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management continues to grow. This study reviews
research on thermal management, prognostics and
health management, and condition-based
maintenance, identifying research gaps in data,
integration, decision-making, and verification. Based
on these findings, the Mission Electronics Thermal
Management Architecture is proposed to support

thermal information with multimodal condition data,
including power, vibration, computational load, and
environmental conditions. A phased verification

is presented as a foundation for future empirical
research on integrated thermal and health
management of maritime electronic systems.

&2|(Thermal Management),
UDR} ARZ| OFF |ENH (METMA, Mission

DA0R| L AMH 22| (PHM, Prognostics and
Health Management),

SIS AEH7|2HEH|(CBM+, Condition-Based
Maintenance Plus),

A& -7 HZ-SOITEVV, Test, Evaluation,
Verification & Validation)

As electronic systems in advanced maritime platforms
become increasingly integrated and complex, the need
for integrated thermal management and system health

condition assessment and maintenance by integrating

framework using a TEVV bench and non-sensitive data
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ISSN: 2635-4926
'.) Check for updates

https://doi.org/10.31818/JKNST.2026.9.9.3.810

B2 248 £ 0 12
o HAPA| A S 0| £
T Ee| o AN B

S EEERE

Developing an Integrated Thermal and Health
Management Framework for Marine Electronic
Systems in the Context of Introducing
Nuclear-Powered Submarines

SF MR 27| M A w2

&1l SfEALRISHE Hiig
Jong Lark Son’, Gil Jae Yu?, Seong Won Oh*

'CDR, ROK Navy/Instructor of Naval Weapon System, Dept. of Maritime
Strategy & Force Studies, ROK Navy College

2CEQ, P&T Networks Co., Ltd

3Associate professor, Naval Academy Division of Naval Science, Mokpo National
Maritime University

LAE

Lided g 2a 4y

©

A2 St B Wskel A AFBAE B3

ufe}
4 R A Ao BAHE ARGH| o] 57 50] A5
oz Soiel Yck. R A, A, B9, 44, ERE el 5o
¥ Aol WA AT A E5HE A HAPgH| ] HE A 28
o7 grle] 452 ol BB WA A8 AT AT A%

S A Yot Fae 247 =1 9l

£8) 93 AA5T £ RO A2 e SRS Fuets 3
4 oju| @ ol 2t 47| 7t LB EE TEAE | FBRENA WA
A 2|9 AT oRE7] AR o9 A BT A bt
A7 WRAS AV B ATE ARAFST AR ] AAG
A% 452 BASEE Qo] ol s, ol H e HFEAEY 1E

810 © 2026 Korea Society for Naval Science & Technology


https://crossmark.crossref.org/dialog/?doi=10.31818/JKNST.2026.9.9.3.810&domain=http://journal.knst.kr/&uri_scheme=http:&cm_version=v1.5

Jong Lark Son et al., Developing an Integrated Thermal and Health Management Framework for Marine Electronic ...

AE 2 =8 ofy gl power cycle, temperature gra-
dient 5 A| 7+ wet Y55 =
Z © & #}E5}3l 0] & prognostics©f] &-&ot= HL
Z AASHA T ol = E€4 "ol H 7t et YA
of R o HF=X] erar Au| o] e Bl A/ Hrt
EAEt = HER E28E 7S &

PHM 2 A Ao A /5o o] ||, AL
AAA B D 22 AR fABE oA
|95t W02 WAShT 9lrh2-4]. IEEE
1856-20172 A AA| A”] PHM capability2] &72}
Mol F7] 482 AT ZHAAZLE A A
[5], ISO 13381-1:2025%= prognosis 7 2 &S
S5t ol e, £4, m2 Al A0 HTUEE FH U
[6]. AN F HEoFol| Al = PHM A 7-+= health condition
monitoring(HCM), fault diagnosis(FD), health

thermal load & A&

o P ok
2

Ny Mo

r%
O

ox, o

prognosis(HP), maintenance decision(MD)2. 2
= AL A7)

FTole @Y 2x¥HsEg A9, X,
g, d4tst H 23 2 5 oS4 H H ol E

T3 st 24 -A o1& FHE sS4 st = Hl

718 PHM A7} &g = 12 QQtH[11]. o] &= thermal
informationS =¥ 3 health ZF 0 2 7+F3517| H o}
t}9F3t condition information & 3}4+9] 9] 3l &=
A8 o2 thojol & RuH

13} thermal management, PHM A} e 7| dF
FATE A7 44 DA FSole S B
oA B = HolHE oHe JERFZE T 4
B 2 A-A Bkt AAskaL, A A E e oAb
A ALY ER AAD AJA7To disfiA= & Aid

o o A+ I EFof| FAE O Ut whEhA S
F AAA A S YA O Z thermal management2}
PHM % A E| 7] 9E R A &2 Alo] o HHBAE FA|
qoz 72 shohe A7/ B as.

A
o

al
€

2~

mlm Ho

S o oo

2 AW AT AE

HE
e

24

HAAAAH prognostics Y& thermal load&

KNST

Zd] AAA &0 8352 ks PSS A A

TELYLT R 5 8=
3] £rt}[1,2]. Condition monitoring &OFof| A= AF
ggol8 g - A2stal v A= A FE =z |
gst7] St AHEA P F27F EASHA . PHM A
T o8 1S AAY dZo 2 AL
o, CBM ¥ AFo|A &= o2t AEE {4
QAT Adsts WHo] AFEo] FHTH[3,4].
ISO 13374-2% 7|4He A 74 @ 21tk | A= 9]t
AEEA N golg Ay FxEUAZ A A5t 4o
=& 7Rt HlolH A 22 S8 4& HolEHH8].
oj23t AFA o= EFSFL 2 AFoA = o
F HARA~H 9] thermal management®} health
management 7+ A7 THA th3 U] 7HA A+
sHZ 43 P‘ﬁ‘:}- AA, data gapo|th. 2L &
59 YAlH ol g7} EAstE gk o] & 4]

827 5
Aol AET 4k YRR W] 9% dolg
A8 @A} BesA 12508 Bast ek 55 @
T AL SEE ol Ae, A%, A4S
9 BA2A 5 oA goH ol 47575} W gt
dlol g el 7t F a5tk

=4, integration gap©|t}. Thermal information
o] PHMY] health assessmentZ A Yst 4= At
thermal information XA 7} 2 A8 9] AXAE 9
0] 5l &= =1}, wetA| thermal information®} T

£ condition information©] health assessment©]

A oug A BAS FHEA PRI BR
7F et
M A, decision gap©]Tt. Health information¥}
prognostic information2 &2 02 Fx &z 9
AA S | Yo oA 9 thermal management@}:
maintenance decision A}0]9] A H AA = 7/fH A
T oA BAA O Z t}2o]A = AH L) wr},
A, validation gapo|t}. A|tH AR LR} =
gHor daEHH AA A8 7te S THA=AE
gelstr] Yo AF+AE, 8 FAE, RS, A
W B SA Aol o] 2ol B astth. e E R
t“—J ?E] EXﬂ% A4 oA EUA o
>

AU AHE dYst= condition 2l thermal in-

Journal of the KNST 2026; 9(3); pp. 810-817 811



formation© 2 o] @A ;L X35} 4= Q=72

RQ2. Thermal information¥} PHM 2] health in-
formation Afo] o] TA|E o] wj gk A 4 o 7|8 4 =
RIS S Qe

RQ3.
maintenance information 7+ &A1&
AR EEECEL LR

RQ4. ARt 7g 4 e A3
7} oF 4§ M54 o m e vay 729 AE 5
& 5o A 5 ALl

2 7o BAL oleig AT AEe] Havl 19
METMAE A5}, thermal management? PHM
g AE 78 FA T Abol o] HEB/AE HF A
A 280] 2 A7 ool 4 P2 ohe o 9o,

Condition—thermal-health—prognostic—

shite] A4

2. ol2H v

2.1 ZAFA| A~ Thermal Management@} Prognostics

HAZFA] 28] 9] thermal management= H| 7} Q
THe 2E&FFNA AFH o= 5ot s EF
FHE T sts E5oltt. 71E9 3 HLAA
ST LR $A7 SR BRI BA
A 2% PHM 977} s A @494 dol el o) 3

A
SHA7 S E A U

Vichare®} Pecht[1]= A& H] 71 74 & 5} thermal
loadE X&HoZ WESIA o]E stress-and-dam-
age model 57 2330 2 prognostics©] &35}
= 19 AN Pechef2] oA AR 2]
PHME %]0] AR ele) vl A24S Bkl 9
Ao/ gz 2 Agahelry.

abA] B Lo A= thermal data®t thermal
information2 F+E35+c}. Thermal data= AlA E
L egRgolH BEHE YAARE ofujshv,
thermal information2 H|o| g A g e} E4
2 o Ahvlo) A4 Aehel WS e A
£2 ojus} Roig HHE ojul g},

293t A2 thermal information©] AH] 9] A X
health information¥} Z3}A] tt= Ao|t}, A+
H AdAdL 9484 oz AFGAH, A5, AR
b, 54 2 &84 & e JEE R} #E

O B 2 thermal information-2 health assess-

ol

N
32

|.A|AE'II Ol %%[

71e S B Aol

mentE A Yot= JEHFH

g shet,

PHME ] Ei A 2ge] A4 e A5
o EX WL Akete FF AUY WS o2
[e) =
=

= 1 O
shol &8 @ §ATe AR A Yshe Hol
t}. Peng et al.[3]2 CBM &7 9] 4] machine prog-
nosticsQ] A 5FSZ E451% 01, Jardine et al.[4]

2 diagnostics®} prognosticsE condition-based

maintenance®] 4] @ A =F A A5} T}

HAAFA| A H] Fofo] A= IEEE 1856-2017°] PHM
implementation¥} capability classification & ¥
A yofjF7] g At 2E2H =Y JYIE AT
SFC}[5]. Prognostics £0Fo Al &= ISO 13381-1:2025
7} prognosis 7' 9 8o L% T 7Nd Tt
o, EJ W ZR2NAE FAHSL 011;].[6]_

E3]| Zhang et al.[7]2 | FA| A8 L ZH] PHM

%1% B A3}o] HCM — FD — HP — MD9] Y| 7}

A %8 &AL Attt ol FRE AY
HAAFA| Ao A thermal informationg 43 3
HA o] JHZ FHA LA &Il health assessmentE
Aot AHE E8oty FFHoZ FAH 9
AP G 7IA] AA D 5 = ol 24 7]HhE Al 5ete

Table 1. Relationship between prior research domains
and research gaps

Research
Domain

Relationshipto  Identified
This Study Gap

Primary Function

Thermal Thermal-state  Thermal Data /
. Data
Management management Information
Condition Cond_lt!o_n—data Condition
o acquisition and . Data
Monitoring ) Information
processing
Condition
PHM .monltc?rmg, Health Integration
diagnosis, and Information
prognosis
. Future-state Prognostic .
Prognostics . ) Integration
prognosis Information
CBM/CBM+ Cond_ltlon—based Mamt_en_ance Decision
maintenance Decision
Requirements, )
EnS y;tgenr]fn V&Y, and TEr\a/cheZntjﬁt/ Validation
9 9 traceability Y
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4. METMA £33 A 8 o}7] €4

4.1 METMA Four-Layer Architecture
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formationQ] Y] 7} X Q8 AR JF 0o 2 JLASIY.
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!
L2 Thermal Information
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i
L3 Health Information
Health Assessment/Diagnosis/Prognostics

L4 Maintenance Information
Maintenance Decision Support/Feedback

4.2 Thermal-to-Health Information Transformation
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Fig. 1. METMA four-layer conceptual architecture
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