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A Study on The Effective Technology Readiness Assessment
Method for System Development Project

Hyun Woo Kim - Jeong Hwan Ko * Eui Seung Chung
Launcher Mission Assurance Division, Korea Aerospace Research Institute

In this study, the effective technology readiness assessment (TRA) method for system development project is
suggested. We analyze the domestic and foreign TRA practice and derive the new idea to resolve the problems
found from the analysis. Domestic and foreign organizations develop and use checklist for the precise TRA, but
the checklist has some problems in type of questions and analysis of assessment. TRA method using the original
TRL definition or the checklist should be selected depending on the project characteristic. Questions of the
checklist should be classified into critical or non-critical according to their importance. Finally, Test and evaluation
master plan (TEMP) in system engineering process can provide an obvious criteria to assess technology readiness
level (TRL) of critical technology elements (CTE) composing the system.
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Table 1. TRL relationship to system acquisition of NASA and DoD

NASA Pre-Phase A ‘ Phase A | Phase B ‘ Phase C Phase D ‘ Phase E
DoD MSA D E&MD P&D
TRL TRL1 | TRL2 | TRL3 | TRL4 | TRLS | TRL6 | TRL7 | TRL8 | TRL 9
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Table 2. Improvement strategy of the present technology
readiness assessment

Strategy 1 | Improvement of TRA based on TRL definition
Strategy 2 | Improvement of TRA based on TRL checklist
Improvement of TRA by combining TRL and
Strategy 3 L
system engineering
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Table 3. TRL definition of NASA(Makins, 1995)

TRL Definition

1 Basic principles observed and reported

2 Technology concept and/or application formulated

3 Analytical and experimental critical function and/or
characteristic proof of concept

4 Component and/or breadboard validation in
laboratory environment

5 Component and/or breadboard validation in relevant
environment

6 System/subsystem model or prototype demonstration
in a relevant environment(ground or space)

7 System prototype demonstration in a space
environment

8 Actual system completed and “flight qualified”
through test and demonstration(ground or space)

9 Actual system “flight proven” through successful
mission operations
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Table 4. Checklist for hardware TRL 6 of NASA and DoD
Question NASA DoD
1 System requirements finalized? Cross technology issuf: .measu.rem.ent and
performance characteristic validations completed?
2 Operating environment definition finalized? Operating environment for eventual system known?
3 Subset of relevant environments identified that address key M&S used to simulate system performance in an
aspects of the final operating environment? operational environment?
4 M&S used to simulate system performance in an operational | Factory acceptance testing of laboratory system in
environment? laboratory setting?
5 M&S used to simulate system/subsystem engineering Representative model/prototype tested in
model/prototype performance in the relevant environment? high-fidelity lab/simulated operational environment?
6 Bxternal interfaces baselined? Realistic enviro.nment (.)utside the lab, but not the
eventual operating environment?
7 Scaling requirements finalized? Laboratory system .is high-fidelity functional
prototype of operational system?
8 Fac'ilitie.s, GSE, STE avail:lible to support engineering model Engineering feasibility fully demonstrated?
testing in the relevant environment?
9 Engineering model or prototype that adequately addresses )
critical scaling issues fabricated?
10 Engineering model or prototype that adequately addresses )
critical scaling issues tested in the relevant environment?
1 Analysis of test results verify performance predictions for )
relevant environment?
B Test performance demonstrating agreement with performance )
predictions documented?
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AN FH FeE Aos AdET o] A% TRL AYE o8 FARER AFFROZ T Utk whhA 11 FH
g e 9AlQl Bk d#A EAle MY 14S & sH @R HEsdRo R FEE. 2¥ 35 “Operating en-
3 Ve szl Ut H e FAYY ol =E =Y OS24 vironment for eventual system known?”2] 73 A A NLAL
2o 7He s Aoltt. v] SR Ve s E B A e oA AR 27 B B Fofok st AHdolH, TRL
TRL A of ol o & A4l o A w3} Th g3k 7] ﬂl Jol gk oAl 6ol M= 0¥ FES FHI] AshA Bag Aol B 6¥
EAZFER 7| gt o]d & woled Asith. FEo X3 = ot A BEY FEFO R TR}
AFY2EE o] &3 7S E Bk Zﬂﬁl M A G AL EFQsin, FE ALITHE HEsgRoR 77
ARG AR AH N 7ledsE F7HEAR T8 9S8 @t 3 3 “M&S used to simulate system performance in an
7] ol dAg HrtrEe] 283 A9 HtE 7499 operational environment?”9] 73 7] &0l whe} "Fsﬁﬁ}?‘] %g
o] 3 7l & wokdl et HEA o FF3to] H7he] Aol g 9lom, TRL 62 A B2 A E oy u = HE
FAE7] oS & A Attt 28y AEFE o] FQ FEOE PRI <Table 5>+ 09 FUF PP u] %
z9 zol7t EAF T B ol zaz‘s}x] %y BE MR TRL 49} TRL 76l 3t A A 2E] AFFEES I
AEgao ta v FFeFFolt v e o] 100% 5 FEEH} HBFFHOE FEE AL BAFT o9 2o
2 TRL 2487102 3p7u, sl sdiobsh 2ol 80% of - Aol A S uEFYgEo R FEHW Y TRLS &
B EEe 2P 0T s BAVIES Aol Bostth WA d AYES -‘é?%&)ﬂ el A= 100% =5 ojoF gt Hhd
THFE L <Table 3>9] TRL A oJol A A58 AU ARG 7] HlEF 5L T TRL B < 8 =] Bad Aol
Zog ISR njP5Eo " —?Ll";r%}—t— Aol Hasith.  OFYEZ 50 % ol TFo] 7|FoR AFT AR Y
Z component, subsystem, system prototype &7 & St O] AA| JPEAG Y] Vel s E Ao Y AT AR ANA B
%713} laboratory environment, relevant environment, space envi- = Atk 18] 3 W] P55 F Qo] AR B Z Ao Ul}
ronment$} 22 FA 2, 21 HFHA 5 AF ARE G HAEC] A EA S WYst 71EEs 2A A AE
Fote AEE TRL 24 S A AUAA Agolng A s PHE 7S Aot
FEor FEeta, 19 T dds M8 2T F 7]%*3%1: 7kl A TRL 75«12 o &3 W A=~
FEHIFYEOE TR o5 S <Table 4> W] =7 EE o] & ML 7€ S/ ARl 48 7hed
RO TRL 69 g A A 2EoA 6 FF& 421 & &4 7IES AAE Fo. 1%'%71 &l Bl A
TR FE2stedolzd Sl s FE2 AT ATl ol Aol BojAe @& 7HAA E Zu AANE A F
Table 5. Classification of TRL 4 and TRL 7 checklist of DoD
TRL
Question Classification
4 7
1 Controlled laboratory environment Operational environment, but not the eventual platform Critical
2 Individual components tested in laboratory F.ully integrated .prototype. demonstrated in actual/ Critical
simulated operational environment
3 Technology demonstrates basic functionality in | System prototype successfully tested in a field Critical
simplified environment environment.
4 Cros§ .technology issues have been fully M&S used to simulate some unavailable elements of Non-critical
identified system
5 M&S used to simulate some components and Each system/software interface tested individually Non-critical
interfaces between components under stressed/anomalous conditions
6 Over'allhsystem requirements for end user's Components are representative of production Non-critical
application are known components
. Laboratory experiments with available Most functionality available for demonstration in Non-critical
components show that they work together simulated operational environment
g Hardware in the loop/computer in the loop Operational/flight testing of laboratory system in Non-critical
tools to establish component compatibility representational environment
9 Lov&.f fidf:lity technolog){ system intégration and i Non-critical
engineering completed in a lab environment
10 Functional work breakdown structure developed - Non-critical




148

Y,
r U
o

e
o,

ot

of¥

Table 6. TRL relationship to test and Evaluation Master Plan for Space Launch Vehicle

TRL Turbopump Combustion Device
3 Specimen test for validation of material and process Specimen test for validation of material and process
4 Static and dynamic load test/Water stream test Static and dynamic load test/Water stream test
5 Turbopump performance validation by similar liquid or Combustion device performance validation by combustion
real propellant test test
6 Performance validation through engine combustion test Performance validation through engine combustion test
7 Performance validation through real launching to space Performance validation through real launching to space of
of launch vehicle launch vehicle
AA GARS 24E AT FHolg AP A s A 54 =97 H8A AR c2E WL £YHA g BAol=
CE7IEASE WLE YT B4, A 2710 CTERZ 7] 2 AQR7 SPAL L 7R s & (7| E s 24
EAGE7IES TAS Als 2R ZIE PN EHS 2 Tl
&g Ao AANE AdAM = ZEH Y ARIF = A
AAETE Z2A 2 A&t Jon, o] AAFt Z2A 2
011*13*}%}271011 M 71eol 3 AdH7L SgAZd ¢ 5.4 &
L7 0l /‘154%’7} FTEAY L NEE = =9 7]
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A AA Y YFAARE HF HHE AAE TF A 7] Sl R AT E FHUAM VIE e =87 &
59 YA Ve Y 4 GAME QFHE Ve F AMS YL A TR el A RS A AT
o gAo td Y5 AYS FAH R ¥t Qi o HA TRL o5 o] &3 B/ 2 71 s 97te] 54
24 TRL3~TRL 7 2 @At AR H7F SRA LY 7lefd o HIdeE AT 2+, B7HEol dlg A Eoke] #al
A ASA Y dBA T = o) 7He 3t <Table 6>2 & HE7HEE TAE 259 AH&shs 20 frelsiet. mhekA A
A FAAE st FFEAA S dRE FAs= A 7] & Fdste 2 A Ad e BHoR Ve 5E B}
e HEPZo A7 Al Do =AY EAAR R YD A ATt F HAR AA2ES
H7FSASHTRL GAE QBAZ & B Eth HEPZO o] 83 F7PE S ARl o BA RS AR 3 o] 9A% H7b
A NBANFE TF AR D FH U 7R AAS YF 71F0] 8 A 3t FAYY 3H% ok AEA ]
< TRL 3, TRL 394 458 A2t 34L& 53 XMFJ Eii A %S4 AAds. o] A ALY 2B AEFELS
Hzo ozt FepAdd SA 2 dA 04 Al =< o] FFEF LT T TR, E—rﬁli" 100% %%
¢ FRAYS SR HREZY VS R AT %‘%% TRL4,  ofopsim HlPFaa e 50% $Fo) A A9 54L& uhya}
SAZY FAA G FAE A Ao DA FAAE o] & o 2t Aol Basith npA oz AT ) ENE
NEE 58 4% YF2 TRLS, TRL 5elA AS5H HEHZ A B8 AW} 234 o] dehbes FAAU 714748
g BAAY Qo] FPhe] A AANTL EREHRY  AZAYT TRL 24 BAS ABAND AL 1S HSERT} A
2o % YFSTRLG, 181 BE L2450 SHE WA o) Baolu} §rbe 249 ABA A A0 Aeksta
ESTFEATHOE IANFOEZN HFHOE A5S AT ARAQ HIIE 7458 & Aot
3HE 212 TRL 78] £27]F s9Eth TRL 6= W 7| AANE A A A EAL TSI B AT A A
Aaegrte d71E stedozd, 8420 245 % A 9ol = A3 IS A4 49 /2ug a3F0
Fz0] HEHZ Jjzd g FAAQ A, AA FHAA  J)exses 9712 25 IS l;% A7) kol 7)o 8 Aol
€0l 8F A ALY R ol T ATTE USTLE 781 B AFAHE 7|uto 2 &% sh3te] FubaALA) )
TAHOZ PAHL T AA7)Y BeE HEIZS FA Ao A3 2 S 71445 §7) A T8 2E0) g3 o
Sl 49T, o)k 2ol TRL3~TRLT 2 BAOlA 812 7] 23 298 Agole)
o i3 stedolz, 8424, 4571 5ol 7H3 4
B2 7]edd W Hrtel QB BUHe Aol dF 7
EEoko] gt {%*é ol A e A= AR AT Ay R
a 7 Bt =3 HIhAReh 9 7kAL Aol o TRL B7H7 )& -
o T3k ol E«] Z]' 18 #Ha8 AN 5 e M= 7HAA Bilbro, I. W. (2007), Systematic Assessment of the Program/Project
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