e LRl e s A 24°% 30y (FHI64EEE) ey 49

MMEREET X VY A v DRI%

] IEFE*, &M, BROBRS, AR

Development of Digital Twin for Ship Structures
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OKA Masayoshi*, MA Chong*, CHEN Xi* and KOMORIYAMA Yusuke*

Abstract

This paper presents the results obtained through the development of the digital twin, including the basic concept of the Digital
Twin for Ship Structure (DTSS), hull monitoring, numerical simulation, data assimilation, and the digital twin open platform
i-SAS. The DTSS can contribute to more optimal ship design, construction, and operation by clarifying and visualizing the
actual hull structure performance during operation and reducing uncertainties in load and strength estimation for structural
integrity assessment. The technical feasibility of the DTSS was verified through tank model tests and a field trial on an ore
carrier in service. In addition, a fatigue evaluation method based on sequential analysis and numerical simulation was proposed
as a necessary technology for digital twin development, and the estimation accuracy was verified using hull monitoring data
from a series of eight container carriers. The DTSS developed in this study can predict both the structural response and wave
conditions, thus expanding the possibility of reproducing any ship response in waves, including ship motion and cargo behavior.
Such an extension is essential for the construction of future ship digital twins. Furthermore, the digital twin methodology and
system developed in this study can be applied not only to ships, but also to offshore structures such as floating wind turbines,

thus demonstrating a wide range of applications.
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AT - W — BRI RET S A7 2 DLSA  (Direct Load and Structural Analysis system) Zf#H L7-. DLSA (%3
WL SHWE (D WEA R v 7K & FE T & A A b TR SR OIS IS E RS E TG LT, BHS
P T DRI ZAT 9 2 AT LT O AEBOEMPT CAHH SNEM L TV D . ABFFETITIAT > 2 7 2 (DLSA-
Basic) & W27y, FERRIEAT BSOS SRS U 7o BB IEIR IS 1A 72282 M Tt T . RIS DUV T,
BT D AFFERR RS ODR Y 7 b7 = 7 OFEAEE DEEZSHR L TV 5 EFNTHD.

FRELE JEE:FDENE (1355

3.13 DLSA [Z K BEHREMERDBI (NT ML KE, a2E—IEH)

3.3 T—4A EMbHHT
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ZEULFEEBEH Lz, 22T, BAXT MVE, b~ 7 4 v% (KF) 1%, WAFRESRE GFEM) & IFES.

measured response fitting unmeasured response

Spectrum of | | Spectrum aI Wave Spectrum I_T_ Spectrum of

RAOQ of measured response RAQ of unmeasured response

(a) Wave spectrum method

Time history of Time history of Time history of
measured response T e AL T mode amplitudes T unmeasured response

Natural vibration modes and RAO Summation of natural vibration modes

(b) Kalman filter (KF) method

Time history of Time history of Time history of
measured response [~ Element strain T nodal displacement | unmeasured response
iFEM

(c) Inverse FEM (iFEM)
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TR NS <, WIRANCEAEEIEEN LD K& eb. ZoBENG, B DIXFH S fiiRdhiF s
N ANTTD—2E LTHWAHTZ2/X7 A N v 7 FEZREL, ZOFEIZEIVEART MLvE X0 EfMICT
WTEDHZLAERLI. BG , ZOFELILIHBEL, ZIEHMOME AT ML EHEETE D X5,
AHFTETIE, WAL VEK 315 (R T X912 36 Fralcifidb L, (3.5 THx 545 Ochi-Hubble @ 6
RTGRA=BWWANY bV SO () ZFKFANSEA Lz, Z 2 CTIEe—2 Al chH 5.

Ryn(@) = [ [Apm(@, x + ][4, (0, x + 0)]" X S(w, 6)d6, (3.5)

Ap(w, x +0) : mIRDIEZED RAO (Response Amplitude Operator)
S(w,0) = SD(w) : (g =1~36: 7 [ DOBERAVZEED)

(@)

2
aaDe1 4\
—4_ @ 2 @\ 4
o) g ) (o ol
§0(w) == r(2{®) PO - R W N (3.6)
j w J

w, + E— BARH(= Z)

w TR DM JEJEEL, ) IIMOEHE LI & DHXMAE THSD. SD () DIRZF(= 1,2)1%, ZWEHIEEEE L
TS DR ZRT. BT AT Y X5 (GA)  ZHWTRE AT MVORRANE & HEEED R~ Ry, ()

PE/NTI2% £ HIZARY hsg 2= T@ 1D 2D % piE 5.

T H" A

T, B, A

T HD, A T g A0

S A T HS, A

X 3.15 ZARKEARY FMILEEDA A—PK

3.3.2 hLv T4 LA %

IV T 4B (KF) EE, BT — 2123 < aRy MOEl 72 OB T AT AOIETRISCHIEIZ A
SHWBERTWS., =5 M, KF B2 EEET 2y A v oF—2RICEA L, U 7V A MZEE
SNTEEZHWCTRMEMEED Y T X A KREZ TR Lz (K314 (b)), FERM2E 2 51E, IBIROZET % [H
FIREE— RO CTERELT 5 2 L Th b, WMIARESR) & [FERICHMEIRE 2 558 L /@8 F Y, LT T
zINb.

Mi+Cq+Kq=F, (3.7)
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2T, q,q,4 1 TENENE— RENL, O, IEENRZ RV, M, C K, FiXEnEne— NEE, ME, WIET
B, T— KIMESI=Y " THD. KB DITFHPNCBERL L2 T TORTET LN TE S,

Xk = ka—l +v (38)

ZIT, x =q,q F ]"IXRERY bV, GIET AT DATFITH Y, vidH &JNEDOT 7 A& E LT/ A
AT MVThD. —77, BRGENILTORTEAb05.

zy = Hx,+w 39

I, IRRERZ bvx, LEUT —% z, ZBIRAT 2475, WIZIEBRSARIZHED /A A7 ML ThHDH. ExEle
FHE Zz, & L, KF OIEWERRFIEZ BT L, B— REMqOZBENE NS, £ LT, BEMOLE
DONLEIZ BT AHEEISEORFAEY, E— RX7 MVOBIEFINZ L > TRDDHZ LN TE S, KF BTV 7%
A DSENESND DT, ] 213, MIRHER TO U TV Z A DR 2T 2 EICHATE 5. Fof ORFET,
ANFRIL D WITFERNSE Z WU T Z A DR THNC KF EZ#EH Lz, Zhck v, BEmcEgre g
72, BYISERMIES &, IRPOH 6@ HIAAMERED THRI FIREIC /2 5 LI STV 5.
3.3.3 iFEM

iFEM 1%, [RONZARERICBIT S EICESNT, HlEE U CREROMBIEEN 2 FER T2 7130 X
LTHD Y. FRIOMHT-CEER T UM BRER S OMBETEN OB EZ RO DH Z ENTE %, FEM Tl i
RENUe ) DL EFE R AR T 503, IFEM i, HimRZN-EREORREM-T XL 218, ROfKIMEE % f#
Ltk oT, EeobEiIAE NuZ W HEET 5.

Buf = ¢°, (3.10)

minimize ®®(u®) = % Joe (B — €T (Bu® — £°) dQ°, G.11)

BiE, B~ ) v 7 ATHD. ®° P/ ut TIIMOEN 0 £72D 2 Linb,

ada)l(:ie) — fﬂe(BTBue _ BT£€) dﬂe =0, (312)

u® [ IFES O HEE DD THGB12)IT,

AP _ e e _ e —
“ue — KU -F'=0 (3.13)

K¢ = [,.B"BdQ¢, F®=[.B"¢°BdQ°. (3.14)

Ke F¢ %2 TOEFTHEL, 2RESE S T2 8 FRRREZERASEICER L TR 2 & T, #Ese
RO EENuE S, B EROAHTERICOWCHESNEE e s LTHERAL, & 3.13) OFEHES
X% 7 m— SV FRRRICHANL T, AL Z & TRAEMBOEZG0ER LSRR E ) T2 A4
LATRDDLZENTED (X3-14 (¢)). iFEM O X V72 FNEIX, Kefal & & Mikami & IZEEHE S 0T
5.
3.3.4 EFEDOFHEFERAE

3ODFEDAY v MEEZRIAITRT P, 3507 —H[EULTFIED 5 6, AT NVEIIHEEIRE O T
PRAREHHIREMICE I TH Y, KF L iFEM XY 7V % A ZOREEIETHIICE L TW5. 203 SOFkEE, B
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g LRl e s A 2408 W3 (FHI64EEE) RelE 6l

MTHEATL2ZLL, HARDETHERATIZ & TES. FlxiE, KFIESRIFEM 225 H SN A0AEE, %
AT NVEDATNEAT 5 Z L3 TE, iFEM (3HEEY) OFERAENT O 7= HOITM O Tk L fAE R CTEMT
DHIENTED., ZNHIRROIEESE LTES.

®3.4 TARILFEDRH

FiE iIFEM HIL< T 4 ILEE SRRy MLk
B he VUM - UL DRI - Rt BRI I L ORRAAISE £ U8
ANF—%|E 10 = @) E )
B2 FE BE&EfRTIC ERE— R EE|L, . . o
AR S | i) ¢ 2t - TR EPRIERATI KBTIV E— FE Bl sie  mimir i & 2 meh A
T—HAR—2R BiE
NMEAI DB A7 5 IS H S} LB ot s 2t s
wETEE N R el WAL TEANCYON NN YAES ﬁ@i% ST ZEC G
Gl - SRR R
BRI —L B0 (75— 1) R (75— 1) el (ReEMYIR)
- UT LR A LSRR E R (T — 2 H]- U TR A LRI — 2

- SRR OZ ARARADERIC BN T,

KESRIC L 517 7 > 2 10H2) 7' >4 10Hz) - o0 _ -
_ o \ s \ B 4 R OEFHRIEE TTICAREERA
R |- %20 SOBEBED HIELE0|- 6 SIZEOEHINES SRELED igiﬁﬁ%ég%ﬂF%m R
I - IS OYER D AT FSAST DD TThE e %

- BUESASUEEOARBMYD|- BEESEE SUEROEKBRS D|- BHEDRRHIMERIGEDEUS
MAESEOZET - ISHISEDER AR - ICHEDBIR |- HA MLOTYE
- ffEM FEETLORTETERR) |- K3 b - UTLEA LK - EOR M

et e EEREOAE( (REHIORM, U2 ~—21RHE)
EfSES 2T LORBEFMAORA (TR YA AREY AT L)
70Y hA—T1 vURE (BEERE, ET L N—RFER)
TR R T REEE

4 TIOBNIAL Y - DART L

AN TFTOEANYAL Y TS5y b T+—L i-SAS

AEIE T 2 LY A T, BEECREEIRES ISR L THEDDOINEEZ Y T2 A ATRIPET 22 & b
HEAREETHD. TOXNANIA L « FT7 v b7+ —A51-SAS 1L, ZORIOTZHIZEITE Sz D, i-SAS I,
g, =2k, TR, EERRESREOENGRDMEED DT VAT AEEET L7004 —7 77 v b
Txr—h (¥ —Txz—R) V= EERMT S, K411Li-SASOGUI Y 4> RUDOHITHY, iFEM & KF
BIZEoTHONTEZ L 7RRET VD) TNE A MEEEZT LTS, i-SAS 1, MAREESEROLETE, 16
I K —, MERTE— A v N &AW 50AT, FRIE U7 M AK T 35T 2 Wrif ) MR, SREERRAL & R,
HAT 2=, VEIEU TEEOH N ZRMT 2 2 LN TE D, B, X 4.1 £ TFTOMEHTOERIL, R
LNTEDE oY EffiotcT — X FHEIC L > THE SN b DO TH 5. WIRAMERERZ 8 U C, i-SAS ZAEEIS
BEDOVTINHA LNAFYRIZET 5 Z SITkE) Uiz, — RIS IR RN Z e~ Tl B B0 fr B R 72 & oD
REfI A 7 — 3R <, 7 —Z AL EE 7 CPU R B [RIFRE CTH H Z L h, BFE LIz AT ATFEM TR AT
BThDEEZLND. B 5 EOIAEMSN A 72 M ER Tk, CPU A< 773 AMD Ryzen 5 PRO 4650GE
(3.30GHz 3MB), AE VYA X7 32GB D3 1T i-SAS NIEF ITHERET 5 = & 2R LT-.
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#SAS  MODELSHIP - Dashboard

+SAS MODELSHIP - Analysis

4.1 i-SASDGUL 7« > koDf (4 EEZRFICERE)

4.2 JKIEZEERIC & H1%EE

DT A7 L (i-SAS) DOEEERGED =0, V7 %4 U THEAIO KRB Z Fhii L7- 2. <\ AT—F2 L LT
DK 2 C, FERRRER] O —HEIKO T 28 £ CTIMBLL L 72 2 EERI 2 B% L, R Z2 a7
T — 2 [AMSREDORGEZAT O Z &£ &2 BRY & Uiz, BHURAN 729X & FfE & L nRURENE, OB HIE,
2K FFTEATE O] @ 3 2% ED, TXTOEMH A7 TR & LC, GFRP (Glass Fiber Reinforced
Plastics) ¥ A v F /SR KB —RBRIOBMERFR Z3GE LT (K4.2). AF AT X 0 dhiFHE & 58 2 Ff
7o, MO TMOFEM BRI EFEET L2 LT, MEORITAROMEMEAE S TWD. 2o X 9 i
RN IR Tdh 5. BRI, 7 — & [A{ETF15ES° DLSA OFSERGED -8, FBG & ¥ % 141 /5, FBG
JES) 2% 150 A, fRERICRER L7z,

¥y

l 05

core

-
.

R4.2 GFRP > Ko wF/SRJLEL (£) OBEEEN ()

4.2.1 T—42 RMLFEDIREE

T [FULTHEORGED 72O 12 IR PR 2 50 L 7=, SRBRIIHAR & RFRE CITo72. £ 4.1 1%, R
FRRIE PEBR TR E L7 IRIRSA: S 2R L TR0 2, 94 h & R & A G ot 72 T 50k TE R BRI
FHBLEZ. £41 0 () NOEIZZNVAr—LDETHD. K43 1BV ONERRT. 2o 3
DEZOHIOB L OENOHEE LT, AT MUWETIE 4 ORMEESE, KF ETIE 6 HOFHREZ FEH
ETL L THWE. £7, iIFEM IETIE, YA N, A M AEEZEHT 56 EOELZFHIELE L. X442 KF %,
iFEM ik, FEREORZIEEE 2R T . #EERAOTEE(LIZIX, RMSE (TRFHTFHRGEE) & ME (eKIERR
7£) D2 ODOIEIEEEE L.
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1 2
G )

RMSE =

x 100 [%], @.1)

N meas2
2= &

est|) measl)

max(|s —max (|

max (|Smea5|)

ME =

x 100 [%]. (4.2)

F A2 TR TERBY, MMAT LD No.6hold Ti, iFEM k& KF #EiX & $12 RMSE £ 20%, ME £ 10%
DFFEDHFPIN CEOMLIEARHEE T 5 Z LN TE S, —7, No.2 TME 2NKEWDIE, No.2hold IZfR e i)
WL DIEFIH No.bhold & bR TIERW =0T UL MEL, BAZENMEERICRELS RolzZ &, RO, KEEF
T O AER)C ;éMWﬁ&#ﬁﬂ%ﬂmM@%KF&T% LSRR IR S I DRBENE 2 HD.
KF ENEAIREE— RO E L TRIGOERZ2HEET 5 DITxt L, iFEM {EIFZENL & EOBIR & JERE D
ENOEEHMEET 5720, —KIZ KF LD b2 OERDOHEEEZ VLELE T 5.

B 4.5 \[ZEBEFHIICE 29 AT ML (K45 (@) AT METHEE ST e A7 hL (K145 (be))
DI Z R, BRI ONEREAL, K705 DHERWIER S O ER A R T, AT MWETIE, K450
b) & (o) IZxhET b2 20 —2A%EFE L. (b) I5TIE, v©—7, EvF, m—/LOE#7T —F 285
BLELTHY, (0 ETIE4SOT v F0EEZHNZ. (b) KBTI, kﬂﬁmﬁamm%%ﬁiﬁwﬁ&ﬁfﬁ

TZITVMEIZZ2 Y, TRV — (3B E 2 0SB OB CEI D = L n, BHIMEDS /) A 2% i@ﬁﬁb%@
EEZFFOLAE, THINX—2EHHETDHI LD, TDH, K45 (b) TIE, X0 EWEREORKSY
HHENTNDA, (o) ETIHWARREESEINET — 4 28 L CREREDISEEZIRZA D LN TE D120 ,&XA
7 MO E—7 JEREENFHI S RE—ET DR/ GO, £ 43 1E, TR DAY Mvik &SR &

E(ue)DIEHERAEDAED I TH 5.

Estimation—Measurement

Difference =

x 100 [%]. 4.3)

Measurement

X458 LOFA3IITRT LG, EEHANELEARTIET, #ERENKIEIZH EL T,

4.1 BURAUKFEARR THEA LIRIREMS & &

Swell Wind wave
Significant wave height Hs 4.17 cm 2.78 cm
(3m) (2m)
Mean wave period Tm 1.41s 094 s
(125, i/ Lpp = 0.8) (9s. A/ Ly, = 0.35)
Wave direction % 180 deg. 300 deg.
Ship speed Vs 0.303 mv/s
(5 knot)
05 Wave Kalman IFEM
_ . @ | & @ Y9 | ®| o spectrum Filter
E & - . . Measured O ©) L
No0o0 ¢ ¢ Shkl® Targeted g * *
s 0.0 0.5 10 15 2.0 25 3.0 35 4.0
. i ' ' : ' i - "~ Measured-strain points used for assimilation
0.5
ol o] @ infr o 78| B o Wave spectrum method 4 points
E o0 . &ilf o o x| o KF method (3 modes) 6 points
~ - :
A I P ® . iIFEM 56 points
s »lor-Lele
0.0 0.5 1.0 15 2.0 25 3.0 3.5 4.0

x [m]

B4.3 &T—2REFEIFERLE-ET—COME
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(156)

Strain [pe] Strain [pe)

Strain [pe]

SENSOR: H06-01

AT AAY

—- SO0 | === KE —-= IFEM
-a0 — _
o5& 95 56 ) 5% 59 .00 .0 .02 .03
48307 (43077 (43077 (4307 (4307 43077 a3V a3 AT a3V
Time
o SENSOR: HO2-13
201 | | | ! ]
ol ! ! | 1
n/‘\a/\-/
-0 — sensor  --- KF  —- FEM |
-40

o g5 e 51 Y € .00 _..ob ot o
a0 (4305 03070 30 (4307 A0 AT T AT a3
Time

SENSOR: H02-08

— sensor --- KF —:= iFEM |

—40
0 ] 56 1 ] ] .00 0% L %]
ﬂ.;,l)-‘ﬂ ,ﬂ.‘aﬁ-’J xn.;;b-’J .Ln:’-"’"’ ‘“.30-5 ‘“.73,0-'3 a2 ﬂ_}x.ﬁ 1“,‘31.0 ‘“,',_'3.0

Time

4. 4 FHAEDREBERICBVTKF L iFEMEIC K YIHETE SN-FDORERHID LB

(EB) No.67/R—IL REMT v+, (RE) No.2 7 K—IL FERTvF, (FE)No.2 7 R—IL KR b L

F4.2 iFEM RUFEEIZ K 2EDHRZIEDREDLLE (FHRAKHHER)

RMSE [%] ME [%)]
iFEM KF iFEM KF
No. 2 hold, deck, portside 21.4 239 —26.9 —32.2
No. 6 hold, deck, portside 28.0 208 1.43 —8.15
No. 6 hold, bottom, center line 20.9 19.5 —8.23 2.27

(a)

]

HE

(b) MEEIH SHETE
(=7 - EvyF-0—)

(c) MAFEEDEMN HEE
(4 = ; MfkrpR&MEM S 1/40
DTy XDELR)

4.5 KEETERLEKIA 2 ARIKANRY ML EMKEEN L DHEERR
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K43 BANRY MILEIZK DTRAER THOEDIREREDEDLLE

Difference [%6] Difference [%]
Measurement [ue] (motion) (strain)
No. 3 hold, deck, portside 4.78 —67.8 3.35
No. 3 hold, deck, starboard side 4.83 —714 6.42
No. 6 hold, deck. portside 6.44 —63.0 5.90
No. 6 hold, deck, starboard side 6.73 —48.6 —12.6

4.3 74—)LFESE
MRS T ¥ 2 LY A v ORI C, BT OSLRTEIRANC T DA Y A s VAT KRR T
AT LOBERER T D Z VY A v OFHRSE LRI LT, 7 4 —/L RFEIRL, LR TSN COMARE
WFOH YA DY AT LABEECEET 5 LRFZE (2023~) | O FTHEM L7-.
4.3.1 #5
HAR—ZZNTEE 2 st P O KRB AERRh L hae 7 o v b - B=X U o 7% E Lz, o2 0T
e
OFE 1 SRR (BEa B
Loa:#320m, B:#J55m, D:#%J24m
HEER 5 220,000t

4.3.2AVHR—F - EZRY G VRTLA

TUBNIA T Ty FT7 4 —LiSASICL DAV AR—=RE=F Y T AT LOMR %X 4.6 1277
AW TIE, HEMRHICH A S~ A A LT =2 ) TV AT AEFIH LTI, AROET=4 Y 7T AT LTk
AN HE T C, TEHA] (Monitoring) |, [f#HT (Simulation) |, TRIF{E (Visualize) | @ 3 -2 Sub-package THERL L
7-.

Interface
" Semson) | 41 i i [our
I o Sub-package Sub-package Sub-package T
(Monitoring) (Simulation) (Visualize)

4.6 i-SASIZ&BAUR—F - E=ZRY) VI IRTLOERS

(1) FHl 2T A

> A7 0 Sub-package (2 &V, MHADERONEEZFHH LT —Z 2Nk L=, ERONLEE D
FHAET 2 % 44 KO 4.7 12, AT S EAMBLEIR & X 4.8 ICENZEiuRT. 67 7 43— (FBG)
DY (X7 A4 083155 TN 0S7500) K UGS A7 A (33 7 AR : Enlight) #8H L7229, &
TUHIZLY 16 ETOEZ, EHEEEHICLY 2 EFOMEE (XY, Z HHTit6 i) ZFHAIL-. &
%, 6 A—IL KHD 4 DOFR—/V RICk L THEBREEDT » 86 - Z£4ATR 2 fEFT), MEHEHTO 45 - T 2 &
AT, #F4 ERTAFHA U7z, DRI B R O R DR b &« ARA RAR—ZXTEHAIL7Z. FBG £k 4
HREMERCTHY, ¥I—F— (FBG-2) CTRHllENHIRELIc L HEE, AF— (FBG-1) CTitlllsh
LIEEM OENSZELFIK ZEIZLY, BEEDEZRWZENFHIISND. MITOE, By 7% E
(=206,000MPa) % 3 U CIt /U (BAZ MPa) (ZZ# L7, FHlOY 7 > 7 HIE 20Hz (50ms) & L7z,
ST AT ATIEL 1 77 A VTRIESID DS, FHROMATRIC 1R 1 7 7 A W EILT-.
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| OFH/BE (165 R (2

I L A i I
§HEls 2 7 L. (ECR)
/
s/ 4 Y-
wEm . L Lo ]’ | J -
mmaEy 4 Hummunn Awnman { B yun: _'k‘,‘;.p.y‘..w.,J,.w.:‘,._‘,,“_:j' masue i) :‘L.,’#:_‘,;.,:.,:.;H_!{ -
\ - 7]
I = ]TZ (-t
136
FBG-2 FBG-1
Temperature Strain
| 1
f ‘ 1{.
Optical Fiber Glass Soldering SUS Substrate
4.7 U HEBRBEMRUVEAE Y
44 FELNMERELOYOERERER
D W5 e AR I ‘FHIM
1 H2 01B S MEEH — & T HB No2HLD H14-#(Fr.87)
2 H2 02U £ M — & 6 No2HLD H-4(Fr.87)
3 H2 03L E FEfHEmBRRAE A NolHLD & No2HLD DFE|(Fr.91)
4 H2 04R E A HEmREEE AR NolHLD & No2HMD D[H(Fr.91)
5 H4 01B = MEEH — & N EB No4HLD H9:5(Fr.71)
6 H4 02U = MEEH — & L5 No4HLD H9:5i(Fr.71)
7 H4 03L S ZENEHEEREE PO No3HLD & No4HLD D [H(Fr.75)
8 H4 04R ES A EHEmRREE PO No3HLD & No4HMD ODf)(Fr.75)
9 H5 01B = MEEH — & N EB NoSHLD H9:5(Fr.63)
10 H5 02U = MEEH — & L5 NoSHLD H95(Fr.63)
11 H5 03L E FEfHEmBRERE A No4HLD & NoSHLD DE|(Fr.67)
12 H5 04R E A HCEREEE AR No4HLD & NoSHMD D [H(Fr.67)
13 H6 01B £ AN — & B No6HLD H-3(Fr.54)
14 H6 02U S fREC A — & L3 No6HLD H-3(Fr.54)
15 H6 03L E Fe e mREEE AR NoSHLD & No6HLD MDFE|(Fr.59)
16 H6 04R E A HEmREEE AR NoSHLD & No6HMD D [H(Fr.59)
17 MS X IS B MidShip (Fr.75)
18 MS Y IS B MidShip (Fr.75)
19 MS Z IS B MidShip (Fr.75)
20 FP X IS B FP (Fr.100)
21 FP_ Y IS B FP (Fr.100)
22 FP Z IS RS FP (Fr.100)
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KIPANT—F SRR —
[P 10.0.0 2081

LANA LAKS

TYYyyYYYYY™Y

Hyperion &1255

Size: 10.1 LAN HUB

PC-2 ENLIGHT PC.3 ISAS
upPs

(Backup) (1848 system) Power Strip e

CPU: el cPU el P o

< FHAIYRT L
(Enlight)

ThEaul

4.8 LVRATLOEREENEER

) T AT A
S 2T BT XD INER LT T — % OfFMT S 25 L Sub—package ZHEEE L7-. BT 7 v —%[X 4.9 |TRT. R

Mo AT 2%, B TR LE=ENS T — X EUETFEEZ AV, MRS SE 2 HEE LT, Eeriic
GBI DEREA L AR—F - UTAE A A Ta—P—RMT B L2 BNE LTS, T RILTEZIT IV
<~ 7404 (KF) EEHHA L.

HF @ty
ogn | AT omteE

TRE
i HElF— % 1 hnRE
Enlight O ) atRlpkg AI{R1kpkg
O3 H
(7 v %8%)
FEM EBE~RZ b > 7 4ILR GUI
(B RENARAT) (OF % - 55 - WiEH) pkg TH
27@%§$NH%1¢ s ,‘%;‘J}
(Ballast/Full) T5t&E o h W EH
98 55 AT pkg
(bav7a—+347=A)|| shH A 20
REEHEGE

4.9 BHIRATLOT7O—

(3) "L AT A
Ak A7 L Sub-package (& X D HERL L 72 GUI i 4 X 4.10 (27”9, GUI BT I3ARR T R OfE 1T & — 2

b (VBM) SRR S EE OB EA2FoR LT, MG ORREN AR Lo U MRk s L7z, KF
W2 X BISTR0MET B — A > b OHEERE R A2 FoR T DHERE, HETME & AR A b L CR W g I A EHE
a— P ZHE T D RERE, FHAME O E R ERE, BIEZ U0 B X Tl Y ORI AT 2 5 GUI HERES: % FF
77,
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SHINZAN-MARU

SHINZAN-MARU

. X AR

KFIC & BREBARRI. — g nem)

£ 2 BB RS

(OF% - RE - ML)
ssssssee

Y IEERER

KF=&5 it EVBMSH RERSIEEE

4.10 AR R T LIZK % GUI B

4.3.3 Frllcsnf=7—%4

FE=H Y T URAT KK FHE N TR ORZIERE I O % X 411 T, T ORI FHHll S du iz
REZHEDIERIKTH S, 1 7 7 A VOFIRERE] (1K) OFRFERESZEr & LTnd. £ 10 BRI OIRE N
WARALSY, K92 FPJE M OISE DI e OBIEIRBIE 0 Th 5. A TIL, IR & YRR 2 B TRt
HAERTE RAW) M OYIRES OA O (LPF) OfEHERE2 IR,

(=
S 2
Z o ! !
& 20 H
“3 1
& 40 1 H
-60 R
0 200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 3000 3200 3400 3600
time(s) HER
__ 60
©
©
s 2
Z o
o 20
5 -40
-60
2500 2510 2520 2530 2540 2550 2560 2570 2580 2590 2600 2610 2620 2630 2640 2650 2660 2670 2680 2690 2700
time(s)

411 &8I L=EORLEER (REPRBROKRFAROIEN)

4.3.4 FBIT—32 OfENIC & HESMETE

FHElS AT ATIER L7240 6 » AR (2022.12~2023.5) OF — X Zfflir LIofERZ2HET 5. 7ok, 1 UL
DR TATNAOHM A LT, i-SAS OFHIIT AT LI L 0 KIS E ORZEOT — 2 NIEFICFHII SN TE Y,
F MRS AT D X0 ARE &R CNTRE R A R — RTRfE SN TR Y, AAICHEE LT o2y A
Voo VAT ANEMM - HEICIER BB L 1D Z 2R L TN D.

(1) &SI

T=H ) T R DIGHOWEEEE v 7 a A L CE LN EEEHEROFI X 4.12 1R, XORET,
WO E SRS LT-BRBHERTH Y, EiRiHEEQ=10° (-logQ=8) M FHMIM 25 FD K KPIFHEIZHE Y3
%, eI DIRE T, KIHI R AR Allowable [ZEXEHEFAIG IIRIE (JHRAKSY) ThHDH. 412 D, Hil
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