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Abstract

1. Objectives/Scope:
This paper presents the methods by which NASA has designed, built, tested, and certified pyrotechnic
devices for high reliability operation in extreme environments and illustrates the potential applications in the oil
and gas industry.

2. Methods, Procedures, Process
NASA'’s extremely successful application of pyrotechnics is built upon documented procedures and test
methods that have been maintained and developed since the Apollo Program. Standards are managed and
rigorously enforced for performance margins, redundancy, lot sampling, and personnel safety. The
pyrotechnics utilized in spacecraft include such devices as small initiators and detonators with the power of a
shotgun shell, detonating cord systems for explosive energy transfer across many feet, precision linear
shaped charges for breaking structural membranes, and booster charges to actuate valves and pistons.

3. Results, Observations, Conclusions
NASA'’s pyrotechnics program is one of the more successful in the history of Human Spaceflight. No
pyrotechnic device developed in accordance with NASA’s Human Spaceflight standards has ever failed in
flight use. NASA'’s pyrotechnic initiators work reliably in temperatures as low as -420 °F. Each of the 135
Space Shuttle flights fired 102 of these initiators, some setting off multiple pyrotechnic devices, with never a
failure. The recent landing on Mars of the Opportunity rover fired 174 of NASA’s pyrotechnic initiators to
complete the famous “7 minutes of terror.” Even after traveling through extreme radiation and thermal
environments on the way to Mars, every one of them worked. These initiators have fired on the surface of
Titan.

4. Novel/Additive Information
NASA'’s design controls, procedures, and processes produce the most reliable pyrotechnics in the world.
Application of pyrotechnics designed and procured in this manner could enable the energy industry’s
emergency equipment, such as shutoff valves and deepsea blowout preventers, to be left in place for years in
extreme environments and still be relied upon to function when needed, thus greatly enhancing safety and
operational availability.

Introduction

NASA has directly provided pyrotechnic devices for all human-rated spaceflight programs from the Apollo effort
forward. The pyrotechnics utilized in spacecraft include such devices as small initiators and detonators,
detonating cord systems for explosive energy transfer across many feet, precision linear shaped charges for
breaking structural membranes, and booster charges to actuate valves and pistons. The majority of these
devices have been installed for highly critical applications where a failure to function, or premature function, would



2 OTC-26019-MS

result in mission loss and, potentially, loss of human life. Over the course of the previous five decades, NASA
has developed a protocol for designing, manufacturing, testing, qualifying, and accepting these critical
components to ensure the best possible chance for mission success. These methods were established because
there were no military or industry standards then available to meet the stringent needs of human-rated spaceflight
in extreme operational environments. The information is captured as NASA standards, is comprised of best
engineering practices and lessons learned, and also serves as the only accepted requirements documentation
suitable for applications where human lives are at stake. To date there have been zero flight failures of NASA
pyrotechnic hardware. This paper will present a brief synopsis of the methods NASA employs to take a design
concept from inception to final acceptance with confidence in its ultimate reliability.

Design Philosophy

Every successful design must start with a well-established set of requirements. These requirements must cover
reliability, safety, and quality assurance measures, as well as performance. Other critical parameters are
configuration control, device traceability, material selection and control, considerations of service life, and a
thorough understanding of the expected operational environment. Finally, a robust suite of non-destructive and
destructive verification tests is needed to fully vet the design.

Redundancy is the fundamental means of mitigating single point failures when designing against the fails-to-
operate failure mode for must-work applications. This includes redundancy down to, and including, the final
explosive charge. This design requirement is paramount, and compliance must be verified by test.

Configuration Control & Traceability

Highly disciplined configuration control is at the heart of the NASA pyrotechnics process. Any documentation
used in the manufacturing and testing of pyrotechnic hardware is captured in a configuration control baseline
before the start of fabrication. This includes all component and tooling drawings, component inspection and
acceptance sheets, and manufacturing and testing paperwork. These documents are recorded by number and
revision. An example is shown in Appendix A. The use of alternate or redlined paperwork is strictly forbidden.

The NASA production process is broken down into a series of Phase Reviews that must be conducted by NASA'’s
experienced pyrotechnic engineers and completed prior to acceptance of any lot of pyrotechnics. These Reviews
are generally held at the vendor’s facility and include participation of the vendor Engineering and Quality
personnel, as well as of NASA Engineering and Quality representatives.

A Phase | Review specifically focuses on component drawings. Phase | is concluded by completing all action
items generated during the Review. At that point, the design configuration is locked down with required drawings,
inspection sheets, and the document revision levels. This allows the vendors to start procuring device
components that may have long lead times.

A Phase Il Review establishes configuration of the remaining documentation, such as assembly and test
procedures. Again, this paperwork is locked down by document number and revision. Phase Il is complete when
all Review action items are closed. Completion of this Phase enables the vendor to start the manufacturing
process and to proceed through final testing.

The last stage, a Phase Il Review, occurs when all manufacturing steps and all testing has been successfully
completed. These Reviews are always conducted at the vendor facility. The product acceptance data packs
(ADPs) are reviewed at this time and are evaluated for compliance, completeness, and accuracy. The ADP
consists of all component receiving inspection data, manufacturing and testing information, and discrepancy
reports. Visual inspection of the deliverable units is also performed. The Phase Il Review concludes when all
action items and discrepancies are resolved. A Flight Certificate, refer to Appendix F for an example, is then
generated which provides lot pertinent information, such as part number and name, lot number, serial numbers,
energetic material batch numbers, and an expiration date for age-sensitive devices. NASA then takes official
ownership and deems the hardware as flightworthy.

Traceability is also enforced during the manufacturing and test process to ensure that all units fabricated during a
production run are identical. This traceability requires part marking with both lot and serial numbers. This aids in
segregating hardware built at different times and also helps to separate units within each lot. Traceability
requirements are also flowed down to the component level. NASA employs single lot control for all parts
determined to be critical. This includes both structural and energetic materials. For human spaceflight, the
Johnson Space Center (JSC) takes that requirement a step further by establishing single lot control for all
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pyrotechnic devices (i.e. each component must also come from single lots). This greatly simplifies component
tracking, eliminates device variability, and also serves to facilitate investigation efforts when anomalies occur.
Component traceability requires that certificates of conformance (C of C) be provided for all parts and that
manufacturing dates be provided for age sensitive materials. The documentation must show compliance to all
drawing requirements with a C of C for each operation conducted by sub-vendors. Refer to Appendices B & C for
C of C examples.

Material selection is driven by the end function performance requirements. Issues of structural integrity, age
sensitivity, compatibility, operational environment, and energy output must be considered. Only designated, well-
understood secondary explosives are to be used, and the use of vendor-proprietary blends is highly discouraged.
Periodic surveillance sampling is also mandated for energetic materials in order to verify that the output
characteristics have not degraded prior to loading. NASA'’s pyrotechnic discipline experts must evaluate and
approve any deviations from the established material requirements.

Development, Qualification, & Acceptance

As mentioned above, a robust verification process is needed to show compliance with the design requirements.
Thorough development testing is required prior to a device entering the qualification cycle. These tests are used
to determine that the design is acceptable for the intended function, and that success will be maintained with both
positive, and negative, margins on the pyrotechnic device. The positive margin tests are conducted to show that
structural integrity is sustained when there is excessive explosive output. The negative margin tests are used to
show that function is not compromised if the explosive material degrades over time. These tests also factor in the
effects of other “unknown unknowns”.

Qualification testing can begin once the development testing is completed and the operational margins are
determined to be sufficient. Full Quality Assurance oversight is used during the manufacturing and testing of the
the qualification lot. All anomalies are fully documented. Any disposition other than scrap for a defective unit
must be accepted through the established quality system and must have NASA expert concurrence. The
guantities tested must represent a sample size that is statistically significant and can meet the predetermined
values for reliability and confidence. The qualifying environmental conditions are established to provide
significant margin over those predicted when in actual use. A failure experienced during a non-destructive test
results in loss of that unit, which may be replaced with another representative part. However, a single failure
during a destructive test can lead to rejection of the entire lot.

Once a design has been fully qualified, subsequent lot builds go through a series of acceptance tests. Quality
Assurance oversight is the same as used during the qualification effort. NASA mandates that the number of units
expended during this process be 10% of the manufactured quantity, or 10 units, whichever is greater. The
acceptance tests may expose the units to environments that are less harsh than those assessed during
gualification. Any failure during destructive acceptance testing may also lead to a lot rejection. Refer to Appendix
D.

Age Surveillance

Age surveillance is maintained for all pyrotechnic hardware containing energetic material. A small number of
units are tested at predetermined intervals to extend the expiration date of the hardware lot. This periodic
inspection determines whether or not performance has degraded over time.

Conclusion

NASA'’s pyrotechnics program is one of the more successful in the history of Human Spaceflight. For example,
the pyrotechnic initiators NASA provide work reliably in temperatures as low as -420 °F. Each of the 135 Space
Shuttle flights fired 102 of these initiators, some setting off multiple pyrotechnic devices, with no device failures.
During its recent landing on Mars, the Opportunity rover fired 152 of these pyrotechnic initiators to complete the
famous “7 minutes of terror.” Even after traveling through extreme radiation and thermal environments on the
way to Mars, every one of them worked. These initiators have even fired on the surface of Titan.

The NASA hardware design and acceptance process is extremely thorough when practiced in its entirety.
Manufacturing hardware for Human Spaceflight results in a substantial amount of documentation produced and
test data collected, and is a process that requires a significant amount of manpower for reviews. This investment,
however, has paid huge dividends considering the flawless flight record of pyrotechnic hardware built according to
these standards. This equates to tens of thousands of units successfully fired. The upfront investment of this
review process is low when compared to the loss of a mission, or worse yet, a human life.
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Appendix A: Example of Configuration Baseline Document

LTR

ZONE

REVISION

Revised Table with updated revision
letters.

NEXT ASSEMBLY SIGNATURES DATE NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
N/A DR M. W. Maples 04/11/2013 LYNDON B. JOHNSON SPACE CENTER ~ HOUSTON, TEXAS
"ENG M.W. Maples 04/11/2013
CH T. Rohloff 04/11/2013 PRODUCT BASELINE RECORD,
DRAWING TYPE APP M. MAPLES 04/11/13 1.375 FRANGIBLE NUT AND BOOSTER
Non-Flight Other QE
MATL PROJECT 02241
STRESS CAGE CODE SIZE | DWG NO. REV. |
AUTH 21356 A SKH26152333 D
FINAL APP 4/11/13 SCALE  NA ORG. EP2 | SHEET 1 OF 3

STATUS: Check for DCNs against the drawing.
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Appendix A (Cont)

PRODUCT BASELINE RECORD
1.375 FRANGIBLE NUT AND BOOSTER
PTRS JSC 66437 Revision B
PMP JSC 66479 Revision A
CDR & Phase Il Review
Description Part Number Lot Number
Frangible Nut SEH26152322-301 DDB/ DDC
Booster SEH26152324-301 DDE
Item | Document | Dash | Rev. Description |  Comments
Assembly Piece Parts
1 SDH26152321 -003 E Frangible Nut, 1.375 Inch Released
2 SEH26152322 -301 A EFT-1 Frangible Nut, 1.375 Inch Released
3 SEH26152324 -301 NC Booster Assembly, EFT-1 Frangible Released
4 SEH26152101 -303 D Booster Assembly, Frangible Nut Released
5 SDH26152109 -006 F Booster Housing, Frangible Nut Released
6 SDH26152117 001 A ﬁll?tsure Disk, Booster, 1.5 Inch Frangible Released
7 SDH26152117 002 A ﬁllj)tsure Disk, Booster, 1.5 Inch Frangible Released
8 SDH26152119 001 A Il\?ﬁtmlca Disk, Booster 1.5 Inch Frangible Released
9 SDH26152120 001 A ZI::E Plug, Booster 1.5 Inch Frangible Released
Energy Systems Test Area (Standard) Operating Checklists

1 ESTA-OC-2-031 E Helium Leak Check for Explosive Active

Components
2 ESTA-OC-2-080 A Pyrotechnic Resistance Welder Operating Active

Procedure
3 ESTA-OC-2-083 A Operating Checklist for Pneumatic Press Active

System 213
4 ESTA-OC-2-085 Cc Operating Checklist for Propellant Drying Active
5 ESTA-OC-2-101 NC Procedure for Operation of Low Pressure Active

Panel, System 944
6 ESTA-OC-2-106 A Telesis Laser Marker Operating Checklist Active
7 ESTA-OC-2-107 NEW (Zjé):rauon of Vacuum Bell Jar, System Active

Operation of Cincinnati Sub-Zero with .
8 ESTA-OC-2-218 A LN2 Boost, System 218 Active
9 ESTA-OC-352-01200 NC Operat!on of 1 _C_ublc Foot Cincinnati Sub- Active

Zero with Humidity Control
10 | ESTA-OC-352-01807 NC Shock Tube Detonator Initiation Active
11 | ESTA-OP-2-104 A | Operating Procedure for Hydraulic Active

Loading and Firing Fixture

Procedures

Acceptance Test Procedure, 1.375 Inch
! SKG26152325 ‘ ‘ € ‘ Frangible Nut and Booster Assembly Released

DWG NO.
SKH26152333
CAGE CODE D
21356 SHEET 2 OF 3 REV




OTC-26019-MS

Appe

ndix A (Cont)

Assembly Procedure, Booster Assembly,
2 SKG26152326 B 1.375 Inch Nut Released
Frangible Nut 1.375 Inch Receiving and
3 SKG26152327 D Inspection Plan Released
a SKG26152328 B Booster Housmg,‘FranglbIe Nut I_Booster Released
Assembly Receiving and Inspection Plan
5 SKG26152329 NC Isomica Disk, 1.5 Inch Frangible Nut Released
Booster Receiving and Inspection Plan
6 SKG26152330 NC Closure Disk, 15 Inch Franglblg Nut Released
Booster, Receiving and Inspection Plan
7 SKG26152331 NC RDX Receiving and Inspection Plan Released
8 | SKG26152332 Nc | PTFE Plug, Frangible Nut Booster Released
Receiving and Inspection Plan
Test Equipment and Tooling Drawings
1 SDH26152111 B Zero Load Bolt Released
2 SDH26152112 C Washer, 1.5 Frangible Nut Released
3 SEH26152113 D Load Bolt, Frangible Nut Released
4 SDH26152114 NC Base Plate, 1.5 Frangible Nut Released
5 Dwg# 352-015 A Hydraulic Loading Fixture Released
6 Dwg# 352-043 NC Hydraulic Test Stand, 2.5" Frangible Nut Released
7 Dwg# 352-048 E Vacuum Cup, Helium Leak Detector Released
8 Dwg# 352-101 A Weld Fixture 1.5 Inch Nut Booster Released
9 Dwg# 352-102 NC glectrode, Spot Welding 1.5 Inch Nut Released
ooster
10 | Dwg# 352-103 NC Load Test Stand, 1.5” Frangible Nut Released
11 | Dwg# 352-105 NC gfgnedncal Washer Set, Hydraulic Test Released
12 | Dwg# 352-106 NC Loading Fixture, 1.5 Inch Nut Booster Released
13 | Dwg# 352-108 NC Funnel, 1.5 Inch Frangible Nut Booster Released
14 | Dwg# 352-109 NC Ram Guide, 1.5 Inch Frangible Nut Released
Booster
15 | Dwg# 352-110 NC PTFElPIug Reaming Tool, 1.5 Inch Released
Frangible Nut Booster
16 | Dwg# 352-113 NC Zero Load Test Fixture Released
17 | Dwg# 352-117 NC Plug Guide, 1.5” Frangible Nut Booster Released
18 | Dwg# 352-118 NC Vibration Fixture 1.5 Inch Frangible Nut Released
Booster
19 | Dwg# 352-122 NC Loading Ram, 1.5” Frangible Nut Booster Released
20 | Dwg# 352-124 NC Swell Sleeve, 1.5 Frangible Nut Booster Released
21 | Dwg# 352-178 A Washer, 1.375 Inch Frangible Nut Released
22 | Dwg# 352-180 A Base Plate, 1.375 Frangible Nut Released
23 | Dwg# 352-185 NC Tapered Washer Set, 1.375 Frangible Nut Released
24 | Dwg# 352-186 NC Nut Spacer, 1.375 Inch Nut Released
25 | Dwg# 352-187 NC Load Test Stand 1.5” Frangible Nut Released
26 | Dwg# 352-188 A Box, Assembly Released
27 | Dwg# 352-210 C 2-1/2" Nut Loading Fixture System 210 Released
28 | Dwg# 352-212 NC Helium Leak Can System 212 Released
29 | Dwg# 352-213 A Pneumatic Press System 213 Released
30 | Dwg# 352-944 A Low Pressure Panel System 944 Released
DWG NO.
SKH26152333
CAGE CODE
21356 SHEET 3 OF 3 REV
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Appendix B: Example of Component Receiveing Inspection Documentation
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Appendix B (Cont)

PPI3LcPE D

LTR | ZONE REVISION
All Changed SDH26152109 revision

from "E" to "F" in header.

Inserted MIP 6 and renumbered
following MiPs.

_ I —

NEXT ASSEMBLY SIGNATURES DATE NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

SEH26152101 DR S, Hacker 01/16/2013 LYNDON B. JOHNSON SPACE CENTER  HOUSTON, TEXAS
'ENG N, Augustine 01/16/2013
CH R. Dean 01/16/2013 BOOSTER HOUSING, FRANGIBLE NUT

DRAWING TYPE APP 5. HACKER 01/16/13 BOOSTER ASSEMBLY

Non-Flight Other oE RECEIVING AND INSPECTION PLAN
MATL PROJECT 02241
"STRESS CAGE CODE SIZE ] DWG NO. REV.
AUTH 21356 SKG26152328 B

FINAL APP 116/13 SCALE  NA ORG. EP3 | SHEET 1OF 3

STATUS: Check for DCNs against the drawing.
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Appendix B (Cont)

PPI32 o

PART NAME: BOOSTER HOUSING, 1.5 FRANGIBLE NUT
P/N: SDH26152109-006
L/N:
DRAWING: SDH26152109 REV F
Qry: __ |02
Sample for MIPs per ANSI/ASQ Z1.4-2008 Sample for MIPs per ANSI/ASQ Z1.4-2008
General Inspection Level = |I General Inspection Level = §-2
Lot Size= |&? ) Lot Size = | &2
Sample Size Code Letter = F Sample Size Code Letter = 8
Sample Size From Table l-A= Z& Sample Size From Table II-A =
AQL = 0.010 AQL = 0.010
MIp FEATURE zoNe | INSPECT | QT | @ty | QT | INSPECT | o QL o
# LEVEL | INSP | ACC | REJ | METHOD | or
304L CRES Steel Condition A Cold
1| Finished per ASTM A276 Type 304L | A 0% /o0 t00] © CERT |/ ‘H%
2 GENERAL NOTE 2 Ad 100% |, 0o l,p0 | o cerT ([
3 GENERAL NOTE 3 Be | 100w | o] o [RES
4 FLAG NOTE 5 B4 100% | oo lpe | o CERT )
5 GENERAL NOTE 4 B4 10% |0 oo | o | visus
6 FLAG NOTE 9 B4 100% |00 | 100 | 6O CERT | [
@ 4513 - 4591
7 (o] 003 [A] | 1 ljeo l160] © | pmm |[H]
@307 -.310
8 284 | 100%
(o 005 [A] 100 100 | 6 | emm |
500-20 UNF-3B GO -NOGD
9 2-83 100% , g
@] 003 [A] C 1100(99 | | |epses {w\TSU
" _'t‘.'g-
10 320 Min Full Thread 2B4 | 100% oo |laa | | - /%? %{%a
11 2X B 660 c3 0% |00 |00 | o | cum |
- 0
12 @ 400 -.404 c3 100% | o6 |00 | o o M Egﬁ
13 Surface Finish < 63 3 | 100% |00 | 00| 5 |eot
i g | S
14 Surface Finish < 63 c2 100% |06 | jo0 | O « S
15 Surface Finish < 63 24 | 100% | o0 | on | O ,L el
16 1.700 D3 100% |, aliool & | cam & '
17 0.300 2 | 100% | eoliool o | 155
- SAIC!
18 0.525 D2 100% (oo | (oo O oM 52 “
19 0.335 3 | 100% 100|100 © |omm @w‘?{;
DWG NO.
SKG26152328
CAGE CODE B
21386 SHEET 2 OF 3 lREV
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e
P32cos 2
GA
mIP INSPECT | QTY | QTY | QTY | INSPECT | STAMP &
. | # FEATURE ZONE | LEVEL | INSP | Acc | REJ | METHOD | DATE
> 20 0.438 c2 1% |00 | 700 | 6 CMM Ve
AN 2 @ 380 - .384 204 | 1% | 60000l 0 aElP‘GiBNS
- _ ¥ o, P
22 004 - 008 24 | 100% |00 li00 | A M‘lc”t_ @j—
750-16 UNE-2A o .
R os | 100 F s
MAJOR DIA /10D 100 © |comp |
@ 209 +.002/-.000 (3%
v 24 @002 | A e3 1% ) ep |93 | 7 coam Jfeagh (13
Al 25 0.375 D2 I 2020l o Ggﬁf e
— ) 28 0.120 D2 n 20 |l 26| o G*;?& 7]
o oPTiC. |
) 27 2X15 c2 I 20 20 o . SAiC
T 28 3X @ .070 THRU c2 I 20 |20l o Gm o
L] 29 3IX@ 075 c2 il 20 o | o %mp @ﬂ
1] 30 2X 45° c3 I 20 20| Dg;‘:w', SR
— | 3 875 HEX D4 s-2 3 |3 O |canped ¥
i/ 32 3X .405 c3 s2 z |2 A AT [341c]
Al 38 6X @ 975 c4 s2 3 |2 o | eaupep [8@
LA 34 2X 0 875 c4 s2 3 |3 o " E“E’ﬂ
35 R .002 MAX 2-D4 s2 2 | 3 o | visuaL &TCI
| 36 R .002 MAX c3 s2 3 |3 | o | visua |
. DWG NO.
SKG26152328
CAGE CODE B
21956 SHEET 30F3 | REV
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BOOSTER BODY SDH26152109-006 "ACTUALS"
ON-SHORE L/N: NNJ12HB83P

MIP #16 + |[MIP #19 + MIP #16 + [MIP #19 +
MIP#12 | MIP#24 |MIP#17  |MIP#20 | MIP #22 MiP#12 | mip#24 (Mip#17  [Mip#20 | Mip#22
@.209 | 2.000 73 ©.209 | 2.000 773

1.D# | @ .400-.404|~ oo feotz] £.010 | +.010 |.004-.006 1.0# | @.400-.404 | o hoop| #.010 | +.010 |.004-.006
1 [ 4o19q 2093 119977 | 37 |.0056 26 |, 4ol5 .2102 1,.9982 (7722 |.o0o
2 |40l 2095 11.9994 |.7721 |.0050 27 |.4oid 2102 11.998] |1k |.coS50
3 l.4o15 |.2102 [1.99%2 |.7717 |.6049 28 | 4017 12094 {14971 |.7721 |.co52
4 | 4ol 2110 1988 [ 9726 [ no50C 29 |.dogd  Latel 119923 | |, 0086
5 14013 2102 |2.000%].7726 |.0050 30 L4ypis 2101 11,9974 [ 3L |.o044
6 |.4or4 2005 119974 7724 |. 0056 31 | d4mp2 2463 11,9979 {2713 |.p0S56 |
7 ldp17  [.2406 l;9aq% [ BL o050 32 | 461 2095 11,9981 L1ns |.pos51
8 [yeiq 2161 11,9987 7727 |.ens56 33 4015 2106\ {99717 LY 0ost
9 [Lum3 2102 119980 [77115 |.0053 34 lLyolg 2102 (;,99%1 |7 T(8 | . 005Q
10 | 4015 2102 1/.9981 [.7720 |[.o0049 35 L4nl2 2Unk 1199706 11118 | ons0
11 (4012 2103 199717 L21ib o04s 36 |.eboiy L2168 11,9279 L7705 [.a6k0
12 ldols L2162 11.99727 |.3715  |.co4s 37 L4010 22103 (19980 |.T7E |.AnsS
13 lge12  l.2tol 11.9978 L7714 ons52 38 [4oI1R 12167 14.4912 {1917 BOSS
14 |l.4o13 2100 |[.9980 L7716 oBSS 39 LyouR 2108 119989 7734 1.n05%
15 L4oi5 2694 11,9977 {2219 | . cosy 40 | 4015 2095 19915 |.771071_|.coss
16 Lo 2to5 [1.9979 a1l |.os4t A1 | dqomg 2168 (19973 L2714 L anyR
17 Ldel9 24103 119983 | 7712 |.eaSt 42 14601 2163 11,9915 } 771k . 0nSR
18 | 4019 2692 119975 | 9723 |. 0650 43 |.yolle 2096 1.99712 [,77119 _L.nOST
19 L4olg 216t 119287 772 onse 44 1401l 2102 11,9283 (9716 L.ooSS
20 L4013 2164 11,9977 Land aodq 45_|.4o)l 2062 19981 L3117 |.ooS7 |
21 [yoid 2162 9977 3719 [ .cos0 46 |4o1d L2102 |1.9930 |, 7126 |.00S86
22 L 4ol 2106 N.9987 [, 7223 [ 065G 47 L4o)a 2006 11.99717 717 |.0052
23 Ldoi1d 2161 1.9978 L7715 | cos55 48 | dolp 204 1,995 7712, |.005Y
24 | do15 |.2100 (19980 [9712 |.co49 49 | oS 2101 11,2983 [Tk 1.0060
25 |.4105 - |, 2696 ;99713 |, 9723 |.0055 | 50 |.4o15 2095 |j.99716 |.71722 |.005]

2SO TE
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BOOSTER BODY SDH26152109-006 "ACTUALS"
ON-SHORE L/N: NNJ12HB83P

MIP #16 + |MIP #19 + MIP #16 + (MIP #19 +
MIP #12 MIP #24 |MIP#17 MIP #20 MIP #22 MIP #12 MIP #24 |MIP#17 |MIP #20 MIP #22
@ .209 2.000 T73 @.209 | 2.000 773

1.0# | @ .400-.404 0, +.010 +.010 |.004-.006 1.D# | @.400-404 bodioe| +.010 | +.010 |.004-.006
51 | qo18 200R L9386 | 97119 |.a050 76 | goid 2> 114980 1. 71718 [.o00ko
52 | .4012 2004 | 19120 2714 Loogt 77 1. dols 2101 119966 | 771t 0083
53 [ 4010 2302 11391\ L1117 [Lops0 78 | wolle 20845 |(9936 | 7128 |no48
54 ).ypll [.2002 11.9976|.7119 [ nog2 79 | oS | 2104 11.9911 {9321 | oosK |
55 L yoll 2105 11,4980 | 72 |. 0052 80 | . 46(3 2103 19918 9119 [.o0s59 |
56 |, 4018 2003 |1.9981 |.1122 |.0050 81 | 4o 2304 (13980 17123 |.pnos59
57 | 4ol 2095 11,9929 |.7 117 |. 0059 82 | 412 2102 119979 [ .7923 |. 6048
58 | 4oi2. 2004 11998 |71k | o049 8 | .gojd  |.2901 119916 ). 7116 .m0
59 | .4oll 22163 19963 |7l L.oo42 84 | 4015 210l 119971 [.727113 0053 |
60 |. 4oy 2167 11,9976 |. 1120 |.0059 85 |.4p13 2103 11,9923 |.7720 [.co50
61 | 4011 2103 |1.9980 | . 1717 |. 0052 86 |.4ol14 21063 |1.9982 (7119 ©.059
62 | yord |.200d [1,9983 |18 | 0056 87 | .40(3 2100 11,9982 1. 7728 [, enSS
63 .40l |.2085 [1,9214 |.772\ | 0050 88 | Hole 2100 11.99%80 1.9 1% |. o052
64 lyoid  |.2503 119978 (117 004S 89 | .4015 2001 119427 {111 | .oosY
65 | 4ol 2404 |1.9981 | 9723 |. 0060 90 | 4oty 2464 1199712 |17 [.o0M4
66 |.4o13 2i01 119974 |.9143 [ onso 91 |.4or1 2060 119990 L1723 |.oos53
67 | 4015 2004 11,9975 |.17215 [ oos3 92 | 462 2045 11,9984 | 1724 |, 0055
68 | qold 2104 11,9975 |17 | . ao4@ 93 [ dolk 2108 |1.992l .71 | posa
69 | 4013 .2108 [1.98713] 9726 [.nOK9] 94 Lypls 2402 11,9197 |77k 0048
70 Luors L2103 (19976 | 7717 | 0053 9 |.qoit  |.200l 1199819920 | coss %
71 | 4013 L2004 119974 1911 | oouR 96 |, 4p02. 2463 11,9974 | 73718 |. noso |5
72 | 4eyd  |.2003 11,9473 |9y |.ce5] 97 |.4613 2003118982 1.9112 | oos] e
73 |.4ort L2002 11484719 | 7S |.cox3 98 | .doll 2095 11,4916 | 7722 |. 0055 [N
74 | doid  |.2165 11,9980 |.7724 |.0058 9 |.dol3 2ion 1.998% 1 7722 | 0osC |
75 |.dois 2004 {19914 (7S | 6055] 100 |.4o12 2103 17,4980 [ 71720 [ anaa 10\
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Appendix C: Example of Component Process Certification Documentation

PPIz22p 4 S
222 0
ORDER FOR SUPPLIES OR SERVICES PAGE OF PAGES
IMPORTANT: Mark all packages and papers with contrac! andlor order numbers. 112 l 18
1.DATE OF ORDER |2, CONTRACT NO. (rany} 6. SHIP TO:
07/03’12012 a. NAME OF CONSIGNEE
3 ORDER NO. 4. REQUISITIONIREFERENCE NO.
NNJ12KDE7P 4200442020 NASA/ Johnson Space Center
5. ISSUING OFFICE (Address conrwspondence lo) b. STREET ADDRESS
NASA/Johnson Space Center NASA/ Johnson Space Center
Attn: Rochelle Overstreet/BH4 Attn: Rick Dean
2101 NASA Parkway Transportation Officer, Bldg 421
Houston TX 77058-3636 2101 NASA Parkway
o oY d. GTATE | 0. ZIP CODE
Houston TX 77058
1.70: 1. SHIP VIA
a. NAME OF CONTRACTOR Ground
R & G STEEL, INC. . TVPE OF OFDER
. COMPANY NAME ). PURCHASE [-1 5. cELVERY
eagrg!tl;rnmsa REFERENCGE YOUR:
OOKES DR STE 201 Except for biling insiructions ¢n the
Quote No, NNJ12487836Q s order is ubi
fo instructions contained on this sids
only O this form and is issued
Piease fumish the following on the terms subject 1o the terms and condlicns
and condilions spechied on bolh sides of of the above-numbarsd contracl.
aony STATE |1 2P CODE this oeder and on the aitachad shest, ¥ any,
HAZELWOOD ].' 63042~2744 Inchuding defivery es indicated.
9, ACCOUNTING AND APPROPRIATION DATA 10. REQUISITIONING OFFICE
See Schedule NASA/Johnson Space Center
11. BUSINESB CLASSIFICATION (Check appropriate box(os)) 12 F.0.B. POINT
| m, SMALL b. OTHER THAN SMALL
f\l_‘: s ED i} u:W::Tm’ [ )e. women-owED Tl e Huszone Destination
H -DISAB/ 9. WOMEN-OWNED SMALL BUSINESS (WOSB) i h EDWOS
" VETERAN-OWNED ummmmmmamom [Zn e
12 PLAGE OF 14. GOVERNMENT BAL NO. 16. DELVER 7O F.O.8. POINT 6. DISCOUNT TERMS
Esoeu
® INSPECTION b ACCEPTANCE DB/OR 1? g
Destination Destination Net 30 days
17. SCHEDULE (Se# revarse for Refections)
louanTITY UNIT QUANTITY
ITEM NO. SUPPLIES OR SBERVICES ) [UNIT PRICE AMOUNT ACCEPTED
1) ® © | o) ) 8}
INCO TERMS 1: FOB INCO TERMS 2: Destination
Accounting Info:
72EP11/6100,2615/72/FC000000/747797.06.13.13]
.01.1/0/000/2600/72/EXPX22012D/201E/1 Cost
Center: 72EP1l GI Account: 6100,2615 Order:
FCO00000 WBS Elementl: 747797.06.13.13.01.1
Continued ...
18, SHIPPING POINT 16. GROSS SHIPPING WEIGHT 20. INVIOICE NO, Tonr“u
W Canit.
jpapas)

21, MAIL, INVOICE TO:

5. NAME NASA/Shared Services Center

$69,395.00 <

SEE BILLING

meTRUCTIONS  ( b. STREET ADBRESS
REVERE PO.

orP.0. 8o} Accounts Payable

Bldg 1111, C Road

Financial Management Division (FMD)

NSSC-AccountsPayableénasa.gov

¢TIy
Stennis Space Center

m,E_ 1369, 395,00 ‘
39529-6000

22 UNITED STATES oF
AMERICA BY (Signature)

Oﬁm CL% ,,/4,2, e

TILE: CONTRACTING/ORDERING OFFICER

AUTHORIZED FOR LOCAL REPRODUC
PREVIOUS EDITION NOT USABLE

e e i
OPTIONAL FORM 347 (Res. 22012)

Presdad by GENFAR 4 CFR S0
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Appendix C (Cont)

PPz 2

ORDER FOR SUPPLIES OR SERVICES PAGE
) SCHEDULE - CONTINUATION 2
.’3 IMPORTANT: Mark e ‘0 papars withconiract ancio oiger numbers,
DATE OF ORDER  [CONTRACT NQ. ORDER NO.
7 07/03/2012 NNJ12HDB7P
ITEM NO. SUPPLIERSERVICES QUANTITYJUNTT UNIT AMOUNT QUANTITY
PRICE ACGEPTED
(a) L] (&) (d) (0) L] 1)
S Element2: 0 Item Number: 000 Commitment
Item: 2600 Funds Center: 72 Fund:
PX22012D Functiocnal Area: 201E
001 Inconel 718 per AMS 5662 @ 3.75" diamete 40}EA 1,688.00 67,520.00
002 304L per ASTM A27681.125" 30|EA 62.50 1,875.00
. 3 TOTAL CARRIED FORWARD TO 187 PAGE (ITEM 17(H)) ,395.00
‘OPTIONAL FORM 348 (Rav. #2008)

LOCAL
PREVIOUS EDITION NCT LISABLE Prvscriod oy G8A FAR 148 CHR] 5231508
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Appendix C (Cont)

PP132005 0

Certificate of Conformance

I certify that on April 2, 2013, On-Shore USA furnished the supplies or
services called for by Contract No. NNJ13HB83P via UPS on our packing
slip 776, in accordance with all applicable requirements. 1 further certify
that the supplies or services are of the quality specified and conform in all
respects with the contract requirements including specifications, drawings,
preservation, packaging, packing, marking requirements, and physical
item identification (part number), and are in the quantity shown on this or
on the attached acceptance document.

Date of Execution: April 2, 2013

Signature:

Title: President
On-Shore USA, LLC
1011 Sesame St.
Franklin Park, IL. 60131
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Appendix C (Cont)

5555555555 RG STEEL eacE 14
PPIL200t2 [
Certificate of Test PP13200S 2

.

HENT E111656 ORDER €25844/ 03 BOL 0214497 * CERTIFICATION *  20/27/32
HOUSTON 770860000
amamsensenaorsosasaessnnsaevs YOU lgmn ' ':’?ﬁoii""'""'iimiii"" ..... s
................ “amncersses XY PTION savnmem-mssssvrsrmreanassssas
::‘ %:w 3.1250 8’1&1 000 ggo.l o
Neo “ N e MA onnxry &um e mm of Melt
weld repair
Fres of tion, Pras of radiaticn contamination
Fo NERE Talovant susetances; Mecte EU alaoteical RORS
Taotal Bundles 2 Total Weight " aees

wo :eaun Mdlin 10

-------------

ONS =--essasesscmcmccssremsymoans
SPECIFICATI! TNGOON

m n’;ﬂT;,; BAR 1IN m usA FROM IIH‘:E!'I nmrgl_:"”m K

-no. Md. 118

] g’ A2y *praccica &
ASTM M'lll"l“ a ABTM M“
ASTH 3133 11 B n"""sﬂﬂfﬁ A A
o ed Condition = ® 1500F uh‘m
¥ACE MRO17S-03, ZE0 18 orARs 353.235. 7014 /0
DFARS 328.7003:2 (T Fede 00-8-763F
5P S Res e éxception FERl ot fitsfnda-raa hardness

aman wee MECHANICAL & OTHER TESTS »ressecccccmcsanmsasvacss
Hardoess ppad BB
3-1. lgls: =g£ {‘gz I.lll= ! Tensil (vPa) 92.3 836
Moo ™ " ok 0.30 Tt e T ee T aen, Kot (Pa)  42.0 { 283

e — fhen,} 200, 13
Charpy ulof o o o Avg 102

;..---.-..-.EE-;--.-:ééi.-.-- m&*ﬂw l-“" --------- [ —
T gl G} il

Cul 1814 *300
% =‘ .087 nlbi.un l 018 e L
Fewmium T 30 R
Columbi
Tantalum (Cb+Ta) .018 b
5 pracssolts Mgy
De fong rezrita aad

& wiliPully fal 1 & matarial act on this form,
l.n!': (2 \{...lu.l. {’ a l.l.trln' ar conces I.n!

.'l.n could

sat
B

quneuuu cg!u. and lnndudl

13 .‘ amen!
..".’n. e §eaoral bEacuCes.

‘ﬂi:nﬁg :n‘:::: rg' |g¢.np m & 1: nmtm wlmum

M.P. Marcsnio, Quality Manager WM
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pPz2048/

. Customer: . mmnﬁlﬁléz‘ao{b
., | NASA/ESTA RITF Material Test Report 120409

Houston, Tx JSC Recelving Inspection and Test Facilly Description:
Requester/Phone: Johnson Space Center - Building 15 Hibay - M/S NT315 Inconel 718 Round Bar
Rick Dean Houston, Texas 77058 Part Number:

(281) 4834572 Fax 281-483-9355  Voice 281-483-0366 gﬂm

Fax Number: 3.75" Din. % 1" Thick

M 1

Cust. Control No.: l»:]n(:locmem

TPS#; PP1220068 Distributor:

Date Received: R&G Stec)

2512012 Lot Numi

Date Completed: 16LB

13172012 Quantity Tested:

1
Mechanical Properties

Hardness Test Resuits LowLimitf NA ) HighLimit{ 29 HRC) Test Procedure-  ASTMEIS

Sample ID Pass/Fail Scale High Valge Low Value Mean Value  Comments

120409-001 Pass HRBW 100 98 99 P/F based on customer supplied specifications
Messursment of vncertainty: +/- 1

Materiak  Inconel 718 Chemical Properties (%)

Sample ID Pass/Failt Al B C Co Cr Ce Fe Mn Mo Nb Ni Si T Comments
120409-001 Pass 0.460 0003 0,028 021 1798 0.041 1801 0.079 291 5.5 52.62 0.004 0.001 0.06 099  None

‘Chemical anslysia performed using OES and verified within 2 sigma using certified reference materials.

SPECIAL NOTES: The material was assessed to'the customer supplied specification of SAE AMS 5662 with a defined
maximum hardness requirement of 277 HB which converts to 29 HRC on the Rockwell Hardness scale per

ASTM E140,

REPORT APPROVED BY: M. McGuire
TITLE: Engineer

DATE:

7/31/2012

THESE TEST RESULTS RELATE ONLY TO THE SAMPLES TESTED, THIS REPORT SHALL NOT BE.
REPRODUCED. EXCEPT IN FULL, WITHOUT THE WRITTEN APPROVAL OF THE LABORATORY.

Page 1of I
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220058
R..,.,.Pfg%,ws/o /

Customer; .
NASA/ESTA RITF Material Test Report 120404
Houston, Tx JSC Recelving Inspection and Test Facility Description:
Requester/Phone: Johnson Space Center - Building 15 Hibay - M/S NT315 304L Round Bar
Rick Dean Houston, Texas 77058 Part Number:
(2814834572 Fax 281483-0355  Volce 281-483-0366 m
Fax Number: 1.125" Dia. x 1" Thick
Manufacturer:
Cust. Control No.: UN.;;JO\V; &
TPS#: PP1220068 Distributor:
Date Recelved: R&G Stee]
77252012 Lot Number:
Date Completed: EI11656
73112012 Quantity Tested:
1
Mechanical Properties
Hardness Test Results LowLimit{ NA ) HighLimitf NA ) Test Procedure-  ASTMEIS
Sample ID Pass/Fail Scale High Value Low Value Mean Value  Comments
120404-001 NA HRBW 9 89 89 P/F indeterminable - no requirements specified
Measurement of uncertainty: +/- 1 g
Materiak: 3041 8§ Chemical Properties (%)
Sample ID Pass/Fail [ C C Cu Fe Mn Mo Ni P S Si Comments
120404-001 Pass 0.027 0.4 1845 0.500 70.61 1.330 0.31 810 0031 0018 026 006 0040 None
Chemical mnalysis performed using OES and certifiod roference materials,

SPECIAL NOTES: The material was assessed tﬁ the customer supplied specification of ASTM A276.

REPORT APPROVED BY: M. McGuire

TITLE: Engineer

DATE:

7/31/2012

THESE TEST RESULTS RELATE ONLY TO THE SAMPLES TESTED. THIS REPORT SHALL NOT BE
REPRODUCED. EXCEPT IN FULL, WITHOUT THE WRITTEN APPROVAL OF THE LABORATORY.

Page I of I
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W-ouz
PP1320o0S0

® 'B|L|E] Electropolishing

Advanced Metal Improvement Technologies

March 28, 2013

On-Shore USA
1011 Sesame Street
Franklin Park, IL 60131

This is to certify that the following parts were processed according to standard process and
your purchase order specifications:

PART NO. SDH26152108-006 (REV F)
PART DESCRIPTION Booster Housing
PURCHASE ORDER NO. 18365
QUANTITY SHIPPED 113 PCS.
B OPERATION PERFORMED Electropolish

P PACKING LIST NO. 431903-00

. LOT NUMBER
SPEC NUMBER
REMARKS
CERT DESCRIPTION EP Per RI/SD Spec MA0103-308 Type 1.0001 - .0002

Stock Remaval

ABLE ELECTROPOLISHING COMPANY

\\
N
g

§

Thomas Glass
President Marcia
lomg@ableelech opolishing.com

(\. Phone: 1.888,868.2900 e Fax: 773.277.1655 « www.ableelectropolishing.com
CHICAGO Corporate Headquarters Production Facility: 2001 S. Kilbourn Ave. « Chicago, IL 60623
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WEST PENN

TesTing Group

Ultrasonic Inspection Report

NASA - Johnson Space Center
2101 NASA Parkway
Houston, TX 77058

PO PC11105848
1.125 304L-SS
Heat# E111656

Net Weight 600

Appendix C (Cont)

Type of Test: UT Immersion
Specifications: ASTM E2375-08 Class A
Procedure: CLI-1061 Rev 12
Acceptance: CLI-1061 Rev 12 Class A

pelrzolrz / ijgz,ooﬁo

1010 Industrial Bivd.

New Kensington, PA 15068
Ph 724-334-1900

Fax 724-334-9785
info@westpenntesting.com

Report 10000
WO 55629
1/4/2013

Reyvision -7-13

23 pieces of 304L, heat lot number E111656 were ultrasonically tested per ASTM E2375 Class A
to meet requirements of drawing SDH26152109 Rev F general flag note 9.

Total Pieces Pieces Pieces Reason for
Inspected Accepted Rejected Rejection
23 23 0 -

The recording of false, fictitious or fraudulent statements or entrles on this document may be punishable as a felony under Federal Statutes including
Federal Law, Titie 18, Chapter 47.

During the test and the products against this order have not come in direct contact with mercury or any of its compound nor
with any mercury devices a single boundary of containment.
Inspector: ABerry UT Level 1, THenderson UT Level 2

Inspection Date(s): 1/2/2013
Respectfully submitted,

James Neidorfer, NDT Level Il Operations Manager
WEST PENN TESTING GROUP, INC.
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The B-Card Web Solution - Order Report
P EP 0 ?«91{ l

ot

Page 1 of 1

The P-Card Web Solution - 1/11/2013
NASA
/ 6 5 g é Z 5 Order Report

Orders where Log No = PC11105848

Category Ot Ord OtvRed  UOM Unit Price Item Description Charge Code
Cardholder: GLENN, MARTHA A
PC11105848 12/26/2012 PENN TESTING GROUP $1,281.87 $0.00 $0.00 1/6/2012
13 1 EA $47.45 Ultrasonio testing-Tnconel 718 V3
13 3 B/ EA $31.04 Ultrasonic testing- 3041 ™
Comments: Requestor: Rick Dean
DELIVER TO B350/110

1/11/2013 GOODS RECEIPT ACCEPTED BY LMILES 13010078 M GLENN (C/O RICK DEAN) 352/102

Total Amount  Tax Paid Freight Paid Date Promised Date Received

Trans Amt

$521.95
$759.92

1 Ol $1,281.87 $0.00 $0.00
REC'D INSPECTION BY 0AD
-7 End of Report ~* RECEWVED IN BOND
Copyright © 19992000

Credit Card Solutions, Inc.
Version 1.00 - Revision 0,00

https://bankcard.ifmp.nasa.gov/order_rpt_query.asp?source=find

1n1Mmna
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PP132005 0

Certificate of Conformance

I certify that on April 2, 2013, On-Shore USA furnished the supplies or
services called for by Contract No. NNJ13HB83P via UPS on our packing
slip 776, in accordance with all applicable requirements. 1 further certify
that the supplies or services are of the quality specified and conform in all
respects with the contract requirements including specifications, drawings,
preservation, packaging, packing, marking requirements, and physical
item identification (part number), and are in the quantity shown on this or
on the attached acceptance document.

Date of Execution: April 2, 2013

Signature:

Title: President
On-Shore USA, LLC
1011 Sesame St.
Franklin Park, IL. 60131
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PPI3LooS 0

CERTIFICATE OF COMPLIANCE

Vendor: On-Shore USA, LLC
1011 Sesame St.
Franklin Park, IL 60131

Customer’s Order number: NNJ13HBS83P

Line number: 001

Part Number: SDH26152109-006
Drawing Number: SDH26152109 rev. F
Quantity: 100 each

Raw Material Origin: NASA supplied
Heat Number: E111656

EXCEPTIONS TO DRAWING: Parts supplied less Note 2 (Tensile
Test ), and flag note 9 (Ultrasonic Inspection).

Parts furnished with this CERTIFICATE OF COMPLIANCE have
been manufactured in accordance with the requirements of the above
referenced drawing number and meet all requirements therein except
as noted above.

7
Approved by M/@—M
e

Kenneth J. Kosowski
President
On-Shore USA
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Appendix D: Typical Destructive & Non-Destructive Acceptance Testing

7.7 NONDESTRUCTIVE ACCEPTANCE TEST MATRIX

Table 7 - Nondestructive Acceptance Test Matrix

JSC-66437, RevE

IProduct Examination
Visual Inspection 43.1.1 100%
Weight 43.1.2 100%
Dimension 43.13 100%
Identification 4.3.1.4 100%
iProof Load 43.19 100%
Leakage 43.15 100%
X-ray 4.3.1.7 100%
-ray 43.1.8 100%

Explosive Load Weight 100%
Tensile Coupon Testing
Ultimate Strength 4322a 3
0.2% Offset Yield 4322b 3
Elongation 4322c 3
Reduction of Area 432.24d 3

Export Controlled Information

38
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JSC-66437, Rev E

7.8 DESTRUCTIVE LOT ACCEPTANCE TEST MATRIX

Table 9 - Destructive Lot Acceptance Test Matrix

o LY. o
ondestructive Acceptance Tests 2.3, 100% of Lot 100% of Lot
High Temperature Storage 4339 Lot Sample -
Thermal Cycle ' 43.3.10 Lot Sample 0
Shock” 433.11 Lot Sample 9
Random Vibration” 433.12 Lot Sample 9
[Nondestructive Acceptance Tests 423.17 Lot Sample -
[Electrical Bonding Lot Sample Lot Sample
[Functional/Load Tests R ‘Lot Sample’™ " | Toi Sample
Margin Web Nut, Min Preload, Single Booster, Cold 4356 1 1
Nominal Web Nut, Zero Preload, Single Booster, Cold 4356 1 1 |
Nominal Web Nut, Limit Preload, Single Booster, Cold 43.4.1 1 1
Margin Web Nut, Min Preload, Single Booster, Hot 4356 1 1
Nominal Web Nut, Zero Preload, Single Booster, Hot 4356 1 1
Nominal Web Nut, Limit Preload, Single Booster, Hot 4.3.4.1 1 ]
Margin Web Nut, Min Preload, Single Booster, Ambient 4356 1 1
Nominal Web Nut, Zero Preload, Single Booster, Ambient 4.3.5.6 1 1
Nominal Web Nut, Limit Preload, Single Booster, Ambient 43.4.1 1 1
Nominal Web Nut, Limit Preload, Dual Booster, Cold 4.3.4.1 2 1
Nominal Web Nut, Limit Preload, Dual Booster, Hot 43.4.1 2 1
Nominal Web Nut, Limit Preload, Dual Booster, Ambient 434.1 2 1
Nominal Web Nut « Ultimate Static Load 4354 - 2
Post-Fire Integrity Examination 4342 Lot Sample Lot Sample

* Random Vibration and Shock tests may be performed in any order.

** Post Environment NDE is for information only, and will include the following tests: Visual, Dimensional, Leakage, and X-ray.
w¥¥ Lot sample is equal to 10% of Lot or 14 nuts / 15 boosters, whichever is greater. Additional lot sample units above 14 nuts / 15
boosters (if any) shall be allocated to the functional tests in the order listed above.

*=x* All functional/load tests shall be configured with 12% density aluminum foam,

7.9 QUALIFICATION TEST MATRIX
Omitted
Table 10 - Reserved

Export Controlled Information 39
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Appendix E: Serial Number Traceability

Booster Assembly Serial Number Listing

P/N L/N S/N Description Status
SEH26152324-301 [DDE 00001 |Booster Asembly, EFT-1 Frangible Nut  [Available
SEH26152324-301 [DDE 00002 |Booster Asembly, EFT-1 Frangible Nut  [Available
SEH26152324-301 |DDE 00003 |Booster Asembly, EFT-1 Frangible Nut |Available
SEH26152324-301 [DDE 00004 |Booster Asembly, EFT-1 Frangible Nut  [Available
SEH26152324-301 |DDE 00005 |Booster Asembly, EFT-1 Frangible Nut |Available
SEH26152324-301 [DDE 00006 |Booster Asembly, EFT-1 Frangible Nut  [Available
SEH26152324-301 |DDE 00007 |Booster Asembly, EFT-1 Frangible Nut |Delivered to Lockheed
SEH26152324-301 |DDE 00008 |Booster Asembly, EFT-1 Frangible Nut |[DLAT Unit
SEH26152324-301 [DDE 00009 |Booster Asembly, EFT-1 Frangible Nut  [Delivered to Lockheed
SEH26152324-301 |DDE 00010 |Booster Asembly, EFT-1 Frangible Nut |DLAT Unit
SEH26152324-301 (DDE 00011 |Booster Asembly, EFT-1 Frangible Nut  [Delivered to Lockheed
SEH26152324-301 |DDE 00012 |Booster Asembly, EFT-1 Frangible Nut |Available
SEH26152324-301 [DDE 00013 |Booster Asembly, EFT-1 Frangible Nut |DLAT Unit
SEH26152324-301 |DDE 00014 |Booster Asembly, EFT-1 Frangible Nut |DLAT Unit
SEH26152324-301 [DDE 00015 |Booster Asembly, EFT-1 Frangible Nut  [Delivered to Lockheed
SEH26152324-301 [DDE 00016 |Booster Asembly, EFT-1 Frangible Nut |DLAT Unit
SEH26152324-301 |DDE 00017 |Booster Asembly, EFT-1 Frangible Nut |Delivered to Lockheed
SEH26152324-301 [DDE 00018 |Booster Asembly, EFT-1 Frangible Nut |DLAT Unit
SEH26152324-301 |DDE 00019 |Booster Asembly, EFT-1 Frangible Nut |DLAT Unit
SEH26152324-301 [DDE 00020 |Booster Asembly, EFT-1 Frangible Nut  [Delivered to Lockheed
SEH26152324-301 |DDE 00021 |Booster Asembly, EFT-1 Frangible Nut |Available
SEH26152324-301 |DDE 00022 |Booster Asembly, EFT-1 Frangible Nut |DLAT Unit
SEH26152324-301 [DDE 00023 |Booster Asembly, EFT-1 Frangible Nut |DLAT Unit
SEH26152324-301 |DDE 00024 |Booster Asembly, EFT-1 Frangible Nut |DLAT Unit
SEH26152324-301 [DDE 00025 |Booster Asembly, EFT-1 Frangible Nut  [Available
SEH26152324-301 |DDE 00026 |Booster Asembly, EFT-1 Frangible Nut |Available
SEH26152324-301 [DDE 00027 |Booster Asembly, EFT-1 Frangible Nut  [Delivered to Lockheed
SEH26152324-301 |DDE 00028 |Booster Asembly, EFT-1 Frangible Nut |Delivered to Lockheed
SEH26152324-301 [DDE 00029 |Booster Asembly, EFT-1 Frangible Nut |DLAT Unit
SEH26152324-301 [DDE 00030 |Booster Asembly, EFT-1 Frangible Nut  [Available
SEH26152324-301 |DDE 00031 |Booster Asembly, EFT-1 Frangible Nut |Available
SEH26152324-301 [DDE 00032 |Booster Asembly, EFT-1 Frangible Nut  [Available
SEH26152324-301 |DDE 00033 |Booster Asembly, EFT-1 Frangible Nut |Available
SEH26152324-301 |DDE 00034 |Booster Asembly, EFT-1 Frangible Nut  [Available
SEH26152324-301 |DDE 00035 |Booster Asembly, EFT-1 Frangible Nut |Available
SEH26152324-301 [DDE 00036 |Booster Asembly, EFT-1 Frangible Nut  [Available
SEH26152324-301 |DDE 00037 |Booster Asembly, EFT-1 Frangible Nut |Available
SEH26152324-301 |DDE 00038 |Booster Asembly, EFT-1 Frangible Nut |DLAT Unit
SEH26152324-301 [DDE 00039 |Booster Asembly, EFT-1 Frangible Nut |DLAT Unit
SEH26152324-301 |DDE 00040 |Booster Asembly, EFT-1 Frangible Nut |Delivered to Lockheed
SEH26152324-301 [DDE 00041 |Booster Asembly, EFT-1 Frangible Nut |DLAT Unit
SEH26152324-301 |DDE 00042 |Booster Asembly, EFT-1 Frangible Nut |Available
SEH26152324-301 |DDE 00043 |Booster Asembly, EFT-1 Frangible Nut |[DLAT Unit
SEH26152324-301 [DDE 00044 |Booster Asembly, EFT-1 Frangible Nut  [Delivered to Lockheed
Downgraded prior to
SDH26152109-006 [NNJ13HB83P |45 Booster Housing, Frangible Nut assembly (PP1330041)
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Appendix E (Cont)

Booster Assembly Serial Number Listing

P/N L/N S/N Description Status
SEH26152324-301 |DDE 00046 |Booster Asembly, EFT-1 Frangible Nut |Delivered to Lockheed
SEH26152324-301 |DDE 00047 |Booster Asembly, EFT-1 Frangible Nut |Available
Downgraded prior to
SDH26152109-006 [NNJ13HB83P |48 Booster Housing, Frangible Nut assembly (PP1330041)
SEH26152324-301 [DDE 00049 |Booster Asembly, EFT-1 Frangible Nut  [Delivered to Lockheed
SEH26152324-301 |DDE 00050 |Booster Asembly, EFT-1 Frangible Nut |Available
SEH26152324-301 |DDE 00051 |Booster Asembly, EFT-1 Frangible Nut |[DLAT Unit
SEH26152324-301 [DDE 00052 |Booster Asembly, EFT-1 Frangible Nut  |DLAT Unit
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Appendix F: Sample Flight Certification

National Aeronautics and Space Administration

Lyndon B. Johnson Space Center
2101 NASA Road 1
Houston, Texas 77058-3696

21 August 2014

Pyrotechnic Hardware EFT-1 Certification Record

This record is to certify that NASA-JSC representatives have reviewed all manufacturing
and lot acceptance test data pertaining to the following lot of pyrotechnic hardware.
Based on this review the hardware listed below is certified as acceptable for Orion
Exploration Flight Test #1 (EFT-1) use. No scheduled maintenance is required for this
hardware.

Part Name: EFT-1 Frangible Nut Booster Assembly

Part Number: SEH26152324-301

Lot Number: DDE

Expiration Date: 7-31-2017

Explosive Mix: BAE12F(029-088

Serial Numbers: 00007, 00008, 00011, 00015, 00017, 00020, 00027, 00028,

00040, 00044, 00046, 00049

Y eI M/ Z2AvEToe]

Technical Monitor

T 2’4}.&, o8 [y / %// ,774/1;} (22/1y
System Manager Orion Pyrotechnics NASA Quality Endineering
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