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Unnibap : COTS@=FIBUEMREETER ix5/ix10 . HLU. SpaceCloud OS/Framework £L\SSW
TSy NI — RS BCECLD. BIE E CPaaSEIZELESEL TS,

“A:10 | Unibap E 4 Sweden 2013

AMDtDV10003)—XIntelOMyriadZFEDE HEERCOTSZRWVNATOS —Z 7 ARFEHASTERIX5/ix10 Zigft
7T —23> SWORFEEESEI 328, SpaceCloud 0S/SpaceCloud Framwork Zigft(SWHERIEZSD)
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@IPEN1  ZQLETN=R-YIhBEQEF - EFREBENR 7 E . KPLABSI3{ERLTWEIYYaY
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Zephyr Computing Systems : E(CZ Y7 —5IBEIFOTIYSIOE1—T1 2T DIedDI\-RIT7EVT R
D17DV)1—-3 iR

Zephyr Computing Systems E 4 US 2015

> EUHT SRS REOSMEEREEN IOty EL TR

> N=ROI7eUTlE. COTSEGEOTOyHEFEAFESADCLZEBULTHD. NVIDIAMTOTERAIES1-)IT
HdJetson TX2iZzN—RELTHFE

> }9:':0);'?\%5':'6(1\ XilinxDEFTAIFYT TrdVersal ACAPFYIzFE&,LIzSoM (System on Module) %#E&519%
5HiE

> YINIITE A=TIV-ADHAFIRA AT —LT—4 (YoctoTdO 147 heOpenEmbedded)
ZERAUTHRMHAHRB(CHRIRAAENLinuxTA ANE1—-23> e, I-YD 7TV -2 3> BFRICERTESRL(C
G BIDICHBRMEIRA >~ T 14 A%ZARIBIL T BRIV DI 7 THERL
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641E. 300 MHz, 40GFLOPSEEMEERFYIRFEEIMB Y —F7IFvRFVT,
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18| RAMON Space E 4 Isreal E%IL 2015
> GR712(DGeisler-IPT(&. Radiation-Hardened-by-Design (RHBD) SOIT&EG#ik.
> ESABAASIIIBAFELbICHRESZIRM.
> —AESRANIC(EKE AR 2% UKBAT R BEEADHIEZES.
> DSPYILFI74%644E. 300 MHz, 40GFLOPS.
> CODRCO64ZLZEHHHENETTIANRALO— RZEK.
> JEEAYICLEORIITIF R GEOD AR (BEF18#X 100Gbps ) FdrbScope
> JEREYICAI/MLOCNNY® w0 E 225617 DSP. VCCAPBIRXAEGFAFE S
A EC(FESABEETOIURERIHIXEHE
(1Gbps)
| Maturity[¥TRL 7 BERERFCTFEARZEZEZI TS,
-DBF
—-Channelization
-Modems
—-Interference Detection and Mitigation
S
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Exo-Space : FEHTT—YUIBA( > ISZFEEITBILHDAL N> ET 3> DO, FEOBERIRIE(CTTA
SN3IvSRYINIIFEN-RIIT7 D)W —T LU TR

P30 Exo-Space =4 us 2019

> N—Fx7&ELTILFeatherBoxEFE (XN S0.5UD NI =y AR

> FeatherBoxl&. BB L THOANTHEGETIT)r—23>D=0DOT—420B1=yrTHY . ERDCPU. GPU, AI7TVES
L—ATHERK

> FeatherBox[ZId, 1# M IC4KEIDEELFITOENTEIMMEE AT LN EHAENTEY., JYZLOLELANE
HEEIX. EHOTOYYIZETIVENATSAUEHRT AL HE

> VI 7L, FeatherBoxTEIET HFERAY IV L7 ThHSHFeatherWare& L T

> FeatherWareld. BIZIZHEEINT-HATSHOYTILZAA LTEEBEZZIEL. TOEEERZGoogle N\ FFELI-0SSTH S
TensorFlowZER—X ELT-AI/MLET IILEE L TELT

> N—FOzT7IdRBlEINTEY., BEBEIN-T—2IFAPIZELTE V) oSN TaA—H (iR
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/\ 5 = E 8 https://www.exo-space.com/featherbox. https://www.exo-space.com/featherware
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1J07 =5 A—%#E L THEELLSIELTVS.

2 Bl ORBITS EDGE E 4 us 2018

> RES—N\FHELICEEETA-ODFHE/NX
(SATFRAMEA445)ZFAFEL TLV5,

> SATFRAME445(FIEZERZE19-inchD Y —/N—Fv
[Zx LT, IMSHRDERK . B, BGHIHZRET 5,

> HELIZBELGHEN- ANL—VFELEERAE
H—N\EZHELELTOIVOUERAT /0T —43t
HA—ELLTEE,

> AEITIHAGEE S E-FEMOT—2HE
HERRRTH A r—T5—%BiEL TS,
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Hewlett-Packard Enterprises : ISSICTE4aEF BT & Spaceborne Computer-1/2(SBC-
1/2)DEEZ1ToTULD

3-8 | Hewlett-Packard Enterprises E 4 Us 1939

> SBC(SpaceBorne Computer)-1/2 it E COFELRLAVE 1a—T42 T 8B L TEHR T HISSTHDERITEREENE,

> SBC-1:20174% %}

> SBC-2:2021FEM SBC2TREELBAIv A E1—TAU T I2&B T IVAAL LT —20IB%AIEEIZT B2 ET,
FHIEFEEODMZEICNA, FERITETOEERLIZEET 5 EFBHIEL TS,
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> SBC(SpaceBorne Computer)-1/2 :#t F COFELIAVE 1 —T AT #8E L TER T BHISSTOERINEBRETEH,
> IBMI&Hewlett-Packard EnterprisesmBiF L1-SBC- 2 TEIMET STy NEB DY 21— 3 FFE,
> BARMIZIE.ISSEDDNAL =425 70 E T O DNAFENT. ISSICTIRE SN B EE B DOEGRBHTEEE
HLTLVS,
———— -
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194


https://ascii.jp/elem/000/004/044/4044488/#eid3158968

3.3.1 AZR— REEERIfT

3.3.1.2 AH—RLIB(ICEANZ T LAV —FE:L/N9

Spiral Blue : NVIDIAf#+&DCOTS GPUZ{ERAUA>IN— RIySALIEET Bz
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21| Spiral Blue Australia %L 2017

> NVIDIA#LDCOTS GPUEERAL AR —F Ty DB B 1R 3,
> Space Edge ZeroTldJetson Nano. Space Edge 1 Tl& Xavier NXZF{ERLTL\A,
> WEBEKERIEEIRATL— 3 E B EL TULVSSatellogictt MNuSatZSpace Edge-1HMEHAINTILNVS,

Space Edge Zero (SE-2) Space Edge 1 (SE-1)
Chip architecture | NVIDIA Jetson Nano NVIDIA Xavier NX
Processing Power | 0.5T FLOPS 21 TOPS
GPU | 128-core Maxwell 384-core olta
CPU | 4-core ARM A57 6-core Carmel
Memory | 4GB 8GB
Storage Options | 16 GB 256 GBto 2 TB
Size | 0.25U (25x100x100mm) 0.25U (25x100x100mm)
Weight | 250g 250g
Power usage | 3W idle, 10W peak, 6 W avg 3W idle, 20W peak, 7W avg

Radiation | 25 krad max total ionising dose
Software | Linux Ubuntu 18.04 based 0S, Docker Linux Ubuntu 18.04 based OS, Docker

based containers based containers
Connections | Ethernet, USB 2.0, UART Ethernet, USB 2.0, USB 3.0, CAN, UART
Product TRL | 8 8
Lead Time for Delivery | Discontinued In stock
Flight model Price (AUD) $50,000 +GST
Engineering model Price (AUD) $5,000 +GST (with Flight model),
$25,000 +GST (standalone)
Included extras 40 hours of engineering support (with
Flight Model)
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Ubotica : /NBEMITOEGEESE D - SIRATE T 7Y NIA— L©ZIRE, HET. BHROERRE  [THEEDT
TV —23> 6L TV,

210 | Ubotica Ireland EAAYa 2016

> CogniSAT-XE-2:Intel#t® ® Movidius™ Myriad ZCOTSH AL/ N B ERITORBEEE H-SNERHET
FYRIA—LERH

> SWRHXZRZETHO. BERADBEESAITIVESL VI TREIRECogniSAT-TK™ Software
Development KitZEfiELTL\S,

> CongniSAT-CRC:HEBREBIMA T ITIRBEGE N CEFEIBEDORE. BLU. BREROV 21— 3 68 TR,
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@ SpireftOESRXAEFTIL : “Brain in Space”ld. NBF—%®MDE2E solution. BEEDAO— R{
S/WEZEHIZIT—EAEHD. TOFEIRIE - ULIRISZIRM(ASTEC: EOIZERETESN ?)

1. HE4/YISOBIR (GERIJANAIR)  SpirediEW g { ‘.
2. IVAFL—-3yavasRomt (992U I20HIR) PO-IWRSy| 1 UE-MEYSYIE |
3. HWHRIBIROLAToI—HIm (RIS ) = | P—ZAYFUSTYA |
4. HBBEBREOESURHEEEE (- BUFREIT) RE1>7USISR | Q@RISR |
5. F—40FUNUBEEIREETIEEIC (Y—ERER) SBRRG | T
6. J3URTITERBREETTUHREREBECRY v ) )
e RF | @B LR (SDA), |
RO RER PR e | FEERES.
- EEAXilinx (AMD)#t Zynq Ultrascale+ \__Bonss
& RAFEZFFPGA (KP LABSEHE)
& Al 7 IV aREVESR [&FT—41%15 S ERIES]
- Nvidia Jetson TX2i
o EZAGPU(2560571v/Cudaly) CEUSEHSILI R eI
- Platform#(3Xilinx Zynq 7000 Series “ 4B L 2By
& PlatformZB(3REZ(C(FOpen(CLTHST. SpireMEIRIZ(IEFEH). * - (8
@FIVr—3avBIR (AR + BER) )
Eﬁg ) Spireft Spiref&@ig EH13
Y—EA0DT HAE*>D ADO—F || 1BTFUN MMSI %
095 LRk API LREMOEBR K| | UTsive— N
10—-RUY—=ZATMLY J#  MMSI% (Maritime Mobile
B Spireit wmEnsit ATZ=ATL, BRI Service Identity) AISTARESNIE L
F—5ER it [T BAGODL 7 —9IREEATS. BN RHAI-
18- ¥ AWSET Co#F5%ED- Failc i EFAR ot procesdng Unit - 2nd European Workehop on O Board.
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Aitech : NVIDIA#RITX2iz COTS/EALLE RETY st Etkz iR
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410 Aitech E3E us E%ST 1983

> NVIDIAfE SR DTX2iZCOTS;ERAL-EHRET vt EH S-A1760 Zi2H
> Aitechtt NI T, A EDTHFHFRBELAILES—X 1007500 L TEELLTEY. S-A17601F1) —X300[2H -5,

S-A17607 0w K S-A17604} &7
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https://aitechsystems.com/product/s-a1760-space-gpgpu/
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AICRAFT : 90TOPSEWSFEREF AT Bz IR
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“200 | AICRAFT F—RRSYF 2021
> Pulsar&LVOE M RETFH AT EMTIRH
> TAtYyYIEARM v8D T ILF 7 TMLA Dco-Processor| Z& Y R90TOPSDEH I REZFF D,
> 202342 A Antaris Spaceft DIANUS-1BI 2 IZHE SN BB LEiEx7T T L=,
Processor ARMVS. 64bit Multi
ML co-processor Max 90TOPS
RAM 4GB DDR4 with ECC
Storage 64GB SLC NAND with ECC
I/F UART/Ethernet/USB 3.0
(ON) Linux
Power 5V DC/ 5W(nominal)
Mass 250g
Dimensions 95x90x21mm Pulsa r%ﬁﬁ,
PulsarF E&E 7T
AST=C H B - AICRAFT
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https://aicraft.com.au/pulsar/
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TechnologiesOSDABIEE (LA,

23-002-R-013

“A:00 | CESIUM ASTRO E4 3 .

> H—KH A X DSDR(Soft Defined Radio),
SBC(Single Board Computer), Up/Down
Converter, BIRE S 1a—ILETUTT %40
HEHEDHIEIZELY ., SDRPITAT Tz—
ART7LABERMO—FELTHIET BN
HE—,

> SDREVa—/LIX1#X T Tx:4chx200MHz,
Rx:4x100MHz 73 Z#FPGAIZTHLEES 5,

> SBCEYa—JLIEZynq Ultrascale+MPSoC&
BEINDTNAABNENLNTEY., &
{EHIlfE O EFEICERASNS,

SDREYaA—JL SBCEaA—/L
?
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AR Troxel Aerospace Industries, Inc Us g%3L 2015
> 2015F BIZE DFault-toleran SWHIHEZEX LT HXKE D
*

> OS(Linux) ET/\yI T 5O RTIILFaA7ERANTIR
TLLUAN)LDFaulth 2 E TULVELDNF w99 HSEE
Mitigation Middleware(SMM)IZ&Y . coTsFatyH—I(Z
%9 BRI & ASEU/SEFID B2 E A K H

> NASA JPW SBIR Phoase Il program|ZT. M ET#REAERIC &
AHSMMD EEEHIZEERL THEY ., SMMZALSZ &I
&Y. SEU/SEFIIZEKY ., 7Oty —mEEaEE T 5T
S—EIfR%E720f& 2B (X B 2 EAVFESR,

> LFERIF.HMELTIRIC—ER) TR E(ZHZ-TL
F3COTSDTAEYH—[ZENTH, SMMERAZET
5.9FIC—EEWSHEEICHLIEMNS, +HRERAMLET
AtyY—ETEHHEMTEL D,

H B : Fredrik C.Bruhm et al, ”Enabling radiation tolerant heterogeneout
GPU-based onboard data processing in space”
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https://link.springer.com/article/10.1007/s12567-020-00321-9
https://link.springer.com/article/10.1007/s12567-020-00321-9
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Ibeos : AMD RyzenX—2Z®MSpace-VPXHDIOtyHh— Rzt
3-8 | Ibeos *E 2013

» EDGE-1100&UV5Space-VPXFD T O+t vy HH—K£2024Q1 K YIRHEF E,
> JOtyYF YT (LAMD RyzenZ{F FH

EDGE-1100 4} &3

EDGE-11007 Ov4 K
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> LA PTINLBE—LBRE. EERKEIEREREETHIILTOZILRAO—RZETS-9M TIZFFEH,
> FEIFBEHRITICEMHRETREEAGPUDENE LETZXHELI-GEMIN(RAEGPUSEIEH#) DR E X,
4720065 #DITE EITRREZIT., SLE LEIAEIE, IREEFHASHER (TIZERFE S,

GEMINIFVER

ETS-9 DILTORINARAO—FIERUVER
HH B : JAXA
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https://www.kenkai.jaxa.jp/kakushin/kakushin03.html#gemini
https://www.mext.go.jp/kaigisiryo/content/20210628-mxt_uchukai01-000016392_11.pdf
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NECAR—RF4./0>— : AZik—MLIEEHEDEDHEAEREL T, 37 3 SHETDHOSDRX(Software-
Defined Radio Receiver) DRFENZEIFBENS

> FIBEHREIFICYINIITICEYZEEESDEMPIUVMELTOERARDEETFTIEI2KY, BLELEIZH
WTHLRERIZHEBELTEMNITZ DY T 7 Z{E1# SDRX(Software-Defined Radio Receiver)ZBF ., 1 T O 65 # D
T LIF KB E =T, 818 LEIHAERE,

SDRX4} R
Hi B - NEC
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https://jpn.nec.com/solution/space/news/220729.html
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QPS : AZiRk— MRS EDEDFEASZHIEL T, JAXA/ 7Ty h>)./0> — R EIRFZIT O FLIP(BhE L
EEFR{LRE). RO FBAYR— RS HRESTEKICEL DA M- FAKLIE(CX I SEWDMEA N HD D,

T TN+ [

> IAXA/T IV zybhTo /00 —HBIFHFEOFLPELE L BERILEE)IZKY. SARERA T —2ZFEE LICTEYT7ILEAA L

[CERIL T HREEE RN,
> BB ETERIETHEICRY, BENODF VI IEDKIBLREMARTREELY, BIRRIGOLATU U BEIESE
M ETREETED

> BHET.IAXADNHAERREEFED TSIV I I T TSV Ir— LB EH LA R—Fa RSt E# (ToBC) &
QPSTRZE FT M IE T H/NEISARBT 2 QPS-SAR [T L TENE L TO TR Z EH TV S,

> 2023/6/131ZF T EIFonf=-IT7<TFIL-ILJIZEHIN ., B E L TOEMEEZTESR
B8 L TOEERTEMEIE ($9237)) (ZH L, A TEHELIEZTS2 LT,
hEADE I T —REE1/1000LLFIZEHET A EIZRI,

FLIPY} &R HH B : JAXA
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Graphics Processing Unit
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Field Programmable
Gate Array
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https://www.xlsoft.com/jp/blog/intel/2021/07/27/compare-benefits-of-cpus-gpus-and-fpgas-for-different-oneapi-compute-workloads/
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LEDHHHAASL, ERIERICE-TIIESRISND, EHSN BT, BEBEFOFEEMERAL ., FEBAERTFOERFLEES
ftst b, REREVNRLLFEI NS,

T IARUEENER (SEE:Single Event Effect)

Z1UEDHIFMNASL. EHERICKYEBREDERMNERINDIZLICLYSIEZRIEINS EHESNE-ERNLERRFRERNDS
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https://indico.esa.int/event/225/contributions/4305/attachments/3380/4429/OBDP2019-S05-06-Ramon_Chips_Ginosar_RC64-Based_NOGAH_Systems_Enabling_Software_Defined_Satellite_Payloads.pdf
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> MPSoCI£GPU/M PU/FPGA’E AMD Xilinx Versal Al Core CPU/FPGA SoC RT
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WA= EHEER
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Radar Image Processing Image Calibration and Correction

W1 - CPU/Sequential
2 - CPU/OpeniP

3 - GPU/CUDA
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https://www.tsmc.com/japanese/dedicatedFoundry/technology/logic
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https://www.tsmc.com/japanese/dedicatedFoundry/technology/logic
https://www.cnet.com/tech/mobile/chips-in-phones-cars-laptops-to-get-smaller-and-faster-with-samsung-tech/
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https://srcmapt.org/wp-content/uploads/2023/10/SRC-MAPT-Roadmap-2023.pdf
https://semiengineering.com/knowledge_centers/integrated-circuit/transistors/3d/gate-all-around-fet/

3.3.1 AVR—REEERT—3.3.1.3 T/( /A

3.3.1.3.1 729NBT A ARBEQERET /)1 ADEE]

23-002-R-013

TOERDELIZHEN, COTSFHEAALINTOWAIRESFOTO2ILNET /AL RIZBEL
THRIBEIERE R £ AVHESE

> BRET)\A2A0EHEL. BEDEF THCOTSHREL TERAFNZ WU T O3 mIECEL TEM
- NVIDIA#t R Tyv>a> E1—-F74>J @37 /{1 X Jetson>)—X
- AMD#E Ty E1-F7¢>4 M35 /{4 X Ryzen Embedded>!—X
- AMD#& FPGA/SoC S—-X(IBXilinx & &2

FHTEHLITLACOTSE T ELTIETX2i (16nm.,
NVIDIA Jetson 1.26TFLOPS)® @M E it . RA&E 7 EF TIXAGX Orin(7nm.,
248TOPS) & FhFE T —REINTLVS,

FHTEHLNTUSHCOTSE &L TIEV10001) — X (14nm,
AMD Ryzen Embedded 1TFLOPS)MNE i, B4 53 FF TILV2000(7nm,1TFLOPS) AV —
REBEHTHY., 2024F(Z6nmBE E N —RFE,

FHE CEHLNTVSHCOTSE S EL TlEzZyng

TR=
AMD FPGA/, SOC%;‘” Ultrascale+MPSoC(14nm)ASE 7, SoCH & &L TVersal(7nm)hY
(IBXilinxS2aR) )y —z#FaHTHY . 20258 (Z3nmBRAYY—RF 2,
—_—
NANSET=C

217



3.3.1 AVR—REEERT—3.3.1.3 T/( /A

3.3.1.3.1 729NBT A ARBEQERET /)1 ADEE] 73-002-R-013

NVIDIA%t Jetson ) —X D ENA : MR HIICH K . 4F TIOEREE D4 RER £ AV HEGL TLNVS,

> NVIDIA%t Jetson>)—X(F Iy E1-FT4 T BEIFOTSH)INAIRT)NA X,

>  TX2iFEmEIFELTAitechtt S-A1760(CTCOTSEERAZINTLS,

> TX2i (16nm. 1.26TFLOPS) — AGX Xavier(12nm., 20TOPS) — AGX Orin(7nm. 248TOPS)
EAIAITFEOSRES(CEL TR MERER _ EZR LTS,

> CES2018ICTXAVIERDBEFE (32015 R)L/8000 Engineering YearstERINTHD. KISADK
FRIRT ZH)VAIRT )\( ARFE(CERRRBRERAHIEIN D CENESRTED,

7nm
248TOPS

12nm
16nm 20TOPS
1.26TFLOPS

ANST li'm'r‘=1‘_‘: NVIDIAIZASTECI = TR BAT H{ B - CES2018 NVIDIAFE 3R

218


https://www.youtube.com/watch?v=P3BjB5-Y4JM&t=2540s
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https://indico.esa.int/event/421/contributions/6976/attachments/4926/7615/Powell-ADCSS-2022-Avionics-v3.pdf
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https://indico.esa.int/event/445/contributions/8406/attachments/5452/9259/GR765_SPARC_and_RISCV_Multiprocessor_System-on-Chip-20231006.pdf
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https://indico.esa.int/event/421/contributions/6975/attachments/4931/7706/ADCSS2022_NanoXplore_Linux_goes_to_space_in_ultra7_v2.pdf
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https://indico.esa.int/event/182/contributions/1510/attachments/1398/1623/1240_-_Ginosar.pdf
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AE bit B i/ Hl TS 5 14/ T —2EFEE L YUNOR FLASHAY LT —HBOFPGAT— AN B S MIZBRENRE,
(NANDLLSY) —HRE, - FRIZEYFHEFANOR FLASHIE I SHRIRE . KB E).
*MRAMMD HHIEER Z LY, SENOR FLASHMNLD FEAMRAM(EHSHRIRIE. PR E)ICESHANED,
BEENZANEDATREESHY, - 5% . MRAMD KB =L HHEL ENOR FLASHEMRAMIZ
BEZTlbHLuEEEHY,

%1 :SLC(Single Level Cell) *EEIL1tILIZ1bitDIEREFEFTHA K. A EVI1EILDZEILIZEY . 1EILIZ2bit{REFT A HZEMLC (Multi Level Cell),
3bitfRET 5 A XETLC(Triple Level Cell) EFESS, 230



3.3.1 AVR—REEERT—3.3.1.3 T/( /A

3.3.1.3.2 AEYFAER DRAMEA R RO E-his

23-002-R-013

S00(ER LI D E AT, LR3HOBEETHBTHY . SHRLREREARATA TS,
> FEAZEO -V FRERNARBMENIOFIBEIE,

>

>
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https://eetimes.itmedia.co.jp/ee/articles/2303/29/news057_2.html
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https://www.forbes.com/sites/tomcoughlin/2022/10/06/samsung-reveals-2030-memory-plans/?sh=616c5dba496e
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https://news.mynavi.jp/article/20230104-2553091/
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https://www.tek.com/ja/blog/time-get-ready-pam4
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https://www.3d-plus.com/data/doc/products/references/3dds_0805_6.pdf
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https://circuitcellar.com/newsletter/mercury-8gb-ddr4-that-is-radiation-tolerant-and-aimed-at-space/
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https://www.teledyne-e2v.jpn.com/products/semiconductors/memory/space-radiation-tolerant-4gb-8gb-ddr4/
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https://jp.reuters.com/article/kioxia-wd-idJPKBN2X6093
https://eetimes.itmedia.co.jp/ee/articles/2303/29/news057_2.html
https://deallab.info/flashmemory/
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V55, ZNCHIIN-TTLI23> RRIOVIEIE, IR RUABENMEICRD, INS(FTL*OEIEINS ) ZRIRT
BEERATYIS M-I EEROITETWVS,

FEeDrzsh. KE=NAND FLASHXEVICEAU TIE. BHRANX S —-HeMMC/UFS/SDA—R/USBXEY/SSDE. XEYI> b
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https://www.entegris.com/content/dam/web/resources/white-papers/whitepaper-improving-3d-nand-performance-8443-ja.pdf
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https://kankoku-keizai.jp/blog-entry-49972.html
https://kankoku-keizai.jp/blog-entry-49972.html
https://news.samsung.com/global/samsung-electronics-unveils-high-performance-pc-ssd-that-raises-everyday-computing-and-gaming-to-a-new-level
https://news.samsung.com/global/samsung-electronics-unveils-high-performance-pc-ssd-that-raises-everyday-computing-and-gaming-to-a-new-level
https://global.canon/ja/technology/frontier07.html
https://news.samsung.com/global/samsung-electronics-unveils-high-performance-pc-ssd-that-raises-everyday-computing-and-gaming-to-a-new-level
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mercury (3K) SLC 256Gbhits 32Gbits/chip X 8chip
— FrontGrade (3K) TLC 4Tbits 512Gbits/chip X 8chip
NST=L % - R & A7 F 5 FANAND FLASHT 734 R
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https://www.kioxia.com/ja-jp/rd/technology/nand-flash.html
https://www.kioxia.com/ja-jp/rd/technology/nand-flash.html
https://www.osti.gov/pages/servlets/purl/1841982
https://www.osti.gov/pages/servlets/purl/1841982
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https://www.3d-plus.com/data/doc/products/references/fiches_a4_rtims.pdf
https://www.3d-plus.com/data/doc/products/references/fiches_a4_rtims.pdf
https://www.mrcy.com/application/files/9316/3250/7056/5056.11E_RH3480_3U_VPX_SRIO_SSDR.pdf
https://aitechsystems.com/product/s993-3u-compactpci-non-volatile-memory-board/
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https://www.3d-plus.com/data/doc/products/references/3dds_0761_2.pdf
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https://powerdevicecorp.com/en/connectivity/interfaces/memories-1/rad-hard-nand-flash-memory?partNumber=29F32G08
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https://www.mrcy.com/products/microelectronics/radiation-tolerant-modules/nand-flash
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https://frontgrade.com/product/ut81ndq512g8t#overview
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https://prtimes.jp/main/html/rd/p/000001943.000071640.html
https://eetimes.itmedia.co.jp/ee/articles/2109/10/news163_2.html
https://newscast.jp/news/2541623
https://www.nikkei.com/article/DGKKZO70035450W1A310C2QM8000/
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https://frontgrade.com/product/ut8qnf8m8
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https://www.infineon.com/cms/jp/product/memories/nor-flash/serial-nor-flash/quad-spi-flash/cyrs16b512-133fzmb/
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European Space Power conference 12t (2019), 13t (2023)I2H 175t EWYF ERICEAT 2L IRTE
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12thEuropean Space Power conference (2019) [ZH 1+ 21t & ¥MF BIRIZEET B X5 1EF(2514)

https://atpi.eventsair.com/QuickEventWebsitePortal/19a03---european-space-power-conference/home

No____Jritle

AN NN

73 An overview of GaN FET Technology, Reliability, Radiation and Market for future Space Application
234 A Class of GaN-Based, Radiation-Hardened Power Electronics for Jovian Environments
28 Using GaN HFET to replace MOSFET in DC/DC for space applications
27 Dynamic RON evaluation of commercial GaN HEMT under different switching and radiation conditions
210 Experimental results from 400w epc-sspa using gan transistor
35 A Gallium-Nitride Point-of-load DC-DC Converter for Space Applications
193 GaN technology for power system applications
214 Design and implementation of a COTS, GaN-based power converter for spacecraft applications
136 3D PLUS POL Converter based on GaN transistors
63 Wide Bandgap Components for Space Applications
78 Compact Low Cost High Voltage Power Supply for Space Applications
93 High-Efficiency Low Voltage/High Current Power Supplies for High Performance Digital Equipment by using GaN FET Technology
85 Design and Optimization of Radiation-Hardened Isolated Converters for Jovian Environments
177 DCDC BBK: a New Space DC/DC converter building block and pathfinder
243 Analysis of Requirements for a Modern PWM Controller IC for Space Applications
159 Feasibility study of low power PPU with COTS Components and eGaN FETs
55 HIGH VOLTAGE ELECTRICAL POWER SYSTEM ARCHITECTURE OPTIMIZED FOR ELECTRICAL PROPULSION & HIGH POWER PAYLOAD
42 Configurable High Voltage Power Supply for Full Electric Propulsion Spacecraft
55 HIGH VOLTAGE ELECTRICAL POWER SYSTEM ARCHITECTURE OPTIMIZED FOR ELECTRICAL PROPULSION & HIGH POWER PAYLOAD
253 1989 — 2019: Three decades of power systems evolution through the prism of ESPC
102 Digital DC-DC controller, a comparison between FPGA and Microcontroller
42 Circuit proposals for high-voltage latching current limiters
148 RHPWMO1 Radiation hardened dual channel current mode PWM
/231 Prototyping and characterization of radiation hardened SiC MOS structures

62 Delta Reference, the Latest High Temperature Compensated Voltage Reference Concept 309
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MO1b3
MO2a3
MO2b4
MO12a4
MO7b4
MO12al
MO4a4
MO7b3
MO8a3
MO12b2
MO12a2
MO8al
MO8b4
MO5b3
MO08a2
MO12a3
MO4b2
MO7a2
MO09a2
MO9a3
MO6b1
MO4a3
MO2b4
MO4b3
MO6a3
MO12b1
MO1a4d
MO3al
MO2a4
MO2b3
Mpos2

GO11
Y A —
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TID and DSEE effects in a GaN FET capable PWM Controller IC Prototype for Space Applications

bPOL48V, a rad-hard 48V DC/DC Converter for Space and HEP Applications

New developments, technologies and status for high power Gridded lon Thrusters Power Processing Units

Size and Efficiency Improvements Using GaN FETs

LCL performances based on GaN transistors

GaN based PCDU for MSR ERO Mission

1044 - ADS SpE Fr High Efficiency, Versatile and Space Tolerant Point Of Load

Comparative analyses of distribution by LCLs and fuses for 100V applications

GaN Based Solar Power Regulator

A Multifunctional Power Processing Unit (M-PPU) that drives multiple thrusters of different types.

COTS-BASED MODULAR BLDC POWER STAGE USING GaN-FETS FOR ROBOTIC SPACE APPLICATIONS

High efficiency GaN based Resonant reset Forward Converter with Synchronous rectification for Space applications
A new generation of MPPT based on GaN for EVO PCDU

Isolated DC/DC Converter for RF generator of a Power Propulsion Unit: topology comparison based onGaN semiconductors
GaN FET-based, scalable DCDC converter development for space and stratospheric applications

1045 - Multipurpose power cell with GaN FETs for PCU

Quantitative Comparison of Power Architecture for LEO missions

A Comparison of Technologies for the Implementation of Low Voltage, High Current Power Converters for High Power Integrated Grcuits
Innovative COTS Based PCU Solution for Telecommunications Market

MSR ERO: PCDU & PPU Subsystem

Future PCDU and PCU for new space

Comparison of 100V-28V Switched-Capacitor DC-DC Converters Based on Cascaded Buck, Boost and 3-Level Buck Topologies for Space Application
New developments, technologies and status for high power Gridded lon Thrusters Power Processing Units
MODULAR EPS FOR SMALL MOBILE ROBOTIC SPACE SYSTEMS

Power Unit for High Power Radars and Altimeters

1047- ADS SpE Fr New Space Versatile and Modular PPU from 1 to 20kW

A Power Engineer View on Space Based Solar Power

Decentralized Control for a Fault-Tolerant, Fully Scalable Microprocessor Power Supply for Spacecraft Applications
Low Voltage, High Current Power Converter for High Power Integrated Circuits

Comparative of different Direct Drive architectures

Accurate Controllable 325W Laser Diode Driver for Optical Inter-Satellite Links

Design and development of JUICE Solar array

—
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No.________Jritle

MO3b1 Adaptation and control of a latching current limiter based on a SiC N-MOSFET

MO4a2 Four-switch buck-boost based module block for highly modular power architecture

Mpos6 Design and Optimization of Reconfigurable High Voltage Power Supply with Interlock Fun

MO10b3 Centralized Power Supply Unit for Active Antenna RF equipment

Epos7 State of Health Estimation of Lithium-lon Batteries Based on Incremental Capacity and Pulse Analysis

Mpos14 MicroSADA-18 development of one axis solar array drive mechanism for small satellites

MO7b1 Towards higher current and voltage LCLs

MO1a3 High voltage power bus: solar array power conversion and power distribution

MO2al On the design of sequentially switched DCX converters for solar array regulation: S3ZVZCS

MO12b4 Integrated Power Solution for Electrical Motor Control in TVC Actuation Applications
e
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2) SPT B7Rk— )lx7\7Z’5‘0) SEEMERFYE RS - foR— > BERR > o5 - KIEBE - IR}
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4) PPU for 5 kW Gridded lon RIT 2X Thruster Andrés Soto, Jan-Patrick Porst, Marcel Berger
12t European Space Power conference 196
https://atpi.eventsair.com/QuickEventWebsitePortal/19a03---european-space-power-conference/home

5) Configurable High Voltage Power Supply for Full Electric Propulsion Spacecraft
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4.2.2.3 Preferred sources
a. Parts shall be chosen from the EPPL part |.
b. For parts not selected from the EPPL part |, the following
sources shall be considered in the following order of
precedence:
1. EPPL part Il (when compatible with the project
requirements)
2. <<deleted>>
3. NPSL level 1 and level 2 or 3 (when compatible
with the project
requirements),
4. MIL QPL's and QML's.
c. Parts subject to export restrictions or regulations shall
not be preferred.
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U HoIEh . BasDFEBASIFMICHIE TS LDHE

) 23hE % EIF5BETLoop Heat Pipe(LHP). Pulsating

SZ EhEAEI i Fz it Heat Pipe(PHP)DBIREHHRZI5n 3.

> INBBEZDEVY-AGEPL. ARKRECOMKREIC. Hie
FIBULEZE# 41 (PCM:Phase Change Material) D&
NR=Z(I5h3.
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—FEREEIIRICHIT B EPAIDIEE

R BEEROERRR
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MBEDIINFTZHINEEDRHFEGD : SES-17
Satellite SES-17
Satellite Bus Space Neo
Operator SES
Manufacturer TAS

Launch date

24 October 2021, 02:10 UTC

Start Services

16 June 2022 (Fully Operation)

Power 15 kW
Life 15 years
Band ~200 Ka-band spot beams

Thermal Control
Technology

two-phase Mechanically pumped loops
(2OMPL)

mAEE

o TASHEMBAFL =B 2/ X (Space Neo)Z#RN— R ELT=SES-171E 15kWHR D

H A HYAETEEILVHTS(Very High Throughput satellite) B £ THY . KREER
BITHEIRERRTLELT, ZHFRAN=ZDILKROTARX DR X
T L\ (2OMPL:two-phase Mechanically pumped loops)Z# AL TL\5,

« BRICHBRFMEMITEAETLTEY. MELTOINLFRL—LaViER

LRRSN TSI ENG, TLT ORI BES LU ZDHERL AT LI
ERRMEICHEIEEZ D,

s BB I4TL—avICBERITAE, ERFE2IZBVWTERE@mEL

THRASNTEEILOBRBEAREIEL TSI EITMAT, iEEKFHE
TIRIBBEELTRASNAZEN BN DG o-RBEBEIZE N TH,
FEFEEMBBEELTERASNTVSIEND, TILTORILEEDHER
[CREGSOI-SEOERNERFEDNHELLRL T, KiEIZEAL
TSI EMNHERTED,

SES-17D5MERX]

TASOHFES 27 /5(2OMPL) DHEE
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EROINTZANEEDRFER : ETS-9
Satellite ETS-9
Developoment JAXA
Manufacturer =%
Power 25kW
Mass 4.9ton
Life 15 years
Band Ka-band

Thermal Control
Technology

ATCS(Active Thermal Control System)

ETS-9D5MK]

https://www.mext.go.jp/kaigisiryo/content/20210628-mxt_uchukai01-000016392_11.pdf

mHERE

s BIBEFRICRITIEEOREBZILE IV ILFIE )T (BBEHE PR IHIE D nT 2544
HE)DEZRIZHITIHIBEOEEIILUFIELTEL ZILTORIILEEDERFE - ERLIX., B
FRIDICHESNTOSIRRTHS, ZILTORIILERICENW T, BERBELEPILY
EYTADEBDE-OHDEEDMIBRENM LELEEICKY ., BRL-BEREEDRIEHE
I EHENDBERAARTHY ., ZILTo2)IWRAO—RDHES X T LDRFE -EREIE
EELLoTINVS,

s BENADHENEHERTDHE=OI121F, AEORREBREZFRALE-ZHRICKETIT147
BEI M ABETHD,

o ETS-OTIIRAO—FHEREDEKIZEL ., AHZAHILRTERWNET 747 BVEIEEE
AT L (ATCS) DEEEFETS-OTITLN, ZITORIEIC LS ABIEGETZICHIT55
ENEHERT D,

o JFEICE T, SRR EACGHR) DR L, EEEOR L(EFHIEEZESD). VATLAS

A E’?‘FEE‘ZE(D R ENBETHD,
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Loop Heat Pipe (LHP)DEIFEA : Airbustt({A)
> LHPEFSURODBZ(LZF AU _B2MmXZR T C . EHEIRSRZFIA TR EFERD—ARAY IR

t— ML TTEBT N FAEADRNNIL—TERO>TIEIR I 28ia%iFs5. Bmx O m EL TV,
> CopperSTRAPZmIni LHPETBET. B HD5 A (3318 ME L,

> 20155 EMULANIOIREETE T

— ~ H B8 : ESA

354


https://connectivity.esa.int/projects/pbc-cooling
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Pulsating Heat Pipe (PHP)DRF/ : ADVANCED COOLING TECHNOLOGY#L(K)

> PHPIEMRENCLZ 2B ROEE X Z2ITITNAATHD. EEHDLU LOREZFEIRTIBIENS. 1E
MDHeat PipettbE LT, SV ElanX EEEDEIR N B]5EL 12D,

> NASA STMDOSTTRITOYSAICT. Space-VPXIZEEEARmIF ORI FZ MR,

> JOJSAEAR32022/6~2024/6 O2ERITHD, TRL4—6%ZEHIET

T Hi B NASA
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https://techport.nasa.gov/view/125401

3.4.1 2GR EAMNCERI I 2RE - DA

3.4.1.1 BFEHABMAE QOZFENRIRFIE PCM 23-002-R-013

RENRAHEIFRAMT . BEMAORIFELS)

mE AEME

[ACTftPCME— b >7]

o ACT#L(F2015FEMBHRIEEBEZFINIZ, PCM ZRAVW-EEIEHM D 2 H DO EEEFZZH L TL\D(PCMEL T A DBIFEHISER),

 PCME—FI o1&, BRI SEANDIHERFDEE LFER/MBICHZATRIRILY— (=€L) #RING B, COIBERFE DR, BHXEMEE
FIEREOMBEDOLERICI>TEZAONDIBERAIRILFT—LYDELEL 1~2 T REHES, EEREDIRIILTF—ANIZEEPCM DEE E
SEBEORALELEIZTOYNTEHIET,. COBREETT (TRIOPCMDEEEILDHIESEE),

s PCM IEFEHMIGICHITIEFED-HDFHEEMTHY . PCMIL, HEDEY) 21— a3 EBLTEEN DL KYNSHNYT—DTE
YZBLDEBIRIINF—ZIFETES=0. ERRTHIFHMIGTOHEAINHEFIN TS,

s HZEEMHEEZIRTIBICEETIVLENHALKONMDERNHY ., BEML PCM (L, BULVEERE, SVVEMEER SR ETE, Y
BLYA2ILBDORIAEELE. PLVEBEEOSVEREFZHEATLA(TROEPCMDIFHEESEE), PCMM DEE (L. B EESRET
BDULENHAIIRILT—EZDHBNEETHY., PCM DEIFEDHEAEHEIZE T, VAT LIZKLEL PCM D ENRZEMIZIRES,

o INTTAVTVIRIE, %ﬁi%df;f:uwﬁiﬁe’é?&ﬁ%Q MBLVEE A E RN ETEE T, EEEDE WY AV ERRL., EEEMTIEEMICTE
HTHD=H. EFHBZOREIRIZRL— MBI PCMTH S, /XTI PCMZEF AL TR TIBE . RN SKRIEANDFELEIEDT=6.
EEOBENEETT, /NTT42 PCM (FEMEERLE V-0, T HHIEERKRERFTITAILLEELR T LOEESIETHS,

o JKFEPCM (. BRI ESH LV EMEFEH-YOBMMBHASL, LB ELTIILEEMENMEERAFS , EHERBORB THRBEZEEA /N
Kb, INBIFEEENDY . REEENE (BT ML) BT EETH D=0, EFHEBOE—FUIIZIE—BMICERINLGLD, &
— R R IIERICKBBELERRAR (KERLZE)THY . AAMEEINBNZENFERICHENNTHS,

o FENSTAUBEHDOHREETIEMELZEDMD PCM HHEAFEEETHHHN., EFHBOE— L UI(ZEHFEYEREINLGL, EEPCMIE
BE. BYENSTLVDVIANAFTELEVERTHEHASNS,

/-'-_-—\_
AS PCMEEIHIAORITA PCMDSREZ LD

ZPCMD4FH

356



3.4.1 2GR EATCEHT 2 RE - DA
3.4.1.1 BFEHABMAET QRIAMGEMEFREEIM 23-002-R-013
 REIMGEMBEARBIROFAEDT=. 2020 NASA Technology Taxonomy, & LU STIFEIRAE,

(48 2)2015F F TIEINASAL SR EMO—R Ty TZ2ERL TV =20 D . BXFEDOEANS
2017 (CEUHEZ EFEL - E T LIFIER IV AV BB B AL TOEREIZFT

@ 2012%: @ 20154 : @ 2017%:
HEffin—F<y 7 AhREE Effin—F<y 78 ZRET Effin—F<y7RKEe DR
® 20105 tE LY, NASARTO—K Ty il ® INMTES (LY, 2013 FEMNHRETIE ® 2017FEIYBESRETEENEYHT
Zﬁl:?ﬁfﬁﬁ:‘iﬁ@%il:ﬁ;ITT:HX,%Hi)‘“%ﬁ KBALE. 2015F 1CE Z IRANESh T H. NASANTERRIEL-ESA, %<
FzICRAtR S, 2012 [CHIhR AN B . NASA Technology Executive Council DEFITHEA—FIYTERELTL
ni- (NTEC) wiﬂtigﬂ’é‘iit NASA Center T=CENHIB > SXEHEOHATE
. WpEEEAINF-O—KIYT ORI TR Technology Council (CTC) ¥4 &R T—% iE(<
X, ZDHLE 1—%$ET. [NASA Space FILEMLRRN SR STMD I, #% & [REI% 28 Sstrategic
Technology Roadmaps and Priorities &L o 2014 ([CO—KR Y TERF— LAV AR Technology Investment Framework& ., #{iff
TORFI RSN TR B D TRFFHSRAE 7Y 4 ¥8% £ & T BTechnology Taxonomy T
« EbhETFHEME4OMEEIZHEEL VT aAAEBEFEZ L 2015F (I 2BSH R&DIR—r T4 A% EE
Oyt 5 2 (b IR IWN: I Fy W 1=
ORDIFEICIRDEAHEEE
— DR — HfiieEs o BIFREES T, T~
(TABS: Technology Area (TABS: Technology Area @ IFEFBD TSI A~ DB RS 5
Breakdown Structure) Breakdown Structure) BOR—,I2AUAERFELT
— W3

B mREIL—LD—Y

(STIF: Strategic Technology Investment
Framework)

2012 Efio—K<w”r 2015 EffiO—K<y 7 b
HFT) *E S
/\ 5 rp— E 1. NASA, An Update to the NASA Advisory Council }i(fﬁﬁﬁ;f
I — 2. NASA, 2020 NASA Technology Taxonomy axonomy
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NASA Technology Taxonomy#f &

>
>
>

ID

TX01
TX02
TX03
TX04
TX05
TX06
TX07
TX08
TX09
TX10
TX11
TX12
TX13
TX14
TX15
TX16
TX17

NASADY2020FE (2R ELI-FHEE IR ICEALLI M D 2 fER
TRITRIT17HMIC D FEEETE,
B R MTIETXIAEEFI SN . BIEERTTPBEREARBRORREZOEMLED

RiTAE

Propulsion Systems

Flight Computing and Avionics

Aerospace Power and Energy Storage

Robotic Systems

Communications, Navigation, and Orbital Debris Tracking and Characterization Systems
Human Health, Life Support, and Habitation Systems
Exploration Destination Systems

Sensors and Instruments

Entry, Descent, and Landing

Autonomous Systems

Software, Modeling, Simulation, and Information Processing
Materials, Structures, Mechanical Systems, and Manufacturing
Ground, Test, and Surface Systems

Thermal Management Systems

Flight Vehicle Systems

Air Traffic Management and Range Tracking Systems

Guidance, Navigation, and Control

NS 1 =L

ID
TX14

TX14.1

TX14.2

TX14.3

23-002-R-013

RifTAE

Thermal Management Systems

(EABIEZR)

Cryogenic Systems

(BRI R T L)

Thermal Control Components and Systems
(AR, > X T L)

Thermal Protection Components and Systems
(BRAREOMREME. X T L)
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NASA Technology Taxonomy@2020&20150 ZAHI {4 T Z B89~ 5 ELES (1/2)

> BT, S3al—tay, b b/8E EREESOER ASBRT). ARHTO EREEMERLSHETED,
> TX14.1 (#BEERI AT L)TIE, ZRTHEIETOSEN S, I—RT—ATODHHEICER

> TX14.2 (EAVHIEHERS . YD XT L) TlE. 14.2.4 Insulation. 14.2.6 Heating SystemshAV/NE B (ZH& £ IF

2020 2015
TX14 Thermal Management Systems TA14 Thermal Management Systems
TX14.1 Cryogenic Systems TA14.1 Cryogenic Systems
14.1.1 In-Space Propellant Storage and Utilization 14.1.1 Passive Thermal Control
14.1.2 Launch Vehicle Propellant 14.1.2 Active Thermal Control

Thermal Conditioning for Sensors, Instruments,

iolce) and High Efficiency Electric Motors

14.1.3 Integration and Modeling
14.1.4 Gound Testing and Operations

14.1.5 Cryogenic Analysis, Safety, and Properties

TX14.2 Thermal Control Components and Systems TA14.2 Thermal Control Systems
14.2.1 Heat Acquisition 14.2.1 Heat Acquisition
14.2.2 Heat Transport 14.2.2 Heat Transport
14.2.3 Heat Rejection and Storage 14.2.3 Heat Rejection and Energy Storage
14.2.4 Insulation and Interfaces

14.2.5 Termal Contorol Analysis

14.2.6 Heating Systems
Verification and Validation of Thermal
Management Systems

14.2.8 Measurement and Control

14.2.7
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NASA Technology Taxonomy@2020&20150 S TIZBE 9 5 L8k (2/2)
> fEAT. D3alb—Sar ., i E/EE EREEFDIE B AVEM, (FRF)

> TXU43BEEAZFOOHDRRERS. UITORTL)IEALTIE, TX14.3.1 THEAMFL, TX1432 TR
T A TX14.3.5 #3 EERB ORMZ/NER IS LT,

2020 2015
TX14 Thermal Management Systems TA14 Thermal Management Systems
TX14.3 [oC el (Aol o el e S e TA14.3 Thermal Protection Systems
Systems
14.3.1  Thermal Protection Materials 14.3.1  Ascent/Entry TPS
14.3.2  Thermal Protection Systems 14.3.2  TPS Modeling and Simulation
14.3.3  Thermal Protection Analysis 14.3.3  TPS Sensores and Measurement Systems

14.3.4 Thermal Protection System Testing
14.3.5 Thermal Protection System Instrumentation
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2020 NASA Technology Taxonomy TX14.2 D {718 B {5

> BRI AIAVRAEDE—R AT 2BRAREEFICMA T, SSITFEROBEMEBEINDS
E—rR2 T E—FRAYFEDOEM MBI SN TS,

> [HXRA-AKREBEREFRHEEEINDSIIMWISADBINE - #XIZEAT HEMMBLHEAI SN TLVS,

TX14 Thermal Management Systems AT IE B
TX14.2 Thermal Control Components and Systems

e Cold plates and evaporators

e Liquid/liquid heat exchangers and air/liquid heat exchangers

e Boiling heat transfer

¢ Evaporation heat transfer

e Condensation heat transfer

e Crew cabin/avionics temperature and cabin humidity controls

e Hydrophilic coatings and surfaces

¢ Condensing heat exchangers

¢ High heat load collection (500 kW - 1 MW)

e Freezer and refrigerator

» Heat pipes (e .g . constant conductance, variable conductance, diode)
e Capillary pumped fluid loops and loop heat pipes

e Mechanically pumped fluid loops (e.g., single phase and two phase)

e Thermal straps

e Forced air cooling (heating, ventilation, and air conditioning (HVAC))
¢ Fans

e Heat pumps (e .g ., thermoelectric coolers, vapor compression systems)
e VVapor cooling

e Heat switches (e.g. paraffin, coefficient of thermal expansion, shape memory
alloys)

e Solid state conduction bars/doublers (e .g . high thermal conductivity
composites)

¢ Loop heat pipe and high heat load transport (500 kW - 1 MW)

* Two phase heat transport and pool boiling

14.2.1 Heat Acquisition

14.2.2 Heat Transport
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2020 NASA Technology Taxonomy TX14.2 D {718 B {5

> MHECZRAVEZERMFICNMAT. BEXOA-KREREBEESNSGBREAVTFURABLHREIZRNSD
I—3—FDHEMINHEISN TS,

TX14 Thermal Management Systems AT IE B
TX14.2 Thermal Control Components and Systems

¢ Radiators and radiator turn-down devices (e .g . louvers, heat switches,
variable conductance heat pipes)
¢ Phase change materials
¢ Transpiration cooling

14.2.3 Heat Rejection and Storage e Heat sinks, optical coatings, variable coatings, sunshades, molten salts,
cryogens, evaporation, boiling, and condensation
e Autonomous radiator maintenance
e Dust tolerant radiators
e High heat load 500 - 500 kW rejection
e Multi-layer insulations
® Foam insulations
e Aerogels
e Thermal gap fillers

14.2.4 Insulation and Interfaces
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2020 NASA Technology Taxonomy TX14.2 D {iT I8 B 41
TX14.2.6DMEL AT LATEBRIRILF—A—ADLDHLH (R EBERETF)

TX14.2. 5CIIMBEVRMIER Z) AT YTLTEY | BGlEHROFITEE R L D=0 I (TR iTE
RDNDBETHAZEZONDLNEIENTES,
TX14.2.7(2BAL T, B BERIZBHFLOEDITGWNVEN T, /MNEBIZERESNSENBEHARIER A
NS AENDELGRITTHAHAEZERTED,

>
>

>

TX14

TX14.2

14.2.5

14.2.6

14.2.7

14.2.8

NS 1T =L

Thermal Management Systems
Thermal Control Components and Systems

Termal Contorol Analysis

Heating Systems

Verification and Validation of Thermal Management
Systems

Measurement and Control

5 0gell

¢ Thermal solvers

¢ Orbit analysis

¢ Radiation analysis

e Optimization

¢ Fluid flow analysis

¢ Layered composite insulation systems

¢ Coupled, multi-physics simulations for temperature induced phenomena
affecting system performance

e Structural-thermal-optical (STOP) analysis

¢ Detailed thermal network analysis to evaluate the thermal performance of a
given system

e Electric heaters

¢ Nuclear-based heating source (e .g . radioisotope heater units, general-
purpose heat source)

¢ Chemical/combustion-based heating source

e Testing, correlation, and inspection

e Sensors
¢ Mechanical thermostats
e Temperature control software and algorithms
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STIFHIZE

> NASA®DSpace Technology Mission Directorate(STMD)h'&EsBMDIHERFEDIL —LD—4

> FliEE%ZGo, Land, Live, ExploreDID DAl &E 73 EF(Thrust)(C33EL. B ThrustlcxUTEZER.
FERTR DB EE B4 (Strategic Outcome)ZE&ELTLVS,

> BGHIENCBIL Tl LivellDFEESNTULS,
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STIFCMThermal Management SystemsD il
> A -NEIVS3VmEiFICE ERDRAGIEIFRATCREL (B mm R &7 E M+,

A== m m e e e e e e e e e e e e e Em m Em Em Em Em Em e e e e e e e \
e |
== m e e e e e e e e e e e e Em Em Em Em Em Em e e e e e e e e 3
- I
T
NANSET=C
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23-002-R-013

STMDICCERTEACtiveRTX14. 2B ED R FEP]

FROH - REBANRE(CRITRIRFHHEEDBIS AT LF

(CBHI REATFRY R ATDFHFENZ L\,

-_--

Flight OpportunitiesThermal Transport Characterization of
Phase-Change Material (PCM)Infused in Annular Passage
Filled with Additively Manufactured MetalFoam Obtained
Through Octet-Shaped Unit Cell Reticulation UnderMicro-
gravity Conditions

2 Jumping Droplet Thermal Diodes for Spacecraft Thermal
Control
3 Thermal Management of Extreme Heat Fluxes; Innovative

Dual-Channel Flow Boiling with Femtosecond Laser
Functionalized MetallicSurfaces

4 High-Temperature Lightweight Radiator Panels with 3D-

PrintedTitanium Loop Heat Pipes

5 Variable Emittance Coating

6 A Passive fuel-Cell Surface power System (PaCeSS)

TX14.2.3

TX14.2.2

TX14.2.1

TX14.2.3

TX14.2.3

Primary
TX03.2.2
Cross
TX13.2.3

2021~
2024

2020~
2024

2021~
2025

2023~
2026

2023~
2024

2023~
2024

6

*E%l:*a‘ﬂ@.—;wiﬂ'ri&?}"h-Aiﬁlﬁ%/ﬂ%@;—,%ﬂ{ny&’é
HASHELHLWEEEME (PCM) ZHUNE DT TOEEET. £
FILE. REET B EEEMELTLNS,

HESINT=IRE(ZH [+ BJumping Droplet Thermal Diodes(JPTD)MD
EMEMREERE -FARL. 7TV T—1a AN LD TERRM
BITEDTNNAADEENEBRRZEM T HI L, JPTD:BIEKIEEE
BKEDREZEHFE OFELISKEZRZRALADSZLET, BOR
nNE—AMIZHIETHIENTEDT/INMR,

£ B &R E D FLSP(femtosecond laser surface processing )% #| AL 1=

%ﬁL/l:\?JT)L%Vy*)LIJILEj/%ﬂ%VXTA( c‘:I’J ~ IJILEJI#'H%—CEE
HENDEEEZRIRTHEEBMET D,

RFARKE-HHERTLOI=HD ., 30T) T4 LI=FAUE
W—T =k IRLT(HP) ETST7A - F R - T4V T RA =B
mBEFEMASOI %R -FL

AEIIVRAO—T 129 (VEC) [F. FHMORED A HIZ
IGLTSU I -2 HEZ B E LS55, maksER
EBETORBAELENILL EDELDOMNBIE,

NASAD Bt /N — AT LOA—KRTy T Tl (S LE
GHEGN., AAFEELESRUDIV AV T —FTIOF Y EHRE T

THODEBEL_—XTHIESNTWVET , COMYHA L, %
HEM AT LOREE(ICERET HHEBRCHEHOBEMSE

BT AL TIEREMZR LS HIEEZBIEET S,
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STMDICCERTEACtiveRTX14. 2B ED R FEP]

FROH - REBANRE(CRITRIRFHHEEDBIS AT LF

(CBHI REATFRY R ATDFHFENZ L\,

-_--

10

11

12

13

Low-alpha, variable emissivity radiator (LAVER) panels for
passivethermal regulation of spacecraft, Phase |

Solar White Wrap

AdVECT: Additive Vehicle-Embedded Cooling Technologies

Miniature passive thermal control valve for mixing or splitting
single-phase fluid, Phase Il

Optimization of Oscillating Heat Pipes for Cooling of
SpaceElectronics

Advanced Cooling System for Modular Power Electronics,
Phase Il

Microgravity Demonstration of Two-Phase Pumped Loop
Technologyfor Spacecraft Thermal Management

T
NST=LCL

TX14.2.3

Primary
TX14.1.1
Cross
TX14.2.2

TX14.2.3

TX14.2.2

TX14.2.2

TX14.2.2

TX14.2.2

2022~
2024

2023~
2024

2023~
2026

2022~
2024

2022~
2026

2022~
2024

2021~
2024

4->
7

2->4

2->4

3->5

2->3

4->6

4->6

RIS 3R | (R IR AR R R SHA (LAVER) 24 JLIZBAL T, E4TLE:

SBIRICTHHIEEHER . APITIIBLET O LR DHATHIERE, BER
=N Eﬁﬁ'ﬁ%ﬂtéﬂ‘ét:‘:ﬂ; BAIIESH Y DARMETIFS
CEEBMET D

S REEMEFLEAD, 5IRME., M. MAKRE. ST
[CERSINBHE PG HEREEBT-FV—5—RIA( oy TDTOr
BATERRITDHEEBRIET D, BETTREARIKIZTHIET.
FYINSWH A XDERGZP, RELEFHAFBEIDLE R (TSR
FIIIEEN)—S— R IA M RIZERTEDH LIS,
FHTORFAERICHIT-EHELTSEMBEIIVIRET R
T LDAMBL AT DBIF

Phase ICTERETLI=EE LY., EELH A XFKIEIC ﬁ']lﬁb&?b“%
HEED R L, REDEM., KYIRLLVEEHIEHERF TOI/EENEE

# 1R {9 B TCV(Thermal Control Valve)ZBEL T, 7°IIII~’5"f7°'CO)
ERIFITOEFBHET S,

OHP(Oscillating heat pipes)|ZEHD(electro-Hydro-Dynamic)Ro T&
BINY B ET. NERDFEEZ H Y HActive OHP(AOHP) D B 5
ZHBELTLS,

Space-VPXF M Pulsating heat pipe (PHP)ZEFRL\I=E—FRXTL S D
B%,

LE: N
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STMD(ZCIRTEActiveRTX14. 2B EDRIFEP)
FROA - KB/ ANEE(CRITRFAOHBED S AT LAF (BT SBAZFHEANOREFENZ L\,
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