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Kazuo Hiekata, Graduate School of Frontier Sciences, The University of Tokyo
*With inspiration from accomplishments by MIT ESD group

(1) Explore Problem Space and Define
Design Space with System Boundary

Focal stakeholders and their value flow are the
key output of this phase.

MlTsdm

Definition of System Boundary

g This is what you can
directly control ( 2 )
'@ Desim S
i

(1)

Fig. 5.1, p.99

Input

MiTsdm

[0 Markst Stakeholders
) Nonmarkst Stakenoidars -
) The Focal Organization

) bl )
= ) ==
E

“Hub-and-Spoke” Stakehalder Model
(Adapted from Donaldson and Preston, 1995

Stakeholder Value Network
(Feng, Cameron, and Crawley, 2008)

(2) Comprehensively Search in
Design Space

The value of focal stakeholders are clearly stated
in OPM or other format, to separate needs,
intents, functions and forms.

+  Toslow

- The spoilage rate of food
« By chilling

- Efficiently

~ A4 degraes
+  Using a refrigerator

- Ofintemal volume 15 1’

Need Intent

System Architecture consists of Function Related
by Concept to Form.

Identify controllable key architectural decisions
from functions and forms, to craft morphological
matrix.

Prioritize architectural decisions based on

sensitivity and connectivity. Form
c
(T T T o e E o o 8
s ey | Tancwm Ed
o '
Cas T c
T S
[T
o= Concept
@ Sensitivity for E ngly
[ property m; to E Connectivity for
= cha_n_gsill'l i 7 decisiond,
- decision d, £ Srongly /

I (3) Evaluate Solutions in Design

I Space

| Define multiple objective functions based on the
I needs, intents, functions and forms, and draw
|

pareto front.
=

Manage llities of proposed desig%;\

/3=

[
\ c2¢
Y J

i

Mass (adimensional) vs. # of 9°s in R

FIGURE 15.10 Detail of non-dominated architectures when connection weight = 5/3 and dissimilar
component penalty = 0

(4) Generate Innovative Ideas/Frame
a Path to Solutions

|

|

|

|

|

|

|

|

|

|

11 - ldentify a better solution

I satisfying requirements in design
| Space

I - Initiate new challenges by

l identifying architectural decisions
I increasing the system value with
. technological enhancement

' and/or political changes

Il~ Test values of existing practices

: and on-going actions by applying
|
[]

the framework ‘
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Concept

RETIRE
EBRITERET

.

IRHE

Morphological Matrix (MM) @D A A—

~

Decision alt A alt B alt C altb | atE | anF | altG
Number of Crew k | 4 5

Number of Crew Compartments | — 2

Mumber of Propellant Stages 2 I | 4

Prop Type -- Stage 1 LOX/LHZ | @ CHY N204/ Aerozine-50

Prop Type -- Stage 2 LOX/ o — | LOX/LCH4 MN204/ Aerozine-50

Prop Type -- Stage 3 LOX/LHZ _TreeEdl | N204/Aerozine-50 N/A

Prop Type -- Stage 4 LOX/LHZ LOX/LCH4 | 7ine-50 N/A

Stage / Maneuver Assigments type A typ type C type D type E | type F | type G
Moon LV Solution Ares Iplus / Ares V | AresIminug / Ares V Ares V only

1SS LV Solution Ares Iplus Ares Ithinus Foreign COTS |

Willard Lennox Simmons (2008): A Framework for Decision Support in Systems Architecting, Doctoral thesis,
Department of Aeronautics and Astronautics, Massachusetts Institute of Technology.

/Conceptbﬂ%ﬁ%ﬁl:&éufe Cycle Properties
(ilities)~NDFEEETT )LIZKYET

EfE X eAOERRE TCIIE<KEMBEADET
JVBZEICER

Life Cycle Properties (ilities)B D L—FZA 7D A]
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[1] Jungseo Park et al. : Automated thermal forming of curved plates in shipbuilding : system development and validation, International Journal of
Computer Integrated Manufacturing, Vol.29, No.10, pp.1128 — 1145, 2016.
[2] 5 iEEAY S MED 2 BB TN T X TF L (HIMU- o), BA#EHF S5, Vol.116, No.1134, pp.299-,2013.
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— Basic Moving Least Square * :Smoothed point
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NURBS surface

Real shell plate

© 0 shell plate

[ Projected points ] ‘

o PCD obtained by measuring real

Signed distance between point
and NURBS surface

« ICP 7)L:i")x“A
o RETRIImEIRR

. Ehmﬁégﬂéﬁfﬁﬁmﬁ&Tﬂ
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« RELBHEFEEVIRL. BREEEN
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€)=

r(u,v)=S(u,v)—-pP (1)
gu,v) =r(u,v)eS,(uv)=0 (2)

f(u,v)=r(u,v)eS,(u,v)=0 (3)

»  P:point,
»  S:surface function,
> r: projection vector

I u - Massachusetts
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g(u,v)=r@,v)-S, (u,v)=0
r(u,v) =S(u,v)-P
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RGBDECfE b3

Pk 52

U-20 M U+20

B8 Color Bar, [A=E3)

Color Histogram max 44376 ™ Mumber of all Points 251643

Color Bar o 24
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FHEZTTomu = ay (FHER)[ZH 7S REFH T 51=0
2 EERBERVTHRI v TA2JZEA,

® LTFIZRIRE(V10F) ICEFENSREHT

wlength wlength
G ——— —Su<a+t——0—

@ SN FEEFRNTIRBE I vTAY

@ HEFEFZZLUTORICK-TEET S,
(14 f(@)?)3/?
()]

@ LlE#Hk=12..NTEYRT

Ry

ay = ag_q + interval k=123..N

wlength
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[1] Sun et al., 2014
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“Transformation of
companies, industry domains
and society,” and
“Demonstration of
transdisciplinary teamwork
with great performance”

* The transformation enables
model-based, scientific and
rational decision makings in
system of systems by team of
expert teams

e Transdisciplinary teamwork
with great performance has
potentials to solve critical
problems of large complex
sociotechnical system of
systems
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