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2. X8 F9 48
1) AR 1: AW Az &

O "AAY Alz=dellM 545 49 92, , B8 d(Lstole5dH)

Dhicnid i ] -
rrotion Continued
clamps the dowrward
sheet rnotion fomn s
the bulged
Pressure
Transducer
Before Forming After Forming
<% 1> VPB Test &H| 7=
O VPB Testol] 93 A5 54 #4(DP600, 1mm)
- AMEE 016714 S E S 3tH, 0497bA] 83 Datas A+
True Stress (MPa) True Stress (ksi)
1000 : 145

Tehsile data wifh Power Law

Uniform SItrain
800 - from Tensile -f==========-= PR jmmm =T 116

Test=016 s H SIS Sov Y

600 Lo P _______________ ________

from Bulge
: : . Test =049
O ™ 158

400
200 beemeemeeeeeee e : : 29
- ' —&— VP Bulge Test
Material, DP600, 1 mm Tensile Test
0 i i ' '

True Strain

<2 2> VPB Testoll 2[3t 7 54 &4 A=(DP600, 1mm)

1) 714120t tlAl 5875 EMctal =7 27243 e Wet oA oA =y da &S A (2 dun
AtgE forum.kimm.re kr& &8 & 7ts)
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O wpztd §& 54 3¢ : Cup Draw Test (3 EEQ HXZE)
- BHF(Blank Holder Force)’} &% 84| S+

- ZAR(Flange) A Ed7} He4E aBxo] L

CL
- f---- Motion of the die and
blank holder
Drawing die Punch
Ls (Draw-In length) (Stationary) Blank holder pressure)
e —
. T (Frictional
* Blank holder shear stress)
R; (Initial radius of blank)
;! 251~32.7°C Temperature Distribution at B0 mm stroke —
Contactarea _ —— ’ I
with punch .
32.7-40.2*C .
40.2~-47.8°C 43.7~46.3°C «
47.8~55.3°C 41.0~43.7°C \} il
38.3~41.0°C /’ \ .
55.3~62.9°C . 35.7~38.3°C \Y \ -. .
f 30.3~33.0°C 25.0~27.7°C
62.9-T0.4°C 33 0 35.7°C 27.7-30.0°C
70.4~T8.0°C Contactarea
» with die
78.0-85.5'C NS .

Hl

<% 3> At @ DP 6000 CHet & =2 HAEOM 22 &
O A E3Z# 2 (Servo Press) 543

- AREALR LA AT BT

&, SEE Aojte] Ay
AUEE wol FESY P4, UA A 5o oy A &
Crank or Link
anc;L ml;mﬁress, Cycle time of mechanical press Free motion press
c Cycle nrm of (6) Synchronize with
;.§ feeder
] Ll
a
B
@ (5) Prevention of
(1) Variable noise and shock
stroke at contact or

length

breakaway of

;ﬂ_“_ Time —*
Standstill at BDC ol
\ &
\
u)ﬁ:‘e‘g r::mlq (3) Imprave (4) Other Process
i | accuracy by at BDC
_ dwelling at BDC (Miulti Process)

<32l 4> ME=Zg|A 2 M(Free motion press) M0 Alo|Z
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g2 F4e ABdolHste suEE 3 Aol L ¥

Output

Input » Output of optimized conditions ==,

Servo press forming condition
(Parameter)
@ Slide speed
@ Die cushion pressure

Evaluation of Thickness

Analysis Analysis
condition resulls

Press control data

To servo press

¢t 4 (Servo-Hydraulic Cushion) §4

- 71& ZH oA to] F X4 (Die Cushion)] 71t #4& A|A

1

=& A%

- Thol9} E=3 3 E Y (Blank Holder)7toll %7

- 2EZH(Stroke) & ™, BHFE A|©]

[B lank holder ] -

Die upper
)

ICushiun pin I
S
Qil hydraulic
cylinder

Cushion pad

/

[Servu motor ] Sequencer

i S
b 3 ¢ N

Servo amp PC— NC

[AcmmulatorJ ' ' ! - — 7 [Oil pum p/m otor ]

<% 6> BHF2} Ram Speed = Z u}gl>
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O gt 2" (Hot stamping)
- 950°C Wole] Lo 7R &S Zelx AEH s

L
=]
AA HE Aol sl AEo} 30 o] B ARe AXT & U

Total Elongation (%)
70

22MnB5
[i0i]
St
50
TWIP
40
30
20 -
& HSLA
0 -
0 200 400 600 800 1000 1200 1400 1600
Tensile strength (MPa)
Total Elongation (%)
70
22MnB5

\a At ~950°C
(1750°F)
i eel
_ Austenite -
G 40 3-5minsi
uc_, Fumace Quenched in the die
b 30 =27°C/s (~49°F/s)
]
2 1
M Less force and S aloved <o
| . n-B alloyed stes
springback | (s delive’;ed) Quenched
\I Ferrite-Pearlite Martensite
0 b
0 200 400 600 800 1000 1200 1400 1600

Tensile strength (MPa)
<zl 7> g AENIE Al X2 olAIZE o oA 2o HFf

O 3k

F3 2 A e AT B

[ol0

- AHSS(DP, TRIP, TWIP) : a7t =o]o]A Aol il sAddE 4 U+

- Al Alloys : FAIE 29 & Qo] U A7} AY(AE Al Alloy 5)
o 9ot 4 EAN sek Al te =7 A

S AR ZElz o A0 21, AWEES Wslsle] T8A0R 8 )
AT = ol APFoplA A Ed=Z FEAY (AHSSS TAE Al
[e]



71A17144 3 No.77

O TAzde] v, , 98 FEA(@HIAN: QAT 2EL] AGREE U xF)
O gh=re] 914
- AzG AA AR AR 2 AlA 1191(90) — 721('10)

- GDP thH] A= HF : 28% (A A 29)2

Manufacturing share of GDP in percent

B i 33
Stdkorea 28
: Indonesien 25
EI Japan 20
E Deutschland 19

BB vesivo 17
.:. Italien 15
= Russland 14
Brasilien 13
: Indien 13
E Spanien 12

usA 12

(3 |

Kanada 11

.:' Frankreich 10
R GroBbritannien 10

Average 17

<2 8 =7tY GDP W M=¢ H|E H|1

Ao Axd2 AAZ R s TasiAa o

g
T Az AAE 9 AAL BYl F2 F

<#E 2> MA M= Fr deF & A o8|

=7t o o4
Manufacturing Renaissance
of= - Mz=sag st 27 HEY3 €4
- OXg =2t ClAtel HAMS flet AFHE ZSt

High—tech strategy

L==Ne)|

e - Industrie 4.0} Smart Services World %!
Reform of industrial policy

= - AMESH T 827 s HF

- oldx 28 ™ Lt

2) McKinsey Global Institute, IHS Glboal Insight, UN Statistics Division, BEA (Nov. 2012)
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- 12dpm(99.9988%)2| =Z& z2z|
Big Data
(0) Al =7 | T 2000 7FX] MA= <F 2 exabytese| M EZHData)S M At
. (™= stFoll 2 exabytese| MEZFS M A
== - 202049 kXl = 20104 ofb| 508 A &St 40zetabytes 2|

HEZE 4o of &

VW Golf At-S At

(3) A4 A i . _
o otx B - 26 F AHIX} LU=E 2t SHEY X2 M ME3}
m=e = - QAZ 115, 7|0] 35, A 45 & & 1= 7K olatel =35t Ths

O Industrie 4.02 AF7] &3 Ak Z2A 2] Cyber-physical

systems 7'd-& E=UT FLo| thEZ Q] A= A
-1 R AR HEST, (2 JHE-EH AA $% )

Cyber-physical systems®] 3t 4 @42 4

- Cyber-physical systemse= A<} 714 AlA

j

A% HeslolE o AdFoRA BE

<&l 9> Industry 4.02 sf Al
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- AWl 2~E 20079 ©]F 409 & FASEY TIA(Totally Integrated
Automation) X E ¢ o]E 7', Cyber-physical systemsE T3

- ALFS AW 5 BEA AN QWAL AB3E Shel A7)
WA 718, AF 2AD 7AH A, A ulg AP e dy 2y

x JHaE AMAH 2L M BEHAE E5f AlM MAIS A= gl x|Ms5}

E

hos

=
AL
I_

Hl

Services
pigital Enterprise Platfory,

Virtual - PLM gl s Real
world etk : : world

Digiea Enterprise Platform

Services

Dhgital Enterprise

yesterday

- Indusrie 4.0914 = 9 UEYIE 53 A9 QFASS AATE
o7 "wgsla #AYY F A= EA 9|

<X 4> Indusrie 4.02} ZAH ™MA7Zte| EF vl

Today : Industrie 3.x Future : Industrie 4.0
s Al 2| = g9 HESY A e
AAIZE 7L AH O M - st =& Ard Aol M
MEoh date] Cf X" 7t —|™ 3Y1 o|al| ZtAXES C|x g 2H
Mz= Al AlAH — |7 U Ef 3ol Z7[dtet 3™ =AM 3|
ol o x7{ E=2 dH}jods
Ated obm JH N QA @FEH 2 HhG st XUt
Athol| eofsh Alaint ofAtAE Y —| Al2E2 oALE Y =293 E o
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O ras=aee] BE/W AA 2 A%, , 243

ok

- FYEE s)edTad

- =79 Mo X (CNR), ¢*(CSR) ¥ 7Hthe] Bombardier, 3Z 329

d2E S0l F8 Ax A

BT AE s

(2013)

L AEHHEBRE=A

China

45%:t o, -

" 4.7%t d.s%rd_z%r
| World

8.7%
7.4%

———

"o "1 "2

"3 2.4% ==

1. CNR

2 CSR

2. Bombardier

4 Alkfom

5 TMH

4. Stadler

7. Siemens

8 GE

B Trinity

10. Hyundai Rotem

- 2ol gt aEFe] tld LCC2F RAMS A9 &7 &)
+ LCCl(Life Cycle Cost) : =Y F7|dH|-Z, RAMS(Reliability, Availability, Maintainability

o
and Safety) : &l2|d, R84, FXI&0ld, otdd

4

* No large scale
» Surplus of manufacturer’s
capacity

= Increase in localization
= Demand of LCC
= Higher RAMS targets

®= Increase in labor cost
Penetration of local market
ort time scale delivery projects

of global manufacturing

Market Resource

Customer Tec

> Ke

nology

= No killer technology

en competition

<% 12> MA Bz AES S2HW HIIE-”E
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g3t A zEle Fal AAd Y, dEUY g,
1

-ﬁ
Complex + Systems + Body shell (chassis ﬂ
2010 module . Cya'b +Cab cubi!le mm:(lule l !
* Combined blocks (e.g. Cab, Teilet, Power pack) ﬁ #
+ Advantage for Reduced Lead time & In-house ’

Labor cost

Functional + Functional unit (seat + under seats heater,
1990 Module cab desk kit, luggage rack, draft screens)
k vel e Approx. 24,000 parts per car
* Low production efficiency

<J% 13> =2 =3t M

Iz
1o
[}
for

<¥ 5> jREHe Fe 1

t

mn
fol
0=
P
4r
i

22 2ES NN BE R
o, Cab frame, Desk module, Cab mask, Back wall & D/B,
Driver’s cap ) ) ) ) . ,
Windshield/Wiper, Lights / Interior trim
Ceiling components Insulation, Air flow ducts, Interior panels, Air return grilles
Ceiling cable tray Cable tray, Wiring, Elec. accessory, Connectors
Train  Inform. Manage. System, Terminal block and
Electric Wiring connect connection, Brake Elec. Control Unit Terminal block and
distribution box
U/F complex Cable harness & conduits, Pneumatic components & piping,
module Small electric equipment
Compressed air supply Equip., Pneumatic brake control
Under Air brake module -p _ ppy AP
frame Equip., Reservoirs & piping
Propulsion module | Diesel engine module, Transmission module, Accessories
module
Fuel tank .
) Fuel tank, Filling cap, Gauges and sensors
(Locomotive)
APU Engine generator set, Cooling system, Accessories
End cubicle module Distribution board, Elec. equip., Interior panels

_10_
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(] TgolA 7hge) MZe EdE, , 2~H3 22ke]o|2 o HAE )

N
S
ol
Ne,

O Hlolo| 2 HolAAHE= dolA 7Iad #HS AT, 7l AA
A Aul2 71goeZ 1993 A

- (@771%) AEIE dFol & I7E $% e oA, 4% Lab. &

of

~

2 ) Ve 1A, Jid A, dTNEAE =, A
g A 74] 2 AlEdold, 28 E Small-Scale Production, 5 7}

71A N 5

o [

o
»
2
=
(@)
QO
=
)
QO
=
()
g
1o
b~
ot rlr
ot
)
1=
o>

- 1A o)Al CO, ¥ oyl AT dolAZR E8+= Disk #©]A,
Fiber @A SoA = H 274 423837 A s =3

g —Diode pumped Nd:YAG

9 100 -

:'.I'. —Fiber coupled diode laser

E mm x mrad Direct diode laser al '

o 10 - —CO02-Laser LA —_— . N

g N [

g At \,,\

] T ;

a 1 J\” —— Fiber laser Multimode disk laser

5 =T X Fiber laser Singlemod

g - g I e ~—Lamp pumped Nd:YAG =FIRAr asar-aNgmeode
1 10 100 1000 W 10000

Laser power
Sources: IPG Laser, Trumpf; Rofin, Direct Photonics

t2l

<3 14> BolN ZRY TH Jhse FT W NY oY

0T

2]
°

ol
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O deolA 7hE& (1) As & 54, 2) dvx &&4, 3 &4
284, (4) 2824, 6) AS7tede FHAA TA
&

» HYHE B3 Z(Tailored Blank) €75: & F77F & 3L #o]A

gHOE FAANN F, Zex TS T s BE @

. CE

1,4 mm

Source: Thyssen
¥ 7 (High Strength Steels): L= 7oA #HolA &5 B9 E
29 %, §7 Fol= 7Y FHL A

M2 F X5k, @& -S(Beam oscillation)

mjo
% o
ro
Ay
£l
Hl
rulru
H
iny
1t}

» o]F EFT2YH Ao 55 B A F43Eg 2 (Fiber-reinforced
o
=<

st & YL (Low heat input)= HFIL
45 e A=E /MAske 71 (Golf 72t%2] A5 &40l #-8)

« WA (Beam Sources) : 720 A

2 a4
Ao oAl mlis) Fa&o] wiAL
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- (3) ZEAM2 &84

A7 o)A &% (Welding on the fly) : 28 Al2Hls}t 7 oA
2 E o] &3t 8-A FAE FsNA 7tFol Jhsd As 4

Z203 2§

Tracking axis

Seam-tracking

Laser beam sSensor

TCP
Roof
urce: Regaard (RWTH)

Inner side part

<Ozl 16> #4 2old SHEIoIM 7t A= FH )2 Atz

e
57t dolua Behzn JEE WEAA HEHBE Aol
g9 52 Yo 22U & e
* 28 2o : %9 0jo|aR 1T, HolH WS o8 WH EFZ, =

o
S
Mzeol AL olF Mz ™M Sol AE
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- AT SRl A BUE ol TR ABIA AR EHS B
oJBtel eNE Aol ABSHe B B 2ek MDY Y 5

O iMDx /&S YaixE Ba- Al AESE B, 318, AES 5 7)1%233}

 ohel b, mute) IT, F3), vARAS} 5 o 33 A)2je] Be

Preventive
Personalized
Precision Medicine

Creative

Optics & Molecular & Destruction

Microfluidics  Cell Biology

Mobile
Information
Technology

Innovative Pl
Convergence

Bio-
Technolo,
(0]/d] &

Medicine ‘ i e

<32l 17> iMDx T&lo| 2ot 7|snt 88

RNA and Protein DNA Detection:
Detection gfast PCR Array

Blood Sebaration

U MBI AR FE HEE

<1 18> iMDxel F=
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2 AA 2: A e 7

[ Melel sk e] Ay, AR F=(PE v =HASERR] SR A 2Bl = A
=R

O 2011d TYE tiAZ o] & e fir Hg STl =
EFslal AR FHOE X% 3’12?1 HAA7k2=7) 718 2 ¥l 2HA

- Ak gEEE v 201099 29.3% A1 20133 43.2%7FA E4)

TS 405TW =

- 4B W AR dd wFe 20139 1%t E sEE g e, ole &5
At A Ha D A wbd ol ok E 0w i

100.0% 992 957 1006 955 941
11.7% 7.1% -
14.4% 18.3%
75.0% -
Ratio of Thermal Power
increased
50.0%
1
24.9%
25.2% :
1
25.0% 25.0% : —Il
26.0% 29.2% 28.6% 27.5% 1 30.2% :
: 1
10.7% I !
0.0% . ‘ . ‘ 17% b= gg— =
2008 2009 2010 2011 2012 2013

Nuclear , Coal mLNG '@ Oil ' B Hydro M Renewable

MM AEB(E o) | 51 30 | 36 | 59 | 70 | 77
A= (NG =71

12.55 9.06 10.91 14.73 16.75 16.17

3) The Federation of Electric Power Companies of Japan
4) The Federation of Electric Power Companles of ]apan A 107 28 EHANZEIoIE, =53, =4,
SRR, S8, 7o), 2uF, AR, 4 @7|Uel) 7% W BP 'Statistical Review of World Energy' ZFA®
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TR SEAAA AT T2 ALY 22E BAY dRE
sl 2014 2€ 23| AL H] = H| A B EFX] 9} 9] A 2Bl 2 (MHPS)E A 4

- ALY TEREE AR b7t mlsro] g 2'Eke-2, GE9R Y& AlF
A5 AiHE B8 AFEglon, 1980 S SAwd sl A
1) (o ) 1984 fllA 29 W501D Z2Ele| JH=of 7|9tsto =X}

Z2d MW701D 7ol M=

O m=R]A|

"l

AHIA S S gl st

2) (SIERIMZt2) 1988 H-25 SA 2@ Jjho| 43stien], ol& Idemitsu
Kosan2| Tokuyama &7 &2 e U0 35

S (FHEA HY BH) QRO AAsks A WF Hheh WA
A el dulstn A B A - dzmet 1Yoz Qs

- MHPS?] A && u2AuA7} 65%, 3IEFX]7) 35% S H {3t o,

AR 1,009 A, FHY F 23,0008 2 AHAHA THoez @AY
C A HEe B9 AT A GdkE ngo® 01d S 13
Aol A 2020 W& 20% <l SAHES ERZE AA
F2= T8 MHPS= % 792t19] 7hAEN SARD gH<s 24
71902 gt oH, AP~ o2& AF HAUF 75 BAF
i G D 100 200 300 400 1w
M251 sojso vz | | E
. 5— I vt vy
H25  SofsoHz | | azmw
H-50 5060 He E | samw
H-80 50,60 Hz E ]nzmw.ummw
MS0ID  60Hz “ 1140w
M501F  60HZ
MSO0IG  60HZ
M5011  60Mz
MTOLF SO
M7O0IG SOz
M7O1) SOz
M501) X 26 M501G X 70 MB501F x 73 - MSID x 25 HH.Z:;Einﬂ
MA01I X2 MA01G X11 MAO1IF x125 M7o1D x32 F';-EJ'.'-' x13
Total:28units | | Total:81uni ! its| | : i
(-] otal:81units || Total:128units I!Tumf 117units Total:179units
ZiyrE 2R 18tCim = EEE & RO S (H4E 8 T E
23 20> MHPSSl XM E alelein 2E W moj A (EH)
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O MHPSS HA AZEQ | AgzE B3ijo|Z da e 61%2 Ao
B RS 20073 FH Al#dE 48 AALG A (MET A Y-S T3 7/d

g

- Y& AATEES HRE JF2E 1700C (EEE 63%) 24S A%
datd 2, ol B HIl ¥4rE Ee AR AA A4
» RAUEE(MEXT) 2 L2 2 TANMS)= =1020] A48 =+ e Mz /ige =Y

(New Century Heat-resistant Material Project)

- 20099 3¥Y YTEE 1600°C, €EE 61% DA T3P
Bl A HAEE AA, 201489 s A £
s E[LIElS] R & 137]9 J Al2|=E Mi| - 295tT YALE Mx

J Alg=o| =[rf —_rL”H Itz ¢

- dA ] Az B 2 327MW, 470MW 2FF-olH, EgALolE
ANe] Al 68OMW7EA] BE o] 715

C/C Efficiency C/C Power Output (1on1)

700
D @

| 3
60 /
L V4

—~ 500
F Series 70 = F4 [525
S 400
L i B_
=
55 / [s]
i / 5 300
,-f'f;" g
f}',-f a
& 200

Sor 100}

1200 1300 1400 1500 1600
Turbine Inlet Temperature (deg.C)

O MHPSE 7}2EHl Bof 7|& AAHL HEo R&D FA}, 1] =H|A| 9]
w3 g4 A% AF A ¥ (T-Point) T30 719l

- Takasago Point (T-Point)s= MHPS®| Takasago AF4xol Ax|= o Qe
ASAE A& AR 19979 M501G 29 Jhde 93] A

|

- °]%F T-Pointe WZBIATEHe] 7F2ERL A 29 AFe A

1p

1

cho
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- Takasago AtY4v A4 A4 3F, T-Point B & - AH| =
=

==
T

O MHPS+= Oxygen-Blown

<~
3 2
Aes 24 F33 glom B FuF A

- IGCC(Integrated Gasification Combined Cycle) 2]k

TF2BANA A7, e,

o] gk 3ol A= 9lew, MHPSO| H 3o

T-Point Verification
Plant

« Education Center &
Shipping

» Administration &
Enginesring/Service

—
= Manufacturing
t?

* Research &
Development
_

Takasago Machinery Works R&D Center

Site Area

Building Area

Employees

35.4 acres

216 acres
2,677,974 fi? 657,018 ft2
4,027 406

= ME} diX HI-/;!o“ UlgH HEI'X._'I =

— - 2L o

Qe ALY A

A7l Aol A A

o = X
= f =2 o =
F7 FolH, 2017d 7 AE =4 oA

A 54 G5 Aatate 7]

2 3% 10% &4, otahttytael Hadiet=

A

o
=
M Zobs 22 95%, 0% Olat et HAez 3 Z

kol 170MWH IGCC 4

Osaki CoolGen Project

{Under construction)

Output 166 MW
z O. blown, single-chamber two-stage spiral-flow
Casifier entrained type
Gas Cleanup Methyldiethanolamine (MDEA)
Gas Turbine H-80 (1,300°C Class)
Operation Start(Scheduled) March 2017

<2l 23> A= AP IGCC && EHE e
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] C{:{:Upem B oil 1 Natural gas [ ] Nudlear
- H'ydr [ Richuels and waste - Other* *

<12 24> A AH olLix 2F %0[9
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5) IEA, 2013 Key world energy statistics
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AT 22% Z7Fsom, FHAT Mgl BHE CO, MFo] A% 3
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20
Gas

W f-Gases
)
I CH,
M co,FoLu

[0 €O, Fossil Fuel and
Industrial Processes

65%

1970 1975 1980 1985 1990 1995 2000 2005 2010
* FOLU : Forestry and Other Land Use

<33 26> MH 2AI7tA ZRY H{E F0[7)
O 2050 d7+A] A+ &% Z7FE 2T oU=E Ag3s7] YafjAds oy A
& 4T AR Y Syt Ta% 988 T Fo=E Uy

G Dedares Soenario
6T F7F MLtE =)

4

o 0 -
b
G
20
2 Degres So=nano
(220 F7h ALl 2)
0 . : . ; ; . . .
2011 2020 2030 2040 2050
® End-use fuel and electricity efficiency 38% W CCS 14%
¥ End-use fuel switching 9% # Renewables 30%

B Power generation efficiency and fuel switching 2% = Nuclear 7%

<3 27> 20509 77HX| MAZ|E 2% 2°CE7F AlLtE|2 24 fIE 7= 7(0{ 8

6) IEA, 2013 Key world energy statistics
7) IPCC, 2014
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» : 1 Product COy i
' Vaste heat |
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1= ™ avmoneior ~ “Sagpisrentol
I . L regeneration energy
Blast furnace
Aqueous ammonia-based CO, capture - |
utilizing waste heat from boiler stacks L, Captine ¢ ot it {1 1L
{@ POSCO-Pohang Works

Boudouard reaction

=  : Waste carbon in coke oven
C+CO, = 2C0 = (0 : Captured from steel industry
= AH: Waste heat in coke oven

Coke Oven | (900~1,000¢C)

- (1A AR ANAER, 2 F)7] FAE PE-ole WEHE
£FEA AW 9 38 29 /1% ALL 58 £9 9% 32
- (2PE 3¥E) 2ntE JE S A YEYIYG IT A2
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8) IEA, ETP 2014
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Coal Gasification o NI ]
— DME
ey 0, ) — Chemicals (DMC, etc)

1) EadErs Mes _n_'.‘f". APHA PEREE 7 EA 2 HERREEEE AR, HEI R
S9E MRS JRAH BHs I

2) CIOEOIEI2OME): A2 2h5 slH S A2 A S st e A8 7Hs

DO E SIS CIEDM Y Asa e TOFE G A AlEs = 2 p 5| 0] E whad==2 -:,-‘_;':

) HEFA(Fuel Gas), HES SO 2 Al25H= LA S SI0|EHE, ,|- 0] B2 CO, TS S5
THIOM Llls|= DRI A8 Ak 4= 915

DAF

- (ke AR AN BAEE S LGlag)E A Fo] =
o=

i% _‘E'—XH/ H —‘E-’—/ ]:]O YL]_ZH X:” —‘E—’— %%
*+ 20134 532H=2| BF Slag(12 s2i1)E 23z2lE, 2dd M so &8

- (95 AA]) A4S EA S A (SOFC) e A 1A s THA

5 967) BIMAR o] Tzl 2E A F
+ WB-class size and performance achieved (1,100cm? 0.44W/cm® : 480W/Cel),
>13kW with 96 cells stacked, 50% or higher efficiency
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NASA
Lunar
Science
Institute

2000 v

93

Tektites

Human Centered

Computing CubeSats
Blunt Body [ P « Ala3
! Concept = -
Transonic I_ “-7" L F:’oneer 1
Flow — Life Sciences enus Sy
Research 1970 ki

Lifting Body

\

Fllght
Research

1950

> AT . o] L . One of the World's Fastest
Arcjet Research yypervelocity Free Flight 80x120 Wlnd Tunnel Operational Supercomputers

<3 31> NASA o274 F= M1} (193972014)
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213 FAAE EAT IRISE FAF (19 5008t =2ie 7h B8 £Q)

| 2009 2010 2011 2012 2013 2014 2015 2016 2017

Resource

Prospector
(HEOMD)

!
o

Lunar Missions
Earth Orbital

IRIS
(LMCO/SMD)

Guide
20 em UV telescope

telescope

UV spectrograph

and imager
TESS

= Launched X-band
downlink

= In development 10 Mbit/s

= Future mission
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‘ Radiator Assembly
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Bus Module

a E xtension Modules
. Propulsion Module
Leds
()

<2 33> NASA oA A0

Payload Module

Hd
MHn
ALl
0%

O (77 A=3%hH Nanosats ZEHEE Faf

zke)dol AEA g FA 2 B

1Unit, 3Unit == 6Unity %3%o] gukd
X HM(XTE G 2 F MES S
- YA AE 201797HA] Th S Nanosats= 70, 2Zo01-&E A &

[ 2008 2008 2009 2010 2011 2012 2013 2014 2015 2016 »
[ [ I I | i

GeneSat | PharmaSat TechEdSat PhoneSat2.5 | NODeS
3Uslc 3Uslc 1U sl 1U slc (2)X 1.5U s/c
1 | 1
PreSat* O/OREQOS PhoneSat SporeSat | SporeSat2
3U slc 3U s/c 1 & 2[3 3Uslc 3Uslc
I I (3)X U sl | |
NanoSail-D1* = NanoSail-D2 1 KickSat KickSat2
i ol Phor} Siatz 4 (104)?;2JCSt<icpSats (130)§Jcsrlacpsms
I 1
PhoneSat1R 1
1U- suOrbitalTest | TechEdSat3p | ECAMSat SLPS-37
3U /e 6U slc 3U s/c
= Launched 1
= In development D = Deployed from 1SS TechEdSat4 BioSentinel
= Future mission in formulation 3U s/e 6Us/c ]
1
EDSN EM-1 SLPS?
(8)X 1.5U s/c BUs/c

<% 34> NASA oA 9742 Nanosats 70 & 7 &
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