cracks
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Poppet #32

Size of Crack #7

NESC Request No.: 09-00506
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Poppet #32

Size of Crack #8

-

— e e

0.010inch
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Poppet #32

Size of Crack #9

0.005inch

NESC Request No.: 09-00506
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Poppet #32

LaRC eddy current findings, the colorsindicate ???

-0.30- v 0 g \ v 0 V V v |
10:34:23 10:34:30 10:34:40 10:34:50 10:35:00 10:35:10 10:35:20 10:35:30 10:35:40 10:35:50 10:35:56
Time
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Poppet #33

Surfacecrack sizes and locations

Poppet #33
Angle
Crack Number| Size (inch) (degrees)
1 0.02%6 20
2 0.0 20
3 0.0 20
4 0.003 200

Boeing Eddy CurrentFindings

Poppet 33
Run Data (Vpp)
Inspector
! 1 2 3 4 5 6 Average| CrackDetected Location (degrees)

L. Engel - - S - s No 200
l. Engel 0220 | 0.221 | 0.223 | 0.223 | 0.227 | 0.218 0.222 Yes 10
B. Devries = 3 = 3 = 2 = No 200
B. Devries| 0.211 [ 0.216 | 0.216 | 0.215 | 0.209 | 0.218 0.214 Yes 15
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Poppet #33

Location of Cracks #1-3

Reference

Marl
Cracks\ 20°
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Poppet #33

Location and size of Cracks #1, 2, and 3

#la #1b #1c

0.005 inch 0.006 inch

NESC Request No.: 09-00506
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Poppet #33

Location of Crack #1

#1b

0.006 inch

6/4/2009 15:13 100um

NESC Request No.: 09-00506



D t#: Version:
NASA Engineering and Safety Center e o
. NESC-RP- 1.0
~7 Technical Assessment Report 09-00506
Title: Page #:
STS-126 MPS#2 GH, Flow Control Valve Broken Poppet 115 of 538

Poppet #33

Location of Crack #2

0.017 inch

NESC Request No.: 09-00506
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Poppet #33

Size of Crack #2

0.014 inch

S$3700 20.0kV 15.7mm x270 SE 6/4/2009 16:06
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Poppet #33

Location of Crack #3

0.008 inch

43 0.008 inch

S3700 20.0kV 15.6mm x270 SE 6/4/2009 18:45

114
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Poppet #33

Size of Crack #3

0.003 inch

S3700 20.0KV 15.6mm x1.40k SE 6/4/2009 15:03
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Poppet #33

Size of Crack #4

Reference
Mark

©

0.004 inch

Cracks

Note: Residual repliset material is visible along the crack surfaces

and the actual crack opening is considerably less than they appear

'

$3700 20.0kV 15.3mm x949 SE 6/4/2009 14:32

NESC Request No.: 09-00506
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Poppet #33

LaRC eddy currentfindings, the colors indicate ???

3 0.57-

D D | 1 ' 0 v 1 '
14:34:00 14:34:10 14:34:20 14:34:30 14:34:40 14:34:50 14:35:00 14:35:10 14:35:16
Time
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Poppet #34

Surfacecrack sizes and locations

180

@'JG)WOUJN-;E

Boeing Eddy CurrentFindings

Poppet #34
Run Data (Vpp)
Inspector
! 1 2 3 4 5 6 Average | CrackDetected Location (degrees)

U. Engel 0.681 | 0.688 | 0.683 | 0.690 | 0.693 | 0.671 | 0.634 Yes 130

U. Engel 0.233 | 0.230 | 0.235 0.231 | 0.233 | 0.233 0.233 Yes 355

B. Devries| 0.215 | 0.218 | 0213 | 0.218 | 0.217 | 0.219 0.217 Yes 0

B. Devries | 0.648 | 0.659 | 0.649 | 0.654 | 0.653 | 0.670 | 0.656 Yes 180
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Poppet #34

Location and size of Crack #1

Reference
Mark

©

B
A 0.134 inch

NESC Request No.: 09-00506
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Poppet #34

Location A

0.003 inch

- = = ¥ ‘/ ”
Y, /'\/\wf—w

0.014 inch

NESC Request No.: 09-00506




D t#: Version:
NASA Engineering and Safety Center eeamen e
. NESC-RP- 1.0
S Technical Assessment Report 09-00506
Title: Page #:
STS-126 MPS#2 GH, Flow Control Valve Broken Poppet 124 of 538

Poppet #34

Location B

0.011 inch

S3700 20.0kV 16.7mm x300 SE 6/3/2009 12:34 = 100um

121
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Poppet #34

Crack depth and correlation with surface measurements for Crack #1

0.134 inch

o A S i
aterial is visible along ack surfaces
and the actual crack opening is considerably less than they appear

0.125 inch

S3700 20.0kV 33.0mm x35 SE 9/17/2009 08:27
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Poppet #34

Location of Cracks #2-4

Reference
Mark and Cracks

@ Note: Residual repliset ‘material is visible along the crack surfaces

and the actual crack opening is considerably less than they appear

Sorwwzu.uky 97.5mm x30 SE 6/3/2009 14:23 1.00mm
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Poppet #34

Location and size of Crack #2

L e

0.027 inch

NESC Request No.: 09-00506
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Poppet #34

Location and size of Crack #3

e 2
\.-‘.’

0.010 inch

#2

i

0.002 inch

i

Note: Residual repliset material is visible along the crack surfaces
and the actual crack opening is considerably less than they appear

S3700 20.0kV 56.8mm x320 SE 6/3/2009 14:27

NESC Request No.: 09-00506
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Poppet #34

Location and size of Cracks #4 - 8

#7
0.005 inch

—" .- e

0.004 inch

0.019 inch
0.009 inch e

- #6 » =
: [
; #4 e e 0.005 inch
7o L .f\-.’/‘?-v T

0.021 inch

JKV 56.7mm x160 SE 6/3/2009 14:38

L i et B S N

$3700'20/0kV 56, 7mm x160 SE_6/4/2009 1437 | - dooum
"' dooum

Note: Residual repliset material is visible along the crack surfaces
and the actual crack opening is considerably less than they appear

NESC Request No.: 09-00506
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Poppet #34

Crack depth and correlation with surface measurements for Cracks #2 & 3

0.013inch  gop,

#2a
# ‘>/ Sra e ey e 7t
FE AT N LSSy S U
s 0.013 inch i /g

0.013 inch

0.002 inch/

0.010 inch v/0.011 inch
0.008 inch P
0.003 inch —Gamwar I &
Note: Residual repliset material
is visible along the crack
surfaces and the actual crack 0.004 inch
openingis considerably less

thanthey appear
0.003 inch
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Poppet #34

Crack depth and correlation with surface measurements for Crack #4

#4 #5
e e - l 0.024 inch

0.021 inch B

Note: Residual repliset material is visible along the crack surfaces
and the actual crack opening is considerably less than they appear
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Poppet #34

LaRC eddy currentfindings, the colors indicate ???

1.20

i

0,80 |

0.60-]
0,40+

0.20- 1N
0,00

-0.20-
-0.40-
-0.60-
-0.80-
-1.00-
-1.20

15:00:48 1S01:00  1S01:0 150120 150130 150140 150150 15:02:00
Time
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Poppet #35

Surfacecrack sizes and locations

Poppet #35

Size (ch)

Angle
(degrees)

0.044

S| [ 2 [N |

EEEm

Boeing Eddy CurrentFindings

Poppet #35
Run Data (Vpp)
Inspector 1 2 3 4 5 6 Average | CrackDetected Location (degrees)
L. Engel 564 | 0585 | 0.597 | 0.596 | 0.604 Yes 10
l. Engel 0.0685 | 0.074 | 0.055 | 0.074 | 0.082 Yes 195 (Not3:15/Nratio)
B. Devries| 0.573 | 0.580 | 0.584 | 0.577 | 0.574 Yes 15
B. Devries = = No 200

NESC Request No.: 09-00506




D t#: Version:
NASA Engineering and Safety Center eeamen e
. NESC-RP- 1.0
Technical Assessment Report 09-00506
Title: Page #:
STS-126 MPS#2 GH, Flow Control Valve Broken Poppet 134 of 538

Poppet #35

Location of Cracks #1-3

Reference
Mar
20°

©

Cracks

0.1 inches

ko
{ ospas Note: Residual repliset material is visible along the crack surfaces
’*j . - andthe ;ctual crack opening is considerably less than they appear

$3700 20.0kV. 16.2mm x45 SE 6/5/2009 07:32
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Poppet #35

Size of Crack #1

T

0.044 inch

Note: Residual repliset material is visible along the crack surfaces
and the actual crack opening is considerably Ilesslthar'\ thely a;.:pealr :

S3700 20.0kV 15.8mm x95 SE 6/5/2009 07:22
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Poppet #35

Size of Crack #2

0.021 inch

T ——— ity e e

Note: Residual repliset material is visible along the crack surfaces
and the actual crack opening is considerably less than they appear
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Poppet #35

Size of Crack #3

0.018 inch

.

Note: Residual repliset material is visible along the crack surfaces
and the actual crack opening is considerably less than they appear

$3700 20.0kV 16.2mm x230 SE 6/5/2009 07:29
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Poppet #35

Crack depth and correlation with surface measurements for Cracks #1, 2, and 3

0.033 inch

o

0.028 inch

NESC Request No.: 09-00506
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Poppet #35

Crack depth and correlation with surface measurements for Crack #1

0.044 inch
‘)\ 0.046 inch

0.010 inch -

Note: Residual repliset material is visible along the crack surfaces
and the actual crack opening is considerably less than they appear

S3700 20.0kV 11.5mm x75 SE 10/9/2009 08:17 500um
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Poppet #35

Crack depth and correlation with surface measurements for Crack #3

0.018 inch

19inch

N T In e £ L e =

S 0.006 inc

,‘1

o , ; ‘pre': Reé‘ldual réblisef material‘is v}sible along the crack suffaces
;¢ yandthe'actual’crack opening is considerably less than they appear
:r ' ", b . < Jowy oy a : ¥ ¢ \;

S3700 20.0kV 11.4mm x200 SE 10/9/2009 08:2|7 l
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Poppet #35
Location of Cracks #4-6 T
Mark

3 cracks

.... -—-—

200° @

Cracks

0.06inches
#5

0.006 inches

.-
g R

m:mmmm Vis’fﬁfé along the. crlck surfaces
cmk opening is tnnslderably less: than they appear

samm i XG5 SE 6/5/2000 08% 83700 20 OkV*15'6mm x5 S SE 6/512009 08 25 . : —— 500um
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Poppet #35

Size of Crack #4

‘)( B s s O

0.006 inch

Note: Residual repliset material is visible along the crack surfaces
and the actual crack opening is considerably less than they appear

100um

~€3700 20.0kV 15.6mm x550 SE 6/5/2009 08:12
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Poppet #35

Size of Crack #5

e oo O
s T

Note: Residual repliset material is visible along the crack surfaces
and the actual crack opening is considerably less than they appear

$3700 20.0kV 15.6mm x750 SE 6/5/2009 08:39 50.0um
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Poppet #35

Size of Crack #6

0.004 inch

N

Note: Residual repliset material is visible along the crack surfaces
and the actual crack opening is considerably less than they appear

S3700 20.0kV 15.6mm x1.00k SE 6/5/2009 08:44
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Poppet #35

Crack depth and correlation with surface measurements for Cracks #4 and 6

#5

S3700 20.0kV 10.7mm x70 SE 10/21/2009 08:17
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Poppet #35

Crack depth and correlation with surface measurements for Crack #4

0.006 inch

Note: Residual repliset material is visible along the crack surfaces
and the actual crack opening is considerably less than they appear

0.007 inch
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Poppet #35

Crack depth and correlation with surface measurements for Crack #6

0.004 inch . \é
Pos L e

Note: Residual repliset material is visible along the crack surfaces

v

{00016 inch > L &
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Poppet #35

LaRC eddy current findings, the colors indicate ??7?

]
11:07:23 1107:30  1:07:40  11:07:50  10:03:00  11:08:10  1108:20  11:08:30  11:0840  11:08:50 11:08:57
Tine
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Poppet #36

Surfacecrack sizes and locations

Poppet #36
Angle
Crack Number| Size (inch) {degrees)
1 0.005 140
2 0.0M 140
3 0.0M 140
4 0.006 140
5 0.0 140
6 0.04 140
7 0.006 140
8 0.04 140
9 0.0 140
10 0.005 140
1 0.003 140
12 0.013 140
13 0.008 140
14 0.2 140
15 0.0 140
16 0.004 140
17 0.009 310
18 0.0i4 310
19 0.0 310

Boeing Eddy CurrentFindings

Poppet 36
Run Data (Vpp)
Inspector :
¥ 1 2 3 4 5 6 Average | CrackDetected Location (degrees)
L. Engel 0157 | 0160 | 0.163 | 0.168 | 0.150 | 0.160 0.160 Yes ] 35‘3(\0,\;;2%'9 n
0.099 | 0.096 | 0.096 | 0.096 | 0.092 | 0.093 0.095 Yes 310 (Wobblein poppet)
1. Engel
B. Devries| 0.175 | 0.169 | 0181 | 0471 | 0461 | 0.158 | 0.169 Yes 130
B. Devries| 0.086 | 0.084 | 0.087 | 0.084 | 0.090 | 0.076 | 0.085 Yes 310
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STS-126 MPS#2 GH, Flow Control Valve Broken Poppet 150 of 538

Poppet #36

Location and size of Cracks #1-16

0.026inch

— 0.002"
0.008 0.006” |

e | =

0.006" _0.002" 0.013"

0.002inch

Reference
Mark

/ _ 0.014 inch
140° — : .

Cracks
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Document #: Version:
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09-00506

Title:

STS-126 MPS#2 GH, Flow Control Valve Broken Poppet

Page #:
151 of 538

Poppet #36

Location and size of Cracks #1 7-19

—— e e a——

0.004inch

0.009inch

0.002inch

0.014 inch

0.013inch

Note: Residual repliset material is visible along
the crack surfaces and the actual crack opening
is considerably less than they appear -

‘‘‘‘‘‘‘
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©

Cracks
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Poppet #36

Size of Crack #17

Note: Residual repliset material is visible along the crack surfaces
and the actual crack opening is considerably less than they appear

NESC Request No.: 09-00506
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Poppet #36

Size of Crack #18
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Poppet #36

Size of Crack #19
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Poppet #36

LaRC eddy current findings, the colors indicate ??7?

Zos0+d
13:28:42 132850 13:29:00 132940  13:29:20 132930  13:29:40  1329:50  13:30:00  13:30:1013:30:16
Time
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Poppet #37

Surfacecrack sizes and locations

Poppet #37
Angle
Crack Number| Size (inch) {degrees)
1 0.02 280
2 0.0 280
3 0.0 280
4 0.0 280
5 0.0M 280
6 0.0 280
7 0.0 110
8 0.0 110
9 .02 110
10 0.0 110

Boeing Eddy CurrentFindings

Poppet #37
Run Data (Vpp)
Inspector .
! 1 2 3 4 5 6 Average | CrackDetected Location (degrees)

Y. Engel 0.243 | 0.251 | 0.248 | 0.254 | 0.247 0.251 0.249 Crack 290

t. Engel z = 3 - = = No 110

U. Engel .053 0.050 | 0.050 | 0.052 | 0.054 0.071 0.055 False 45 (Not 3:1 $/N ratio)
B. Devries - = d = No 110

B. Devries| 0.259 | 0.258 | 0258 | 0.260 | 0.262 | 0.257 | 0.259 Crack 280

NESC Request No.: 09-00506
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Poppet #37

Location of Cracks #1-6

#5 #4

[————

NASA
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Reference
Mark

Cracks
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Poppet #37

Location and size of Cracks #1-3

0.002inch 0.022inch
0.005inch

0.004 inch

0.012inch 0.005inch

Note: Residual repliset material is visible along the crack surfaces
_ andthe actual crack opening is considerably less than they appear

155
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Poppet #37

Crack #4
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Poppet #37

Crack #5
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Poppet #37

Crack #6
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Poppet #37
Location of Cracks #7-10
_ 0.025inch __
0. 051 ih Reference
- Mark

pot Magn Det WD |—— 1 mm
0 21x

0 SE 252  NASA
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Poppet #37

Crack #7
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Poppet #37

Crack #8
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Poppet #37

Crack #9
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Poppet #37
hCr #10

e ———

163
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Poppet #37

LaRC eddy current findings, the colors indicate ??7?

-0.30 ' D D v v 0 0 D D '
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Poppet #38

Surfacecrack sizes and locations

Poppet #38
Angle
Crack Number| Size (inch) (degrees)
1 0.074 260
2 0.0% 80
3 0.01 80
4 0.007 80

Boeing Eddy CurrentFindings

Poppet #38
Run Data(Vpp)

Inspector .

: 1 2 3 4 5 6 Average | CrackDetected Location (degrees)
L. Engel 0901 | 0.885 [ 0.891 [ 0.902 [ 0.911 | 0.912 | 0.900 Yes 95
l.Engel | 0.078 [ 0.075 | 0.075 0.076 | 0.080 | 0.077 Yes 265 (Not3:15/N ratio)
B. Devries| 0.080 | 0.075 | 0.093 )82 | 0.079 | 0.079 | 0.081 Yes 275
0. Devries| 0.875 | 0.866 | 0.898 0913 | 0911 | 0.895 Yes 95
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Poppet #38

Location of Region A

Shatft 1 Crack

Reference
Mark

O

260°

Region A

Radius
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Poppet #38

Size of Region A Cracks #1-3

Sl
4——————-———_______—_;____-__'

0.074inch

Flange
Note: Residual repliset material is visible along the crack surfaces
and the actual crack opening is considerably less than they appear

l1.OE)m

S3700 20.0kV 14.0mm x55 SE 6/10/2009 10:12
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Poppet #38

Location of Region B

3 Cracks

NESC Request No.: 09-00506

Region B

~

©

Reference
Mark
80°




D t #: V ion:
NASA Engineering and Safety Center ocumen ersion
i NESC-RP- 1.0
Technical Assessment Report 09-00506
Title: bare
STS-126 MPS#2 GH, Flow Control Valve Broken Poppet 172 of 538

Poppet #38

Location and size of Region B Cracks #1-3

-~

0.025 inch

N

0 A ol
—4 0.007 inch 0.011 inch

0.046 inch

Note: Residual repliset material is visible along the crack surfaces
and the actual crack opening is considerably less than they appear
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Poppet #38

LaRC eddy currentfindings, the colors indicate ???

1,40
iz

1.00-
0.80-
0.60~
0.40- M
0.20 -
0.00
-0.20~
-0.40-
0,60~

-0.80~7 ' D 0 3 1 ' T
10:28:42  10:28:50 10:29:00 10:29:10 10:29:20 10:29:30 10:29:40 10:29:50

Time
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Poppet #39
Surface crack sizes and locations
Poppet #39
Angle
Crack Number| Size mch) | (degrees)

1 0.085 30

2 0.0% 30

3 0.05% 210

Boeing Eddy CurrentFindings
Poppet #39
Run Data(Vpp)

Inspector 1 2 3 4 5 6 Average | CrackDetected Location (degrees)
H. Engel 0.983 1014 1012 1.005 Yes 25
Y. Engel 0.652 0.662 | 0.668 | 0.667 Yes 200
B. Devries| 0.963 0.970 | 0.974 0.968 Yes 30
B. Devries| 0.646 0.631 0.659 0.641 Yes 210
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Poppet #39

Location of Cracks #1 and 2

Reference Mark
Shaft iCracks L

Radius

Note: Residual repliset
material is visible along the
crack surfaces and the
actual crack opening is
considerably less than they — = =
appear S3700.00 0KV S 8E" 511112 i e 1'.(56571"

172
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Poppet #39

Crack depth and correlation with surface measurements for Crack #1

0.085inch

B T A A S Tos e S
e A ALy Sy S

0.081inch

s

S AN B S

Note: Reéidual repliset material is visible along the crack surfaces
and the actual crack opening is considerably less than they appear

$3700 20.0kV 12.2mm x50 SE 9/14/2009 15:17
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Poppet #39

Crack depth and correlation with surface measurements for Crack #2

s T Py

Note: Residual repliset material is visible
along the crack surfaces and the actual
crack opening is considerably less than
they appear

174
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Poppet #39
Location of Crack #3 Reference Mark

Crack Tips

\

Flange

0.031inch

oo 0.030i0n

0.056inch =

S3700 20.0kV 13.1mm x75 SE 6/11/2009 09:18 500um

175
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Poppet #39

Crack depth and correlation with surface measurements for Crack #3

0.010inch
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Poppet #39

LaRC eddy current findings, the colors indicate ??7?

o aww

-0.20-|
-0.40 -}

-0.80 |

-1.00~7 0 0 0 0 D 0 1
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Time
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Poppet #40
Surface crack sizes and locations
Poppet #40
Angle
Crack Number| Size (inch) | (degrees)
1 0.0% 240
Boeing Eddy CurrentFindings
Poppet #40
Run Data (Vpp)
lnspector 1 2 3 4 5 6 Average | CrackDetected Location (degrees)
U Engel | 082 [ 0.077 | 0079 | oos | 0073 | 0081 | 0080 Yes 23‘3‘(’;::;';::;“‘“’“
B. Devries| 0.772 | 0772 | 0769 | 0791 | 0.820 | 0.818 | 0.790 False 135
B. Devries = = = - a £ < No 240
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Poppet #40

Location of Region A

1 Crack

Reference
Mark

240°

Crack
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Poppet #40

Size of Crack #1

0.010inch

Note: Residual repliset material is visible along the crack surfaces
and the actual crack opening is considerably less than they appear

$3700 20.0kV 16.3mm x450 SE 6/10/2009 07:24
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Poppet #40

LaRC eddy current findings, the colors indicate ??7?

e
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Time
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Poppet #41
Surfacecrack sizes and locations
Poppet #41
Angle
Crack Number| Size (inch) | (degrees)
1 0.09 140
2 0.010 140
3 0.0M 140
4 0.0 140
5 0.00 320
Boeing Eddy CurrentFindings
Poppet 41
Run Data (Vpp)
Inspector 1 2 3 4 5 6 Average | CrackDetected Location (degrees)
U.Engel | 0.767 | 0791 | o308 | o812 | osos | os28 | om0z Yes 130
U. Engel z = = z > = No 320
B. Devries - = = A - A Nao 320
B. Devries| 0.820 0.824 0.819 0.824 0.819 0.817 0.821 Yes 130
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Poppet #41

Location of Cracks #1-4

#2 #
e g
S =

Reference
Mark

140° @

Cracks

Note: Residual repliset material is visible along the crack surfaces. ~ ©

% _andthe actual crack opening is considerably less than they appear. .

ot Magn Det WD }—1 1T mm

SE 240 NASA
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Poppet #41

Location and size of Cracks #1 and 2

0.055inch

_#1

Note: Residual repliset material is visible along the crack surfaces
and the actual crack opening is considerably less than they appear
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Poppet #41

Size of Crack #3
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Poppet #41

Size of Crack #4
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Poppet #41

Location of Crack

T — e
- ‘-_:‘_._;;7 —

Reference
Mark
Cracks
T T 320 @
= o~ e e F A
S AUSET

 —— 1T

NASA
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Poppet #41

Size of Crack #5
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Poppet #41

LaRC eddy current findings, the colors indicate ??7?
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Poppet #42

Surfacecrack sizes and locations

Poppet #42
Angle
Crack Number| Size (nch) {degrees)
1 0.02% 260
2 0.0 260
3 0.004 260
4 0.0 260
5 0.004 260
6 0.0 260

Boeing Eddy CurrentFindings

Poppet #42
Run Data (Vpp)
0 -
nspector 1 2 3 4 5 6 |Average | CrackDetected Location (degrees)
\J. Engel 0.242 | 0.243 | 0.243 | 0.240 | 0.243 | 0.246 0.243 Crack &0
\. Engel 0.043 | 0.040 | 0.042 | 0.041 0.040 | 0.040 0.041 False 280 (Not3:15/N ratio)
B. Devries| 0.253 | 0.268 | 0.263 | 0.259 | 0.264 | 0.281 0.265 Crack 75

Note: The reference mark was very faintand a machining mark
may have been mistaken for the reference mark
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Poppet #42

Locatiqn of CrafKS #1-6

Reference
Mark

@ Cracks
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Poppet #42

Size of Crack #1

i
S
;‘{g;‘ie 5

Note: Residual repliset material is visible along the crack surfaces
andthe actual crack opening is considerably less than they appear

Spot Magn Det WL

) E:23.3
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Poppet #42

Size of Crack #2

NESC Request No.: 09-00506

193




D t#: Version:
NASA Engineering and Safety Center penmen cen
> NESC-RP- 1.0
< Technical Assessment Report 09-00506
Title: Page #:
STS-126 MPS#2 GH, Flow Control Valve Broken Poppet 197 of 538

Poppet #42

Size of Crack #3
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Poppet #42

Size of Crack #4
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Poppet #42

Size of Crack #5
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Poppet #42

Size of Crack #6
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Poppet #42

LaRC eddy current findings, the colors indicate ??7?
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Poppet #43

Surface crack sizes and locations

M3
Ange Pnge
Crack Number| Size (inch) | (degrees) Crack Numbes| Size (inch) | (degrees)
1 0.001 115 16 0.002 115
2 0.005 115 17 0.006 115
3 0.002 115 18 0.005 115
4 0.004 115 19 0.0M4 15
5 0.003 115 2 0.005 115
3 0.002 115 21 0.002 295
7 0.002 115 2 0.001 295
8 0.002 115 7] 0.002 295
9 0.002 115 24 0.001 295
10 0.003 115 2% 0.002 295
1" 0.001 115 2% 0.001 295
12 0.0M4 115 277 0.002 295
13 0.012 115
14 0.004 115
15 0.001 115

Boeing Eddy CurrentFindings

Poppet #43
Run Data(Vpp)
Inspector .
I 1 2 3 4 5 6 |Average | CrackDetected Location (degrees)

. Engel 0152 | 0147 | 0144 | 0.143 | 0,148 | 0.145 | 0.147 Yes 3557

L. Engel % 3 = = - = 2 No 295

1. Engel 0.047 | 0.045 | 0.040 | 0.041 [ 0.045 | 0.043 | 0.044 Yes 115

B. Devries| 0.146 | 0.150 | 0.143 | 0.144 | 0.151 0.151 0.148 Yes 115

B. Devries - - - - - - - No 295
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Poppet #43

0.06 inch

—0.005"
“
— :.003 0.006" -

—0.001 0.002"

—_—
0.004"

Cracks

Reference
Mark

115° @
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Poppet #43

Location of Cracks #22-29

9.0 o.0027 001"

P 0.002"
0.002" g ggqr 2002”

0.07 inch

[ —

NASA
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Poppet #43

LaRC eddy current findings, the colors indicate ??7?
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Surface crack sizes and locations
Poppet #44
Angle
Crack Number| Size (mch) | (degrees)

1 0.0 80

2 0.008 80

3 0.0 80

4 0.2 80

5 0.009 80

6 0.002 80

Fd 0.007 80

8 0.0 80

9 0.0 80

10 0.2 80

1 0.008 80

12 0.0 80

13 0.006 260

114 0.04 260

15 0.003 260

Boeing Eddy CurrentFindings
Poppet 44
Run Data (Vpp)

tnspector 1 2 3 4 5 6 Average | CrackDetected Location (degrees)
. Engel | 0.246 [ 0.253 [ 0279 | 0279 [ 0281 [ 0282 | 0270 Yes 30
L. Engel 0.040 | 0.043 | 0.041 | 0.045 | 0.041 | 0.045 0.043 Yes 260 (Not3:15/Nratio)
B. Devries = o - s = = S No 260
B. Devries| 0.284 [ 0277 [ 0282 [ 0284 [ 0251 [ o271 | 0275 Yes 75
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Poppet #44

Location of Cracks #1-7

51.6mm x15 SE 6/10/2009 15:57

/
.
/
\

Reference
Mark

o

Cracks @

NESC Request No.: 09-00506




D t #: Version:
NASA Engineering and Safety Center penmen creon
> NESC-RP- 1.0
Technical Assessment Report 09-00506
Title: Page #:
STS-126 MPS#2 GH, Flow Control Valve Broken Poppet 208 of 538

Poppet #44

Location and size of Crack #14

0.002 inches

#3

0.029inches 0.002 inches

1 —
(e S
|

»

-——

#2
0.008 inches
Note: Residual repliset material is visible along the crack surfaces #4
and the actual crack opening is considerably less than they appear 0.002 inches
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Poppet #44

Location and size of Cracks #5-8

2 0. 004 |nches
0. 002 |nches 0.001 |nches

’\ hs ,\ e

0.009 inches =
R < 0. 007 |nches

Note: Residual repliset material is visible along the crack surfaces
and the actual crack opening is considerably less than they appear

206
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Poppet #44

Location and size of Cracks #9-12

#9

0.004 inches
. -

#11

- - ’”‘ﬁ;_-‘/ﬁ‘_‘

‘..

#12
0.004 inches ~-.__*
D

#10
0.002 inches

Note: Residual repliset material is visible along the crack surfaces
and the actual crack openingis considerably less than they appear

$3700 20.0kV 57.3mm x270 SE 6/10/2009 16:08
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Poppet #44

Location of Cracks #13 and 14

Reference
Mark

2609 @

$3700 20.0kV¥86.6mm x7 SE 6/10/2009 15:30

Cracks
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Poppet #44

Location and size of Cracks #38 & 9

0.006 inch 0.0005 inch

i P e '
.
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Poppet #44

Location and size of Cracks #13-14

#13

0.003inch 4 611inch :

#14

' —
‘)/#15 l 0.010inch
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Poppet #44

LaRC eddy current findings, the colors indicate ??7?
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Poppet #45

Surfacecrack sizes and locations

Angle
(degrees)

5mu~mm&u~n§
E
¥
H

:
SRR

Boeing Eddy CurrentFindings

Poppet 45
Run Data (Vpp)

Inspector i

¥ 1 2 3 4 5 6 |Average | CrackDetected Location (degrees)
L. Engel 0.091 | 0.075 | 0.075 | 0.082 | 0.078 | 0.078 0.080 Yes 225 (Shortindication)
\J. Engel 0.078 0.072 | 0.079 | 0.078 | 0.081 | 0.088 0.079 Yes 60 (Longerindication)
B. Devries| 0.068 0.069 | 0.063 | 0.066 | 0.065 Yes 240
5. Devries| 0.024 | 0.079 | 0086 | 0.09L | 0.090 | 0.085 | 0.088 Yes G0
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Poppet #45

Location of Cracks #1-6
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240°
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Poppet #45

Size of Crack #1

Note: Residual repliset material is visible along the crack surfaces
and the actual crack opening is considerably less than they appear
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Poppet #45

Location and size of Cracks #2-3

_ 0.009inch
#3
(0.006inch) \ 0.004 inch
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Poppet #45

Location and size of Cracks #4-6

et

(0.004 inch)

#4

. (0.005inch)
T TR #6
(0.002inch)
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Poppet #45

Location of Cracks #7-10

Reference Mark

55"/>
4 Cracks N

Radius ‘ @

Flange

/ 53.5mm x35 SE 6/11/2009 1428 ~ 1.00mm

217

NESC Request No.: 09-00506




D t#: Version:
NASA Engineering and Safety Center e o
. NESC-RP- 1.0
~7 Technical Assessment Report 09-00506
Title: Page #:
STS-126 MPS#2 GH, Flow Control Valve Broken Poppet 221 of 538

Poppet #45

Location and size of Cracks #7 and 8

#7
(0.005inch)
s B T

0.007 inch

#8
(0.004 inch)
—— -

3 Note: Residual repliset material is visil e élbjny the crack surf ces
% £ and the actual crack opening is considerably less than they appear

218
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Poppet #45

Location and size of Cracks #9 and 10

#9

(0.009inch) :
9\ --"'""’\'“}\ T

0.004 inch s #10

(0.006inch) -
‘)\ o i

Note: Residual repliset material is visible along the crack surfaces
and the actual crack opening is considerably less than they appear

S3700 20.0kV 54.6mm x228 SE

219
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Poppet #45

LaRC eddy current findings, the colors indicate ??7?
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Poppet #46

Surfacecrack sizes and locations

Poppet #46
Angle
Crack Number| Size (nch) {degrees)

1 0.0 P
2 0.005 25
3 0.003 25
4 0.04 25
5 0.006 25
6 0.005 25
7 0.003 25
8 0.003 25
9 0.0 P
10 0.0 25
11 0.012 230
12 0.007 230
13 0.003 230
1 0.005 230
15 0.0 230
16 0.003 230
17 0.0 pz.]
18 .02 220

Boeing Eddy CurrentFindings

Poppet #46
Run Data(Vpp)

Inspector g

L 1 2 3 4 5 6 Average | CrackDetected Location (degrees)
L. Engel 0098 | 0.099 | 0.100 | 0.093 | 0.092 | 0.103 | 0.098 Yes 195
l.Engel | 0.067 | 0.066 | 0.073 | 0.066 | 0.068 | 0.073 | 0.089 Yes 10 (Not3-15/N ratio)
B. Devries ¥ = E - & No 25
B. Devries| 0.103 | 0.104 | 0.106 | 0.102 | 0.095 | 0.098 0.101 Yes 200
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Poppet #46

Location of Cracks #1-10

Reference
Mark
Cracks
25°
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Poppet #46

Location and size of Cracks #1-3

0.006 inches

0.004 inches

0.004 inches 0.005inches

0.003 inches
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Poppet #46

Location and size of Cracks #4-10

T TR AR T

#6 8

Y ol = >

G—p

0.006 inches 0.003 inches
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Poppet #46

Location of Cracks #11-18

Reference
Mark

 J— ——
‘lu.‘-q-azl-_lm

230°

-nm'»"‘
]

Cracks
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Poppet #46

Location and size of Cracks #11 and 12

0.012inch P S I

§ e

0.005 inch

Note: Residual repliset material is visible
alongthe crack surfaces and the actual
crack opening is considerably less than
they appear

S$3700 20.0kV 52.4mm x347 SE 6/15/2009 10:11
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Poppet #46

Size of Crack #12

—
9\ o v 0.007 inch

S3700 20.0kV 52.2mm x500 SE 6/1 5/2009'10':14l
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Poppet #46

Location and size of Cracks #13-15

0.003 inch #13
& F

0.003 inch

0005inch
#14 R <
0.004 inch
#15 »\ i

Note: Residual repliset material is visible along the crack surfaces
and the actual crack opening is considerably less than they appear

$3700 20.0kV 52.2mm x420 SE_6/15/2009 1021
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Poppet #46

Size of Crack #16

"04;

0.003 inch

Note: Residual repliset material is visible along the crack surfaces
and the actual crack opening is considerably less than they appear

S3700 20.0kV 52.3mm x1.20k SE 6/15/2009 10:34
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Poppet #46

Size of Crack #17

0.002 inch

Note: Residual repliset material is visible along the crack surfaces
and the actual crack opening is considerably less than they appear

S$3700 20.0kV 52.5mm x1.30k SE 6/15/2009 10:49
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Poppet #46

Size of Crack #18

0.002 inch
“

Note: Residual repliset material is visible along the crack surfaces
and the actual crack opening is considerably less than they appear

S$3700 20.0kV 52.7mm x950 SE 6/15/2009 11:05
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Poppet #46

LaRC eddy current findings, the colors indicate ??7?

g 015
g 0.10~

0.25+ 0 0 v v v v 0 0 T
12:50:00 12:50:10 12:50:20 12:50:30 12:50:40 12:50:50 12:51:00 12:51:10 12:51:20 12:51:32
Time

NESC Request No.: 09-00506



. . Document #: Version:
NASA Engineering and Safety Center
Technical A tR t NESC-RP- 1.0
echnnica ssessmen cepor 09-00506
Page #:
STS-126 MPS#2 GH, Flow Control Valve Broken Poppet 236 of 538
Poppet #47
Surfacecrack sizes and locations
Poppet #47
Angle
Crack Number| Size (mch) | (degrees)
1 .01 245
2 0.011 245
3 0.006 245
4 0.006 245
5 0.0 245
3 0.04 245
7 0.0M4 5
Boeing Eddy CurrentFindings
Poppet 247
Run Data (Vpp)
Inspector 1 2 3 4 5 6 Average | CrackDetected Location (degrees)
D Engel | 0139 | 0140 [ 0140 | ondr | 0142 | 0142 | oa4L Yes 245
L Engel | 0.056 | 0.059 | 0.062 | 0.060 | 0.058 | 0.059 | 0.059 Yes 65 (Not3-LS/N ratio)
B. Devries| 0.144 | 0.141 | 0.146 | 0.150 | 0.144 | 0.141 | 0.144 Yes 255
B. Devries - - = - - < - No 65
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Poppet #47

Location of Cracks #1-6

Reference
Mark

— @

245° Cracks

234
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Poppet #47

Size of Crack #1
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Poppet #47

Size of Crack #2

e

236
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Poppet #47

Size of Crack #3
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Poppet #47

Size of Crack #4

238
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Poppet #47

Size of Crack #5
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Poppet #47

Size of Crack #6
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Poppet #47

Location of Crack #7

e

SR T Cracks \/
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Mark
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Poppet #47

Size of Crack #7
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Poppet #47

LaRC eddy current findings, the colors indicate ??7?

o0s
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Time
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Poppet #48

Surfacecrack sizes and locations

5
¢
§

-
]
mm&mmma&a&mmﬁﬁﬁi

Boeing Eddy CurrentFindings

Poppet 48
Run Data (Vpp)
Inspector .
L 1 2 3 4 5 6 |Average| CrackDetected Location (degrees)

J. Engel 0.344 | 0350 | 0.351 | 0.358 | 0.361 | 0.355 0.353 Yes 45

235 (Samll indication
J. Engel Yes slightly above noise)
B. Devries 3 = 2 S 2 z = No 235
B. Devries| 0.342 | 0340 | 0.342 | 0.342 | 0.341 | 0.344 0.342 Yes 45

NESC Request No.: 09-00506




D t #: Version:
NASA Engineering and Safety Center penmen creon
> NESC-RP- 1.0
Technical Assessment Report 09-00506
Title: Page #:
STS-126 MPS#2 GH, Flow Control Valve Broken Poppet 248 of 538

Poppet #48

Location of Cracks #1 and 2

/ 2 Cracks

Radius

T —

Reference
Mark

235° @

NESC Request No.: 09-00506

Cracks

245




D t #: Version:
NASA Engineering and Safety Center penmen creon
> NESC-RP- 1.0
Technical Assessment Report 09-00506
Title: Page #:
STS-126 MPS#2 GH, Flow Control Valve Broken Poppet 249 of 538

Poppet #48

Location and size of Cracks #1 and 2

#2

)# 0.00‘ipSh F

. &

#1
0.005inch

S3700 20.0kV 53.2mm x708 SE 6/16/2009 12:58
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Poppet #48

Location of Cracks #3-14

Reference
Mark

Crav

©

Radius

Flange

[$3700.20.0kV 53 4mm
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Poppet #48

Size of Crack #3

~

0.002inch

S3700 20.0kV 15.0mm x959 SE 6/16/2009 13:40
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Poppet #48

Size of Cracks #4 and 5

0.034inch

$3700 20.0kV 15.1mm x110 SE 6/16/2009 13:46
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Poppet #48

Location and size of Cracks #6-9

#6

0.012inch
a{ et . VSR e ety o }e
.»".'
Ty Wi

(0.006 inch)

#8
0.002inch

$3700 20.0kV. 15.2mm x199 SE 6/16/2009 13:50 ' '
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Poppet #48

Location and size of Cracks #8-10

#10

0.003inch

#9
0.001inch

e

_)f =

0.002inch

$3700 20.0kV 15.0mm x374 SE 6/16/2009 13:54 100um
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Poppet #48

Location and size of Cracks #11-12

#12
0.002inch

#11
0.002inch

R
‘_____——————'P

S3700 20.0kV.15.1mm.x1.80k SE .6/16/2009.14.:06

S$3700 20.0kV 15.1mm x1.00k SE 6/16/2009 14:00
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Poppet #48

Location and size of Cracks #13-14

‘\M
L i
#14

0.002inch

S$3700 20.0kV 15.2mm x1.30k SE 6/16/2009 14:15
ﬂ%\
~ &
- T ™

#13
0.004 inch
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LaRC eddy current findings, the colors indicate ??7?

0.70~
0.60 -}

0.50-

oe:qls:w 08’:!‘6:5!

oe:é:su

oe:q's:ou 08:4‘6:l0 oa:«'s:zo

Time
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Poppet #49

Surfacecrack sizes and locations

Poppet #49
Angle
Crack Number| Size (inch) (degrees)
1 0.045 345
2 0.003 345
3 0.003 345
4 0.007 35
5 0.0M 345
6 0.2 165

Boeing Eddy CurrentFindings

Poppet 49
Run Data (Vpp)
Inspector |, 2 3 4 5 6 |Average| CrackDetected | Location (degrees)
L. Engel - - - - MNo 165
U Engel | 0.827 | 0795 | 0.801 | 0.805 | 0.810 802 | 0.807 Yes 350
B. Devries - - - = No 165
B. Devries| 0.777 | 0.789 | 0.789 | 0.818 | 0.814 | 0.822 | 0.802 Yes 350
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Poppet #49

Location of Cracks #1-6
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Mark

Cracks
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Poppet #49

Size of Crack #1
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Poppet #49

Size of Crack #2
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Poppet #49

Size of Crack #3
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Poppet #49

Size of Crack #4
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Poppet #49

Size of Crack #5
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Poppet #49

Location of Crack #6
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165°

Cracks

Reference
Mark
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Poppet #49

Size of Crack #6
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Poppet #49

LaRC eddy current findings, the colors indicate ??7?

]

10:0'8:20 lD:Db:w IO:DIG:OO lO:lﬁ:Sﬂ 10:0'9:(.\) lD:O:):ID 10:0'9:20 10:0'9:33 10:0.9:39
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Poppet #50
Surface crack sizes and locations
Poppet #50
Crack Number| Size (inch) | (degrees)
1 0.0M 155
2 0.008 155
3 0.005 155
a 0.003 155
5 0.006 335
6 0.009 335
7 0.0% 335
8 0.005 3%
9 0.0% 335
10 0.003 335
1 0.0 335
Boeing Eddy CurrentFindings
Poppet 50
Run Data (Vpp)
Tigpecr 1 2 3 4 5 6 Average | CrackDetected Location (degrees)
.Engel | 0213 | 0204 [ 0211 | 0216 | 0215 [ 0212 | o212 Yes 340
. Engel | 0.055 | 0.0s2 | 0059 | 0.06L | 0.052 | 0.053 | 0.057 Yes 170 (Not3:15/N ratio)
B. Devries % % No 155
B. Devries| 0.205 | 0.210 [ 0210 | 0211 | 0208 | 0.207 | 0.209 Yes 330
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Poppet #50

Location of Cracks #1-4

Reference
Mark

155° :

Cracks

\’ 0
4 Cracks
|

Radius

4

Flange

| $3700 20.0kV 14.3mm x177 SE 6/17/2009 07-57
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Poppet #50

Size of Cracks #1 and 2

-

#2
0.003inch

$3700 20.0kV 14.4mm x1.00k SE 6/17/200908:43 =

E
C\’

#1_ Note: Residual repliset material is
0.004 inch visible along the crack surfaces
and the actual crack opening is
considerably less than they appear

S$3700 20.0kV 14.6mm x641 SE 6/17/2009 08:01

NESC Request No.: 09-00506




D t #: Version:
NASA Engineering and Safety Center e oo
) NESC-RP- 1.0
=0, Technical Assessment Report 09-00506
Title: Page #:
STS-126 MPS#2 GH, Flow Control Valve Broken Poppet 271 of 538

Poppet #50

Location and size of Cracks #3 and 4

S§3700 20.0kV 14.4mm x1.10k SE 6/17/2009 08:31

(‘ ~ Note: Residual repliset material is

visible along the crack surfaces
#3_ and the actual crack opening is
0.005inch considerably less than they appear

$3700 20.0kV 14.5mm x650 SE 6/17/2008 08:16
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Poppet #50

Location of Cracks #5-9

5 Cracks Reference
Mar,

EGTE @
335°

Cracks
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Poppet #50

Location and size of Cracks #5-9

#5
0.006inch

s I #8
f 0.009inch 0.005inch

—P —

.

& 0.004 inch T e

#7 #9

0.010inch 0.010inch

S3700 20.0kV 15.2mm x80 SE 6/17/2009 11:49
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Poppet #50

Size of Cracks #10-11

Note: Residual repliset material is visible along #10

the crack surfaces and the actual crack )

opening is considerably less than they appear _J 0.003inch L
il =

OkV 15.7mm x414 SE 6/17/2009 12:02

#11
0.002inch %‘_‘

0.011inch f i
#11

S$3700 20.0kV 15.7mm x210 SE 6/17/200912:03 ' ' '200um

S3700 20.0kV 15.7mm x698 SE 6/17/2009 12:06
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Poppet #50

LaRC eddy current findings, the colors indicate ??7?

0,60~

i

0.40-1

D ' ' D T D ' 1 I
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Time
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Poppet #51

Surfacecrack sizes and locations

Poppet #51
Angle
Crack Number| Size nch) | (degrees)
1 0.0 195
2 0.108 15

Boeing Eddy CurrentFindings

Poppet #51
Run Data(Vpp)
Inspector .
¥ 1 2 3 4 5 6 Average | CrackDetected Location (degrees)
. Engel | 1006 [ 1022 | 1048 | 1054 | 1071 | L068 | 1045 Yes 35
L. Engel 0410 | 0415 [ 0412 [ 0422 | 0422 | 0430 | 0419 Yes 210
B. Devries| 1047 | 1059 | 1067 | 1063 | 1082 | 1064 | 1.064 Yes 20
B. Devries| 0.420 | 0.420 | 0420 | 0416 | 0420 | 0420 | 0419 Yes 200
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Poppet #51

Location of Crack #1

Reference
Marl

Crack #1
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Poppet #51

Size of Crack #1
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Poppet #51

Crack depth and correlation with surface measurements for Crack #1

S3700 20.0kV 8.5mm x120 SE 10/22/2009 08:02

276
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Poppet #51

Location of Crack #2

]

Reference
Mark

195° @

Crack #1

NI

NI
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Poppet #51

Size of Crack #2
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Poppet #51

Crack depth and correlation with surface measurements for Crack #2

0.118 inch

LI I U I B I U B |

S3700 20.0kV 22.9mm x30 SE 10/22/2009 09:33
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Poppet #51

LaRC eddy current findings, the colors indicate 7?77

' 0 ' ' D \
14:36:10 14:36:20 14;36:30 14:3I6:40 I4:3I6:50 14:37:00 14:37:10  14;37:17
Tima
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Poppet #52

Surface crack sizes and locations

Poppet #62
Angle ] Angle
Crack Number| Size (inch) (degrees) Crack Number| Size (inch) {degrees)

1 0.003 115 1 0.014 295

2 0.004 115 12 0.006 295

3 0.004 115 13 0.014 295

4 0.004 115 14 0.008 295

5 0.006 115 15 0.006 295

6 0.005 115 16 0.014 295

7 0.010 115 17 0.008 25

8 0.005 115 18 0.004 295

9 0.012 295 19 0.005 295

10 0.013 295 20 0.003 295

Boeing Eddy CurrentFindings
Poppet 252
Run Data (Vpp)

Mispector 1 3 4 5 6 |Average | CrackDetected Location (degrees)
l.Engel | 0.214 0223 | 0220 | 0.2 0222 | 0.221 Yes 290
L. Engel 0.096 0.096 | 0.101 0! ).106 Yes 115
B. Devries| 0.093 0.002 .09 Yes 110
B. Devries| 0.218 0.215 | 0.218 Yes 290
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Poppet #52

Location of Cracks #1-8

Reference
Mark

115°

©

Cracks
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Poppet #52

Location and size of Cracks #1-3

#2
# 0.004 inch \
\7/ 0.003inch

\/L 0.004 inch

#3

Note: Residual repliset material is visible along the crack surfaces
and the actual crack opening is considerably less than they appear

S3700 20.0kV 54.4mm x301 SE 6/18/2009 07:37
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Page #:
287 of 538

Poppet #52

Size of Cracks #4-5

#5
0.006inch

#4
./ 0.004inch $3700 20.0KV 54.8mm x793 SE 6/18/2009 07:44

they appear

S3700 20.0kV 54.2mm x421 SE 6/18/2009 07:40 =
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Note: Residual repliset material is visible
along the crack surfaces and the actual
crack opening is considerably less than
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Poppet #52

Location and size of Cracks #6-8

#8
0.005inch

#7

2o nch $3700 20.0kV 54.6mm x320 SE 6/18/200907:50 10 '

|

#6 Note: Residual repliset material is visible

s along the crack surfaces and the actual
0.005inch crack opening is considerably less than
they appear

S$370020.0kV 54.6mm x300 SE 6/18/2009 07:46 285
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Poppet #52

Location of Cracks #9-19

Shaft
10 Cracks

Radius

Flange
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Reference Mark

Cracks
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Location ap_d size of Cracks #9-11
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Poppet #52

Location and size of Cracks #12-14

Note: Residual repliset material is visible along the crack surfaces

and the actual crack opening is considerably less than they appear

#12

0.002inch &
.. #13
0.003inch

[ 0.008inch
0.004 inch

$3700 20.0kV 53.2mm x180 SE 6/18/2009 08:57 "
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0.007 inch
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Poppet #52

Location and size of Crack #15-17

#16
0.014inch

a/ P g - & A~ATErrrtT.

-ﬂ»vgﬁﬁ e /‘[ }e
- e
T 0.002inch o M
A ————————————————————————

0.006inch #17
0.008inch
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Poppet #52

Location and size of Cracks #18-19

#19

0.005inch
S s
—— 0.004inch

T

e

.’

#18
0.004 inch

—

0.004 inch

Note: Residual repliset material is visible along the crack surfaces
and the actual crack opening is considerably less than they appear

S3700 20.0kV 53.9mm x250 SE_6/18/2009 09:03
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Poppet #52

Size of Crack #20

#20
0.003inch \e
, - -~

Note: Residual repliset material is visible along the crack surfaces
and the actual crack opening is considerably less than they appear

—

$3700 20.0kV 53.1mm x500 SE 6/18/2009 09:05
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Poppet #52

LaRC eddy current findings, the colors indicate ??7?

-

< 920

09:47:10  09:17:20  09:17:30  09:1740  09:17:80  09:18:00  09:18:10
Time
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Poppet #53

Surfacecrack sizes and locations

Poppet #53
Angle
Crack Number| Size (nch) | (degrees)
1 0.136 35

Boeing Eddy Current Findings

Poppet =53
Run Data (Vpp)
tol 9
Inspector 1 2 3 4 5 6 Average | CrackDetected Location (degrees)
. Engel | 1080 | 1093 | 1115 | 1135 | 1139 [ 1129 [ 1115 Yes 20
B. Devries| 1 1103 | 1114 | 1113 | 1099 [ 1129 | 1106 Yes 25
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Poppet #53

!_ocation of Crack #1

Reference
Mark

Crack 350

————————— 1 mm

NASA
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Poppet #53

Size of Crack #1
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LaRC eddy current findings, the colors indicate 7?77

09:26:50  09:27:00 09:27:07
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Poppet #54

Surfacecrack sizes and locations

Poppet #54
Angle
Crack Number| Size (inch) {degrees)
1 0.017 255
2 0.047 255

Boeing Eddy Current Findings

Poppet #54
Run Data (Vpp)
Inspector c
¥ 1 2 3 4 5 6 |Average | CrackDetected Location (degrees)
\. Engel 0.212 | 0.211 | 0.209 | 0.212 | 0.212 | 0.216 | 0.212 Yes 250
B. Devries| 0.217 | 0.216 | 0.226 | 0.216 | 0.221 | 0.219 | 0.219 Yes 255
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Poppet #54

Location of Cracks #1-6
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Poppet #54

Size of Crack #1
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Poppet #54

Size of Crack #2
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Poppet #54

LaRC eddy current findings, the colors indicate ??7?

e

< 0.40-

-0.05-|
-0.10~|
-0.15-|
-0.20 |
-0.

.25 v | 0 0 |
12:58:52 12:59:00 12:59:10 12;59:20 12:5:):30 12:59:40 12:59:50
Time:

0 ' 1 '
13:00:00 13:00:10 13:00:20 13:00:27
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Poppet #55

Surfacecrack sizes and locations

Poppet #55
Angle
Crack Number| Size (inch) {degrees)
1 0.0 285

Boeing Eddy CurrentFindings

Poppet 55
Run Data(Vpp)
Inspector
¥ 1 2 3 4 5 6 Average | CrackDetected Location (degrees)
U.Engel | 0.044 | 0.039 | 0.035 | 0.041 | 0.040 [ 0.044 [ 0.041 No 285
B. Devries| 0.036 | 0.035 | 0.033 | 0.038 | 0.035 | 0.03L | 0.035 No 285
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Poppet #55

Location of Crack #1
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Poppet #55

Size of Crack #1

0.004 inch
oS ~' LI \e

/

Note: Residual repliset material is visible along the crack surfaces
and the actual crack opening is considerably less than they appear

S3700 20.0kV 54.8mm x645 SE 6/18/2009 13:36
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50.0um

304




NASA Engineering and Safety Center

Document #:

Version:

> NESC-RP- 1.0
Technical Assessment Report 09_80%506
Title: Page #:
STS-126 MPS#2 GH, Flow Control Valve Broken Poppet 308 of 538

Poppet #55

LaRC eddy current findings, the colors indicate ??7?

0.10-
E 0.08-
0.06-
0.04-
0.02-
0.00-
-0.02+
004"
-0.06-
-0.08-
-0.10+
0,12+
-0.14

3 ' T 0 ' i 1 v
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Time
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Poppet #56

Surfacecrack sizes and locations

Poppet %6
Angle Angle
Crack Number| Size inch) | (degrees) Crack Numbes| Size (inch) | (degrees)
1 0.002 0 1 0.003 180
2 0.003 0 12 0.002 180
3 0.0M4 0 13 0.002 180
4 0.005 0 1 0.002 180
5 0.006 0 15 0.002 180
6 0.003 180 16 0.004 180
7 0.002 180 17 0.0M4 180
8 0.002 180 18 0.002 180
9 0.004 180 19 0.003 180
10 0.045 180

Boeing Eddy Current Findings

None Provided
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Poppet #56

Location of Cracks #1-5

Reference Mark, Cracks

©

CEGVE

S3700 20.0kV 47.1mm x50 SE 7/9/2009 13:39 1.00mm

307
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Poppet #56

Size of Cracks #1 and 2

#2

0.003 inch

G

0.002 inch
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-

.....

Note: Residual repliset material is
visible along the crack surfaces
and the actual crack opening is
considerably less than they appear

308
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Poppet #56

Size of Cracks #3-5

#5

0.006 inch
PR o »

R ——
0.004 inch ) 13:57

Note: Residual repliset material is
visible along the crack surfaces
and the actual crack opening is
24 considerably less than they appear

0.005 inch

A

S3700 20.0kV 16.4mm x449 SE 7/9/2009 13.54
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Poppet #56

Location of Cracks #6-19

f
Shaft “
14 Cracks
.\\. ‘ ”’,‘

A | /
Radius

\

Reference Mark

180° @
—— é
— =

t

Cracks

#15

S3700 20.0kV 52.5mm x25 SE 7/9/2009 14:33 2.00mm
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Poppet #56

Size of Cracks #6 and 7

#7
0.002 inch

ST 50.0um
#6
0.003 inch

" Note: Residual repliset material is
visible along the crack surfaces
and the actual crack opening is
considerably less than they appear

0.0kV 52.1mm x755 SE 7/9/

311
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Poppet #56

Size of Cracks #8-11

#10
0.045inch ,. o™

.L\‘_—

>

#11
0.003 inch

...........

S$3700 20.0kV 16.0mm x100 SE 7/9/2009 15:29 500um

)Ij $

g ;L‘
% Note: Residual repliset material is
visible along the crack surfaces
and the actual crack opening is
#8 considerably less than they appear
| 0.002 inch .
\

= \

vvvvvvvvvvv

S$3700 20.0kV 16.0mm x650 SE 7/9/2009 15:26 50.0um

312
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Poppet #56

Size of Cracks #12-14

#14
0.002 inch

#12
0.002 inch \T’
LY

S3700 20.0kV 16.1mm x1.40k SE 7/9/200915:34 40.0um

0'0:21 :i,nch \r Note: Residual repliset material is
-»

visible along the crack surfaces
and the actual crack opening is
>\ considerably less than they

\ appear

$3700 20.0kV 16.0mm x850 SE 7/9/2009 15:32 "' '50.0um

313
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Poppet #56

Size of Cracks #15-17

#16
0.004 inch _

e

S

#17 0.002 inch
0.004 inch e

#15
0.002 inch $3700 20.0kV 16.3mm x466 SE 7/9/200915:30 ~ 100um

Note: Residual repliset material is
visible along the crack surfaces
and the actual crack opening is
considerably less than they appear

$3700 20.0kV 16.1mm x1.40k SE 7/9/2009 15:37 40.0um

314
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Poppet #56

Size of Cracks #18 and 19

#19
0.003 inch
0

#18 L e e e e e T e T T L LG
0.002 inch S3700 20.0kV 16.4mm x1.20k SE 7/9/2009 15:45 40.0um

Note: Residual repliset material is
visible along the crack surfaces
and the actual crack opening is
considerably less than they appear

|||||||||||

S3700 20.0kV 16.3mm x1.50k SE 7/9/2009 15:42 30.0um

315
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Poppet #56

LaRC eddy current findings, the colors indicate ??7?

13:93:50 135900 135910  13:59:20  13:59:30 135940 13:59:50
Time
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Poppet #57

Surfacecrack sizes and locations

Poppet #57
Angle
Crack Number| Size (nch) (degrees)
1 0.079 35
2 0.006 I35
3 0.04 335
4 0.006 I35
5 0.007 155
6 0.0 155
i 0.005 155

Boeing Eddy CurrentFindings

Poppet #57
Run Data(Vpp)
Inspector .
) 1 3 4 5 6 [Average | CrackDetected Location (degrees)
L. Engel 0.498 0478 | 0.486 | 0.480 | 0.485 Yes 335
l.Engel | 0.170 0174 | 0171 | 0168 Yes 160
B. Devries| 0.487 0.447 | 0.494 0.434 Yes 330
B. Devries| 0.170 0149 | 0157 | 0163 No 160
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Poppet #57

Location of Cracks #1-4

Reference Mark Cracks

Radius
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Poppet #57

Size of Cracks #1-4

0.079inch
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Poppet #57

Location of Cracks #5-7

Radius

Flange
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Reference Mark

-(©

f

Cracks
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Poppet #57

Size of Crack #5
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Title: Pane
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Poppet #57

Size of Crack #6

Note: Residual repliset material is visible along the crack surfaces
andthe actual crack opening is considerably less than they appear

10 \ .
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Poppet #57

Size of Crack #7

Note: Residual repliset material is visible along the crack surfaces
and the actual crack opening is considerably less than they appear
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Poppet #57
LaRC eddy current findings, the colors indicate ??7?
i

0.60-|

0.40-

1 D 0 1 ' ' '
09:19:30 09:19:40 09:19;50 9:20:, 120 09:20:40 09:20:46
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Surfacecrack sizes and locations
Poppet #8
Angle Angle
Crack Number| Size (mch) | (degrees) Crack Number| Size (inch) | (degrees)

1 0.005 0 12 0.002 180
2 0.003 0 13 0.03 180
3 0.004 0 14 0.002 180
4 0.005 0 15 0.009 180
5 0.008 [1] 16 0.015 180
6 0.2 0 17 0.003 180
7 0.002 /] 18 0.014 180
8 0.005 180 19 0.003 180
9 0.005 180 20 0.002 180
10 0.4 180 21 .02 180
11 0.002 180

Boeing Eddy Current Findings

None Provided
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Poppet #58

Location of Cracks #1-7

Shaft

E G TE

Reference Mark, Cracks

©
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Poppet #58

Size of Cracks #1-5

0.037inch

0.005inch

0.004 inch

‘/‘\‘ #2/ f? #f._ ‘_’""

" ] — 0.004 inch
0.004 inch \

#5

Y

Note: Residual repliset material is visible along the crack surfaces
andthe actual crack opening is considerably less than they appear

S3700 20.0kV 56.8mm x110 SE 7/6/200'9 1I1:O|6
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Poppet #58

Size of Cracks #1 and 2

#1

0.005inch
ﬂ\’

| emagve |

50.0um

- T ’(
———————
Note: Residual repliset material is

o #2
visible along the crack surfaces 03inch
andthe actual crack opening is 0.003inc
considerably less than they appear

...........

$3700 20.0KV 56.8mm x851 SE
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Poppet #58

Size of Cracks #3 and 4

#4
0.005inch

JEDNEOSY PSS

#3 3700 20.0kV 57.1mm x798 SE 7/6/2009 11:11 50.0urr

0.004 inch
& ."

Note: Residual repliset material is
visible along the crack surfaces
and the actual crack opening is
considerably less than they appear

...........
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STS-126 MPS#2 GH, Flow Control Valve Broken Poppet 333 of 538

Poppet #58

Size of Cracks #5 and 6

0.010inch

i : =

0.008inch

| e

0.002inch

Note: Residual repliset material is visible along the crack surfaces
and the actual crack opening is considerably less than they appear

S3700 20.0kV §7.1mm x470 SE 7/6/2009 11?14I

330
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Title: Page #:
STS-126 MPS#2 GH, Flow Control Valve Broken Poppet 334 of 538

Poppet #58

Size of Crack #7

0.002inch
J\ - ®

respze B

Note: Residual repliset material is visible along the crack surfaces
and the actual crack opening is considerably less than they appear

$3700 20.0kV 56.9mm x902 SE 7/6/2009 11:16 ~ 50.0um
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Title: Page #:
STS-126 MPS#2 GH, Flow Control Valve Broken Poppet 335 of 538

Poppet #58

Location of Cracks #8-21

Reference Mark

180° @

t

Cracks
S3700 20.0kV 43.5mm x30 SE 7/6/2009 14:13

33
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Poppet #58

Size of Cracks #8-9

#9
0.005inch

“’,«O\

-

#8 Note: Residual repliset material is
0.005inch visible along the crack surfaces
and the actual crack opening is
considerably less than they appear

...........
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Title: Pane
STS-126 MPS#2 GH; Flow Control Valve Broken Poppet 337 of 538

Poppet #58

Size of Cracks #10-11

#11
0.002inch

..........
na &

#10 S3 0OkV 43.9mm x1.28k SE
0.004 inch

Note: Residual repliset material is
visible along the crack surfaces
and the actual crack opening is
considerably less than they appear

50.0um 334
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Title: Page #:
STS-126 MPS#2 GH, Flow Control Valve Broken Poppet 338 of 538

Poppet #58

Size of Cracks #12 and 13

#13

0.003inch

#12

........

50.0um

NESC Request No.: 09-00506

0.002inch Note: Residual repliset material is
visible along the crack surfaces
and the actual crack opening is

considerably less than they appear

...........

335




- NASA Engineering and Safety Center Document # | - Version:
10 Technical Assessment Report NESC-RP- 1.0
—— 09-00506
Title: Pane
STS-126 MPS#2 GH; Flow Control Valve Broken Poppet 339 of 538

Poppet #58

Size of Cracks #14-16

#15
0.009inch

by
~rug” eros
P,

0.001inch

#14
0.002inch

.........

NESC Request No.: 09-00506

Note: Residual repliset material is
visible along the crack surfaces
and the actual crack opening is
considerably less than they appear

#16
0.015inch

336
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Poppet #58

Size of Cracks #17-18

#18
0.014inch

,\ yores
#17 }\
. 0.004 inch

#7 01317

20.0kV 43.5mm >

0.003inch
Fvu
Note: Residual repliset material is

visible along the crack surfaces
and the actual crack opening is

...........

S3700 20.0kV 43.6mm x897 SE 7/6/2009 13:16

NESC Request No.: 09-00506

considerably less than they appear

I it

........

100um

33
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STS-126 MPS#2 GH, Flow Control Valve Broken Poppet 341 of 538

Poppet #58

Size of Cracks #19-20

\ #20
0.006inch 0.002 lgch

#19 ;\
0.003inch \(/

Note: Residual repliset material is visible along the crack surfaces
and the actual crack opening is considerably less than they appear

S3700 20.0kV 43.6mm x599 SE 7/6/2009 14:06 S0.0unlﬁ

338
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STS-126 MPS#2 GH, Flow Control Valve Broken Poppet 342 of 538

Poppet #58

Size of Crack #21

0.002inch

R itn -

WL e B el

Note: Residual repliset material is visible along the crack surfaces
and the actual crack opening is considerably less than they appear

S3700 20.0kV 43.5mm x1.21k SE 7/6/2009 14:11 40.0um

339
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Title: bare
STS-126 MPS#2 GH, Flow Control Valve Broken Poppet 343 of 538

Poppet #58

LaRC eddy currentfindings, the colors indicate ???

]

0.10-|

v 1 1 v i '
13:49:50 13:50:00 13:50:10 13:50:20 13:50:30 13:50:37

Time.

-0.20= 1 v ' '
13:49:04 13:49:20 13:49:30 13:49:40
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Page #:
STS-126 MPS#2 GH, Flow Control Valve Broken Poppet 344 of 538

Poppet #59

Surfacecrack sizes and locations

Poppet #59
Angle
Crack Number| Size (inch) (degrees)
1 0.008 0
2 0.2 0
3 0.2 0
4 0.0 0
5 0.2 180
6 0.2 180
7 0.003 180
8 0.4 180
9 0.0 180

Boeing Eddy CurrentFindings

NoneProvided
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Poppet #59

Location of Cracks #1-4

4 Cracks

il

Reference Mark, Cracks

©

\l”
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342
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Document #: Version:

NESC-RP- 1.0

Title:

STS-126 MPS#2 GH, Flow Control Valve Broken Poppet

Page #:
346 of 538

NESC Request No.: 09-00506

Poppet #59

Size of Cracks #1 and 2

#2
0.002inch

;

-~
W P

| Note: Residual repliset material is
0.008inch visible along the crack surfaces
andthe actual crack opening is
considerably less than they appear

---------
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Title: Pane
STS-126 MPS#2 GH; Flow Control Valve Broken Poppet 347 of 538

Poppet #59

Size of Cracks #3 and 4

#4

0.010inch
(' -

#3
0.002inch T

Note: Residual repliset material is
visible along the crack surfaces
and the actual crack opening is
considerably less than they appear

.........

344
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Poppet #59

Location of Cracks #5-9

Reference Mark

NESC Request No.: 09-00506

f

Cracks
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Title: Page #:
STS-126 MPS#2 GH, Flow Control Valve Broken Poppet 349 of 538

Poppet #59

Size of Cracks #5-6

-

#6
0.002 inch

...........
20.0KV 15.6mm x1.70k SE 7/1 15

#5 Note: Residual repliset material is
0.002 inch visible along the crack surfaces
and the actual crack opening is
considerably less than they appear

v

0kV 15.6mm x950 SE 7/

346
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Title: Page #:
STS-126 MPS#2 GH, Flow Control Valve Broken Poppet 350 of 538

Poppet #59

Size of Cracks #7-9

#5
0.004 inch

JA_/."‘-

#3

; - 4 0.001 inch
> a5 -
\ 71 : :
0.003 inch

Note: Residual repliset material is visible along the
crack surfaces and the actual crack opening is
considerably less than they appear

347
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Poppet #59

LaRC eddy currentfindings, the colors indicate ???

-0.60-7 1 1 0 0 i 1 1
12:15:00 12:15:10 12:15:20 12:15:30 12:15:40 12:15:50 12:16:00 12:16:10

Time
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12:1‘6:20 I12:l|6:3-2
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Page #:
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Poppet #60
Surface crack sizes and locations
Poppet #60
Angle
Crack Number| Size (ich) | (degrees)

1 0.038 65

2 0.003 65

3 0.005 65

4 0.003 65

5 0.0 6h

Boeing Eddy CurrentFindings
Poppet 60
Run Data(Vpp)

Inspector 1 2 3 4 5 6 Average | CrackDetected Location (degrees)
L Engel | 0589 | 0591 | 0613 | 0620 | 0.622 | 0.622 | 0610 Yes 30
B Devries| 0.614 | 0611 | 0609 | 0.607 | 0607 | 0615 | 0611 Yes 75
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Title: bare
STS-126 MPS#2 GH, Flow Control Valve Broken Poppet 353 of 538

Poppet #60

Location of Cracks #1-5

S3700 20.0kV 56.9mm x9 SE 7/6/2009 09:22 I

NESC Request No.: 09-00506

Reference Mark
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Title: Page #:
STS-126 MPS#2 GH, Flow Control Valve Broken Poppet 354 of 538

Poppet #60

Size of Cracks #1-5

0.038inch
’l e e T ™, R

#2
0.003inch

Note: Residual repliset material is visible along the crack surfaces
and the actual crack opening is considerably less than they appear

$3700 20.0kV 16.7mm x120 SE 7/6/2009 09:35
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Title: Page #:
STS-126 MPS#2 GH, Flow Control Valve Broken Poppet 355 of 538

Poppet #60

Size of Crack #3

#3
0.005inch

S3700 20.0kV 16.8mm x800 SE 7/6/2009 09:43 l

NESC Request No.: 09-00506

50.0um

352
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Title: Page #:
STS-126 MPS#2 GH, Flow Control Valve Broken Poppet 356 of 538

Poppet #60

Size of Cracks #4 and 5

: *{ ““..1;5 D /‘

0.004 inch

#
0.003inch | A

- - '
~N ’
‘ Note: Residual repliset material is

visible along the crack surfaces
and the actual crack opening is
considerably less than they appear

...........
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Title: bare
STS-126 MPS#2 GH, Flow Control Valve Broken Poppet 357 of 538

Poppet #60

LaRC eddy current findings, the colors indicate ??7?

0.90-
& 0.80-
g 070+
0.60-

0.50-
0.40-
0.30-
0.20-
0.10-
0.00 g
-0.10-
-0.20-
-0.30
-0.40-
.0.50-

' 0 0
17:21:10 17:21:20 17:21:30

Time

-0.60-7 0 0 v
17:20:26 17:20:40 17:20:50 17:21:00
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l7:2ll 40

0 4
17:21:50  17:21:59
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Poppet #61

Surface crack sizes and locations

&1
Angle Angle
Crack Number| Size (inch) (degrees) Crack Number| Size (inch) (degrees)
1 0.003 255 15 0.003 75
2 0.011 255 16 0.006 75
3 0.002 255 17 0.002 75
4 0.003 255 18 0.003 75
5 0.002 255 19 0.003 75
6 0.004 255 20 0.006 75
7 0.002 255 2 0.003 75
8 0.001 255 2 0.006 75
9 0.003 255 23 0.004 75
10 0.012 255 24 0.004 75
1 0.007 255 2 0.013 75
12 0.004 255 2% 0.005 75
13 0.005 255 27 0.006 75
14 0002 255 28 0.004 75
Boeing Eddy CurrentFindings
Poppet 61
Run Data (Vpp)
Inspector 1 2 3 4 5 6 Average | CrackDetected Location (degrees)
L. Engel 0188 | 0,198 | 0190 | 0.188 | 0.194 | 0.200 | 0.193 Yes 75
L. Engel 0.168 | 0175 | 0.176 | 0.170 | 0.185 | 0.183 | 0.176 Yes 255
B. Devries| 0.196 | 0199 | 0.203 | 0.207 | 0.204 | 0.206 | 0.203 Yes 30
B. Devries| 0.174 | 0.175 | 0.177 | 0.175 | 0181 | 0.178 | 0.177 Yes 260
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Title: bare
STS-126 MPS#2 GH, Flow Control Valve Broken Poppet 359 of 538

Poppet #61

Location of Cracks #1-14

Reference
Mark

S$3700 20.0kV 56.8mm x50 SE 7/7/2009 15:19

NESC Request No.: 09-00506

Cracks

I ‘i O(Ierl*n

356
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Poppet #61

Size of Crack #1

<

0.003inch

Note: Residual repliset material is visible along the crack surfaces
and the actual crack opening is considerably less than they appear

S3700 20.0kV 15.6mm x1.56k SE 7/7/2009 15:30
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Poppet #61

Size of Crack #2

P~ %',?‘ .
0.011inch

_—

Note: Residual repliset material is visible along the crack surfaces
and the actual crack opening is considerably less than they appear

S3700 20.0kV 156.3mm x370 SE 7/7/2009 15:33

NESC Request No.: 09-00506

-

TOOuml

358
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Poppet #61

Size of Cracks #3 and 4

0.002inch .
= ~ %6
0.003inch

Note: Residual repliset material is visible along the crack surfaces
and the actual crack opening is considerably less than they appear

R S L P B IR RS B

S3700 20.0kV 15.3mm x600 SE 7/7/2009 15:36 50.0u

356
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STS-126 MPS#2 GH, Flow Control Valve Broken Poppet 363 of 538

Poppet #61

Size of Cracks #5 and 6

0.005inch

#5 ;
0.002inch . of ‘.
: } #6
0.004 inch

Note: Residual repliset material is visible along the crack surfaces
and the actual crack opening is considerably less than they appear

S3700 20.0kV 15.2mm x800 SE 7/7/2009 15:39 '
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STS-126 MPS#2 GH, Flow Control Valve Broken Poppet 364 of 538

Poppet #61

Size of Crack #7

0.002inch

Note: Residual repliset material is visible along the crack surfaces
and the actual crack opening is considerably less than they appear

$3700 20.0kV 15.2mm x1.61k SE 7/7/2009 15:43

NESC Request No.: 09-00506
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Title: Pane
STS-126 MPS#2 GH, Flow Control Valve Broken Poppet 365 of 538

Poppet #61

Location and size of Cracks #8 and 9

#8-9 overall
0.004 inch

S

-~ - - -
0.001inch ‘)4 b
- #9
0.003inch

Note: Residual repliset material is visible along the crack surfaces
and the actual crack opening is considerably less than they appear

$3700 20.0kV 15.2mm x1.30k SE 7/7/2009 15:48
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Poppet #61

Location and size of Cracks #10-12

#12
0.004 inch

.

...........

#10 Note: Residual repliset material is visible
0.012inch along the crack surfaces and the actual
crack opening is considerably less than
. T S they appear

m’

0.007 inch

2mm x300 SE 7/7/2009 15:51
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Poppet #61

Location and size of Cracks #13 and 14

#14
0.002inch

~

e, e
0.005inch 53700 20.0kV 15.0mm x2.00k SE 7 )9 16:00 2

Note: Residual repliset material is visible
along the crack surfaces and the actual
crack opening is considerably less than
they appear

...........

S§3700 20.0kV 15.0m
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Poppet #61

Location of Cracks #15-28

Reference
Mark

|
14 Cracks

) 1 1
2.00mm
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Title: Pane
STS-126 MPS#2 GH, Flow Control Valve Broken Poppet 369 of 538

Poppet #61

Location and size of Cracks #15-16

#16

0.006inch

$3700 20.0kV 56.8mm x899 SE 7/7/2009 16:33

NESC Request No.: 09-00506

8 Y

Note: Residual repliset material is visible
0.003inch along the crack surfaces and the actual
crack opening is considerably less than
they appear

/§

.......
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Title: Pane
STS-126 MPS#2 GH, Flow Control Valve Broken Poppet 370 of 538

Poppet #61

Location and size of Cracks #17-18

#18
#17 0.003inch

0.002inch
-

Note: Residual repliset material is visible
along the crack surfaces and the actual
crack opening is considerably less than
they appear

...........
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Poppet #61

Location and size of Cracks #19-22

#20
' 0.006inch

-/
=)

a1 N

- -

TR ee€ e
0.003inch ™ ————_ ~

#22 ‘
0.006inch

#19
0.003inch $3700 20.0kV 56.5mm x321 SE 7

*{ ®e 'x . P
\ Note: Residual repliset material is visible
along the crack surfaces and the actual
crack opening is considerably less than
they appear

-----------

|||||||||||

S3
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Poppet #61

Location and size of Cracks #23-25

#24
0.004inch _|
i e #25
’f 0.013inch

#24 - 25 overall
#23 0.018inch

0.004 inch
|- |

S$3700 20.0kV 56.2mm x210 SE 7/7/200

S3700 20.0kV 56.4mm x601 SE

NESC Request No.: 09-00506

.‘.nn”_w' v

|||||||

Note: Residual repliset material is
visible along the crack surfaces
andthe actual crack opening is
considerably less than they appear

200um
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Poppet #61

Location and size of Cracks #26-27

#27
0.006 incr]

a{ . S e |
e - ey

#26
0.005inch

o e |-
53 0kV 5§5.9mm x372 SE 7/ 558 100um

Note: Residual repliset material is
visible along the crack surfaces
andthe actual crack opening is
considerably less than they appear

S3700 20.0kV 56.2mm x320 SE 7/7/2009 16:57 100um
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Poppet #61

Size of Crack #28

0.004 inch
»\__,‘___Je

Note: Residual repliset material is visible along the crack surfaces
and the actual crack opening is considerably less than they appear

$3700 20.0kV 56.2mm x417 SE 7/7/2009 17:00 100um

NESC Request No.: 09-00506




NASA Engineering and Safety Center

Document #:

Version:

> NESC-RP- 1.0
Technical Assessment Report 09_80%506
Title: Page #:
STS-126 MPS#2 GH, Flow Control Valve Broken Poppet 375 of 538

Poppet #61
LaRC eddy current findings, the colors indicate ??7?
50.25-

020
1540k
0.10-
0.05-
0.00-
0.05-
-0.10~
0.15-
0.20-

-0.25

Time

NESC Request No.: 09-00506

09:17:32 09:17:40  09:47:50  09:18:00  09:48:10  09:18:20  09:48:30  00:18:40  0%:18:50  09:19:0009:19:06




. . Document #: Version:
NASA Engineering and Safety Center
. NESC-RP- 1.0
Technical Assessment Report 09-00506
Page #:
STS-126 MPS#2 GH, Flow Control Valve Broken Poppet 376 of 538
Poppet #62
Surface crack sizes and locations
Poppet #52
Angle
Crack Number| Size (mch) | (degrees) Crack Numbes| Size (inch) | (degrees)
1 0.009 0 1 0.008 180
2 .06 0 12 0.002 180
3 0.008 0 13 0.003 180
4 0.006 0 14 0.005 180
5 0.4 180 15 0.004 180
6 0.4 180 16 0.2 180
7 0.002 180 17 0.002 180
8 0.03 180 18 0.0 180
9 0.008 180 19 0.002 180
10 .04 180 2 (.04 180

Boeing Eddy CurrentFindings

None Provided
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Poppet #62

Location of Cracks #1-4

Reference Mark, Cracks

©
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Poppet #62

Size of Crack #1

0.009inch
A 3

wf.‘ d

Note: Residual repliset material is visible along the crack surfaces
and the actual crack opening is considerably less than they appear

S3700 20.0kV 53.2mm x420 SE 7/1/2009 15:21 " 100um
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Poppet #62

Size of Crack #2

0.006inch

Note: Residual repliset material is visible along the crack surfaces
and the actual crack opening is considerably less than they appear

stny/®,

S3700 20.0kV 53.2mm x650 SE 7/1/2008 15:28 50.0um

376
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Poppet #62

Size of Crack #3

- el »‘W AW o~

0.008inch

Note: Residual repliset material is visible along the crack surfaces
and the actual crack opening is considerably less than they appear

S3700 20.0kV 12.5mm x550 SE 7/1/2009 15:37 100um
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Poppet #62

Size of Crack #4

0.006inch ™" *

Note: Residual repliset material is visible along the crack surfaces
and the actual crack opening is considerably less than they appear

S3700 20.0kV 12.4mm x802 SE 7/1/2009 15:43 I
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Poppet #62

Location of Cracks #5-20

|
Shaft 16

Cracks
Radius } 1

Flange

2mm

S3700 20.0kV 55.2mm x30 SE 7/1/2009 1

NESC Request No.: 09-00506
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Poppet #62

Location and size of Cracks #5 and 6

#6
0.004 inch

Y

#§ S3700 20.0KV 14.8mm x1.30k SE 7/1/2000 16:08  40.0um
0.004 inch)

%‘_,"‘ A

Note: Residual repliset material is
visible along the crack surfaces
and the actual crack opening is
considerably less than they appear

...........

S$3700 20.0kV 55.2mm x799 SE 7/1/2009 16:02
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Poppet #62

Location and size of Cracks #7 and 8

#8

a{ 0.003inch

-~ g %

e

x’

S3700 20.0kV 14

~ -
#7

e Note: Residual repliset material is

0.002inch visible along the crack surfaces

----------
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and the actual crack opening is
considerably less than they appear
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Poppet #62

Location and size of Cracks #9 and 10

’\

#9

#10
0.004 inch

weFT e g

0.002inch

0.008inch »*
a{ - rx,m-' -y T

‘-________________________-—-»

Note: Residual repliset material is visible along the crack surfaces
and the actual crack opening is considerably less than they appear

S3700 20.0kV 14.8mm x500 SE 7/1/2009 16:18 I
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Poppet #62

Location and size of Cracks #11-13

#12
0.002inch 0.001inch

"
e

o #13
0.001inch 0.003inch

..........
S3 0.0kV 14.7mm x549 SE 7/1/200

“ I"" PT A cpeom>, Note: Residual repliset material is

#11 visible along the crack surfaces
0.008inch and the actual crack opening is
considerably less than they appear

...........

kV 14.7mm
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Poppet #62

Location and size of Cracks #14-16

#16
0.002inch
« . B

0.00tinch y __—
\’\

\ - pw"" st
;)\*/#15//
0.004 inch

S3700 20.0kV 14.7mm x800 SE 7/1/2009 16:25
a* - §€

E(._

#14 Note: Residual repliset material is
0.005inch visible along the crack surfaces
and the actual crack opening is
considerably less than they appear

...........

S3700 20.0kV 14.7mm x853 SE 7/1/2009 16:23
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Poppet #62

Location and size of Cracks #17 and 18

#18
0.004 inch

Y O

et

-

#17
0.002inch \f
% o

Note: Residual repliset material is visible along the crack surfaces
and the actual crack opening is considerably less than they appear

S3700 20.0kV 14.7mm x850 SE 7/1/2009 16:27I
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Poppet #62

Size of Cracks #19 and 20

#20

0.004inch o~

#19
0.002inch |

e I

50.0um
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\k

Note: Residual repliset material is
visible along the crack surfaces
and the actual crack opening is
considerably less than they appear
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Poppet #62

LaRC eddy current findings, the colors indicate ??7?
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5 0.16- Y

"
09:50:50

09:50:40
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Poppet #63
Surface crack sizes and locations
Poppet #53
Angle Angle
Crack Number| Size (mch) | (degrees) Crack Number| Size (inch) | (degrees)

1 0.005 0 1 0.006 180
2 0.002 0 12 0.012 180
3 0.015 0 13 0.002 180
4 0.002 0 114 0.002 180
5 0.004 0 15 0.007 180
6 0.0 0 16 0.010 180
7 0.006 0 17 0.006 180
8 0.4 0 18 0.015 180
9 0.002 0 19 0.002 180
10 .02 180 2 .02 180

Boeing Eddy CurrentFindings

None Provided
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Poppet #63

Location of Cracks #1-9

9 Cracks
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Poppet #63

Size of Crack #1

- e
0.005inch

Note: Residual repliset material is visible along the crack surfaces
and the actual crack opening is considerably less than they appear

S3700 20.0kV 52.5mm x554 SE 7/8/2009 07:21
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Poppet #63

Size of Crack #2

0.002inch

Note: Residual repliset material is visible along the crack surfaces
and the actual crack opening is considerably less than they appear

S$3700 20.0kV 52.8mm x2.00k SE 7/8/2009 07:25
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Poppet #63

Size of Crack #3

0.015inch

3( S e G ,—é - L e

Note: Residual repliset material is visible along the crack surfaces
and the actual crack opening is considerably less than they appear

S3700 20.0kV 52.8mm x300 SE 7/8/2009 07:33 100um
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Poppet #63

Location and size of Cracks #4 and 5

#5
g aRsleh 0.005inch N Ve
0.004inch

S3700 20.0kV 52.8mm x470 SE 7/8/2009 O7|38I
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Poppet #63

Size of Crack #6

0.004 inch

Note: Residual repliset material is visible along the crack surfaces
and the actual crack opening is considerably less than they appear

I50,bunl”|

$3700 20.0kV 52.9mm x1.10k SE 7/8/2009 07:41

394
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Poppet #63

Size of Crack #7

>y

0.006 inch

Note: Residual repliset material is visible along the crack surfaces
and the actual crack opening is considerably less than they appear

$3700 20.0kV 52.5mm x804 SE 7/8/2009 07:46 50.0um
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Poppet #63

Size of Crack #8

0.004 inch

S3700 20.0kV 52.4mm x1.40k SE _7/8/2009 07:49
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Poppet #63

Size of Crack #9

™

-

Note: Residual repliset material is visible along the crack surfaces
and the actual crack opening is considerably less than they appear

S3700 20.0kV 52.5mm x948 SE 7/8/2009 07-53 50.0um
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Poppet #63

Location of Cracks #10-18

i/
H*+
—
N
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Poppet #63

Size of Crack #10

0.002inch

Note: Residual repliset material is visible along the crack surfaces
and the actual crack opening is considerably less than they appear

l40,|Ounlﬁ

$3700 20.0kV 51.8mm x1.40k SE _7/8/2009 08:16
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STS-126 MPS#2 GH, Flow Control Valve Broken Poppet 403 of 538

Poppet #63

Size of Crack #11

0.006inch

S3700 20.0kV 51.8mm x750 SE 7/8/2009 08:19
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Poppet #63

Location and size of Cracks #12 and 13

b “/ /s
?3 Capmge " ¢

#12 #13
0.012inch ~-
0.002inch

Note: Residual repliset material is visible along the crack surfaces
and the actual crack opening is considerably less than they appear

S3700 20.0kV 51.8mm x300 SE 7/8/2009 08:24 100um
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Poppet #63

Size of Crack #14

0.002inch

Note: Residual repliset material is visible along the crack surfaces
and the actual crack opening is considerably less than they appear

$3700 20.0kV 51.7mm x1.50k SE 7/8/2009 08:29
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Poppet #63

Location and size of Cracks #14-18

] e

0.010inch
#15 e 0.015inch

" #16 #17
- ——

D —
0.007 inch 0.006 inch

' Note: Residual repliset material is visible algnEﬂ'-l‘e_idr
andthe actual crack opening is considerably less tl
v TN B 3 e

e
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Poppet #63

Location and size of Region B Cracks #19 and 20

0.002inch

0.002inch

0.002inc
#19 :
0.004 inch

-

Note: Residual repliset material is visible along the crack surfaces
and the actual crack opening is considerably less than they appear

S3700 20.0kV 51.7mm x399 SE 7/8/2009 09:17 I
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Poppet #63

LaRC eddy current findings, the colors indicate ??7?

-0.20- 0 D D 0 0 g D
09:43:01 09:43:10 09:43:20 09:43:30 09:43:40 09:43:50 09:44:00 09:44:10
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Poppet #64

Surfacecrack sizes and locations

Poppet #54
Angle Angle
Crack Number| Size inch) | (degrees) Crack Number| Size (inch) | (degrees)
1 0.002 225 1 0.009 45
2 0.002 25 12 0.009 45
3 0.004 25 13 0.007 45
4 0.002 25 " 0.006 45
5 0.001 25 15 0.009 45
3 0.002 25 16 0.002 45
7 0.004 45 17 0.003 45
8 0.004 45 18 0.003 45
9 0.002 45 19 0.004 45
10 0.004 45 20 0.025 45

Boeing Eddy CurrentFindings

Poppet 64
Run Data (Vpp)
Ispectar 1 2 3 4 5 6 |Average | CrackDetected Location (degrees)
L. Engel 0233 | 0237 | 0.239 | 0.244 | 0.240 | 0.244 | 0.240 Yes 195
. Engel | 0.066 | 0068 | na | 0.070 | 0.071 [ 0072 [ 0.069 Yes 5 (Not3-1S/N ratio)
B. Devries 5 = = 3 = = 3 No 45
B. Devries| 0.242 | 0.241 | 0.247 | 0.245 | 0.240 | 0.235 0.242 Yes 210

NESC Request No.: 09-00506




D t #: Version:
NASA Engineering and Safety Center e o
. NESC-RP- 1.0
Technical Assessment Report 09-00506
Title: Page #:
STS-126 MPS#2 GH, Flow Control Valve Broken Poppet 410 of 538

Poppet #64

Location of Cracks #1-6

2259

Reference Mark

©

Cracks
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Poppet #64

Size of Crack #1

0.002inch

§/ . /§

Note: Residual repliset material is visible along the crack surfaces
and the actual crack opening is considerably less than they appear

S$3700 15.0kV 15.9mm x803 SE 6/30/2009 15:16 '50.0um

408
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Poppet #64

Size of Crack #2

.

0.002inch

Note: Residual repliset material is visible along the crack surfaces
and the actual crack opening is considerably less than they appear

S3700 15.0kV 15.8mm x1.41k SE 6/30/2009 15:20
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Poppet #64

Size of Crack #3

0.004 inch
il ¥
CasaPpa o -

Note: Residual repliset material is visible along the crack surfaces
and the actual crack opening is considerably less than they appear

S3700 15.0kV 15.8mm x1.00k SE 6/30/2009 15:22
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Poppet #64

Size of Crack #4

0.002inch

Note: Residual repliset material is visible along the crack surfaces
and the actual crack opening is considerably less than they appear

$3700 15.0kV 15.8mm x1.30k SE 6/30/2009 15:24
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Poppet #64

Size of Crack #5

-

g > 0.001inch
"\ g ___‘ /L

Note: Residual repliset material is visible along the crack surfaces
and the actual crack opening is considerably less than they appear

S3700 15.0kV 15.8mm x1.80k SE 6/30/2009 15:33 30.0um

412
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Poppet #64

Size of Crack #6

R

10.002inch

Note: Residual repliset material is visible along the crack surfaces
and the actual crack opening is considerably less than they appear

$3700 15.0kV 15.8mm x2.50k SE 6/30/2009 15:43
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Poppet #64

Location of Cracks #7-20

Shaft 14 Cracks

|
Radius [

Reference Mark

Crack A5

#10-13 #14-17

#9
Flange

2mm
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Poppet #64

Location and size of Cracks #7 and 8

#7

0.004 inch
i

0.004 inch

#8

’ 0.004 inch
- d ”’-
a——— ’

S3700 15.0kV 68.9mm x370 SE 6/30/2009 16:07 100um
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Poppet #64

Size of Crack #9

T
0.002inch

Pl

Note: Residual repliset material is visible along the crack surfaces
and the actual crack opening is considerably less than they appear

1 1 1 1 1 1 1 1 1 1 1

S3700 15.0kV 58.8mm x701 SE 6/30/2009 16:10 50.0um

416
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Poppet #64

Location and size of Cracks #10-11

#10
0.004.inch

0.004 inch

#11
0.009inch

e Y

Note: Residual repliset material is visible along the crack surfaces
and the actual crack opening is considerably less than they appear

$3700 15.0kV 58.8mm x450 SE 6/30/2009 1613 " 100um

417
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Poppet #64

Location and size of Cracks #12-13

#12
0.009inch

#13
0.007 inch

0.002inch

Note: Residual repliset material is visible along the crack surfaces
and the actual crack opening is considerably less than they appear

S3700 15.0kV 21.3mm x300 SE 6/30/2009 16:18 100um
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Poppet #64

Location and size of Region B Cracks #14-16

#15
0.009|nch,",.3 - \e

et Crack#17
;\ e . #16

0.002inc
#14 R -
0.006 inch
a‘ - - “ D I
3 0.004 inch
‘\ 0.003inch
r 0.002inch

Note: Residual repliset material is visible along the crack surfaces
and the actual crack opening is considerably less than they appear

S3700 15.0kV 21.5mm x228 SE 6/30/2009 16:21

1 1 1 1 I 1 2I()()ILerql

419
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Poppet #64

Size of Crack #17

0.003inch

Note: Residual repliset material is visible along the crack surfaces
and the actual crack opening is considerably less than they appear

S3700 15.0kV 21.5mm x952 SE 6/30/2009 16:23

NESC Request No.: 09-00506
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Poppet #64

Size of Crack #18

0.003inch
?\\ o>

Note: Residual repliset material is visible along the crack surfaces
and the actual crack opening is considerably less than they appear

S3700 15.0kV 21.3mm x603 SE 6/30/2009 16:27 50.0um

421
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Poppet #64

Size of Crack #19

0.004inch 4 gy -

r

Note: Residual repliset material is visible along the crack surfaces
and the actual crack opening is considerably less than they appear

S3700 15.0kV 21.4mm x994 SE 6/30/2009 16:30'

NESC Request No.: 09-00506

f‘;O_(I)unlw




D t #: Version:
NASA Engineering and Safety Center e o
9 NESC-RP- 1.0
=10 Technical Assessment Report 09-00506
Title: Page #:
STS-126 MPS#2 GH, Flow Control Valve Broken Poppet 426 of 538

Poppet #64

Size of Crack #20

0.025inch . . <8 L
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Poppet #64

LaRC eddy current findings, the colors indicate ??7?

«0.40 ~!
12:57:30  1257:40  12:57:50  12:58:00 125910  12:88:20  12:58:30 1215940  12:58:50 ' 12:59:03
Time
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STS-126 MPS#2 GH, Flow Control Valve Broken Poppet 428 of 538

Poppet #65

Surface crack sizes and locations

Poppet #65
Angle
Crack Number| Size (nch) (degrees)
1 0.0 115
2 0.0 115
3 0.0M 115
4 0.003 25
5 0.0M 295

Boeing Eddy CurrentFindings

Poppet #65
Run Data (Vpp)
Inspector 1 2 3 4 5 6 Average| CrackDetected Location (degrees)
1. Engel 0.074 | 0.075 | 0.078 | 0.078 | 0.080 | 0.079 0.077 No o7
U. Engel z - No 285
B. Devries # 2 3 = No 295
B. Devries| 0.0385 .078 | 0.077 | 0.078 | 0.081 38 0.081 No 157

NESC Request No.: 09-00506
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Poppet #65

Location of Cracks #1-3

3 Cracks

115°

Cracks

Reference Mark

©
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Poppet #65

Size of Crack #1

0.002 inch \k
?\ P

o S0

Note: Residual repliset material is visible along the crack surfaces
and the actual crack opening is considerably less than they appear

$3700 20.0kV 55.2mm x1.21k SE 7/7/2009 08:27 40.0um

427
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Poppet #65

Size of Crack #2

0.002 inch
e L.

-——————>

Note: Residual repliset material is visible along the crack surfaces
and the actual crack opening is considerably less than they appear

S3700 20.0kV 55.5mm x1.59k SE 7/7/2009 08:32 30.0um
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Poppet #65

Size of Crack #3

0.001 inch

T

Note: Residual repliset material is visible along the crack surfaces
and the actual crack opening is considerably less than they appear

S3700 20.0kV 55.3mm x3.00k SE 7/7/2009 08:37 10.0um
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Poppet #65
Location of Cracks #4 and 5
. v ! Reference Mark

293 Cracks

— s

1.00mr

430
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Poppet #65

Size of Crack #4

0.003 inch

NESC Request No.: 09-00506

30.0ur

mn

431
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Poppet #65

Size of Crack #5

0.004 inch

s -»

Note: Residual repliset material is visible along the crack surfaces
and the actual crack opening is considerably less than they appear

S3700 20.0KV 56.1mm x1.20k SE 7/7/2009 11:06

NESC Request No.: 09-00506
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Poppet #65

LaRC eddy current findings, the colors indicate ??77?

|
lS:QIl:SO 13:4'2:00 13:4'2:10 13:;2:20 lG:O‘Z:” 13:4’2:10 13:1'2:50 13:4'3:00 13:43:09
Time
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Poppet #66
Surfacecrack sizes and locations
Poppet #66
Crack Number| Size (nch) {degrees)

1 0.006 70

2 .04 70

3 0.025 250

4 0.018 250

5 0.0 250

[ 0.006 250

7 0.006 250

Boeing Eddy CurrentFindings
Poppet 66
Run Data {Vpp)

Inspector 1 2 3 4 5 6 Average | CrackDetected Location (degrees)
L. Engel 0180 | 0194 | 0183 (0189 [ 0186 | 0192 | 0189 Yes 235
L. Engel = & B = & 3 £ No 70
B. Devries - - = - s - No 70
B. Devries | 0.186 0.185 0.138 0.201 | 0.193 | 0.190 0.191 Yes 240

NESC Request No.: 09-00506
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Poppet #66

Location and size of Cracks #1 and 2

Shaft 2 Cracks

Reference Mark
70°

Radius \ Cracks\/'
Flange @

2mm

#1
0.006inch - - - |

W\‘
W ; e

435
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Poppet #66

Location of Cracks #3-7

NESC Request No.: 09-00506

Reference
Mark

Cracks
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Poppet #66

Size of Crack #3

0.025 inch

Note: Residual repliset materlél’ls visible along the crack surfaces
and the actual crack opening is considerably less than they appear

NESC Request No.: 09-00506
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Poppet #66

Size of Crack #4

0.018 inch

NESC Request No.: 09-00506
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Poppet #66

Size of Crack #5

0.024 inch

NESC Request No.: 09-00506

I300|uml

439
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Poppet #66

Size of Crack #6

0.006 inch

e N B S 1 JRETy Y S VAR L

S3700 20.0kV 16.1mm x700 SE 6/30/2009 08:05 50.0um

440
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Poppet #66

Size of Crack #7

0.005 inch

S3700 20.0kV 16.3mm x850 SE ©6/30/2009 08‘3'6

NESC Request No.: 09-00506

50 Ounlw
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Poppet #66

LaRC eddy current findings, the colors indicate ??7?

B D 0 1 '
14:29:30 14:29:40 14:29:50 14:30:00 14:30:10
Time:
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Poppet #67

Surfacecrack sizes and locations

Poppet #67
Angle
Crack Number| Size (inch) {degrees)
1 0.2 285
2 0.006 285
3 0.003 285
4 0.04 285
5 0.0 285
6 0.008 285
7 0.2 285
8 0.009 105
9 0.006 105
10 0.0 105
1 0.003 105
12 0.003 105
13 0.003 105

Boeing Eddy CurrentFindings

Poppet #67
Run Data (Vpp)
Inspeciar 1 2 3 4 5 6 Average| CrackDetected Location (degrees)
0.029 | 0.086 | 0.089 | 0.092 | 0.095 | 0.095 | 0.091 Yes 2 (Mot 3z

K. Engel ratio)

K. Engel No 105

B. Devries = s 3 = 2 & No 105

B. Devries| 0.091 | 0.089 | 0.091 | 0.095 | 0.117 | 0.100 | 0.097 No 355
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Poppet #67

Location of Cracks #1-7

Reference Mark

o
285 Cracks

or

NESC Request No.: 09-00506
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Poppet #67

Location and size of Cracks #1 and 2

#1

9\\o.ooz inch‘\é/ 0.001inch

#2
0.006 inch

Ry

- —

S$3700 20.0kV 16.1mm x548 SE 7/6/2009 16:05 100um

445
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Poppet #67

Size of Crack #3

r

Note: Residual repliset material is visible along the crack surfaces
and the actual crack opening is considerably less than they appear

S3700 20.0kV 16.0mm x955 SE 7/6/2009 16I:1(3

NESC Request No.: 09-00506
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Poppet #67

Size of Crack #4

0.004 inch

Note: Residual repliset material is visible along the crack surfaces
and the actual crack opening is considerably less than they appear

S3700 20.0kV 16.1mm x1.10k SE 7/6/2009 16:14

NESC Request No.: 09-00506

'50 bunlw
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Poppet #67

Size of Crack #5

0.002inch

o

Note: Residual repliset material is visible along the crack surfaces
and the actual crack opening is considerably less than they appear

S3700 20.0kV 16.1mm x1.31k SE 7/6/2009 16:17 40.0um

443
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Poppet #67

Size of Crack #6

0.008inch — v

-

Note: Residual repliset material is visible along the crack surfaces
and the actual crack opening is considerably less than they appear

S3700 20.0kV 16.1mm x500 SE 7/6/2009 16:21
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Poppet #67

Size of Crack #7

0.002inch

L

Note: Residual repliset material is visible along the crack surfaces
and the actual crack opening is considerably less than they appear

$3700 20.0KV 16.3mm x1.19k SE 7/6/2009 16:26 40.0um

450
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Poppet #67

Location of Cracks #8-13

Reference Mark

©

Cracks

S§3700 20.0kV 15.8mm x60 SE 7/7/2009 06:30
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Poppet #67

Size of Crack #8

0.009inch

Note: Residual repliset material is visible along the crack surfaces
and the actual crack opening is considerably less than they appear

' 100um

S3700 20.0kV 15.7mm x450 SE 7/7/2009 06:é6 l
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Poppet #67

Size of Crack #9

0.006inch

ST

Note: Residual repliset material is visible along the crack surfaces
and the actual crack opening is considerably less than they appear

S3700 20.0kV 15.7mm x451 SE 7/7/2009 O7:é4 I

NESC Request No.: 09-00506

453




D t #: Version:
NASA Engineering and Safety Center penmen creon
> NESC-RP- 1.0
Technical Assessment Report 09-00506
Title: Page #:
STS-126 MPS#2 GH, Flow Control Valve Broken Poppet 457 of 538

Poppet #67

Size of Crack #10

/)‘ 0.002inch ‘e
4

e

Note: Residual repliset material is visible along the crack surfaces
and the actual crack opening is considerably less than they appear

1 1 1 1 1 1 1

S3700 20.0kV 16.0mm X786 SE 7/7/2009 07:37 '50.0um

NESC Request No.: 09-00506
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Poppet #67

Size of Crack #11

0.003inch

Note: Residual repliset material is visible along the crack surfaces
and the actual crack opening is considerably less than they appear

S3700 20.0kV 15.8mm x1.70k SE 7/7/2009 0741

NESC Request No.: 09-00506
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Poppet #67

Size of Crack #12

0.003inch

Note: Residual repliset material is visible along the crack surfaces
and the actual crack opening is considerably less than they appear

S3700 20.0KV 15.8mm x1.50k SE 7/7/2009 07:48

NESC Request No.: 09-00506

456




D t#: Version:
NASA Engineering and Safety Center e o
. NESC-RP- 1.0
2 Technical Assessment Report 09-00506
Title: Page #:
STS-126 MPS#2 GH, Flow Control Valve Broken Poppet 460 of 538

Poppet #67

Size of Crack #13

0.003inch

Note: Residual repliset material is visible along the crack surfaces
and the actual crack opening is considerably less than they appear

S3700 20.0kV 15.9mm x946 SE 7/7/2009 O7I:56I

NESC Request No.: 09-00506
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Poppet #67

LaRC eddy current findings, the colors indicate ??7?

-0.30-
M:ZIS:CG |4:2.S:l0 14:2‘5:20 14:2|5:30 14:2=3:40 14:2'5:00 14:2'6:10 H:ZIG:ZD 14:2'6:30 14:2|6:37
Time
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Poppet #68

Surfacecrack sizes and locations

Poppet #68
Angle
Crack Number| Size (inch) (degrees)
1 0.003 3
2 0.005 3
3 0.003 3»
4 0.0 3
5 0.008 35
6 0.009 £
7 0.006 35
8 0.02%6 £
9 0.010 215
10 0.003 215
1 0.003 215
12 0.005 215
13 0.012 215
1 0.006 215
15 0.0 215

Boeing Eddy CurrentFindings

Poppet #68
Run Data (Vpp)
Inspector .
! 1 2 3 4 5 6 |Average | CrackDetected Location (degrees)
H. Engel 0197 | 0.202 | 0.216 | 0.220 | 0.218 | 0.208 0.210 Yes 40
L. Engel 0117 | 0120 | 0124 [ 0130 | 0125 | 0127 | 0124 Yes 215
B. Devries| 0.213 0.219 | 0.222 | 0.220 | 0.224 | 0.220 0.220 Yes 45
B. Devries| 0.118 | 0.120 | 0.119 | 0121 | 0122 | 0123 | 0121 Yes 225

NESC Request No.: 09-00506
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Poppet #68

Location of Cracks #1-8

Reference Mark
Cracks  35°

s

8 Cracks)

NESC Request No.: 09-00506
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Poppet #68

Location and size of Cracks #1 and 2

Esle

7/1/2009 11:29
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Poppet #68

Location and size of Cracks #3-4

#3
0.003inch

- @3 r -
0.002inch

#4
g
0.004 inch ~
0.002inch

Note: Residual repliset material is visible along the crack surfaces
and the actual crack opening is considerably less than they appear

S3700 20.0kV 17.3mm x468 SE 7/1/2009 11:32 " 100um
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Poppet #68

Size of Crack #5

0.008inch

%/ - T s e - )e

‘K.

S3700 20.0kV 17.3mm x420 SE 7/1/2009 11i40l
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Poppet #68

Size of Crack #6

a\ e (g:,.“'oggin:mﬂ“»; }e

e e

Note: Residual repliset material is visible along the crack surfaces
and the actual crack opening is considerably less than they appear

S3700 20.0kV 17.4mm x418 SE 7/1/2009 1‘1:43I

NESC Request No.: 09-00506
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Poppet #68

Size of Crack #7

~#?‘M

0.003inch

0.006inch

Note: Residual repliset material is visible along the crack surfaces
and the actual crack opening is considerably less than they appear

S3700 20.0kV 17.4mm x500 SE 7/1/2009 11:45 100um
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Poppet #68

Size of Crack #8

0.026inch

et T

‘/—___________________.

'N'oté: Iies’id al repliset material is visible along the crack surfaces
and the actual crack opening is considerably less than they appear
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Poppet #68

Location of Cracks #9-5

Reference Mark

©

Cracks

#12 #15

|

A
s

#14
#10& 11 #13

§ S3700 20.0kV 57.3mm x25 SE 7/1/2009 12:58
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Poppet #68

Size of Crack #9

0.010inch
B

o

Note: Residual repliset material is visible along the crack surfaces
and the actual crack opening is considerably less than they appear

S3700 20.0kV 56.3mm x458 SE 7/1/2009 13:01
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Poppet #68

Size of Cracks #10 and 11

0.003inch
0.001inch \‘%.// \f

;\ MEUREON Sl

Note: Residual repliset material is visible along the crack surfaces
and the actual crack opening is considerably less than they appear

S3700 20.0kV 56.5mm x500 SE 7/1/2009 13:08 100um
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Poppet #68

Size of Crack #12

0.005inch _ \e
-
e @ =

S

Note: Residual repliset material is visible along the crack surfaces
and the actual crack opening is considerably less than they appear

S3700 20.0kV 56.6mm x600 SE 7/1/2009 13:12 50.0unlﬁ

NESC Request No.: 09-00506




D t #: Version:
NASA Engineering and Safety Center oetmen erston
f NESC-RP- 1.0
Technical Assessment Report 09-00506
Title: Page #:
STS-126 MPS#2 GH, Flow Control Valve Broken Poppet 474 of 538

Poppet #68

Size of Crack #13

0.012inch P \"
./‘.

et o, *—
x 2 < ‘4-O";‘ ;"s\?.$‘ -

Note: Residual repliset material is visibjg__nlong(ttjf}iﬁéifidrfiéé's‘—
and the actual crack opgnjng,l; considerably less than they appear

i 3}

|1(I)OLIJmI

S3700 20.0kV 56.6mm x400 SE 7/1/2009 13:15 |

471
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b

Poppet #68

Size of Crack #14

0.006inch g »™ ™

a8 ,,“\v‘\‘f“-;ﬂ

Note: Residual repliset material is visible along the crack surfaces
and the actual crack opening is considerably less than they appear

S3700 20.0kV 56.6mm x650 SE 7/1/2009 13:17
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Poppet #68

Size of Crack #15

S3700 20.0kV 56.3mm x955 SE 7/1/2009 13|222I
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Poppet #68

LaRC eddy current findings, the colors indicate ??7?
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Poppet #69

Surfacecrack sizes and locations

Poppet #59
Angle Angle
Crack Number| Size nch) | (degrees) Crack Number| Size (inch) | (degrees)
1 0.003 0 1 0.004 180
2 0.015 0 12 0.004 180
3 0.002 0 13 0.011 180
4 0.002 0 " 0.007 180
5 0.001 0 15 0.006 180
6 0.014 0 16 0.006 180
7 0.003 [] 17 0.008 180
8 0.003 1] 18 0.003 180
9 0.003 [] 19 0.008 180
10 0.002 0 20 0.003 180
21 0.005 180

Boeing Eddy CurrentFindings

None Provided
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Shaft

Radius

_Flange

1

Poppet #69

Location of Cracks #1-10

Reference Mark, Cracks

= SRS -

NESC Request No.: 09-00506

S3700 20.0kV 17.3mm x35 SE 7/2/2009 09:37

|||||||

1.00mm
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Poppet #69

Size of Crack #1

0.003inch
e

Note: Residual repliset material is visible along the crack surfaces
and the actual crack opening is considerably less than they appear

S3700 20.0kV 17.1mm x840 SE 7/2/2009 09109I

NESC Request No.: 09-00506
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Poppet #69

Location and size of Crack #2

-

e =Y e Fenie, ~

#2

0.015inch

Note: Residual repliset material is visible along the crack surfaces
and the actual crack opening is considerably less than they appear

S3700 20.0kV 17.1mm x319 SE 7/2/2009 09:12 100u
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Poppet #69

Size of Crack #3

T

9\ .
0.002inch

Note: Residual repliset material is visible along the crack surfaces
and the actual crack opening is considerably less than they appear

S$3700 20.0kV 17.1mm x1.00k SE 7/2/2009 Oé:1é
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Poppet #69

Size of Crack #4

0.002inch

S3700 20.0kV 17.1mm x1.70k SE 7/2/2009 09:19
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Poppet #69

Size of Crack #5

e

Yl
0.001inch

Note: Residual repliset material is visible along the crack surfaces
and the actual crack opening is considerably less than they appear

S3700 20.0kV 17.2mm x1.50k SE 7/2/2009 09I:2I2

NESC Request No.: 09-00506
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Poppet #69

Location of Cracks #6-8

#6
~ 0.014inch

4)’ e Y &
R o

¢’°°.W-e‘.

Note: Residual repliset material is visible along the crack surfaces
and the actual crack opening is considerably less than they appear

S3700 20.0kV 17.2mm x300 SE 7/2/2009 09:26
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Poppet #69

Location and size of Cracks #7-9

#7

0.003inch
@ \e
- |

#8

0.003inch

#9
0.003inch

e

Note: Residual repliset material is visible along the crack surfaces
and the actual crack opening is considerably less than they appear

S3700 20.0kV 17.2mm X500 SE 7/2/2009 09:31
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Poppet #69

Size of Crack #10

0.002inch
9\ -

L o

.

Note: Residual repliset material is visible along the crack surfaces
and the actual crack opening is considerably less than they appear

S3700 20.0kV 17.3mm x794 SE 7/2/2009 09:34
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Poppet #69

Location of Cracks #11-19

Reference Mark

180° @

Cracks

9 Cracks
Radius \

Flange

s

S3700 20.0kV 58.2mm x30 SE 7/2/2009 10:35

NESC Request No.: 09-00506




D #: Version:
NASA Engineering and Safety Center | - ersion
i NESC-RP- 1.0
Technical Assessment Report 09-00506
Title: Pane
STS-126 MPS#2 GH, Flow Control Valve Broken Poppet 489 of 538

Poppet #69

Size of Crack #11

bl Enbebe i b bl vl

S3700 20.0kV 58.0mm x601 SE 7/2/2009 10:47 50.0um
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Poppet #69

Size of Crack #12

‘*/ 0.004 inch
-

\/‘

Note: Residual repliset material is visible along the crack surfaces
and the actual crack opening is considerably less than they appear

S3700 20.0kV 57.5mm x555 SE 7/2/2009 10:50 100um

437
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Poppet #69
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Poppet #69

Size of Crack #18

e

0.003inch %

Note: Residual repliset material is visible along the crack surfaces
and the actual crack opening is considerably less than they appear

$3700 20.0kV 15.3mm X756 SE 7/2/2009 12:15 50.0um
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Poppet #69

Size of Crack #19

% e e

0.008inch

i

Note: Residual repliset material is visible along the crack surfaces
and the actual crack opening is considerably less than they appear

$3700 20.0kV 15.3mm x550 SE 7/2/2009 12:18
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Poppet #69

Location and size of Region B Cracks #20-21

9 »

e ——
\9/ #20
0.003inch

Note: Residual repliset material is visible along the crack surfaces
and the actual crack opening is considerably less than they appear

#21

0.005inch

4\

$3700 20.0kV 15.2mm x500 SE 7/2/2009 12:23
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Poppet #69

LaRC eddy current findings, the colors indicate ??7?

=0.20 -7 ==
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1 D 1 ' ¥ i
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Time

'
14:48:00 14:43;: 10

NESC Request No.: 09-00506



D t#: Vi i H
NASA Engineering and Safety Center ocumen ersion
i NESC-RP- 1.0
Technical Assessment Report 0900506
Page #:
STS-126 MPS#2 GH, Flow Control Valve Broken Poppet 496 of 538

Poppet #70

Surfacecrack sizes and locations

Poppet #70
Angle
Crack Number| Size (nch) (degrees)
1 0.005 145
2 0.0% 145
3 0.003 145
4 0.008 325
5 0.0 325

Boeing Eddy CurrentFindings

Poppet #70
Run Data (Vpp)

Inspector .

oy 1 2 3 4 5 6 Average | CrackDetected Location (degrees)
L. Engel 0184 | 0.187 [ 0174 | 0172 | 0.176 | 0.172 Yes 145
\J. Engel 0.093 0.097 | 0.100 | 0.100 | 0.102 | 0.100 Yes 345 (Not3:1S/Nratio)
B. Devries| 0471 | 0181 | 0177 | 0190 [ 0183 | 0.201 Yes 150
B. Devries| 0.095 | 0.089 | 0.096 | 0.108 [ 0.101 | 0.102 No 355

NESC Request No.: 09-00506
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Poppet #70

Location of Cracks #1-3

Reference
Mar

1450 @

Cracks
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Poppet #70

Location and size of Cracks #1-3

Flange

Note: Residual repliset material is visible along the crack surfaces
and the actual crack opening is considerably less than they appear

S3700 20.0kV 55.8mm x37 SE 7/7/2009 12:47 1.00mm
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Poppet #70

Location of Cracks #4 and 5

o —

S3700 20.0kV 16.2mm x25 SE 9/3/2009 14:08

NESC Request No.: 09-00506
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Poppet #70

Size of Crack #4

0.008 inch

»\ > _,__r“"

*'g B v

Note: Residual repliset material is visible along the crack surfaces
and the actual crack opening is considerably less than they appear

S3700 20.0kV 54.4mm X500 SE 7/7/2009 13:36

NESC Request No.: 09-00506
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Poppet #70

Size of Crack #5

0.004 inch

. '

Note: Residual repliset material is visible along the crack surfaces
and the actual crack opening is considerably less than they appear

S3700 20.0kV 54.4mm x995 SE 7/7/2009 13:43
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Poppet #70

LaRC eddy current findings, the colors indicate ??7?
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Poppet #71

Surfacecrack sizes and locations

Boeing Eddy CurrentFindings

None Provided
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Poppet #71

Location and size of Crack #1

Reference Mark,
Crack #1

1 Crack

0.003inch

-~ -~

Note: Residual repliset material is visible along the crack surfaces
and the actual crack opening is considerably less than they appear

U U e e B I S
S3700 20.0kV 55.7mm x1.30k SE 6/30/2009 10:56 40.0um

NESC Request No.: 09-00506




D t #: Version:
NASA Engineering and Safety Center e o
. NESC-RP- 1.0
Technical Assessment Report 09-00506
Title: Page #:
STS-126 MPS#2 GH, Flow Control Valve Broken Poppet 505 of 538

Poppet #71

Location of Cracks #2-14

180° @
\

\ : Cracks

Reference Mark
'I
13 Cracks

Radius

Flange

S$3700 20.0kV 56.3mm x14 SE 6/30/2009 12:07
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Poppet #71

Size of Crack #2

7

Y

Note: Residual repliset material is visible along the crack surfaces
and the actual crack opening is considerably less than they appear

S3700 20.0kV 56.6mm x800 SE 6/30/2009 12:11 50.0um
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Poppet #71

Location and size of Cracks #3 and 4

ncu.wg." X

“
» - P2
oA e

0.013inch /L
@
—

0.002inch

0.001inch

Note: Residual repliset material is visible along the crack surfaces
and the actual crack opening is considerably less than they appear

ol L R L

S3700 20.0kV 56.9mm x300 SE 6/30/2009 12:49 100um

504
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Poppet #71

Size of Crack #5

;".-’--m fscb.‘\N.....\: . -~ F
0.013inch

Note: Residual repliset material is visible along the crack surfaces
and the actual crack opening is considerably less than they appear

S3700 20.0kV 56.7mm x321 SE 6/30/2009 12:52 100ulml
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Poppet #71

Location and size of Cracks #5-7

Crack #5
0.013inch

/

et TN O o

—0.007 inch

0.01inch #7
#6 0.009inch

0.006 inch ’)\ - 8 2
—lP /L B

Note: Residual repliset material is visible along the crack surfaces
andthe actual crack opening is considerably less than they appear

S3700 20.0kV 56.7mm x190 SE 6/30/2009 12:56 300um

06
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Poppet #71

Location and size of Crack #8-13

#13
0.005inch

#12
o 0.017 inch

.006inc #11
.009inch -
#8 Ste g =A™

0.009inch °°,":'"°“
%\ el P - \é
0.046inch

Note: Residual repliset material is visible along the crack surfaces
and the actual crack opening is considerably less than they appear

S$3700 20.0kV 56.9mm x100 SE 6/30/2009 13:00
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Poppet #71

Size of Crack #14

0.002inch

3\ »

Note: Residual repliset material is visible along the crack surfaces
and the actual crack opening is considerably less than they appear

$3700 20.0kV 57.0mm x1.30k SE 6/30/2009 13:04

NESC Request No.: 09-00506

6'10,(')unl'1




D t#: V ion:
NASA Engineering and Safety Center | .. . . ersion
i NESC-RP- 1.0
Technical Assessment Report 09-00506
Title: bare
STS-126 MPS#2 GH, Flow Control Valve Broken Poppet 512 of 538

Poppet #71

LaRC eddy current findings, the colors indicate ??7?
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Poppet #72
Surface crack sizes and locations
Poppet #72
Crack Number| Size (ich) | (degrees) Crack Number| Size (inch) | (degrees)
1 0.006 0 15 0.003 0
2 0.002 0 16 0.003 180
3 0.004 0 17 0.005 180
4 0.002 0 18 0.010 180
5 0.004 0 19 0.006 180
[ 0.006 0 20 0.002 180
7 0.002 0 21 0.027 180
8 0.001 0 y24 0.006 180
9 0.001 0 23 0.007 180
10 0.002 0 24 0.009 180
1 0.003 0 2 0.004 180
12 0.002 0 2% 0.004 180
13 0.002 0 27 0.005 180
14 0.002 0 28 0.004 180

Boeing Eddy CurrentFindings
None Provided
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Poppet #72

Location of Region A

15 Cracks

Reference Mark, Cracks

©
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Location and size of Cracks #1 and 2

Note: Residual repliset material is visible
alongthe crack surfaces and the actual
crack opening is considerably less than
they appear
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Location and size of Cracks #13-15

#14 #15
0.002inch 0.003inch \r
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crack opening is considerably less than
they appear

516

NESC Request No.: 09-00506



D t #: Version:
NASA Engineering and Safety Center e oo
) NESC-RP- 1.0
Technical Assessment Report 09-00506
Title: Page #:
STS-126 MPS#2 GH, Flow Control Valve Broken Poppet 520 of 538

Poppet #72

Location of Cracks #16-28

Note: Residual rep|
and the actual crac|

Reference Mark

$3700 20.0kV 16.9mm x47 SE 7/10/2009 09:46

NESC Request No.: 09-00506

-(©

Cracks

517




D t#: V i H
NASA Engineering and Safety Center ocumen ersion
i NESC-RP- 1.0
S~ Technical Assessment Report 09-00506
Title: Pane
STS-126 MPS#2 GH, Flow Control Valve Broken Poppet 521 of 538

Poppet #72

Location and size of Cracks #16-20

Note: Residual repliset material is visible along the crack surfaces
and the actual crack opening is considerably less than they appear
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Appendix B. Boeing Eddy Current Procedure/Technique Sheet Flow Control
Valve Poppet - #SS0-01, Revision C

Authors of the contents of this appendix were Team members for the NESC and
were under NASA funding at the time the work was conducted.

@_ﬂgflﬂa Eddy Current Procedure/Technique Sheet
] Flow Control Valve Poppet - #§5S0-01 Revision: C

Title: Flow Control Valve Poppet

Program: Space Shuttle Orbiter
Part Name and Number: Flow Control Valve Poppet, 80913 (Figure 1)
Applicable Documents: MT0501-513, "Inspection, Eddy Current, Requirements for"

Material & Condition: Cres 440A or 440C
Material Thickness: Approximately 0.100" in shank and 0.045” at flange

Instrumentation: UniWest US-454 Eddy Current Flaw Detector (Figure 2), or equivalent.
Recording Devices: US-454 electronic strip chart
Alarm: Not required

Probes: US-1839 differential coil, 0.0312” radius, S/N 37072 (Figure 3}, 37073 or equivalent.

Fixtures and Scanning Aids: US-1779 Bolt Inspection Scanner (Figure 4). The scanner
includes a probe fixture to hold probe at a 45-degree angle
into the flange radius. In addition to the scanner, a threaded
bolt with handle and a rubber band allows a slow and steady
index.

Reference Standard:  NASA supplied Titanium fastener with EDM notches (Figure 5-7)
“YM TiTB-STD-JSC, VM PRODUCTS, INC., JS-061208-01"

Standardization Checks: Before inspecting the first part and after inspecting all poppet
hardware, or at 4-hour intervals if less time, check the system
sensitivity by scanning the reference standard EDM notch A in the
shank and notch B in the radius.

Scan Rate and Index: Scan speed shall be the same for both reference standard and
hardware. Index turn speed used to inspect the part shall not exceed
that used to scan the reference standard.

Acceptance Criteria: Reject all relevant indications that exceed 0.2 Vpp.

Test Facility: Boeing, 5301 Bolsa Ave., Huntington Beach, California. 92647

Prepared By: Bob DeVries Validated By: Jim Engel
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A. Setup/Preparation

1.

Verify that the serial number on the part is identical to the serial nhumber on the
Fabrication Order (FO) or Work Order (WQ). Notify inspection supervisor if the
above criterion fail.

2. Verify calibration of the eddy current instrument prior to inspecting hardware.

Prior to performing eddy current inspection, remove dust, machining chips, oil, or
other foreign matter that could interfere with the inspection from the inspection
surface.

Prior to performing eddy current inspection, test each poppet for a residual magnetic
field using a field indicator. If the field is greater than 0.5 Gauss, demagnetize the
poppet using a Parker Probe on the AC setting.

Prior to performing eddy current inspection, replace the Kapton tape on the probe
tip. After inspecting six poppets, replace Kapton tape. Install probe in probe holder at
bottom of slot in probe with probe S/N annotation located on the right side.

Connect probe, power and printer cables.

B. Standardization

Turn on the eddy current test instrument.

Choose large strip chart display on the left side and small impedance plane display
on the right side by pressing DISPLAY ON/OFF.

Establish the following parameters on the eddy current instrument. Recall file #
“poppet”, by pressing the ENTER button, turning the scroll wheel until RECALL SET
is highlighted, press ENTER, scroll to the file “poppet” and press ENTER. Verify the
following inspection parameters by comparing them to the displayed values on
screen (press ENTER and scroll the wheel to see these parameters).

Frequency (FREQ1) = 2 MHz
Channel Gain = 20.0 dB
Phase Angle (ROT) = 294 Deg.
Probe Drive = HI

Low Pass Filter = 100 Hz

High Pass Filter = OFF

X sensitivity = 0.5 V/div

Y sensitivity = X

Place the reference standard on the rollers of the scanner (Figure 8). Adjust the
head side thrust bearing so that it lightly contacts the standard head at centerline of
head. Spin test by turning the roller RPM control to lowest RPM (first setting).
Confirm that the standard spins freely but does not rock or climb onto rollers and
stop the scanner.
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Lower the probe, rotate to a vertical position, make an adjustment to probe height in
probe holder, if necessary, and contact the spinning standard such that the probe
coil area contacts the bolt shank. Locate probe on the shaft near the threads, turn
index screw to meet probe holder and apply rubber bands as shown in Figure 8.

Shank Standardization. Scroll to SAVE DATA, leaving the cursor in that position.
Start scanner and press NULL and ERASE. Scan the reference standard shank by
turning the index handle and slowly index probe across shank to image the small
notch with the probe held at zero degrees (normal). Press ENTER. Stop scanner.
Remove probe from shank.

Continue to save data by scrolling to the file name “tishank1” and press ENTER four
times. Scroll to RECALL DATA, press ENTER and scroll to saved file name
“tishank1” and press ENTER. Press F1 (FRAME AT) and scroll to view the largest
signal on the strip chart and press F2 (FRAME LENGTH), ENTER and scroll to
enlarge the chart, keeping the largest signal in the right side chart (showing twice).
Press CANCEL twice.

Evaluate the signal from Notch A, 0.030-inch deep notch (Figure 6) and verify that
the signal height from this notch is at least 0.2 Vpp or re-scan shank.

Radius Standardization. Press ENTER and scroll to SAVE DATA. Move the probe
onto the standard shank; translate the probe to contact the 0.030" radius with the
rubber band removed. Move probe in probe holder to contact part radius, if needed.
Angle the probe 45-degrees and turn on bolt scanner. Press NULL and erase.
Maximize signal from 0.050” long EDM notch by angulating probe. Press ENTER.

10.Re-save scan data under the file name “tirad1” and move probe from reference

standard. Save, recall file and press CANCEL, as in step 7.

11. Evaluate the signal from Notch B in the radius (only one in radius), and verify that

the signal height from this notch is at least 0.7 Vpp or re-scan radius.

12. The eddy current signal from the reference notch in the radius shall be greater than

0.7 Vpp or re-run the standardization. Retract probe and remove reference standard
from bolt scanner.

C. Inspection

1.

Personnel performing this inspection require a minimum Level |l certification in eddy
current per BSS 7698. The inspector must wear clean gloves while handling flight
poppets. Perform a magnified visual inspection of the 0.045” flange and radius at 25
to 30X magnification and report all nicks, burrs, dents, pitting, or scratches on the
appropriate documentation.

Inspection area is limited to the 0.480" diameter shank (as much as possible with the
probe normal to the shank) and the 0.030" radius located between the 0.480" shank,
and 0.045” flange of the part unless otherwise specified.
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3. Assure that the scanner is not moving. Install probe in probe holder at top of slot in

probe with probe S/N annotation located on the right side. Verify that there is Teflon
tape attached to the entire end of the head side thrust bearing or apply new tape.

CAUTION: Use extreme care to prevent damage to the end flange of the poppet

as this is a critical dimension for the functionality of the poppet.

4. Wearing clean gloves place the poppet on the rollers of the scanner and attach a tie-

strap to secure poppet during flange scanning (Figure 9). Move probe in probe
holder to top of slot in probe. Lower the probe to verify that the probe coil is in
contact with the shank. If needed, adjust the probe in the probe holder to assure
intimate contact with the radius. Retract the probe. Rotate the indexing screw
clockwise to allow full range of probe.

. Shank_Inspection. Spin the poppet by turning the scanner using the first speed

setting and assure that the poppet spins in a stable manner. Lower the probe onto
the poppet shank normal to the shank so that the coil area contacts the shank
between the flanges of the poppet and away from either flange. Attach the rubber
band and press NULL. Turn the index screw clockwise until reaching the mid-flange
and press ERASE. Scan the shank by turning the indexing handle counterclockwise
and slowly indexing probe across shank to cover entire length between the end
flange and the mid-flange. Press ENTER and retract the probe and stop the
scanner. Save file with the part S/N appended with an “s” for shank scan as follows.
Press ENTER, scroll to locate each alphanumeric character, press F2 after
displaying each character and press ENTER (e.g. 00023s1 for first inspection,
00023s2 for second, etc.). Recall file and print data to maintain hard copy records
(described in step 7).

. Radius Inspection. Place the poppet on the rollers of the scanner and attach a tie-

strap to secure poppet during flange scanning (Figure 10). Adjust the head thrust
bearing to contact the poppet flange. Move probe in probe holder to contact part
radius. Turn on scanner, move the probe tip into the flange radius, and turn the
probe to 45-degrees. Ensure a light but steady contact and press NULL and ERASE.
After scanning the radius area for a few seconds, slowly lift the probe vertically by up
to 1/16” to scan the radius flange area. Slowly lower the probe; continue scanning
across the radius into the shank while gradually changing the probe angle lower than
45 degrees until the probe reaches between 0 and 30 degrees to the shank. Stop
scanning after approximately 1/8 inch of shank has been scanned. Relocate the
probe in the radius at 45-degrees. Move probe slightly by angling while maintaining
contact with the radius to maximize any signals shown on the strip chart Press
ENTER on SAVE DATA. Retract the probe and stop the scanner.

. Save _and Print Data. Save file with the part S/N appended with an “r” for radius

scan. Press ENTER, scroll to PRINT SCREEN and press ENTER. The screen will
freeze as the printing process takes about one minute. Press CANCEL twice after
printing to return to the scrolling strip chart screen.
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8.

Perform standardization after inspecting the last poppet in the lot, if four hours have
passed or before turning off the instrument Scan and save files with names of
“tishank2” and “tirad2” as detailed in step B for this post-inspection reference
standard scan. If standardization results do not repeat per step B-8 and B-11, re-
inspect all hardware up to the point of the last successful standardization.

D. Evaluation:

1.

Analyze the data by observing phase angle and vertical amplitude of the indication
(Figure 11). Interpret signals by comparison of strip chart signature from poppets
with strip chart signatures of reference standard EDM notches.

Eddy current signal amplitude in volts, peak-to-peak (Vpp) displays a relative
severity of cracks. Crack length, depth and separation will increase the amplitude.
Length effect may saturate the signal on longer cracks. Depth effect saturates the
signal on cracks deeper than four mils.

Crack signals have a phase angle of 100 to 130 degrees and typically have higher
amplitudes than machine grove signals. Small, tight fatigue cracks produce a signal
with a single hump similar to the calibration notch. Longer cracks (>.2") show two
humps due to the differential coil design. Machine grove (tool mark}) signals are less
than 0.15 - 0.2 Vpp and may have a flatter shape.

A small circumferential crack signature appears as a single hump. A small surface
anomaly (missing carbide particle, pore) would also appear as small hump. Use high
magnification visual inspection to rule out these non-relevant indications (if
applicable). A long circumferential crack (>.15%) may appear as a double-humped
signal.

Ensure that minimal lift-off signal is included in the Vpp calculation (signal that
projects to the left of the baseline or negative reading). Also, ensure that the etched
in serial number on the shank does not create non-relevant signals with a flat top
shape that may exceed 0.2 Vpp.

Reject all relevant indications that exceed 0.2 Vpp. Relevant indications are suspect
if they increase by =0.020 Vpp from a previous scan of 20.050 Vpp (send reports to
engineering for further evaluation).

Report all rejections on nonconformance paperwork, noting the Vpp level and
circumferential location of indications.
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Figure 1: Poppet Drawing
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Figure 2: UniWest US-454 Eddy Current Flaw Detector

Figure 3: US-1839 Probe with “V*” Shape 0.0312” Radius
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Figure 4: US-1779 Bolt Inspection Scanner

Figure 5: Reference Standard
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Eddy Current Standard

Notch B Notch B Notch

Located halfway in fillet
Natch C Notch A | Notch B

7/ T

v v/

[ — R.06" | -
025 min 2.00" min 1.00" min
Head or collar Shank portion Threaded portion
portion

Notes:

0.750-16 UNJF-3A threads

Shank diameter: 0.795" +/- .050"

Finish 32 RHR, Break/deburr sharp corners

Tolerance where not provided explicitly: .0" => +/- 1", .00" =>+/-.02"

Spacing between the notches = 0.25" min.

Notches in the threads at the bottom of the root. All notches along one axial line.
MNotch geometry semicircular, width not to exceed 0.005”

Three notch sizes (Size A: 0.030" long x 0.015" deep, Size B: 0,050" long x 0.025"
deep, Size C: 0.070" long by 0.035" deep)

Tolerance on the measured values of depth and length +/- 0.002"

The material (Titanium) electrical conductivity about 1.0% to 3% IACS.
Standard |dentification number: JS-061208-01

Figure 6: Reference Standard Design Drawing
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VM PRODUCTS, INC.

Certificate of Compliance

Customer: Jacobs Sverdrup
Certificate number: JS-N6DB-061208-01

Purchase order mo.: N622507FDB

Date: December 8, 2006
Part number: VMTVTB-STD-JS(

Serial no.: J5-061208-01

Memo: Eddy current bolt reference standard: 6AL-4V Tianium, 3/4-16 UNJF-3A Thread

ACTUAL MEASUREMENTS

Thread Root Notch: 030" 1. x 015" DP
I'hread Root Notch: 0507 L x (025" DP
I'hread Root Notch: 0707 L x 035" DP

Shank Surface Notch: 030" L x 015" DP

Shank Surface Notch: 050" L. x 025" DP__

Shank Surface Notch: 070" 1. x 035" DP

Eillet Surface Notch: 050" 1. x 025" DP

00303
(.0499
(L0703

0.0303

00500
00703

(L0506

NESC Request No.: 09-00506

00045 00151

0.0042 0.0251
0.0046 0.0350
00038 0.0152
0.0039 0.0250
0.0040 0.0350
(L0045 0.0250

I'he above measurements were taken with the use of: optical C ‘omparator [D No. 146011789,
and/or micrometer SN 2236-4211, traceable to NIST

By Mike Porter _Lg }—Signed S —

Figure 7: Reference Standard Cel
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Figure 8: Reference Standard Positioned on Scanner

Figure 9: Poppet Positioned for Shank Scanning
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Figure 10: Poppet Positioned for Radius Scanning
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Data Pecallt "popt2___.dat”, 824.42kB, 10850 sanples/sec Storage Frees 19.00ME
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Figure 11: Eddy Current Crack Signal on Poppet
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