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Study on Heat Dissipation Model and Simulation of Circular Element for DC-link Capacitor
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Abstract: With the continuous expansion of application range of self-healing dry metallized film capacitor,
its heat dissipation mode and internal temperature - rising have become important theoretical and
engineering problems. In view of this, the heat flow distribution of heating body of overall heating and even
heating of cicular element of capacitor is analyzed on the basis of the heating rule of the circular element of
the DC - link capacitor. Furthermore, the thermal calculation model of the circular element is set up in
combination with the principle of electro-thermal duality, and the thermal resistance calculation formula of
a circular element is obtained through the integration of the differential cells. Finally, the correctness of the
thermal calculation model of circular element is verified through the test, and the verification method of
thermal calculation of circular element is proposed, which will provide theoretical and test reference for the
heating of circular element of DC-link capacitor.
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Fig.1 Axial heat dissipation schematic digram of circular
element

0 3] 7 Ab 1y A v (WAL EE dz YERIE)

-Z
P,=1P (2)

y

dz Kb IR T d6, B dR, P, 7E 0L /2 NXT d6,
HEATRRIT AL, AT LA 3

AT =

— P (3)
oomDP-d)A,

R,=AT,/P = (4)

21T(D2id2)/\z

A PRICHF R, W L RICHREE  m,
7 183 43 T ri R BEAR /N HLC B RTINS

P LEAR/IN TFE T A% E B oA i AR 4 AL

(K B 5 R B ) 3fe AR AT AN Sk —RE Y, B

S, = %(D2 -d*) = %DZ ~2L d . FHMRIE TR

Bty e S, B AR T8 7 1) 9 AR AR K SR NI
WA Z PR 5 e B I8 BIITIEA P S
P S T BT D Z A LRI IROC R . (4)
A LA 1

R= oo b (5)
e AmDPA, T 32L.d A,
A=Aydydd, + A, (6)

e A A 2 D RN A R B S AR
W/(m-K); d, . d, 735 o 5 8 s RN 5% 2= /Y J5
BE,m; L, e @A SR IR s 0 A S, m.
T R REARBH 1 2 S, o 4 3 i T Y A
RHLR A
L2 L L
™ A (D - )14 2= AnD’ 8 L.d, (D

X (7) 55 (4)~(6) T LA Y, #Z IR IT o)
BIE A AR AT B A ARBH, A B ARHE AR
FUAYIABELRG 174, Ui AR A B A EARH., AN BT IARH
E SOR BT




2024 A5 11 EREM,F H AR OO R S ) BT (M2 80)
1.2 ZEEH P, R, LA, (14)
SFTIRITTIE , 22 A5 B i BB | S o TP TR AR, T LA, AN

TCAFRR B R T AR, BTTIFRAR I A LA 2.

2 ErxHEEEmRE
Fig.2 Radial heat dissipation schematic diagram of
circular element

BT AR A T A RGR oy, 5 I E
4 ARSI I, nT AN A 55 A A PR
B X F MO8 r BCIFEIME R ZIBUEEAL »

T 22 R HOCH B R, doe AR A FAEH
_ dx
dR, = 21TxLy)\x (8)

A R HICIHR I SFRGARE K/ W3 A ATl
] FIREREL, Wm K,
r 8 x AbY & PE (BRI de BUPGR) A

T"(x —r) =r
_ p= P (9)
¥x ,‘T(Rz _ r2) R_2

do Zb IR T 6, Ry dR P, FE r—R WX d6,
PEATRRITIFALE, Al LA

P 2
-y q__2d , D
ATyx 477/\xLy\1 D2—d21nd) (10)

X, ATy, el femiE st Ko

R AL (| _od 2|4
" P ATA L D - 4mA L,
(11)

L, A=1- de 1n— ST AR RO AR

AREE TRITRARLE AT, TR A=1,
TCFA ) FABE S 2 4 T8 A I 114 JEE B85y ) AL
F 2R TR A TR RGE 1o R BEL R 9 2 I BH R R AL . P T
R e /N T R SR, S PR B K T
(IR, To AR 1) BH AT DL Bl 2 5 R A
TR P, 728 1) T R R BT LAIA kst SR N 47 T
PRSI EN A =~ R (1) W UG A

A
Ro=dm I, (12)

S b Bt FAR 1) A G R B E A T A, AR A
FRCEE T S 3 T A A I R AL 1 Bz L BB
Bic. A

AN D?

ro_ 13
, TLIA, +AND (13)

F150(3) . (10), AT LATHEAF 2 8 ST Ay HA
LTS5 e IR SR ML 3-4.

HFERITAT,

AR FFAT,,
St N e e
0 20 40 60 80 100 120
T 4%/mm

(a) TEMF ARSI R AR

&Dﬂﬁlﬁ?.\’\'

A i‘l".l-tl././o
2|0 410 (;0 810 160 léO
F4%/mm
(b) LR SR
B3 THEZESHHRNXER

Fig. 3 Relationship between element diameter and heat

BRI/ %
NN

(=} S OO OO

dissipation
8r .
v AR F
¥ 0 AT,
=5
® 1
IE 3
2 S
I HhA R TFAT,
0 20 40 60 8 100 120
ToFHKE /mm
(a) TCAF AN TH 2% &
80
2 70r  Hhi i %
=60
=50
= 40
# 30
# 20 Felfl 5 16%
0 20 40 60 8 100 120
T /mm
(b) TCAKEE SRS R

E4 THKESHEAHXE
Fig. 4 Relationship between element length and heat
dissipation

M 3-4 0] LI Sof R HOA S Dol B AR
FIH BEAT 5%, BAR R B 5 2RI R it 9 A
WAL E . — BOR UL, JoF AR AR HUBER , 42 1w
AR FEATEOR

2 BT s AR [ A A I 36 IE

2.1 TTHBAEE
FON R ST R BAEA TSR IE , B e 2L BT
PRI MRS i AT A 3, DT A R
A% 16 HECEA R Al o) BB 2 R0 AR, HOW TR B
- 123 -



2024 4F55 11

EWILRES AE P RvIE N

Fa5%

o TEIFRIPEE

R =R /IR = 1 - AL
T AR 1R, Am(ADPA + LX)

y' ' m

(14)

B B RE 2 N Ao, AT

P =T ADL (15)

BFETTIHIRT R AT =R P, o #$2X(14)-(15)
AT

y

AT =P, xR =M !
R A A 16 A, A

16 7Z+ m 7724_ m

[Lf ADZJ Ao[Lf ADZJ
(16)

A
A = 16AT | =2+ == (17)
0 Y[Lj ADzJ

R RIS TR S IESS R ARk, S
NG TE—NFE k,, A (16) . (17) TS R
k,

AT =— (18)
E L.F )l'"
A\ L} AD?
AZ Am

A, = 16AT{L3+ ADZJ/kO (19)

K A, SIoH BRI BFESECR ¢, AT LLGE
R . HARF L.

M (16) T LLE Y, Jo 4 AR B2 R i T
15, TCIF R EARER Tsr . HAAR L 5,

F BN TTA A BRI 5] KB, o S
U L E S eE* 2 AE L, % & B On S FE N
tand, 2 (16) 7] LIS Ay

mmﬁiso/

JeiEAET0

JeFiRTH/K
N ESN N -]

0 20 40 60 80 100 120 140 160
TR /mm
(a) TR S IR TSR

—

(=} N A N0

JCHKE150

TR EELLO

JefFiRTH/K

2IO 4|0 6I0 8|0 1 60 1 iO
JEAF P /mm
(b) TEHE FL % SR 5
B5 THRTSEANER

Fig. 5 Relationship between element size and heat

dissipation
BeE’ tanS X ADL? Bek? tand (20)
TO32ADPA,+L2A,)  32(A L2+ A, JADY)
32AT (AA L + X, IAD?
B — _1( z y m ) (21 )

eE* tand

M (20) 7T LA, B e i o 5 oo i i
TR BUE . X FE BT, th T4
JE S Z 00 B SRS i B B H /N T 5 mm, BOA B
JZ TSR A A HUAR/N, 4 JE AR R AR S oe
ARG AR AR, B AT LAALA 1, Joi Tt
RIEI, 2508 0 1.02 LI, TASHHS AT B= 1,
22 WHEAERENT

T Ry B UE TR BB AL SR IO RS
@77x103 AL ShoC RO ik g6 . oo S 5O
1,

F1 AmTHHERER

Table 1 Basic situation of sample element

Jolk g = TR TCIF IR TCHRFE% TCHHL R CTAAE ) IV FUE
1-1"-1-4 @77x103 83.0 0.03 510 A b R
1-5"-1-6" ®77%103 81.5 0.03 510 2 g S B
1-7"-1-8" ®77%103 81.5 0.03 510 PO S (R )
s PRk 2

R IR EE 3 N7 - TR T B ook
A28 1) RN 1) AR L ) DA R R (19) 18 R B0 AL o ARG
o NI ST T AR
D) 4 DT ALV, ST 5N 1-17-1-47,
LI 6,
- 124 -

2)2 NICIHE TR SR A B, e g 1-
5'-1-6", WLIE 7CAAm A Toi:, AR e .

3)2 D ICHFAETTAF R T A g T (1) ) filets Pk
BT S 1-7-1-8", WK 7 (A 2 Ao,
SUE A ) rh (IR A A o



2024 4F55 11

ZRAR,F HI SR AR IR TE A RCPVER 5 ( JEE

(sE211)

Ee6 IEEiXMmTH

Fig. 6 Normal sample element

E7 MaieEr Ty

Fig. 7 Element for adiabatic treatment

2.3 WELERSHT
23.1 RIEIIELR

TEARBEIRE R 65°C AT W Tibitiin 510 v
TR A i H R A TR TR, MR R AR AR
T REPRUERLAE , 76 6 h IR EE AR LA 1 Ko R
REEE R 2,
232 HIFESH

NF 2 AT LA Y, A1 H R + 53 A1 =X A FAAsE 5
ARG THEE TR E iy, (AR 5% 8
— MMEIERE koo HHTAE M1 4 AR MERR 58 22 A 4
PORER T IR ST A A R R 22 %K

L Y AR TR HA I 25 R R B, BTk
(AR ] HECEART A ) ERCRA A TSR e A T, AT L
THEF TR X FRUERA, AR EE L 62.4%,
e B 37.6%, SITIFIRAR A G, FREER
(YR , TOAF A A A 55 L 25 2 () AV B 2 5
R, B T s O ], AR AN — 4

F2 THEBRAREER (RERE 65 C)

Table 2 Temperature rise test results of element (Ambient temperature at 65 °C)

TRFHAIZES/K
E| 1-1* 1-2¢ 1-3* 1-4* 1-5* 1-6° 1-7* 1-8*
(a2 (R4 k) (Bl e 3k)
TR R/ C 69.8 68.9 70.1 70.3 74.8 73.7 73.4 743
IR TH/K 4.8 3.9 5.1 53 9.8 8.7 8.4 9.3
THRRTH/K 4.4 10.77 8.34
VB IE R ko 1.05~1.2 0.85~1 1.03~1.15
233 W GRE A FRAAT EHHT ULIE 8

b — 2R A RT3 e THAR AT T
BUETH M T - Y B & (5 R
TE LI S AN )38 2 1R TR ST P P a4t
FERIN AR A T A% 337 o A Dl FAR 5 EE JT A iR
JETh i o TC A 2 T 3 s 0 T 2 S A B
S5l B Ry 65 °C., TN AR A4 1) 1l 16 266 B 5 L v, X6F
IO 3 11 B O 2 R R R R . I TR B A 1)
o PRl ) 2 R 3 B R R T ST A I EE 23 A

FH [l 8 AT HL, XF T Jo 4 A A48 ) 6 FR R A ) 28
O3 FP AL JTHREE L 43 518 68.7~70.4°C
73.4~753 °C Fl 71.6~74.4°C, 53¢ 2 i B ] 2 4%
W& A8 ) 48 A SR AR AR RS KT Al ) 8 A 0%
1o MeAh  FETLZARZST (K 8(a) , Toi NI
JFARI ) oA, Bl 2 (A B A AR AT el A, Dty
RN SR, JUF IR B Se 3G K5 BRAIR , 55 e Tk B o
IIARAITERR ] 1/3 (A E .

470.4 753 A74.4
75.2
70.2 75.0 74.0
70.0 74.8
69.8 74.6 73.5
69.6 74.4 73.0
742
69.4
74.0 72.5
69.2 73.8
69.0 73.6 72.0
68.8 73.4
(a) JL4u#k v68.7 (OEHEEES v73.4 (ORREE v71.6

B8 ARFHTTHEESHEE

Fig. 8 Temperature distribution cloud diagram of element under different conditions
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