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Overview 

• Background 
- Introduction to ST8 Project 

- ST8 Project tirneline 

- ST8 technology payloads 

• Technology Readiness Levels (TRLs) as interpreted 
by NASA's New Millennium Program (NMP) 

• Role of Technology Review Boards (TRBs) in the 
evaluation of technology maturity for the NMP ST8 
Project 

• Lessons learned from the ST8 TRB experience 
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ST8 Spacecraft and Associated 
(Subsystem) Technology Payloads 

Spacecraft Primary Bus 
(houses sic avionICS) 

SAILMAST 

SIC Payload Interface 
Module (AI honeycomb) 

Thermal Loop 

Control Electronics 

Thermal Loop 

+Y (orbIt nonnal) 

5T8 Project Timeline 

• 2118/03: NRA for technology payloads released for the following technology 
capability areas: 

- Deployment of Ultra Ughtwelght Booms 
- Deployment of LIghtweIght Soler Nray 
- Thermal Management Subsystem for Small Spaceaafl 
- Comrnerdal Off-rt.Snelf (COTS)-8ased HIgh Perforrnanca Computmg for Spaca 

• 3/18103: Technology payload proposals due 
• 9103: Technology payload suppliers selected for Phase A 

- Ultra Ughtwelght Booms (3 suppliers) 
- COTS (3 suppliers) 
- lJghtwelght Solar Nray (2 suppllars) 
- TI1armal Management Subsystam (2 suppliers) 

1218104: Technology payload suppliers selected for Phase B 
- Ultra Ughtwelght Booms (ATK - Sallmast) 
- Ughtweight Solar Array (ATK- UltraAex 175) 
- COTS (Honeywell) 
- Ttlermal Managemant Subsystam (NASAlGSFC - Thermal Loop) 

• 211/05: Start Phase B 
• 813105: Spacecraft vendor selected 

10/06: Project Confirmation Review 
• 211/07: Start Phase C/O 
• 8/1107: Project redefinition - flight segment cancelled/emphasis on completion of 

TRL6 validation activities 
• 9130/08: Project complete 
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5T8 Technology Payload: Thermal Loop 

-, 

_2 

Technology Advance: 
- A loop heat P1P8 featuring two evaporators 
(6 35 mm 00 va 25 mm 00 fer amen! SOA 
evaporators) capable of coalmg two separate 
Instruments slITIUltaneously and re(8Clmg 
waste heat to space with two radlalars 

- Reduction In auxiliary heater power by 
making use of haat load shanng baIween the 
evaparatars and by USIng lherma-eleclric 
coalers on the evaporator compensation 
chambers far reliable start-<JII of the Iaap 

- Dataded lhermal models far prediction of 
transient thenneI perfannanca of the loop 

Validation ObJective: 
- Valldale In spaca e mll'llature lcap haat pipe 
thermal cantn:l1 system conslSllng of two 
evaparatars and two condensers/radiators Ihat 
IS capable of reliable start..,p, heat load 
shanng and can malnleln aperebng 
Iemperature cantn:l1 WIthIn 0 to 35C 

5T8 Technology Payload: Dependable 
Multiprocessor 

Technology Advance: 
• Archrtecture far off-the-shelf, high 
performance, scaIaIlle, Clualer processing In 
space - -SWCased SEU Immunity 
enhancement" 

- Ease of parting appIlCBbans from lab to 
space 

- Adaptable to etMranment radiation, 
miSSion, mode 

- Validated models Ihat can predlcl system 
performance m future missions & 
enVllonments 

Validation ObJective: 
-Demanslrate dallverecl onbaard 
computational throughput capability 10x -
100x mare than any computer flying In space 
today 

-Demanstnste anbaerd processing throughput 
denSity> 300 MOPSiwatl 
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ST8 Technology Payload: UltraFlex 175 

Technology Advance: 
• UltraFlex·175 IS 1/3'" the welQht. 1/4" 
stowed packaging volume and > 3 bmes 
deployed stiffness of an equMlient SOA 
solar IIITlIY 

-Ac:cornpflshlld via • unique ~ 
substratll and safar ceO IQdDwn, fan.l1ke 
unfW1Ing deplaymant and pndBnslanad 
membrane deployed conflgundlon 

Validation Objectives: 
• Deploy and operate In space an 
UltraAex soler IIITlIY and measure first 
mode frequency end photovoltalc power 
production 

• Develop end test-validate analytical 
models, wInch WlU allow fer scafe..up 
pelfDnnance predictions applicable to 
large UltraFlex solar arrays 

ST8 Technology Payload: Sailmast 

Technology Advance: 
• Deployable boom 50% to 90% lighter 
!han SOA (35 g/m) 

• SlOws to less !han 1% of deployed 
length (50% better !han SOA 

'1OX more thermally stable (carbon fiber 
replaCing heritage fiber glass) 

Validation Objective: 
• Deployment & operabon In space to 
validate SAlLMAST perfonnance, 
scalable to >100m length 
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NASA Technology Readiness Levels (TRLs) 

TRL 8 - Actual syatam "flIght proysn" through suc:c:essful mlsalon oparatlons 

TRL 8 - Actual system compIatad and "flIght qualified- through tsat and 
damonstratad on the graund or In space 

TRL 7 - System prototype demonstrated In a space environment 

TRL 6 - System/subsystem model or prototype demonstration in a 
rulavant environment on the ground or In space 

TRL 5 - Component and/or braadboard vandated In ralevant environment 

TRL 4 - Component and/or braadboard validated In laboratory environment 

TRL 3 - Analytical and upellmantel critical function and/or chai acIei IstIc 
proof4_ncapt achIavad In a laboratory envIronmant 

TRL Z - Technology concept and/or application formulated 

TRL 1 - BasIc principles observed and raportad 

Naw MlRannlum Program upeIIance on the BTl, ST8 and ST7 projectB Indicated that 
mora detailed definitions wara raqulred for adaquate II8S88SIIIIInt of TRLa 

Candidate Technologies for NMP Validation Must be at TRL 3 
Prior to Beginning of Phase A (Concept Development) 

• TRL 3: Analytical and experimental critical function and/or 
characteristic proof-of~ncept achieved in a laboratory 
environment 
- Laboratory tests have demonstrated that the technology advance 

perfonns as predicted by analytical models and has the potential to 
evolve to a practical device 

- Analytical models both replicate the current perfonnance of the 
technology advance and predict its perfonnance when operating in a 
breadboard environment 

- Detennination of the Mrelevant environmenf has been made 

Analytical Models of the Technology advance(s) are Crucial for 
Success in NMP Technology Validation Projects 
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NMP Exit Conditions for TRL 4 

• TRL 4: Component and/or breadboard validated in relevant 
environment 
- A "componenf or "breadboard" version of the technology advance 

will have been implemented and tested in a laboratory environment 

- Analytical models of the technology advance fully replicate the 
TRL4 test data 

- Analytical models of the performance of the component or 
breadboard configuration of the technology advance predict its 
performance when operated in its "relevant environmenf and the 
environments to which the technology advance would be exposed 
during qualification testing for an operational mission. 

Technologies being validated by the N_ Millennium Program must satisfy 
these conditions prior to entry Into Phase B (Formulation Refinement) 

NMP Exit Conditions for TRL 5 

• TRL 5: Component and/or breadboard validated in a relevant 
environment 
- The "relevant environmenf is fully defined. 

- The technology advance has been tested in its "relevant 
environmenr-throughout a range of operating points that represents 
the full range of operating points similar to those to which the 
technology advance would be exposed during qualification testing 
for an operational mission. 

- Analytical models of the technology advance replicate the 
performance of the technology advance operating in the relevant 
environment 

- Analytical predictions of the performance of the technology advance 
in a prototype or flight-like configuration have been made 

Technologies being validated by the N_ Millennium Program must 
satisfy these conditions prior to entry Into Phase CID (Implementation) 
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NMP Exit Conditions for TRL6 

• TRL 6: System/subsystem model or prototype demonstration in a 
relevant environment on the ground or in space 
- The technology advance is incorporated in an operational model or 

prototype similar to the packaging and design needed for use on an 
operational spacecraft 

- The system/subsystem model or prototype has been tested In its "relevant 
environmenr throughout a range of operating points that represents the full 
range of operating points similar to those to which the technology advance 
would be exposed during qualification testing for an operational mission. 

- Analytical models of the fundion and performance of the system/subsystem 
model or prototype, throughout its operating region, in its most stressful 
environment have been validated empirically. 

- The focus of testing and modeling has shifted from understanding the 
function and performance of the technology advance to examining the effect 
of packaging and design for flight and the effect of interfaces on that function 
and performance in its most stressful environment. 

Technologies being validated by the New Millennium Program must satisfy 
these conditions prior to start of Assembly, Test & Launch Ops (A TlO) 

A Technology Validation Plan is Required 
for all NMP Projects 
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• How Does the New Millennium Program 
Assess Technology Readiness Levels? 

• A Technology Review Board (TRB) is formed to worK with technology 
providers to: 
- Establish actions specific to each technology that address TRL exit 

conditions 
- Establish success criteria specific to each exit condition 
- Review and approve the Technology Validation Plan 
- Review and assess the progress of each technology at the TRL exit point 

with respect to the established success criteria 
- Inform the Project Office on the advisability of potential descope options with 

negative impact on the technology advance(s) 
- Assess the maturity of processes and procedures key to the success of the 

technology advance(s) prior to CDR 

• TRB members are recruited from NASA centers, other govemment 
agencies, Federally-funded research and development centers 
(FFRDCs), universities and non-profit technical organizations 

• TRBs are chartered by the New Millennium Program Office and report to 
the Program Chief Technologist 

• ST8 Project Has Four TRBs 

• COTS [5 members representing UCLA, LSU, NASAlJSC, .IPL & 
Aerospace Corp., plus a member from the NMP technology staff] 

• SAILMAST [4 members representing NASAlLaRC, NASAlMSFC, JPL 
(ret' d), Univ. of Montana, plus a member from the NMP technology 
staff] 

• UltraFlex 175 r4 members representing Univ. of Colorado, NASAlLaRC, 
NASAlGRC, lexas A&M, plus a meml)er from the NMP technology 
staff] 

• Thermal LOOD [4 members representing NASAlJSC, NASAlGRC, 
Clemson UniVersity, ~erospace Corp. (ret' d), plus a member from the 
NMP technology staff] 

• NMP Chief Technologist is also a member of each TRB 

• The Principle Investigator for each technology payload is also a 
member of his/her respective TRB 

• ST8 TRBs were organized at the beginning of Phase B (earty 2005) 



• Roles Played by NMP Technologists and 
TRBson 8T8 

• TRBs formed at the beginning of Phase B 
- Some TRB members were involved in evaluation of proposals submitted at 

the end of the Concept Formulation Phase (Phase A) 
• Original project schedule stretched out at the beginning of Phase B 

- Insufficient funding for a project payload manager and a project contrad 
technical manager (CTM) 

- NMP program technologists serving on the TRBs were loaned to the Projed 
to serve as the CTM for their respective technology payloads for the first nine 
months of Phase B 

• TRBs acted in advisory role to the CTMs and technology payload 
principle investigators 

• Project payload manager and CTM were assigned in early FY '06, and 
NMP program technologists transistioned back to their roles as 
executive secretaries for their respective TRBs 

- Role of TRBs became unclear at this point (peer review only vs. advisory and 
peer review) 

• Cancellation of ST8 fli9ht and current emphasis on completion of TRL6 
activities has resulted In greater involvement by the TRBs 

• Thennal Loop Maturation Experience 

• Significant differences between hardware used to demonstrate 
TRL4 and hardware proposed to demonstrate TRLs 5, 6 and 7 
- Different wick materials and design 
- Complicated by change of vendors 
- TRB found this situation unacceptable 

• Technology provider offered alternate hardware for TRL5, 6 & 7 
validation, but with smaller evaporator 00 (6.4 mm) than that 
used for TRL4 validation (12.7 mrn 00) 

• TRB accepted alternate hardware, but required a partial rerun of 
TRL4 tests before beginning of TRL5 validation effort 
- Smaller diameter evaporator also lead to questions regarding 

differences in performance on the ground and in space 
- TRL5 tests indicated that gravity had some effect on Thermal Loop 

performance and that the analytical model could predict these 
performance differences 

• Some questions regarding scaling criteria remain unanswered 
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Dependable MultiProcessor (OM) Maturation 
Experience 

• Early Phase B 
- TRB was key in defining the technology advance, the relevant 

environment, and the OM architecture 
- TRB acted in the capacity of a technical expert to the technology 

provider 
• Fault tolerance development strategies 
• Test and validation approaches 

• Follow-on Activities 
- TRB played an instrumental role in determining priorities and 

optimal descope approach as budget, schedule and spacecraft/orbit 
realities impacted OM development 

- TRB continues to be a strong force in steering the OM development 
as the project transitions from a flight-oriented activity to a TRL6 
end-goal 

- TRB continues to promote the technology and ensure that the 
development, though significantly descoped, results in a high ROI 
for NASA and a path to product for the technology provider 

SAILMAST Maturation Experience 

• The SAILMAST TRB initially worked with the technology provider 
to: 

- Establish criteria with specific metries to be met for accomplishment of 
TRLs5&6 

- Provide advisory insights based on the TRB's understanding of issues 
that are important to the user community 

- Share relevant past experience with analysis, testing and data 
correlation 

• The SAILMAST Experiment featured a unique cost-saving 
approach 

- The 40-meter flight artide was fabricated in Phase B 
- Ground testing for TRLs 5 & 6 performed with the flight artide 

• Project resource constraints forced consideration of descoping 
experiments 

- TRB assessed and prioritized the descope options 
- As part of the prioritization process, the TRB established a floor for a 

minimum-level validation experiment that was judged worth pursuing 



• UltraFlex 175 Maturation Experience 

• 

• The Ultra Flex 175 TRB initially wolted with the technology provider to: 
- Establish criteria with specific metrics to be met for accomplishment of TRLs 

5&S 
- Provide advisory insights based on the TRB's understanding of issues that 

are important to the user community 
- Share relevant past experience with analysis, testing and data correlation 

• An innovative design solution for tensioning the membrane substrate of 
large fan-fold Llltra-Flex arrays was developed in Phase B 
- This controlled tensioning permits scaling to sizes -Sm diameter with 

predictable dynamic characteristics 
- Ground testing for TRLs 5 & 6 performed on test articles incorporating this 

feature 
• Project resource constraints forced consideration of descope options 

- TRB assessed the descope options and prioritized them 
- As part of the prioritization process, the TRB established a floor for a 

minimum-ievel validation experiment that was judged worth pursuing 

Lessons Learned 

• Get TRBs involved as early as practicable 
• TRB membership should be composed of: 

- Domain experts (technical experts in the specific field and experts in 
technology validationiverification/qualification) 

- Representatives from the Mure user community 
- Flight systems experts with knowledge of spacecraft systems, 

constraints and environments 

• Keep TRBs involved and informed throughout the project 
- Foresee upcoming problems 
- Help determine priorities, alternatives, descopes and approaches as 

constraints and programmatic situations evolve 

• NMP project offices need to keep technology validation plans up 
to date and available for TRB review 
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