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1. Research background

» Develop engineering guide for the steel-making plant domain. "y

« SE standard development methods overview
— SE Standard development methods

B

ISO/IEC 15288

Derived methods

26 :T,:r“r‘w_x“,’,ﬂINCO‘SE
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Edinburgh, UK
July 18 - 21, 2016

Methods, | Methods, || Methods, || Methods,
Use case 4 Procedures Procedures Procedures Procedures

From the concept of SE standard development method
s, two methods are figured out as shown in the figure.

Method 1 is to utilize international SE standards dir
ectly for an organization’s business through tailoring

Method 2 is to develop an organizational standard f
rom domain specific SE standards which have been
developed based on international SE standards

www.incose.org/symp2016

For any system
level

For domain
level

For organizational
level

International SE Standard
(ISO/IEC/IEEE 15288
[EIA-632)

Domain SE Standard
(NASA SE Handbook,
DoT-ITS SE Guidebook)

Organizational SE Standard
(In-house Engineering Standards/Guides)




1. Research background e
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« Overall structure of the steel-making plant engineering guide 2@ ' INCOSE

Edinburgh, UK
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Core concepts

Steel-making plant lifecycle

Future work

i Developed

This figure shows the overall structure
of the steel-making engineering guide

Steel-making plant system breakdown structure

The engineering guide is made up of t
wO main parts:

Core concepts and process/exit criteri
a for each lifecycle phase.

“with output Blue boxed contents are within the sc
Feasibility study phase  information ope of the paper: Feasibility stu%
items allocated concept design phases.

e ———— - rPOSTECH
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4

/ Feasibility Study\/(:oncept Design 5 /__Basic Design

——

documents

Feasibility study phase process
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* Steel-making Plant SE Guide Development Direction - Process vs. information item alignment

*ii: Information ltem *BRS Business Requirement Specification *SRS: System Requirement Specification

Exit Criteria
Defined documents are revie
wed as per exit criteria to ma

ke a Go or No-Go decision.

Defined Documents
Outputs of process compos
e definedl documents for rev

Process

Performing Tasks :
Each life-cycle process i :

Each department perfor
ms assigned tasks base

s consisted of multiple a

*Note: Only types/descriptions o

ORG i Activity v i 1 Ly f defined documents are defined.

i d on inputs. i i ctivities. il iew ¥ i

i : i |l ¥ Milestones ]

| Organization/ i H i i Defined Do || ; Exit Criteria !

! | Department LEULE o IS ol Clinis cument ||| (for Technical Review | |

i ¥ ' 1 ) i

i ORG i _,_,_, Activity _._, i — ¥ i Rel_atlons_hlp among the engin
i ' y H . eering guide elements are def
! ¥ |l . ¥ ' ined as shown in diag.

i ORG i —H— Activity i i R MS 0 i rg ___________ :
l ¥ & —H—> ! : :
: i i :: '+ Scope of this presentation !
i ORG i Activity (i e e —————— '
i X ¥ i [ Done by the study

i ORG i Activity (i —t—T1 i S

: B B —1 1 !

! | *SRS || MS 1 i ( Future work

i ORG i TP Activity i \ I :

i i i —H——— :



1. Research background ety
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This paper is related with paper#206 titled:
“Steel-making Plant Engineering Guide Development Based on Systems Engineering Standards: Feasibility Study ¢
and Concept Design”

+ (Paper#206)The “Steel-making Plant Engineering Guide” provides core concepts, processes, outputs of processes and
exit criteria for outputs.
——

Advantages of target TRL assignment (directly) to life
cycle phases: the technical risk of developing new
( ) technology or integrating additional technology to
Besearch goal o existing system is clear/easy to understand/analyze
Reduce steel-making plant development project’s on each life cycle stage.
technology maturity risk by allocating target technology
maturity, in terms of TRL (Technology Readiness Level), Research outputs
as an exit criteria to the life cycle phases 1. Steel-making plant lifecycle
. ’ 2. Steel-making plant’s TRL definition

3. Steel-making plant’s target TRL assignment to
lifecycle phases

Steet %Mﬁgﬂr 4"'59\ 7 4. TRL checklist for early lifecycle phases
plant Concept Basic Detailed L . o o . "
) Design Design | [Design rocuremenConstruction Transition Operation Maintenance
life
cycle A A
i System ) ] e
b[;ZSeII?:e b usiness Allodated Progluct Design maturity Terminology:
Technical risk: risk caused by design maturity (risk) and technology maturity (risk)
TRL Technology maturity risk: risk caused by technology maturity issues
TRL7 TRLS Technology maturity Design maturity(progress) risk: risk caused by design maturity issues




1. Research motivation

« References’ exit criteria lacks “technology maturity” assessment

+ Example 1: Life cycle phase’s exit criteria are reflected as

“Entrance Criteria” and “Success Criteria” of NASA'’s technical

Entrance Criteria ‘

Misslon Concept Review

Success Criteria

[

. Analysis of alt
atleastonels

3. ConOps.

4. Preliminary m

5. Preliminary rit
technologies
management
options.

6. Conceptual te
. Preliminary te
next phase.

. Defined MOE!

. Conceptual lif
(logistics, mar

~

O

. Mission goals and objectives.

Managerial exit criteria

System Requirements Review

Entrance Criterla

1. Mission objectives are clearly defined and stated and are unambiguous

R and responses made to all MCR RFAs and

2. Apreliminary SRR agenda, success criteria, and charge to the board have been

agreed to by the technical team, project manager, and review chair prior to the SRR!

3. The following technical products for hardware and software system elements
are available to the cognizant participants prior to the review:

V‘?DUOJE-_’V-—-_'Z'@T"DQ"\U'W

. system requirements document;

. system software functionality description;

. updated ConOps;

. updated mission requirements, if applicable;
. baselined SEMP;

risk management plan;

. preliminary system requirements allocation to the next lower level system;
. updated cost estimate;

technology development maturity assessment plan;
updated risk assessment and mitigations (including PRA, as applicable);

. logistics documentation (e.g., preliminary maintenance plan);

preliminary human rating plan, if applicable;

. software development plan;

. system SMA plan;

. CM plan;

. initial document tree;

. verification and validation approach;

preliminary system safety analysis; and
other specialty disciplines, as required.

1.

|2.

The project utilizes a sound

Requirements allocation
Plan/schedule
nds Deen uenneu w Lompiewe

the definition activity within
schedule constraints.

Requirements definition is

P S S

Requirements definition
Requirements allocation
Requirements verf.&vald.

Ll

been defined.

. Requirements allocation and

flowdown of key driving require-
ments have been defined down
to subsystems.

. Preliminary approaches have

been determined for how

5. Major risk have
been identified and
technically assessed,
and viable mitigation
strategies have been

== defined

*Mission Concept Review (MCR) is conducted at the end of “Pre-Phase A:Concept Studies”
*System Requirements Review (SRR) is conducted at the end of “Phase A: Concept & Technology Development”

rin sy

+ Example 2: Life cycle phase’s exit criteria are reflected as “Program
Risk Assessment Checklist” of DoD’s technical reviews

AV Aibenp
e w0 o mm o,
B

System Requirements Review [P
Program Risk Assessment Checklist ey

Corvvents (Wi ssee

“Technology
maturity” assessment

Timing/Entry Criteria
Planning
Program Schedule
Management Metrics (Cost, ...)
Program Staffing
Process Review
Product Support
System Requirements
. Technology Development
. System Verification
11. Program Risk Assessment
12. Completion/Exit Criteria

© XN~ WON =




2. Research tasks and content structure %
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A. System life-cycle 0/ Q 2@ ' 'INCOs
- Life-cycle phases <
-~ Each life-cycle phase’s exit criteria For general system For application domain: ¢
B.  Types of exit criteria (information gathering) Steel-making plant
- Economical
- Societal

- Technical: design maturity & technology maturity

C. Technology Readiness Level (TRL)
- TRL definition

- TRL assignment to life cycle phases
- TRL checklist

S

POSTECH
P~
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3. General systems — engineering life cycle ffx

) [ K
Engineering life cycle properties (phases, processes, milestones/reviews, exit criteria) k&'.wg?

Different application domains can adopt different life cycle definition 2@ ' INCOSE

Edinburgh, UK
July 18 - 21, 2016

EIA-632 — Engineering life cycle | Pre-SystemY System Y Subsystem Y Detailed End Product Physical
Definition | Definition Design Design Integration, Test and Evaluation

Engineering life cycle properties:

Life cycle phase: a system’s engineering life cycle consists of phases

Formal review: at the end of a phase, there is a formal review (milestone) to (1) evaluate the performance of the phase
and (2) decide whether to continue to the next phase

Exit criteria: each phase has exit criteria to be fulfilled

Processes: each phase has processes that have to be performed to satisfy the phase’s exit criteria

Exit criteria checklist: At a formal review, the fulfilment of each exit criteria statement (of the relevant phase) is
examined/checked. Exit criteria checklists may support the formal review activities

(Proposed) Steel-making plant development system life cycle

S Concept . . .
Feasibility : Basic Design Detailed . i .
Study 12ecshlgge8;; L Taer Ve Design Procurement | Construction Transition Operation

www.incose.org/symp2016

We developed the exit criteria of front-end engineering phase fro steel-making plant 9



3. General systems — exit criteria

Exit criteria properties and categories

Exit
Criteria

Technology maturity > TRL

Exit criteria categories |

Category 1:
Economical

Category 2:
Timing/Schedule

Exit criteria properties

Establishment of general guideline/framework of
exit criteria for each life cycle phase is important
Life cycle processes properties (purpose,
outcomes, activities, and tasks) need to be aligned
to exit criteria

Under certain circumstances (e.g. project’s special
characteristics), the exit criteria can be tailored.

|

Organi Formal !
zation Inputs Process Outputs documa s :
|

|

ORG i Task i Formal :
documents :

ORG i Task i :

L -

Category 3:

v

Societal

v

i ‘l '! . ..;ﬁ ’I:

This category created to support no overlap
and no omission of the required information.

July 18 - 21, 2016

Category 4:
Technical

Research’s scope

v
4.1
Design maturity
= completeness of
Sol’s architecture
definition

Milestones
Exit
Criteria

1

1

1

I
Milestone |
(Exit 1
Criteria !
Checklist) |
1

Technolo_gy maturity
= readiness of the (critical) technology

to be applied

lMeasured by

Technology Readiness Level (TRL)
TRL is a measurement (scale) of
technology maturity to represent the
technology's readiness to be realized/
implemented




3. General systems — Technology Readiness Level (TRL)

«  TRL definition by various organizations has similar properties

NASA’s TRL

System test, launch,
and operations

Actual system “flight proven” through successful
mission operations

System/subsystem

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

development

Technology
demonstration

Technology

System prototype demonstration in a
target/space environment

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

Component and/or breadboard validation in relevant
environment

development

Research to prove
feasibility

Basic technology
research

Component and/or breadboard validation in laboratory
environment

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

Technology concept and/or application formulated

Basic principles observed and reported

5y

N\

DoD’s TRL DoE’s TRL ETRIS TR < S
* National Aeronautics and Space Administration (NASA) o
» United States Department of Defense (DoD)
* United States Department of Energy (DoE)
» European Space Agency (ESA) *'“"’”
+ ISO 16290 Space systems - Definition of the Technology Readiness %

Levels (TRLs) and their criteria of assessment b

Organizations in South Korea:

« Defense Agency for Technology and Quality (DTaQ)
+ Korea Institute of Energy Technology Evaluation and Planning (KETEP)
» Electronics and Telecommunications Research Institute (ETRI)

» Korea Agency for Infrastructure Technology Advancement (KAIA)

TRL definition of these organizations have similar properties:

e Consists of 9 levels

* Definition/description (concept) of each level is similar (with

NASA’s TRL)




3. General systems — Technology Readiness Level TRL)K_X

. TRL definition of industries may have different properties (compared to NASA's TRL), but the concept is similar

Industries may have different TRL

definition:

* (Detailed) Domain-specific
activities are included in the
TRL definition

* However, the underlying
concept is similar

API: American Petroleum Institute
AC: Automotive Council

@Aprs TRL definition (for subsea

industry) combined the

component/prototype validation

in a lab and relevant
environment.

@AC’S TRL definition has an
additional level to ensure
vehicle distribution

geographically

www.incose.org/symp2016

1. Basic principle

NASA’s TRL

TRL 1: Basic principles observed and report
ed

API's TRL

TRL 0: Unproven Concept
(Basic R&D, paper concept)

AC’s TRL

TRL 1: Basic Principles have been observed
and reported

N

Boeing’s TRL

TRL 1: Basic principles/concept of test equi
pment and procedure defined.

2. Technology fo

ionconcept and/or applicati

rmufad

on formulated

TRL 1: Proven Concept (As a paper study or
R&D experiments)

TRL 2: Speculative applications have been id
entified

TRL 2: Test method concept formulated and
defined by draft standards

3. Concept proof,
Feasibility Study Phase

TRL 3: Analytical and experimental critical
unction and/or characteristic proof-of-conc
ept

TRL 2: Validated Concept (experimental pro
of of concept using physical model tests)

TRL 3: Analytical and experimental assessm
ents have identified critical functionality an
d/or characteristics.

TRL 3: Analytical and experimental critical f
unction and/or characteristic proof-of-conc
ept (e.g. by modifying old/existing equipme
nt)

4. Lab. validation
Tech. Dev. Phase

ié) Com|

unenlaHorbre df ardval\i
Jeve

5. Relevant envin
at component

oTRLS ComiznﬁéiJJre oard valid
level

Tech. Demo. Phase

6. Relevant envir

at system level

TRL 6: System/subsystem model or prototy
pe demonstration in a relevant environmen

onmentvalidation

TRL 3: Prototype Tested (System function, p
erformance and reliability tested)

TRL 4: Environment Tested (Pre production
system environment tested)"

TRL 4: The technology component and/or b
asic subsystem have been validated in the |
aboratory or test house environment

TRL 4: New prototype equipment validation
in laboratory environment (robustness)

TRL 5: The technology component and/or b
asic subsystem have been validated in relev
ant environment, potentially through a mul
e or adapted current production vehicle.

TRL 5: Updated prototype equipment valida
tion in relevant production environment (re
peatability). Documented test guidance fra
mework.

TRL 6: A model or prototype of the technol

ogy system or subsystem has been demons
trated as part of a vehicle that can simulate
and validate all system specifications withi

n a test house, test track or similar operatio
nal environment.

TRL 6: Multiple prototypes validation in rel
evant environment (reproducibility)

EPC(Full scale Dev.) Phase

TRL 7: System prototype demonstration in a
space environment

TRL 5: System Tested (Production system in
terface tested)

TRL 7: Multiple prototypes have been dem
onstrated in an operational, on-vehicle envi
ronment.

TRL 7: Finalized prototype equipment demo
nstration on range of production configura
tions. Documented test guidance defined.

7. Target environment

Transition Phase

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

TRL 6: System Installed (Production system i
nstalled and tested)

TRL 8: Test and demonstration phases have
been dto s sati: i

TRL 8: Final test equipment drawings releas
ed, equipment built to the standards, and “

qualified” through test and demonstration.

Documented test guidance finalized.

8. Target environ

Operation Phase

mentctual system “flight proven” throug
h successful mission operations

TRL 7: Field Proven
(Production system field proven)

TRL 9: The actual technology system has be
en qualified through operational experienc
e.

TRL 9 Multiple production units verified by
successful round robin testing.

9. System operaqion

TRL 10: The technology is successfully in ser
vice in multiple application forms, vehicle pl
atforms and geographic regions.

LB

12




3. General systems — Technology Readiness Level (TRL)(CX

oS
. TRL usability - why the organizations/industries defined TRL -;.:"7
/4
TRL is used to measure technology maturity. Technology maturity assessment is performed to: 'NCOSE
1. Create and assess a certain technology development stages (roadmap) rgh, UK
2. Control a project’s bidding condition (e.g. only bidders that can start the project from TRL 4 can bid) 21,2016

3. Report the status of a technology development, and other usage
4. Be an exit criteria of life cycle phase > however, usually TRL is not considered as one of the exit criteria

Reference case of TRL usage: technology dev. roadmap

In this research, we propose target TRL

Technology Readiness Level (TRL) Process

NASA's quest to make jet engines quieter
led to the development of chevrons, which
moved relatively quickly through the TRL
process to be deployed into the
commercial marketplace.

assignment as an exit criteria to each steel-
making plant’s life cycle phases

Advantages of target TRL assignment (directly) to
life cycle phases:

il i) — : « The technical risk of developing new

technology or integrating additional technology

to existing system is clear/easy to

understand/analyze on each life cycle stage 5@

rPOSTRCH
FYFAULD

13

TRL 3 (Early 1990s)

«Applications to small nozzles and airfoils

(9




3. General systems —TRL assignment

» Existing work on “target TRL allocation to life cycle phases”

DoD, 2014

VAN

DoE, 2011

26

Edinburgh, UK

TRLs |12

Vra

VTA

A\ A Program Initiation 10C FOC
Materiel Technology Engineering and Production & Operations
Solution Development Manufacturing Development Deployment &
Analysis Support
Materiel Prototying  System Design | s, 4 OPost FRP
e hora VeBiia Docaon [omament gy
ipmmePa! - e = P -»  ,  lesesese= »
AN ATKTARA A A A A
ITR ASR, SRR SFR PDRPPRCDR TRR SVR PCA ISR
A L-p A (FCA} A
i{BR o IBR PRR OTRR IBR
V ira

MRLs |1|2 :sI 4

Figure 2. TRA Relationship to Systems Acquisition Gates, Milestones, and Events

Mission Alternative Performance Construction Operations
Need Selection Baseline Start Start
CD-0 CI?-1 CD|-2 CIID-S E> CD-4
TRA1 TRA2 TRA 3*
(TRL=4) (TRL=6) (TRL=6)
TMP
Technology Conceptual Preliminary Final Operational
Requirements Design Design Design Readiness
Review Review Review Review Review

* TRA 3 required if there is technology modification/change on going from preliminary to final design.

www.incose.org/symp20

In this research, we
propose a steel-making plant system life cycle,
define the technical readiness level (TRL) for a steel-making plant,

1.
2.
3.

assign a target TRL for each life cycle stage as an exit criteria of that stage, and

develop TRL checklists for early life cycle stages

7986.20\%,

T 2CH
Baicyeri




4. Steel-making plant — system life cycle e

!?- nE's

«  Steel-making plant life cycle definition \) Egy//
Cor?cept Basic Design Detailed . o .
Design & & Tech. Demo Design Procurement | Construction Transition Operation Maintenance
Tech. Dev.

1. Feasibility study stage: wide spectrum of ideas and alternatives are developed 6. Construction and installation: practical system validation,
while deciding the tasks of a new development project. realization, and verification take place.

2. Concept design and technology development: the objectives are two-fold: (1) 7. Transition: The activities in the transition stage depends on
to determine the feasibility and desirability of the alternatives proposed at the delivery agreement of integrated and verified end products
feasibility study stage and (2) to establish the compatibility/alignment between the to the system acquirer. Based on the contract, the supplier
organization’s/enterprise’s strategic plan and preliminary system baseline. might have to install the verified system including the

3. Basic design and technology demonstration: system and subsystem design supporting systems, such as operator training, on the
specifications are completed and they are decided based on the preliminary intended operational environment. (Commissioning is an
performance requirements of the system. Also, the technical requirements are important activity in steel-making plant)
defined in a certain level of details to allow the prediction on project’s schedule 8. Operation: the system is operating and performing its
and cost. operational objectives in the intended environment.

4. Detailed design: detailed design (design drawings), hardware fabrication, and 9. Maintenance: the system is maintained/supported to enable
software coding of the system and subsystem (including the operational system) continuous operation.
are completed. 10. Decommission and disposal: the system and its related

5. Procurement: procurement is performed to realize the system. The procurement services are decommissioned. In this stage, system
activities should consider the quality, cost, and delivery aspects in order to realize engineering activities mainly concern with the validation of )
the system safely.

disposal requirements fulfillment.

rPOSTERPCH
TyFater

www.incose.org/symp2016 k.



4. Steel-making plant — TRL definition

+  Steel-making plant TRL definition

Considerations in defining TRL for steel-

making plant:

» References from other organizations/
industries’ TRL definition

* Main technology viewpoints of a steel-making
plant:
1. Material technology (high—valued steel

:r 2. Steel-making process design i
: technology :
' | 3. Steel-making facilities design :
: technology :
' 4. Steel-making facilities operation !
! technology !

Assessment focus technology

www.incose.org/symp2016

Assessment scope of steel-making plant tech.

a

TRL Technology principle understanding The basic principles of the material technologies, steel-making proc

1

TRL

TRL

TRL

TRL

TRL

TRL

TRL

TRL

Technology application concept iden
tification/ definition

Analytical verification of the technol
ogy application concept

Components performance verificatio
n in the laboratory environment

Components performance verificatio
n in the similar operating environme
nt

System level performance verificatio
n in the similar operating environme
nt

Performance demonstration trial of t
he prototype in the actual operating
environment

Demonstration of complete operatio
n preparation of the actual system in
the actual operating environment
Business operation

esses’ technologies, and steel-making facilities’ technologies are u
nderstood.

Contribution methods (application concept) of the material technol
ogies, steel-making processes’ technologies, and steel-making faciliti
es’ technologies to the end-products(steel products) are identified.
Namely, technology concept development and application areas are
identified.

Analysis/experiment on the core function of the identified technolo
gy related to the material, steel-making processes, and steel-making
facilities. Or concept verification of the technology's characteristics
Verification of the components or the required performance (labora
tory-wise) of the core function of the identified technology related t
o the material, steel-making processes, and steel-making facilities in
the laboratory environment

Verification of the required performance (components-wise) of the
core function of the identified technology related to the material, st
eel-making processes, and steel-making facilities in the environment
similar with the operating environment

Demonstration the (equipment-wise) model or prototype performa
nce of the core function of the identified technology related to the
material, steel-making processes, and steel-making facilities in the e
nvironment similar with the operating environment

Demonstration the equipment prototype performance of the steel-
making equipment in the operating environment

Completion of equipment development and technology demonstra
tion

Operation of the equipment



4. Steel-making plant — TRL assignment s

. Steel-making plant TRL assignment Proposed life cycle phase and TRL assignment !g . /
Considerations in assigning TRL to the V. Method
life cycle phase.s.qf steel-making plant: Feasibility Study TRL 4 Comp. Lab. M
* From TRL defm't'(_)_n ef[c. Concept design and technology development TRL5 Comp. Ref. M, P

» Technology verification level . . .
> Technology verification methods Det.alled deggn, Procurement, construction a L | S Op. D, C
nd installation
Transition TRL8 System Op. C
TRL .aSSIQnrr.Ient charact.erlstlcs _ Operation and maintenance TRL9  System Op. C
* This generic TRL mapping to the life Decommission and disposal N/A N/A N/A N/A
cycle stages may be tailored —

according to the project

. V. Level: Represent Component vs. System verification level
environment.

V. Env.: Represent laboratory, reference and operational environment.
V. Method acronyms: M: Modeling, P: Prototyping, D: Demonstration, C: Commercial pl
ant verification

DoD’s & DoE’s life cycle phase and TRL assignment — for comparison

DoD life cycle phases DoE life cycle hases )

Materiel solution analysis TRL4 Mission need TRL4
Technology development TRL5 Alternative selection  TRL6
Engineering and manufacturing development  TRL8 Construction start TRL 6

www.incose.org/symp2016 Production and deployment TRLY  Operations start N/A



4. Steel-making plant — TRL assignment

TRL checklist

Considerations in developing TRL

checklist

» Definition of steel-making plant’'s TRL
» Each level of TRL has some required
verification methods

» Steel-making plant’s life cycle phase,

process, and exit criteria definition
» Each phase of life cycle has process
verification/validation requirement

» References from other organizations/
industries’ TRL definition

www.incose.org/symp2016

-

0 . [ M 7
ity Y/
Proposed life cycle phase and TRL assignment 26 |Ncpss
Life cycle Method Edinburah, UK
Feasibility Study TRL4 M Research scope:
Concept design and technology development ~ TRL5 M, P gs;g’;ge cycle
Basic design and technology demonstration TRL 6 P,D
5?:]2::'(':;32:@, Procurement, construction an TRL7 b
Transition TRL 8 C
Operation and maintenance TRL9 C
Decommission and disposal N/A N/A
Legend: TRL 6 TRL 9 checklist
Method acronyms: M: Modeling, P: P TRLS stration, TRL 8 checklist

C: Commercial verification

TRL 4 checklist

TRL 7 checklist

TRL 3 checklist

TRL 1 checklist
]
Tygatueta

18




4. Steel-making plant — TRL exit criteria o\

[ ]
+ Steel-making plant life cycle phases’ exit criteria !"d'.'. ,
MSO  MS1 Msz MS3 MS4 2

Steel- -

making Fe;ts |3|I|ty DBaS| I%etalled Procurement Construction Transition
plant Iife uay esign esign

cycle A A 4 A

.| Design Business Allogated _ _

[ 5 baseline System Product Design maturity
% .5 ]

o B

- TRL4 TRL5 TRL6 TRL7 TRL8 9 Technology maturity

Economical exit criteria

Timing exit criteria

Societal exit criteria

www.incose.org/symp2016



4. Steel-making plant — TRL checklists _

*  Case study: solution
Exit criteria checklist structure

ection |Sub-sect|on

A. REVIEW MEMBERS AND REVIEW DOCUMENTS EVALUATION

IA.1 Review members

IA.2 Review documents preparation

Exit
Criteria

v

\ 4

Ca

Economical

tegory 1:

Category 2:
Timing/Schedule

Category 3:
Societal

Category 4:
Technical

JUyT8="27,2076

B. PROJECT OVERVIEW AND GOAL EVALUATION

B.1 Project overview

B.2 Specification tree and system specification

IC. DESIGN PROGRESS EVALUATION

IC.1 Stakeholder requirements

TRL 6 checklist (for BD exit criteria 147 ea.)

TRL 5 checklist (for CD exit criteria 100 ea.)

IC.2 System requirements

IC.3 Specialty engineering requirements

IC.4 System architecture

IC.5 Measurements (MoE, MoP)

IC.6 Verification and validation requirements

C.Z Reauirements traceability

D. TECHNOLOGY MATURITY EVALUATION

Ip.1 TRL

E. ENGINEERING PLAN EVALUATION

E.1 System Engineering Management Plan (SEMP)

E.2 Schedule

E.3 Modeling & simulation plan

F. PROJECT LIFE CYCLE COST ESTIMATION EVALUATION

|F.1 Cost estimation

G. RISK EVALUATION AND STATUS

G.1 Risk evaluation

G.2 Risk status

www.incose.org/symp2016

TRL 4 checklist (for FS exit criteria 84 ea.)

Z

o | Exit Cateria

Description

Physical Breakdown
Structure (PBS) development

Physical Breakdown Structure (PBS) has been
developed for the target technology that will be applied
to the system

TRL &

and softwaze.

has been wriften.

Software — The feasibility of the integrated logical model
and each Jogical module of the identfied software’s
fuctions has

the TRL the

et
tasget technology bas been defined

5 [ Test demonstration -

Necessary performance validation of the compoaent

called TRL

Componeat formance of the technology (which ifs realization

3| Target TRL definition Target TRL bias been defined. For example. the target ﬁ:{,h.m\ is Dot yet validated) has been demonstrated in
TRL of Feasiblity Study (FS) phase is TRL 4. Target Tabogatary scale 3
TRL can be ch depending on the busivess project —

4 | The technology's been| [ 1€ |1 v o e —
AT E components possability is not yet validated) that is composed of
defi defined sorted and used in TRL mitiple conponents has been demonstrated in.

decision Iabosatory scale by means of simulation.

5 | The technology's ‘The measurement metrics, in order 1o determine the 7 | et between the e the

characteristics definition — | TRL/manurity of the previosly defined target Interface technology (which is realization possiblity s not yet
TRL measurement metrics | technology, have been decided. These metrics are also  has been Iaboratory scale

6 | The technology’s
characterisics definition —
methods

The decision method of the previously defined TRL.
measurements’ values have determined

7 | Operational envisonment
definition

The systemn's operational envisonment based on the
opertional scenario has been defined

Test demonstration — Supplier

‘The supplier has demonstrated each component in
laboratory scale (acquirer components” acceptance test).
* This item is an optional exit criteria of Feasibility
Smudy (FS) stage

8 | Laboratory environment
on

The laboratory environment where the technology will
be tested Is been defined fo utate the defined
operational environment

Test results verification —
Prediction

Analysis about the performance test result in the
Iaboratory environment has been completed. This
analysis result validated the defined performance
requirements (of the task analysis).

9 [ Laboratory test requirements
definition

The test requirements have been defined to enable the
system requirements test in the laboratory level

Test results verification —
Functionality

The basic functions of the tasget technology have been
validated in the laboratory scale through the technology

10 | Test defimition - Goal

‘The test methods are appropriate to validate the
technology's feasibility

n omponent

 the model used in

level are substitute of the components of the target

Test results verification —
Compatibility

The components” compatibility has been validated

* This item is an optional exit eriteria of Feasibility
Study (FS) stage

12 Test definition — Performance
get

The test target values that replicate the performance
tasget of the system have been defined.

22 [ Tectmology reatization

Validation (laboratory-based)

The target technology's ealization has beea validated in
the laboratory ensironment

Test definition - Performance

measurement

The system performace measurement uait has been
defined

Test preparation — Algorithm

Algorithm — The algorithm’s pseudo code of the systems

Test validation - Scale-up
relation

The scale-up relation of the technology has been
understood and cousidered in the technology

development
* This item s an optional exit criteria of Feasibility
Study (FS) stage.

Compact version: 13 ea/FS, 33 ea/CD, 32 ea/BD

&
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TRL 4 Checklist

Steel-making plant TRL 4: Components performance verification in the laboratory environment

/ INCOSE

| No | Exit Criteria Description 26 ,J.. | To
1 | Physical Breakdown Physical Breakdown Structure (PBS) has been and software has been wniften —
Structure (PBS) development Mmh target technology that will be applied ::dﬂ:::lo:;l modn;g ofmg ;;:in:odcl
to SV identified M ~ M M
Test demonstration — Necessary performance validation of the component

2 | TRL measurement definition | The term 'the TRL of the

T TM‘—m‘xmim*mr — - Bl Postiosias e ety (oich e Component performance of the technology (which its realization
- on defined. For example, the tan possibilityis not yet validated) has been demonstrated i og oqe . . .

TRL of Feasibiliy Study (FS) phase i TRL 4 Target | Iaboratory scale | possibility is not yet validated) has been demonstrated in
" ‘est demonstration — subsystem tec] logy (Which its realization
! [ scsniton | dened T ks e s g wed L | | | cones oty i ot vt s compond of laboratory scale.
decivion. laboratory scale by means of simulation. s

5 | The technology’s The measurement metrics, in order to determine the 17 | Test demonstration — The interfaces between the related-components of the ALl2 NYEEE 2E3 (g Feasibility R BrR) S AT Ol 2 Ot & I ACH,

TRL mesrermat menics | echmnloy. e b deeud, These s ar also lntrface fechocogy (sch s szt oy s e Ai3 NS g8 55 \IBZZIRZEE e e oo oeay ST TIOT TZEE
4 \'i.l.\d:lLd has been demonstrated in laboratory scale. o _ -
called TRL measurements. Z 0ot ALCH,

6 | The technology's “The decision method of the previously defined TRL 18 | Test demonstration - Supplier | The supplier has demonstrated each component in Ala  |OTONEN B0 EH OTONE TR E= OToR T = o CReToT0l B GIT P
characierisics definition— | measuremeats' values have getermined Iaboratory scale (acquirer components” acceptance tesf), A - e N W;W S A== (Business Feasibility
TRL measurement methods

st [01] 8 | Laboratory environment The laboratory environment where the technology will | vreview s = @ OPE ST e ETE A & =2 (a1

= M |EIACH

8 | Laborat vironment The laborat vironment where the technology will T4 : :
dettion | e eted b2 been defined to it e defned definition be tested has been defined to imitate the defined 27 A8 A (Business Requirements Document, BRD), EFE &2 &

5 | oot estreusemess | Toe st requsemens e b dcies ocaniene | | (K e e operatlona_l__:snvuonmenL,w, e ST T AT AT NE M (Business Reaunements

|| gefinition test in the laboratory level |

10 | Test definition - Goal The test methods are appropriate to validate the 21 [ Test results The ‘has been validated. S0K (FaR) 2 E EFEH T % (Feasibility Study, FS) == M2= S S8 OF 20101 1S F Z & 2 I M (Feasibility Analysis

The st e

Test defintion — Component

The components of the model used in the laboratory
level are substinute of the components of the target
system.

Test definition — Performance
paget

‘Test definition —

The test target values that replicate the performance
target ofﬂr system have been defined.

measurement

The system unit has been
defined

S| =
Bl B

11

Test definition — Component

The components of the model used in the laboratory
level are substitute of the components of the target
system.

21 balance,

O, ST, &

Test preparation — Algorithm

Al —The ithm’s code of the systems

| Study (FS) stage
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The original research results are in Korean language.
The authors translated the checkllst from Korean Ianguage to English.




4. Steel-making plant — Life cycle & TRL assignment Casm

» Case study: solution - integrated

S
sy

MSO0 MS1 MS2 MS3 MS4
/ \ / \ / N\ / N\ /
Steel- o . V
making Feasibility Con<_:ept Ba§|c Deta_lled Procurement|Construction| Transition | Operation
plant life Design Design Design
cycle A 4 A A
Design Business Allocgated _ .
baseline System Product Design maturity
(" | ~
TRL TRL4 TRL5 TRL6 TRL7 TRL8 9 Technology maturity
TRL4 J TRL5 J TRL6 J
checklist checklist checklist
TeCh;IOIOg TRL achievement method
verificatio i
tool ¥
: | L
Sol ! S — Commercial Plant




5. Conclusion et

Paper title: Technology Readiness Level

MsS2

MS!

plant life

cycle A

0 Ms1
Concept Basic Deta
Design Design Des Inputs
A

y

as an Exit Criteria of Early Life Cycle -

In this paper, we propose
1.
2.

3.

4.

|
|
Formal ! Exit
Process Outputs documents | Criteria
P, ’ _4 4
|
|
) I Milestone
Task —» i — Promal . (Exit

documents 1 Criteria

| Checklist)
Task —» i —>» -1

» Life cycle processes properties (purpose,

Phases for Steel-Making Plant A | Design |Business GALERE i >
83 baseline Sys1em
ES
Exit Q= -
Criteria = = TRL TRL4 TRL5 TRL6 i —»
T
v \ 4 ) 4
Category 1: Category 2: Category 3: Category 4:
Economical Timing/Schedule Societal Technical
v I Lessons learned
4.1 42

Steel-making plant lifecycle phases*

Steel-making plant’s TRL definition

Steel-making plant’s target TRL assignment to lifecycle
phases

TRL checklist for early lifecycle phases

Advantages of target TRL assignment (directly) to life cycle

phases:

The technical risk of developing new technology or
integrating additional technology to existing system is
clear/easy to understand/analyze on each life cycle
stage.

The technology development effort could be aligned with

thea informatinn iteme within the ~rhacklict

outcomes, activities, and tasks) need to be
aligned to exit criteria
« Exit criteria should includes economical, timing/

schedule, societal,

and technical exit criteria.

Technical exit criteria should includes design maturity
and technology maturity.

» The key to the world steel market is to develop new
technologies that able to produce high value-added
steel products. However, new technologies have
high technical risk. To solve the technical risk,
target TRL should be included as an exit criteria
of each steel-making plant life cycle
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4. Case study — Life cycle & TRL assignment

» Case study: problem

A steel-making plant applies the concept of “Analysis
model, lab scale model, pilot plant, demonstration plant,
commercial plant” as its engineering development stage
instead of engineering life cycle phases.

* However, “Analysis model, lab scale model, pilot
plant, demonstration plant, commercial plant” is
supporting methods, thus should not be applied as “life
cycle phases”

* Problems occurred by using “supporting models” as life
cycle phases:

o The objective of the formal review at the end of each
phase is not to evaluate (technical) risks but whether
the model has been built/completed or not.

o The design/development engineers do not have
clear goals of building the models(kinds of
technology to be verified, verification methods
needed, etc, are vague) but rather only to finish the
models.

o When the models or final product (commercial plant)
fails, the developers can not analyze the root cause.

www.incose.org/symp2016

Proposed life cycle phase and TRL assignment

Life cycle

Feasibility Study

-

S RN
\* 77

TRL
TRL4

Concept design and technology development TRL 5

Basic design and technology demonstration

Detailed design

Procurement, construction and installation

Transition

Operation and maintenance
Decommission and disposal

Legend:

Method acronyms: M: Modeling, P: Prototyping, D: Demonstration, ‘_H
C: Commercial verification '

TRL6

TRL7

TRL7

TRL 8

TRLO
N/A

C

C

)

N/A
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4. Case study — Life cycle & TRL assignment E/\\.
QI AN
‘' wdy

» Case study: solution

* Proposed solution
o Development stage should use “life cycle phases”

Proposed life cycle phase and TRL assignment
TRL

v’ Delivered product: Life cycle definition Feasibility Study TRL4 | M
o Each life cycle phase should have exit criteria. At ]
the end of each phase, a technical/formal review Concept design and technology development ~ TRL5 | M, P
should be held to evaluate the fulfillment of exit
criteria Basic design and technology demonstration TRL 6 P,D
v" Delivered products (4):
1. Feasibility study phase exit criteria checklist, Detailed design TRL 7 D

2. Concept design and technology development exit
criteria checklist,

3. Basic design and technology demonstration exit Procurement, construction and installation TRL7 D
criteria checklist
4. Detailed design exit criteria checklist .
Transition TRL 8 C

o The “Analysis model, lab scale model, pilot plant,
demonstration plant, commercial plant” concept

understanding is redirected as TRL achievement - Sperationand maintenance TRLI ) C

method (I!fe cycle supportipg method) Decommission and disposal N/A N/A
v" Delivered product: Life cycle and TRL Legend: “*
assignment

Method acronyms: M: Modeling, P: Prototyping, D: Demonstration, H
C: Commercial verification '
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