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National Aerona utlCS and Space Administration 
Lyndon B Johnson Space Center 
Houston. TX 77058 

ORDER FOR SUPPLIES OR SERVICES Page 10f 2 

1. Order No. 2. Date of Order NOTE: MARK ALL PACKAGES AND PAPERS WITH ORDER NO. 
CRAVE·EC5-D043 See Block 10 Below 

Certified for National Defense under DPAS (15 CFR 700) DO-C9 
3. Issuing Office: 4. Ship To' 

NASA Johnson Space Center, 2101 Nasa Parkway Transportation Officer, Building 421 
Houston, TX 77058-3696 NASA Johnson Space Center 
Org .lBuyer: BH2JAdnan D Clayton Houston, TX 77058-3696 

Mark For: Accountable Property 

Tel No.: 281-48~·849~ Fax. 281-244-0995 Order No.: CRAVE-EC5-D043 
E-mail: adrian d clavtonailnasa cov 
5. Contractor: 6. Deliver On or Before: ATP + 31 Weeks 
Hamilton Sundstrand Space Systems International, Inc. 
Attention: Angela Hillin F.O.B. Point. DESTINATION 
2200 Space Park Dr. 
Ste.100 Discount Terms: Net 30 Days. 
Houston, TX 77058 

7. BILLING ADDRESS: 

Phone: 281-336-6316 x Fax: 860-998-7029 
NASA Johnson Space Center 
Attn: LF231/Accounts Payable Group 
Houston, TX 77058-3696 

TIN: CAGE CODE: 71120 Order No.: CRAVE-EC5-D043 

8. Type of Order: 

0 PURCHASE: Please furnish the following in 0 DELIVERY' Except for the Terms and Conditions of Purchase 
accordance with the conditions speCified on this order. Order listed on the following page, this delivery order is subject to 
Reference: __ instructions contained on this form and is issued subject to the 

terms and conditions of contract number: --
9. Written acceptance of this order by contractor [~ 1 is, [0 1 is not 10. Name: Ronald Johnson 

required. Sign below if required and return to contracting officer. 

Name: Angela S. Hillin (Person authorjzed to sign) 

RCYYVll ffj) A.A ,~tA: 7W0 Signature: 0:%1R.H •. ,-- Date: ~ """-tL '2001 Signature: 
C ONTRACTING ~FICER'\ 

11. Schedule II 
ITEM 

DESCRIPTION 
QUANTITY 

UNIT 
UNIT 

AMOUNT 
QUANTITY 

NO ORDERED PRICE ACCEPTED 

SUB-SCALE AMINE SWING BED DEVELOPMENT FOR EVA 

PERIOD OF PERFORMANCE. ATP + 31 weeks 

The contractor shall perform and deliver to all requirements of CRAVE kif 
DO 43 as described In the DO Statement of Work. 

12. For JSC Internal Use Only: 13. Total 
Requisition No.: NL8 0 COMPo 0 PART. PPC: --
Rissue To: EC/Ralgh Marak x:3-9144 

$ _274,138_ 

14. Quantities in "Quantity Accepted" Column Have Been 
0 INSPECTED o ACCEPTED 0 RECEIVED 

TO CONFORM TO THE CONTRACT. 
ACCEPTANCE WILL BE AT JSC UNLESS BY: 
OTHERWISE NOTED. 

Authorized U.S Govemment Representative Date 
JSC Form 1429 (Rev November 10. 2004) (MS Word August 1995) 



Order No.: CRAVE EC5·D043 

ITEM 

JSC Form 429 (Rev Novemller 10, 2004) (MS Word August 1995) 

,::::~ FOR SUPPLIES OR SER\· = 
(CONTINUATION SHEET) 

SCHEDULE 
QUANTI 

UNIT 

PAGE 2 Of2 

AMOUNT QUANTITY 



I NatIonal Aeronautics and Space Administration { 
Lyndon B. JohMOf'l Space Center I ORDER FOR SUPPLIES Ok SERVICES Page 10f 2 Houlton, TX 17058 

• 
1. Order No. 2 Date of Order NOTE: MARK ALL PACKAGES AND PAPERS WITH ORDER NO. NNJ05HB39B,0042 See Block 10 Below 

Certified for National Defense under DPAS (15 CFR 700) OO-C9 3. Issuing Office: 4. Ship To. 
NASA Johnson Space Center, 2101 Nasa Parkway Transportation Officer, Building 421 
Houston, TX 77058-3696 NASA Johnson Space Center 
OrgJBuyer: BH2IAdrlan P Clayton Houston, TX 77058-3696 

Mark For. Accountable Property 
Tel No .. 281-483:8498 Fax: 2§l-244-0996 Order No: 1!I1!I.!!!:itlll~IiIB DQ~2 E-mail: .... I.n ... , ftnu 

5. Contractor: 6. Deliver On or Before: AI!!lI II, 2IXl1iI- I!Iln!lmbi[ l, 2IXl1I 
Hamilton Sundstrand Space Systems Internat'llnc. F.O.B. Point: DESTINATION Attn: Angela S. Hillin 
2200 Space Park Drive, Suite 100 Discount Terms: Net 30 Days. Houston, TX 77058-3663 

7 BILLING ADDRESS: 
Phone: 281-336-6316 x Fax: 86().998-7029 NASA Johnson Space Center 

Attn: LF231/Accounts Payable Group 
Houston, TX 77058-3696 

TIN: CAGE CODE' 71120 Order No.: NNJ05H839B, 0042 

8. Type of Order: 
0 PURCHASE: Please furnish the following In 0 DELIVERY. Except for the Terms and Conditions of Purchase accordance with the conditions specified on this order Order listed on the fo"owin~ page, this delivery order is su~ect to Reference:_ Instructions contained on th s form and is issued subject to he terms and conditions of contract number. --
9. Written acceptance of this order by contractor (0 ) Is, (181 ) is not 10. Name. Ronald Johnson requlred. Sign below If required and return to contracting officer. 

Nl?I' (Person authOrized to sign) 

Signeture. tw. ALl. aJ/8 A.JJn.. 
" ....... lure: Date. Date:~7 'eONTRAC riNG OFFICER 

11. Schedule , 
ITEM 

DESCRIPTlON QUANTITY 
UNIT UNIT 

AMOUNT QUANTITY NO 
ORDERED PRICE Ac:cEPTEO Space Suit OlCygen Systems Test Rig Design and Development for E)Q)loralfon TechnolClAv 

PERIOD OF PERFORMANCE. 04108109 -11/01/09 (Phase 1) 

The contractor shall perform and deliver to all requlremente of CRAVE !1\' b/f 
0042 Phase 1 (Beee) ee described In the DO Statement or Work. 

~~ 
Total: $264,881 

continued page 2 

12. ForJSC Intemal Use Only: 13. Total Requisition No.: tJ!fJ o COMPo o PART PPC: --Rissue To. sQLBill12Il Milrfj~ )S;3~1~~ $ 264,881 NTE 
14. Quantities In 'Quantity Accepted" Column Have Been o INSPECTED 0 ACCEPTED 0 RECEIVED 

TO CONFORM TO THE CONTRACT 
ACCEPTANCE WILL BE AT JSC UNLESS BY: oTHERWISE NOTED 

Authorized U S. Government Representative Date JSc FomIl0429 (Rev November 10, 20(4) (MS Word AlJgusll995) 



" 

Order No.: NNJllltlRl1L 0061 DER FOR SUPPLIES OR SEA' S 
PAGE2of2 (CONTINUATION SHEET) 

" 

SCHEDULE 
I'!EM DESCRIPTION QUANTITY UNIT F>~~E AMOUNT QUIINTfTY ORDERED ACCEF>TeO 

Option 
kl1 $4n,695 

The Government may require the contractor to continue to perform aervlces under this delivery order. The Contracting omcer may unHaterally exercise the Ootlon bv ISeUlna Revlelon 1 to DO 42. The Government r_rvea the 
right not to exercISe the Option. Should the Option be exercl8ed, the delivery order ravlelon wHl be laauad at the coala 8hown below. 

~A Total' $4n,695 

THIS IS A CPFF DELIVERY ORDER 

J8C Fonn 1429 IN (R Nove mbor 10 2004 J(M SWOI'dA Il0l1 ug 995) 



r., 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

LYNDON B. JOHNSON SPACE CENTER 
HOUSTON, TX 77058 

COST REIMBURSABLE INDEFINITE-DELIVERY 
INDEFINITE-QUANTITY (IDIQ) TASK ORDER 

Hamilton Sundstrand Space Systems Int!., Inc. 
Contract NNJ05HB39B 

Task Order Number Revision Number Purchase Request Number 

39 3 Funded at Contract Level 

SOWWBS Fiscal Year Technical Monitor/Division/Extension 

FY09 COTR: Ralph MaraklEC ext:3-9144 

Task Order Title 

PLSS FAN ASSEMBLY DEVELOPMENT FOR EXPLORATION TECHNOLOGY 

Descri(!tion/Pur(!ose 

This purpose of this delivery order revision is to extend the period of performance from November 
30,2009 - March 16,2010. (November 13,2008 - March 16, 2010) 

Previous Value I Current Action I Total Value 

Cost 
v.M \0'-'\ \o'f Fee 

Total $ 536,373.00 
~-~~ r$ 

0 I $ 536,373.00 

THE CONTRACTOR IS NOT AUTHORIZED TO EXCEED THE TASK ORDER VALUE 
SPECIFIED HEREIN. THIS IS A COST PLUS FIXED FEE TASK ORDER. 

NASA Approval 

Contracting Officer Signature Date 

Adrian D. Clayton -1, ) ~9;;~;;;; I//:%'/~# - '. /~;/ /._ / flJ IJ:?/av/l 
/ 

, 

Page 1 of 1 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION LYNDON B. JOHNSON SPACE CENTER 
HOUSTON, TX 77058 

Task Order Number 
39 

SOWWBS 

COST REIMBURSABLE INDEFINITE-DELIVERY INDEFINITE-QUANTITY (IDIQ) TASK ORDER Hamilton Sundstrand Space Systems IntI., Inc. Contract NNJ05HB398 

Revision Number Purchase Request Number 
2 Funded at Contract Level 

Fiscal Year Technical MonitorlDivisionlExtension 
FY09 COTR: Ralph MaraklEC ext:3-9144 

Task Order Title 
PLSS FAN ASSEMBLY DEVELOPMENT FOR EXPLORATION TECHNOLOGY 

DescriptionlPurpose 
This delivery order revision is for additional scope of work as delineated in proposal # ESDPC-09F-0214. The period of performance remains unchanged. 

I-----t P,re==vlo=u=.s-",Va::.:.:'u:;.::e'--_..J....::.Cu::;..r:...::re=nt Action I Total ValulI! I Cost 

b<.\ ~1 N Fee 
Total $ 486,504.00 -,$ 49,869.00 I $ 536,373.00 I 

THE CONTRACTOR IS NOT AUTHORIZED TO EXCEED THE TASK ORDER VALUE SPECIFIED H]£REIN. THIS IS A COST PLUS FIXED FEE TASK ORDER. 

NASA Approval 
Contract ina Officer Signature 
Ronald Johnson 

() 
Page 1 ofl 

Date 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
LYNDON B. JOHNSON SPACE CENTER 

HOUSTON, TX 77058 

COST REIMBURSABLE INDEFINITE-DELIVERY 
INDEFINITE-QUANTITY (IDIQ) TASK ORDER 

Hamilton Sundstrand Space Systems Inti., Inc. 
Contract NNJ05HB39B 

Task Order Number Revision Number Purchase Reauest Number 

39 1 Funded at Contract Level 

SOWWBS Fiscal Year Technical MonitorlDivision/Extension 

FY09 COTR: Ralph MaraklEC ext:3-9144 

Task Order Title 

PLSS FAN ASSEMBLY DEVELOPMENT FOR EXPLORATION TECHNOLOGY 

Description/Pumose 

The purpose of this delivery order revision is to execute a no-cost extension. The period of 
performance shall be extended from July 31, 2009 to November 30, 2009. 

The contract value remains unchanged. 

THE CONTRACTOR IS NOT AUTHORIZED TO EXCEED THE TASK ORDER VALUE 
SPECIFIED HEREIN. THIS IS A COST PLUS FIXED FEE TASK ORDER. 

NASA Approval 

Contracting Officer ;tSignaJure 

Ronald Johnson 

I 

Page 1 of 1 

Date 



\ \ 

National Aeronautics and Space Admlnlstralion • - , Lyndon B. Johnson Space Center ORDER FOR SUPPLIES OR SERVICES Page 10f 2 Houaton, TX 71058 

'...{ 

1. Order No. 2. Date of Order NOTE: MARK ALL PACKAGES AND PAPERS WITH ORDER NO. NNJ05HB39B, 0039 See Block 10 Below 
Certified for National Defense under DPAS (15 CFR 700) OQ..C9 3. ISSUing Office. 4. Ship To: 

NASA Johnson Space Center, 2101 Nasa Parkway Transportation Officer, Building 421 
Houston, TX 77058-3696 NASA Johnson Space Center 
Org.lBuyer. BH2/Marv Thomas Houston, TX 77058-3696 

Mark For. Acoountable Property 
Tel No. 281-483-8828 Fax. 2I:!1-244-!)S95 Order No.. h!N,!g§I:IIi!~IiI, QQ39 
E-mail: m"", • , nnv 
5 Contractor: 6. Deliver On or Before 1111 0108 to 07/31109 
Hamilton Sundstrand Space Systems Internat'llnc FOB. Point. DESTINATION Attn: Angele Hillin 
2200 Space Park Drive, Suite 100 
Houston, TX 77058 

Discount Terms: Net 30 Days 

7 BILLING ADDRESS. 
Phone: 281-336-8316 x Fax' 1!6().998-7029 NASA Johnson Space Center 

Attn. LF231/Accounts Payable Group 
Houston, TX 77058-3696 

TIN: 06-1165586 CAGE CODE: 71120 Order No: NNJ05HB39B, 0039 

8 Type of Order. 
0 PURCHASE. Please furnish the following in 0 DELIVERY Except for the Terms and Conditions of Purchase accordance with the conditions specified on this order. Order listed on the foliowinQ page, this delivery order is SUbject to Reference: __ instructions contained on thiS form and is Issued subject to he terms and conditions of contract number __ 

9. Written acceptance of this order by contractor [0 ] Is, [181 ) is not 10. Name: Ronald Johnson required. Sign below If required and return to contracting officer 

~i~A 
Name: (Person authonzed to sign) 

Signature: ,f t)w. /l Date: ttitJL(Jr Signature Date. 
'CONTRACTI GOF'FICER 

11. Schedule ~ 1'lE!.I 
DESCRIPTION QUANTITY 

UNIT UNIT 
AMOUm 

QUANTITY NO 
ORDEREO PRICE ACCEPTED PLSS FAN ASSEMBLY DEVLPMT FOR EXPLORATION TECHNOLOGY 

PERIOD OF PERFORMANCE 11/10108 to 07/31/09 

1 The contractor shall perform and deliver to all requJremenls for the design b<-{ 0t and fabrication of a development PLSS fan assambly Including fan, motor, and associated elactronlca and controller, and successful demonstration of the fan assembly ss dsscrlbed In the SOw The contractor shaH deliver two fan assemblies to NASA at contract completion 

CONTINUED PAGE 2 
12 For JSC Internal Use Only . 13 Total ReqUisition No.. !':Il6 o COMP 0 PART PPC' 

-r--
$ NTE 486,504 RissueTo: EC/B!!lllh Marais, 1139144 

14. Quantities In "Quantity Accepted' Column Have Been I 0 INSPECTED o ACCEPTED 0 RECEIVED 
TO CONFORM TO THE CONTRACT 
ACCEPTANCE WILL BE AT JSC UNLESS BY: OTHERWISE NOTED. 

Authorized U S. Government Representative Date JSC Form 1429 (Rev November 10,2004) (MS Word August 1995) 



-' 

])ER FOR SUPPLIES OR SERVia. ~ 
Order No.: I\IWIIIHUIIL ~ U G 

PAGE 2 of2 
(CONTINUATION SHEET) 

SCHEDULE 
ITEM 

DESCRIPTION QU~!f':ITY 
ORDERED UNIT UN.':!: 

PRICE ~MOUNT ACCEPTEo 

Recap IY' ''',Ius' 

Coat: b1 Fee: 
Total: $486,504 

THIS IS A CPFF DELIVERY ORDER 

, 

. 
I 

• JSC Fonn 1429 (ROY November 10, 2004) 1MB Word August 1995) 



j 
CREW, ROBO. AND VEHICLE EQUIPMENT (c.JIiI) CONTRACT 

DELIVERY ORDER #. CRA VE-EC5-0l7 

PROPOSAL INSTRUCTIONS: _X_DRAFf- COMMENTS DUE BY: Mardi 10, 2()08 
_FINAL -- PROPOSAL J)(;E'BY: Apl"iI21. 2()08 

DO TITLE: PLSS Water Pump Development for Exploration Technology 

DO Type: -X-. CPFF FFP 

DO Contact Information in Addition to the CRAVE Contract Specialist or CO: 

TMR: Joe Gensler 

DO Manager: Luis Trevino 

DO Mgr. Alternate: Heather Paul 

Phone: (281) 483-0025 

Phone: (281) 483-9141 

Phone: (281) 483-3678 

Concurrences: 

Luis Trevino 
DO Manager 

Raul Blanco 
DO Mgr. Management 

N/A 

Joe Gensler 
com 

Kimberly Baird 
Division TMR 

S&MA Ron Johnson 
Contracting Officer 

Task Contains Flight Hardware, Flight Software or GSE? _Ye, ..,X..No 

Program Supported: 

--------------------------------------------------
WBS: X 1.0 EVA _ 2.0 FCE _ 3.0 EVR _ ECLSS _ 5.0 ATCS _ 6.0 CHeCS 

For purposes of complying with FAR 52.232-22, Llmltatton of Funds, the total amount allotted by the 
Government to contract Is specified In clause B.6, Contract Funding. The fUnding listed In B. 6 IS the 
amount allotted for all DelIvery Orders on the contract combined 

All terms and condll/om of the contract apply to this DelIvery Order. In the event of a conflict between 
the contract and this Delivery Order, the contract shall prevail. 

WBS reporhng shall be done In accordance with applicable WBS reporting categories, as shown above 
and in the contract within Sectton C, Table 1. 

Page 1 of 14 



CREW, ROBO-HU AND VEIDCLE EQUIPMENT (Cd ~ ~J CONTRACT 
DELIVERY ORDER #: CRAVE-EC5-0J7 

PLSS Water Pump Development for Exploration Tetbnology 

Background I Problem Description: 
The current EMU PLSS water pump is a centrifugal multi-vane-type that operates at high 
revolutions per minute (rpm) (- 20,200 rpm). This centrifugal pump is sensitive to gas bubbles 
and can require priming before EV A, resulting in additional EV A preparation time. The current 
EMU PLSS uses a special pressurizing system that maintains the water loop at 15 pounds per 
square inch (psi). A dedicated 15 psi oxygen regulator provides backpressure to the Shuttle PLSS 
feedwater bladder tanks in order to minimize outgassing and bubble formation during EVA 
operations. The Shuttle PLSS also uses a gas trap and a centrifugal water separator to remove gas 
from the water loop. Additionally, the Shuttle EMU pump has experienced cavitation issues and 
has shown susceptibility to water impurities on at least one occasion causing vane growth. 

For future missions such as those required of the Constellation Space Suit Element (CSSE), the 
space suit wi~l employ new technologies to ensure a safe, supportable, sustainable, and extensible 
suit system that allows for useful work to be performed by the crew during launch, landing, in­
space, and on the lunar and Martian surfaces. The suit system protects the crew from nominal 
and off nominal environments associated with Constellation Program (CXP) mission phases. In 
order to meet the identified requirements for protecting crew during EVA, the PLSS water loop 
will use potable water from the vehicle or habitat that has been nominally delivered at 8 psi. 

The CSSE PLSS schematic is shown in Figure 1: eSSE PLSS Schematic. 

P,IIlI,u I GO ... 

Ventilation 
Subsystem 

Thermal 
Subsystem 

D·' sOP • ... .. • ••••••• ___ .. 

• • • • 
lfMHll.m,~y 
Ufnblh<.~d 

~15f1V'" I !celk'r 

, -fSiS?S?VV't-

~ ------- --- ----Figure Q"F SimpllfiEid Baseline -eSSE PL$$ Schematic 

Page 2 of14 
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CREW, ROBOT. AND VEHICLE EQUIPMENT (CR<' , liJ 'CONTRACT 
DELIVERY ORDER # CRA VE-EC5-037 

requirements. For development design purposes, focus shall be on the lunar design with 
protection for key design features for the Mars capability 

Surface Temperatures for the Custom Unit Pump (CUP): 

35 F to 100 F (I. 7degC to 38 degC) 

Water Flowrate and Pressure Rise through CUP: 

82 kglhr (l801bmlhr) minimum at 69 kPad (10 psid) 

91 kglhr (200Ibmlhr) minimum at 35 kPad (5 psid)-DESIGNPOINT 

CUP Inlet Water Pressures: 

23 - 69 kPag [3.3 - 10 psig] in Vacuum EV A environment 

Pressure units are absolute units at vacuum, and are referenced to ambient pressure in airlock and 
ground ops 

CUP Useful Life: 

2000 hrs minimum (twice EVA life) 

CUP Water QUality: 

The water pump and PLSS shall accept potable water from Vehicle Interface Element, with and 
without silver biocide, as specified in the Potable Water Table (TBD-CSSE-136). (see 
Reference 2, CXP70024, for guidelines). 

CUP External Operating Environment: 

The CUP and its support equipment shall be designed for ambient test operation, with 
recommended changes included to allow for a vacuum compatability design. 

CUP Standby and StartUp Capability: 

After power is turned off to the CUP, the CUP shall be capable of startup at any time when the 
initial water inlet is between 35 F to 100 F (1.7degC to 38 degC.) 

CUP Motor Type: Permanent magnet type 

CUP Overall Power Consumption: 15 Watts +/IOOIo maximum overall at 5 psid 

Page 4 of 14 



CREW, ROBO-HlJ AND VEHICLE EQUIPMENT (CR. '*' CONTRACT 
DEUVERY ()RDER # f'RA VE-Ef'5-037 

Materials Usage A materials list which details all the matenals 3 EA Contract 
LIst the contractor incorporated in the design and paper and Completion 

III the fubncatlon of the CUPS. This Itst CD (PDF 
should also proVIde the status of each material and Word 
in the Marshall Space Fltght Center MAPTIS 
database. If the material(s) is not listed in 

format) 

MAPTIS, the contractor shall provide a 
preliminary plan for having the material 
processed and documented per the Matenals 
Analysis Tracking and Control (MATCO) 
system. 

Operating An operating manual for the CUP test Unit 

Manual for CUP delivered to NASA, to include motor as well Contract 
Test Unit as pump operating specifications Completion 

All assembly and major part drawings used in Contract 
Drawings the fubrication of the CUP hardware. 3EA Completion 

- -

Page 9 of 14 

N/A 



CREW, ROOO. AND VEHICLE EQUIPMENT (CRA.) CONTRACT 
DELIVERY ORDER #: CRA VE-ECS-037 

SCHEDULE 

Start Date: May 5, 20()S Finish Date: September 22, 200S 

ITERIM MILESTONES DUE DATES (Weeks Arter ATP) 

Kick-off Meeting 1 

Review/Study of Custom Unit Pump Design and 2 
Requirements 

Midterm Presentation to NASA 10 

Final Formal Presentation to NASA 18 

Hardware Delivery 18 

GeneratelPublish Final Report 20 

Milestones, along with subjective measurements, are to be used for measuring performance. For 
schedule detail see Microsoft Project file located on the CRAVE web site for this DO listed under 
the Government Cost Estimate below. 

Total Government Estimate for this DO: $150.000 

TOTAL COST ESTIMATE FOR THIS DO: ! 

FEE: I (If Applicable) 

TO BE REMOVED FROM DO & INCLUDED IN RFO LEmR: 

Proposal Evaluation Criteria: 

1. Proposed Technical Concept, including design, understanding, development! hardware production capability and 
schedules; 

2. CostIPrice: Except when it is detennined not to be in the Government's best interests, the Government will 
evaluate price of proposals, by adding the total price, including options. Evaluation of options will not obligate the 
Government to exercise the options; 

3. Proposed Achievement of Small Business Goals; 

4. Past Perfonnance; and 

5. Other: _____ _ 

Page 10 of 14 



CREW, ROBO'. AND VEHICLE EQUIPMENT (call) CONTRACT 
DELIVERY ORDER #: CRA VE-EC5-037 

DATA REQUIREMENTS 

All DRs contained in the contract are applicable and required unless marked N/A below. 

NOTES: I. GREY SCALED ROWS NEEI> NO ADDITIONAL/REQUIRED FILL-INS. 
2. O~ ALL OTHER ROWS, IF NECESSARY, FILL IN ADDITIONAL 

RQMTS/D~:LIVERIES IN LAST COL[lMN. 

DRD DATA 
REQUIRED ADDITIONAL 

# TYPE 
DRD TITLE DUE FREQUENCY FORDO? 

REQUIREMENTS 
YIN 

I 
Wntten FllghtOFE Configuration 

Wuh Proposal Once N 
Appro\al Managcment Plan 

Mandato!) Regular Statu~ Report/ SUlmml!) 
T1urty (30) da) s Progress reports 

2 follm' Illg contract BI-Monthl)' Y required twice 
SubllllllaJ Rcnc" start monthly 

\ 
WnllCll PIOJcct Techmcal ReqUIrements Per DO schedule Oncc with Rc\ lSI OilS N 
Approval Spcclficallon 

4 
Mandato!) (JFb S) ~tC1l1S Reqlllrcmcnts Data 

SpecIfied Ul DO Onl;e WIth ReI 15]OnS N 
Submittal Package 

S 
Wnttcn FlIght (JFE PJoJccts R.:qllllclIlcnt, 

SpecIfied 1Il DO Once \\Jth RCIIsions N 
Approval & Venfication Documcnt 

6 
MandatOr) Prcltmma!) Dcslgn RClle\\ Dat<l SpeCIfied In DO Oncc \I1Ih RCII510ns N Subm1lt,JI Package 

7 
Wntten ~ IJght (iFE Workmau.,lllp 

SpeCIfied III DO Once \\ 1Ih RCI'ISlon:; N Appro,al SpcclficalJons LIst 

Once \\(Revlslons 

Wlllten 
PDR or 10% effoll (due w(DO proposal 

8 
Applmal Pn~lccl Schedule complete update:; & detmls Y MS Project Format 

Mllestonc prOVided as DO 
plOgrc%c~J 

') 
Wntten f hght OFE Interface Control 

Specified iII DO Once WIth RCI'ISIOIlS N ApprO\al Documcnt 

10 
Wnltcn 

OFE End Item SpeclficntJon Spcclfied III DO Once \\ Ilh Rell:;lOns N ApprO\ al 

11 Mandalol\' FlIght GFE Failure Anal) SI:; Report 
As agrecd b) TMR 

A, Requlrcd N Subllllllal III DO 

12 Wnllen FlIghl OFE Venficallon and As SpecI lied 1Il 
Once \\ Itil Rc\ ISIOI\~ N ApplO\al ValIdatIon Phm EA-021 

11 
Wnlten OFE Sofhl<llc Reqlllrcmcnts 

SpeCIfied 1!1 DO Oncc '~lth ReI 1~lons N Apprmal SpecIficatIon 

l-i 
Wultcn 

GFE SOnl',IIC Developmcnt Plan SpeCIfied IJ1 DO Once \\ nh RellSlons N Appro\al 

I ~ Wmten 
OFE Sof!.l:lilfl;: D!.?~llln QQ~lllll~ ls~c!fi!;d III QO lAs RNIU" ,,<I N - -- - -- --

'" 

Page It of14 



DRD DATA 
# TYPE 

16 
Wlltlcn 
Applolal 

17 
Wllttcn 
Approval 

III 
Mandalofl 
Subllllllal 

19 
Mandalon 
Subml1Wl 

20 
Wnttcn 
Approval 

21 
WnUcn 
AppIO\al 

22 
Mandaton 
SUbllll tlal 

n Writtcn 
Appro\al 

2-t 
Wllltcn 
Appro\al 

25 MandatoTl 
SUbll1l Ita I 

26 MandaloTl 
Sublluttal 

27 
MandalOf\ 
Subnllltal 

Mand,lIoTl 
28 

Subulltlal 

29 
Wntten 
Appro\al 

10 
Wnltcn 
Appro\ al 

CREW, RouoHlI AND VEHICLE EQUIPMENT (Cd lII, CONTRACT 
DELIVERY ORDER II: CRA VE-EC5-037 

REQUIRED 
DRD TITLE DUE FREQUENCY FORDO? 

YIN 

Engl11ccllIlg Dm\\ IIlgs WlIh final report Oncc II 1111 RCI ISlOns Y 

IEr: E Pal1s I ,ISIS and Allal~ "s RepOII A~ ReqllJrcd N 

('nlical Dc,tgn Rel'le\\ Oat,] 
Once II Hh RCI 1~lons N 

Package 

EnglllcclIlIg Dr,l\\ 109 Change 
As RCCIlII red N 

PlOpo~al 

GF E Quahfical1ol1 Tesl ProGcdulc Once \\ Ith Rc\ 1~lons N 

Flight Product User's GUidc Once \\ 1Ih Rellslons N 

So/lllare Code As Requllcd N 

(10) da; s aftci DO 
J nfOllUalJOll Tcchnolog) (fT) award, and as JPG 2111O I N SeclInly Program Plan and Reports SIKClficd JJl JPG 

2111O J 

C\:lllficdllon Plan Ollee \dtll R.:\ IMOIl, N 

('clllficallon Report Once" Ith Rel1510llS N 

Engmccrmg AnalY;ls As ReqUired N 

Acceptance Dalll Packagc One 'I line N 

, 

Aftel ,lIIatd of 1~1 
E'port Control Audl! Results DO ycarh on Ycarh N 

Sept ,Olhclcafici 

Quall!\ Plan Wllh PlOpo~al Onec \llIh ReI tSIOllS Attachment 
J-ll 

Palenl Rlghh-Rclcntion As Rcqlll rcd A, ReqUired 
y 

(If Applk'ble) 
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ADDITIONAL 
REQUIREMENTS 



DRD DATA 
# TYPE 

11 
Wntten 
Appro\al 

12 Mandator) 
Subml1tal 

Wntten 13 
Approval 

1~ 
Wntten 
Appro\al 

Wnttcn 15 Apployal 

36 
Wnttcl1 
Approval 

17 Upon 
Request 

18 
WIUtcn 
Apprmal 

J9 
Wntten 
Approval 

~O 
WnltclI 
Apprmal 

~l 
Upon 
Reqlle~t 

Malldator) 
~2 

Submittal 

WrHtCll 41 
Approval 

~4 
Mandato!) 
SubmIttal 

~5 
Wrlttcn 
Appro\al 

Upon 
46 

Requcst 

~7 
Written 
ApplolaJ 

4l\ 
Mandato!) 
Sllbn1luaJ 

Mandatory 
~9 

Subnuttal 

50 
-

CREW, ROBO-Hli AND VEHICLE EQUIPMENT (A) CONTRACT 
DELIVERY ORDER #: CRA VE-EC5-037 

REQUIRED 
DRDTITLE DUE FREQUENCY FORDO? 

YIN 

Shutilc/StatlOn Pa) load Safet) D,lta 
A~ Rcqulled N Package 

Lllmted LIfe S) stems List As Required Y 

Space Station GFE Failure Modes 
and Effccts Anal) 'IS and Cntlcal As Rcqlllrcd N 
ltems List 

Spnce Shuttle GFE Safety and 
A~ Rcqlllred N Aualysls Report &Ha/ard Report 

Soft \1 arc Quallt) Assurance Plan 
90 Da)s Pnor to 
Soft II arc pnce WIth RcvlslOn; N Rcport 
Dcvelopmellt 

ISS Huard Report As Rcqlll rcd N 

Reliability and Mallltillnability Plan Wllh Proposal One TIme Attachment 
J-9 

Govcrnment Cel1lfieatlon ApprOl al 
A. RcqUlred N Request (GC' AR) 

Risk Assessment Executlvc 
A~ Rcqulled N Summary Rcpol1 (RAESR) 

Problem Reportll1g and Corrective 
As Requtn)d N Action (PRAC A) 

NonconfOlllldnce RccOld As ReqUired N 

Govcrnmcnt Indw:,t!) Data Exchange 
PlOgram alld NASA Ad\'l;ol.l' Ollee \11th Rc~ 1,1011, N 
Problem Data 

Elcelncal Elcclromc and 
Elcctrolllcclulical (EbE) Parts Oncc 1\ It It Re\ 1&IOnS N 
Control Plan 

('crlllicalloll Data Package Once II Jlh ReVISions N 

CCltl licatlon and Acceptance 
Once II Ith ReI 1,1011; N ReqUlrcment; Doculllent 

Wage/Salary and Fflngc Benelit 
1'111111 (10) day ~ 
aftcr Issuance of Once N Data 
each DO 

GFE Acceptancc Tc~t Proecdulc One Tunc N 

Flight GFE Venficatl~n & 
Once \I Jlh Rellslons N Va hdatlOn Report 

Space Shuttle GFE Falhn e Modes 
and Effect, Anahsis (FM[~A) and A. Rcqullcd N 
C'nltcal )tCIII~ List 

Rescr\'cd -- - ---
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ADDITIONAL 
REQUIREMENTS 

-



, 
DRD 

# 

51 

52 

53 

54 

DATA 
TYPE 

Mandatol) 
Sublluttal 

Written 
ApprO\al 

Mandatof\ 
Submittal 

WnttclI 
ApplO\al 

CREW, ROB011 AND VEHICLE EQUIPMENT (call ~ CONTRACT 
DELIVERY ORDER #: CRA VE-EC5-037 

REQUIRED 
DRD TITLE DUE FREQUENCY FOR DO? 

YIN 

NASA Contractor Financial After !ssmlllcc of Monthly Y Managcment Rcportll1g I~t DO 

GO\ CrIllllcnt PIOPCrt) Man<lgclllcnt With Proposal Oncc with Rcvlslons Attachment 
Plan J-7 

S\Stem Safet\ Plan With Proposal Onc TUllC Attachml'nt 
J-10 

With Proposal/ Only applicable to B· 
eRA VE contracts in 

R-Quaht~ Plan Tcmplate RC\'Islons as 
accordance with the 

y 
Rcqullcd 

SOW and the DRD 

ADDITIONAL 
REQUIREMENTS 

I Type 1 = Written Approval Type 2 = Mandatory Submittal Type 3 = Submittal Upon Request I 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
LYNDON B. JOHNSON SPACE CENTER 

HOUSTON, TX 77058 

COST REIMBURSABLE INDEFINITE-DELIVERY 
COST PLUS FIXED FEE DELIVERY ORDER 

University of Alabama at Birmingham Center 
Contract NNJ05HB42B 

Task Order Number Amendment Number Purchase Reouest Number 

38 4 Funded at Contract Level 

SOWWBS Fiscal Year Technical MonitorlDivisionlExtension 
COTR: Ralph MaraklEC ext:3-9144 

FY09 Sharon CampanalEC2 ext:4-5508 

Task Order Title 

GLACIER 

DescriptionIPumose 

This delivery order revision is issued to correct revision #2. Option #8 is hereby exercised for the 
following flights: 1) 19A (STS-131) & ULF-5 (STS-133). 

The contractor shall perform the subject tasks in accordance with delivery order deSCription. 

Summary Prwvlous Th/SAotlon Currwnt Vllue 
-,Rev ~) 

Cost ~ ~ bit 
, 

• F .. .. 
TOTAL ! 3,165,l»iiJ.CKlt' 1I,wu.1vl $ 3,844,023.60 

THE CONTRACTOR IS NOT AUmORlZED TO EXCEED THE TASK ORDER VALUE 
SPECIFIED HEREIN. mIS IS A COST PLUS FIXED FEE TASK ORDER. 

NASA Approval 

Contracting Officer 

Ronald Johnson 

I 

Page 1 of 1 

Date 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
LYNDON B. JOHNSON SPACE CENTER 

HOUSTON, TX 77058 

COST REIMBURSABLE INDEFINITE-DELIVERY 
COST PLUS FIXED FEE DELIVERY ORDER 

University of Alabama at Birmingham Center 
Contract NNJ05HB42B 

Task Order Number Amendment Number Purchase Request Number 

38 3 Funded at Contract Level 

SOWWBS Fiscal Year Technical Monitor/Division/Extension 
COTR: Ralph MaraklEC ext:3-9144 

FY09 Sharon Campana/EC2 ext:4-5508 

Task Order Title 

GLACIER 

Descril!tionlPurl!ose 

This delivery order revision is issued to exercise option #8 as Incorporated under revision #2 of this 
contract. This option is exercised for the following flights: 1) 19A (STS 131) & ULF4 (STS 132). 

The contractor shall perform the subject tasks in accordance with delivery order description. 

Summary Previous This Action Current Value 
(Rev 3) 

Cost ~ bit ~ 
1 

Fee 
TOTAL $ 3,687,023.40L$ 78,500.101 $ 3,765,523.50 

THE CONTRACTOR IS NOT AUTHORIZED TO EXCEED THE TASK ORDER VALUE 
SPECIFIED HEREIN. THIS IS A COST PLUS FIXED FEE TASK ORDER. 

NASA Approval 
Contracting Officer Signature Date 

(ZONAL IJ 'Iol/N<n t..J k~f.{~ L1 J~~ '? / ') () / ("(J. 

Of 

Page 1 of 1 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
LYNDON B. JOHNSON SPACE CENTER 

HOUSTON, TX 77058 

COST REIMBURSABLE INDEFINITE-DELIVERY 
COST PLUS FIXED FEE DELIVERY ORDER 

University of Alabama at Birmingham Center 
Contract NNJ05HB42B 

Task Order Number Amendment Number Purchase Request Number 
38 2 Funded at Contract Level 

SOWWBS Fiscal Year Technical Monitor/Division/Extension 
COTR: Ralph MaraklEC ext:3-9144 

FY09 Sharon Campana/EC2 ext:4-5508 

Task Order Title 

GLACIER 

Descri~tionlPur~ose 

This delivery order: 1) identifies the scope of work to be performed during the period of performance beginning July 1,2008 through December 31,2010; 2) incorporates Option 7 and Option 8 within the delivery order description. 

The contractor shall perform the subject tasks in accordance with the attached delivery order description. 

Summary Previous This Action Current Value 
(Rev 2) 

Cost b't ----
.b£\' b~ 

Fee 
TOTAL ~ :l,:lH,~4v.4ul ~ 1,4I)V,174.uul $ 3,687,023.40 

THE CONTRACTOR IS NOT AUTHORIZED TO EXCEED THE TASK ORDER VALUE SPECIFIED HEREIN. THIS IS A COST PLUS FIXED FEE TASK ORDER. 

NASA Approval 
Contracting Officer Signature /. Date 

Adrian O. Clayton 
.~. "'.u: 

~ ,I ~~ v.~/~ ~: C: _. w/ s / '1/JC69 '""VI '\. __ ., .~ -

/ 
, 

Page 1 of 42 



National Aeronautics and Space Administration 

I 
.. 

Lyndon B. Johnson Space Center ~ ORDER FOR SUPPLIES OR SERVICES Page 10f 2 Houston, TX 7'1Q58 

1. OrderNo 2. Date of Order NOTE: MARK ALL PACKAGES AND PAPERS WITH ORDER NO. NNJ05HB42B, 0038 Rev. 1 See Block 10 Below 
Certified for National Defense under DPAS (15 CFR 700) DO-C9 3. Issuing Office: 4 Ship To: 

NASA Johnson Space Center, 2101 Nasa Parkway Transportation Officer, Building 421 
Houston, TX 77058-3696 NASA Johnson Space Center 
Org IBuyer: BH2!Marv ThornBII Houston, TX 77058-3696 

Mark For. Accountable Property 
Tel No.: 281-483-882a Fax 28H!~Qi!l§ Order No !l!NJ!!§l:la4~ go~ B~ 1 E-mail: w ,f 111011 
5 Contractor: 

6. Deliver On or Before: VllQ!Uo 12/31109 
University of Alabama @ Birmingham Center FOB. Point· Destination Attn: Lee Moradl 
1530 3n1 Avenue South Discount Terms. Net 30 Days. Birmingham, Alabama 35294-4400 

7. BILLING ADDRESS: 
Phone: 205-975·2718 x Fax' 205-975-1709 NASA Johnson Space Center 

Attn: LF231/Accounts Payable Group 
Houston, TX 77058-3696 TIN: 63-6005396 CAGE CODE: ODV74 Order No: NNJ05HB42B, 0038 Rev 1 

8. Type of Order 
0 PURCHASE: Please fumlsh the foIlOWl~ in 0 DELIVERY. Except for the Terms and Conditions of Purchase accordance wrth the conditions specili on thiS order. Order listed on the following page, this delivery order is SUbject to Reference:_ Instructions contained on this form and Is Issued subject to he terms and condrtlons of contract number. _ 

9. Written acceptance ofthis order by contractor [0 J is, [~ I is not 10. Name. Ronald Johnson required Sign below If required and return to contractrng officer. 
Name: _ (Person authorized to sign) 

signature:f<lYitnO.-l til .. All, Date' WdOP Signature: Date' --
CONTRACTI~ OFFICER 

11. Schedule 
ITEM 

OESClIIPTION QUANTITY 
UNIT UNIT 

AMOUNT QUANTITY NO 
ORDERED PRICE ACCEPTED 

GLACIER 

1 Revision 1 to 00 38 Is Issued to exercise Option 2 for two fllghte. 
Flight ULF3 

b~ j,~ b't h"t Fllght20A • , 
RECAP OF 00 VALUE' 

PRIOR THIS ACTION CUM VALUE 
( 

b~ 111 
TOTAL $1,555,851 36 $661,998 04 $2,217,849 40 

12 For JSC Internal Use Only: 
13 Total Requisition No.: ~ o COMP o PART PPC' --RlssueTo: EC/Rgll2h Mar!!/s. x39144 Fo[: eCllS!!aron Ca!Illlana, x4§§Q8 
$ NTE. $2.217,849.40 

14. Quantmes in "Quantity Accepted' Column Have Been 
0 INSPECTED o ACCEPTED 0 RECEIVED 
TO CONFORM TO THE CONTRACT 
ACCEPTANCE WILL BE AT JSC UNLESS BY oTHERWISE NOTED. 

Authorized U S. Government Representative Date JSC Form 1429 (Rev November 10. 201M) (MS Word Augusl 1995) 



, NLiAlIiOnautlca and SpolC8 Admlnl.tratlon 

'I ORDER FOR SUPPLIES OR SERVICES 
Lyndon B. Johnson Space Center 

Page 10f 2 HoIIston, TX 77058 

( 

1. Order No. 2. Date of Order NOTE: MARK ALL PACKAGES AND PAPERS WITH ORDER NO. DO.CRAVE·EC2·D038, Glacier See Block 10 Below 
Certified for National Defense under DPAS (15 CFR 700) DO-C9 3. Issuing Office: 4. Ship To: 

NASA Johnson Space Center, 2101 Nasa Parkway Transportation Officer, Building 421 
Houston, TX 77058-3696 NASA Johnson Space Center 
Org IBuyer' §H2/Mary Thoma. Houston, TX 77058-3696 

Mark For: Accountable Property 
Tel No.: 281-483-8828 Fax. ~!U·~0995 Order No.: tlQ·t;BAllE·EQ2:tlQ~, !:2ll!1i!l[ E-mail: mArv ,.nnv 
5 Contractor: 

6. DeliverOn or Before. 7/110810 12131109 
University of Alabama @ Birmingham Center FOB. Point. Destination Attn: Lee Moradl 
1530 31d Avenue South Discount Terms: Net 30 Days, Birmingham, Alabama 35294-4400 

7 BILLING ADDRESS: 
Phone. 205-975·2718 x Fax: 205-975-1709 NASA Johnson Space Center 

Attn: LF231/Accounts Payable Group 
Houston, TX 77058-3696 TIN: 63-6005398 CAGE CODE: ODV74 Order No .. DO-CRAVE-EC-D038, Glacier 

8. Type of Order: 
0 PURCHASE: Please furnish the follOWing In 0 DELIVERY: Except for the Terms and Conditions of Purchase accordance with the conditions specified on thiS order. Order listed on the foliowinQ page, this delIVery order is sUblect to Reference' __ Instructions contained on thiS form and is ISSUed subject to he terms and conditions of contract number: __ 

9 Written acceptance ofthis order by contractor [0 ] is, [181 ] IS not 10. Name' Ronald Johnson required. Sign below if required and return to contracting officer 
Name: _ (Person authorIZed to sign) 

Signature' f mtfi a.J oni JI .. Date. ~t Signature: Date'_ 
~ONTRACTIN9' OFFICER 

11 Schedule 
IlEM 

DESCRIPTION QUANTITY 
UNIT UNIT 

AMOUNT QUANTITY NO 
ORDERED PRICE ACCEPTED 

I GLACIER 

1 The contractor shall perform and deliver to all base requirements of b<f !:ICf ~ 1:.'1 
CRAVE·EC2·D038 as described In the Statement of Work 

Period of PerfOrmance: July 1, 2008 to December 31, 2009 

OPTION 
The Government may require the contractor to continue to perform services under this delivery order. The Contracting Officer may exercise any Option by issuing a revision to the 00. The Govemment 

(conbnued next page) 
12 For JSC Intemal Use Only. 

i 13. Total Requisition No: we: 0 COMPo 0 PART PPC·--,-
; $ NTE 1,555,851 36 RlssueTo. EC/Joe Ge!)sler, lQ0025 

14. Quantities In 'Quantity Accepted" Column Have Been 
l 0 INSPECTED o ACCEPTED 0 RECEIVED 

TO CONFORM TO THE CONTRACT. 
ACCEPTANCE WILL BE AT JSC UNLESS BY OTHERWISE NOTED. 

Authorized U S. Government Representative Date JSC Form 1429 (Rev November 10, 2004) (MS Word August 1995) 



.40.: CRAVE 0031 ORL .A FOR SUPPLIES OR SERVICE4 PAGE2of2 
(CONTINUATION SHEET) 

SCHEDULE 
ITEM OESCRIPTION QUANTITY UNIT UNIT AMOUNT QUANTITY 

OROERED PRICE ACCEPTEO 

reserves the right not to exercise any Options Should an Option be 
exercised. the delivery order revision will be lSS\led using the cost 

proposed. 

2 Option 1 • Launch Support for Glacier for 1 Mission I 

3 Option 2 • Integration and Verification of an Additional ISS Mlsalon ! 

4 Option 3 • Oparatlona Support for Glacier hi I 

5 Option 4 • Crew Training for Glacier 

6 Option 5 • Landing Support for Glacier 

7 Option 8 • Real Time Operations 

~ 

THIS IS A CPFF DELIVERY ORDER 

RECAP OF DO VALUE 

THIS ACTION CUM VALUE 
COST- ~ j,'t FEE 
TOTAL $1,555,851.38 $1,555.851 36 

" 

JSC Fonn 1429 (R .. _bo, 10.2004) IMS Word August 1095) 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
LYNDON B. JOHNSON SPACE CENTER 

HOUSTON, TX 77058 

COST REIMBURSABLE INDEFINITE-DELIVERY 
INDEFINITE-QUANTITY (IDIQ) TASK ORDER 

Hamilton Sundstrand Space Systems International, Inc. 
NNJ05HB39B 

Task Order Number Amendment Number Purchase Request Number 
37 3 Funded at Contract Level 

SOWWBS Fiscal Year Technical Monitor/Division/Extension 
COTR: EC/Ralph Marak, 39144 / 

FY09 ECS/Luis Trevino 

Task Order Title 

Portable Life Support System (PLSS) Water Pump Development for Exploration Technology 

DescriutioniPuruose 

Revision 2 to DO 37 is issued to extend the completion date to 10/31/2009 at no additional cost to the Government. All other terms and conditions of the DO remain unchanged. 

Recapitulation of the DO Value: 

Summary Current Value 

Cost ..-
Fee -

h1 
TOTAL ~ 143,178.00 

THE CONTRACTOR IS NOT AUTHORIZED TO EXCEED THE TASK ORDER VALUE SPECIFIED HEREIN. THIS IS A COST PLUS FIXED FEE TASK ORDER. 

NASA Approval 
Contracting Officer Signpturp Date 

Ronald Johnson «cmn.2J l ~J1 ;HJ)11/h f/rll (\ q 
(/ I 

Page 1 of 1 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRAT10N 
lYNDON B. JOHNSON SPACE CENTER 

HOUSTON, TX 77058 

COST REIMBURSABLE fNDEFINITE·DELNERY 
INDEFINITE-QUANTITY (1010) TASK ORDER 

Task Order Number Amendment Number Purchase Request Number 
37 Revision 2 Funded at Contract Level 

SOWWBS Fiscal Year Technical MonitOrlDivislonlExtension 
COTR: EClRalph Marak, 391441 

FY09 ECS/Luis Trevino 

T!11s Qnt~r Title 
Portable Life Support System (PLSS) Water Pump Development for Exploration Technology 

DpcddgIllPY!J!gS! 

Revision 2 to DO 37 is issued to extend the completion date to 01/3112009 at no additional cost to the Govemment. All other terms and conditions of the DO remain unchanged. 

Recapitulation of the DO Value: 

SUmml!y CUrrent Val ... 

Coat bIf F .. 
TOTAL , 143,178.00 

TIlE CONTRACTOR IS NOT AUmORlZED TO EXCEED THE TASK ORDER VALUE SPECIFIED HEREIN. THIS IS A COST PLUS FIXED FEE TASK ORDER. 

NASA Approval 
Contracting Officer_ S;anature Date RONA\.\,) • • 
CONTRACTING OFFICER !I(m. na../ (l,J:ra A" I a/ I X'/Of( 

! 
Pege t 013 



!J I '"l. 
Natlonat Aeronautics and Space Administration '" Lyndon B Johnson Space Canter ORDER FOR SUPPLIES OR SERVICES Page 10f 1 
Houston, TX 77058 

1. Order No. 2. Date of Order NOTE: MARK ALL PACKAGES AND PAPERS WITH ORDER NO. 
NNJOSHB39B, CRAVE D037R1 See Block 10 Below 

Certified for National Defense under DPAS (15 CFR 700) [)()"C9 

3 Issuing Office. 4. Ship To. 
NASA Johnson Space Center, 2101 Nasa Parkway Transportation Officer, Building 421 
Houston, TX 77058-3696 NASA Johnson Space Center 
Org.JBuyer BH2/Mary Thomas Houston, TX 77058-3696 

Mark For. Awountable Property 

Tel No: 281-483-8828 Fax. 2!!1-;Z~099§ Order No.: N~'!Q!iI:!~1l QBAllJ; DQ3ZBl 
E-mail: marv.f. I DOY 

5. Contractor. 6. Deliver On or Before: 06I!l5IQ8 -12131/08 
Hamilton Sundstrand 
Attn. Angela Hillin FOB. POint. DESTINATION 
2200 Space Park Dnve 
Houston, TX 77058 Discount Terms. Net 30 Days 

7 BILLING ADDRESS 

Phone' 281-336-6318 x Fax' 880-998-7029 
NASA Johnson Space Center 
Attn. LF231fAccounts Payable Group 
Houston, TX 77058-3696 

TIN: 06-1165586 CAGE CODE: 71120 Order No: NNJ05HB39B, CRAVE D037R1 

8 Type of Order: 

0 PURCHASE: Please furnish the follOwing in 0 DELIVERY: Except for the Terms and Conditions of Purchase 
accordance with the conditions specified on thiS order. Order listed on the follOWing page, thiS delivery order IS SUbject to 
Reference. __ instructions contained on this form and is Issued subject to he 

terms and conditions of contract number. __ 

9. Written acceptance ofthis order by contractor [0 ] is, [181] is not 10. Name: Ronald Johnson 
reqUIred Sign below if reqUired and return to contracting officer. 

Name. (Person authorized to sign) 

Signature' f2 tY1A.rJj~~JIhA Date 11l.rIo 1 Signature Date' 
CON RACTIN9 ,..iFFICER 

11. Schedule v 
ITEM DESCRIPTION 

QUANTIlY 
UNIT 

UNIT 
AMOUNT 

QUANTllY 
NO ORDERED PRICE ACCEPTED 

PORTABLE LIFE SUPPORT SYSTEM (PLSS) WATER PUMP 
DEVELOPMENT FOR EXPLORATION TECHNOLOGY 

1 Revision 1 to 00 37 Is Issued to extend the compietlon date to 12131/08 b'f 
at no additional cost to the Government All other terms and condHlons of 

the DO remain unchanged. 

RECAP 00 VALUE 

b'f T olal: $143,178 

12. For JSC Internal Use Only 13 Total 
ReqUisition No.: ~ o COMP 0 PART PPC --
RlssueTo: EQ/Ralllh Marais, 391~ For. \:C5/Luis TreviDQ 

$ NTE 143,178 

14 Quantities in 'Quantity Accepted' Column Have Been 
0 INSPECTED o ACCEPTED 0 RECEIVED 

TO CONFORM TO THE CONTRACT. 
ACCEPTANCE WILL BE AT JSC UNLESS BY. 
OTHERWISE NOTED. 

Authorized U S Government Representative Date 
JSC Fonn 1429 (Rev Novamber 10, 2004) (MS Word Augusl1995) 



( (' .National Aaronau\\e$ and Space Admlnlslral,on l Lyndon B. Johnson Space Cenler ORDER FOR SUPPLIES OR SERVICES Page 10f 10 Houston, TX 77058 

1 Order No. 2 Date of Order NOTE: MARK ALL PACKAGES AND PAPERS WITH ORDER NO NNJ05HB39B, CRAVE D037 See Block 10 Below 
Certified for National Defense under DPAS (15 CFR 700) DO-C9 3. Issuing Office: 4 Ship To' 

NASA Johnson Space Center, 2101 Nasa Parkway Transportation Officer, Budding 421 
Houston, TX 77058-3696 NASA Johnson Space Center 
Org .lBuyer BH2/Mary Thomas Houston, TX 77058-3696 

Mark For Accountable Property 
Tel No. 281=183-8828 Fax. 281-244-Q!!!!§ Order No: !':lNJQ§!:!a~!1a CRAVE g037 E-mail: mllrV' 

, "'''' 
5. Contractor. 

6 Deliver On or Before: 06!05108 - 10122108 Hamilton Sundstrand 
Attn' Angela Hillin F.O B POint DESTINATION 2200 Space Park Dnve 
Houston, TX 77058 Discount Terms Net 30 Days 

7. BILLING ADDRESS. 
Phone. 281-336-8316 x Fax: 860-998-7029 NASA Johnson Space Center 

Attn. LF231/Accounts Payable Group 
Houston, TX 77058-3696 

TIN. 06-1165588 CAGE CODE: 71120 Order No NNJ05HB39B, CRAVE 0037 

8. Type of Order 
0 PURCHASE: Please furnish the following In 0 DELIVERY. Except for the Terms and Conditions of Purchase accordance with the conditions specified on this order. Order listed on the folloWlnl! page, this delIVery order IS SUbJect to Reference. __ instrUctions contained on tlilS form and is ISSUed subject to he terms and conditions of contract number. _ 

9. Written acceptance of th Is order by contractor [181 ) is, [181 ) IS not 10 Name Ronald Johnson required Sign below If required and return to contracting officer 
Name: (Person authOrized to sign) 

Y<t!¥w dJ_J~J~/I. Signature' Date: Signature Date: k:Jjo( 
Cdi'JTRACTINS Or:F'CER .. ,. 

11 SchedUle U ITEM 
DESCRIPTION QUANTITY UNIT UNIT AMOUNT QUANTITY NO ORDERED PRICE ACCEPTED PORTABLE LIFE SUPPORT SYSTEM (PLSS) WATER PUMP DEVELOPMENT FOR EXPLORATION TECHNOLOGY 

I 
PERIOD OF PERFORMANCE. 06105108 -10122108 

1 The contractor shall perform and deliver to all requirements for the design ;t h1 and fabrication of a development PLSS water pump to be designated as the Custom Un~ Pump (See attached SOW) There are no options In the delivery order 
RECAP DO VALUE: 

~ ,Total $143,178 

12. For JSC Internal Use Only 
13 Total Requlsllion No.' NlA o COMP 0 PART PPC --Rlssue To. !;C/Jge Gen§ler ~300~5 For EC5/LUls Trevino $ 143,178 NTE 

14. Quantities In "Quantity Accepted" Column Have Been 
0 INSPECTED o ACCEPTED 0 RECEIVED 
TO CONFORM TO THE CONTRACT 
ACCEPTANCE WILL BE AT JSC UNLESS BY OTHERWISE NOTED. 

AuthorIZed U S Government Representative Date JSC Form 1429 (Rev November 10, 2004) (MS Word Augusll996) 



I 
National Aeronautics and Space Admlnl.trallon 

I ORDER FOR SUPPLIES OR SERVICES 
Lyndon B. Johnson Space Center 

Page! of 2 Houston, TX 71058 
1. Order No. 2. Date of Order NOTE: MARK ALL PACKAGES AND PAPERS WITH ORDER NO CRAVE D033R2 See Block 10 Below 

Certified for National Defense under DPAS (15 CFR 700) OO-C9 3. Issuing Office· 4 Ship To: 
NASA Johnson Space Center, 2101 Nasa Parkway Transportation Ollicer, Building 421 
Houston, TX 77058-3696 NASA Johnson Space Center 
Org IBuyer: BH2IMary Thomas Houston, TX 77058-3696 

Mark For. Accountable Property 
Tel No .. 281-483-8828 Fax. 281-244-0995 Order No . QRAVE DQ~~B2 E-mail: mAnl ~ft .. 

5 Contractor. 
Hamilton Sundstrand Management Services, Inc 

6 DelIVer On or Before· see Block 11 Below 
Attention: Angela Hillin F O.B. Point. Destination 2200 Space Park Drive, Suite 100 
Houston, TX 77058-3677 Discount Terms Net 30 Days. 

7. BILLING ADDRESS: 
Phone. 281-336-6318 x Fax: 880-998-7029 NASA Johnson Space Center 

Attn. LF231/Accounts Payable Group 
Houston, TX 77058-3696 TIN. 06-1185588 CAGE CODE 71120 Order No· CRAVE D033R2 

8. Type of Order. 
0 PURCHASE: Please furnish the following in 0 DELIVERY. Except forthe Terms and Conaltions of Purchase accordance with the conditions specified on this order. Order listed on the follOWIng page, this de/iVery order is SUbject to Reference:_ Instructions contained on this form and Is issued subject to he terms and conditions of contract number. _ 

9. Wntten acceptanca of thiS order by contractor [0 ) is, [181 ) is not 10. Name Ronald Johnson reqUIred Sign below if required and teturn to contracting ollicer 
Name: __ (Person authorized to sign) 

Signature· R ~ .n a tJ.to A~A.nate. $log Signature: Date: --
CON RACTllI OFFICER 

11. Schedule 
ITEM 

DESCRIPTION QUANTITY 
UNIT UNIT QUANTI'tY NO 

ORDEREO PRICE 
AMOUNT 

ACCEPTED 
SUBLIMATOR DRIVEN COLDPLATE (SOC) 

1 This no-coat revision Is Issued to extend the period of pertormance for Phase 1 from 01131/08 to 5/09/08. In order to comDlete documentation. All other terma and condit/one of PhaBe 1 remain unchanged. 

Period of pertonnance: 9111/07 - 5109108 (Phase 1) 

2 OPTION. !rl btf 
The Government may require the contractor to continue to perform services under this delivery order. The Contracting Offlcer may unilaterally exercise the Option by lesulng Revis/on 1 to DO 33 The government reserves the right not to exercise the Option 

(continUed next page) 
12. For JSC Internal Use Only , 13 Total ReqUisition No.: ~ 181 COMPo 0 PART. PPC -- $80,221 I RissueTo: !;g/Joe Gensler, l!30025 
14 Quantities in 'Quantity Accepted' Column Have Been ; 0 INSPECTED o ACCEPTED 0 RECEIVED 

TO CONFORM TO THE CONTRACT. 
ACCEPTANCE WILL BEAT JSC UNLESS BY· 
OTHERWISE NOTED. 

AuthorIZed U S Government Representative Date JSC Form 1429 (Rev November 10, 2004) (MS Word Augusl1995) 



.;rder No.: CRAW DO 3382 O{ .:ER FOR SUPPLIES OR SERVICa PAGE 2 of2 
(CONTINUATION SHEET) 

SCHEDULE 
ITEM DESCRIPTION QUANTITY UNIT UNIT AMOUNT QUANTITY 

ORDERED PRICE ACCEPTED 

Should the Option be exercised, the delivery order revision will be priced 88 
negotiated under the baas delivery order. 

OPTION Period of Performance. 1114108-7/14108 (Phase II) 

THIS IS A CPFF DELIVERY ORDER . 

. 

, 

. 

• 
JSC Form 10429 (Rev November 10. 20(4) I_Word August 19115) 



f 
National Aeronautloa and Space Administration 

I ORDER FOR SUPPLIES OR SERVICES Lyndon B. JohIlllOll Sp_ Center Page 10f 2 
Houeton, TX n058 

(( 

1. Order No. 2. Date of Order NOTE: MARK ALL PACKAGES AND PAPERS WITH ORDER NO. 
CRAVE D033R1 See Block 10 Below 

Certified for National Defense under DPAS (15 CFR 700) DO-C9 
3. Issuing Office: 4. Ship To: 

NASA Johnson Space Center, 2101 Nasa Parkway Transportation Officer, Building 421 
Houston, TX 77058-3696 NASA Johnson Space Center 
Org.lBuyer BH2JMary Thom. Houston, TX 77058-3696 

Mark For. Accountable Property 

Tel No. 2tl1-483-8B2lI Fax' 281-483-4173 Order No: !<BA~ tlO33R1 
E-mail: ,,".IV I , "nu 

5. Contrector. 6 Deliver On or Before' Sae Block 11 Below 
Hamilton Sundstrand Management Services, Inc. 
Attention: Nancy L Broysn F.O B. Point: Destination 
2200 Space Park Drive, Suite 100 
Houston, TX 77058.J677 Discount Terms' Net 30 Days. 

7. BILLING ADDRESS: 

Phone.281~704 x Fax. 860-660-6798 NASA Johnson Space Center 
.Attn. LF231/Accounts Payable Group 
Houston, TX 77058-3696 

TIN: 08-1165588 CAGE CODE 71120 Order No.: CRAVE D033R1 

8. Type of Order: 
0 PURCHASE: Please fumlsh the foll~ In 0 DELIVERY: Except for the Terms and Conditions of Purchase 

accordance wrth the conditions speclfi on this order. Order listed on the followfnq page, this delivery order Is sUbJect to 
Reference: __ Instructions contained on tJilS form and is ISSUed subject to he 

terms and conditions of contract number. _ 

9. Written acceptance ofthis order by contractor [0 ] is, [181 ] is not 10. Name. Rgnald Johnson 
reqUired. Sign below If required and retum to contracting officer. 

Name: _ (Person authorized to sign) 

Signature. f hk '" IJ ~jAA A ~"- Date: I2hclu Signature: Date: ~ -- CONTRAC NGOFFICER 
11. Schedule (J 

ITEM 
DeSCRIPTION 

QUANTITY UNIT UNIT AMOUNT QUANTITY 
NO ORDEREO PRICE ACCEP'IEO 

SUBLIMATOR DRIVEN COLDPLATE (SOC) 

1 This no-cost revISion Isl8aued to extend tha period of performance for 1 
Ph_1 to Januarv 31. 2008 All othar tarma and conditions of Ph_ 1 
ramaln unchanged. 

Period of Performance: 9/11107-1/31/08 (Ph_ 1) hi 
2 OPTION: Irft 

The Government may require the contractor to conUnue to perform 
aarvlces under this delivery order. The Contrecllng Ofllcar may 
unllatarally exercise the option by lsaulng Revision 1 to DO 33. The 
government reeerves the right nlll to exercise the Option. 

(continued next page) 

12. For JSC Internal Use Only: , 13. Total 
ReqUisition No: WA ~ COMPo 0 PART. PPC._ $ 80,221 
RissueTo: ~~Qe !a1l11S!!: ~~ 

, 

14. Quantities in 'Quantrty Accepted' Column Have Been • 0 INSPECTED o ACCEPTED 0 RECEIVED 

TO CONFORM TO THE CONTRACT. 
ACCEPTANCE WILL BE AT JSC UNLESS BY: 
OTHERWISE NOTED. 

Authorized U.S. Government RepresentaUve Date 
JSC Form 1429 (Rey November 10, 2004) (MS Word August 1S8S) 



, ( 
(dar No.: CRAVE DO 33R1 6 .. JER FOR SUPPLIES OR SERVICC J 

PAGE2of2 (CONTINUATION SHEET) 

SCHEDULE 
m:M DESCRIPTION g,:: UNIT ~~ AMOUNT GlUANTITY 

ACCEPTED 

ShoUld the Option be exercised. the delivery order revlslon wfll be priced as negotiated under the base delivery order. 

OPTION Period of Performance: 1114106-7/14108 (Phaee II) 

THIS IS A CPFF DELIVERY ORDER. 

-

. 
i 

) 

JSCFann 1429 (ROY_bot 10. 2004) (MSWord Auguotl 



· '~ ~ .I...~ 

Nallonal Aeronaullcs and Space Admlnlslmllon -
Lyndon B. Johnson Space Cenler ORDER FOR SUPpliES OR SERVICES Page 10f 12 

, ,tiOuslon, TX 77058 

1. Order No. 2 Date of Order NOTE: MARK ALL PACKAGES AND PAPERS WITH ORDER NO. 
CRAVE -EC"()33 See Block 10 Below 

Certified for National Defense under DPAS (15 CFR 700) DO-C9 
3. Issuing Office 4. Ship To 

NASA Johnson Space Center, 2101 Nasa Parkway Transportation Officer, BUilding 421 
Houston, TX 77058-3696 NASA Johnson Space Center 
Org.lBuyer BH2IMary Thomas Houston, TX 77058-3696 

Mark For. Accountable Property 

Tel No.: 2~U-483-882!1 Fax' 2!11-483-~17~ Order No: CBIWE-~!H!~ 
E-mail. marvJ MU 

5 Contractor: 
Hamilton Sundstrand Management Services, Inc. 

6 Deliver On or Before See Block 11 Below 

Attention. Kenneth Ridley F O.B POint Destination 
1 Hamilton Road 
Windsor Locks, CT 06096 Discount Terms' Net 30 Days. 

7 BILLING ADDRESS: 

Phone:860-6~4 x Fax. 860-654-3318 NASA Johnson Space Center 
Attn' LF231/Accounts Payable Group 
Houston, TX 77058-3696 

TIN. 06-1165566 CAGE CODE 71120 Order No .. CRAVE-EC-033 

8. Type of Order. 

0 PURCHASE Please furnish the following in 0 DELIVERY' Except for the Terms and Conditions of Purchase 
accordance with the conditions specified on thiS order. Order listed on the follOWing page, thiS delivery order is subject to 
Reference' __ Instructions contained on this form and is ISSUed subject to the 

terms and conditions of contract number. __ 

9. Written acceptance ofthis order by contractor [0 ) is, (181 ) is not 10. Name' Ronald Johnson 
required Sign below if required and return to contracting officer 

Name: __ (Person authorized to sign) 

Signature . .jJCMt ~ Wtl/lL Date.1Ia./{)J Signature' Date. --
CONTRACTI~ GOFFICER 

11. Schedule ~ 

ITEM DESCRIPTION QUANTITY UNIT UNIT AMOUNT QUANTITY 
NO ORDEREO PRICE ACCEPTED 

SUBllMATOR DRIVEN COlDPLATE (SOC) 

1 The contractor shall perform and deliver to all base requirements of 
CRAVE-EC-033 as described In the attached Statement of Work 

Period of Performance. 9111/07-12118/07 (Phase 1) ~ ~f 

2 OPTiON. 

The Government may require the contractor to continue to perform 
serviCes under this delivery order The Contracting Officer may 
unilaterally exercise the Option by Issuing ReviSion 1 to DO 33. The 
government reserves the right not to exercise the Option. 

(continued next page) 

12 For JSC Internal Use Oniy. 13. Total 
ReqUisition No.: N/A 181 COMP 0 PART PPC -- $ 80,221 

Rlssue To EC/Joe Gensler, x30025 

14 Quantities In 'Quantity Accepted" Column Have Been 
0 INSPECTED o ACCEPTED 0 RECEIVED 

TO CONFORM TO THE CONTRACT 
ACCEPTANCE Will BE AT JSC UNLESS BY 
OTHERWiSE NOTED 

Aulhorized U S Government Representative Date 
JSC Form 1429 (Rev November 10, 2004) (MS Word Augusll995) 



· R FOR SUPPLIES OR SERVICEU • Order No.: CRAVE DO 33 0 PAGE 2 of 12 
(CONTINUATION SHEET) 

· SCHEDULE 
ITEM DESCRIPTION QUANTITY UNIT UNIT AMOUNT QUANTITY 

ORDERED PRICE ACCEPTED 

Should the Option be exercised, the delivery order revision will be priced as 
negotiated under the base delivery order 

OPTION Period of Performance. 1114108-1/14108 (Phase II) 

THIS IS A CPFF DELIVERY ORDER. 

JSC Fann 1429 (Rev November 10, 2004) (MS Word August 1995) 



' .. 

< • 

CREW, ROBOTICS AND VEHICLE EQUIPMENT (CRAVE) CONTRACT DELIVERY ORDER #. CRA VE-EC-033 Sublimator Driven ColdDlate 

PROPOSAL INSTRUCTIONS: _DRAFT -COMMENTS DUE BY: 07/16/07 COB A- FINAL ·PROPOSAL DUE BY: 08/01/07 COB 

DO TITLE: Sublimator Driven Coldplate 

DO Type: -X. CPFF FFP 

DO Contact Information in Addition to the CRAVE Contract Specialist or CO: 
TMR: David Westheimer 

DO Manager: Ryan Stephan IEC 

DO Mgr. Alternate: ' 

Concurrences: 

Phone: (281) 483-2804 

Phone: (281) 483-7182 

Phone: 

Ryan Stephan 
DO Manager 

Chin H. Lin Joe Gensler 
COTR 

David Westheimer 
Division TMR 

DO Mgr. Management 

Ronald Johnson 
Contract Officer 

Task Contains Flight Hardware, Flight Software or GSE? _Yes ..LNo 

Program Supported: _Shuttle _ISS _EVA ..LAdvanced-{Tbermal (Lunar Ascent Vebiclell 

WBS: 1.0 EVA 2.0 FCE _ 3.0 EVR _ ECLSS ..L 5.0 ATCS _ 6.0 
CReCS 

For purposes of complYing with FAR 52.232-22, LimitatIOn of Funds, the total amount allotted by the Government to contract IS specified in clause B 6, Contract Funding. The funding lzsted In B.6 IS the amount allotted for all Delzverv Orders on the contract combined 

All terms and conditions of the contract apply to thiS Delivery Order. In the event of a COnflict between the contract and thiS Delivery Order. the contract shall prevail 

WBS reporting shall be done In accordance with applicable WBS repornng categories, as shown above and In the contract within SectIOn C. Table 1 



, . CREW, ROBOTICS AND VEHICLE EQUIPMENT (CRAVE) CONTRACT 
DELIVERY ORDER #: CRA VE-EC-033 SubIimator Driven Coldplate 

NArrative Task Description 

Background / Problem Description: 

NASA JSC has begun several architecture studies for the upcoming lunar lander and lunar outpost. In performing these assessments. they discovered an innovative way to perform thermal control The idea for this unique piece of hardware is being referred to as the sublimator driveH , coldplate (SDC), The SDC is a novel thermal control technique and has several advaJ s over a traditional thermal control scheme, The principal advantage is the Ible eli< IOn of a pumped fluid loop. potentially saving mass, power. and complexity. iUSf' Jncept relies on evaporative heat rejection techniques, it is primarily useful for 
d durations. Additionally. the concept relies on a conductive path between the 

":1 ating component and the heat rejection device. Therefore, it is mostly a relevant 
SL [ to for a vehicle with a relatively low heat rejection requirement. 

The desigh limator driven coldplate will meet the following requirements: 1. The SDC deSign shan not require any power during nominal operation. 
2. The SDC shall be capable of rejecting a minimum of2.5 kW for a minimum period of 65 hours, 
"! The SDC shall not exceed a surface area of 4500 in2 and the maximum dimensional extents shall not exceed 98 inches 

The SDC maximum surface temperature shall not exceed 43°C during operation assuming that the 2.5 kW is uniformly distributed on the 4500 in2 available surface area, 
5. The design of the SDC shall require only a single penetration in the vehicle pressure shell. 
6. The SDC shall be capable of withstanding a load of5.0 g's with 133 kg of avionics mounted on the unit ' 
7. The SDC shall use de-ionized water as the sublimator working fluid, 

The current statement of work will be subdivided into two separate phases. The first phase will require the contractor to design and perform thermal and structural analysis for the SDC and also present the results at a conceptual design review., The proposed SDC concepts will be evaluated at the conclusion of phase I. 

Phase I Task Description: 
As mentioned above, this task will be separated into two phases, All of the requirements stated in the previous section will be applicable to both phases of this DO. 
The first phase will essentially consist of the work necessary to create a SDC design which could be easily fabricated. The first phase will conclude with a conceptual design review that will be attended by both the selected contractor as well as the government representatives, The first phase will include the following tasks' 

I. Development of a sublimator driven coldplate design. 
2. Thermal analysis of the chosen SDC design. 

2 



CREW, ROB'<rlICS AND VEHICLE EQUIPMENT (C~ VE) CONTRACT DELIVERY ORDER #, CRA VE-EC-OJ3 Sublimator Driven Coldplate 
3, Structural analysis of the chosen SOC design. 4. Drawing package for SDC design in Pro-Engineer format. 5. Presentation of the results at a design review, which will be attended by the government. The expectations of the design review package is that it will include the 

following: 
a. A Pro-Engineer drawing package of sufficient detail that the SOC could be fabricated. 
b. A review and summary for all of the concepts that were evaluated during the development of the preferred SOC design. c, The structural and thermal analysis for the final SOC design. d. Recommendations for future SOC trade studies. 

Phase I DeliverableslProducts: 

Product Description Qty Due Other Products 

Phase 1: Drawings for SDC in Drawing Package Pro-E format 
Phasel Structural and Thermal Analysis report in MS Office AnalYSIS Report editable fonnat 
Phase l: Conceptual Design Presentation Review package 

_._-', 

Oasl 

SCHEDULE -lhase I {Basic Period) 
Start Dy' II S('ptembt'r 20()7 Finish Date: 18 Dl'rel1lher' "(){)7 I 

~--~ 
INTMUM MILESTON . .. . ~~ntrac:t 

---------------+---------------------18 Derember 2007 Milestones, along with suoJect!ve mot performance. For schedule detail see MicrosLlt l'rLJ,:d lile lot the LHA'v E web 
site for this DO listE Ii under tbe Government Cost Estimate belol>. 

Government Estimate Located in RFO File in Microsoft Project File On CRAVE Web Site 
The file is titled: 2007-06-19 _SOC-Project-Plan-Phase1.mpp 
Total Government Estimate for this DO: S 217,862 , 

Option 1: 
Option 2: Vtt~ 

3 
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2 0 II I It IIj F'lI' \ I r ' I n ID r ('I oumn. 
DATA REQUIRED 
TYPE ORO TITLE DUE FREQUENCY FOR DO? COMMENTS 

YIN 
Wnttcn FlIghlOFlc Configlllalton 

Wuh Proposal Once Atfllchment APPfOl al Mauagcl1lcnt Piau J-8 

Mandalor\' Regular StaIns RcpOI tl TllJI't~ (10) da\'~ 

Subullttal SUlIllilill) Rc\ le\\ follo\\ ItIg M01l1hl) \' 
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Doelllllent COllllllents -\ . 
Prcitnlllwr) DeSign Rc\ le\l 

If Reqlllfcd for 
Oncc \lnh uil DO'Scc ;-; 
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Approval 
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SDC cnginccrll1g dc\clopmcnt umt dcli\cl! 14 Jul;. 2008 

S DC [mal report l.f jut:- 2008 

Milestones, along with subjective measurements, are to be u~ed for measuring 
performance. For schedule detail see Microsoft Project file located on the CRAVE web 
site for this DO listed under the Government Cost Estimate below. 
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• ( "-National AeronaLllic8 and Space Administration ... 
ORDER FOR SUPPLIES OR SERVICES Lyndon B Johnson Space Center Page 10f 13 

Houston, TX 77058 

1 Order No. 2 Date of Order NOTE: MARK ALL PACKAGES AND PAPERS WITH ORDER NO. 
NNJ05HB39B, CRAVE 0031 See Block 10 Below 

Certified for Natronal Defense under DPAS (15 CFR 700) DO-C9 
3. Issuing Office 4 Ship To: 

NASA Johnson Space Center, 2101 Nasa Parkway Transportation Officer, BUilding 421 
Houston, TX 77058-3696 NASA Johnson Space Center 
Org.lBuyer BH2IMary Thomas Houston, TX 77058-3696 I 

Mark For Accountable Property 

Tel No· 281-483-8828 Fax· ~81-483-41~ Order No N~J!l§!:lB3!!~, QRe,vt;. QQ3j 
E-mail: marY fth "nu 

5 Contractor· 6 Deliver On or Before See Block 11 Below 
Hamilton Sundstrand Management System 
Attn. Kenneth Ridley FOB POint. Destination 
1 Hamilton Road 
Windsor Locks, CT 06096 Discount Terms. Net 30 Days 

7 BILLING ADDRESS 

Phone 860-654-4034 x Fax 860-654-3318 NASA Johnson Space Center 
Attn· LF231/Accounts Payable Group 
Houston, TX 77058-3696 

TIN. 06-1165586 CAGE CODE· 71120 Order No: NNJ05HB39B, CRAVE 0031 

8. Type of Order 

0 PURCHASE. Please furnish the following In 0 DELIVERY· Except for the Terms and Conditions of Purchase 
accordance with the conditions specified on thiS order Order listed on the fOllowins page, this delivery order IS subject to 
Reference. __ Instructions contained on th s form and is Issued subject to the 

terms and conditions of contract number: __ 

9. Written acceptance ofthls order by contractor [0 ] IS, [181] is not 10. Name: Ronald Johnson 
reqUired. Sign below if required and return to contracting officer 

Name· __ (Person authorized to sign) 

Signature ·-fr'Yn.lla, ~J!A.I..LlI1 Date· ?/2/o 7 Signature: Date -- CONTRACTI 3 OFFICER 
11 Schedule ~ 

ITEM DESCRIPTION QUANTITY 
UNIT 

UNIT AMOUNT QUANTITY 
NO ORDERED PRICE ACCEPTEO 

LARGE AREA REPAIR FASTENER DRIVER AND CADDY 

The contractor shall perform and deliver to all the requirements of the 
Statement of Work for CRAVE DO 31 1?1 'of 

Period of Performance 9/25107 - 7/15/08 

I "'1 Total = $572,055 

12 For JSC Internal Use Only 13. Total 
Requisition No· ~ 181 COMP 0 PART PPC -- $ $572,055 
RlssueTo. EC/Joe Gensler, x30Q25 

14 Quantities In "Quantity Accepted" Column Have Been 
0 INSPECTED o ACCEPTED 0 RECEIVED 

TO CONFORM TO THE CONTRACT 
ACCEPTANCE WILL BEAT JSC UNLESS BY 
OTHERWISE NOTED 

AuthorIZed U S Government Representative Date 
JSC Fonn 1429 (Rev November 10, 2004) (MS Word Augusl1995j 



caEW. aOBOTICS AN~ICLE EQUIPMENT (CRAVE) CONTllAcr­
DELIVERY ORDER #. CRA VE-EC-031 LAR 

PROPOSAL INSTRUCTIONS: _ DRAFf - COMMENTS DUE BY: 07/16/07 COB 
_~ FJNAL - PROPOSAL DUE BY: 08/20/07 COB 

DO TITLE: Large Area Repair Fastener Driver and Caddy 

DO Type: -X. CPFF FFP 

DO Contact Information In Addition to the CRAVE Contract Specialist or co: 
TMR: Joe Gensler 

DO Manager: Ben Greene 

DO Mgr. Alternate: Heather Bergman 

Con!:urremces: 

Ben Greene Harold Reimers 
DO Manager DO Mgr. Management 

Ralph Marak Steve Miller 
Division TMR S&MA 

Phone: (281) 483-0025 

Phone: (281) 483-3657 

Phone: (281) 483~3 

Joe Gensler 
COTR 

Ron Johnson 
Contract Officer 

Task Contains Flight Hardware, Flight Software or GSE? ~YeJl _No 

Program Supported: ..x.Shuttle _ISS ..x.EVA _Advanced 

WBS: ...Ll.0 EVA _2.0FCE _ 3.0 EVa _ ECLSS _ 5.0 ATCS _ 6.0 CReeS 

For purposes of complying with FAR 52232-22, LmnlDtIOn Of Funds, the totol amount al/otred by the 
Government ID contract IS specified m clause B 6, Contract Funding The funding lISted m B.6 IS the 
amount allotlRdfor aU Delivery Orders on the contract combined 

All terms and condinons of the contract apply to th,S Delivery Order In the event of a conflIct between 
the contract and this Delivery Order, the contract shall prevllIl 

WBS reportmg shall be done m accordance WIth applIcable WBS reportmg categories, as shown above 
and In the contract wllhm Secnoll C, Table 1 
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CREW, ROBOTICS ANDeCLE EQUIPMENT (CRAVE) CONTRACT'" 
DELIVERY ORDER #. CRA VE-EC-031 LAR 

Narrative Task Description 

Background I Problem Description: 

I 0 Objective 

The STS-I07 Colwnbla aCCident was attnbuted to debris liberated from the extemal tank dunng 
launch and Impactmg the rcmforced carbon-carbon (RCC) wmg Icadmg edge of the Orbiter 
Smce tht.'1l, several concepts have been developed and flown for repair of the Orbiter Thermal 
Protection System (IPS), however, to date none have been developed wluch have the capability 
to repair the kmd of damage that likely caused the STS-l07 TPS failure The Orbiter Project 
Office has asked the TPS repair conununity to contmue development of a concept known as 
Large Area Repair (LAR) for flight on the upconung Hubble servlCmg IDlssion EC7 has been 
tasked to develop the EVA hardware necessary for installation and venfication of the LAR repair 
system for Uus project 

2 0 Need for Large Area R!J!)alr (LAR) 

Current RCC Repair Systems are lilDlted m the sIZe and type of damage that they can repair. 
The two systems currently certified for flight are known as the Crack Repair System and the Plug 
Repair System. The Crack Rep8lf System uses a smgle part pre-cer8lDlc polymer known as 
NOAX (Non-OXide Adhesive eXpenmental) that IS only capable of repainng cracks, coating 
damage, and small holes « 0 375" m diameter). The Plug Reparr System IS capable ofrepalfing 
larger damage, but its capability is lilDlted to holes smaller than 4 mches 

Because of the lwntatlon of these repair systems, the Orbiter Project Office has been funding 
R&D for concepts that have the capability to repair larger damage in RCC Panels with nurumal 
impact to stowage. The LAR concept Was presented to the PRCB earlier this year (2007) and 
"'as selected for additional fundmg for flight development 

The LAR system is currently comprised of a tlun, fleXible, Carbon Silicon Carbide laminate that 
would be attached to the RCC Panel around the penmeter with composite or high temperature 
super alloy fasteners such as TZM (Tltaniwn Zm)oruum Molybdenwn) (see figures 20-1 and 
20-2) In order to perfonn the LAR installation and venfy 11 is ready for entry, a collection of 
EVA and IVA hardware must be provided. 

Page 2 of 12 



CREW, ROBOTICS AN~ICLE EQUIPMENT (eRA VE) CONTRAc:r~ 
DELIVERY ORDER#: CRAVE-EC.o31 LAR 

Flexible "Large 
Area Repair" (LAR) 

Cover Plate 

Sealants not 

Flgure 2.0-1' DIagram of LAR System Installed on Shuttle WLE 

Flexible "Large Area 
Repair" (LAR) Coyer 

Washer' 
Fastener 

Leading Edge 
Mock-up Panel 
(Panel 8) 

Figure 2.0-2. Image of Sample LAR Cover Plate Attached to PlUlel Mockup 

Page 3 ofl2 



<;REW, ROBOTICS ANWICLE EQUIPMENT (CRAVE) CONTRAcr­
DELIVERY ORDER #: CRAVE-EC-031 LAR 

30 PnorWork 

A number of tools developed for the RCC Repair Project can be used to aid m the mstallatlOn 
and verification of the LAR, however, the majority of them WIll need minor modifications, 
testing, and/or certlficat19n updates In addition, a significant knowledge base eXists in thc TPS 
Repair community at JSC to draw upon during the development of the hardware reqUIred for 
LAR installation. Many on-orbit and ground bused evaluations have betln performed that have 
greatly mcreased the rep81r te8lll's knowledge of what our EVA repair capabilities are. 

Task Descnptlon. 

The contractor IS to perform the necessary tasks required to deSign, develOp, test, and certify a 
subset of tools needed for mstallatlOn and verification of the LAR System Those tools are as 
follows. 

• Fastener GnpperlDnver - required to proVide temporary restraint of the LAR fastener 
dunng mstallation 8l1d be capable of dnving it m to the RCC. New hardware 

• Fastener Caddy - required to proVide temporary restraint and staging of LAR fasteners 
for installation mlo the GripperlDriver 8l1d subsequent installation mto the RCC. New 
hardware. 

The designs shall comply with applicable EVA GDRD (JSC-26626) reqmrements and follow 
EA-WI-023 for all project milestones and applicable docmnentation. Number and classification 
of hardware components required will be defined in reqUIrements to follow No part of the 
designs Will be propnetary and NASA WIll have full access and ownerslup of all engmeering 
drawings, CAD models, procedures, and related documentat19l1 The drawings will be released 
m the Electronic Drawing Control Center. All drawings Will use JSC standard processing (I e , 
PRC) callouts. All documentation (requ1rell1ents documents, assembly procedures, etc) will be 
released tlrrough the JSC document system. All certIfication documt:ntatlon (CARD, RAESR, 
GeAR, etc.) shall be delivered to NASA in an editable electronic format. 

Contractors must subffilt a mimmum of one concept of each design for consideration. 

If the use of JSC faCilities is required to perform any of the required acceptance testing described 
m the CARDs (such as use of the thermal test facilities), this must be clearly stated in the 
contractor's response. NASAlJSC will make the appropriate accommodations to schedule the 
JSC facihhes to perform the deSired task upon request 

1. Requirements 
1.1. Fastener GripperIDriver 

1.1.1. Design, develop, test, and certify an EVA tool that Will interface with the LAR 
fastener and thread and torque it m to the RCC 

1.1.1.1. T etherlDnver should keep the fastener captive until the fastener is fully 
threaded mto the RCC panel (until the fastener starts to protrude from the 
backSide IML of the panet 1J111,' h).c'] ,_ .lI.d _,'<'11111111 lil>lILIjI II i_,"Ic!J<'1 

\\ III h,p \.. pi... Pl'11 I k ~l Ill\. h,lL ~ .., Jdl". ,11 ! I h J \,11 I 1'tI lc.... 1 ! \ til \ lill L 111 l' L II I ' .11 ~ 1, \ 

i11~'ll1t'\!J,1 ,1\..JlI.I l'll t f,l!-l,lh.ld 1,: JIt!Jl~. 'llil! 
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CREW, ROBOTICSANJ-lJIUbCLE EQUIPMENT (CRAVE) CONTRACT 
DELIVERY ORDER # CRAVE-EC-031 LAR 

1.1.1.2. TetherlDnver should interface With the Fastener and Washer (ref figure 
1.J I-I) and allow for ahgnment of the ""asher m a particular onentation 
The LAR Fastener Washer has curvature in one axis that must be ahgned 
With the curvature of the panel It IS being mstalled on (ref figure 2 0-1 and 
20-2 for Images of Washer and Fastener installation). The Washer is an 
integral part of the Fastener and captive but IS allowed to rotate With respect 
to the Fastener JJJ'-~£'J~1.U)llI1' J yl h£"1 )W_Cj ,~11JJ..;k!c·J '1!1!]~ A,del) 
I",",t In thc' l,hknc' lI1,t,,\1"\'''11 \he II ",hu llhf\l1Il1cnl \1 III k I'el 1 "l1l1e,\ 
11"''''lcl (lilcl' \he I.htcncl II", i'ecll,n,talkcl ,lIld t(\I"lIed ,t \\ III hc 
C,\}ICllldl ,clJ Ilk,IIIL1' 1 Cbilll!!,C, Ih "Uellt,III~'11 DraWIngs of the Fastener and 
Washer will be provided. 

Figure 1.1 I-I Sketch sample of LAR Fastener and Washer combmation 

1.1.1.3. TetherlDriver should be reloadable. Once one fastener has been installed, 
another fastener should be able to be loaded from the Fastener Caddy (see 
section on Fastener Caddy below) EVA by the same crewtnember that 
mstalled the first fastener. 

1.1.1.4. The TetherlDriver should interface With the PIVT J hc 1'1 V I I ,:til 

Ildllh1ahk \nlqUIJ \m\\\H\~ dc\ lel \\ h\(""h \..., lH .. 'l'c', ... an tn Pl~\ "Itt n\ l't lC)ddJtlf 
III',I;I:'\;:I.!!:L' ,lh'LU11~ !lJ~!Ali.IIl<,'!L JJl'Z,tl.:!'J ",l'11I1:<;11,1 I) ~J I,ll 1111' I,:, 
d<:\ ~J!'rml'IJ! , 

1.1.1.5. The TetherlDnver should mterface With the standard hex-head interface on 
the LAR Fastener 

1.1.1.6. The TetherlDriver should not penmt inadvertent release of the fastener 
dunng installatlOn._"'" 'l'~.l-1.li, J' 1< '111.1' "1,1,,, ,',C J!" U)I" 'l1!ql"I':<; h'hJ'c~ [I 
d\'Il"!!Il1ll\.'dlllll(h~ f\..',h", ihl\l..!11 ... tlh ollh llh.,I1l~,('l'I'i)~lll\\..'\'()Jl!rr'llpl 

l1J~ Id~l~'!I~(. J1Il~u. I~ ~I c U J ~ ~!Jlll.. ,d {lJ~J.~: ~5 ,-l!l)P{l!.l~ III ~_":.(,p~~~I~~ )!.d~.J.\ !t~ll 
tlh_~~a.~'~JJl~Jl)J'LL(.,h{)n~L>~J~> .:-cl\1I tI~JbLm J It!k' !i.'1..11!).,I:,1,tI Lp(~~L'.l'" 
[_~\lIlJ!L\II~)_ ..... \.:Ilt Jht~"I~ll'J\!c:.u~'Jl1L·1)Lhl...5-'dl1,--, tbe h~~k""'JllC !'Ull'~\U)) nll.;' 
.II !II JIll! "1"'1 .IU, 111 1'1 VI I"'" k ,I 11.1" < '.il,)\\ 11 \111 lhlc.,d, 1\\ \he 1<'( '( , ,lIc 

l..aLl!~Jll~_ll!)~l!II_~!:]ll~lUltl ,d"~ 1.111_ I (~JJ1' ~~l '.!).h{US)J~':. 
1.1.1.7. The TetherlDnver should be able to be mstalled on the fastener head by the 

EVA crewmember 
1.1.1.8. The TetherlDriver should be certified for installation of at least 16 LAR 

Fasteners and Washers. 
LJ,It). !l!LJ\UJ"-:-I_l)J:\_~l ~1'''I!~t!L;~'J.l_l,l_d~~,I_ ... I!1hLn~l..' ~ \lI"llh-,I(~·dL\l'r'\"i!.l 

l'L'l\II:1~ (1,])11\.1\\11]1,11\ ('j'''l!)!",,! I'llh .. !1 ..... 1,'Jllr"l!oId(lh,'11'plP1l1hl1 
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CREW. ROBOTICS AN1\IIWncLE EQUIPMENT (CRAVE) CONTRAcl­
DELIVERY ORDER # CRAVE-EC-031 LAR 

~l! limIted lu In\\ r()II.\"Ltlllt.J~t 1'\'L"lIhl..' It ]"lI.(),lkli \\\[11 ,111 d\Jddtlllll 

I ,'hll Ultq),I\1JlJ.', 1\l,l.U;,I1! h;, 'LEllch,d \\I\\\cl \\lad , 

1.2. Fastener Caddy 
1.2.1. Design, develop, test, and certlfy an EVA tool that Wlll hold LAR F astenenl and 

stage them for mstallahon/loadmg mto the TetherlDnver (reference previous tool 
requirements) 

1.2.1.1. Fastener Caddy should hold at least 16 LAR fasteners and Washers. 
1.2.1.2. Caddy should mamtllin positive control offasteners unlll they are staged for 

mstallation mto the TetherlDnver 
1.2.1.3. Caddy should mterface with the TetherlDriver to allow for reloading of the 

fasteners staged m the Caddy • 
J~_f. !A-, __ Ul, Jii'.lfIlC1 _! liljdl->h· 'J!hl1',)J hloJ" \'t ,laudeD ~U 1,:, ~ \)lI\.'\\\ 'Il!,-.. ,1)11'1 c~\"ll 

m;IJsLhl\'_ S "ll\.I"L \U~lu [)<; I! 'l'_:-lJ!l>.!",· ,'lji)",J IJ 'j~'llcl_ -.))"~l\d J';~!l)! lJW!y",i 
{)1 hmlkd lulu\\ Inlce u)1l1all!'l'I .. '.llhl.. It I" l'(ldtcd \\nh ,111 p\.ld:tt!I)!1 

1,,~'-'Jd!]U':"_'ll!ug ~h.W ~'!lll,,,_~I!\l>:b,-,IIU1l\,'Ll<',!<'\ 

1. Reporting 
The contractor shall provide weekly technical status, a bl-monthly schedule reView, and monthly 
fmancial management reports as directed m the data requirements table 

2. Government Provided Equipment 
See Government Fumtshed Property sectIOn 
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CREW, ROBOTICS ANmlCLE EQUIPMENT (CRAVE) CONTRAcrtl 
DELIVERY ORDER #' CRA VE·EC",,31 LAR 

~erabk!OProducg: 

Product Dlle CI ... 

Hardware 

MockUp None N/A N/A N.A 

Prototype None N/A N/A N,A 

Certification Full Class I Flight certification AR 5,31/08 N/A 

Flight 
2 Fastener Tether/Dnvers 

2ea 5/31108 
2 Fastener Caddies 

Training 1 ea 5131108 III 

Other 1 ea 513\108 I 

Other AR 513lt08 N/A 

Other Products N/A 

Other Products 2 N/A 
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CREW, ROBOTICS AND VEHICLE EQUIPMENT (CRAVE) CONTRACT 
DELIVERY ORDER #. CRA VE-EC-031 LAR 

SCHEDULE 

Start Date: September 25, 2007 Finish Date: July 15,2008 

ITERIM MILESTONES DUE DATES 

System Requirements Review (SRR) Suggested date 10/1/07 

Preliminary Design Reviews (PDR) Suggested date 11/15/07 

Critical Design Reviews (CDR) Suggested date 1/16/08 

Hardware Fabrication Complete Suggested date 5/15/08 

Hardware Quail Acceptance Testing Complete Suggested date 6/16/08 

CertifICation Complete Suggested date 6/30108 

SAR Snggested date 7/7/08 

Hardware Delivery 7/15108 

Milestones, along with subjective measurements, are to be used for measuring performance. For 
schedule detail see Microsoft Project file located on the CRAVE web site for this DO listed under 
the Government Cost Estimate below. 

Government Estimate Located in RFO File in Microsoft Project File On CRAVE Web Site 
The file is titled: Not provided in this DO 

Total Government Estimate for this DO: SSOOK 
Option 1: ~ (See Attachment 1) 
Option 2: 1-- (See Attachment 2) 

TOTAL COST ESTIMATE FOR TillS DO: s(Contrador Complete> 

FEE: I (If Applicable) 

OPTION 1: ~ (See Attachment 1) 

OPTION 2: ~ (See Attachment 2) 
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CREW, ROBOTICS AN"'ICLE EQUIPMENT (CRAVE) CONTRAcr­
DELIVERY ORDER # CRA VB·EC·031 LAR 

DATA RIQUIREME!I!TS 

NOTES: 1. GREY SCALED ROWS NEED NO ADDITIONALIREQUIRED FILL-INS. 
2. ON ALL OTHER ROWS, IF NECESSARY, FILL IN ADDITIONAL 

RQMTSIDELIVERIES IN LAST COLUMN. 

DATA 
REQUIRED 

TYPE 
ORO TITLE DUE FREQUENCY FOROO? COMMENTS 

YIN 

",ritten Flight OFE Configurallon Wilh Proposal Once Att.dunent 
Approval Management Plan J-8 

Mandatory Regular Status Report! Summary 
Thirty (30) days 

[weckly Tech status 
Submittal Review following contract Monlhly Y 

start 

Written Project Techrucal Requll'elnents If Required for 00 
Once W11h ReviSIOns N APproval Specification Sec Comments 

Mandatory OFE Systems Requiretnents Data If Required for 00 Submittal If Once wi1h ReVisions N 
FItHIW Pa<kage Sec Comments 

!Written flight OFE Projects Requirements If Required for 00 Once W11h Revisions N Approval & Verification Doeument ' Sec Comments 

Mandatory Preliminary Design Review Data If Required for 00 Submittal If Once W11h Revisions Y 
F1tHIW Package Sec Comments 

IWritten Flight OFE Workmanship If ReqUired for 00 
Once wl1h Revisions Y Approval Specifications List Sec Comments 

Once w/Revislons 

Written PDR or 10% effort (due wlDO proposal, 

Approval Project Schedule complete updates & details Y 
Milestone provided as 00 

progresses) 

Written Flight OFE Interface Control If Requtred for 00 Once With Revisions y 
Approval Document Sec Comments 

",ritten OFE End Item Specification If ReqUired for 00 
Once With ReviSions N !Approval Sec Comments 

Mandatory If Requtred for 00 Submittal If flight OFE Falwre Analysis Report As ReqUired Y 
F1tHIW Sec Comments 

Written flight OFE Verificallon and As Specified m 
Once With ReVision.. Y 

~proval V.ltdabon Plan WI·EA'()23 

Written OFE Software ReqUirements If Required for 00 Once with ReVISions N Approval Speclficallon Sec Comments 

Written OFE Software Development Plan If Required for 00 
Once With ReviSions N Approval Sec Comments 
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• CREW, ROBOTICS AND VEHICLE EQUIPMENT (CRAVE) CONTRA~ 
DELIVERY ORDER # CRAVE-EC-031 LAR 

DAD DATA 
REQUIRED 

(I TVPE DRDTITLE DUE FREQUENCY FORDO? COMMENTS 
YIN 

15 IWritten GFE Software Design Doownent 
If Required for DO As Required N 

Approval See Comments 

~ritten If Required forDO Pro-E format CAD 
,16 Eogineering Drawings Onoe wi1b Revisions Y Model, and 

Approval SooComments Drawing files 

17 ~ritten EEE Parts Lists and Analysis Report If Required for DO As Required Y NoEEE parts Approval SooComments 

Mandatory Critical Design Review Data If Required for DO 18 ~ubmtttal if Onoe willt Revisions Y 
iFttHIW 

Packsge See Comments 

~andatory Engtneenng Drawing Change If Required for DO 19 Submittal if 
Proposal See Comments 

As Required Y 
FltHIW 

20 Written GFE Qualification Test Procedure If Required forDO Onoe wi1b Revisions Y Approval See Comments 

21 Written Flight Product User's GuIde If Required for DO 
Onoe W11b Revisions N Approval See Comments 

Mandatory If Required for DO 22 Submittal if Software c<>de As RequlI"ed N 
FltHIW 1I See Comments 

(30) days after DO Attadunent 

Written J-4 
23 Information Technology (IT) aword, and as JPG 2810.1 Due30da,. Approval Secunty Program Plan and Reports specified in JPG 

2810.1 after 00 
a",.re1 

24 Written CertificatIOn Plan If Required for DO Onoe W11b RevtSlons Y Approval Soo Comments 

Mandatory If Required for DO 25 Submittal'if Certification Report Onoe wi1b Revisions Y 
FltHIW SooComments 

Mandatory If Required for DO 26 SUbmittal if Engineering AnalySIS As RequlI"ed Y 
Y,1tHIW See Comments 

Mandatory If Required forDO Suppbed for qual 27 SUbmittal If Aooeptance Data Package One Tune Y 
FltHIW See Comments and Flight Uruts 

Mandatory After award oft st 
28 Export Control Audit Results DO. yearly on Yearly Y Submittal 

Sept 30 thereafter 
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DRD DATA, 
1# TYPE 

29 !Written 
Approval 

30 [Wrttten 
~pproval 

31 [Written 
Approval 

32 
[Mandatory 
Submittal 'if 
IFttHIW 

Iwritten 33 Approval 

34 Written 
Approval 

Wrttten 3S Approval 

36 ~rttten 
~pproval 

37 Upon 
Request 

38 ~ritten 
Approval 

39 ~ritten 
Approval 

~rttten 40 Approval 

41 Upon 
Request 

42 lMandatory 
Submittal 

Written 43 Approval 

Mandatory 
44 Submittal If 

FltHIW 

4S Written 
Approval 

CREW, ROBOTICS ANDeCLI!. EQUIPMENT (CRAVE) COtliTRAcr­
DELIVERY ORDER #: eRA VE-EC-031 LAR 

REQUIRED 
DRDTITLE DUE FREQUENCY FORDO? COMMENTS 

YIN 

Only if con1ractor IS 
uSIOg the R-quahty 

Quabty Plan With Proposal On<e with Revisions Attachment plan template 
J-ll instesd oflSO, and 

only If they need 10 
make changes to it. 

Patent Rights-Retention As Required As Required 
y 

(If Applicable) 

ShuttlclStation Payload Safely Data If Required for DO As Required N 
Package See Comments 

If Requm for DO Lunited Ltfe Systems List 
See Comments As Required y 

Space Station OPE Failure Modes If Required for DO and Effects Analysis and Critical As Required N If applicable 
mmsList 

See Comments 

Space Shuttle OPE Safely and If Required for DO As ReqUITed Y If applicable Analysis Report &Hazard Report See Comments 

Software Quality Assul'llllC6 Plan 90 Days Pnor to 
Software On<e with ReviSIons N Report Development 

ISS Ha:zard Report If Required for DO As Required Y If applicable 
See Comments 

Rebabibty and MlUntainabtbty Plan With Proposal OneTime N 

Goverttrnent Certification Approval If ReqUITed for DO As Required Y Request (GeAR) See Comments 

Risk Assessment Executive If Required for DO As ReqUITed Y Summary Report (RAESR) See Comments 

2 business days of 

Problem Reportmg and Corrective problem Isolation 
but no lat ... than 10 As Required Y Action (PRACA) days aft ... 
detecllon 

Noneonformance Record If Required for DO As Required Y 
See Comments 

Goverttrnent \ndusby Data Exchange Reported one Ilme 
Program and NASA AdVIsory when discrepancy On<e With Revisions Y 
Problem Data occurs ; 

Electrica~ Elcctroruc, and If RequITed for DO Electromechnical (EEE) Parts On<e with ReviSIOns Y 
Con1rol Plan See Comments 

If RequITed for DO Certification Data Package Once with ReVisions Y See Comments 

Certification and Acceptance AI CDR On<e With ReviSions Y RequlTements Document 
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CREW, ROBOTlCSANWICLE EQUIPMENT (CRAVE)COfoITRAcr­
DELIVERY ORDER#, CRAVE·EC-OJl LAB 

DRD DATA 
REQUIRED 

DRDTITLE DUE FREQUENCY FORDO? COMMENTS 1# TVPE YIN 

~pon Wage/Salary and Fringe Benefit 
ThIrty (30) days 

46 after isSWll\Ce of Once N 
~uest Data 

"""bOO 

47 ~ntten 
iApprovai 

OFE ~ce Test Procedure 
If Requm:d for 00 OneTime Y See Coounents 

lMandatory Flight OFE Verificatioo & If Required for 00 
48 Submittal'if Once Wldt Revisions Y 

[FJtHIW 
Validallon Report See Coounents 

lMandatory Space Shuttle OFE Failure Modes If Required for 00 49 Submittal'if and Effects Analysis (FMEA) and See Coounents As ReqUired N lfapplleable 
IFttHIW Critical Items LISt 

SO Reserved - - - -
SI Mandatory ~ASA Contractor Financial After Issuance of Monthly Y 

Submittal MrIagement ReportlDg 1st 00 

52 ~ritten Oowrnment Property Management Widt Proposal Once widt Revisions Attadunent 
Approval Plan J-7 

S3 Mandatory Sys1em Safety Plan Widt Proposal OneTuue Attadunent 
Submittal J·I0 

Wntten Wllh Proposal! 
Only applicable to B-

R-Qualtly Plan Template eRA VE contracts in 54 
Approval Revisions as aeeordaDce WIth the N 

Required 
SOW and the ORO 

I Type 1 ~ Wnllen Approval Type 2 = Mandatory Subnnt1a1 Type 3 = Submittal Upon Request I 

I GOVERNMENT FURNISHED PROPERTY • The list of items below will be provided as 
Government Furnished Property. I 

Item Part Number Quantity Value 

OPT GolNo-Go Gage SDG38114281'-OO1 1 $2,()()() each 
LAR Fastener TBD 1 $2,()()() each 
LAR Fastener Washer TBD 1 $2,()()() each 
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( l.. • National Aeronautics and Space AdmInistration "" Lyndon B Johnson Space Center ORDER FOR SUPPLIES OR SERVICES Page 10f 12 
Houston, TX 77058 

1. Order No. 2. Date of Order NOTE: MARK ALL PACKAGES AND PAPERS WITH ORDER NO. 
NNJ05HB39B, CRAVE -EC-030 See Block 10 Below 

Certified for National Defense under DPAS (15 CFR 700) DO-C9 
3 Issuing Office' 4 Ship To. 

NASA Johnson Space Center, 2101 Nasa Parkway Transportation Officer, Building 421 
Houston, TX 77058-3696 NASA Johnson Space Center 
Org.lBuyer BH2!Mary Thomas Houston, TX 77058-3696 

Mark For Accountable Property 

Tel No: 2111-483-882B Fax: 28l-4B3-417~ Order No. NtolJ05l:!e39ft, QBAVE-gQ-O;,j,Q 
E-mail: ~aru 'MV 

5. Contractor' 6 Deliver On or Before. See Block 11 Below 
Hamtlton Sundstrand Management Services, Inc. 
Attention: Kenneth RIdley F O.B POint Destination 
1 Hamilton Road 
Windsor Locks, CT 06096 Discount Terms' Net 30 Days. 

7 BILLING ADDRESS: 

Phone: 880-654-4034 x Fax' 880-654-3318 NASA Johnson Space Center 
Attn LF231/Accounts Payable Group 
Houston, TX 77058-3696 

TIN. 06-1165588 CAGE CODE: 71120 Order No . NNJ05HB39B, CRAVE-EC-030 

8. Type of Order. 

0 PURCHASE: Please furnish the fOllOWing In 0 DELIVERY Except for the Terms and Conditions of Purchase 
accordance with the conditions spectfied on thiS order. Order listed on the folloWing page, this delivery order IS su~ect to 
Reference. __ Instructions contained on thts form and Is Issued subject to he 

terms and conditions of contract number __ 

9 Wntten acceptance of this order by contractor [0 jlS, [181 jls not 10 Name: Ronald Johnson 
required. Sign below If required and return to contracting officer 

Name: __ (Person authorized to sign) 

&'""'~ ~Chv,a.ItLA Dote 11$7 Signature' Date -- CONTRACTIN~Cl~iCER 

11 Schedule i/ 

I'TEM 
DESCRIPTION 

QUANTITY 
UNIT 

UNIT 
AMOUNT 

QUANTITY 
NO ORDERED PRICE ACCEP'TED 

LARGE AREA REPAIR PISTOL GRIP TOOL DRILL AID 

The contractor shall perform and deliver to all the requirements of the 
Statement of Work for C RAVE DO 30 

Period of Performance 0912512007 to 07115/2008 

THIS IS A CPFF DELIVERY ORDER 

12 For JSC Internal Use Only' 13 Total 
Requisition No N/A 181 COMP 0 PART PPC. -- $470,943 

RlssueTo. EC/Joe Gensler, x30025 

14. Quantities In 'Quantity Accepted" Column Have Been 
0 INSPECTED o ACCEPTED 0 RECEIVED 

TO CONFORM TO THE CONTRACT 
ACCEPTANCE WILL BE AT JSC UNLESS BY 
OTHERWISE NOTED 

AuthorIZed U S Government Representative Date 
JSC Form 1429 (Rev November 10, 2004) (MS Word August 1995) 



CREW, ROBd lie; AND VEHICLE EQUIPMENT (cH-R) CONTRACT 
DELIVERY ORDER #: CRA VE-EC-030 LAR 

PROPOSAL INSTRUCTIONS: _ DRAFT·- COMMENTS DUE BY: 07/09/07 COB 
...L FINAL -- PROPOSAL DUE BY: 08/13/07 COB 

DO TITLE: Large Area Repair Pistol Grip Tool Drill Aid 

DO Type: ...A. CPFF FFP 

DO Contact Information in Addition to the CRAVE Contract Specialist or CO: 

TMR: Joe Gensler 

DO Manager: Ben Greene 

DO Mgr. Alternate: Heather Bergman 

Concurrences: 

Ben Greene 
DO Manager 

Ralph Marak 
Division TMR 

Harold Reimers 
DO Mgr. Management 

Steve Miller 
S&MA 

Phone: (281) 483-0025 

Phone: (281) 483-3657 

Phone: (281) 483-6053 

Joe Gensler 
COTR 

Ronald Johnson 
Contract Officer 

Task Contains Flight Hardware, Flight Software or GSE? ...A. Ye.s 

Program Supported: ...LShuttie _ISS ...LEVA _Advanced 
---------------------------------------------------------------------------------------------------------------

WBS: X 1.0 EVA 2.0 FCE 3.0 EVR ECLSS 5.0 ATCS 6.0 CHeCS - - - - - -
For purposes ofcomplymg With FAR 52.232-22, LimitatIOn of Funds, the total amount allotted by the 
Government to contract IS specified m clause B.6, Contract Fundmg. The fimdmg /rsted m B. 6 is the 
amount allotted for all Delivery Orders on the contract combmed. 

All terms and conditIOns of the contract apply to this De/rvery Order. In the event of a conflict between 
the contract and this De/rvery Order, the contract shall prevail. 

WBS reporting shall be done in accordance With applicable WBS reporting categories, as shown above 
and m the contract wlfhm Section C. Table 1 
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CREW, ROBd I M4; AND VEHICLE EQUIPMENT (cAiH:) CONTRACT 

I,)ELIVERY ORDER #. CRA VE-EC-030 LAR 

Narrative Task Description 

Background I Problem Description: 

1. 0 Objective 

The STS-I07 Columbia accident was attributed to debris liberated from the external tank during 
launch and impacting the reinforced carbon-carbon (RCC) wing leading edge of the Orbiter. 
Since then, several concepts have been developed and flown for repair of the Orbiter Thermal 
Protection System (TPS), however, to date none have been developed which have the capability 
to repair the kind of damage that likely caused the STS-I07 TPS failure. The Orbiter Project 
Office has asked the TPS repair community to continue development of a concept known as 
Large Area Repair (LAR) for flight on the upcoming Hubble servicing mission. EC7 has been 
tasked to develop the EVA hardware necessary for installation and verification of the LAR repair 
system for this project. 

2.0 Need for Large Area Repair (LAR) 

Current RCC Repair Systems are limited in the size and type of damage that they can repair. 
The two systems currently certified for flight are known as the Crack Repair System and the Plug 
Repair System The Crack Repair System uses a single part pre-ceramic polymer known as 
NOAX (Non-Oxide Adhesive eXperimental) that is only capable of repairing cracks, coating 
damage, and small holes « 0.375" in diameter). The Plug Repair System is capable of repairing 
larger damage, but its capability is limited to holes smaller than 4 inches. 

Because of the limitation of these repair systems, the Orbiter Project Office has been funding 
R&D for concepts that have the capability to repair larger damage in RCC Panels with minimal 
impact to stowage. The LAR concept was presented to the PRCB earlier this year (2007) and 
was selected for additional funding for flight development. 

The LAR system is currently comprised of a thin, flexible, Carbon Silicon Carbide laminate that 
would be attached to the RCC Panel around the perimeter with composite or high temperature 
super alloy fasteners such as TZM (Titanium Zirconium Molybdenum) (see figures 20-1 and 
2.0-2) .. In order to perform the LAR installation and verify it is ready for entry, a collection of 
EVA and IV A hardware must be provided. 

Page 20f11 



"" ," 

CREW, ROBJ IM4 AND VEHICLE EQUIPMENT (cAlllb CONTRACT 
DELIVERY ORDER #: CRAVE-EC-030 LAR 

Flexible "Large 
Area Repair" (LAR) 

Cover Plate 

Sealants not 

Figure 2.0-1: Diagram ofLAR System Installed on Shuttle WLE 

Flexible "Large Area 
Repair" (LAR) Cover 

Washer I 
Fastener 

Leading Edge 
Mock-up Panel 
(PanelS) 

Figure 2.0-2. Image of Sample LAR Cover Plate Attached to Panel Mockup 
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CREW, ROBO« AND VEHICLE E~UIPMENT (C~) CONTRACT 
DELIVERY ORDER #: CRA VE-EC-030 LAR 

Prior Work 

A number of tools developed for the RCC Repair Project can be used to aid in the installation 
and verification of the LAR, however, the majority of them will need minor modifications, 
testing, and/or certification updates. In addition, a significant knowledge base exists in the TPS 
Repair community at JSC to draw upon during the development of the hardware required for 
LAR installation. Many on-orbit and ground based evaluations have been performed that have 
greatly increased the repair team's knowledge of what our EVA repair capabilities are. 

Task Description. 

The contractor is to perform the necessary tasks required to design, develop, test, and certify the 
following hardware needed for installation and verification of the LAR System: 

• PGT Drill Aid - required to provide a means of guaranteeing perpendicular drilling and 
installation of the fastener into the RCC. New hardware. 

o Quantity two (2) Class I (Flight) Units 
o Quantity one (I) Class I (Qual) Unit 
o Quantity one (I) Class III Trainer Unit 

The design shall comply with applicable EVA GDRD (JSC-26626) requirements and follow EA­
WI-023 for all project milestones and applicable documentation. Number and classification of 
hardware components required will be defined in requirements to follow. No part of the designs 
will be proprietary and NASA will have full access and ownership of all engineering drawings, 
CAD models, procedures, and related documentation. The drawings will be released in the 
Electronic Drawing Control Center. All drawings will use JSC standard processing (Le., PRC) 
callouts. All documentation (requirements documents, assembly procedures, etc) will be 
released through the JSC document system. All certification documentation (CARD, RAESR, 
GeAR, etc.) shall be delivered to NASA in an editable electronic format. 

Contractors must submit a minimum of one concept design for consideration. 

If the use of JSC facilities is required to perform any of the required acceptance or qualification 
testing (such as use of the thermal test facilities), this must be clearly stated in the contractor's 
response. NASAJJSC will make the appropriate accommodations to schedule the JSC facilities 
to perform the desired task upon request. 

1. Requirements 
1.1. PGT Drill Aid 

1.1.1. Design, develop, test, and certify an EVA tool that will interface with the Pistol 
Grip Tool (PGT) with a Small RCC Drill attached (PIN: SED33118888-30 1) and 
provide alignment so an EVA Crewmember can drill perpendicular holes into an 
RCC Panel during an EVA LAR Repair. 

1.1.1.1. Design should interface with existing PGT features such as the rotating 
bayonet fitting if required. 

1.1.1.2. Drill Aid should provide alignment for drilling on all Orbiter RCC Panels 
and T -seals. 
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CREW, ROBO« AND VEHICLE EQUIPMENT (C!/!.) CONTRACT 
DELIVERY ORDER #: CRA VE-EC-030 LAR 

1.1.1.3. Drill Aid should provide perpendicular alignment to the RCC panel within 
+/- 5° (TBR). 

1.1.1.4. The Drill Aid should be usable by a single crewmember in a foot restraint. 
1.1.1.5. The Drill Aid should not require any more perpendicular force to the RCC 

panel to operate than that required for drilling. Drilling into RCC is already 
pushing the limits of worksite stability and any additional load required to 
perform the operation could make the task unacceptable. 

1.1.1.6. The Drill Aid should be capable of drilling at least 16 holes in an RCC 
panel. 

1.1.1.7. The Drill Aid should be IVA installed and remain installed during the entire 
EVA. 

1.1.2. As a goal, the Drill Aid should provide perpendicular alignment for installation of 
LAR Fasteners using the TBD Fastener TetherlDriver tool. The TetherlDriver 
will interface with a standard 3/8" square drive, such as the one provided on the 
PGT. DPT will be the likely interface. ' 

/~ ....... , ' , . 
' ..... ~ 

Figure 1.1 1-1: Conceptual diagram of a PGT Drill Aid 

1. Reporting 
The contractor shall provide weekly technical status, a bi-monthly schedule review, and monthly 
financial management reports as directed in the data requirements table. 

2. Government Provided Eguipment 
See Government Furnished Property section 
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CREW, ROBOe AND VEHICLE EQUIPMENT (C.) CONTRACT 

DELIVERY ORDER #: CRA VE·EC·030 LAR 

Deliyerables/Products: 

Product 

Hardware 

MockUp None 

Prototype None 

Certification Full Class I Flight certification 

Flight POT Fully Certified Flight Ready Units 

Training High fidelity PGT Drill Aid trainer 

Other QualIfication Unit 

Electronic editable format of CARDs, RAESRs, 
Other and GeARs. Microsoft Word format required. 

Acceptance Data Package (ADP) for cach flight and 
Other Products qualification units 

Other Products GeAR 

Page 6 of II 

N/A 

N/A 

AR 

2 

AR 

1 per 
each 

flight 1 
qual 
unit 

1 

Due 

N/A 

N/A 

5/31108 

5/31/08 

5/31108 

5/31108 

5/31108 

5/31108 

5/31/08 

Class 

N/A 

N/A 

N/A 

I 

III 

I 

N/A 

N/A 

N/A 
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CREW, ROBOti AND VEIDCLE EQUIPMENT (alii« CONTRACT 

DELIVERY ORDER #: CRA VE-EC-030 LAR 

SCHEDULE 

Start Date: September 25, 2007 Finish Date: Julv 15. 2008 

ITERIM Mll..ESTONES DUE DATES 

System Requirements Review (SRR) Suggested date 10/1/07 

Preliminary Design Reviews (PDR) Suggested date 11/15/07 

Critical Design Reviews (CDR) Suggested date 1/16/07 

Hardware Fabrication Complete Suggested date 5/15/08 

Hardware Quail Acceptance Testing Complete Suggested date 6/16/08 

Certification Complete Suggested date 6/30/08 

SAR Suggested date 717108 

Hardware Delivery 7/15/08 

Milestones, along with subjective measurements, are to be used for measuring performance. For 
schedule detail see Microsoft Project file located on the CRAVE web site for this DO listed under 
the Government Cost Estimate below. 

Government Estimate Located in RFO File in Microsoft Project File On CRAVE Web Site 
The file is titled: Not provided for this DO 

Total Government Estimate for this DO: S400K 
Option 1: ~ (See Attachment 1) 
Option 2: _$ _ (See Attachment 2) 

TOTAL COST ESTIMATE FOR TIDS DO: $(Contractor Complete> 

FEE: I (If Applicable) 

OPTION 1: ~ (See Attachment 1) 

OPTION 2: l.NA (See Attachment 2) 
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CREW, ROBOt! AND VEHICLE EQUIPMENT (Ca CONTRACT 
DELIVERY ORDER #: CRA VE-EC-030 LAR 

DATA REOUIREMENTS 

NOTES: 1. GREY SCALED ROWS NEED NO ADDITIONAL/REQUIRED FILL-INS. 
2. ON ALL OTHER ROWS, IF NECESSARY, FILL IN ADDITIONAL 

RQMTS/DELIVERIES IN LAST COLUMN. 

DATA 
REQUIRED 

TYPE DIm TITLE DUE FREQUENCY FORDO! COMMENTS 
YIN 

Written IFlight GFE Configuration With Proposal Once 
Attachment 

Approval !Management Plan J-8 

Mandatory Regular Status Report! Summary 
Thirty (30) days 

Submittal Review following contract Monthly Y Weekly Tech status 
start 

Written Project Technical Requirements If Required for DO Once with Revisions N 
Approval Specification See Comments 

!Mandatory GFE Systems Requirements Data If Required for DO 
Submittal rl Package See Comments Once with Revisions N 
FltWW 

Written Flight GFE Projects Requirements If Required for DO Once with Revisions N Approval & Verification Document See Comments 

Mandatory Preliminary Design Review Data If Required for DO 
Submittal if Once with Revisions Y 
FltWW 

Package See Comments 

Written Flight GFE Workmanship If Required for DO 
Once with Revislons Y Approval Specifications List See Comments 

Once wlRevisions 

Written 
PDR or 10% effort (due wlDO proposal, 

Approval Project Schedule complete updates & details Y 
Milestone provided as DO 

progresses) 

Written Flight GFE Interface Control If Required for DO Once with Revisions Y Approval Document See Comments 

Written GFE End Item Specification If Required for DO Once with Revisions N Approval See Comments 

Mandatory If Required for DO 
Submittal if Fllght GFE Fadure AnalYSIS Report As Required Y 
FltHIW See Comments 

Written Flight GFE Verification and As Spectfied in 
Once with Revisions Y Approval Validation Plan WI-EA-023 

Written GFE Software Requirements If ReqUlred for DO 
Once with Revisions N Approval Specification See Comments 

Written GFE Sotmare Development Plan If Reqwred for DO Once With RevIsions N Approval See Comments 

Page 8 ofll 
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DR» DATA 
f# TYPE 

15 Written 
Approval 

Written 16 Approval 

17 Written 
Approval 

iMandatory 
18 Submittal if 

F1tHIW 

.1. "-'ory 
19 Submittalif 

F1tHIW 

20 Written 
Approval 

21 Written 
Approval 

Mandatory 
22 Submittal if 

F1tHIW 

23 Written 
Approval 

24 Written 
Approval 

Mandatory 
25 Submittal if 

FltHIW 

Mandatory 
26 Submittal if 

FltHIW 

Mandatory 
27 Submittal if 

F1tHIW 

~andatory 28 
Submittal 

CREW. RODO« AND VEHICLE EQUIPMENT <A) CONTRACT 
DELIVERY ORDER #. CRA VE-EC-030 LAR 

REQUIRED 
DR» TITLE DUE FREQUENCY FORDO? 

YIN 

OFE Software Design Document If Required for 00 As Required N See Comments 

If Required for DO Engineering Drawings Once with Revisions Y See Comments 

EEE Parts Lists and Analysis Report If Required for 00 
As Required Y 

See Conunents 

Critical Design Review Data If Required for DO Once with Revisions Y 
Package See Conunents 

Engineering Drawing Change If Required for DO As Required Y 
Proposal See Comments 

OFE Qualification Test Procedure If Required for DO Once with ReviSIOns Y See Conunents 

lFIight Product User's Ouide If Required for DO 
Once with Revisions N See Conunents 

If Required for DO Software Code As Required N See Conunents 

(30) days after DO Attachment 
J-4 Information Technology (IT) award, and as JPO 2810.1 Due 30 days Security Program Plan and Reports specified in JPO 

2810.1 after DO 
award 

Certification Plan If Required for DO Once with Revisions Y See Conunents 

If Required for DO Certification Report Once with Revisions Y See Conunents 

If Required for DO Engineering Analysis As Required Y See Comments 

If Required for DO Acceptance Data Package OneTime Y See Conunents 

After award of 1st 
Export Control Audit Results DO, yearly on Yearly Y 

Sept. 30 thereafter 

Page 9 ofll 

COMMENTS 

Pro-E fonnat CAD 
Models and 
Drawing files 

If Required 

Supphed for qual 
and Flight Units 



. .,. 

.. 
DRB 

II 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

DATA 
TYPE 

Written 
Approval 

Written 
Approval 

Written 
Approval 

!MandatOI)' 
Submittal if 
FltHIW 

Written 
Approval 

Written 
Approval 

Written 
Approval 

Written 
Approval 

Upon 
Request 

Written 
Approval 

Written 
Approval 

Written 
Approval 

Upon 
jRequest 

~datOI)' 
Submittal 

Written 
Approval 

.1- .... 01)' 

Submittal if 
FttWW 

Written 
Approval 

CREW, ROBA AND VEmCLE EQUIPMENT (~) CONTRACT 
DELIVERY ORDER #: CRA VE-EC-030 LAR 

REQUIRED 
DRDTITLE DUE FREQUENCY FORDO? 

YIN 

Quality Plan With Proposal Once with Revisions Attachment 
J-U 

Patent Rights-Retention As Required As Required Y 
(If Applicable) 

Shuttle/Station Payload Safety Data If Required for DO As Required N 
lPackage See Comments 

lLimited Life Systems List 
If Required for DO As Required Y See Comments 

Space Station OFE Failure Modes If Required for DO and Effects Analysis and Cntical See Comments As Required N 
Items List 

Space Shuttle OFE Safety and If Required for DO As Required Y Analysis Report &Hazard Report See Comments 

Software Quality Assurance Plan 90 Days Prior to 

~rt 
Software Once with Revisions N 
Development 

ISS Hazard Report If Required for DO As Required Y See Comments 

Reliability and Maintainability Plan With Proposal OneTime N 

Government Certification Approval If Required for DO As Required Y Request (GeAR) See Comments 

Risk Assessment Executive If Required for DO 
As Required Y Summary Report (RAESR) See Comments 

2 business days of 

Problem Reporting and Corrective problem isolation 
[but no later than 10 As Required Y Action (PRACA) 
days after 
~etectIon 

Nonconfonnance Record If Required for DO 
As Required Y See Comments 

Government Industry Data Exchange Reported one time 
Program and NASA Advisol)' when discrepancy Once with Revisions Y 
Problem Data occurs 

iElectrical, Electronic, and If Required for DO IElectromechnical (BEE) Parts Once with Revisions Y 
Control Plan See Comments 

Certification Data Package If Required for DO 
Once with Revisions Y See Comments 

Certification and Acceptance 
At CDR Once with Revisions Y Requirements Document 
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COMMENTS 

Only if contractor is 
using the R-quality 
plan template 
instead of ISO, and 
only if they need to 
make changes to it. 

If applicable 

If applicable 

If applicable 

If required 



DRD DATA 
# TYPE 

46 
Upon 
~est 

47 Written 
Approval 

ry 
48 Submittal if 

FltWW 

Mandatory 
49 Submittal if 

iFJtWW 

50 

51 Mandatory 
Submittal 

52 Written 
Approval 
.... .t. tory 

53 Submittal 

Written 54 Approval 

CREW, ROBOfls AND VEHICLE EQUIPMENT (c..It.) CONTRACT 
DELIVERY ORDER #. CRA VE-EC-030 LAR 

REQUIRED 
DRDTlTLE DUE FREQUENCY FORDO? 

YIN 

Wage/Salary and Fringe Benefit Thirty (30) days 
after issuance of Once N Data each 00 

GFE Acceptance Test Procedure If Required for 00 OneTime Y See Comments 

Flight GFE Verification & If Required for 00 
Validation Report See Comments Once with Revisions Y 

Space Shuttle GFE Failure Modes If Required for DO and Effects Analysis (FMEA) and As Required Y 
Critical Items List See Comments 

Reserved - - -
NASA Contractor Financial After Issuance of Monthly Y Management Reporting 1st 00 

Government Property Management With Proposal Once with Revisions Attachment 
Plan J-7 

Attachment System Safety Plan With Proposal OneTime J-IO 

With ProposaV Only applicable to B-
CRAVE contracts in R-Quality Plan Template Revisions as accordance with the N 

Required SOW and the DRD 

COMMENTS 

If Applicable 

--

I Type I = Written Approval Type 2 = Mandatory Submtttal Type 3 = Submittal Upon Request I 

GOVERNMENT FURNISHED PROPERTY - The list ofitems below will be provided as 
I Government Furnished Property. 

Item Part Number Quantity Value 

3/8" Male Olive Go/No-Go Gage SOG38114280-001 1 $2000 each 
OPT Go/No-Go Gage SOG38114281-001 1 $2000 each 
OPT PIP Pin Gage SOG38114295-001 1 $2000 each 
PGT GE1557000 1 $1,000,000 es 

(available by October 15, 2007) 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
LYNDON B. JOHNSON SPACE CENTER 

HOUSTON, TX 77058 

Task Order Number 

27 

SOWWBS 

COST REIMBURSABLE INDEFINITE-DELIVERY 
INDEFINITE-QUANTITY (IDIQ) Delivery ORDER 

Hamilton Sundstrand Space Systems IntL, Inc. 
Contract NNJ05HB39B 

Revision Number Purchase Request Number 
3 Funded at Contract Level 

Fiscal Year Technical Monitor/Division/Extension 
FY09 COTR: Ralph MarakiEC ext:3-9144 

Task Order Title 
COMMON HELMET STUDY AND RISK MITIGATION: 

OPTION 1, TASK 1 - FABRICATION OF TWO HELMET PROTOTYPES 

Description/Purpose 

This delivery order revision encompasses the contractors over-run request. The over-run is comprised of ILC Dover & Hamilton Sundstrand Space Systems IntL, Inc. at the value of $65,098.53. This value is the net increase of the subject delivery order after mitigation actions were taken on behalf of the contractor. 

THE CONTRACTOR IS NOT AUTHORIZED TO EXCEED THE TASK ORDER VALUE SPECIFIED HEREIN. THIS IS A COST PLUS FIXED FEE TASK ORDER. 

Recapitulation of Delivery Order Value: 

Previous Revision This Revision (Rev. 3) Total 
Cost 
Fee 

Total $ 513,955.86 $ 65,098.53 $ 579,054.39 

NASA Approval 
Contracting Officer Signature 

Ronald Johnson 

(j 

Page 1 of 1 

Date 



j , } National Aeronautics and Space Administration -Lyndon B John8on Space Center ORDER FOR SUPPLIES OR SERVICES Page 10f 1 Hou8ton, TX 77058 

1. Order No. 2. Date of Order NOTE: MARK ALL PACKAGES AND PAPERS WITH ORDER NO. CRAVE D027R2 'See Block 10 Below 
Certified for National Defense under DPAS (15 CFR 700) DO-C9 3. Issuing Office' 4. Ship To. 

NASA Johnson Space Center, 2101 Nasa Parkway Transportation Officer, Building 421 
Houston, TX 77058-3696 NASA Johnson Space Center 
Org.lBuyer BH2/Marv Thomas Houston, TX 77058-3696 

Mark For Accountable Property 
Tel No 281-4!l3-882B Fax 28j-2~!1i95 Order No. QBAllE CQ2ZB2 E-mail: mArv' "'n' 

5 Contractor: 
Hamilton Sundstrand 6. DelIVer On or Before 6/13107 to 09/09108 
Attention: Nancy L Broyan FOB. POint" Destination 2200 Space Park Dnve, Suite 100 
Houston, TX 77058-3677 Discount Terms. Net 30 Days 

7 BILLING ADDRESS. 
Phone 281-333-8704 x Fax' 860-660-6798 NASA Johnson Space Center 

Attn: LF231/Accounts Payable Group 
Houston, TX 77058-3696 TIN: 06-1165586 CAGE CODE: 71120 Order No: CRAVE D027R2 

8. Type of Order: 
0 PURCHASE. Please furnish the following In 0 DELIVERY Except for the Terms and Conditions of Purchase accordance with the conditions specified on this order. Order listed on the follow/nff page, this delivery order Is subject to Reference. __ Instructions contained on th s form and Is Issued subject to the terms and condittons of contract number. __ 

9. Wntten acceptance ofthis order by contractor ED ) is, [IZI ) is not 10. Name' Ronald Johnson required. Sign below if required and return to contracting officer 
Name: __ (Person authorized to sign) 

Signature. Qb'1LL ~.l~J! M'/IDate:1U£../c'i? 
Signature' Date' --

COI'lTRACTING;<7,F'::ICER \ 
11. Schedule 'J 

ITEM 
DESCRIPTION aUANTITY UNIT UNIT AMOUNT QUANTITY NO 

ORDERED PRICE ACCEPTED COMMON HELMET STUDY AND RISK MITIGATION OPTION 1. TASK 1. FABRICATION OF "TWO HELMET PROTOTYPES 

1 Revision 2 to DO 2718 l88ued to extend the period of performance to 
lett 9/9/08. All other terma and conditions oflhe DO remam unchanged . 

RECAP OF DO VALUE: 

COST 1M FEE -
TOTAL $513,955 86 

12. For JSC Internal Use Only: 
13. Total ReqUISItion No ~ IZI COMPo o PART PPC· -- $ NTE 513,955 86 Rissue To: EQ/Raleh Mara~ lS3914~ 

14. Quantities in "Quantity Accepted" Column Have Been 
0 INSPECTED o ACCEPTED 0 RECEIVED 
TO CONFORM TO THE CONTRACT 
ACCEPTANCE WILL BE AT JSC UNLESS BY OTHERWISE NOTED 

Authorized U S Government Representative Date JSC Form 1429 (Rev November 10, 2004) (MS Word August 1995) 



National Aeronautics and Space Admmlstralion 
Lyndon B. Johnson Space Center 
Houston, TX n058 

ORDER FOR SUPPLIES OR SERVICES Page 10f 1 

1. Order No. 2 Date of Order NOTE: MARK ALL PACKAGES AND PAPERS WITH ORDER NO. 
CRAVE D027Rl See Block 10 Below 

Certified for Nahonal Defense under DPAS (15 CFR 700) DO-C9 
3. Issuing Office: 4. Ship To: 

NASA Johnson Space Center, 2101 Nasa Parkway Transportation Officer, Budding 421 
Houston, TX 77058-3696 NASA Johnson Space Center 
Org.lBuyer BH2!Marv Thomas Houston, TX 77058-3696 

Mark For: Accountable Property 

Tel No: ~1-483-!!!!2!! Fax. 2!!1-483-~1~ Order No. CBAllE QQ2ZBl 
E-mail I'!llm/.f thoma IdOV 
5 Contractor: 
HamiHon Sundstrand Management Services, Inc 

6 Deliver On or Before' 6/13/07 to 8/15/08 

Attention' Nancy L. Broyan FOB POint Destination 
2200 Space Park Dnve, Suite 100 
Houston, TX 77058-3677 Discount Terms Net 30 Days 

7 BILLING ADDRESS 

Phone: 281-333-S704 x Fax 1J6O.tl60-6798 NASA Johnson Space Center 
Attn: LF231/Accounts Payable Group 
Houston, TX 77058-3696 

TIN: 06-1165586 CAGE CODE' 71120 Order No. CRAVE D027R1 

8. Type of Order: 

0 PURCHASE Please furnish the fOIlOwi~ In 0 DELIVERY' Except forthe Terms and Conditions of Purchase 
accordance with the conditions specifie on thiS order. Order listed on the follOwing page, this delivery order is SUbject to 
Reference: __ Instructions contained on this form and IS issued subject to he 

terms and conditions of contract number: __ 

9. Written acceptance ofthls order by contractor [0 ) is, [l8I)ls not 10 Name' Ronald Johnson 
required 81gn below if required and return to contracting officer. 

Name' __ (Person authorized to sign) 

Signature. ~ (f'l/" Ml p",IG J.1A A ..... Date: I/..J.!JItJ f Signature: Date: __ 
. CONTRACTINJ!i OFFICER ' 

11 Schedule (J 

ITEM DESCRIPTION QUANTITY UNIT UNIT AMOUNT QUANTITY 
NO ORDERED PRICE ACCEPTED 

COMMON HELMET STUDY AND RISK MITIGATION 
OPTION 1. TASK 1. FABRICATION OF TWO HELMET PROTOTYPES 

1 This reVISIon 18 Issued to exercIse Option I-Task 1 to fabneate two helmet Jrl ~'f prototypes. The delivery order value Is Increased by $358,126 from 
$155,829 86 to $513,955.88. The penod of performance IS extended to 
August 15, 2008 

RECAP OF DO VALUE' THIS 
PRIOR ACTION CUM 

COST \01 , k>'1 101 FEE 

TOTAL $155,829 86 $358,126 $513,95586 

12. For JSC Internal Use Only. 13 Total 
ReqUisition No. N/A 181 COMP 0 PART PPC -- $ NTE 513,955 86 
RlssueTo. EC/Joe Ge!lsler x30025 

14. Quantities In 'QuantitY Accepted" Column Have Been 
0 INSPECTED o ACCEPTED 0 RECEIVED 

TO CONFORM TO THE CONTRACT 
ACCEPTANCE WILL BE AT JSC UNLESS BY' 
OTHERWISE NOTED 

Authorized U S Government Representative Date 
JSC Form 1429 (Rev November 10, 2004) (MS Word August 1995) 



A 

ORDER FOR SUPPLIES OR tkRVICES 
National Aeronautics and Space Administration -Lyndon B Johnson Space Center Page 10f 2 
Houston, TX 77068 

1. Order No. 2 Date of Order NOTE: MARK ALL PACKAGES AND PAPERS WITH ORDER NO. 
NNJOSHB39B, CRAVE·EC5-D027 See Block 10 Below 

Certified for National Defense under DPAS (15 CFR 700) DO-C9 
3. Issuing Office: 4. Ship To' 

NASA Johnson Space Center, 2101 Nasa Parkway Transportation Officer, Building 421 
Houston, TX 77058-3696 NASA Johnson Space Center 
Org IBuyer. BH2IMarv Thomas Houston, TX 77058-3696 

Mark For Accountable Property 

Tel No.. 281-483-8628 Fax' 4l!1-483-~U :za Order No .. ~~JQ§l:la~!!a QRAVE·EQ~I2Q2Z 
E-mail: m_"," nnv 

5. Contractor' 6 Dehver On or Before' 6I131OZ Ibru 10/31/07 
Hamilton Sundstrand Management Services, Inc 
Attention: Kenneth Ridley F O.B. Point· DESTINATION 
1 Hamilton Road 
Windsor Locks, CT 06086 Discount Terms. Net 30 Days. 

7 BILLING ADDRESS. 

Phone' 86Q.654-4Q34 x Fax. 86Q.654-3318 
NASA Johnson Space Center 
Attn' LF231/Accounts Payable Group 
Houston, TX 77058-3696 

TIN. 06-11655886 CAGE CODE. Order No .. NNJ05HB39B, CRAVE-EC5-D027 

8. Type of Order 

0 PURCHASE' Please furnish the follOwing In 0 DELIVERY' Except for the Terms and Conditions of Purchase 
accordance with the conditions speCified on this order Order listed on the fOllowln~ page, this delivery order is SUbject to 
Reference:_ instructions contained on th s form and tS issued subject to he 

terms and conditions of contract number: --
9. Written acceptance ofthls order by contractor [0 1 IS, [1811 tS not 10. Name' Ronald Johnson 

required. Sign below If required and return to contracting officer 

Name: (Person authOrized to sign) 

Signature: ..f ~ II ~j I'M AI~ate. GJIJ/()l Signature' Date' 
CONTRACTIN( OFFICER 

11. Schedule 
ITEM 

DESCRIPTION 
QUANTITY 

UNIT 
UNIT 

AMOUNT 
QUANTITY 

NO ORDERED PRICE ACCEPTED 

COMMON HELMET STUDY AND RISK MITIGATION 

1 The contractor shall perform and deliver 10 all baseline trade study b~ \1{ b'( b.., 
requlremente of CRAVE·EC5-D027 as described In the Statement of -
Work Period of Performance. 6113/07 thtu 10/31/07 

2 OPTION l' 
The Government may require the contractor to continue to perform 
servlcse under thiS delivery order. The Contracting Officer may 
unilaterally exercise Option 1 by Issuing ReviSion 1 to DO 27 The 
Government rseeryes the right not to exercise Option 1 

(continued next page) 

12. For JSC Internal Use Only. 13. Total 
Requisition No.. ~ 0 COMP 0 PART. PPC --
RlssueTo. EC/Joe Genliler, x30025 For EC5/Bnan Dantel 

$ 155,82Q.86 

14. Quantities in "Quantity Accepted' Column Have Been 
0 INSPECTED o ACCEPTEO 0 RECEIVED 

TO CONFORM TO THE CONTRACT. 
ACCEPTANCE WILL BE AT JSC UNLESS BY. 
OTHERWISE NOTED 

Authorized U.S. Government Representative Date 
JSC Form 1429 (Rev November 10, 2004) (MS Word August 1995) 



Order No.: ~RAVliis~II-I~Q2Z ER FOR SUPPLIES OR SERVI<4 PAGE 2 of2 
(CONTINUATION SHEET) 

II 

SCHEDULE 

ITEM DESCRIPTION QUANTITY UNIT UNIT AMOUNT QUANTIfY 
ORDERED PRICE ACCEPTED 

Should the Option be exercised, the resultant delivery order revision will be bl.{ - bt( 0Jf 64 priced as negotiated under the base delivery order. 

OPTION 1 Period of Performance' 11/1/07 thru 4111108 

DO VALUE RECAP. 

Baseline: 

'0'1 Option. 

THIS IS A CPFF DELIVERY ORDER 

JSC Fonn 1429 (ROY November 10. 2004) (MSWorel A uat 1 ug 1195) 



I { ( 
National Aeronautics and Space Administration '" "'" ORDER FOR SUPPLIES OR SeRVICES 
Lyndon B. Johnson Space Center 

Page lof 17 I Houston. TX 77058 
1. Order No. 2. Date of Order NOTE: MARK ALL PACKAGES AND PAPERS WITH ORDER NO. NNJ05HB39B, CRAVE·EC·D026 See Block 10 Below 

Certified for National Defense under DPAS (15 CFR 700) DO-C9 3. Issuing Office: 4. Ship To: 
NASA Johnson Space Center, 2101 Nasa Parkway Transportation Officer, Building 421 Houston, TX 77058-3696 NASA Johnson Space Center 
Org.lBuyer: BH2/Marv Thomas Houston, TX 77058-3696 

Mark For: Accountable Property 
Tel No.: 281·48H82!! Fax: 281·483·4173 Order No.: NNJQ5!;lB39B, CRAllE·EC-DQ26 E-mail: marv.fthomas@nasaaov 
5. Contractor: 
Hamilton Sundstrand Management System 

6. Deliver On or Before: 05/14/07 thru 08127/07 
Attn: Kenneth Ridley F.O.B. Point: DESTINATION 1 Hamilton Road 
Windsor Locks, CT 06086 Discount Terms: Net 30 Days. 

7. BILLING ADDRESS: 
Phone: 860·654-4034 x Fax: 860·654·3318 NASA Johnson Space Center 

Attn: LF231/Accounts Payable Group 
Houston, TX 77058-3696 

TIN: 06-11655866 CAGE CODE: Order No.: NNJ05HB39B, CRAVE-EC-D026 

8. Type of Order: 
0 PURCHASE: Please furnish the following in 0 DELIVERY: Except for the Terms and Conditions of Purchase accordance with the conditions specified on this order. Order listed on the following page, this delivery order Is SUbject to Reference: __ instructions contained on tills form and Is Issued subject to he terms and conditions of contract number: __ 

9. Wnlten acceptance of this order by contractor [0 ] Is, [181] is not 10. Name: Ronald Johnson required. Sign below If required and return to contracting officer. 
Name: __ (Person authorized to sign) 

Signature:.{ tM. ~\ at i~~ 1'>1 AflA Date: .sfIo.7 Signature: Date: --
CON'll~~C' ~GOFFICER 

11 Schedule , 
ITEM 

DESCRIPTION QUANTITY 
UNIT 

UNIT 
AMOUNT 

QUANTITY NO 
ORDERED PRICE ACCEPTED 

CRAVE·EC·D026, INTERFACE FOR REMOVABLE/REPLACEABLE 
THERMAL MICROMETEOROID GARMENT 

Period of Perfonmance' 05/14/07 thru 08/27/07 h1 f.Jif 
1 The contractor shall perfonm and de/lver to all requirements of 

CRA VE·EC·D026 as described In the attached Statement of Work. 

RECAP nF nFI II/FRY ORDER VALUE: 
\ 

W C~ b1 -r-ee-: Total: $114,594.81 

THIS IS A CPFF DELIVERY ORDER 

12. For JSC Internal Use Only: 
13. Total Requisition No.: tlflj 0 COMPo 0 PART. PPC: --Rissue To: EC/Joe Gensler, x;)002li FOR: EC/l-indsa::,! Aitchison, x38657 

$ 114,59481 
14. Quantities In "Quantity Accepted" Column Have Been 

0 INSPECTED o ACCEPTED 0 RECEIVED 
TO CONFORM TO THE CONTRACT. 
ACCEPTANCE WILL BE AT JSC UNLESS BY OTHERWISE NOTED 

Authonzed U.S Government Representative Date JSC Form 1429 (Rev November 10, 2004) (MS Word August 1995) 



.. ' . 
CREW, ROBO~I~I AND VEmCLE EQUIPMENT (CRA U~l CONTRACT 

DELIVERY ORDER #: CRA VE-EC5-D026 

PROPOSAL INSTRUCTIONS: _ DRAFT -- COMMENTS DUE BY: April 12, 2007 
--L FINAL -- PROPOSAL DUE BY: April 19, 2007 

DO TITLE: Interface for RemovablelReplaceable Thermal Micrometeoroid Garment 

DO Type: --L CPFF FFP 

DO Contact Information in Addition to the CRAVE Contract Specialist or CO: 

COTR: Joe GensierlEC7 

DO Manager: Lindsay AitchisonlEC5 

DO Mgr. Alternate: Terry HiWEC5 

Phone: (281) 483-0025 

Phone: (281) 483-8657 

Phone: (281) 483-8135 

Concurrences: 

Lhtdsilf Mt(j~ 
DO Manager 

kanl :Btanco 
Division TMR 

CrMg Dfnsdtott! 
DO Mgr. Management 

Run Johnson 
CRAVE Contracting Officer 

Task Contains Flight Hardware, Flight Software or GSE? 

Joe Gensler 
COTR 

Ye.s ....LNo 

Program Supported: _Shuttle _ISS AEV A _Advanced X Cx 

WBS: A 1.0 EVA 2.0FCE 3.0EVR ECLSS 5.0ATCS 6.0 CHeCS 

For purposes of complying with FAR 52.232-22, Limitation of Funds, the total amount allotted by the 
Government to contract is specified in clause B.6, Contract Funding. The fUnding listed in B.6 is the 
amount allotted for all Delivery Orders on the contract combined. 

All terms and conditions of the contract apply to this Delivery Order. In the event of a conflict between 
the contract cmd this Delivery Order, the contract shall prevail. 

WBS reporting shall be done in accordance with applicable WBS reporting categories, as shown 
above and in the contract within Section C, Table 1. 

Page 1 of 16 
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CREW, ROBO.mJU AND VEmCLE EQUIPMENT (cRl U U! CONTRACT 

DELIVERY ORDER #: CRA VE-EC5-D026 

Narrative Task Description 

Background I Problem Description: 

Thermal, Micrometeoroid Garments (TMG) have been worn by astronauts performing 
extravehicular activities (EVA) since the Gemini era. While designs have changed over the 
years, the purpose of the garment has not. The TMG provides protection to astronauts during 
Extra-Vehicular Activities (EVAs) by insulating against heat and radiation and providing 
boundary layers to dissipl;tte the energy of micro meteoroid impacts. The Apollo Program TMG 
was integrated with the pressure garment restraint layer directly and served the additional 
purpose of dust barrier. The current TMG design used on the Shuttle EMU is a multi-layer 
fabric that can be separated from the pressure garment restraint layer. The TMG is attached to 
the EMU via various methods including loop tape, Velcro, and zippers prior to flight (sees 
Figure 2-4). TMGs in general cover every part of the pressure garment that is exposed to deep 
space and/or dust environments. 

Figure 2: Loop tape connection between EMU neckring and HUT TMG section 

betwefmEMU waist and briefTMG sections 

Page 2 of 16 
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. ~ . 
CREW, ROBOi~~~ AND VEHICLE EQUIPMENT (cJ ~~ CONTRACT 

DELIVERY ORDER #: CRA VE-ECS-D026 

Figure 4: Velcro connection between EMU brief and leg TMG sections 

Purpose of the Current Effort ' 

The area of interest for this contract is to detennine the feasibility ofTMGs that can be easily 
removed/replaced by crewmembers during a mission by focusing specifically on the interface 
design. The TMG-to-pressure garment restraint interface developed for the DO is expected to 
act as a common interface for other pressure garment restraint layer covers as well (e.g. a fire 
retardant cover layer for launch and entry or a thermal, micrometeoroid, dust garment (TMDG) 
for surface exploration). Therefore, the contractor shall brainstorm potential interface concepts, 
conduct trade studies and analyses, and evaluate the concepts to downselect to preferred TMG 
interface technologies, materials, and interface designs. A good example of this design process 
can be found in the book titled "The Mechanical Design Process," by David Ullman. At the 
completion of the design process and downselect, the contractor shall present their design 
concepts and analyses to NASA in the form of a final report and presentation. At the 
presentation, the contractor shall provide NASA with functional, to scale prototype(s) of the 
TMG interface segment design(s) the contractor selected. 

Task Description: 

Assumptions: 
It is assumed that the TMG will not be a single layer of material. 
Defmitions 
Interface segment: Each section of the TMG shall be secured to the pressure garment restraint 
layer in such a way as to perform its functional tasks. An interface segment is therefore defined 
as the interface between a singular section ofTMG and the pressure garment restraint layer 
and/or TMG segment-to-TMG segment. There does not have to be a common design across all 
of the interface segments. Each interface segment includes both the TMG side of the interface 
and the pressure garment side (e.g. restraint layer, bladder assembly, bearings, disconnects) of 
the interface. . 

Interface: The term interface in this DO refers to the collection of all TMG interface segments. 

Thermal Micrometeoroid Garment (TMG): For the purpose of this DO, the TMG is defined as a 
7-layer material lay-up of 0.375 in (0.953 cm) thickness, the outennost layer of which is 
orthofabric and innermost layer is Neoprene-coated Nylon. Samples of EMU TMG will be 
available for inspection by the contractor. The other cover layers that are expected to share an 
interface common to that being developed for the TMG in this DO can be assumed to have 
similar characteristics to the TMG definition provided. 

Dust: For the purpose of this DO, the term dust can be approximated to the lunar soil simulant 
JSC-l, the properties of which are listed on the following website: 
http://ares.jsc.nasa.govlHumanExplore/ExplorationlEXLibrary/DOCSIEIC050.HTML . 

Neutral Buoyancy Laboratory(NBL) Environment: The NBL environment is defined in Table 1-
2. 
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Temperature 

7.4-7.8 

Conductivity Average range 150-180 US/CM 

C12 Residual 1.0- 5.0 ppm 

80-120ppm 

175 - 300 ppm 

0.0-

Trade Studies and Analyses 
The contractor shall review/study, but not be limited to, the data provided by NASA to become 
familiar with and knowledgeable of the interface designs used for the Shuttle EMU and other 
prototype space suits. The contractor shaIl conduct the trade studies and analyses to develop 
design concepts for the TMG interface which meet all requirements and attempt to meet all goals 
as stated below. If the goals cannot be achieved, the contractor shall provide information 
demonstrating the effort to meet the goals and rationale for why meeting the goal was not 
possible. 

The trade studies and analyses of the TMG interface development shaIl include but not be 
limited to the items listed below. The rationale behind the results for each trade shaIl be 
described in detail in the final report. 

Trades 
1. Sensitivity of interface to different pressure garment architectures 
2. Dust tolerance (keep dust from migrating between the restraint layer and TMG; durability of 

materials with respect to dust exposure; use of interface after repeated and prolonged 
exposure to dust environment; etc.) 

3. Number ofTMG segments required (effects on suited mobility, donldofftime, etc.) 
4. Location of interface points (effects on suited mobility, donldofftime, etc.) 
5. Ratio of interface to total TMG 
6. Complexity of interface (number of components, training required, donldoff time) 

~ 
1. The interface should minimize the number ofTMG components per interface segment. 
2. The interface should prevent migration of dust from the outer most TMG layer to the 

pressure garment restraint layer. 
3. The interface should prevent the TMG from increasing joint torques more than 10% above 

their values both and l1111~r",'o"nri '7f~n 
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Rationale: Some TMG interface designs cause the TMG material to lay across joints such that a 
significant amount offorce (friction torsional resistance, tension loading, etc.) develops between 
the pressure garment restraint layer and the innermost layer of the TMG. 
4. The interface should remain secure during suited activities. 
Rationale: The interface should ensure that TMG remains in its nominal position throughout an 
EVA so that the pressure garment and crewmember remain protected at all times. 
5. The TMG interface should minimize stowage volume ofthe TMG. 
6. The interface should allow all TMG components to be donned in less than 6 minutes by an 

unsuited IV crewmember. 
7. The interface should prevent the TMG from decreasing crewmember range of motion more 

than 10% above their respective values during both pressurized and unpressurized operations. 
8. The interface should prevent the TMG segments from negatively impacting the 

crewmember's work envelope. 
9. The interface should allow for line of sight between the suited crewmember and their on-suit 

controls and gauges. 
10. The heat leak between the TMG without interface and seams and the TMG with interface and 

seams should be 10% or less in a cold vacuum environment. 
11. The interface should allow the TMG segments to be placed such that all other external space 

suit interfaces are accessible while suited pressurized and unpressurized. 
Rationale: The locations and types of interfaces will affect the accessibility to other external suit 
such as umbilicals and restraints. 

Requirements 
1. The interface shall allow all portions of the pressure garment below the neck ring (excluding 

gloves and boots) to be covered with a section ofTMG, as outlined in Figure 4. 

Figure 4: General outline of area to be covered by TMG segments 

2. The interface shall be compatible and operable with a pressurized gloved hand. 
3. The interface shall allow TMG to be donned on a pressurized suit. 
4. The interface shall allow the TMG to be donned on an unpressurized suit. 
5. The interface system shall weigh less than 24.0 oz (680 g). 
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The interface shall retain all functionality for a minimum 60 connect-disconnect cycles, ten 
with a clean interface and fifty with a dusty interface. 
The interface shall have a shelf life of 10 years. 
The interface shall be compatible with a 100% oxygen environment. 
The interface shall be compatible with the NBL environment. 

10. The strength loss between the pressure garment restraint without the interface and with the 
interface should be such that the 2.0 factor of safety for softgoods is not reduced. 

Technical Document Library 

The contractor shall have access to the following documents and drawings via the online 
technical library: 

1. CAD model of MK-III prototype space suit 
2. EMU Mini-Data Book Section 1.0 

Progress Reports 

The contractor shall be required to provide NASA twice monthly status briefs detailing the 
current status of their work, what has been accomplished, what work is planned for the next two 
weeks, what issues/problems/risks (if any) have arisen, and their plan to mitigate any 
issues/problems/risks. These status reports may be submitted via email. Additionally, the 
contractor shall participate in weekly telecons to address problems as they arise. 

Conduct Mid-Term Presentation 

The contractor is to present their intermediate findings to NASA at a mid-term presentation. The 
presentation shall detail results from the trade studies and analyses conducted to date and provide 
insight toward the design concepts that are being developed. 

Fabricate Functional Interface Segment Prototype(s) 
At the presentation, the contractor shall provide NASA with functional, to scale prototype of the 
TMG interface segment design the contractor selected. The prototype interface shall be made to 
the specification and of the materials specified in the design. If the contractor has elected to 
design multiple interface segments to address the different issues associated with the various 
TMG segments, the contractor shall provide functional, to scale prototypes for each interface 
segment. 

Generate Final Report 

The contractor is to generate and publish a report detailing the results of the various trade studies 
conducted by the contractor, the interface design drawings they have developed, procedures for 
use and maintenance of interface concept, and their conclusions about the proposed interface 
design. 

Conduct Final Report Presentation 
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The contractor is to present their final report to NASA detailing the results of the various trade 
studies conducted by the contractor, the interface design concepts they have developed, and their 
conclusions about the proposed interface design. 
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Appendix 

Deliverables/Products: 

Hardware 

Example TMG interface segment(s) - Contractor 
shall provide a 12 inch long sample of both sides of 
the selected interface design; if more than one type 
of interface is selected for the interface system, the 
contractor shall provide a sample of each type of 
interface 

Test N/A 

Software N/A 

Other 
Products 

TMG A well documented report detailing the results of the 
Interface various trade studies conducted, the interface design 
Design concepts the contractor has developed, a preliminary 
Concept requirements verification plan, instructions for use 
Report and implementation of interface with TMG and 

pressure garment, and their conclusions. 

Preliminary A preliminary list which details all the materials the 
Materials contractor plans to use in the fabrication of the 
Usage List ' TMG interface. This list should also provide the 

status of each material in the Marshall Space Flight 
Center MAPTIS database. lfthe material(s) is not 
listed in MAPTIS, the contractor shall provide a 
preliminary plan for having the material processed 
and documented per the Materials Analysis 
Tracking and Control (MATCO) system. 
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All engineering drawings for assembly and 3EA Base contract 
subassembly components of all TMG interface paper Completion 
segments and CD 

(prolE 
format) 
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SCHEDULE 

Start Date: May 14, 2007 Finish Date: August 27,2007 

Kick Off Meeting 1 

Review/Study of Current TMG Interface Designs 2 

Mid-term Presentation 8 

GenerateIPublish Final Report 14 

Formal Report Presentation to NASA 15 

TOTAL COST ESTIMATE FOR TillS DO: I 
FEE: I (If Applicable) 

OPTION 1: II(See Attachment 1) 
OPTION 2: $ (See Attachment 2) 
OPTION 3: $ (See Attachment 3) 
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DATA REOPlREMENTS 

All DRs contained in the contract are applicable and required unless marked N/A below. 

NOTES: 1. GREY SCALED ROWS NEED NO ADDITIONALIREQUIRED FILL-INS. 
2. ON ALL OTHER ROWS, IF NECESSARY, FILL IN ADDITIONAL 

"' ... ".".., IN LAST COLUMN. 
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N 

N 

N 

N 

N 

N 
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GOVERNMENT FURNISHED PROPERTY 

The CRAVE contracts do not anticipate the Government providing any property or test 
facilities unless requested by the contractor in their response to a request for bid. 

In some rare cases (such as sustaining engineering task) it is know ahead of time that 
government property will be provided to the contractor. In those cases the following list 
filled out to allow the proper control of government property: 

A, List of Property the Contractor Shall Replace with modified or upgraded versions: 

I Use of I Date to be Furnished to the' 
Item Quantity Acquisition Cost I Property I 

Contractor Locatio~ 

- , " - " - . 
" . " - " - - . 

. " ", 

[Insert a description of the item(s), quantity, acquisition cost, and date the property will be 
furnished to the Contractor] - List of Property will be added as requirements are further 
identified and the determination to provide property is determined to be in the best interest of the 
Government. 

B. List of Property the Contractor will return in the same configuration: 

Use of II. 
P ty nDate to be Furnished to the roper : 
L~~at!~~ __ " il Contrac~~r, _. .._ 

1 

I Quantity I Item Acquisition Cost 

I l _ ._ 

iL ._, __ .. _I ......... . 

J . . . I 
[Insert a description of the item(s), quantity, acquisition cost, and date the property will be 
furnished to the Contractor] - List of Property will be added as requirements are further 
identified and the determination to provide property is determined to be in the best interest of the 
Government. 
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Lyndon B. Johnson Space Cenler ORDER FOR SUPPLIES OR SERVICES Page 10f 1 
Housion, TX 77058 

1. Order No. 2 Date of Order NOTE: MARK ALL PACKAGES AND PAPERS WITH ORDER NO. 
NNJ05HB39B, 0025Rl See Block 10 Below 

Certified for National Defense under DPAS (15 CFR 700) DO-C9 
3. Issuing Office. 4 Ship To 

NASA Johnson Space Center, 2101 Nasa Parkway Transportation Officer, Building 421 
Houston, TX 77058-3696 NASA Johnson Space Center 
Org (Buyer: BH2IMarv Thomas Houston, TX 77058-3696 

Mark For Accountable Property 

Tel No' 2!1j-483-B8~ Fax: 281-483-4173 Order No.' lllN.!~~1m !:!Q~Bl 
E-mail: mArv~f. nnu 

5. Contractor: 6. Deliver On or Before' 4126107 to 8120107 

FOB POint. DESTINATION 
Hamilton Sundstrand Management Services, Inc 
2200 Space Park Dnve, Suite 100 Discount Terms: Net 30 Days. 
Houston, TX 77058 

7. BILLING ADDRESS: 

Phone. 860-654-4034 x Fax. 860-654-3318 
NASA Johnson Space Center 
Attn LF231(Accounts Payable Group 
Houston, TX 77058-3696 

TIN 06-11655886 CAGE CODE' Order No .. NNJ05HB39B, D025R1 

8. Type of Order 

0 PURCHASE. Please furnish the following In 0 DELIVERY. Except for the Terms and Conditions of Purchase 
accordance with the condibons speCIfied on this order. Order listed on the fOllowin~ page, thiS delivery order Is sUb~ct to 
Reference __ instructions contained on th s form and is Issued subject to e 

terms and conditions of contract number __ 

9. Written acceptance of this order by contractor [0 ] Is, [181] is not 10. Name: Ronald Johnson 
required. Sign below if required and return to contracting officer 

Name: (Person authonzed to sign) Signature~ m. fj}) f. ~Jk AIVI. Signature: Date. Date: 2/..27/(f, 
CONTRACTWJG OFFICER 

11 Schedule t/ 

ITEM DESCRIPTION QUANTITY UNIT UNIT AMOUNT QUANTITY 
NO ORDERED PRICE ACCEPTED 

LIQUID COOLING GARMENT TRADE STUDY AND PROTOTYPE 

Revision 1 to CRAVE 0025 Is Issued to extend the baseline period of ~ hI{ b+ perforrnanc:e to 8120/07 at no additional cost to the Government All other 
other terms and conditions remain the same. 

12 For JSC Internal Use Only: 13 Total 
ReqUisition No . N/A o COMP o PART. PPC' --
Rlssue To: EC/~oe Ge!lsler, x3002§ For. !;Q5ILindsall Ait!<l!lson 

$ 113,784 

14. Quantities in "Quantity Accepted' Column Have Been 
0 INSPECTED o ACCEPTED 0 RECEIVED 

fO CONFORM TO THE CONTRACT 
ACCEPTANCE WILL BE AT JSC UNLESS BY' 
OTHERWISE NOTED. 

Authorized U S Government Representative Date 
JSC Form 1429 (Rev November 10, 2004) (MS Word Augusll995) 
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1-, TX 77tM58 

1. Order No. 2. Date of Order NOTE: MARK ALL PACKAGES AND PAPERS WITH ORDER NO. 
NNJOSHB39B, CRA VE-EC5-D025 See Block 10 Below 

Certified for National Defense under DPAS (15 CFR 700) DO-C9 
3. Issuing Office: 4. Ship To: 

NASA Johnson Space Center, 2101 Nasa Parkway Transportation Officer, Building 421 
Houston, TX 77058-3696 NASA Johnson Space Center 
Org.lBuyer: BH2/Marv Thom. Houston. TX 77058-3696 

Mark For. Accountable Property 

Tel No.: 281~2Q Fax: 281-483-4m Order No.: MMJ!.!§I:!B39B ~RAVE-Ef.<§:QQZ§ 
E-mail: m ...... · , nnu 

5. Contractor. 6. Deliver On or Before: 4I2fIIOZ to BI3I07 

F.O.B. Point: DESTINATION 
Hamilton Sundstrand Management Services. Inc 
2200 Space Park Drive. Suite 100 Discount Terms: Net 30 Days. 
Houston. TX 77058 

7. BILLING ADDRESS: 

Phone 860-854-4034 x Fax. 860-654-3318 
NASA Johnson Space Center 
Attn: LF231/Accounts Payable Group 
Houston. TX n058-3696 

TIN: 06-11855868 CAGE CODE 71120 Order No. NNJ05HB39B. CRAVE-EC5-D025 

8. Type of Order. 

0 PURCHASE· Please furnish the following In 0 DELIVERY: Except for the Terms and Conditions of Purchase 
accordance with the conditions specified on this order. Order listed on the foI\owin~ page. this delivery order is SUbJect to 
Reference: __ instructions contained on til S form and is Issued subject to he 

terms and conditions of contract number. __ 

9. Written acceptance of thIS order by contractor [0 ] Is. [~ ] is not 10. Name: Roneld Johnson 
required. Sign below if required and return to contracting officer. 

Name: (Person authorized to sign) 

Signature: f lD1o~"" 1.J ... .A "' Date.!/Md7 Signature: Date: 
Cl:>NTRACrl ~OFFICER 

11. Schedule , 
ITEM DESCRIPTION 

QUANTITI 
UNIT 

UNIT 
AMOlINT 

QU~ 

NO ORDERED PRICE ACCEPrED 

LIQUID COOLING GARMENT TRADE STUDY AND PROTOTYPE 

1 The contractor shall perform and deliver to all bEeNne trade study 
requlremanta of CRA VE:EC-D025 as deacnbed In the Statement of 

b'-t /ot-f 

Work. 

2 OPTION ,. 

The Government may require the contractor to continue to perform 
aervlcee under this delivery order. The Contracting Ofllcer may 
unilaterally exen:fae Option 1 by lasulng Revision 1 to DO 25. The 
Government reserves the right not to exen:fae Option 1 

(continued next page) 

12. For JSC Internal Use Only: • 13. Total 
ReqUisition No.: N/A o COMPo o PART PPC: --r-- $ 113,784 
RlssueTo: EC/Joe !:2!nsler. x3QO~5 For !;C5ILlndsal( Aitchison 

14. Quantities in 'Quantity Accepted' Column Have Been • 
0 INSPECTED o ACCEPTED 0 RECEIVED 

TO CONFORM TO THE CONTRACT. 
ACCEPTANCE WILL BE AT JSC UNLESS BY· 
OTHERWISE NOTED. 

Authorized U.S Government Representative Date 
JSC Form 1429 (R8'I November 10, 2(04) (MS Word August 1995) 
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I1EM llESCRIP'TlDN ~~ITY UNIT UNIT AMOUNT ~~ 
ORIlaISl PRICIi: 

Should the Option be eKercl8ed, the resultant delivery order revision wtU be b'1 10'1 priced as negotiated under the base deHvery order. 

OPTION 1 Period of Performance' 08/6/07 through 111201(ff 

THIS IS A CPFF DELIVERY ORDER. 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
LYNDON B. JOHNSON SPACE CENTER 

HOUSTON, TX 77058 

COST REIMBURSABLE INDEFINITE-DELIVERY 
INDEFINITE-QUANTITY (IDIQ) TASK ORDER 

University of Alabama at Birmingham 
Contract NNJ05HB42B 

Delivery Order Number Revision Number Purchase Request Number 

16 5 Funded at Contract Level 

SOWWBS Fiscal Year Technical Monitor/Division/Extension 

FY09 COTR: Ralph MaraklEC ext:3-9144 

Task Order Title 

REFRIGERATOR - FREEZER SERVICES 

Descril!tionlPurl!ose 

The purpose of this delivery order revision is to execute the tasks required for this revision as 
identified in the attached revised delivery order description. The recapitulation of the delivery order 
value is shown below per this revision. 

Delivery Order 16 Value Recapitulation: 

This Action DO 16, 
Prior Rev 5 Cum Value 

Cost Iff' bLf 
~ 

b'-/ Fee - -
Total $3,367,572.31 $32,900.70 $3,400,473.01 

THE CONTRACTOR IS NOT AUTHORIZED TO EXCEED THE TASK ORDER VALUE 
SPECIFIED HEREIN. THIS IS A COST PLUS FIXED FEE TASK ORDER. 

NASA Approval 
Contracting Officer Signature Date 

Julie K. Karr I "J D r \C/J A A II/tI/uC( , 

J 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
LYNDON B. JOHNSON SPACE CENTER 

HOUSTON, TX 77058 

COST REIMBURSABLE INDEFINITE-DELIVERY 
INDEFINITE-QUANTITY (IDIQ) TASK ORDER 

University of Alabama at Birmingham 
Contract NNJ05HB42B 

Delivery Order Number Revision Number Purchase Request Number 

16 4 Funded at Contract Level 

SOWWBS Fiscal Year Technical Monitor/Division/Extension 

FY09 COTR: Ralph MarakJEC ext:3-9144 

Task Order Title 

REFRIGERATOR - FREEZER SERVICES 

Descril!tionlPurl!ose 

The purpose of this delivery order revision is to execute the tasks required for this revision as 
identified in the attached revised delivery order description. The recapitulation of the delivery order 
value is shown below per this revision. 

Delivery Order 16 Value Recapitulation: 
This Action DO 16, 

Prior Rev 4 Cum Value 
Cost 'til b'f b'f 
Fee 
Total $ 3,337,630.11 $ 29,942.20 $ 3,367,572.31 

THE CONTRACTOR IS NOT AUTHORIZED TO EXCEED THE TASK ORDER VALUE 
SPECIFIED HEREIN. THIS [S A COST PLUS F[XED FEE TASK ORDER. 

NASA Approval 

Contracting Officer Si~nature Date 

Ronald Johnson Y<CYkr. o.,.J ( '1m ~J)\A~ 1/Jo/{) 9 
I 
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Houston, TX 77068 

1. Order No. 
NNJ05HB42B, CRAVE D016R3 

3. IssUIng Office. 

2. Date of Order 
See Block 10 Below 

NASA Johnson Space Center, 2101 Nasa Parkway 
Houston, TX 77058-3696 
Org.lBuyer: BH2IMerv Thomas 

Tel No: 261-463-8826 Fax 261-244-0995 
E-mail: ~a .... I , nnu 

5. Contractor: 
University of Alabama @ Birmingham Center 
Attn. Lee Moradi, CSSE 100 
1530 3rd Avenue South 
Birmingham, Alabama 35294-4400 

Phone: 205-975-2718 x Fax' 205-975-1709 

TIN: EJ3.6OO5396 CAGE CODE: ODV74 

8. Type of Order: 
o PURCHASE: Please furnish the following in 

accordance wrth the conditions specified on this order 
Reference: __ 

NOTE: MARK ALL PACKAGES AND PAPERS WITH ORDER NO. 

Certified for National Defense under DPAS (15 CFR 700) DO-C9 
4. Ship To: 

Transportation Officer, Budding 421 
NASA Johnson Space Center 
Houston, TX 77058-3696 
Mark For: Accountable Property 

Order No. NNJ05HB42B, CRAVE POI6R3 

6. DelIVer On or Before: 9114106 to 12131/09 

F.O S. Point: DESTINATION 

Discount Terms: Net 30 Days. 

7. BILLING ADDRESS. 
NASA Johnson Space Center 
Attn: LF231/Accounts Payable Group 
Houston, TX 77058-3696 
Order No : NNJ05HB39B, CRAVE D016R3 

o DELIVERY: Except for the Terms and Conditions of Purchase 
Order listed on the following page, this delivery order is subject to 
mstructions contained on thls form and is issued subject to the 
terms and conditions of contra¢ number: __ 

9 Written acceptance of this order by contractor [0 ) is, [181] is not 
required Sign below if required and return to contracting officer 

10 Name: Ronald Johnson 

Name: __ (Person authorized to sign) 

Signature: Date __ Signature. R ~ rlall,j /I< A _ A 

CONTRACJ NG OFFICE~ 
Date l1/.d o~ 

ITEM 
NO 

11. Schedule 

DESCRIPTION 

REFRIGERATOR-FREEZER SERVICES 

Revision 3 to DO 16 is Issued to Increase the DO value-by" b/ lrom 
"1{ ThiS change is a result of the revised 

- manifest. All other terms and c.JIldltions of the DO remain unchanged 

RECAP OF 00 VALUE 
Prior ThIS Action CUM Value 

10'+ 

TOTAL $2,939,730 11 $397,900 $3,337,630 11 

12 For JSC Internal Use Only' 

QUANTITY 
ORDERED 

UNIT 
UNIT 

PRICE 

Requisition No.: NlA 0 COMP 0 PART PPC __ 

Rissue To: EC/Ralph Marak. x39144 FOR EC2ISharon Campana. x45508 

14 Quantities in 'Quantity Accepted' Column Have Been o INSPECTED 0 ACCEPTED 0 RECEIVED 

TO CONFORM TO THE CONTRACT 
ACCEPTANCE WILL BE AT JSC UNLESS 
OTHERWISE NOTED. 

BY 

AMOUI>IT 

13 Total 

QUAI>ITITY 
ACCEPTED 

$ $3,337,630.11 NTE 

Authorized U 5 Government Representative Date 
JSC Form 1429 (Rev November 10, 20(4) (MS Word August 1995) 
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1. Order No. 2. Date of Order NOTE: MARK ALL PACKAGES AND PAPERS WITH ORDER NO 
NNJOSHB42B, CRAVE D016R2 See Block 10 Below 

Certified for National Defense under DPAS (15 CFR 700) DO-C9 
3. Issuing Office: 4. ShlpTo 

NASA Johnson Space Center, 2101 Nasa Parkway Transportation Officer, Building 421 
Houston, TX 77058-3696 NASA Johnson Space Center 
Org.lBuyer BH2!Marv Thomas Houston, TX 77058-3696 

Mark For Accountable Property 

Tel No .. 2!U~2ft FaX' 2al-483-4j73 Order No .. ~NJQli!:lB42a QBM!!; QQl !!R2 
E-mail. marv.flho laov 
5 Contractor: 6. Deliver On or Before 9!l4l0!! to l2l31/09 
University of Alabama @ Birmingham Center 
Attn' Lee Moradi F.O B POint" DESTINATION 
1530 31d Avenue South 
Birmingham. Alabama 35294-4400 Discount Terms. Net 30 Days 

7 BILLING ADDRESS: 

Phone: 205-975·2718 x Fax. 205-975-1709 
NASA Johnson Space Center 
Attn: LF231/Accounts Payable Group 
Houston, TX 77058-3696 

TIN: 63-6005396 CAGE CODE: ODV74 Order No.' NNJ05HB39B, CRAVE D016R2 

8. Type of Order: 

D PURCHASE: Please furnish the following In D DELIVERY: Except for the Terms and Conditions of Purchase 
accordance with the conditions speCified on thiS order. Order listed on the foliowinQ page, this delivery order is sublect to 
Reference. __ Instructions contained on tlilS form and is Issued subject to he 

terms and conditions of contract number: __ 

9. Written acceptance ofthls order by contractor [0 ] IS, [181] is not 10. Name' Ronald Johnson 
required. Sign below If required and return to contracting officer. 

... ... ,~ --fl t»>.nallLIAD .. ..Kbk; 
Name: __ (Person authorized to sign) 

Signature: Date. -- CONTRACTINGlOF1=ICER 
11. Schedule (j 

ITEM 
DESCRIPTION 

QUANTilY 
UNIT 

UNIT QUANTITY 
NO ORDEREO PRICE 

AMOUNT 
ACCEPTEO 

REFRIGERATOR·FREEZER SERVICES 

Period of Performance 9/14106 to 12131/09 

Revision 2 to DO 16 Is Issued to Increase the DO value as a resuK of Iocr b'f -
Sortie flights 13A.l, 15A, and 1J/A Sortie flight 1J/A has been 

excelerated The DO value Is Increased by b'f 

to $2,939,730 11 

12 For JSC Internal Use Only: 13 Tetal 
Requisition No. Nl8 0 COMP o PART. PPC: --
RissueTo: EC/Joe ~ensler. x30025 FOR: ECJWarren Ruem~le, x33662 

$ 2,939,730.11 

14 Quantittes In 'Quantity Accepted' Column Have Been 
D INSPECTED o ACCEPTED 0 RECEIVED 

TO CONFORM TO THE CONTRACT 
ACCEPTANCE WILL BE AT JSC UNLESS BY 
OTHERWISE NOTED. 

Authorized U S Government Representative Date 
JSC Form 1429 (Rev November 10, 20(4) (MS Word August 1995) 



./ 
\1 " National Aaronautlca and Spaoe AdmInIaIJatlon 

Lyndon B. Johl18On Space Center ORDER FOR SUPPLIES OR SERVICES Page 10f 3 
Houston, TX 77058 

1. Order No. 2. Date of Order NOTE: MARK ALL PACKAGES AND PAPERS WITH ORDER NO. 
NNJ05HB42B, CRAVE D016Rl See Block 10 Below 

Certified for National Defense under DPAS (15 CFR 700) DO-C9 
3. Issuing Office' 4 Ship To: 

NASA Johnson Space Center, 2101 Nasa Parkway Transportation Officer, Building 421 
Houston, TX 77058-3696 NASA Johnson Space Center 
Org'/Buyer. BHj!!Marv Thomaa Houston, TX 77058-3696 

Mark For. Accountable Property 

Tel No.: 281-483-8828 Fax: 2!lj-483-~Il~ Order No . ~~Jll5tl~a !<B~E tlQH!Bj 
E-mail: IOOV 

5. Contractor. 6 Deliver On or Before' 9114106 to j2l31/09 
University of Alabama @ Birmingham Center 
Attn: Lee Moradi F.O.B. Point. DESTINATION 
153031<1 Avenue South 
Birmingham, Alabama 35294-4400 Discount Terms: Net 30 Days. 

7 BILLING ADDRESS: 

Phone: 205-975-2718 x Fax. 205-975-1709 
NASA Johnson Space Center 
Attn: LF231/Accounts Payable Group 
Houston, TX 77058-3696 

TIN: 63-6005396 CAGE CODE' ODV74 Order No.: NNJ05HB39B, CRAVE D016R1 

8. Type of Order. 

0 PURCHASE: Please furnish the follOWing in 0 DELIVERY: ~cept for the Terms and Conditions of Purchase 
accordance with the conditions specified on this order. Order listed on the fOllowin~ page, thiS delivery order Is SUbJect to 
Reference: __ instructions contained on th s form and Is Issued subject to he , terms and conditions of contract number. __ 

9 Wntten acceptance ofthls order by contractor [0 ) is, [I8I)ls not 10. Name: BO!!!l!ld Johnson 
required Sign below If required and return to contracbng officer 

~ ., Name: __ (Person authorized to sign) 

Signature:·11 L'YHlIll ~",4J'MM. Date. tj)[)! Signature: Dat8. __ 
CONTRACTING} FFICER 

11 Schedule G 
ITEM 

DESCRIPTION 
QUANTITY 

UNIT 
UNIT 

AMOUNT 
QUANTITY 

NO ORDEREO PRICE ACCEPTED 

REFRIGERATOR-FREEZER SERVICES 

Period of Performance' 9/14106 to 12131/09 
Revision 1 to 0016 Is Issued to exercise the following preprlced Options 
which will provide Galley refrigerator/freezer servicaa to the ISS program 
The ISS Mission will begin on ULF2 (STS-126) cUlTently scheduled for 
launch 1019/08 or 10/23108 

1 Option 3e, One ISS FY09 First ISS Mission iff , b'1 I b~ ... _ 
I 

b~f 

2 Option 4, Three ISS Mission Extensions (6 months worth of extensions 10 i 
provide a lotal of 24 months of-oll-orblt operation) I (continued) 

12. For JSC Internal Use Only. , 13 Total 
Requisition No.. ~ o COMPo 0 PART. PPC: , 

RissueTo: !;C/Joe Gj!nsler lS30025 FQR' EQlWa[[!n Ru![!!mele, x33662 
I $ 2,839,245.11 NTE 

14. Quantities In "Quantity Accepted" Column Have Been ) 

0 INSPECTED o ACCEPTED 0 RECEIVED 

TO CONFORM TO THE CONTRACT. 
ACCEPTANCE WILL BEAT JSC UNLESS BY. 
OTHERWISE NOTED. 

Authorized U S. Government Repraaenlativ8 Dale 
JSC Form 1429 (Rev November 10, 2004) (MS Word Augusll995) 



Jer No.: ~~g§t!IHZIt 2Q:lIBl r ORDER FOR SUPPLIES OR SEll ..:ES 
(CONTINUATION SHEET) 

PAGE2of3 

SCHEDULE 
ITEM DESCRIPTION QU~NTlTY UNIT UNIT 

AMOUNT ?!,;"NTITY 
ORDERED PRICE ACCEPTED 

RECAP OF DELIVERY ORDER VALUE: 

BASE -b'f 

CUM. TOTAL $2,839,245.11 

THIS IS A CPFF DELIVERY ORDER 

-

, 

, 

~ 

JSC Fonn 1429 (Rev November 10. 2004) (MS Won! August 1995) 
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·/ , ( I( 
I w.IIDnIII_AIIRInauIIa8I11d __ AdnIInIUIIIon 'I' ORDER FOR SUPPUES OR SERVICES Page 10f 2 Lyndall'. JoI-. ~ CIntIr 
.i/auIIan, Tlt nO&ll 
1. OtderNo. 2. Date of Ordar NOTE: MARK ALL PACKAGES AND PAPERS WITH ORDER NO. 
DCJ.CRAVE-EC2.[](J18 8M EIIac:k 10 Below 

Cartilled for NaIIonaI Def8nM under DPAS (15 CFR 700) DO-C9 
3. ISlUIng 0IIIce: 4. ShlpTo: 

NASA JohIllCll'l Spaoa Canlar, 2101 Nasa Parkway TJ'8II8PC)ItaIID OIIk:er, BtMcIng 421 
Houatan, 1X 77IJ58..3688 NASA JahnIon Space c.ntar 
Org./Buy8l': BHWwy ll!qmM HouI1on.1X 77058-38118 

Marie For: AccoWltllble Property 

Tel No.: 281=MH'?' Fax: Ul244.a11111 Order No.: oo.cAA\IE.EC2.D01l 
E-maI: ...- ,-
5. COllbaCllil. 6. Deliver On or Before: Ste" ? Ttl!! of Work 
The Unlve!slty of AIaIlama at BIrmingham Center for 
BIophysIcal ScienceI and EnQIne«tng case 100. 1530:r F.O.B. Point: n...t!ndnn 
AWllue South. Birmingham, Alabama 35294 4400 

Discount Terms: Net 30 Days. 

7. BlWNG ADDRESS: 

Phona: (205)076-2718 x Fax: (205)975-1709 
NASA Johnson Space CenIet 
AUn: LF231/Acco1fts Payable Group 
Houston, TX 770l58-36Il8 

TIN:S3-8OO538II CAGE CODE: ODV74 Order No.: OC>-CRAVE-EC2-0018 

8. Type of Order. 
0 PURCHASE: Please fumIIh Ihf'=:::' In 181 DELIVERY: Exc:e~for" Tenns and CondIIIOi. ofPurdlue 

accordallel with the conditIonI on IhII order. Order fIatad on the ~PIlII" tIU ~ order IIIIU~ to 
ReI'erence: Instruc:IIont contained on rorm and fa IIIIIiId a= to terms and cOlldltionl of COIICrac:t number: f;tNJ06H_ 

8. WriIten acceplltnce of thII order by contractor )11.10 ] fa not 10. Nama: 1W!rt!Colt 
~. Sign =If raquIrad and RIIUm to c:ontrac:IIng otIIcer. 

~WI. 

/?#~ Name: __ (Paraon autf1orizecf1e ~ 

S/gmIture:~~L A...l.t..&:.l.,..u. Date:.!l.:dB-Pb Signaluna: Date: M·ll, , , U CONTRACTING OFFICER 
11. Schedule 

ITEM 
DI!8CIII'l1ClN 

CIIWITIIV 
~ 

~ 
NM1IIHf 

QUANlTIY 
NO. 

_D 
PRICI! ACCEl"IED 

oo.cAAVE-EC2-D011. Roof,.,*".f_ SIIrvIcM 

1 8uIc: . bt bY b'-l Iof-
TIle COIIIIICIa'''''' DeIform It'Id deIItIer to II' IIICIIIhnIerQ for DO-
CRAVE-EC2-OO18, RooffIgaiaIor-F_ SeIvIcIa. 

0piIDn: 
NASA may.-dle opIIaIw In IhII DO to utIIfy ilia maIIimum mlalon 
naad. TIle govemmenI may ....... PI ...... apIion cr.cdI8d on 
the next page by iii II' •• 111 to .. c:onIrador lID Iller III8n 15.,. 
~ the COII\IIIIIIIOII of tile blllcdllNwy 0Idar aq~ TIle 
IIQVIIfIIII1IInt may lIIIO eIact to ..... III opIIon ".". tIIan onoe. 

ParIod 01 ".,ro"'"noa: 811.w8 10 12131101 

12. For JSC Inlemal U .. Only. 13. Total 
Requielllon No.: __ o COMP. o PART. PPO: __ " 

$',7"J,47f.1I 
RIuueTo: ErJJ!l!W Gensler, x3OO2ji fgr; ECMhwren ~ IIPW 

1<1. au.rtIties In "Quantity AcCIpIad" Column Have e..n 
0 INSPECTED o ACCEPTED 0 RECEIVED 

~ 
TO CONFORM TO THE CONTRACT. 
ACCEPTANCE WILL BE AT JSC UNLESS BY: 
OTHERWISE NOTED. 

AuIhDilzacI U S. Government RepNMntallve 0... 
JSC Form 10421 (Rev _10. 2lIOoI) (MS -.1 Augull1f195) 



JIM No.:_ ORDER • .JR SUPPUES OR SERVICES 'f' 

(CONTINUATION SHEET) PAGE2of2 

SCHEDULE 
!TIM DEICRI'T1ON ORDERED I IINIf \ =- MIDUNT 

• \ I , 
0pIIan 1., ROCC ~ .. Upgnide far IOrIIIt fllght.uppott 

0pIIan 1b, MERUN 0II111y Food w.m.t (FY 01 r.e., : 
Optlan 111 MERlIN CWIIY Food w.nner Find ISS MIuIan * - (FYDII ..... , 

; 

0pIIan 211. One IIdcIIIomII FVrJI STS 8artIe * I 
, 

0pIIan 211, One addlUDMl FY08 STS SartIII* 

0pIIan 2c, One addlllonil FYOII STS SorlIe· , 

0pIIan ZII. One additional FY10 STS 8artIe * 

t~ 0pIIan 311, 0,. ISS FYrJI FilII ISS MIasIan * 

0pII0n 3b, One ISS FYaT ISS MIuIon (not II,.., * 

0pIIan 31:. One ISS FY08 FiIIt ISS MIuIon * 
~ 

0pII0n 3d, One ISS FY08 ISS """"n (not tInIf) * 

0pIIan 311, One ISS FY09 FlIIt ISS MIuIan * 

0pIIan 3f. One ISS FY08 ISS MiUIDn (not flnIt) * 

0pIIan 311, One ISS FY10 FilII ISS MlRlon· 

0pII0n 3h, One ISS FY10 ISS MiUIDn (not lINt) • I 

PERIOD OF PERFORMANCE: 9(14I0Il10 12131109 

• • Unit PIICe _ ..... In.nilc:llll end ... of SorlIe or ISS ..... n. 
Adulll PIb .... UN CRAVE ..... 1CNdu .... 

ISS 01' Rdlght upIIcms __ IN a- OptIon '-1ICIIw. 

AddftIanIl CDIIIII wauId be IncumId on FY10 IIfghIa eM 10 the BuIc OptIon 
ending 1112131109 (I.e. qulllterly reviews, ""lIIIIJIII'IIInt, etc.) 

- • AIIurMI opUan fur ftI'It ISS mIIIIan far MERlIN .... .,.., ___ , 
I 

JaC ..... _' __ '0. ZllMI ........ .-..... 1II1II) 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
LYNDON B. JOHNSON SPACE CENTER 

HOUSTON, TX 77058 

COST REIMBURSABLE INDEFINITE-DELIVERY 
INDEFINITE-QUANTITY <IDIQ) Delivery ORDER 

Hamilton Sundstrand Space Systems IntI., Inc. 
Contract NNJ05HB39B 

Task Order Number Revision Number Purchase Request Number 

10 8 Funded at Contract Level 

SOWWBS Fiscal Year Technical MonitorlDivisionlExtension 

FY10 COTR: Ralph MaraklEC ext:3-9144 

Task Order Title 
ISS URINE MONITORING SYSTEM SHUTTLE DTO UNIT ASSEMBLY 

AND FLIGHT CERTIFICATION 

DescDDtionIPJ!!:D!!~e 

This delivery order revision encompasses a definitization of Proposal #ESDPC-09R-0264 for a cost 
overrun and reconciliation due to: 1) an error in recapitulation between revisions five and six; 2) an 
error of not de-scoping Option 1 in revision 6. The period of performance is extended from 
September 30, 2009 to December 7, 2009. (April 11, 2006 - December 7, 2009) 

THE CONTIUCTOR IS NOT AUTHORIZED TO EXCEED THE TASK ORDER VALUE 
SPECIFIED HEREIN. THIS IS A COST PLUS FIXED FEE TASK ORDER. 

Recapitulation of Delivery Order Value: 

Previous Revision This Revision (Rev. 8) Total 
Cost - bi 

"- of h'1 I , 
Fee 

-I $ 
- -

.1 $ 2,950,402.00 Total $ 2,770,439.00 179,963.00 

NASA Approval 
Contracting Officer Signalure./7/' ./ Date 

Adrian D. Clayton /~.i?/? J6P0~ /6·,;-Oq 
.- --

Page 1 of1 



r r . ." 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
LYNDON B. JOHNSON SPACE CENTER 

HOUSTON, TX 77058 

Task Order Number 

10 

SOWWBS 

COST REIMBURSABLE INDEFINITE-DELIVERY 
INDEFINITE-QUANTITY (IDIQ) Delivery ORDER 

Hamilton Sundstrand Space Systems IntI., Inc. 
Contract NNJ05HB39B 

Revision Number Purchase Request Number 

7 Funded at Contract Level 

Fiscal Year Technical MonitorlDivisionlExtension 

FY09 COTR: Ralph MaraklEC ext:3·9144 

Task Order Title 
ISS URINE MONITORING SYSTEM SHUTTLE DTO UNIT ASSEMBLY 

AND FLIGHT CERTIFICATION 

Description/Purpose 

This delivery order revision encompasses the contractors Request for Equitable Adjustment, the 
additional analysis for International Partners in launch and landing, and extension of the baseline as 
delineated in proposal number ESDPC-09F-0099 Revision 1. The period of performance is 
extended to September 30,2009. 

THE CONTRACTOR IS NOT AUTHORIZED TO EXCEED THE TASK ORDER VALUE 
SPECIFIED HEREIN. THIS IS A COST PLUS FIXED FEE TASK ORDER. 

Recapitulation ofDeliverv Order Value: 

Previous Revision /-----+----'-' 
Cost -
Fee -
Total $ 2,047,253.00 

Contracting Officer 

This Revision (Rev. 7) Total 

$ 723,186.00 $ 2,770,439.00 

NASA Approval 

Signature Date 

Ronald Johnson 8;/111 (")~ 

Page 1011 
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National Aeronautics and Space Administration .. '" ORDER FOR SUPPLIES OR lERVICES Page 10f 31 Lyndon B. Johnson Space Center 
Houston, TX 77058 

1. Order No. 2 Date of Order NOTE: MARK ALL PACKAGES AND PAPERS WITH ORDER NO. 
NNJ05HB39B, CRAVE D010R6 

Certified for National Defense under DPAS (15 CFR 700) DO-C9 
3. Issuing Office: 4 Ship To. 

NASA Johnson Space Center, 2101 Nasa Parkway Transportation Officer, Building 421 
Houston, TX 77058-3696 NASA Johnson Space Center 
Org.lBuyer: BH2/Marv Thomas Houston, TX 77058-3696 

Mark For. Accountable Property 

Tel No: 281-483-8828 Fax ~1-2~!li95 Order No t:!NJQ!:iI:l!;!3!11i!, QRAVI; gQjQB§ 

E-mail: ,~f! ,nnv 

5. ContractOr: 6. Deliver On or Before April j 1 2QQ§ - June 15, 2QQ9 
Hamilton sundstrand Space 
Attn: Nancy Broyan F.O B Point: Destination 
2200 Space Park Drive, Suite 100 
Houston, TX 77058-3677 Discount Terms' Net 30 Days. 

7 BILLING ADDRESS 

Phone: 281-333-8704 x Fax: 860-660-6798 NASA Johnson Space Center 
Attn: LF231/Accounts Payable Group 
Houston, TX 77058-3696 

TIN: 06-1165866 CAGE CODE. 71120 Order No: NNJ05HB39B, CRAVE D010R6 

8. Type of Order 

0 PURCHASE. Please furnish the follOWIng in 0 DELIVERY. Except for the Terms and Conditions of Purchase 
accordance with the conditions specified on this order Order hsted on the followin!! page, this delivery order is sUb~ect to 
Reference: __ Instructions contained on thIS form and is issued subject to he 

terms and conditions of contract number __ 

9. Written acceptance ofthis order by contractor [0 ] IS, [l81]ls not 10 Name' Ronil!;! Job!J!!on 
required. Sign below If reqUired and return to contracting officer. 

Sl" ..... ~"'" ~ (210 .... .- ib/o8 
Name: __ (Person authOrized to sign) 

Signature: Date -- CONTRACTING, IFFICER ~ 
11. Schedule {f 

ITEM DESCRIPTION QUANTITY UNIT UNIT AMOUNT QUANTITY 
NO ORDERED PRICE ACCEPTED 

ISS URINE MONITORING SYSTEM SHUTTLE DTO UNIT 
ASSEMBLY AND FLIGHT CERTIFICATION 

Revision 6to 00 10 Is Issued to revise the Statement of Work (SOW), 
extend the DO completion date, and Increase the 00 value. The 
attached SOW Is revised to complete and/or Include the follOWing tasks. 

1 Extended Baseline Option: complete the fabrication, modifications, bf bf fYnclionallntegratlon testing, and flight certification of Class I hardware. 

I 
Option 1: perform a test sequence on JSC reduced gravity aircraft (DC9) 2 to verify key system performance parameters. 

I (continued page 2) 

12. For JSC Internal Use Only: 13. Total 
ReqUisition No.' N/A o COMPo o PART. PPC· --
RlssueTo EC/Joe Gensler, x30025 FOR EC~Branelle R Clbuzar 

$ 2,047,253 NTE 

14 Quantlttes In 'Quantity Accepted" Column Have Been 
0 INSPECTED o ACCEPTED 0 RECEIVED 

TO CONFORM TO THE CONTRACT. 
ACCEPTANCE WILL BE AT JSC UNLESS BY 
OTHERWISE NOTED. 

Authorized U S Government Representative Date 
.lSC Form 1429 (Rev November 10. 2(04) (MS Word August 1995) 



.. 
vRDER FOR SUPPLIES OR SE~ES Order No.: ttl1lbIOlitl1H911. gQ:lIIBI PAGE 2 of 31 

(CONTINUATION SHEET) 

SCHEDULE 

I"!EM DESCRIPTION 
QUANTITY UNIT UNIT AMOUNT QUANTITY 
ORDERED PRICE ACCEPTED 

3 
Optlon 3 Identify ISS UMS modifications and tests required for Integration 
of an on-orb. Urine Analysis System (UAS) to Interface with the ISS UMS bf bI-
The DO completion date is extended to June is, 2009, 

The DO value Is Increased by $1,325,659 from $721,594 to $2,047,253 

RECAP DO VALUE' 

PRIOR TI-II!': A~TI()N CUM VALUE 
COST b4 btf b'f Fer -
TOTAL $721,0114 $1,325,659 $2,047,253 



CREW, ROBMI! AND VEHICLE EQUIPMENT (clVE) CONTRACT 
DELIVERY ORDER II: CRAVE-ECl-OlO Rev, 6 

PROPOSAL INSTRUCTIONS: __ DRAFT -- COMMENTS DUE BY: 20 JAN 2008 
--L FINAL - PROPOSAL DUE BY: 15 Febuary 2008 

DO TITLE: ISS Urine Monitoring System Shuttle DTO Unit Assembly Completion and 
Flight Certification 

DO Type: --L CPFF FFP 

DO Contact Information in Addition to the CRAVE Contract Specialist or CO: 

TMR: Joe Gensler 

DO Manager: Branelle Cibuzar 

DO Mgr, Alternate: James Bronn 

Phone: (281) 483-0025 

Phone: (281) 483-3221 

Phone: ( 281) 483-9351 

Concurrences: 

DraDelle Cibuzar 
DO Manager 

Carolyn Krumrey 
Division TMR 

Carolyn Krumrey 
DO Mgr. Management 

Steve Miller 
S&MA 

Task Contains Flight Hardware, Flight Software or GSE? 

Joe Gensler 
COTR 

Contracting Office 

..L Ye.s 

Program Supported: _Shuttle ...LISS _EVA _Advanced ____ _ 
----------.. -------------------------------------------.-
WBS: _1.0 EVA _ 2.0 FCE _ 3.0 EVR ...L ECLSS _ 5.0 ATCS _ 6.0 CHeeS 

For purposes of complYing with FAR 52.232-22, LlmitatlOn of Funds, the total amount allotted by the 
Government to contract IS specified in clause B.6, Contract Funding. The fUndmg listed in B.61s the 
amount allotted for all Delivery Orders on the contract combined 

All terms and COndItiOns of the contract apply to thIS Delivery Order. In the event of a conjllct between 
the contract and this Delivery Order, the contract shall prevail. 

WBS reporting shall be done in accordance with applicable WBS reporting categories, as shown above 
and in the contract within Section C, Table 1. 

Page 1 of29 



CREW, ROBbTIts AND VEHICLE EQUIPMENT (C~) CONTRACT 
DELIVERY ORDER #I: CRA VE.Ep-Ol0 Rev. 6 

Narrative Task Description 

Background I Problem Description: 
This Delivery Order (DO) is being updated to encompass additional objectives. The Baseline and 
Option 2 objectives were completed in March of2007. 

1.0 Ohjectives 

Delivery Order Baseline was completed in March 2007. The primary objective of completing 
fabrication, calibration, and functional integration testing of the class I hardware for the DTO 
ISS VMS was complete. 

1. 1 Delivery Order Option 1. 

The secondary objective (a DO option) will be to perform a test sequence on JSC reduced gravity 
aircraft (DC9) to verify key system performance parameters. 

1.2 Delivery Order Option 2. 

DO Option 2 was completed in March 2007.The tertiary objective (a DO option) to identifY 
additional hardware modifications and tests required for integration with the Russian Waste 
Collector System (ACY&K) and the ISS Waste & Hygiene Compartment (WHC) was 
completed. 

1.3 Delivery Order Extended Baseline 
Delivery Order Extended Baseline. The primary objective is to complete the fabrication, 
modifications, functional integration testing, and flight certification of class I hardware for 
the Shuttle Detailed Test Objective (DTO) ISS Urine Monitoring System (UMS). Formal 
certification testing is required. The ISS VMS current configuration was intended for 
integration with the space shuttle as a DTO, the DTO unit will need to be modified to 
integrate into the Russian Waste CoUector System (ACY&K) and tbe ISS Waste & 
Hygiene Compartment (WHC). 

1.4 Delivery Order Option 3. 

The fifth objective (a DO option) will be to identify ISS UMS modifications and tests 
required for integration of an on-orbit Urine Analysis Syst~m (UAS) to interface with the 
ISSUMS. 

2.0 Need for ISS VMS Shuttle DTO Completion 
The Shuttle DTO ISS VMS unit was in the process of being assembled when the work was 
impacted by a combination of competing Return To Flight (RTF), hardware issues, and contract 
limitations. The current unit assembly is 100% completed with calibration testing complete. No 
functional integration testing has occurred. The completion and certification of the DTO ISS 
UMS unit is required for integration with the ACY &K and WHC. It is critical that the unit be 
modified to integrated with the ACY &K and WHC, complete certification testing, verify its 
volume accuracy measurements, void-to-void cross contamination, and ability to obtain sample 
syringe samples. 

3.0 Prior Work 

Page 2 of29 



CREW, ROBOTICS AND VEHICLE EQUIPMENT (C~) CONTRACT 
DELIVERY ORDER #: CRA VE-E~3-010 Rey. 6 

The ISS UMS is a successor design to the existing Shuttle UMS, which flew on seven Shuttle 
flights since its initial development in 1979. The Shuttle UMS experienced three primary 
operational anomalies during all seven Shuttle flights. Specifically, these anomalies were liquid 
carry-over, inaccurate void volume measurements, and cross-contamination in void samples. 

The ISS UMS is a system designed to collect an individual crewmember's void, gently separate 
urine from air, accurately measure urine void volume, allow for urine void sample acquisition, 
and discharge the remaining urine into the Waste Collector Subsystem (WCS). The ISS UMS 
interfaces upstream of the WCS and uses the WCS' airflow to draw urine into its own urine/air 
separator. A detailed description of the ISS UMS physical characteristics, design, and operation 
is included in the reference material (Critical Design Review presentation) but an overview is 
provided below. The ISS UMS was designed to JSC 39326 Rev - 'ISS UMS End Item 
Specification' . 

The ISS UMS is comprised of two physically separate modules, specifically the Avionics 
Module (AM) and Mechanical Module (MM). The AM contains the majority of the electronics 
and is the primary crew interface. The AM was developed on-site by a combination of civil 
servant and support contractor labor. The JSC AM team provides all the software and 
documentation for the AM and SAM. 

The MM contains all fluid handling and measurement components, including: rotary separator 
bowl, motor, solenoid valves, plumbing, sample syringe acquisition port, and pressure sensors. 
TheMM was developed by an outside off-site contractor. Portions of the MM rotary separator 
the motor are proprietary. Additionally, the MM contains a Signal and Power Module (SAM) 
that was provided by the JSC AM team. The SAM provides power conversion, signal 
processing, and communication with the AM. The Contractor is not responsible for the 
performance of the AM and SAM. 

In addition to the AM and MM, the ISS UMS also consists of ancillary support hardware 
including external fluid hoses, electrical cables, urine diverter valve, sample syringe kit, and 
validation syringe kit. MM test stands were developed for simulating vehicle flush water 
connection, air flow, and crew member urination and are available. 

There are two basic configurations of the ISS UMS. The Engineering Unit ISS UMS is a high 
fidelity functional unit consisting of the AM, MM, SAM, and the ancillary equipment. The 
Engineering Unit is class III hardware is assembled, calibrated, and available for evaluation and 
performing of the work. 

The ISS UMS completed a successful Critical Design Review (CDR) in 30 September 2003. 
Fabrication, procurement and assembly of the hardware is mostly complete. The Shuttle 
DTO Unit ISS UMS is partiaDy assembled The Shuttle DTO AM, SAM, and MM are class 
I hardware are available for performing the work. 

Task Description: 
The Contractor shall build upon the previous ISS UMS Shuttle DTO work to perform all project 
management, modifications (mechanical, electrical, and software), calibration, functional test 
procedures, and Oight certification processes. The effort shall follow NASA standard 
procedures for developing Right hardware, as described in NASA document EA-WI-023. 
The Contractor shall review the Government Furnished Equipment (GFE), drawings, and 
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documentation to identity and define the remaining work. Any GFE hardware damaged by the 
Contractor during the performance of the work shall be replaced or repaired at the discretion of 
the Government. The Contractor shall provide all materials, documents, personnel, and facilities 
not explicitly listed as GFE to complete the work. The Contractor shall provide all coordination, 
transportation, and documentation required to move identified GFE to the Contractor's facilities 
to perform the work. At the completion of the work, the Contractor shall provide all 
coordination, transportation, and documentation required to move identified GFE to JSC. ' 
The Government reserves the right to exercise or terminate the Extended Baseline and any 
combination of DO options at any time during the performance period. The Government 
reserves the right to not exercise any work. 

1.0 DO Baseline - COMPLETED 
1.0.A.) Provided Government Furnished Equipment, Materials, and Services 
The Government shall provide the items listed in GFE table with the following exceptions. The 
Government shall not provide any prior work that previous contractor or supplier has explicitly 
identified as proprietary. Process specifications or detail drawings not available shall be 
developed by the Contractor as necessary to perform the work. The Government does not 
anticipate that the proprietary motor or separator design information is required for this work. In 
addition to the identified GFE, the government shall provide the following: (I) Pseudo-urine test 
solutions not to exceed 40 liters, (2) Analysis of cross-contamination sample syringes, (3) AM, 
SAM, and any necessary software modifications, (4) On site support for coordination ofJSC test 
activities, 0.5 people for 3 months, (S) All external MM labels, and (6) Tool calibration by the 
JSC calibration service. If the Government does not supply the GFElGSE hardware within 30 
days prior to the end of the period of performance, the Contractor is not responsible for the 
integration of those components, equivalently it is permissible for the Contractor to deliver any 
hardware with open documents. 

1.0.B.) Mechanical Module Assembly Completion 
The Contractor shall complete the partial assembly of the Shuttle DTO MM, quantity of one. 
The unit shall be completed and maintained as class I hardware The Contractor shall be 
responsible for all hardware assembly, Task Performance Sheets (TPS), correcting hardware 
deficiencies, drawing updates, and report summaries. Drawings shall be in ProE format. 
Drawing changes shall be documented and released in the JSC Engineering Drawing Control 
Center (EDCC). The Contractor shall provide all tools necessary for assembly. The Contractor 
shall provide all mechanical and electrical components required to complete the assemblies that 
are not listed as GFE. The completed MM assembly shall be defined per drawing HSMS 1700 
configuration -01. 

The Contractor shall complete the assembly ofthe (quantity one) spare Sample Port Assembly 
HSMSI740-Ol. 

The following describes the major characteristics ofMM assembly completeness (minor 
deviations from these descriptions may exist). Quantity Sample Port Assembly HSMS 1740-0 1 
is 98% complete (needs decals). One spare Sample Port Assembly is 0% complete. All major 
machined piece parts have been completed (may require receiving inspection of spares). All 
major procured piece parts are present. Bulk materials (i.e, solder, epoxy, bonding agents, 
alodine, locking compounds, etc .. ) may not be present or may be out of shelf life The SAM is 
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not mounted or integrated. The electrical cabling is -50010 complete, The plumbing is -60% 
complete. The external labeling and Velcro has not been performed. The Lower Plate Assembly 
(HSMSI737-01) is 80010 complete. The MM Front Plate Assembly (HSMSI739-01) is 90% 
complete. The Right Side Assembly (HSMS 1738-0 1) is -100010 complete. The remainder of 
subassemblies are -90010 complete. 

,ppl'oxi.mate level of assembly completeness. 
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ISS UM~ ~am~le ~ort Assel!1bly. Approximate level of assembly completeness . 
. , .. ', ':! ";:7~;:':'.~, . :.," ,,':8! 

, " '\ <':~'t 

I.O.C.) ISS UMS Accessory Assembly Completion 
The Contractor shaI1 assemble quantity two each of the following hose configurations. The units 
shall be completed and maintained as class I hardware. The Contractor shall be responsible for 
all hardware assembly, Task Performance Sheets (TPS), correcting hardware deficiencies, 
drawing updates, and report summaries. Drawings shall be in ProE format. Drawing changes 
shall be documented and released in the JSC Engineering Drawing Control Center (EDCC). The 
Contractor shall provide all tools necessary for assembly. The completed hose assemblies shall 
be defined per drawing and configuration number: 

ISS VMS Flush Water Hose Assembly: SEG33114396-601 

ISS VMS Primary Urinal Hose SEG33 1 13461-301 

ISS VMS Effiuent Urinal Hose SEG33113461-302 

ISS VMS Bypass Urinal Hose SEG33113461-303 

The following describes the major characteristics of hose assembly completeness (minor 
deviations from these descriptions may exist). All drawings are unreleased by -90% completed. 
All major machined piece parts have been completed. All major procured piece parts are 
present. Bulk materials (i.e., solder, epoxy, bonding agents, alodine, locking compounds, etc ... ) 
may not be present or may be out of shelf life. The hose assemblies are ()O/O complete. 

ISS VMS Flush Water Hose Assembly is similar complexity (to Shuttle VMS version), except 
influent fluid connection, hose length, and labeling are different. 
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ISS UMS Primary Urinal Hose (top white hose) and ISS UMS Effluent Urinal Hose (bottom 
white hose) are similar in complexity (to Shuttle UMS versions), , except influent fluid 
connection, hose length, and labeling are different. The By-pass hose is similar but only -6-in 
long. 

1.0.0.) ISS VMS Integration DrawingslDocuments 
The Contractor shall update the following integration drawings. Drawings shall be in ProE 
format. Drawing changes shall be documented and released in the JSC Engineering Drawing 
Control Center (EDCC). 

SJC331 13507 ISS UMS (Top AM+MM+ hoses and electrical cables) 0% 

SDG33113466 ISS UMS Decals 95% 

SLG33 I 13459 

SLD331 13460 

SEG331 13461 

SEG33114396 

Updated Drawing list 

SJD33113508 

ISS UMS AM-MM Interface Control Drawing 

ISS UMS to Shuttle Interface Control Drawing 

ISS UMS Urinal Hose 

ISS UMS Flush Water Hose Assembly 

*ISS UMS Shuttle Mission Kit 

*Deliver an unreleased draft on CD 

t.O.E.) ISS VMS MM Calibration Tests 

9()o/o 

90% 

95% 

()O/O 

The Contractor shall perform calibration tests on the ISS UMS MM (from Task I.B) while 
maintaining the units' class I status. The Contractor shall perform calibration tests to enable the 

Page 7 of29 



CREW, ROBOTICS AND VEHICLE EQUIPMENT (eRA VE) CONTRACT 
DELIVERY ORDER #: CRAVE-EC3-010 Rey. 6 

ISS UMS Shuttle DTO unit to meet the performance requirements of JSC 39326 sections 3.2.1.1 
and subsections and sections 3.2.1.2.1 through 3.2.1.2.3. Calibration tests include but are not 
limited to the following parameters: Calibration of pressure vs separator liquid volume, 
evaporation corrections, pressure hysteresis correction constants, urine specific gravity/viscosity 
correction constants, and urine temperature constants, and fluid line charging constants. The 
constant parameters that the Contractor shall develop for the software constants file' AM 
Constants. xIs' are defined in JSC 39875 appendixes A and B. The VMS Tester Software (JSC 
62330) is available as a tool in the generation of some constants. The VMS Tester Software is 
compatible with the Microsoft operating system. Some constants are generated with manually 
collected data or with streaming data capture from commercial Microsoft products (i.e., 
HyperTerminal). The operational steps of the ISS VMS during normal operations are defined in 
the following documents: 

JSC 39875 Rev -, Software Requirements Specification for the ISS VMS 

JSC 39876 Rev -, Software I?esign Document for ISS VMS. 

JSC 62330 Rev -, Software Version Description Document for ISS VMS Ground Support 
Equipment Test Set SW, VMS Tester Certification Release 1.0b12. 

JSC 62603 Rev A, Software Requirements Specification ofISS VMS GSE Test Set 
Software (Tester, MM Simulator, AM Simulator). 

The list ofGFE includes test hard that is available for Contractor use in performing of the tests. 
The following photos show the Engineering Unit of the ISS VMS with the available test 
equipment defined in attachment EC3-0 1 O-C (flush water test stand not shown and still in 
original shipping packaging). 
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The Contractor shall provide a report summarizing the methods, test setups, and results used in 
developing the constants. The detailed TPS sheets shall be included as attachments to the report. 
The Contractor shall deliver all test data and test files electronically. 

1.0.F.) ISS UMS Functional Tests 

The Contractor shall perform functional tests on the ISS VMS (combined MM, AM, and 
accessories as defined in SLG33113459 and SJC331 13507) to demonstrate that that hardware 
modules work together as a system to meet the requirements outlined in Task I.E of this 
document. The functional tests are not certification tests. The functional tests are classified as 
<engineering evaluation'. Except as noted subsequently, all functional tests shall be performed 
with GFE provided pseudo-urine or a Contractor provided fluid approved by the Government. 

A minimum of 50 challenge void volumes shall be used representing a Gaussian-like distribution 
of void volumes centered around 350-ml. The final challenge void volumes and sampling 
method used shan be determined by the Contractor and agreed to by NASA. The Contractor 
shall use the Sampling port to draw a minimum of one sample syringe per challenge void 
volume. The sample syringes shall be preserved and provided to the Government for analysis of 
cross contamination. 

Additionally, a minimum of5 challenge voids will be performed at each of the following 
volumes -35 ml, -90 ml, -105 mI, 600 ml, and 900 mI The final challenge void volumes used 
shall be determined by the Contractor and agreed to by NASA. No sampling is required. 

Additionally, the Contractor shall conduct a minimum of20 void challenges with body 
temperature human urine across the ISS VMS volume range of25-900 mi. The Contractor shall 
use the ISS VMS sampling port to draw sample syri~ge samples per ISS UMS EIS JSC 39326 
section 3.2.1.1.3.3 (and subsections). The sample syringes and samples of influent urine shall be 
preserved and provided to the Government for analysis of urine constituents. 

The Contractor shall verify that the MM, AM, and accessories are physically compatible at the 
interfaces defined in the ICD. 

The Contractor shall perform function tests JSC 39326 sections 3.1.2.2.1.5.1 through 3.1.2.2.1.6, 
3.1.2.3 
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The Contractor shall provide a report summarizing the methods, test setups, and results used in 
developing the constants. The detailed TPS sheets shall be included as attachments to the report. 
The Contractor shall deliver all test data and test files electronically. 

I.O.G.) ISS VMS Demonstration Tests 
The Contractor shall perform demonstration tests on the ISS VMS for the Government for the 
purpose of promoting the ISS VMS program and facilitating integration with ISS. The 
Contractor shall support up to five separate operational demonstrations. Demonstrations shall 
not last more than three hours. The Government will provide a minimum of five working days 
notice. The final scheduling shall be determined by the Contractor to minimize impacts to the 
Contractor's work. The Government may bring unknown specific gravity and volume samples 
of pseudo-urine or human urine as challenges during the demonstrations. The demonstration 
tests are classified as 'engineering evaluation' and formal test reports are not required. 

I.O.H.) ISS VMS Hardware Assessment 
The Contractor shall review the GFE hardware inventory after completion of the assembly and 
test phase and provide a report indicating the applicability of each line item for future ISS VMS 
work. The Contractor shall consider each line item and recommend to the Government to 
maintain inventory as is, downgrade, or disposal. 

1.1 DO Option 1- Reduced Gravity Aircraft Tests 

The Contractor shall perform functional tests on the ISS VMS to demonstrate that that hardware 
modules work together as a system to meet the requirements outlined in Task 1.0.F of this 
document. The te~s are not certification tests. The functional tests are classified as 'engineering 
evaluation'. Except as noted subsequently, all functional tests shall be performed with GFE 
provided pseudo-urine or a Contractor provided fluid approved by the Government. 

1.1.A) Provided Government Furnisbed Equipment, Materials, and Services 

The Government shall provide the items listed in GFE table with the following exceptions. The 
Government shall not provide any prior work that previous contractor or supplier has explicitly 
identified as proprietary. Process specifications or detail drawings not available shall be 
developed by the Contractor as necessary to perform the work. The Government does not 
anticipate that the proprietary motor or separator design information is required for this work. In 
addition to the identified GFE the government shall provide the following. 

Pseudo-urine test solutions not to exceed 20 liters. 

Analysis of cross-contamination sample syringes. 

Cost of the DC9 reduced gravity flight for three days for five participants (two civil servants and 
three Contractors) 

1.1.B) Fligbt Preparation and Documentation 

The Contractor shall prepare all test, hazard analysis, and safety documentation for the JSC 
Reduced Gravity Aircraft Program period 33809. The ISS VMS shall be maintained as class I 
hardware. The Contractor shall be responsible for all hardware assembly, TPS, correcting 
hardware deficiencies, drawing updates, and report summaries. Drawing shall be in ProE 
format Drawing changes shall be documented and released in the JSC EDCC. The Contractor 
shall provide all tools necessary for assembly. 

1.1.C) Fligbt Demonstration Tests 
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The Contractor shall repeat the 20-void sample test performed in Task l.O.F 

The Contractor shall perform function tests JSC 39326 sections 3.2.1.2.8 through 3.2.1.2.9.3. 

The Government res~rves the right to identifY additional tests based on the results of the 
Extended Baseline Task test results. 

The Contractor shall clean and return the ISS UMS to its original condition after the flight. 

The Contractor shall provide a report summarizing the methods, test setups, and results used in 
developing the constants. The detailed TPS sheets shall be included as attachments to the report. 
The Contractor shall deliver all test data and test files electronically. 

1.2 DO Option 2 - Modifications Required for ISS Use - COMPLETED 

The Shuttle OTO unit will need to be modified to accommodate the Russian Waste Collector 
System (ACY&K) and the ISS Waste & Hygiene Compartment (WHC). The ISS Program 
Office (ISSPO) is currently negotiating the ACY&K contract with the Russians. The goal is to 
minimize UMS operating time to less than 4 minutes, while maintaining science requirements. If 
the science requirements need to be reduced to meet this goal, the Contractor shall provide a 
rational and an estimated reduced requirement. 

1.2.A) Provided Government Furnished Equipment, Materials, and Services 

The Government shall provide the items listed in GFE table with the following exceptions. The 
Government shall not provide any prior work that previous contractor or supplier has explicitly 
identified as proprietary. Process specifications or detail drawings not available shall be 
developed by the Contractor as necessary to perform the work. The Government does not 
anticipate that the proprietary motor or separator design information is required for this work. 
For purpose of Contractor estimating, the government would provide the following. 

Pseudo-urine test solutions not to exceed 40 liters. 

Analysis of cross-contamination sample syringes. 

Software modifications to the SAM and AM. 

Limited ACY&K interface and performance documentation defining the interfaces of the WHC 
and Russian ACY&K is available. An informational overview will be provided by NASA within 
one week of exercise of this option The following general impacts to the ISS UMS Shuttle OTO 
design are known and shall be used by the Contractor for responding to the DO 

1.2.B) General ISS UMS Design Modification Requirements 

1.2.B.i) The nominal operating time of the ISS UMS will need to be minimized. The Contractor 
shall estimate the impact of conducting additional testing or hardware modifications to reduce 
the time required to sample pressures, reduce the time to drain and vacuum the separator bowl 
and plumbing, and the time to flush the bowl 

1.2.B.ii)The use of periodic upstream urine pretreatment chemicals per EIS (JSC39326 section 
3.3.1.2) will need to be modified. The Contractor shall estimate the impact of conducting 
additional testing or hardware modifications to either make the ISS UMS compatible with 
Russian ACY &K pretreatment chemicals or verifY that flush water alone is sufficient for 
maintaining sustained ISS UMS on-orbit operations. The Russian ACY&K pretreatment 
chemical solution is comprised of: 36.5% H2S04, 54.5% H2O, and 9% crOJ. The pretreated urine 
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pH is between 1.3 and 2.0. If Russian pre-treat is used, double containment must be implemented 
in the ISS UMS hardware 

1.2.B.iii)The Contractor shall estimate the impact of conducting additional testing or hardware 
modifications to reduce the air pressure drop through the ISS UMS. 

1.2.B.iv)The Contractor shall estimate the impact of hardware modifications to allow for: (1) 
direct connection to the Russian ACY&K urinal funnel via an adapter; (2) direct connection to 
the WHC electrical and flush water connectors, and (3) replacement offixed handles with 
standard ISS detachable handles. 

1.2.B.v)The Contractor shall estimate the impact of conducting additional testing to determine 
the cycle life of the sample port assembly for sustained ISS UMS on-orbit operations. 

1.2.B.vi)The Contractor shall estimate and indicate which software functions would require 
modification by indicating modifications to JSC 39875 appendixes A and B. 

1.2.B.vii)The Contractor shall provide a report summarizing the cost/duration/assumptions of 
impacts of each modification, any additional unidentified modifications, Contractor resources 
available/suitable for work, and a work plan with a preliminary schedule. The Contractor shall 
provide a cost break out of the additional cost required to implement any AM and SAM 
software-electrical changes (rather than them being supplied as GFE). 

1.3 DO Extended Baseline - Modifications Required for ACY &KlWHC Integration & Flight 
Certification 

The Shuttle DTO unit will need to be modified and certified to accommodate the Russian Waste 
Collector System (ACY&K) and the ISS Waste & Hygiene Compartment (WHC). The Critical 
Item Development Specification for the International Space Station (ISS) Waste and Hygiene 
Compartment (WHC) calls out ISS UMS interfaces. An Interface Control Document (lCD) or 
equivalent shall be developed for interfacing with the WHC. An ICD or equivalent shall be 
developed for interfacing with the ACY &K. Consider the following modifications for both the 
flight ISS UMS and the engineering ISS UMS: ISS UMS plumbing replacement, software 
modifications, vacuum drain time, required flush water, sparator bowl upgrades, laptop to 
hardware cabling. The operating time ofUMS shall be reduced to less than 4 minutes, while 
maintaining science requirements. If the science requirements need to be reduced to meet this 
goal, the Contractor shall provide a rational and an estimated reduced requirement. 

The Contractor will be required to perform a delta System Requirements Review (SRR), Systems 
Design Review (SDR), and a Systems Acceptance Review (SAR) on the ISS UMS with 
modifications for ACY &K and WHC. 

1.3.A) Provided Government Furnished Equipment, Materials, and Services 
The Government shall provide the items listed in GFE table with the following exceptions. The 
Government shall not provide any prior work that previous contractor or supplier has explicitly 
identified as proprietary. Process specifications or detail drawings not available shall be 
developed by the Contractor as necessary to perform the work. The Government does not 
anticipate that the proprietary motor or separator design information is required for this work. In 
addition to the identified GFE, the government shall provide the following: (1) Pseudo-urine test 
solutions not to exceed 100 liters, (2) Analysis of cross-contamination sample syringes, (3) GFE 
certified laptop, (4) All external MM labels, (5) Tool calibration by the JSC calibration service, 
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(6) WHC interface drawings, (7) ACY performance characteristics. and (8) Baseline 
software code. 

If the Government does not snpply the GFE/GSE hardware within A TP plus 3 months the 
Contractor is not responsible for the integration ofthose components. 

t.3.C) Specific ISS UMS Design Modification Requirements 

t.3.C.i)The nominal operating time of the ISS UMS will need to be minimized. The 
Contractor shall conduct hardware modifications and additional testing to reduce the time 
required to sample pressures, reduce the time to drain and vacuum the separator bowl and 
plumbing, and the time to flush the bowl. 

t.3.C.ii)The use of periodic upstream urine pretreatment chemicals per EIS (JSC39326 
section 3.3.t.2) will need to be modified. The Contractor shall conduct additional testing or 
hardware modifications to either make the ISS UMS compatible with Russian ACY &K 
pretreatment chemicals or verify that flush water alone is sumcient for inaintaining 
sustained ISS UMS on-orbit operations. The Russian ACY &K pretreatment cbemical 
solution is comprised of: 36.5% IbS04,54.50/0 lbO, and 9% CrOl. The pretreated urine pH 
is between 1.3 and 2.0. If Russian pre-treat is used, double containment must be 
implemented in the ISS UMS hardware 

t.3.C.iii) The Contractor shall provide software modifications as summarized in the Option 
2 deliverable summary report, as well as any additional software modifications required 
for tbe functional performance of ISS UMS. 

t.3.C.iv)The Contractor shall provide hardware modifications to allow for: (t) direct 
connection to the WHC electrical, flush water, and urine connections, (2) replacement of 
fixed handles with standard ISS detachable bandies, 

t.3.C.v) The Contractor shall provide software compatible with a GFE provided laptop. 

, t.3.C.vi) The Contractor shall provide a means of soft attachment for the ISS UMS to 
attach to the WHC. 

1.3.C.vii)The Contractor shall conduct additional testing to determine the cycle life of the 
sample port assembly for sustained ISS UMS on-orbit operations. 

1.3.C.viii) The Contractor shall conduct additional testing to determine the life time of the 
ISSUMS. 

t.3.D.) ISS UMS Integration Drawings/Documents 

The Contractor shall update the following integration drawings. Drawings shall be in ProE 
format. Drawing changes shall be documented and release in the JSC Engineering Drawing 
Control Center (EDCC). Drawings will be updated or developed to reflect new ISS UMS 
configuration, including GFE laptop and integration to WOC and ACY &K. 

SJC33113507 

SDG33113466 

SLG33113459 

ISS UMS (Top AM+MM+hoses and electrical cables) 

ISS UMS Decals 

ISS UMS AM-MM Interface Control Drawing 
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SLD33113460 

SEG33113461 

SEG33114396 

SJD33113508 

Updated Drawing List 

ISS UMS to Shuttle Interface Control Drawing 

ISS UMS Urinal Hose 

ISS UMS Flush Water Hose Assembly 

ISS UMS Shuttle Mission Kit 

TO BE REMOVED FROM DO & INCLUDED IN RFO LETTER: 

UNIQUE CHARACTERISTICS: N/A 
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DeliyerableslProdug.: 

r;"l ~1 < 

" , '.' 
.r!2, 

'Prod .. d &est,. ... ' Qt1 'he :It' \ ."c 

Hardware 

MockUp None -N/A- -N/A-

Prototype None -N/A- -N/A-

Baseline: ISS UMS Top Assembly 
(pIN SJC33113507) tested as 9 Feb. 

Flight specified in "task description" section. I 2007 
(includes one of each of the (note I) 
following spares) 

Baseline: Spare Sample Port 
1 9 Feb. 

Assembly HSMS 1740-01 2007 

Baseline: Spare ISS UMS Primary 
I 9 Feb. 

Urinal Hose SEG33113461-301 2007 

Baseline: Spare ISS UMS Effluent 1 9 Feb. 
Urinal Hose SEG33113461-302 2007 

Baseline: Spare ISS UMS Bypass 
1 9 Feb. 

Urinal Hose SEG331 13461-303 2007 

Baseline: Spare ISS UMS Flush 
9 Feb. Water Hose Assembly: 1 2007 

SEG33 1 14396-601 

Option I: ISS UMS Top Assembly 22 Sept 
(pIN SJC33 1 13507) refurbished after 1 2006 
DC9 flight. (note I) 

Option 2: None -N/A- -N/A-

Extended Baseline: ISS UMS Top 
15 June Assembly (PIN SJC33113507) flight 1 2009 certified 

Enended Baseline: Spare Sample 1 15 June 
Port Assembly HSMS 1740-01 2009 
Extended Baseline: Spare ISS UMS 15 June Primary Urinal Hose 1 

2009 SEG33113461-301 

Extended Baseline: Spare ISS UMS 
15 June Emuent Urinal Hose SEG3311346I- 1 2009 302 
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Extended Baseline: Spare ISS UMS 15 June 
Bypass Urinal Hose SEG311346I- I 

2009 
303 

Extended Baseline: Spare ISS UMS 
15 June 

Flush Water Hose Assembly 1 
2009 

SEG33114396-601 

None -N/A- -N/A-

None -N/A- -N/A-
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Baseline: Report of all pressure, 
electrical, and functional tests 
perfonned during assembly ofMM, 

1 9 Feb. -N/A-Sample Port Assembly, and 2007 
Accessories (1.0.B and 1.0.C). 

Baseline: Detailed report of all 
calibration methods, test setups, and 9 Feb. results in development of constants to I -N/A-

Test achieve system performance 2007 

requirements. (l.O.E and 1.0.F) 

Option I: Detailed report of all 
assembly modifications, calibration 
methods, test setups, and results in I 22 Sept -N/A-development of constants to achieve 2006 
system performance requirements. 
(l1.Band 1.1.C) . 

Extended Baseline: Revision to ISS 15 June UMS End Item Specification (JSC 1 
39326) 2009 

Extended Baseline: Interface 
Control Document or equivalent. 2 15 June 
ISSUMS to WHC and ISSUMS to 2009 
ACY&K 

Extended Baseline: Signed 15 June Government Certification I 2009 Acceptance Request (GCAR) 

Extended Baseline: SRR data I 15 June 
package per EA-WI-023 2009 

Extended Baseline: SDR data I 15 June 
package per EA-WI-023 2009 

Extended Baseline: SAR data I 15 June 
package per EA-WI-023 2009 

Extended Baseline: Acceptance 15 June Data Package (ADP) per EA-WI- 1 2009 023 

Extended Baseline: Certification 15 June Data Package (COP) per EA-WI- 1 
Data Pack 023 2009 

Extended Baseline: Modified ISS 15 June UMS software compatible with a I I 
Software GFE laptop. 2009 
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Baseline: All drawings requiring 
modification or completion as outlined 
in 1.0.A through 1.0.0). Drawings in 
Pro-E electronic fonnat ready for 9 Feb 
uploading into EDCC and in Adobe 1 2007 
pdf fonnat. Updated electronic 
drawing list in Microsoft Excel 
format. Residual hardware 
recommendation report. 

Option 1: All drawings requiring 
modification or completion as outlined 
in 1.1 A through 1.1.C) Drawings in 
Pro-E electronic fonnat ready for I 22 Sept 
uploading into EDCC and in Adobe 2006 
pdf fonnat. Updated electronic 
drawing list in Microsoft Excel 
fonnat. 

Other Products 

Option 2: Cost and schedule ROM 
report broken out by drawing, 
assembly, calibration, life testing, and I 

16 Mar. 
materials procurement to enable the 2007 
ISS to be compatible with the Russian 
ACY&K (1.2.A through 1.2.B.vil). 

Option 2: Initial draft oftechnica1 I 
16 Feb. 

impacts 2007 

Extended Baseline: All drawings 
released into EDCC. Drawings in 
Pro-E electronic format and in 15 June Adobe'pdf format. Updated 1 2009 electronic drawing list in Microsoft 
Excel format. Residual hardware 
recommendation report. 

-N/A-

-N/A-

-N/A-

N/A 

N/A 

Note 1: H option 1 executed, then delivery milestone is renlaced with option 1 flight 
hardware delivery milestone. 
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CREW, ROBOts AND VEHICLE EQUIPMENT (dll\llh CONTRACT 
DELIVERY ORDER II: CRAVE-EC3-010 Rev. 6 

SCHEDULE 

Start Date: 28 February 2008 Finish Date: 15 June 2009 

INttRIM MILESTONeS DUE DATES 

See attached schedule (Attachment EC3-010-D) See attached schedule (Attachment EC3-010-D) 

Delivery of all remaining ISS UMS flight and 
non-Right GFE 

Milestones, along with SUbjective measurements, are to be used for measuring performance. For 
schedule detail see Microsoft Project me located on the CRAVE web site for this DO listed under 
the Government Cost Estimate below. 

Goyernment Estimate Located in REO FUe in Microsoft Project File On CRAVE Web Site 
The 'ale is titled: nnn.mpp 

Total Government Estimate for this 00 Bueline: $163.000 
Option 1: $ 111.000 (See Task Description for Option 1) 
Option 2: $ 26.000 (See Task Description for Option 2) 
DO EItended Baseline: 1,167,000 __ _ 

TOTAL COST ESTIMATE FOR THIS DO: ~ 

FEE: ~ (If Applicable) 

OPTION 1: $ N/A (See Attachment 1) 

OPTION 2: $ N/A (See Attachment 2) 

TO BE REMOVED FROM DO & INCLUDED IN RFO LEmR: 

Proposal Evaluation Criteria: 

1. Proposed Technical Concept, including design, understanding. development! hardware production capability and 
schedules; , 

2. CostIPrice: Except when it is detennined not to be in the Government's best interests, the Government will 
evaluate price of proposals, by adding the total price, including options. Evaluation of options will not obligate the 
Government to exercise the options; 

3. Proposed Achievement of Small Business Goals; 

4. Past Performance; and 

5.~: ____________ _ 
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• -CREW, ROBOTICS AND VEIDCLE EQUIPMENT (CRAVE) CONTRACT 
DELIVERY ORDER ##: CRAYE-EC3-010 Rev. 6 

DATA REQUIREMENTS 

AU DRDs contained in the contract are applicable and required unless marked N/A below. 

l NOTES: 1. GREY SCALED ROWS NEED NO ADDITIONAL/REQUIRED FILL-INS. 
A. ON ALL OTHER ROWS, IF NECESSARY, FILL IN ADDITIONAL 

I RQMTSIDELIVERIES IN LAST COLUMN • 
c~'IV 

;i,:Ji.Tt\' 
" , . . " ': ._~l'¥~> ,_=r ' " ", ~ ~ 'j~. ,";- '~, ,p " " bU;1frL&' 

~ ,., ,.: ~ , 

D~',.· 
" 

.~~ , 
" : , 

"'" ;,,,,,~ 
, 

" .;; , 
, , 

.' ' '\ " '. " ',:' ' . " 'tAr' ~, , --;"" :'}~:<' ' '.1 .; , ) '/ ' , '. .', < , _ f, )'f,' "> ' " ::< ' ,~'I) , J 'i'i.- 'o, 

1 Written FlightGFE Configuration With Proposal ~nce 
Attachment 

Approval Management Plan J-8 

.. "-<OJ), Regular Status Report! Swnmary Thirty (30) days 
2 

Submittal Review following contract 1M0nthly y 
start 

Written Project Technical ReqUIrements Extended Baseline: 
3 Per DO schedule !<>nce with ReviSions Y !Revisions to JSC-Approval Specification 

39326 

4 
ory GFE Systems Requirements Data Specified in DO Ionce with Revisions Y -N/A-Submittal Package 

5 Written lFIight GFE Projects Requirements Specified in DO !once with ReviSions Y -N/A-Approval ~ Verification Document 

6 
;Mandatory !preliminary DeSign Review Data Specified in DO [once with Revisions N -N/A-Submittal Package 
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" ;~' ""TA 
'1 'mE 

~;s,;,'<Y)" ~?~.~~, 

7 Written 
Approval 

Written 8 
Approval 

CREW, ROaM AND VEHICLE EQUIPMENT (oUll) CONTRACT ' 
DELIVERY ORDER #: CRAYE-EC3-010 Rev. 6 

UQUIIlEO 
ORDTrrLE DUE FREQUENCY FORDO? 

YIN 

iFIight GFE Workmansbip 
Specified in DO puce WIth Revisions Y Specifications List 

pnce wlRe~islOns 

!Project Schedule 
(due wlDO proposal. 

SpecIfied ID DO updates & details Y 
~ro~ided as DO 
~rogresses ) 

Page 21 of29 

ADOrn;, [REQtJIltJ:', . 
, ' ,.,,' <> ~ , • 

BueIine: list of 
Contractor 
specifications used 
(follOwing govt 
approval) as 
alternatives to those 
listed on GPE 
~rovided drawings. 
Option 1: List of 
Contractor 
specifications used 
(following govt 
approval) as 
alternatives to those 
listed on OPE 
provided drawings. 
Option 2: none. 
Extended Baseline: 
List of Contractor 
specifications used 
(following geM 
approval) .. 
aIternatives to 
tbose listed on 
GF'E provided 
drawings. 

BueIine: Detailed 
schedule shall 
include required 
dates for OPE test 
solutions and any 
INASA facilities. 
Option 1: Detailed 
schedule shall 
include required 
dates for GFE test 
solutions and any 
NASA facilities. 
Option 2: none 
Extended Baseline: 
DetaDed acbedule 
sball inelude 
required dates for 
GF'E test lOiutions 
and any NASA 
~acllities. 



~ ~;~:; 
" 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

PATA 
TUI 

Written 

., 
CREW, ROBOTICS AND VEmCLE EQUIPMENT (CRAVE) CONTRACT 

DELIVERY ORDER #: CRAYE-EC3-010 Rev. 6 

REQUIRED 
DRDTlTLl DUE FREQUENCY )tORD01 

YIN 

Flight OFE Interface Control Specified in DO Once With Revisions Y 
Approval ' Document 

Written OFE End Item Specification Specified in DO Oncc with ReviSions Y 
Approval 

[Mandatory Flight OPE Failure Analysis Report [on demand ~s Required Y 
Submittal 

Written Flight OPE Verification and As Specified in [once with RevisIOns Y 
Approval Validation Plan EA .. ()23 

Written OFE Software Requirements As specified in Once With Revisions Y Approval Specification EA~23 

Written OFE Software Development Plan Specified in DO Once with Revisions Y Approval 

Written OFE Software DeSign Document Specified in DO As ReqUired Y Approval 

Written Engineering Drawings Specified in DO pnce With Revisions Y Approval 

Written 
IEEE Parts Lists and AnalYSIS Report Specified In DO As Requlfed Y Appro"al 

Mandatory System DeSign Revle\\ Data 
Specified in DO Once ,,,lIh ReviSions Y Submittal Package 

Page 22 of29 

ADDl'tiC>W. 
REQ~Mtptrs 

I">, " 

Baseline: Updated 
drawings as 
specified in 00. 
Option 1: None 
Option 2: None 
Extended Baseline: 
Updated drawings 
as speeified in DO. 

-N/A- , 

-N/A-

-N/A-

-N/A-

-N/A-

-N/A-

Baseline: Revisions 
o existing drawings 

as specified in task 
description section. 
Option 1: DC9 
instalJation 
drawings and test 
modifications to 
Class I hardware 
only. 
Option 2: none. 
Extended Baseline: 
RevisioDJ to 
existing drawings 
as specified in tuk 
description section. 

-N/A-

-N/A-



~r DATA 
TYPE 

rth~-, ' 

Mandatory 
19 Submittal 

20 
Written 
Approval 

21 Written 
Approval 

22 lMandatory 
Submittal 

23 Written 
Approval 

24 Written 
Approval 

25 Mandatory 
Submittal 

26 MandatoI)' 
Submittal 

27 lMandatory 
Submittal 

MandatoI)' 28 Submittal 

29 Wnlten 
Approval 

30 
Written 
Appro\al 

CREW, RO~~S AND WIllCL! EQUIPMENT (CRAVE) CONTRACT 
DELIVERY ORDER #: eRA VE-EC3-010 Rev. 6 

REQUIRED 
DRDTITLE DUE FREQUENCY FORDO? 

YIN 

~ngineering Dmwing Change 
!Proposal 

As needed As Required Y 

GFE Qualification Test Procedure Specified m DO puce with Revisions Y 

Flight Product User's Guide Specified in DO pace With Revisions Y 

Software Code Specified in DO As ReqUired Y 

(30) days after DO AttaeluneDt 
J-4 Infonnation Technology (IT) ~ward, and as JPG 2810.1 Dae 30 day. Security Program Plan and Reports specified in JPG 

after DO 2810 I 
award 

Certification Plan Specified in DO Once With ReviSions Y 

Certification Report Specified In DO Once \\-tth ReVISions Y 

~ngmeenng AnalYSIS Specified in DO As ReqUIred Y 

Acceptance Data Package SpecIfied m DO OneTime Y 

After a\\-ard of I" 
Export Control Audit Results ~O, yearl~ on Yearly Y 

Sept )0 thereafter 

Qnahty Plan With Proposal Once with Re\ 1510n5 Attaehment 
J-ll 

Patent Rigbts-Retentlon As RcqUlred As ReqUIred Y 
(11 Applkable) 
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ADDmON~ 
REQUIltI!~~ 

Bue6ne: As 
needed. 
Option I: As 
needed. 
Option 2: None 
Extended BueIiDe: 
As needed. 

N/A but see DRD 
26. 

-N/A-

-N/A-

-N/A-

BueUne: Includes 
analysis and 
procedures required 
for constants 
Option I: Includes 
analysis and 
procedures for DC9 
preparations and 
flight. 
Option 2: Includes 
analysis basis for 
J>roposed changes. 

-N/A-



II 
CREW. ROBOTICS ANl> VEHICLE EQUIPMENT (CRAVE) CONTRACT 

DELIVERY ORDER #: CRA VE-EC3-010 Rev. 6 

31 .... n~ ••• 

32 

34 ............ 

DRDTITtl DVE FREQUENCY 

Payload Safety Data " .. ''''~ in 00 As Required 

.;mitPd Ufe Systems Ust 

ISp~C:. Station GFE Failure Modes 
land Effects Analysis and Cntical 
IItems List 

IS,peci,tfled in 00 lAs Required 

lAs Early in rPI'O(:esSIIAs Required 
~s possible. 

ISpc:cifi,ed in 00 lAs ReqUired 

y 

y 

N 

I., .4. • ... Quality Assurance Plan 
In 

~ pays Prior to 

n •• 
!once With Revisions (If Ap~bIe) 

36 ;: .... "'. ISS HII7.ard Report IS"pec'i.fied in 00 As Required 

37 !!pon IFRl 'eh!ibililty and Maintainability Plan With Proposal OneTinie 

38 :nll"" ;:V'~'''''(GCAR) 
Approval 

39 ;:"Uo;;;U Risk A, Execultve 
, Report (RAESR) 

40 Iwnneu,. "VV'~'" Reportmg and Corrective 
'~ . .-r IA,.hnn (PRACA) 

41 ~pon INonconfO!n1 .. lIlUIu",~(;~C Record 
, 

, 

inDO As ReqUired 

ISpcx:ifi,::d in DO lAs ReqUired 

12 business days of 
• L Isolation 

~ut no later than 10 lAs ReqUired 
fdaYs after 

ISpcX:lfi,ed III DO As ReqUired 
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y 

y 

y 

y 

y 

Updates 
~,-'..... LLSL 

I~~: 1: None 
::2: None 

I-N/A-

I-N/A-

-N/A-

-N/A-

-N/A-

NA!:A. to spearhead 
1>];1 Af"'A 

_, d, 

... ;, obe 
lsupportoed-' per DRD-
1 L Contractor 
Imust give wriuen 
Inotici to NASA on 
lanyPRACA 
,~ .... ,::_~_ items 
I~r JSC 2803S. 
INA!ilA will be 

Ir:=~~~: for le._, and 
within 

ithe pllArA 

y 
IOption 1: Y 
I;;.r~. 2: None 



• 

It L' DATA 
l;, TYPE 

42 

43 I;: 0"<;;11_, 
orr ,.~ 

44 

45 :""''' .... 
46 ~pon 

47 I;: IUICI, 

'a' 

48 

.. .... 
49 

50 

51 

52 i:nnen" 
'"' 

53 IC', .1 

!Wrmcn 
54 11 

'yy '01 

I Type 1= 

CREW, ROBOTICS AND VEmCLE EQUIPMENT (CRAVE) CONTRACT 
DELIVERY ORDER II: CRAVE-EQ-010 Rev. 6 

REQUIRED 
DUntLE DUE FIlEQUl.NCY FUR DO? 

YIN 

In .. onetime Industry Data Exchange 
and NASA Advisory ~hen discrepancy Once With Revisions Y -!': 

'~v.~". Data occurs 

c, and 
., (EEE) Parts n. ," 'in DO Puce with Revisions Y 

". Plan 

'-"" Data Package 'inDO poce With Revisions Y 

~~" and Acceptance At CDR poce with Revisions Y 
"~'tu .. ,, ... ~ ... o Document 

..... e~ VU-J and Fringe Benefit ~(30)days 
after'issuance of poce N Data 
FachDO 

IGFE Acceptance Test Procedure . inDO OneTime N 

~I~t GF~Report & ... inDO Once with ReVisions Y 

ISp~~,Shuttle GFE Failure Modes 
land Effects Analysis (FMEA) and 1« mDO As RcqUired N 

Items List 

.. ~-. ,~~ - - -
iNA"A 

•• !. I~ of 
0, Y 

:Gv" .. mu~ ... Property Management With Proposal Once With ReVISions Attachment 
Plan J-7 

:';) .",,'" Safety Plan With Proposal One Tune Attachment 
J-1O 

W Ilh ProposalJ g:x~ ItoB-
iR.OOllllit .... Plan Template D, as WE contracts in y "', ;;::.:~:.::: with the 

T sow aod the DRO 

Type 2 = Type 3 = I Upon 
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.. ' :;, ' ';;':' 

.. 
" ,"" ? 
Y 

:r 1: Y 
.r 

2: Y ... 
Y. NASA DO 

to be 
point of contact for 
,~ .. ~" and 

of 
w .. U!A. 

• 
w 

Thi. 
aBpart., 

il'" test 
or 

'.';;..iv 

-N/A-

-N/ .. 

-N/A-

-N/A-

I-N/A-

I-N/A-

I-N/A-

-

I 



• 
CREW, RO~& AND VEIDCLE EQUIPMENT (~VE) CONTRACT 

DELIVERY ORDER II: CRA VE-ECJ..OIO Rev. 6 

GOVERNMENT FUBNJSft1!jD PROPERTY 

The CRA VKcontracts do not anticipate the Government providing any property or test 
facilities unless requested by the contractor in their response to a request for bid. 

In some rare cases (such as sustaining engineering task) it is know ahead of time that 
government property wUl be provided to the contractor. In those cases the following list 
rdled out to allow the proper control of government property: 

B. List of Property the Contractor Sball Replace with modified or upgraded versions: 

Item [ 
Useof ~ . 

Quantity Acquisition Cost Property Datet~O ~ Fturnl:hed to 
Location e on rac or 

r- ---- - ~----.- r-~- -. ----._. -~ - - ----.~--- --.--- .... -.- - - - - - - .. ----1--- . ~.- --.-------_.- - ------
Oass I, ISS 
UMSMM 

(PIN 
HSMSI700-

01) 

I 5150,000 IS-days after DO award 

:='f!r---'---I-::.- = ~=':':~"ard--
r-·· .--~ ... ~ - - r-- --.. ~-- ---. -~- - -.----.- - ._-.- - .-.- - Services --.---. --- --- ---.--- ----. ---

Class I, (HSMS), 2100 
Interface Space Park 

Cable Assy., I 51,500 Drive, Suite IS-days after DO award 
W Cable, 100, Houston, 

SEG33114393- TX 77058 
301 

--- "---~------" - ----------------- ---- -- ----- -- --- -._-
ISSUMS See 

flight and non- attachment 
flight EC3-010-A 51,500,000 

components (344 line 
and supplies items) r--·- ---.-----.- >- •• -.-.------.--- •• -- .-.- - .------ •• - •• 

Various ISS 
UMSt1ight 

and non-flight 
hardware 

See 
I attachment 
EC3-010-B 

(30 line 
items) 

520,000 

-_. --.-_ .. _-_._----_ .. _- -

IS-days after DO award 
(Items to be incorporated 

in to higher level 
assemblies by Contractor) 

. .... ----. --- -r·--------------- ---- -.---
Hamilton 

Sundstrand 
Management 

S . IS-days after DO award ervlces • 
(HSMS) 2100! (Ite~s to b~ IDcorporated 

S P' k 10 to higher level pace ar . 
D · S·t I assemblies by Contractor) nve, UI e 

100, Houston, \ 
TX77058 
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~ 
CREW, ROBOTICS AND VElIICLE EQUIPMENT (CRAVE) CONTRACT 

DELIVERY ORDER II: CRA VE·EC3·010 Rev. 6 

[ r r 
(Insert a description of the item(s), quantity, acquisition cost, and date the property will be 
filmished to the Contractor] - List of Property will be added as requirements are jurther 
identified and the determination to provide property is determined to be in the best interest of the 
Government. 

C. List of Property the Contractor will return in tbe same configuration: 

I Useof 
Item Quantity Acquisition Cost Property 

Date to be Furnished to 
tbe Contractor 

Location 
~-------- ------------ ------------ ---_.- --------------

Oass ID ISS 
UMS 

Engineering 
unit and test 

hardware (see 
attachment 
EC3-010-C) 

See 
attacbment 
EC3-01O-C 

(11 line 
items) 

$166,679. 

Hamilton 
Sundstrand 

Management 
Services 

(HSMS), 2200 IS-days after DO award 
Space Park 
Drive, Suite 

100, Houston, 
TX77058 -- --.. --- ------- --r--------- ------r .. ·- --- ------ -- ----r----------r-----------.. ----------

-~~_--_~--_~ _~~- -::_J:~--- ~~ _~~:r_-_~~-~~ __ .. ~~:~~--____ : .. ~I [_:~-__ ~:-~:::- ___ -_: __ :_-~:~:~-~_:~: 

ISSUMSMM 
DrawingE­

Package 
Compad 

Disks (Pro-E 
format) 

--- --- -.. -.. ---- .. r 

8 compact 
disks 

Hamilton 
Sundstrand 

Management 
Services 

$800 (HSMS), 2200 IS-days after DO award 
Space Park 
Drive, Suite 

100, Houston, 
TX77058 r------------- -----------1---- -----.. ------r-------------- --- ---- -----

[Insert a description of the item(s), quantity, acquisition cost, and date the property will be 
furnished to the Contractor] - List of Property will be added as requirements are further 
identified and the determination to provide property is determined to be in the best interest of the 
Government. 
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• 
CREW, ROBOh& AND VEHICLE EQtJIPM£NT (CRA h) C~NTRACT 

DELIVERY ORDER II: CRA VE-EC3-010 Rev. 6 

GOVERNMENT FURNISHED PROPERTY 
(Continued) 

C. List or Property the Contrador Shall Rephtee if Damaged or 10lt during the coune of 
theetlort: 

(Insert a description of the item(s), quantity, acquisition cost, and date the property will be 
furnished to the ContractorJ- List of Property will be added as requirements are further 
identified and the determination to provide property is determined to be in the best interest of the 
Govemment. 

15- List of Property the Government Will Replace if Damaged or lost during the coune 
of 

the etTort: 

Item Quantity Acquisition Cost 
Use of Date to be Furnished to 

Property the Contractor 
Location r -- ---------------1----- --- -- - --- r-- ----- ---- -- -----r----------------r-------"----- ----------------- --

----- aas~-:i:--- -- ------- ------ - ------ --- ------- -r---- --------,------- -:-------- ------- -----------
Interface 

C JSC, Building 
able AsIY.. I $2.500 44 Bond IS-days after DO award 
W Cable. 

I
SEG33114393-

301 

r--~;~1:--

I
SEG33113467. 

301 
- -- --- -~~--- --- -

Class I, 
Laptop 

SEG33115360-
lOX (or 

alternate) 

I 

1 

$20,000 

$10,000 

Room, 
2101 NASA -- H:::t':~h r -- - -- -- - --- ---- ----- --

77058 lIS-days after DO award 
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• 
CREW, RoJlI!.s AND VEHICLE EQUIPMENT (CRAVE) CONTRACT 

DELIVERY ORDER II: CRAVE-EO-OlO Rev. 6 

r---' -----.-.--[-- -----·T------------- ---- --- l~o;:;:n, r------ ---- ----- -.--- -------
--------- ------- ---~--- - ------------, ---- ----- ------ --------

Class DI, 
Laptop 

SEG33115360-
lOX (or 

alternate) 

1 $6,000 

Hamilton 
Sundstrand 

Management 
Services 

(HSMS), 2200 45 days after DO award 
Space Park 
Drive, Suite 

100, Houston, 
TX77058 

.------'---------------. 

[Insert a description of the item(s). quantity. acquisition cost. and date the property will he 
furnished to the Contractor J -List of Property will be added as requirements are further 
identified and the determination to provide property is determined to be in the best interest of the 
Government. 
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National Aeronautics and Space Administration 
ttORDER FOR SUPPLIES OR SE;I.~ES Page .L of 2 

Lyndon B Johnson Space Center 
Houston, TX 77058 

1. Order No. 2. Date of Order NOTE: MARK ALL PACKAGES AND PAPERS WITH ORDER NO. NNJ05HB39B, DOlORS Certified for NallOnal Defense under DPAS (15 CFR 700) DO C9 
3. Issuing Office: 4. Ship To: Transportation Officer, Building 421 NASA Johnson Space Center, 2101 NASA Parkway 

NASA Johnson Space Center Houston, TX 77058·3696 
Houston, TX 77058·3696 Org./Buyer: BH2/Mary Thomas 
Mark For: Accountable Property Tel. No.: 281·483·8828 Fax: 281·244·0995 Order No.: NNJ05HB39B, DOlOR5 

E-mail: mar~.f thomas@nasa.gov 

5 Contractor: 6. Deliver On or Before. 
Hamilton Sundstrand Management ServIces See Statement of Work Attn' Kenneth Ridley, Mall Stop lA·2-W59 
1 HamIlton Road 
Windsor Locks, CT 06086 

F.O.B. Point: Destmatlon 

Discount Terms: Net 30 days. 

7. Billing Address: 
NASA Johnson Space Center Phone: 860-654-4034 x --- Fax: 860-654.3318 Attn: LF231/Accounts Payable Group 
Houston, TX 77058·3696 TIN: 06-1165866 Cage Code: 71120 Order No.: NNJ05HB39B, DOIOR5 

8. Type of Order: 

[&J PURCHASE: o DELIVERY: Except for the Terms and Conditions of Purchase Order Please furnish the following In accordance with the listed on the follOWing page, this delivery order IS conditions speCified on thiS order. Reference: subject to Instructions contained on this form and Is CRAVE DOlORS Issued suhlAt"'t tn thA tArm~ :mrl ("nnrlltlnn~ nf .... nntrAt"'t 
number' 

9. W rilten acceptance of thiS order by contractor 10. Name: Robert Kolb 
Dis, ~ is not required. 

7&rJ Sign below If reqUired and return to contracting officer. 
Name: (Person authOrized to sign) /-ltJ- 07 

Contracting Officer Date Signature: Date: 

11. Schedule ITEM 
DESCRIPTION QUANTITY UNIT UNIT AMOUNT QUANTITY NO ORDERED PRICE ACCEPTED ***THIS IS NOT AN OBLIGATING DOCUMENT*** , 

ISS URINE MONITORING SYSTEM SHUTTLE DTO 
UNIT ASSEMBLY COMPLETION 

ReVISIOn 5 to CRA VB DO 10 is issued to revise the 
SOW, revise the delIvery dates, and increase the delivery 
order value. 

The baseline DO value IS increased by- 1:J..f~'" _:- whIch 
no fee is given for tilt! 1::>4 ' The baselIne 
value IS revIsed from- btf~,~J'r 

contmuea on page 2 

12. For JSC Internal Use Only. 13. Total 
Requistlon No.: N/A DCOMP DPART PPC $396,069 
Reissue To: BC/Joe Gensler, x30025 

14. Quanltties In "Quantity Accepted" Column Have Been: o INSPECTED D ACCEPTED D RECEIVED 
BY 

TO CONFORM TO THE CONTRACT, AuthOrized U.S Government Representative Date ACCEPTANCE WILL BE AT JSC UNLESS OTHERWISE NOTED 
JSC Form 1429 (Rev November 10,2004) (Informed January 2000) 



I Order No. 
NNJ05HB39B, DOlOR5 

~ORDER FOR SUPPLIES OR SE~ES 
(Continuation Sheet) 

ITEM 
NO DESCRIPTION 

Option 2 value is increased by $357.00 from $32,472 to 
$32,829. The new cumulatIve delIvery order value 
mcluding Option 2 IS $396,069 

Changes to the SOW have been vertically bar-marked and 
underlined in the attached replacement SOW. 

QUANTITY 
ORDERED UNIT UNIT 

PRICE 

RECAP OF BASE DO VALUE: ht 
PRIOR VALUE CURRENT VALUE 

Cost 

Fee 

Total $ 260,525 + 102,715 = $363,240 

RECAP OF OPTION 2 VALUE 

PRIOR VALUE CURRENT VALUE 

Cost 
hf 

Fee 

Total $32,472 + 357 = $32,829 

JSC Form 1429 (Rev November 10, 2004) (Informed January 2000) 

Page g,of 2 

AMOUNT QUANTITY 
ACCEPTED 



( 
NaIIoIIaI Aeronautics and Space Adminlstrallon 
Lyndon B. Johnson Space Center ORDER FOR SUPPLIES OR SERVICES Page 10f 1 HouaIDn, TX 77068 
1. Order No. 2. Date of Order 

NOTE~ MARK AlL PACKAGES AND PAPERS WITH ORDER NO. KNJ\l5H839B, D01OR4 See Block 10 Below 
Certified for National Defense under DPAS (15 CFR 700) DO-C9 3. Issuing Office: 4. Ship To: 

NASA Johnson Space Center, 2101 Nasa Parkway Transportation Officer, Building 421 
Houston, TX 77058-3696 NASA Johnson Space Center 
Org./Buyer: 8H21Mary Thomas Houston, TX 77058-3696 

Mark For: Accountable Properly 
Tel No.: 281-483-8828 Fax: 281-244-0995 Order No.: NNJ!!5HB39B, DOl0R4 E-mail: m.pv "MV 

5. Contractor: 6. Deliver On or Before: Q;;IQJII[ 

F.O.B. Point Destination Hamilton Sundstrand Management Services 
2200 Space Park Drive, Suite 100 Discount Tenns: Net 30 Days. Houston, TX nOS8 

7. BILLING ADDRESS: 
Phone: 281-336-6334 x Fax: NASA Johnson Space Center 

Attn: LF231/Accounts Payable Group 
Houston, TX 77058-3696 TIN: 06-1165866 CAGE CODE: 71120 Order No.: NNJ05HB39B, D010R4 

8. Type of Order. 
0 PURCHASE: Please furnish the follO~ in 0 DELIVERY: Except for the Tenns and Conditions of Purohase accordance with the conditions spec on this order. Order listed on the following paga, this delivery order is SUbject to Reference:_ instructions contained on this fonn and is issued subject to he tenns and conditions of contract number: __ 

9. Written acceptance of this order by contractor lD 1 is, lD ) is not 10. Name: Robert Kolb required. Sign below if required and return to contracting officer. 
Name: __ (Person authorized to sign) 

~a Signature: Date:_ Signature: Date: !/:JIUp 
CONTRACTING OFFICER 

11. Schedule 
ITEM 

DESCRIPTION QUANTITY 
UNIT UNrr 

AMOUNT QUANTITY NO. 
ORDERED PRICE ACCEPTED THIS IS NOT AN OBLIGATING DOCUMENT 

ReVision 4 to CRAVE 0010, ISS Urine Moniloring System Shuttle DTO 1<1 Unit, Is Issued to extend the perfDrmanece period for the baseHne from 9J3Q106 to 10/27/06 at no additional coat to the Government. The Delivery Order value remalne unchanged. 

THIS IS A CPFF DELIVERY ORDER. FUNDING IS AT THE CONTRACT LEVEL. 
12. For JSC Internal Use Only: 

13. Total Requisition No.: l!I!A /81 COMPo 0 PART. PPC: __ 
$ NTE $1,909,928.55 RissueTo: EC/Joe G!!!sler, x30025 

14. Quantities in "Quantity Accepted" Column Have Been 
0 INSPECTED o ACCEPTED 0 RECEIVED 
TO CONFORM TO THE CONTRACT. 
ACCEPTANCE WILL BE AT JSC UNLESS BY: OTHERWISE NOTED. 

Authorized U.S. Government Representative Date .ISC Fonn 1429 (Rev November 10, 2004) (MS Word Augus11995) 



I j ~. NationIt AIHIInIIutto. and SpaGe Admlnllll'lltlon -LrncIon 8. John- Sp_ CenIM ORDER FOR SUPPLIES OR SERVICES Page 10f 1 Houlton, TX 710A 
1. Ord.rNo. 2. Oat. of Order NOTE: MARK ALL PACKAGES AND PAPERS WITH ORDER NO. OQ..CRAVE-EC3-010, R.v. 2 SM Block 10 Below 

Certified for National Defen .. under DPAS (15 CFR 700) OO-C9 3. Issuing Office: 4. Ship To: 
NASA Johnson Space Center, 2101 Nasa Parkway Transportatlon Otncer, Building 421 
Houston, TX 77058-3696 NASA Johnson Space Center 
Org.lBuyer: BH2IM'~ Thoma Houston, TX 77058-3898 

Mark For. Accountable Property 
Tel No.: 281-483-8828 Fax: 281-244-0995 Order No.: Ilg~RAVE-~~:gHl Bm! 2 E-mail: .... ru" , ftnu 

5. Contractor: 
6. Deliver On or Before: ~ 

F.O.B. Point: Dutfnatlon Hamilton Sundstrand Management Services 
2200 Space Park Drive, Suite 100 
HOUlton, TX 77058 Discount Terms: Net 30 Oays. 

7. BILLING ADDRESS: 
Phon.: 281-338-6334 x FIX: NASA Johnson Space Center 

Attn: LF231/Accounts Payable Group 
Houston, TX 77058-3698 TIN: 08-11858118 CAGE CODE: 71120 Order No.: DO-CRAVE-EC3-010, Rev. 2 

8. Type of Order: 
0 PURCHASE: Please furnish the following In 0 DELIVERY: Except for the Terms and Conditions of Purchase accordance with the conditions specified on this order. Order listed on the followtn~ page, this delivery order Is SUbject to Reference:_ Instructfons contained on th s form and Is Issued subject to he terms and conditions of contract number. _ 

9. Written acceptance ofthls order by contractor [0 ) Is, [0 ) Is not 

10. Nom.~ .. ':" ~;~ r I 
required. Sign below If required and return to contractfng otncer. 
Name: _ (Person authorized to sign) t\~.~~ !:.,.~-0,~ Pk 
Signeture: Dete:_ 

11. Schedule \ ITeM 
DESCRIPTION QUANTITY 

UNIT UNIT V AMOUNT 
QUANTITY NO. 

ORDERED PRICE ACCEPTED ISS URINE MONITORING SYSTEM SHUmE DTO UNIT ASSEMBLY COMPLETION 

Revlllon 2 to DO-CRA VE-EC3-01 0 1.1Ieu1el to correct In Idmlnt.trIUVI 
\ error by deleting Revillon 1 to DO-CRA VE-EC3-010 In III entirety. The $100,000 funding applilel on Rlvlefon 1 ha been deob/Igatlel and reapplilel to the contract through Modlftcatlon 18. 

12. For JSC Internal Use Only: 
13. Total Requisition No.: ~ ~ COMPo o PART. PPC: -RlssueTo: I;Ql~QI ~IDIiII[, lQQOa:i $ 

14. Quantities In 'Quantity Accepted' Column Have Bun o INSPECTED 0 ACCEPTED 0 RECEIVED 
TO CONFORM TO THE CONTRACT. 
ACCEPTANCE WILL BE AT JSC UNLESS BY: OTHERWISE NOTED. 

Authorlzlel U.S. Governmlnt Repr_ntltlve Dste , 
JSC Form 1428 (Rev November 10, 2004) (MS Word Augulll996) 



4 
,.. 

I 
NaIlonaI Aenlnautlce and Space Admlnlalnltfon ~ 

LyMan 8. Joh_ Sp_ Center ORDER FOR SUPPLIES OR SERVICES Page lot 1 
HDuIIon, TX 770451 

1. Order No. 2. Date of Order NOTE: MARK ALL PACKAGES AND PAPERS WITH ORDER NO. 
DO-cRAVE·EC3-010, Rev. 1 Sn Block 10 B.low 

Certilled for National Defense under DPAS (15 CFR 700) OO-C9 
3. Issuing Offlce: 4. Ship To: 

NASA Johnson Space Center, 2101 Nasa Parkway Transportation Offlcer, Building 421 
Houston, TX 77058-3898 NASA Johnson Space Canter 
Org.lBuyer: BH2IM,rv Thorn. Houston, TX 77058-3898 

Mark For. Accountable Property 

Tet No.: 281::483:_ Fax: 281.244=0ii6 Order No.: QQ:QRAVE·EC3-0lll B~ I 
E-mail: __ .. f· "'"u 

6. Contractor: 8. Detlver On or Before: ilIIIll:I 

Hamilton Sundstrand Management Services 
F.O.B. Point: pestinatlon 

2200 Space Park Drive, Suite 100 Discount Terms: Nat 30 Days. 
Houston, TX 77058 

7. BILLING ADDRESS: 

Phone: 281-338-8334 x Fax: NASA Johnson Space Center 
Attn: LF231/Accounts Payable Group 
Houston, TX 77058-3898 

TIN: 08-1166888 CAGE CODE: 71120 Order No.: DQ.CRAVE-EC3-010, Rev. 1 

8. Type of Order: 
0 PURCHASE: Please furnish the followi;p In 0 DELIVERY: Except for the Terms and Conditions of Purchase 

accordance with the conditions speelll on this order. Order listed on the foIlowtnft page, this delivery order Is SUbject to 
Referenca:_ instructions contained on tti s form and II lasued subject to he 

terml and conditions of contract number. _ 

9. Written acceptance of this order by contractor [0 ] Is, [1iI]11 not 10. Name: . ~ RiIAIL Jr. 
required. Sign below if required and ratum to contracting offlcer. 

~ \~.~ , Name: _ (Peraon authorized to sign) Is;:i ~.-I!t .\(1 ~ /'p.,.n)-;e, 1-W Signature: Date:_ 
.•. ,. CONTRACTING ~ FFIWF I ~ I~ 

11. Schedule -~ 
ITEM 

OESCRIPTION 
QUANTITY 

UNIT UNIT '- , AMOUNT QUANTITY 
NO OROERED PRICE ACCEPTED 

ISS URINE MONITORING SYSTEM SHUTTLE DTO UNIT ASSEMBLY 
COMPLETION 

The purpo .. or RlVlIIon ,_ to DO-CRAVE·EC3-010 Ie to , Yf 
funding tor Colt froJn 

W 
In Incre_lItl '1II'Id 

.ndlner._ I ' •• n Incre_ of 
'. 

12. For JSC Internal Use Only: 13. Total 
Requisition No.: 4200180731 181 COMPo o PART. PPC:_ 

RI8IueTo: !;!a~gl salDI11!. ~Q!!2§ 
$ NTE 360,525 

14. Quantities In 'Quantity Accepted' Column Have Been 
0 INSPECTED o ACCEPTED 0 RECEIVED 
TO CONFORM TO THE CONTRACT. 
ACCEPTANCE WILL BE AT JSC UNLESS BY: 
OTHERWISE NOTED. 

Authorized U.S Government Repr .. entltlve Date 
JSC Fonn 1428 (Rev November 10. 2004) (MIl Word AIIIIU8Il9M) 



, 
It Natlonat Aeronautics and Space Administration 

I ORDER FOR SUPPLIES OR SERVICES 
Lyndon B Johnson Space Center 

Page 10f 1 Houston, TX 77058 
(DO Attached) 1 Order No, 2 Date of Order NOTE: MARK ALL PACKAGES AND PAPERS WITH ORDER NO, DO-CRAVE-EB2-007 SEE BLOCK 10 

Certified for National Defense under DPAS (15 CFR 700) DO-e9 3 ISSUIng Office 4 Ship To: 
NASA Johnson Space Center, 2101 Nasa Parkway Transportation Officer, Building 421 
Houston, TX 77058-3696 NASA Johnson Space Center 
Org IBuyer' BH2/Mlke Ballard Houston, TX 77058-3696 

Mark For: Accountable Property 
Tel No 281-244-§350 Fax -- Order No, DO-CRAVE-EB2-007 
E-mail michael d ballard!alnasa aov 
5. Contractor. 
The University of Alabama at BlrmlnghamCenter for 

6 Deliver On or Before SEE BLOCK 11 
Biophysical Sciences and EnglneeringCBSE 100, 1530 3rd FOB. POint Birmingham. Alabama Avenue SouthBirmingham, Alabama 35294-4400 

Discount Terms' Net 30 Days. 

7 BILLING ADDRESS: 
Phone (205) 975-2718 x Fax' (205) 975-1709 NASA Johnson Space Center 

Attn' LF231/Accounts Payable Group 
Houston, TX 77058-3696 

TIN' 63-6005396 CAGE CODE ODV74 Order No. DO-CRAVE-EB2-007 

8. Type of Order. 

0 PURCHASE' Please furnish the following In 0 DELIVERY: Except for the Terms and Conditions of Purchase accordance with the condillons specified on thiS order. Order listed on the following page, thiS delivery order IS subject to Reference: __ instructions contained on this form and is Issued subject to the terms and conditIons of contract number' ~~J05HB42B 

9. Written acceptance of thIS order by contractor [18:1] IS, [0] is not 10. Name: N L Dawn Alexander reqUired SIgn below If reqUired and return to contracllng officer 
Name' Richard Marchase. Ph.D. (Person authorized to sign) 

0tfflj~~ate: ~f/;/c~ Signature~~.~h'"' ~ ~Pate' ft..~ Iff-oS"' Signature' 
CO TRACTING OFFICER 

11 Schedule 
ITEM 

DESCRIPTION QUANTITY UNIT UNIT AMOUNT QUANTITY NO ORDERED PRICE ACCEPTED The Contractor shall perform and deliver to all reqUirements for 
DO-CRA VE-EB2-007 W if-( h'-{ 
The Period of Performance for thiS DO IS 8/29/2005 - 10/31/2005 (excluding any options) 

12 For JSC Internal Use Only . 
13 Total Requislllon No -- 0 COMP 0 PART PPC --

Rlssue To $ 8,908 --
14 QuantIties In "Quantity Accepted" Column Have Been 

0 INSPECTED o ACCEPTED 0 RECEIVED 
TO CONFORM TO THE CONTRACT 
ACCEPTANCE WILL BE AT JSC UNLESS BY OTHERWISE NOTED 

AuthOrized U S Government RepresentatIVe Date JSC Form 1429 (Rev November 10,2004) (MS Word August 1995) 



'.) ~ Na\\Ol\al Aeronaullcs and Space AdmlOlSlrallon 
ORDER FOR SUPPLIES OR ~RVICES Lyndon B Johnson Space Center I Page 10f 1 Houslon, TX 77058 

(DO Attached) 1, Order No, 2, Date of Order NOTE: MARK ALL PACKAGES AND PAPERS WITH ORDER NO, DO-CRAVE-EC3-010 See Block 10 
Certified for National Defense under DPAS (15 CFR 700) DO-C9 3, Issuing Office, 4. Ship To: 

NASA Johnson Space Center, 2101 Nasa Parkway Transportation Officer, BUIlding 421 
Houston, TX 77058-3696 NASA Johnson Space Center 
Org.lBuyer: BH4/Mlchaei Ballard Houston, TX 77058-3696 

Mark For' Accountable Property 
Tel No,: 281-~44-5350 Fax: -- Order No .. DO-CRAVE-EC3-010 E-mail: michael d ballard@misa_qov 
5 Contractor: 
Hamilton Sundstrand Management Services 

6 Deliver On or Before, See sow 
2200 Space Park Drive F.O B Point Destination Houston, TX 77058 

Discount Terms. Net 30 Days, 

7, BILLING ADDRESS: 
Phone: 281-336-6334 x Fax: NASA Johnson Space Center 

Attn: LF231/Accounts Payable Group 
Houston, TX 77058-3696 TIN' 06-1165866 CAGE CODE: 71120 Order No,: DO-CRAVE-EC3-10 

8, Type of Order: 
0 PURCHASE: Please furnish the following in ~ DELIVERY: Except for the Terms and Conditions of Purchase accordance with the conditions specified on this order, Order listed on the follOWing page, this delivery order is subject to Reference' __ instructions contained on this form and is issued su~ect to the terms and conditions of contract number: NNJ05HB 9B 
9, Written acceptance of this order by contractor [181] Is, [0 ] is not 10. Name: J R, Carpentier reqUlred.\ign be.!slw-JL[equired and return to contracting officer 

Name, LI.. ~ ;.2\\ ,,.,s (Person authorized to sign) 

Signature: ~ Signfur~ ~ 11> )-~[2...{ .,) Date' '3-~ -01.. Date: 'f,-II ,-o~ i./ CON OFFICER I 
11, Schedule 

ITEM 
DESCRIPTION QUANTITY UNIT UNIT AMOUNT QUANTITY NO 

ORDERED PRICE ACCEPTED The Contractor shall perform and deliver to all reqUirements for: 
DO-CRAVE-EC3-10: Urine Mon~o"ng System (UMS) 

SOW is attached 

Value, i-

tJf 
-
Total $260,525 

12. For JSC Internal Use Only: 
13, Total -Requisition No: .!':YA 0 COMP 0 PART. PPC: __ 

RissueTo: Joe Gensler/EQ $ 260,525 
14. Quantities in "Quanlity Accepted" Column Have Been 

0 INSPECTED o ACCEPTED 0 RECEIVED 
TO CONFORM TO THE CONTRACT, 
ACCEPTANCE WILL BE AT JSC UNLESS BY: OTHERWISE NOTED, 

Authollzed U,S Government Representative Date JSC Form 1429 (Rev November 10, 2004) (MS Word Augusl 1995) 



National Aeronaulocs and Spaoe Admln,strallon 
I 

Lyndon B Johnson Space Cenler 1 ORDER FOR SUPPLIES OR SERVICES Page 10f 1 
Houston, TX 77058 

1. OrderNo 2 Date of Order NOTE: MARK ALL PACKAGES AND PAPERS WITH ORDER NO 
NNJ05HB39B,D03R8 See Block 10 Below 

Certified for National Defense under DPAS (15 CFR 700) DO-C9 
3 Issuing Office 4 Ship To 

NASA Johnson Space Center, 2101 Nasa Parkway Transportatton Officer, Building 421 
Houston, TX 77058-3696 NASA Johnson Space Center 
Org IBuyer' 4BH2IMary Thomas Houston, TX 77058-3696 

Mark For: Accountable Property 

Tel No: 2!!1-483-!!!!2!! Fax 281-2~09i§ Order No Mf;iJQ:it\B39B, DQ3R8 
E-mail. mSNJ ' nnu 

5 Contractor: 6. DelIVer On or Before: 05!05105 - 12121109 

FOB Point. Destination 
Hamilton Sundstrand Space Systems 
Attn: Angela Hilim Discount Terms: Net 30 Days. 
2200 Space Park Dnve, Suite 100 
Houston, TX 77058-3677 7. BILLING ADDRESS 

Phone 281-338-8316 x Fax' 860-998-7029 NASA Johnson Space Center 
Attn: LF231/Accounts Payable Group 
Houston, TX 77058-3696 

TIN' 06-1165886 CAGE CODE' 71120 Order No.: NNJ05HB39B, De3R8 

8. Type of Order: 

0 PURCHASE: Please furnish the followmg In 0 DELIVERY: Except for the Terms and Conditions of Purchase 
accordance with the conditions specified on thiS order. Order listed on the followin~ page, this delivery order is subject to 
Reference -- mstructions contamed on th s form and is ISSUed SUbject to the 

terms and conditions of contract number: _ 

9. Written acceptance ofthis order by contractor [0 J is, [181 J is not 10. Name' Ronald Johnson 
required. Sign below If required and return to contracting officer 

Name' __ (Person authorized to sign) 

Signature:.-tR~.., oJJaJ II. A. . nate . .1JJJsI (>1 Signature: Date' -- CON RACTINq OFFiCER 
11. Schedule v 

ITEM 
DESCRIPTION QUANTITY 

UNIT 
UNIT 

AMOUNT 
QUANTITY 

NO ORDERED PRICE ACCEPTEO 

MULTI-ENVIRONMENT EVAPORATIVE HEAT SINK (MEHS) 

Period of Performance. 05105105 -12121/09 

1 Revision 8 to CRAVE DO 3 Is Issued to correct the DO value An h'f b<f additional $39,840 In cost Is being added to perform the HX Braze 
Study-Phase II work All other terms and conditions of the DO remain 
unchanged. 

RECAP OF DO VALUE' Prior This Cum 
Value Action Value 

COST ht -
FEE-

TOTAL $1,658,885.55 $39,840 $1,698,72555 

12. For JSC Internal Use Only 13. Total 
Requisition No. NiA 181 COMPo 0 PART. PPC - $ NTE $1,698,725.55 
RissueTo: EClRalab MA[als. x39j~ Eor EC/Rlla[! Stellh!!D 

14. Quantities in 'Quantity Accepted" Column Have Been 
0 INSPECTED o ACCEPTED 0 RECEIVED 

TO CONFORM TO THE CONTRACT. 
ACCEPTANCE WILL BE AT JSC UNLESS BY' 
OTHERWISE NOTED 

Authorized U S Government Representative Date 
JSC Form 1429 (Rev November 10, 2004) (MS Word August 1995) 



.,j I 

"" 
National Aaronautlca and Space Administration -" -Lyndon B Johnson Space Canter ORDER FOR SUPPLIES OR SERVICES Page lof 1 Houalon, TX 77068 

1. Order No. 2. Date of Order NOTE: MARK All PACKAGES AND PAPERS WITH ORDER NO. NNJ05HB39B, D03R7 See Block 10 Below 
Certified for National Defense under DPAS (15 CFR 700) DO-C9 3. Issuing Office: 4. Ship To' 

NASA Johnson Space Center, 2101 Nasa Parkway Transportation Officer, Building 421 
Houston, TX 77058-3696 NASA Johnson Space Center 
Org IBuyer: 4BH2IMary Thomas Houston, TX 77058-3696 

Mark For: Accountable Property 
Tel No. 281=483-8828 Fax. ~j-Z~OOa:i Order No .. NNJ05HB39B P03R7 E-mail: mcorv f I .nnv 
5 Contractor' 

6 Deliver On or Before: !l5J05!t)5 -12121/09 

Hamilton Sundstrand Space Systems 
FOB. Point. Destination 

Attn. Angela Hillin Discount Terms. Net 30 Days 2200 Space Park Dnve, Suite 100 
Houston, TX 77058-3677 

7 BILLING ADDRESS: 
Phone' 281-336-6316 x Fax: 860-998-7029 NASA Johnson Space Center 

Attn' lF231/Accounts Payable Group 
Houston, TX 77058-3696 TIN: 06-1165866 CAGE CODE' 71120 Order No .. NNJ05HB39B, D03R7 

8. Type of Order: 
0 PURCHASE: Please furnish the following in 0 DELIVERY Except for the Terms and Conditions of Purchase accordance with the conditions specified on this order. Order listed on the followin~ page, this delivery order is SUbject to Reference: __ instructions contained on th s form and Is Issued subject to he terms and conditions of contract number __ 

9. Written acceptance ofthls order by contractor [0 1 is, [1811 is not 10 Name' Ronald Johnson required Sign below If required and return to contracting officer. 
Name: __ (Person authorized to sign) 

Signature Date: -- Signature' Date: __ 
CONTRACTING OFFICER 

11. Schedule 
\'!EM 

DESCRIPTION QUANTITY 
UNIT UNIT 

AMOUNT QUANTITY NO 
ORDERED PRICE ACCEPTED MULTI-ENVIRONMENT EVAPORATIVE HEAT SINK (MEHS) 

Period of Performance. 05/05105 -12121/09 

1 Revision 7 to CRAVE DO 3 Is Issued to perform the task HX Braze Study, b£{ };cf , Phase" as outlined In the revised SOW dated 912106 The 00 value Is Increased by $320,095 from $1 ,336,790 55 to $1,658,66555. The pertod of performance Is extended to 12121109. 

RECAP OF DO VALUE: Prior This Cum 
Value Action Value COST h-f , 

FEE 

TOTAL $1,338,79055 $320,095 $1,658,885 55 
12. For JSC Internal Use Only: 

13. Total ReqUisition No.. ~ 181 COMP 0 PART PPC -- $ NTE $1 ,656,885 55 RlssueTo: ~CJRaIRb Mar!!ls. x39144 For: EClRllan SteRhan 
14. Quantities in 'Quantity Accepted' Column Have Been 

0 INSPECTED o ACCEPTED 0 RECEIVED 
TO CONFORM TO THE CONTRACT 
ACCEPTANCE WILL BE AT JSC UNLESS BY: OTHERWISE NOTED. 

AuthorIZed U S. Government Representative Date JSC Form 1429 (Rev November 10, 2004) (MS Word August 1995) 



I 

~ 1..,.6 
National Aeronautics and Space Admlnlslrallon ~ -
Lyndon B. Johnson Space Cenler ORDER FOR SUPPLIES OR SERVICES Page! of 1 
Houeton, TX 77058 

1. Order No. 2. Date of Order NOTE: MARK ALL PACKAGES AND PAPERS WITH ORDER NO 
NNJ05HB39B,D03R6 See Block 10 Below 

Certified for National Defense under DPAS (15 CFR 700) DO-C9 
3 I ssuing Office' 4 Ship To' 

NASA Johnson Space Center, 2101 Nasa Parkway Transportation Officer, Buildmg 421 
Houston, TX 77058-3696 NASA Johnson Space Center 
Org.lBuyer 4BH2IMarv Thomas Houston, TX 77058-3696 

Mark For. Accountable Property 

Tel No.: 281-'183-8828 Fax: 281-~0995 Order No .. t:!~J05l:!fl;l!!fl, tlQ3B!! 
E-mail: marY-f.1 IOOV 

5 Contractor 6 DelIVer On or Before. 05I05I05 - 07111108 

F O.B. Point. Destmation 
Hamilton Sundstrand Management Services 
Attn' Angela Hillin Discount Terms: Net 30 Days. 
2200 Space Park Drive, SUite 100 
Houston, TX 77058-3677 7. BILLING ADDRESS: 

Phone: 281-336-6316 x Fax: 860-998-7029 NASA Johnson Space Center 
Attn LF231/Accounts Payable Group 
Houston, TX 77058-3696 

TIN: 06-1165886 CAGE CODE. 71120 Order No . NNJ05HB39B, D03R6 

8. Type of Order: 

0 PURCHASE' Please furnish the following m 0 DELIVERY. Except for the Tenns and ConditiOns of Purchase 
accordance with the conditions specified on thiS order. Order listed on the following page, thiS delivery order IS SUbject to 
Reference: __ instructions contained on thiS fonn and is issued subject to he 

tenns and conditions of contract number __ 

9. Wntten acceptance of this order by contractor [0 ) is, [181 ) is not 10. Name' Ronald Johnson 
required. Sign below if required and return to contracting officer 

Name: __ (Person authorized to sign) 

Signature.-1'n.. nO., ' J A A~A Date: sf.tj oS Signature: Date' - CONTRACTI GOFFICER 
11 Schedule II 

ITEM DESCRIPTION 
QUANTITY 

UNIT 
UNIT 

AMOUNT 
QUANTITY 

NO ORDERED PRICE ACCEPTED 

MULTI-ENVIRONMENT EVAPORATIVE HEAT SINK (MEHS) 

Period of PerfOtTnance: 05/05105 - 07111/08 
Revision 6 to CRAVE DO 3 Is issued 10 extend the period of performance hy to July 11, 2008 at no addftlonal cost to the Government 

CUM DO VALUE RECAP: 

COST }jf FEE -
TOTAL $1,338,79055 

12. For JSC Internal Use Only' 13. Total 
Requisition No. f!!lA 181 COMPo 0 PART PPC. -- $ 1,338,790.55 NTE 
RissueTo' !;C/Joe Gensler, x30025 For' EC/Rlla!] ste(;!han 

14 Quantities In 'Quantity Accepted' Column Have Been 
0 INSPECTED o ACCEPTED 0 RECEIVED 

TO CONFORM TO THE CONTRACT 
ACCEPTANCE WILL BE AT JSC UNLESS BY 
OTHERWISE NOTED 

AuthOrized U S Government Representabve Date 
JSC FaRn 1429 (Rev November 10, 2004) (MS Word Augu8l1995) 



,I 

~ 
National Aeronautlca and Space Admlnlatratllll\ 

r 
ORDER FOR SUPPLIES OR SERVICES Lyndon B. Johnson Sp_ Center Page 10f 1 

HoueIon, TX 77058 

1. Order No. 2. Date of Order NOTE: MARK ALL PACKAGES AND PAPERS WITH ORDER NO. 
NNJ05HB39B, D03R5 See Block 10 Below 

Certified for National Defense under DPAS (15 CFR 700) DO-C9 
3 Issuing Office: 4. Ship To' 

NASA Johnson Space Center, 2101 Nasa Parkway Transportation Officer, Building 421 
Houston, TX 77058-3696 NASA Johnson Space Center 
Org.lBuyer: 48H2/Marv Thomas Houston, TX 77058-3698 

Mark For: Accountable Property 

Tel No: 281-483-8828 Fax: ~l-483-~Z~ Order No . tltMl:!l:IlI~a tlQ~Bli 
E-mail: ... ArV' ,nnv 

5. Contractor: 6. Deliver On or Before: !!fi!!!5J05 - O4I04IOB 

Hamilton Sundstrand Management Services 
FOB Point. Destination 

Attn: Kenneth Ridley-Mall Stop 1A-2-W59 Discount Terms. Net 30 Days 
1 Hamilton Road 
Windsor Locks, CT 06098 7. BILLING ADDRESS: 

Phone:88~544034 x Fax' ~54-331B NASA Johnson Space Center 
Attn: LF231/Accounts Payable Group 
Houston, TX 77058-3698 

TIN: 06-1185888 CAGE COPE 71120 Order No.: NNJ05HB39B, D03R5 

8. Type of Order: -
0 PURCHASE: Please fumlsh the follOWIng in 0 DELIVERY Except for the Terms and Conditions of Purchase 

accordance with the conditions specified on thiS order. Order listed on the following page, this delivery order is sUblect to 
Reference: __ Instructions contained on this form and is issued subject to he 

terms and conditions of contract number: __ 

9. Written acceptance ofthis order by contractor [0 ) is, (181) is not 10 Name: Ronald Johnson 
required. Sign below if required and return to contracting officer. 

Name: __ (Person authorized to sign) ,.~ I 1 
Signature' ~ ~ f1..j~,..t JAIlJl~-""e: Mlo? Signature: Date: -- CONTRACTIN~FFICER 

11. Schedule v 

ITEM 
DESCRIPTION 

QUANTITY 
UNIT 

UNIT 
AMOUNT 

QUANTITY 
NO ORDERED PRICE ACCEPTED 

MULTI-ENVIRONMENT EVAPORATIVE HEAT SINK (MEHS) 

Period of Performance: 05105105 - 04104108 

Revision 510 CRAVE 00 318 Issued 10 revise Ihe SOW, Increaselhe hI.{ - b <-f' . 00 value, and extend tile period of performance. Changee to the 
SOW have been verllcally-bar marked In the attached. 

00 VALUE RECAP' 
PRIOR THIS ACTION CUM VALUE 

COST !?-( !H be..( FEE 
TOTAL $1,149,005.55 $189,785 $1,338,790.55 

PERIOD OF PERFORMANCE' 05105105 - 04104108 

12 For JSC Internal Use Only: ., 13. Total 
Requisition No.: t:J!A 181 COMPo 0 PART PPC:-i- $ 1,338,790.55 NTE 
RissueTo' ~C/~oe Gensler, x3Q025 For: EC/Rllaa §lel!han , 

14. Quantities in 'Quantity Accepted" Column Have Been • 
0 INSPECTED o ACCEPTED 0 RECEIVED 

TO CONFORM TO THE CONTRACT. 
ACCEPTANCE WILL BE AT JSC UNLESS BY 
OTHERWISE NOTED. 

Authorized U S Government Repreeentative Date 
JSC Form 1429 (Rev November 10, 2004) (MS Word AugU811995) 



" J.. 
National Aeronautics and Space Administration ... 

ORDER FOR SUPPLIES OR seRVICES Lyndon B. Johnson Space Cenler Page 10f 1 
Houston, TX 77058 
1. Order No. 2. Date of Order NOTE: MARK ALL PACKAGES AND PAPERS WITH ORDER NO. 
NNJ05HB39B, D03R4 See Block 10 Below 

Certified for National Defense under DPAS (15 CFR 700) DO-C9 
3 Issuing Office' 4 Ship To: 

NASA Johnson Space Center, 2101 Nasa Parkway Transportation Officer, Building 421 
Houston, TX 77058-3696 NASA Johnson Space Center 
Org IBuyer' 4BH2IMarv Thomas Houston, TX 77058-3696 

Mark For. Accountable Property 

Tel No.: 281-483-8828 Fax: 2!!1-483-!l1~ Order No. NNJ05HB39B P03R!l 
E-mail: m .. rv f· "~, 

5. Contractor: 6 Deliver On or Before 5l5I05 to 12131107 

FOB POint: Destination 
Hamilton Sundstrand Management Services 
Attn. Kenneth Ridley-Mall Stop 1A-2-W59 Discount Terms' Net 30 Days. 
1 Hamilton Road 
Windsor Locks, CT 06096 7. BILLING ADDRESS: 
Phone: 86~54-4034 x Fax: 860-654-3318 NASA Johnson Space Center 

Attn: LF231/Accounts Payable Group 
Houston, TX 77058-3696 

TIN: 06-1185868 CAGE CODE: 71120 Order No.' NNJ05HB39B, 003R4 

8. Type of Order: 

0 PURCHASE: Please furnish the following In 0 DELIVERY. Except for the Terms and Conditions of Purchase 
accordance with the conditions specified on this order. Order listed on the following page, this delivery order Is SUbject to 
Reference:_ instructions contained on this form and IS issued subject to he 

terms and conditions of contract number. __ 

9. Written acceptance of this order by contractor [0 ) IS, £l8I)ls not 10. Name: Rob Kolb 
required. Sign below If reqUired and return to contracting officer. 

Name: __ (Person authOrized to sign) 

~'CER Signeture: Date: __ Signature. Date: eo"I!)7 
11. Schedule 

ITEM DESCRIPTION QUANTITY UNIT UNIT AMOUNT QUANTITY 
NO ORDERED PRICE ACCEPTED 

DO-CRAVE-EC-003, MULTI-ENVIRONMENT EVAPORATIVE HEAT 
SINKCMEHS) 

Penod of Performance. 05/05105 - 012131/07 

Revision 4 to CRAVE 003 Is Issued to extend the period of performance be{ 6<-( to 12131/07 at no additional cost to the Government. All other terms and 
conditions remain the same. 

12. ForJSC Internal Use Only: 13. Total 
Requisition No.. ~ 181 COMPo 0 PART. PPC: -- $ 1,149,005.55 NTE 
Rissue To ~C/Joe gensler x30Q25 For: EC/David T. We!lheimer 

14. Quantities in "Quantity Accepted' Column Have Been 
0 INSPECTED o ACCEPTED 0 RECEIVED 

TO CONFORM TO THE CONTRACT 
ACCEPTANCE WILL BE AT JSC UNLESS BY: 
OTHERWISE NOTED. 

Authorized U.S. Government Reprasentatlve Date 
JSC Form 1429 (Rev November 10, 2(04) (MS Word August 1995) 



it ' 4. Natlonal Aeronautlca and Spaca Administration I ' 
J 

ifIdon a. Johnaon Spaca Center ORDER FOR SUPPLIES OR SERVICES Page 10t 
: :Oll8lon, TX 77058 

1. Order No. 2. Date of Order NOTE: MARK ALL PACKAGES AND PAPERS WITH ORDER NO. 
NNJ05HB39B,D03R3 See Block 10 Below 

Certified for National Defense under DPAS (15 CFR 700) DO-C9 
3. Issuing OffIce: 4. Ship To: 

NASA Johnson Space Center, 2101 Nasa Parkway Transportation OffIcer, Budding 421 
Houston, TX 11058-3696 NASA Johnson Space Center 
Org.lBuyer: BH2IMary Thomas Houston, TX 77058-3696 

Mark For. Accountable Property 

Tel No .. 281-483-8828 Fax 2§1-483-~~ Order No .. ~~J!1!iI:lImB, CQ~B~ 
E-mail' mAru" .. , 
5 Contractor. e. Deliver On or Before. 515105 to 7{20107 

FOB Point: Destination 
Hamilton Sundstrand Management Services 
Attn: Kenneth Ridley-Mail Stop 1A-2-W59 Discount Terms. Net 30 Days. 
1 Hamilton Road 
Windsor Locks, CT 06096 7 BILLING ADDRESS' 

Phone:~~4 x Fax: 880-654-3318 NASA Johnson Space Center 
Attn: LF231/Accounts Payable Group 
Houston, TX 77058-3696 

TIN' 08-1185868 CAGE CODE. 71120 Order No .. NNJ05HB39B, D03R3 

8. Type of Order: 

0 PURCHASE: Please furnish the following in 0 DELIVERY: Except for the Terms and Conditions of Purchase 
accordance with the conditions specified on thiS order. Order listed on the follOwing page, this delivery order IS sUblect to 
Reference: __ instructions contained on thiS form and IS Issued subject to he 

terms and conditions of contract number. __ 

9. Written acceptance of this order by contractor [0 ]18, [18I]ls not 10 Name. Ronald Johnson / l I 

required. Sign below If required and retum to contractrng officer. ,~ ~ ;'7 
Name. __ (Person authortzed to sign) 8,_,.,.-f"".111 rJJA<A_ Dola ~~ Signature: Date: -- 'CONTRACTIIIG OFFICER 

11 Schedule • 
ITEM 

DESCRIPTION 
QUANTITY 

UNIT 
UNIT 

AMOUNT 
QUANTITY 

NO . ORDERED PRICE ACCEPTEO 

DO-CRAVE-EC-003, MULTI-ENVIRONMENT EVAPORATIVE HEAT 
SINKIMEHS) 

Period of Performance: 05/05105 - 07/20/07 

Revision 3 to CRAVE 003, Is Issued to the change the SOW to Increase 
the quantity of Energy storage Heat Exchangers from v;/, change the 
dallverables dates, and Increase the DO vellllrbo Tha 
revised SOW Is enclosed. 

1 Energy Storage Heat Exchangers hi-fI I I bc--L I 
2 Phase 1 MEHS change In deSign , 

(continued next page) 

12. For JSC Internal Use Only: " 13. Total 
Requisition No.: ~ 181 COMPo o PART PPC: $ 1,149,005 55 NTE .,-
RissueTo: EC/Joe Gensler, x3Q025 Eor (;iC/David T. W!sth!lme[ 

14. Quantities in "Quantity Accepted" Column Have Been ) 

0 INSPECTED o ACCEPTED 0 RECEIVED 

TO CONFORM TO THE CONTRACT 
ACCEPTANCE WILL BE AT JSC UNLESS BY' 
OTHERWISE NOTED. 

Authorized U.S Government Representative Date 
JSC Form 1429 (ReY NoYember la, 2004) (MS Word Augusll995) 
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HIIIIonaI AemnauIIos and Space Admlnlslrallon 
ORDER FOR SUPPLIES OR SERVICES Page lot 11 ~ Lyndon B. JoIIt111111 Space Center 

..........,., TX 77058 

1. Order No. 2 Date of Order NOTE: MARK ALL PACKAGES AND PAPERS WITH ORDER NO. 
NNJ05HB39B,D03R2 See Block 10 Below 

Certified for National Defense under DPAS (15 CFR 700) DO-C9 

3. Issuing Office: 4. Ship To: 
NASA Johnson Space Center, 2101 Nasa ParkWay Transportation Officer, Building 421 
Houston, TX 77058-3696 NASA Johnson Space Center 
Org /Buyer: BH2IMaJy Thoma Houston, TX 77058-3696 

Mark For. Accountable Property 

Tel No.: 281::483-8828 F8X' ~-483-41~ Order No .. HW!l§I:!B39B DQ~B2 
E-mail: .~,. ,n"" 

5. Contractor: 6. Deliver On or Before: __ 

FOB. Point: Destination 
Hamilton Sundstrand Management SeMces 
Attn: Kennath Ridley-Mail stop 1A-2-W59 Discount Tenns: Nat 30 Days. 
1 Hamilton Road 
Windsor Locks, CT 06096 7 BILLING ADDRESS' 

Phone:~ x F8X' 860-654-3318 NASA Johnson Space Center 
Attn: LF231/Accounts Payable Group 
Houston, TX 77058-3696 

TIN: 08-1165868 CAGE CODE: 71120 Order No . NNJ05HB39B, 003R2 

8. Type of Order: -
0 PURCHASE: Please fumish the following In 0 DELIVERY' Except for the Terms and Conditions of Purchase 

accordance with the conditions specified on this order. Order listed on the following page, this delivery order is su~ect to 
Reference:_ instrucHons contained on this form and IS issued subject to he 

terms and conditions of contract number. __ 

9. Wntten acceptance of this order by contractor (0 } Is. (l21}ls not 10. Nam~ Ronald Johnson 
required. Sign below if required and return to contracting oflicer. 

Name: __ (Person authorized to sign) 

Signature. ~CYM ~j ~j AA~ Date: Wafo. Signature: Date. -- CONTRACTIN OFFICER 
11 Schedule ~ 

ITEM 
DESCRIPTION 

QUANTlTY 
UNIT 

UNIT 
AMOUIIIT QUANTlTY 

NO ORDERED PRICE ACCEPTED 

DO-CRAVE-EC-003, MULTI-ENVIRONMENT EVAPORATIVE HEAT 
SINK (MEHS) 

Period of Performance: 05/05105 - 07/15107 

RevISIon 2 to CRAVE Q03.1s Issued to the change the SOW. Changa b~ b<-f 
have been vertically bar-marked In the atlached replacement SOW 
The Delivery Order value Is Increase a follows: 

PRIOR VALUE THIS ACTION REVISED VALUE 
COST b'I hI.{ .b'1 
FEE 
TOTAL $713,664 $149,665 $863,349 

THIS IS A CPFF DELIVERY ORDER. FUNDING IS AT THE CONTRACT 
LEVEL. 

12. For JSC Internal Use Only: , 13. Total 
ReqUisition No.: NlA 121 COMPo o PART. PPC: $ 863.349 NTE , 
RissueTo: EC/~oe G!!nsler, x30025 For !;C/David T Westhei!!!!i!r , 

14. Quantities in "Quantity Accepted' COlumn Have Been ~ 

0 INSPECTED o ACCEPTED 0 RECEIVED 

TO CONFORM TO THE CONTRACT. 
ACCEPTANCE WILL BE AT JSC UNLESS BY' 
OTHERWISE NOTED. 

Authorized U S. Government Representative Date 
JSC Fonn 1429 (Rev November 10. 2(04) (MS Word AugU811985) 



CREW, ROBOTICS AND ~ IYhCLE EOIDP'ME:NT 
DELIVERY ORDER #: 

Narrative Task Description 

Background I Problem Description: 

Current NASA flight evaporative heat rejection technologies are not flexible enough to remove 
and reject heat throughout the entire mission profile, which includes total pressures and partial 
pressures of components from Earth sea level conditions to the vacuum of space. The goal of 
this delivSi!Y order, from the basic 11eriod through the o11tion 11eriods, is to acgyire a 11roto!Xlle of 
a gmvity insensitive, scalable or modular, eva110rative heat rejection system called a Multi-
Environment E\T8J)orative Heat Sink (MEHS) that can remove up to W of energy from a closed-
loop coolant fluid, and reject the energy through evaporation of another fluid. The system must 
be able to operate in any environmental condition seen throughout the mission cycle in total 
pressures ranging from 0 to 101 kPa and partial pressures of fluids from 0 to expected Earth sea 
level conditions, enabling the MEHS to perform from Earth to orbit and on the moon. The 
prototype delivered should be ready for integrated testing with other thermal systems to be 
considered at Technology Readiness Level (TRL) 6 after that testing. 

Task Descrietion: 

The development of the MEHS unit can be broken down into three periods, which are separated 
into option periods, as shown further in this DO, to continue at each transition point (though in 
the revision some parts will be executed in parallel). 

In Phase I, the basic portion of this DO, the contractor shall develop designs of one or more 
MEHS concepts and one or more MEHS Engineering Development Units (EDUs) to test those 
concepts. The contractor shall select a fluid or fluids to be evaporated in the full spectrum of 
required environments while considering safety and performance. The contractor shall perform 
thermal and fluid analysis to demonstrate performance predictions and demonstrate that a full 
size unit could meet MEHS requirements of 6000 W of heat rejection, gravity insensitive 
performance, and no more than 44 kPa pressure drop (6.5 psid) in the closed-loop heat transfer 
fluid line, assuming 133 kg/hr (293 lblhr) at an inlet temperature of 42°C (108°F). The 
contractor shall deliver drawings or sketches of sufficient detail of the MEHS EDU(s) to 
demonstrate the feasibility of the preferred concepts. The EDUs are not required to be fuJI scale, 
but should represent portions of a scaleable or modular concept that can reject 6000 W at full 
size. The contractor shall develop a strawman test 11lan to show that the critical questions yet 
remaining can be addressed by testing the designs and that the number and design of EDUs 
planned is sufficient. The test plan will also identify any additional hardware such as back 
pressure valves, heaters, and controllers, required to test the EDU designs. The preferred design 
concept(s), including analysis results and drawings shall be delivered and presented to NASA at 
a Conceptual Design Review (CpDR) at the end of the basic (phase I) period of performance of 
this DO. NASA will have the option to continue the contract to Phase IT after this review as 
shown below. 

Page 2 of \'-" 
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CREW, ROBOTICS ~CLE EQUIPMENT.RAVE) CONTRAC1-
DELIVERY ORDER #: 1iI-@ rug 

DeliverablesfProducts: 

Hardware 

MockUp 

Prototype 

Certification 

Flight 

Training 

Other 

Test 

Software 

Other Products MEHS Strawman Test Plan 11125/05 

CpDR Package , 
11125/05 

Page 3 of \ '" 



, . 
CREW, ROBOTICS ~CLE EQUIPMENT_RAVE) CONTRACT 

DELIVERY ORDER#: -.~ 

SCHEDULE - Phase I (Basic Period) 

Start Date: May 2, 2005 Finish Date: November 30. 2005 

Milestones, along with subjective measurements, are to be used for measuring performance. For 
schedule detail see Microsoft Project file located on the CRAVE web site for this DO listed under 
the Government Cost Estimate below. 

TOTAL COST ESTIMATE FOR TIllS DO: I 
FEE: I (If Applicable) 

OPTION 1:" (See Attachment 1) 

OPTION 2:" (See Attachment 2) 

Page 4 of \ '" 
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CREW, ROBOTICS ~CLE EQUlPMENTjRA VE) CONTRACr­

DELIVERY ORDER #: ,.*liiLilllij 
DATA REQUIREMENTS 

AIl DRs contained In the contract are applicable and required unless marked N/A below. 

Page 5 of \r, 
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." 
CREW, ROBOTICS AND lILcLE EQIDPMENT (CRAVE) CONTRAC.f-

DELIVERY ORDER #: Ii .... jlg 

Page 6 of l" 



CREW, ROBOTICS ANJ ~UkCLE EQUIPMENT iRA VE) CONTRAC~ 
DELIVERY ORDER #: MI- !11 

Page 7 of 'W 



CREW, ROBOTICS ~CLE EQUIPMENT ARA VE) CONTRAC.JL 
DELIVERY ORDER #: "-'IilFll'iJij 

Page 8 of '" 



CREW, ROBOTICS ~CLE EQUIPME:~ VE) CONTRAC!l­
DELIVERY ORDER #: _iii!lii't1Cm 

GOVERNMENT FURNISHED PROPERTY 

I None Required 

CHANGES TO DRDs: l1li 

CHANGES TO GOVERNMENT FURNISHED PROPERTY: _ 

Page 9 of ."" 



.' 
CREW, ROBOTICS ACLE E~~I;li;' 

DELIVERY ORDER #: 

ATTACHMENT 1 

The Government may exercise the option described below for the option value listed on the DO 
cover page by written notification to the contractor 15 days before the completion of the Basic 
delivery order requirement. 

OPTION 1 TITLE: Multi-Environment Evaporative Heat Sink (MEHS) - PHASE n 

Background I Problem Description: 

After completion of Phase I, a concept or concepts have been developed for a gravity insensitive, 
scalable or modular, evaporative heat rejection technology. Analysis performed on the concepts 
demonstrated that the design(s) can remove up to 4700 W of energy from a closed loop coolant 
fluid, and reject the energy through evaporation of another fluid. The 4700 W performance is 
based on earlier requirements. Phase I may have demonstrated the 6000 W performance now 
needed, though it was not required at the time, but the change to 6000 W will be required in 
Phase n and Phase m. Analysis showed that the design will operate in any environmental 
conditions seen throughout the mission cycle in total pressures ranging from 0 to 101 kPa and 
partial pressures of fluids from 0 to expected Earth sea level conditions, enabling the MEHS to 
perform from Earth to orbit and on the moon. Simulations, analyses and conceptual designs 
contain assumptions, simplifications, and have an associated uncertainty in the results that 
require that the designs be built and tested for a thorough evaluation of the design. Testing can 
also highlight control, integration, and operation issues that must be considered in the design of a 
higher fidelity prototype. 

Task Description: 

In Phase n, the contractor shall build one or more EDU units SlIfficient to evaluate the designs 
developed in Phase I. The contractor shall complete construction of the EDU(s), and deliver a 
completed test plan at a Test Readiness Review (TRR) for the first milestone of Phase n. This 
TRR can be conducted remotely through teleconference or other methods. In the second activity 
in Phase n, the contractor shall test the EDU(s), demonstrating heat rejection, hot side fluid 
pressure drop, transition between working fluids if mUltiple fluids are selected, materials choices, 
evaporating fluids choiCes, and any other issues identified as critical questions in the Phase I 
review and the test plan. The tests will also be used to correlate and validate the models built in 
Phase I analysis. The contractor shall prepare and deliver a test report presented as part of a 
Design Review Technical Interchange Meeting (TIM) for the prototype to be constructed in 
Phase m. This status will ensure that lessons learned from the EDU testing are incorporated into 
the prototype. To make acceleration of the project feasible, Phase n and Phase ill will be 
conducted concurrently. 

Page 10 of ,c, 
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DeHverableslProducts: 

Hardware 

MockUp 
MEHS EDU(s) not delivered to 0 
NASA 

Prototype 

Certification 

Flight 

Training 

Other 

Testing performed internally by 
Test contractor 0 

Software 

Other Products 11110/06 

1126/07 

1 ---1 ~ 

Page 11 of I r.. 



t-
" I 

.' 
CREW, ROBOTICS AN~~lhcLE ",nnu,l\n,,,,,,, 

DELIVERY ORDER #: 

SCHEDULE 

Start Date: February 7, 2005 Finish Date: Jauuary 26.2007 

Milestones, along with subjective mea$urements, are to be used for measuring 
performance. For schedule detail see-Microsoft-PFoject-file-located on the GRAVE web site­
for this DO listed under the Government Cost Estimate below. 

CHANGES TO DRDs: .. - DRD list already specifies whether review packages apply 
to EDU or prototype. 

CHANGES TO GOVERNMENT FURNISHED PROPERTY: .. 

Page 12 of 'f# 
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CREW, ROBOTICS ~ lUuCLE EQUIPMEaRA VE) CONTRAC-r­
DELIVERY ORDER #. ill- ifM 

ATTACHMENT 2 

The Government may exercise the option described below for the option value listed on the DO 
cover page by written notification to the contractor 30 days before the completion of option 1. 

OPTION 2 TITLE: Multi-Environment Evaporative Heat Slnk (MEHS) - Phase m 

Background I Problem Description: NASA requires a prototype unit of a multi-environment 
evaporative heat sink that can be evaluated in integrated testing with other thermal systems to 
support future missions and vehicle development such as a Crew Exploration Vehicle (CEV) or 
lunar lander. The goal of this delivery order is to acquire a prototype of a gravity insensitive, 
scalable or modular, evaporative heat rejection technology that can remove up to 6000 W of 
energy from a closed loop coolant fluid, and reject the energy through evaporation of another 
fluid. The system must be able to operate in any environmental conditions seen throughout the 
mission cycle in total pressures ranging from 0 to 101 kPa and partial pressures of fluids from 0 
to expected Earth sea level conditions, enabling the MEHS to perform from Earth to orbit and on 
the moon .• It has also been shown that the use of phase change materials to store energy, in 
conjunction with using evaporants may lead to decreased mass for the entIre thermal control 
system. The prototype delivered should be ready for integrated testing with other thermal 
systems to be considered at TRL 6 after that testing. Conceptual designs have been developed 
and evaluated on an EDU scale. However, integration issues, control ISSUes, scaling issues need 
to be addressed and design inIprovements from knowledge gained in EDU testing must be 
integrated into a single prototype that represents the best solution to providing evaporative heat 
rejection in earth and space environments. 

Page 13 of l" 



CREW, ROBOTICS AND tCLE EQ~CRAVE) CONTRACf 
DELIVERY ORDER #" !!!lJii1RiiIi~P 

Task Deseription: 
In Phase ill, the contractor shall design final full-scale MEHS prototype and control system 
based on the lessons learned and insight gained from testing the EDU(s) in Phase II and 
additional analysis to predict full-scale performance. As part of the control system design, the 
contractor will perform analysis and design work on the requirements, design, and performance 
of high fidelity valves that will be required for flight hardware. These valves are not required to 
be installed in the prototype, but design results and analysis should be documented and delivered 
with the prototype. The contractor will work in coordination with NASA to establish interface 
control documents (lCDs) and deliver interface definitions for the MEHS prototype, control 
system requirements, identIfY required supporting hardware, and other issues to allow the 
completed prototype to be included in integrated thermal system testing. The contractor wlll 
present the completed design at a combination Preliminary Design Review/Critical Design 
Review (FDR/CDR). The contractor will construct the MEHS prototype and control system. 
The tmal prototype shall be of a high enough fidelity to be classified as Technology Readiness 
Level 6 after integrated testing is conducted. The contractor shall perform initial checkout 
testing to verify that the prototype meets the basIC requirements, and then deliver the MEHS 
prototype and control system to NASA. 

In addition. a development fidelity energy storage heat exchanger that use a phase change 
material will be fabricated to supplement the cooling provided by the Multi-enviroument 
Evaporative Heat Sink. Each of these heat exchangers shall have a phase change temperature of 
soap ± 5aF. The energy storage heat exchanger can be made up of multiple modules. but have a 
total heat storage capacIty of between 500 and 3500 kJ. Construction methods of this heat 
exchanger shall be similar to those used in the energy storage heat exchangers under 
development for the Orion vehicle. 

Page 14 of l" 



CREW, ROBOTICS JU.limcLE EQUIPME~iRA VE) CONTRAct­
DELIVERY ORDER #: __ r. 

SCHEDULE 

I Start Date: February 7, 2006 Finish Date: .July 15._ ~O.9J _____________ - -i,,-I _De_leted;...;.;.',-,-Ju-,-n.:...eZ_9 ____ J.!J1l 

Milestones, along with subjective measurements, are to be used for measuring 
performance. For schedule detail see Microsoft Project me located on the CRAVE web site 
for this DO listed under the Government Cost Estimate below. 

CHANGES TO DRDs: _ - DRD list already specifies whether review packages apply 
to EDU or prototype 

CHANGES TO GOVERNMENT FURNISHED PROPERTY: _ 

Page 16 of lG, 
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CREW, ROBOTICS ANJ 'lLCLE EQUIPMENT ,~ VE) CONTRAC~ 

DELIVERY ORDER #: '... 1m 

DeliverableslProducts: 



CREW, ROBOTICS AND ~ UbCLE ~QUIPMENT JRA VE) CONTRACT 
DELIVERY ORDER #: MiAiIWl!!IiE1!'rii 

DO TITLE: Multi-Environment Evaporative Heat Sink (MEHS) - Phase I 

DO Type: -X. CPFF FFP 

DO Contact Information in Addition to the CRAVE Contract Specialist or CO: 

TMR: Joe Gensler 

DO Manager: MoUy AndersonlEC 

DO Mgr. Alternate: Name 

Concurrences: 

MoUy Anderson ChinH.Lin 

Phone: (281) 483-0025 

Phone: (281) 483-9149 

Phone: (281) 483-9115 

Joe Gensler 
DO Manager DO Mgr. Management COTR 

David Westheimer Steve Miller Name 
Division TMR S&MA 

Task Contains Flight Hardware, Flight Software or GSE? _YeJj _No 

Program Supported: _Shuttle _ISS _EVA -X.Advanced-lIhe[maI (CEV Candidate}! 
-----
WBS: - 1.0 EVA - 2.0FCE - 3.0EVR - ECLSS - 5.0ATCS - 6.0CHeCS 

For purposes of complying with FAR 52.232-22. Limitation of Funds. the total amount allotted by the 
Government to contract is specified in clause B.6. Contract Funding. The fUnding listed In B.6 is the 
amount allotted for all Delivery Orders on the contract combined 

A II terms and conditions of the contract apply to this Delivery Order. In the event of a corif/ict between 
the contract and this Delivery Order. the contract shall prevail. 

WBS reporting shall be done In accordance with applicable WBS reporting categories. as shown above 
and in the contract Within Section C. Table 1. 

Page 1 of'l. 



IJ' i ) \ National Aeronautics and Space Administration 
ORDER FOR SUPPLIES OR seRVICES 

Lyndon B Johnson Space Center I Page 10f 1 Houston, TX 77058 
(DO Attached) 1. Order No. 2. Date of Order NOTE: MARK ALL PACKAGES AND PAPERS WITH ORDER NO. DO-CRAVE·EC-003 Rev. 1 See Block 10 

Certified for National Defense under DPAS (15 CFR 700) DO·C9 3. Issuing Office: 4. Ship To: 
NASA Johnson Space Center, 2101 Nasa Parkway Transportation Officer, Building 421 
Houston, TX 77058·3696 NASA Johnson Space Center 
Org .IBuyer: BH2/Mlchaei Ballard Houston, TX 77058·3696 

Mark For. Accountable Property 
Tel No.: 2~j·2~·53§Q Fax: -- Order No.: DQ·CB8~E·SC·QQ3 Rev 1 E·mall: mlcl1ael.d baliarda!lnasa.aDv 
5. Contractor: 

6. Deliver On or Before: See SOW Hamilton Sundstrand Management Services 
2200 Space Park Drive F.O.B. Point· Destination Houston, TX 77058 

Discount Terms: Net 30 Days. 

7. BILLING ADDRESS: 
Phone: 281-336-6334 x Fax: NASA Johnson Space Center 

Attn: LF231/Accounts Payable Group 
Houston, TX 77058-3696 TIN: 06·1165866 CAGE CODE: 71120 Order No.: DO·CRAVE·EC·003 Rev 1 

8. Type of Order. 
0 PURCHASE' Please furnish the following in ~ DELIVERY: Except for the Terms and Conditions of Purchase accordance with the conditions specified on this order. Order listed on the following page, this delivery order Is subject to Reference: __ instructions contained on this form and is issued su~~rct to the terms and conditions of contract number: NNJ05HB 9B 

9. Written acceptance of this order by contractor [181 J is, [0 J is not 10. Name: J. R Car!;!eotier required.\ign ~~1~~uired and return to contracting officer. 

~ 
Name: -MnriM . l \\.Ai.../' " (Person authorized to sign) 

Signfe~ ~~' 1)') j ~ t2J_J-d Date' J> -~~ -N- 'Z -/'-1 -0, Signature: ~}"" '()"/ ~ -Date: __ '--/, CON11 B.~G OFFICER 
11. Schedule 

ITEM 
DESCRIPTION QUANTITY UNIT UNIT 

AMOUNT QUANTITY NO ORDERED PRICE ACCEPTED The Contractor shall perfomn and deliver to all requlnsments for: 
DO·CRAVE·EC·003: Multl·Environment Evaporative Heat Sink (MEHS) 
This nspnssents nsvlslon 1 to thiS delivery order the putpose of this reviSion IS to modify the SOW as attached. 

Previous DO value h+ This Revision' 
Total' Total $713,664 

12. For JSC Internal Use Only. 
13. Total Requisition No.: N/A 0 COMPo 0 PART. PPC. --Rissue To: Joe GenslerlEC $ 713,664_ 

14. Quantities in "Quantity Accepted" Column Have Been 
0 INSPECTED o ACCEPTED 0 RECEIVED 
TO CONFORM TO THE CONTRACT. 
ACCEPTANCE WILL BE AT JSC UNLESS BY 
OTHERWISE NOTED. 

AuthOrized U S Government Representative Date JSC Form 1429 (Rev November 10. 2004) (MS Word August 1995) 



and Space 
Lyndon B Johnson Space Center 
Houston. TX 77058 

ORDER FOR SUPPLIES OR SERVICES 
1. 
O()"CRAVE·EC-003 NOTE: MARK ALL PACKAGES AND PAPERS WITH ORDER NO. 

3. Office: 
NASA Johnson Space Center, 2101 Nasa Parkway 
Houston, TX 77058·3696 
Org.lBuyer: BH2IMlchael Ballard 

Hamilton Sundstrant Management Services, Inc. 
2200 Space Park Drive 
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Narrative Task Description 

Background I Problem Description: 

Packaging Definition 

For this study, Portable Life Support Subsystem (PLSS) packaging is defined by the following 
ground rules. 

1. Any item performing a major, useful life support function is a component to be packaged 
and is not packaging. Examples are oxygen bottles, radio, sublimator, battery, sensors, 
and regulators. Components are those things that show up on a PLSS schematic such as 
that shown in Figure 1. 

2. Harnesses, connectors, switches, brackets, wiring, and plumbing are packaging. 
3. Structure is packaging, even in such special cases as the Shuttle valve module housing, 

which is a module that cartridge mounts several components and provides the 
interconnections for them. 

For this study, the PLSS consists of both the primary and the back up life support systems 
necessary to maintain a fail safe design. 

Packaging History 

In the history of human space flight there have been three PLSS packages designed and flown, 
the Apollo PLSS, the Shuttle PLSS and the Russian ORLAN PLSS. The Apollo PLSS was a 
weight constrained design and it led to the package shown in the following PDF scanned from 
the Hamilton Standard Apollo PLSS mini data book. (See Technical Library: 
Apollo ]LSS _ PackaginK-.pdt) 

The Apollo PLSS packaging was a weight constrained design. In the Apollo PLSS package, the 
water tank formed the upright leg and the LiOH cartridge formed the horizontal leg of a "T" 
structure that was the structural backbone ofthe package. As the Apollo program progressed, . 
there was a major change to go from a four hour capable PLSS to an 8 hour capable PLSS. The 
LiOH cartridge could accommodate the longer duration by using the same amount of a more 
efficient LiOH, but the water tank could not hold the additional water needed. Increasing the 
water tank size required the addition of an auxiliary reservoir to the side of the PLSS. 

The Shuttle PLSS was a volume constrained design which led to the packaging shown in the 
following PDF file scanned from the Hamilton Sundstrand, NASA Extravehicular Mobility Unit 
(EMU) LSS I SSA Data Book. (See Technical Library: Shuttle]LSS]ackaging_.pdt) 

This design was done with the thought that changes in duration requirements as experienced in 
Apollo should be easy to accommodate. Consequently, the package was laid out so that the time 
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dependent items were separate from the time independent items. The package also had the 

requirement that it be maintainable on the ground between flights. This led to the valve module 

with its cartridge mounted components. The need for flexibility has also been experienced in the 

Shuttle program. To accommodate use on the ISS, the PLSS C02 absorption system was 

changed to be a regenerable system (METOX) and the battery was upgraded for additional wet 

shelf life. Both of these components were on the outside of the package; and therefore, could 

grow in one dimension to allow those changes at the expense of changing the front to back 

allowable dimension. In addition, in-flight maintainability has been added by the addition of 

captive fasteners to the ground maintainable components. But again, in the Shuttle package, the 

water tank forms the backbone of the structure and a major change in thermal control system 

would require the package design be significantly redesigned or abandoned for a new design. 

Prior Studies 

Two key studies' concerning the impact of packaging on system weight have shown that PLSS 

packaging weighs from 50% (Orlan-DMA backpack and unit) to 130% (Shuttle PLSS and SOP) 

as much as the components packaged. The Apollo PLSS packaging weighed 70% of the 

components packaged. Here the PLSS is taken to be both the primary and emergency portable 

life support systems. In a Pareto diagram (Figure 2), packaging is the leading contributor to 

system weight. This fact led NASA to address packaging as a technology that needed 

development for the specific purpose of reducing its weight. 

A key consideration in the design of a packaging arrangement is how the system will be 

maintained. A Prior study2 by Landis, Simonds and Stinson provides guidance concerning 

maintainability. 

An in-house design studl was accomplished by NASA in the 1998 time frame to seek ways to 

reduce the weight ofPLSS packaging, and at the same time, develop a packaging scheme that 

would make PLSS technology changes less costly than the current packaging methods. 

Experience over time shows that the exact technology change needed cannot easily be predicted. 

Consequently, there is a need to avoid packaging methods that embed a particular schematic, 

such as the Apollo and Shuttle embed the water based thermal control technology by making the 

water tank the structural backbone. If light weight is a consideration though, it is difficult not to 

use the structure of one or more of the components as the package structure. For this reason a 

major effort in the in-house design study was to be creative in how packaging for a PLSS is 

I Packaging Factors for Portable Life Support Subsystems Based on Apollo and Shuttle Systems, Gretchen A. 

Thomas, 23rd ICES, Colorado Springs, Colorado, July, 1993, 932182 and Space Suit Life Support System Packagmg 

Factors, I.P. Abramov, R. K. Sharipov, A.I. Skoog, and Nikolaus Herber, 24th ICES, Friedrichshafen, Germany, 

June, 1994,941380 
2 "In-Flight Maintainability for an Advanced Extravehicular MobIlity Unit: Key to System Availability." Phillip A. 

Landis, Charles H. Simonds, Richard G. Stinson, 24th ICES, 1994, 941554. 

3 The design methods and results used in that study are documented in "PLSS Packaging Design." Michael Rouen, 

ICES 1999-01-1994. The Mock-up design and development are documented in "Advanced SpacesUIt Portable LIfe 

Support System Packaging Concept Mock-Up DeSIgn & Development," Mary K O'Connel1, Howard G. Slade, 

Richard G. Stenson, ICES 1999-01-1995 
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accomplished. A functional decomposition was accomplished to define just what a PLSS 
packaging design is required to do. Overall PLSS packaging must: 

Protect, Connect and Hold the PLSS and its components together internally 
and externally while providing access to PLSS components internally for 
maintenance and for technology change without extensive redesign impact. 

This is both a concise statement of PLSS packaging functionality and a statement of a key 
requirement to allow low cost schematic flexibility. During the study, 15 concepts were 
generated, and using two rounds ofthe Decision-matrix4 method, the most promising concepts 
were reduced to three. No further progress could be made using the Decision-matrix method to 
discriminate between the remaining three concepts, so it was decided to build mock-ups of each 
concept (Figure 3). This was done and followed by another round ofthe Decision-matrix 
method based on the experience gained from building the mockups. From this effort, the final 
concept was decided to be a combination of the mother-board and foam concepts. This 
combination of the mother-board and foam concepts is called the Flex PLSS and is the starting 
point for this study. 

PLSS Interfaces 

From a packaging stand point, the PLSS primary interface is with the rest of the suit system. The 
PLSS will be mounted to the back of the suit or distributed on the suit in some other fashion, and 
the suit is planned to be a back entry suit, making the hatch of the suit the PLSS front wall. 
There is no constraint on the hatch structure other than those associated with making the 
connection interfaces (latch dog arrangement and shape), so the hatch web could be hard or soft 
as works out best for PLSS packaging. The PLSS package must be able to allow rotation of the 
hatch without the PLSS hitting the suit system in such a manner that a sufficient opening to the 
hatch area is not available. The hatch must rotate at least 90 degrees and larger rotations are 
potentially desirable. The PLSS must not interfere with suit arm mobility, so there are surfaces 
on each side of the suit that are suit design dependent forming an exclusion zone as illustrated in 
the figure below of the "Angel Wings" on the Mark III Suit Frame. 

"Angel Wings" on the Mark III Suit Frame 

4 See Ullman, D. G.: The Mechamcal DeSign Process, McGraw Hill, 1992, chapter 8 
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The PLSS packaging concept must also support interfaces for PLSS and suit system controls. 

Consequently, intrusions into the exclusion zone will purposely be made to allow gloved hand 

actuation of controls. 

The second most significant interfaces the PLSS must accommodate, along with the rest of the 

space suit system, are interfaces with mounting provisions on airlock walls, rover seats, and 

vehicle storage areas. These loads are significant and it is not apparent that the proper load path 

is through the PLSS. The proper load path is probably through one or more of the rings 

illustrated in gray in the above figure with the leading candidates being the ring at the hatch latch 

dog area and the waist area ring. In each case, the PLSS packaging technique must 

accommodate lead-ins and guides that allow a crew person in the suit to insert the PLSS into the 

attachment mechanism and have the PLSS guide the suit system to the proper place for final 

attachment. 

New Technology Applicable to the Design of Advanced space suit and Flex PLSS 

Packaging 

Considerable new technology has become available to aid the design of the intended advanced 

space suit and Flex PLSS concept. 

Solid modeling software enables the design of the flexible supports by allowing the subtraction 

of part models from the flexible support model so the complicated shape of the flexible support 

needed to hold a part can now be easily generated. The desired tool of this type for use on this 

study is Pro E. 

Packaging design using foam as an energy absorber is a handbooks process when packaging for 

shipping is concerned. But even in this well developed field, new insights and techniques 

coming from better understanding of cellular solids are available. Specifically, the methods of 

design using the energy absorption diagram contained in Cellular solids Structure and 

properties, Second edition, Lorna J. Gibson and Michael F. Ashby, Cambridge University Press, 

need to be investigated. 

Also of interest to the analysis of a packaging arrangement are finite elements modeling tools. 

Both the general tools available through Pro E, and specially designed tools need to be 

investigated. Specialty tools of interest come from the automobile industry, which has made 

progress in the analysis of low speed impact situations, which is the class of problems that PLSS 

packaging design is a part of. These tools may not only aid the design process, but may shorten 

the testing needed to recertify a packaging design after a new technology has been inserted. 

S See for example: Package CushIoning DeSIgn, MIL-HDBK-304C, 1 June 1997. Theory and Practice a/CushIOn 

DeSIgn, SVM-2, by Gordon S. Mustin, 1968, The Shock and Vibration Information Center United States 

Department of Defense. Fundamentals 0/ Packagmg Dynamics, RIchard K Brandenburg, Ph.D., and Julian June­

Lmg, Ph.D., School of Packaging Michigan State University, 5th Edition, 1993, L.A.B 
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New Challenges Applicable to the Design of an Advanced Space Suit and Flex PLSS 
Packaging 

Exploration operating environment brings significant differences to the problem as compared to 
an earth based application. Specific environments of concern are the extreme cold (affect the 
material's dynamic response), varying pressure (vacuum to earth normal), abrasive lunar and fine 
Martian dust and oxygen emersion as the result of system recharging or failure cases. All of 
these environmental considerations place constraints on the choice of materials to be used in the 
flexible elements of the packaging design. Consequently, the extensive base of materials data 
used for earth based design may have to be extended. 

In addition, the need to maintain the system in the use environment as opposed to the current 
ground based laboratory environment brings added challenges to the packaging design. 

Purpose of Current Effort 

The current effort has a two fold purpose. It is to: 

1. Bring the Advanced space suit integrated Flex PLSS concept from its current state of 
development to a PDR and build a proof of concept mockup of the proposed design, and 

2. "Design" the Design Process of how to design a Flex PLSS and how to design the 
modifications of a package to accommodate new technology and upgrade the proof of 
concept mockup with a design change using the process. As part of the evaluation 
process for the Design Process task, the contractor shall demonstrate the use of a non­
linear dynamic analysis for an impact case. 

The latter effort must specifically consider the impact of new design tools and methods such as 
analysis tools and better understanding of materials. So this procurement is not only for a design 
but for a design process that is well documented and available for use in the future. 

Task Description: 

Process to be Followed 

Form Design Teams 

Two interdisciplinary design teams are to be formed. One, the Advanced Space Suit and Flex 
PLSS PDR Team, is to be an interdisciplinary design team that has the personnel needed to bring 
the Advanced Space Suit Integrated Flex PLSS to a PDR level. The second team, the Design 
Process Team, is also to be formed as an interdisciplinary team with minimal but key overlap 
with the Flex PLSS PDR Team. The contractor is to plan to accomplish the entire job without 
dependence on NASA effort. NASA effort will provide operational experience and additional 
depth of study but shall not be planned into the critical path to accomplish the study 
requirements. The potential availability of Government participants for these two teams is 
described in the Appendix. 
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Develop Tasks Assignments 

Tasks assignments must be made for each team with the Flex PLSS PDR Team leading off first. 
Since the exact nature of the expertise potentially available from NASA is needed in order to do 
a complete plan, an adjustment to the plan provided in the contractor's bid is expected to 
formalize the NASA participation. This planning adjustment shall not affect the scope of the 
contractor's work, but can increase or decrease the scope of NASA participation from that 
included in the bid plan tasks. 

Schedule Project 

Two separate but interrelated schedules are to be developed. The Flex PLSS PDR Team schedule 
will lead the Design Process Team schedule by at least a month so that the problems of how to 
design can be experienced by the Flex PLSS PDR Team before the Design Process Team begins 
work. Since the exact schedule availability of the expertise potentially available from NASA is 
needed in order to do a complete plan, an adjustment to the plan schedule provided in the 
contractor's bid is expected to formalize the NASA participation. This schedule adjustment shall 
not affect the scope of the contractor's work but can increase or decrease the scope of NASA 
participation from that included in the bid plan tasks. 

Form Teams 

Team composition shall be based not only on the technical expertise needed but with due 
considerations for the different roles6 needed to form an effective design team. The design teams are 
to be limited in the number of people to those who are required to form effective teams. The teams 
shall solicit the input of expertise outside the team as needed to accomplish the task at hand. 

Define the Problem 

Success of a design process depends heavily on good problem definition, which is not a trivial 
exercise. As a minimum, the following steps shall be accomplished to well define the problem 
of Advanced Space Suit Integrated PLSS Packaging Design. 

Review Prior Work 

The following prior work shall be reviewed as needed to begin the process of understanding the 
problem. Where entirely new technology or techniques have come to fore, this study is expected 
to address those issues>. Consequently, this review task is expected to be a task of limited scope. 

1. NASA in house study leading to the Flex PLSS concept 
2. Cellular solids Structure and properties, Second edition, Lorna J. Gibson and Michael F. 

Ashby, Cambridge University Press sections associated with the energy absorption 
diagram method of cushion design. 

3. Traditional Packaging Design Methods 

6 For example see 3 5.2 Team Roles, Page 55 of Ullman's Second Edition. 
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4. Other prior work as identified by the contractor. 

Develop PLSS Interfaces and Operational Modes that Affect Packaging 

In the Background section above, the PLSS interfaces have been described in general tenns. The 
purpose of the interfaces part of this task is to finn up those interfaces to the extent necessary to 
accomplish a packaging preliminary design. The second part of this task is to understand / 
generate the operational modes of the PLSS sufficiently to drive out the impacts of those modes 
on the packaging design. For a starting point in understanding the operational modes of a PLSS, 
use the following studies: 

1. "Extravehicular Activity at a Lunar Base," September 1988 
2. "Extravehicular Activity in Mars Surface Exploration," May 1989 

The Shuttle PLSS schematic shall be used as the schematic that is being packaged. This gives a 
well known set of components and component interfaces to work with so that a realistic 
packaging effort can be accomplished. Not all of the components can be used without 
adjustment. For example, the water tank is not applicable since it is built into the packaging. In 
such cases a simple straight forward PDR level redesign of that component will be done for use 
in this effort. 

Update the Functional Decomposition 

For the Flex PLSS PDR task, the function decomposition accomplished during the NASA in­
house study shall be updated and tiered down to drive out "what" is needed to complete the 
PLSS packaging design. This decomposition is specifically done without regard to "how" the 
functions are to be accomplished. The purpose ofthe functional decomposition is to break the 
problem down in a way that generates the greatest understanding of the PLSS packaging design 
and fonns a basis to allow the generation of creative solutions for the ways to accomplish those 
functions. 

For the design process task, a "process decomposition" shall be accomplished to drive out and 
define all of the design and analysis tasks that must be accomplished to complete a Flex PLSS 
design through hardware certification. The decomposition is specifically done without regard to 
"how" the task is to be accomplished. The purpose of the process decomposition is to break the 
design process down in a way that generates the greatest understanding of the packaging design 
process and fonns a basis to allow the evaluation and generation of creative solutions for the way 
to accomplish the task. 

Develop Specifications 

As a basis for the customer specification, the Advanced Technology Space Suit Design 
Requirements Document, July 1999 shall be used. This specification shall be reviewed and those 
portions of it applicable to this effort updated as necessary. The customer specification captures 
the specifications generated by the end use of the PLSS. 
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For the Flex PLSS PDR task, Engineering "Mini specifications" shall be prepared for each 
function that must be met to "tier down' the customer specification to the measurable, verifiable 
specifications needed for engineering design of the Flex PLSS packaging. These specifications 
shall capture the essence of the engineering requirements for any functional component or 
subsystem that satisfies the functional need. Except in rare cases, these specifications shall be 
contained on one page for each function. 

For the design process task, a process specification shall be generated that defines the 
requirements of the design process. One element of this specification is that a redesign of a 
package shall not require more than 25% of the effort required for the original design of the 
package and, as a goal, no more than 10%. 

Develop Evaluation Criteria 

For the Flex PLSS PDR task, evaluation criteria and their rankings shall be developed prior to 
the effort to generate concepts for solutions to the various design problems so that the figures of 

merit for concepts are well understood by those who generate the concepts and to avoid the 
pitfall of subliminally designing selection criteria that favor particular concepts. In terms of 
criteria ranking, safety (both flight and ground operational), shall rank first. Another criterion 
that must be used is the ability of the concept to support flexibility and commonality. 

For the design process task, evaluation criteria shall also be generated although it is recognized 
that these criteria will be more general and not subject to traditional engineering analysis since 
they are more about how to do good engineering than how to do a specific design. The ability of 
the design process to be used in non NASA applications shall be used as a criterion for the 
design process effort. 

Develop Concepts 

The basic premise is that to find a good idea of how to accomplish a function, many ideas must 
be generated. So a divergent convergent path is planned. 

Search for Function Satisfying Ideas 

For the Flex PLSS PDR task, this activity is meant to be a primary place where creativity has a 
chance to happen at the functional level. The idea is to generate as many concepts as possible 
for each of the lowest level functions identified in the functional decomposition. A concept is an 
idea that is sufficiently developed so that its behavior in the intended use can be evaluated. 

For the design process task, this activity is also meant to be a primary place where creativity has 
a chance to happen at the process task level. The idea is to search for multiple ways and tools to 
accomplish a process task. 
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Generate Concepts 

For the Flex PLSS PDR task, this activity is meant to be the primary place where creativity has a 

chance to happen at the PLSS packaging level within the bounds of the over all Advanced space 

suit integrated Flex PLSS concept. For this activity a concept is a combination of the concepts 

generated to satisfy each function which is capable of accomplishing the entire PLSS packaging 

job. System level considerations shall be used to keep the nwnber of concepts within bounds. 

For the design process task, this activity is meant to be the place where the various design tools 

and methods are brought together into a complete process. Issues of data transferability and 

compatibility between tools etc. are expected to be addressed at this task level. Again, system 

level considerations such as design time efficiency shall be used to keep the nwnber of concepts 

within bounds. 

Document Concepts 

Since there is expected to be a range of technological maturity in the concepts (Le. the concepts 

currently in use in flight systems versus a wholly new concept that is the result of a creative 

search), it is important that all concepts be described and docwnented to a similar degree for 

comparison purposes. 

For the Flex PLSS PDR task, at the functional concept level a Failure Modes and Effects 

Analysis (FMEA) will be generated for each viable concept. For the PLSS packaging level, a 

FMEA will be generated using as a basis all of the functional concept level FMEAs and 

including system interactions so that the safety of each packaging concept can be judged. As 

concepts are being generated, the FMEAs are expected to be a design tool; consequently, they 

must be generated early in the process. Although the FMEA is usually thought of as a hardware 

related tool, the basic concept is still applicable to the design process task. The design process 

concepts must be analyzed to identify where a failure to enter correct information, select correct 

software modes, etc. could lead to a design that is unsafe. This analysis would be an impossible 

job if every possible path in a complicated software package such as a finite element package 

had to be analyzed, but that is not the intent. The intent is to stay at the process level and search 

for possible unsafe failure modes. 

Evaluate Concepts 

Criteria are expected to lend themselves to two types of comparison to requirements, absolute 

and relative. Where the criteria are to be evaluated in a relative manner, the Decision-matrix7 

method shall be used. Several rounds of evaluation are expected both at the lower function level 

and at the PLSS level for the Flex PLSS Preliminary Design Review (PDR) task and at the 

process level for the design process task. 

Design Iteration 
Following completion of the design process steps described above, the contractor shall repeat the 

following process steps for a subset of three packaging concepts as determined by the first round 

7 Guidance on how to use the Decision-matrix method is contained in Ullman, 2nd Edition, Chapter 8. 
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of evaluation. Step 3 (Qenerate Concepts) and Step 4 (Document Concepts) shall be supported 
by detailed structural, impact, and thermal analyses (see list below) sufficient to allow objective 
evaluation of the Evaluation Criteria 

1. Develop Concepts 
2. Search for Function Satisfying Ideas 
3. Generate Concepts 

The purpose of this iteration is to refine the three concepts as determined by the first 
round of evaluation, and to create more detailed engineering models of the concepts such 
that they can support the detailed analyses to be performed. 

4. Document Concepts 
The supporting analyses includes CO determination, insulation and thermal conductance 
properties, level of impact protection, weight, and volume. 

5. Evaluate Concepts 
The purpose of this iteration is to down-select from three concepts to a final one concept. 

Select and Present Concepts 

For the Flex PLSS PDR task this involves taking the output of the Evaluate Concepts task above 
and selecting the final concept that provides the path to proceed. The effort to prepare the PDR 
documentation package and respond to any PDR Review Item Discrepancies (RIDs) is also part 
of this task. 

For the design process task this involves taking the output of the Evaluate Concepts task above 
and selecting the final design process arrangement. The effort to prepare the process 
specification document is part of this task. 

Build a Mockup of the Chosen Design 

A mockup of sufficient detail to illustrate the viability of the chosen designed PLSS packaging 
shall be built and demonstrated at the Contractor's facility. This mockup shall also be brought 
on-site (in accordance with contract procedures; i.e. use of Form 1149 and process through 
Building 421) demonstrated at NASA JSC at the Revised Concept Design Review, or as 
otherwise agreed to by NASA and the Contractor. PLSS components are not expected to be of 
their expected final materials but every attempt to use the selected materials for the flexible 
elements shall be made. Any testing of the mockup by the contractor is to be informal 
engineering testing. NASA may choose to subject the mockup to informal vibration and shock 
testing after completion of this DO. 

Change a Major Technology and Repackage 

Because the Flex PLSS PDR task preceeds the Design Process task, it is not expected that the 
selected design process will have been used to arrive at the Flex PLSS PDR packaging solution. 
In order to exercise the selected design process, at the time of the PDR, NASA will select one of 
the major systems for a technology change. That technology change shall be brought up to a 
PDR level using the chosen design process and a second PDR held with PDR documentation and 
RID closure as required. The mockup, discussed above, will then be upgraded as called out by 
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the design change. A review of the functioning of the design process will be accomplished and 

documented as part of the final report. The final designed mockup shall be delivered to NASA 

JSC in accordance with contract procedures and Fonn Dp 250. 

Questious to be Addressed within the Performance of this DO 

How can a Flex PLSS be put together such that it does not become a three dimensional puzzle to 

reassemble after an in-spacecraft disassembly for maintenance? 

What criteria are used to decide which components are hard mounted on the mother board and 

which are flexibly mounted? 

Where is the best place for the motherboard? Between the PLSS and suit seems the obvious 

place but, since there is possibly a need to harden the shell to protect the radiator and enclose the 

flexible items, might the shell be a location for the motherboard? Is there any other not so 

obvious place that may be best? 

In the dusty lunar and Martian environments, how can the components be kept from being 

sanded to destruction by the rubbing of the flexible mounting against the components with dust 

acting as an abrasive? Is it better to have the foam be a little bit sticky and so attach to the 

components and avoid any rubbing? 

How is heat dissipation accommodated for a component that is flex mounted? How is heat 

dissipation accommodated for in a component that is mother-board mounted but surrounded by 

flexible mounting on all but one side? 

What part, if any, does "wireless" instrumentation play in or become a requirement for success 

of the Flex PLSS concept? 

How are the flexible mounting elements affected by the pressure cycling of airlock traverses? 

How do we handle crash loads, which are often the structural sizing loads? Should components 

be strong enough to handle crash loads or can the components be fragile and packaging protect 

them from the crash loads? Ideally, both should not have to handle the crash loads but that is 

what is done now. Crewmember slips trips and falls (the number one safety issue on earth) may 

become the structural sizing case if the crash load case during launch is avoided by putting the 

hardware in lockers or does not turn out to be the sizing case. How should the Flex PLSS 

flexible packaging be designed for this case? Is there need for a trade off between making the 

components or system robust enough to handle this case or could the use of an air bag concept be 

used to protect from this case? Is the radiator a natural impact absorbing structure or should it be 

designed to be impact absorbing? 

Is it advantageous or potentially damaging to use inflatable soft mounting (either gas inflated or 

closed cell foam that inflates with decreasing pressure) to hold components in place? 

How does the design support maintenance in the "use environment" (in space on the lunar 

surface)? How much time is required for access to each maintenance item? 
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Appendix 

Potentially Available NASA Background and Expertise 

Experience as group lead for NASA for advanced PLSS technology. Expertise in Systems 
Engineering & Integration, ventilation and thermal technology; 10+ years experience as NASA 
project manager for advanced and flight systems. Experience ac!ing in the shaper role on design 
teams. 

Experience as PLSS group lead for NASA during the development of the Shuttle EMU. 
Approximately 20 years experience as Lead ofPLSS Advanced Technology efforts. Possession 
of at least 25% proficiency in Pro E modeling. Experience as Leader of NASA in house concept 
selection effort and expertise with significant study of design methods including techniques to 
foster creativity. Experience acting in the coordinator role on design teams. 

Experience as mechanical designer of flight hardware for 25 years. 70% proficient in Pro-E 
modeling. Familiarity with design standards, drawing control, model control, NASA's Design 
and Data Management System (DDMS) Expertise in secondary role on design team as 
"Implementer" or as "Shaper" and "Team Worker" roles and able to work in the "Completer-
Finisher" role. 

Experience with design of various payload and EVA tools and equipment, EVA systems 
engineering, integration of space suit with vehicle, EVA operations and training, human/robotics 
interaction, advanced EVA concepts and designs, use of advanced technologies in EVA systems, 
and Design team roles, such as: Creator, Resource-investigator, Monitor-evaluator 

Experience with Advanced EV A for approximately 9 years, including insulation testing and 
research, airlock concept development, and PLSS packaging concepts. Experience as lead for 
the PLSS ventilation system. Experience in all design team roles, including a coordinator, 
shaper, or implementer. . 
Note: Please refer to specifics concernmg Potentially Available NASA Expertise 
in the above "Process to be Followed" section, within this DO. 
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Figure 1 - Shuttle EMU Schematic 
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Weight Pareto for STS PLSS and SOP 

'1111 Packaging, ccmblned 
III Battery 

I ~ ~~~~Ined Oxygen Storage 

1111 Contaminant Control Cartlrdge 

'I BII Caution and Wamlng System 
III Seccndary Pressure Control Module 
ElFan 
I_ Subhmator 
• Oxygen Pressure Regulation to use pressure 
I!lAntenna 

III Carbon DIOXide Sensor 
III Signal Conditioner (RTDS) 
III Check Valve and Vent Flow Sensor 
III Ion Exchange Filter Cartridge 
III Feedwater Shutoff Valve 
a Oxygen Pressure Sensor 
Cl Primary Water Tank 1 
Cl Negative Pressure Relief Valve 
III Pltor Actuated Valve 
III Suit Pressure Sensor 
BIISOP Pressure Transducer 
Cl Feedwater Pressure Regulator 
.Feedwater Pressure Sensor 
BII Condensate Water Relief Valve 
III Feedwater Relief Valve 
l1li Waer Relief Valve 
IIIWater Check Valve 
III Coolant Relelf Valve 
• Posbve Pressure Relief Valve 
III Relelf Viave and Orfice 
III Primary Water Tank 2 
III Reserve Waler Tank 
III Gas Tra 

Figure 2 - Shuttle PLSS Weight Pareto Diagram 

Figure 3 - Mock Ups of Lego, Mother Board and Foam PLSS Packaging Concepts 
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Technical Library Contents --

-- Advanced Technology Space Suit Design Requirements Document, July 1999 
-- "Extravehicular Activity at a Lunar Base," September 1988, ESSEX Co., NAS 9-17779 
__ "Extravehicular Activity in Mars Surface Exploration," May 1989, ESSEX Co., NAS 9-17779 
-- PLSS Packaging Study 12-01-04ForDO.mpp 

DeIiverablesIProducts: 

Hardware 

MockUp 

Other Products 

Base Line Concept 
Report 

Revised Concept 
Report 

Final Report for Flex 
PLSS PDR Task 

High fidelity mock up of the Flex 
PLSS which starts in the base line 
design configuration and is 
transitioned to the revised design 
configuration during the effort. 

A report for a base line design 
advanced space suit integrated Flex 
PLSS packaging. 

A report for the revised design 
advanced space suit integrated 
PLSS packaging incorporating a 
major technology change. 

Flex PLSS PDR Task Final Report 
describing all effort and including all 
technical analysis accomplished. The 
report must address: (1) the questions 
listed above and others generated 
during the study (2) commonality 
analysis task accomplished (3) 
information needed to upgrade the 
mission study support tool 
(EV ASSA T) that is used to support 
advanced mission and vehicle 
studies to include packaging weight 
and volume. 
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Design Process Task Final Report 
describing all effort and including all 
technical analysis accomplished. The 
report must also include: (I) Reports 
on applicability of various design 
tools and why particular tools are 
recommended for use in the design 
process (Le. low speed crash soft 
ware from auto industry, Pro E 
tools, others identified during the 
design process task.). (2) An 

Final Report for assessment of how well a dynamics 
1 At 

Design Process Task design tool can be calibrated by test Completion 
and then used to certify other cases 
of impact and vibration loads. 
Specific guidance on how much 
testing is required and how much 
deviation from the test cases can be 
accommodated by the dynamics 
design tool to accomplish 
certification by analysis (3) an 
analysis of the functioning of the 
design process as experienced 
during the technology change task. 

Packaging Design A well documented design process 
1 

At 
Process document using non proprietary tools. Completion 
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SCHEDULE 

Start Date: April 21, 2005 Finish Date: March 28, 2006 

< < "p 'u < <"" <,< «<' < ',' ," ' « 

"" ' 
:~~~W~~~J!J1a~~;';l !';"~; " DUE DA. TJl}~~~~j!~~ltyt(it;t\1~) 

.~<' h_" t~r - ,c ,~ 
,:i 

Kick Off Meeting 1 

Flex PLSS PDR Task 

Problem Definition Review 4 

Concept Design Review 36 

Revised Concept Design Review 43 

Design Process Task 

Problem Definition Review 8 

Concept Design Review 40 

Final Documentation 46 

Milestones, along with subjective measurements, are to be used for measuring 
performance. For schedule detail see Microsoft Project file located on the CRAVE web site 
for this DO listed under the Government Cost Estimate below. 

Government Estimate Located in RFO File in Microsoft Project File On CRAVE Web Site 
The file is titled: PLSS Packaging Study 12-01-04ForDO.mpp 

Total Government Estimate for this DO: 
Option 1: 
Option 2: 

(See Attachment 1) 
(See Attachment 2) 

TOTAL COST ESTIMATE FOR THIS DO: $693,895.36 

FEE: $76,844.19 

OPTION 1: $ N/A (See Attachment 1) 

OPTION 2: $ N/A (See Attachment 2) 
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DATA REOUIREMENTS 

NOTES: 1. GREY SCALED ROWS NEED NO ADDITIONAL/REQUIRED FILL-INS. 

2. ON ALL OTHER ROWS, IF NECESSARY, FILL IN ADDITIONAL 

RQMTSffiELIVERIES IN LAST COLUMN. a' «, ", ,",," ",. ""-),'''¥''! ;,', ," "''''''IW'';'. 
•. ::' .',.' PtW 'tIlt' . \J~t~~: ftu' ~QiJ~N~' , ,:, €!; 

. 'Il!,: .. ' T1 .:/~ , 'E ' , , , ,. , , 
.,'" > '.} \~",', ,,', ,ti:{'~ " f' ,~ ',' _'I'" /' """,, - '"~ "" ' 

; i',:',· '~'~:;;';".' .,' 'i~~;.i;";~,::;;~ 's:, ',; '., ,.:: ;,:~,$':~:,r .'t;,s;:yaq:,;: :; '~'.!J/ ., 

1 
Written FlightGFE Configuration With Proposal Once 

Attachment 

Approval Management Plan J-8 

Mandatory Regular Status Report! Summary 
Thirty (30) days 

2 following contract Monthly Y 
Submittal Review start 

Informal 

3 
Written Project Technical Requirements If Required for DO 

Once with Revisions Y 
specifications as 

Approval Specification See Comments described in the 
SOW 

Mandatory GFE Systems Requirements Data If Required for DO 
4 Submittal if Once with Revisions N 

FltWW 
Package See Comments 

5 
Written Flight GFE Projects Requirements If Required for DO 

Once with Revisions N 
Approval & Verification Document See Comments 

The concept design 
reviews shall 

Mandatory 
include all 

6 Submittal if 
Prelhninary Design Review Data If Required for DO 

Once with Revisions Y 
documentation 

FitHIW 
Package See Comments called for in a PDR 

except flight 
hardware approval 
rigor is not required. 

7 
Written Flight GFE Workmanship If Required for DO 

Once with Revisions N 
Approval Specifications List See Comments 

Once wlRevisions 

Written 
PDR or 10% effort (due wlDO proposal, 

S Approval 
Project Schedule complete updates & details Y 

Milestone provided as DO 
progresses) 

9 
Written Flight GFE Interface Control If Required for DO 

Once with Revisions N 
Approval Document See Comments 

Informal 

10 
Written GFE End Item Specification 

If Required for DO 
Once with Revisions Y 

specifications as 

Approval See Comments described in the 
SOW 

Mandatory If Required for DO 
11 Submittal if Flight GFE Failure Analysis Report 

See Comments 
As Required N 

FltHIW 
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W":PAltA 
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1~"T1'i>E .. ' DlWTITLE lW)l: F"REQUENCY FOJtDQ? 
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Written Flight OFE Verification and As Specified in Once with Revisions Y 
Approval Validation Plan EA-023 

Written OFE Software Requirements If Required for DO Once with Revisions N 
Approval Specification See Comments 

Written OFE Software Development Plan If Required for DO Once with Revisions N 
Approval See Comments 

Written GFE Software Design Document If Required for DO As Required N 
Approval See Comments 

Written Engineering Drawings 
If Required for DO Once with Revisions Y 

Approval See Comments 

Written EEE Parts Lists and Analysis Report If Required for DO As Required N 
Approval See Comments 

Mandatory Critical Design Review Data If RequIted for DO 
Suhmittal if Once with ReVIsions N 
FltHlW 

Package See Comments , 

Mandatory Engineering Drawing Change If Required for DO 
, 

Submittal if Proposal See Comments As Required N 
FltHIW 

Written GFE Qualification Test Procedure If Required for DO Once with Revisions N Approval See Comments 

Written Flight Product User's Ouide If Required for DO Once with Revisions N 
Approval See Comments 

Mandatory If Required for DO 
Submittal if Software Code See Comments As Required N 
FltHlW . 

(30) days after DO Attachment 
J-4 Written Information Technology (IT) award, and as JPO 2810.1 Due 30 days Approval Security Program Plan and Reports specified in JPG 

2810.1 after DO 
award 

Written Certification Plan 
If Required for DO Once with Revisions N 

Approval Sc;e Conmlents 

Mandatory If Required for DO 
Submittal if Certification Report See Comments Once with Revisions N 
FltHIW 

Mandatory If Required for DO 
Submittal if Engineering Analysis As Required Y 
FltHIW 

See Comments 
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Mandatory 
27 Submittal if 

FltWW 

Mandatory 
28 

Submittal 

29 
Written 
Approval 

30 Written 
Approval 

31 Written 
Approval 

Mandatory 
32 Submittal if 

FltWW 

Written 33 Approval 

34 Written 
Approval 

Written 35 Approval 

36 Written 
Approval 

37 Upon 
Request 

38 Written 
Approval 

39 
Written 
Approval 

Written 
40 Approval 

41 
Upon 
Request 
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~;~~:6?D DRDTITLE DUE FREQti~~~y 
y~ '. < " w>l , '; ij . ·L· 

TfRequired for DO 
Acceptance Data Package 

See Comments 
OneTime N 

After award of 1st 
Export Control Audit Results DO, yearly on Yearly Y 

Sept. 30 thereafter 

Quality Plan With Proposal Once with Revisions Attachment 
J-ll 

Patent Rights-Retention As Required As Required 
y 

(If Applic'ble) 

Shuttle/Station Payload Safety Data If Required for DO 
As Required N 

Package See Comments 

If Required forDO 
Limited Life Systems List 

See Comments 
As Required N 

Space Station GFE Failure Modes 
If Required for DO 

and Effects Analysis and Critical 
See Comments As Required N 

Items List 

Space Shuttle GFE Safety and If Required for DO 
As Required N Analysis Report &Hazard Report See Comments 

Software Quality Assurance Plan 
90 Days Prior to y 
Software Once with Revisions 

Report 
Development 

(If Applic'ble) 

ISS Hazard Report 
If Required for DO 

As Required N See Comments 

Reliability and Maintainability Plan With Proposal OneTime Attachment 
J-9 

Government Certification Approval If Required forDO 
As Required N Request (GCAR) See Comments 

Risk Assessment Executive If Required for DO 
As Required Y Summary Report (RAESR) See Comments 

2 business days of 

Problem Reporting and Corrective 
problem isolation 
but no later than 10 As Required N Action (PRACA) 
days after 
detection 

1N0nconformance Record 
If Required for DO 

As Required N See Comments 
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42 

43 

44 

45 

46 

47 

48 

49 
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51 

52 

53 

54 

., DATA 
" ,tYPE 
, , 

Mandatory 
Submittal 

Written 
Approval 

Mandatory 
Submittal if 
FltHlW 

Written 
Approval 

Upon 
Request 

Written 
Approval 

Mandatory 
Submittal if 
FltHIW 

Mandatory 
Submittal if 
FltHlW 

Mandatory 
Submittal 

Written 
Approval 

Mandatory 
Submittal 

Written 
Approval 
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Government Industry Data Exchange Reported one time 
Program and NASA Advisory when discrepancy Once with Revisions N 
Problem Data occurs 

Electrical, Electronic, and If Required for DO 
Electromechnical (EEE) Parts See Comments Once with Revisions N 
Control Plan 

If Required for DO 
Certification Data Package See Comments Once with Revisions N 

Certification and Acceptance At CDR Once with Revisions N 
Requirements Document 

Wage/Salary and Fringe Benefit Thirty (30) days 
after issuance of Once N Data each DO 

GFE Acceptance Test Procedute If Required for DO OneTime N See Comments 

Flight GFE Verification & If Required for DO 
Validation Report See Comments Once with Revisions N 

Space Shuttle GFE Failure Modes If Required for DO and Effects Analysis (FMEA) and See Comments As Required N 
Critical Items List 

Reserved --- -- --- ---
NASA Contractor Financial After Issuance of Monthly Y Management Reporting IstDO 

Government Property Management With Proposal Once with Revisions Attachment 
Plan J-7 

System Safety Plan With Proposal OneTime Attachment 
J-1O 

Only if contractor is 

With ProposaV Only applicable to B- using the R -Quality 

R-Quality Plan Template Revisions as CRAVE contracts in 
N 

Plan template 

Required accordance with the instead oflSO, and 
SOW and the ORO only if they need to 

make changes to it 

I WYP~ f'7",WriJt~n 4Ppr~vat 'tYIl~2 '= Mrutdilto Submittal .e, . ry , , ;. 'rM ~ ",",,'Submittal Upon RequeJt '11 
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Lyndon B Johnson Space Center ORDER FOR SUPPLIES OR SERVICES Page 10f 2 
Houston, TX 77058 

1. Order No. 2. Date 01 Order NOTE: MARK ALL PACKAGES AND PAPERS WITH ORDER NO. 
DO·CRAVE-EC5·002 Rev.1 See Block 10 

r. .. rtlfi"-1 for ,,,,,,,,,,,a, under DPAS (15 CFR 700LDO-C9 
3. Issuing Office: 4. Sh.!e.TO: 

" Officer, Building 421 NASA Johnson Space Center, 2101 Nasa Parkway I,a" 
Houston, TX 77058-3696 Johnson Space Center 
Org .IBuyer: BH2IMlchael Ballard Houston, TX 77058-3696 

Mark For: Accountable Property 

Tel No.: 281·244·5350 Fax: Order No.: DO·CRAVE·EC5·002 
E-mail: ml"hg,,1 ~ I nn" 

5. ~""" a",,,,. 6. Deliver On or Before: ~ 
Hamilton Sundstrand Management Systems 
2200 Space Park Drive, Suite 100 F.O.B. Point: Destination 
Houston, TX 77058 

Discount Terms: Net 30 Days. 

7. BILLING ADDRESS: 

Phone: 281·336·6334 x Fax: 
NASA Johnson Space Center 
Attn: LF231/Accounts Payable Group 
Houston, TX 77058-3696 

TIN: CAGE CODE: Order No.: DO-CRAVE-EC-002 

8. Type of Order: 

0 PURCHASE: Please furnish the following in ~ DELIVERY: Except for the Terms and Conditions of Purchase 
accordance with the conditions specified on this order. Order listed on the following page, this delivery order Is SUbject to 
Reference: __ instructions contained on this form and is Issued subject to he 

terms and conditions of contract number: NNJ05HB398 

9. Written acceptance of this order bY,contractor [IZ! I is,. [0 I is not 10. Name: N. L. Dawn Alexander 
required. Sign below if required and return to contracting officer. 

Name: __ (Person authorized to sign) 

Daw-r-- ~e::z/J1/ Signature: Date: -- Signature: 0 
CONTRACTING OFFICER 

11 
ITEM DESCRIPTION QUANTITY UNIT UNIT AMOUNT QUANTITY 
NO ORDERED PRICE ACCEPTED 

The purpose of this reviSion Is to: 
1 Extend the period of performance to October 25. 2005 
2. Add the requirement for the contractor to conduct an Informal concept 
review on Aug. 1, 2005. 
This reviSion has no effect on Delivery Order value 

12. For JSC ""g" ,a, Use Only: 13. Total 
Requisition No.: __ 0 COMPo 0 PART. PPC: -- $ 
RissueTo: --

14. n" i in "Quantity r.nh,mn Have ~en 

0 INSPECTED 0 ACCEPTED 0 RECEIVED 

TO CONFORM TO THE CONTRACT. 
ACCEPTANCE WILL BE AT JSC UNLESS BY 
OTHERWISE NOTED. 

Authorized U.S. Government Date 
JSC Form 1429 (Rev November 10, 2004) (MS Word August 1995) 
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ORDER FOR SUPPLIES OR SERVICES 

DO-CRAVE-EC5-002 NOTE: MARK ALL PACKAGES AND PAPERS WITH ORDER NO. 

3. Issuing 
NASA Johnson Space Center, 2101 Nasa Parkway 
Houston, TX 77058-3696 
Org.lBuyer: BH2/Mlchaei Ballard 

Fax: 

5. 
Hamilton Sundstrand Management Services, Inc. 
2200 Space Park Drive 
Houston, TX 77058 

Phone: 281-336-6309 x Fax: 860-660-6798 

TIN: 06-1165866 CAGE CODE: 71120 

8. Type of Order: 

Transportation Officer, Building 421 
NASA Johnson Space Center 
Houston, TX 77058-3696 
Mark For: Accountable Property 

Order No.: DO-CRAVE-EC5-002 

6. Deliver On or Before: 10-04-05 

F.O.B. Point: Origin 

Discount Terms: Net 30 Days. 

7. BILLING ADDRESS: 
NASA Johnson Space Center 
Attn: LF231/Accounts Payable Group 
Houston, TX 77058-3696 
Order No.: DO-CRAVE-EC-002 

o PURCHASE: Please furnish the following in 
accordance with the conditions specified on this order. 
Reference: __ 

DELIVERY: Except for the Terms and Conditions of Purchase Order listed on the following page, this delivery order is subject to instructions contained on this form and is issued subject to the terms and conditions of contract number: NNJ05HB .3'111 
acceptance of this order by contractor 1 is, 1 is not required. Sign below if required and return to contracting officer. 

Name: authorized to Si9;j!(~r 

DESCRIPTION 

The Contractor shall pertonn and deliver to all requirements for: 
DO-CRAVE-EC5-002: Advanced Space Suit and Portable Life Support SUbsvstem (PLSS) PackaOlno Deslon Study 
The Period of Perfonnance for this DO Is' 04-21-05 thru 10-4-05 

ACCEPTED 
TO CONFORM TO THE CONTRACT. 
ACCEPTANCE WILL BE AT JSC UNLESS 
OTHERWISE NOTED 

JSC Form 1429 (Rev November 10, 2004) (MS Word August 1995) 

o COMP 

RECEIVED 

BY 

..... li' 

10. Name: N. L. Dawn Alexander 

Signature: 

QUANTITY 
ORDERED 

o PART. 

DQl!"""'~' Date::t./;EJ It) CONTRACTING OFFICER 

UNIT 

PPC: 

UNIT 
PRICE 

$ "J.', !Hi', fs'7 NTE: ___ _ 

Date 


