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Multi-parameter Thermal Property Inversion Method for Metallized Film Capacitors Based

on the Whale Optimization Algorithm

LUO Wenbo!, LI Lingfei?, HOU Ting?, GUAN Xisheng', SHI Youjie?, LU Yiping?
(1. Yangjiang Power Supply Bureau of Guangdong Power Grid Co., Ltd., Yangjiang 529500, China;
2. State Key Laboratory of HVDC(Electric Power Research Institute, China Southern Power Grid), Guangzhou 510663, China)

Abstract: Metallized film capacitors (MFCs) used in flexible DC transmission converter valves typically operate under
harsh high-temperature conditions, making them susceptible to failures such as overheating, expansion, and end-cap de-
tachment. The internal hotspot temperature, as a critical factor influencing the rate of insulation aging, significantly affects
the operational lifespan of the capacitor. However, due to the difficulty in accurately acquiring thermal parameters on-site,
real-time prediction of the temperature distribution remains a challenge. This paper proposes a multivariable inversion
model for the thermal parameters of MFCs based on the whale optimization algorithm (WOA). By formulating an objec-
tive function of surface temperature distribution derived from the internal heat transfer process, the model employs an
inverse problem-solving approach to reconstruct the internal temperature field, heat generation losses, and anisotropic
thermal conductivity of the MFC. The average relative error of the inversion results is only 2%. The validity of the pro-
posed model is further verified through finite element simulations and temperature rise experiments. This study provides a
theoretical foundation and methodological reference for engineering applications involving temperature distribution and

thermal parameter prediction of MFCs.

Key words: converter valve; metallized film capacitor; hotspot temperature; parameter inversion; whale optimization
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Fig.4 Distribution map of MFC cross-sectional temperature

2 BREEAFRESASHRERE

2.1 HBAFRSHERER

A MFC 8% N RIAETAR, R AREE
DRI T DLFH B AR ERAE . fEAL IR RS i3t
SN, AGRESEA TR et 37712
PRSASHE, XTRAWET G HemAdE— Dt
TitE, FEAPURG A B S 75 12 FT AT AR R TR 3
g, s B, b TyG=1,2, o, M)ZRIRTTA
(6, )RR RE o v TR A Dy SR — AP 0 2 Al 7077
2, A
o’T o’T
P + k, 8y_2 =
b F ORI, A8 vt 22 700 4 ) 3 Hdt
ITEsHUL, H:

k ATi+1,j + ATH,j - ZATi,j
z AxZ

+AT,, —2AT, (1D
’ -

k, -? (10)

+

AT,
kl’

i,j+1

Ay2 I

FELZ5 AL ARl O B — 2R v, B E T
W kS R AR ) R AL A R E h 18
TIEE Tamve TEE S 1, x FlON R SRHAA], v %l
NHRZARR, IR R, AT b
i, WEANRE AR, R R SR A

FSH R ZE LR BRSNS, HE
ZHEFE 1, BEHSAERWE 6 Fin, HE 6
AR, A BRZEE TR PR A 540 S 25
RE—8.
22 ETFHmafuEENASHRIERE

VR IE AR, WOA JEFXT HAR A
HH R S SR AEAT IR, X P A AR U

Tl 1 T2,1 T3,1 TN—2,1 TN*l,l
i F
Ax (5
B 5 MFC 4k 25k

Fig.5 MFC two-dimensional network model

X
TN,l

REEWENERES N A/IC

33.5
33.0
32.5
32.0
31.5
31.0

30.5

0 001 002 003 004 005 006 007
x/m

6 FadAMRZEIMER AT R 2 A
Fig.6 Isothermal line graph of temperature distribution using

the steady-state finite difference method

Sk g FEAE P, VA MR R A T AR SRR 5
). 5HANEEALL, WOA BN THESHEZE
DA WS B R AT A 3 ROk ST B SE B AL
DR HE SR B ) 4 SR AR N R I O R4S BA 43
Mg rFE, BABMANSRERE. HiES
HUD RIS AR A, RV 2 BUE A T
H [0 P SR e v e I HE A SRR RE o b At
TACEIEATEN AR E S w8, 25
BRI RIS T N I AESE

WOA HIFREERIUE AT 1 N AEAE 2R 23 [ BEAL
PR THRIL AR Rt e A, PR E AR
A — AP IR gk =

X! =u,, +rand(l,d, u,, —u,,) (12)



O, B O, . ET

b XORE i MMERIIVIIANI B s tmax F tmin 73
AR FAY R 2 (A ) KA 5 5 /IME ;s rand A BEATL R
s dim AR MR EKEE .

B8 H ARSI N R AR, BT SR AAE
R P E AR, FFEET RS,
W e 1) DA S BT AE 3 ST () B i ML AN BT B
i AR BE T B

A=2ra-a (13)

a=2-2t/t . (14)
b 4 BRI REG a 2FEIERUESE N 2
LEMENNE] O I3 r AN A0, 112 (R fAIBE
LB ¢ A RTEARREL e AIRRIEAR IS

B e B IR T 18 5 A I AR 2R 2 0
50%, HEAVE—MBENLEL p A2T[0, 1]208], 4
p>0.5 I, H 4>1 i}, EFRERIEENH, Rz
kPR s B ALE], Wk 7 B 24 p<0.5 B,
BRI BN o

D 2R 51 AL

X=X —4D (15)
D=[2r-X/,, - X|| (16)
b XS T MAMEEE -1 YR B
Xi 5 i MRS ¢ ARSI E s Xrana 72 FH
HUAMASS ¢ YOBERMAMARLE ;. D & 24 aTAMARE 3

BENLAMATIRE RS s P BEAT AR AR TE 42 R
] PAY o7 B3 o
2) Y AL
X=X - 42X, - X (17)

2 W B AT AER i gt AR [ G2 B A A AR AL
B Xoost BATRLE TR, KA THHURMEX, VS
DA RCe, YRR M TS AL E .

3) RS AL

Xt = |Xbest - X’| e” cos(2ml) + Xbest (18)
b b P BB AR 1 H 2L -L 11k
I — A FEHLEL ﬁﬁ)lEﬁﬁ,ﬁl@/\%/“%ﬂi%ﬁﬁéfl?a%
KIS, Ak 8 s

it P s 1) R PR SR A 5 B B2 005 IE ]
SRARARGS & (R T A SRR SR R R0 2% AF
PRI A AL AR RS 2R R AR, AR S
S5 R 5 I AR 2 18] (1 H A R B AL -

T HRASHNSRZ AR R, Flnrid
TR B o A RN (FRRIRE) 5 R IFER N, H 2
e TN AS (  FE E A (R TR ) S 2K (17)
H R H At L 60 S 1SR A 5

G AL EIE ) &R R B IS B L A B s TV 4973
XY
4210 fF A
A4=0.8
A=0.6
Fo b
| A4=02
‘ | A#lzL
® s
A=1.8
%R
A4=2.0 \ &’

K7 BT 4 ERERRT
Fig.7 Update path based on 4 value

X
EZ ) xy)
RN
F%
-1 -0.5 1 1

8 WRBERF AL SR AR
Fig.8 Update path for the spiral hunting mechanism

DAt/ iAoy WOA ik H ﬁ@éﬂz JR)H:
J(R) = Z(T" (R)-T" t) (19)

X R NS HA R, W R=[Tp, T3, -,
Tn-12, Pi], Tn-12 NS HR TR 4EMIRS R 26 2 4T 1Y
IR PrONRE SRR R BARFE s Ties(k=1, 2, -+, L)
i PR BT BB SAG B A R R R, Herh
LI AN E T (R) Jyiliid SOl AR R 3R AT LA e
T FE

AT A0 B AR R E J(R) I /NI IR A7 S
ZHUn R R, BIYPTRBA SRS

A B2 S ARG AR RIS
SR, BRI

1) WOA FVEBENLA BAILEFIHE Ro, 4 =0,
45 E —MNNEEH a.



4974

i LR AR

2025, 51(10)

2) RNEEMFREE, ETAERESER
AR E 3 73 A 43 3] Tiem(Ry), PR 750 2 T 51 2% A%
TR — A

.um:anmmg—nmf<a
;oo <ty

WS 2 W B AR, o e RIEARIREL,  fmax
RERIERIREL, ASCHCH 10 000 %, 75 04445,

3) BEHLAER p . MR XA3)F14)F 5 a.
A WA

4) HIWT T p<0.5, MR, AR
(1) B RIE R OME, BEEEIR 7, H4ks:,

5) HIBRTW L A>1, WL, MREAQS)
THTRREE R (OME, BEERDIR 7, AH4ks:.
6) ARIE(12) S HFHE R 1H
) A =+, RESE 2,
RESRSHRERN
T2 NREBEASHIUE, 754 RZE0 Bk
IS 2% ER A ) AR )8 12 A, K AR
BRI R 12X 12 FIMASAE AL, PR MAZCH 100
A B T ERAR BT S B A ORAIE S R AR,
B 9/ DA A B T, s AN 2 3 P AT T 8517
10 M5, 28 0.1, HAbSH SR 1 R B2 5—5.

SEBR TARERI A, AR HAE () 38 1D SR AT A >
iz R mEA, ENEIERE. RITEIZR
BB E RERE . MR SRR ERFERN
RREZE, NASHZ L ERB AT RE, B
COMSOL 17 345 5 7o A4 3 T I B B0 36 T Sl i
FERET BAR R B e ik, THE SR 2.03 s,
AL, SOEAR A AR T BR e AR AL T AP 3145 A
HIASEL, AT MFC SRR /3 A &l 9 Fis .

I 9 AT, MFC #IRE H 07 Ol o 8] oz
B, WEm S5 EEEN, 5107 5T ERE 4
FAATF

T X R RIESHAE R ZE R -

(20)

2.3

A Ricat B Riare 8 73 79 9 OB 45 5 47 S0A5E
RESRSEUE, HEEEERNZ, HXHRZEEARRF
I FEIE IR FE 220, AR SHAER—IRE&ME T
SEH IR AR R ZE R — e RR R b BB R

PARE B SR T Tiea(k=2,3,++,11) RIHHFE Py
L) R E Ko AE R S & 9], SO
BRI 3 Fow, FIFEABA O] DOk £ H AR 2
G, mGRE. FrSim SRR, i
AT INETR -

FHEE 3 AT L, #R SO FE ) RO T3 A R 22 A
4.22%, X SE BT PR 22 /A8 SR A A [F) 1 2% T
FERS, N IR BE AT AR A ME— B, s
TFUEH] T A SR A RO IR AR S AR TR B2 AR AL
BRI A A FE S T 3 R B S 45 R S
bref RAFA R, SCbr LIRSS R A
RSN RS &, LR, FH
IS T8 85 SR F B A 2R ] DR v A M A e 5 AR R
H 5 HAEH I 278 B I 1) R

®2 REHSE
Table 2 Inversion model parameters
B4 Hft
N 12
M 12
TR KK 100
dim 10
r 0.1

am(R —R K9 MFC J i o i 3 Aii B
5F=Z —Lel ke 1 100% 21 . . . . .
- e Fig.9 Distribution map of MFC inversion of internal temperature
#3 WSEIREER
Table 3 Inversion results of thermal parameters
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Table 4 Improved inversion results of hot spot temperature
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Table 5 The inversion results of the measured thermal

parameters
ZH SEBrEUi/ C SFEAUE/C HART IR ZE 6/%
T 1 32.0 31.79 0.66
T5 11 324 31.99 1.28
Ts 11 31.2 32.03 2.59
Ts 31.1 31.84 232
Te 11 30.9 31.51 1.93
T7. 1 30.7 31.14 1.41
Ty 11 30.8 30.72 0.26
To. 11 30.7 30.22 1.58
T 11 304 29.69 2.39
Tu 30.1 29.24 2.94
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