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Abstract

Among the currently available charging solutions, the two stage power architecture
consisting of a PFC and an isolated dc-dc converter is the most common charger architecture.
The output voltage of the PFC converter is about 800V, the voltage stress devices of traditional
Si MOSFET is 600V, so three-level DC/DC converter is a choice, it can use low voltage stress
devices with two series-connected. But it needs complicated control and driver for at least eight
switches used. In this paper, a new 1200V SiC MOSFET is used to design a high frequency full
bridge LLC converter.

In order to achieve high efficiency and high power density, soft switching techniques are
preferred for the isolated second stage to increase the switching frequency and reduce the
switching losses. Among a lot of soft switching topologies, the multi resonance LLC topology
has several advantages. The most important is that the switches can achieve ZVS turn-on over
wide load range. According to the characteristic of charging profile of lithium-ion battery pack,
a design methodology based on fundamental harmonic approximation is proposed

The interleaving structure helps to reduce the ac winding loss effectively, especially in the
condition of high frequency. Although low conduction loss and low leakage inductance can be
achieved, the parasitic capacitance is considerably increased, thereby deteriorating the
converter’s EMI and soft-switching performance. The distribution of inter-winding capacitances
and the distribution of voltage potentials on windings are the two critical factors that determine
the CM current of the converter in switching frequency ranges. CM current reduction method by
adjusting connection of inductor is proposed.

According to the characteristic of Charging profile of lithium-ion battery pack, a design
methodology based on fundamental harmonic approximation is proposed and validated through
experiments on a prototype converting 800 V from the input to an output voltage range of
300V-450 V at 6.6 kW a peak efficiency of 98.4%. The design and key experimental results are
provided to improve the power density.

Key words: High frequency, LLC converter, silicon carbide devices
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K, M B AR B B R EEKRREN

BV — FHHEE FLIA/A
A —_— ;@ﬂgﬁﬁ | A

450 B ——————————————— W
400 /-/ ———————————— -

! cc K '
'\ ___| 0.02C

1C &AE/A*h

A 2-6 7 # i % HL I
A (2-4) WHRME R A RN TR Q WA, TREE QA& FH M-
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Mo MTERMEN LLC, £ Q ELTEE R, ©&MH S & /EX L TEFILFT
RERAF A (2-4) FAI., B R E g WA (2-4) Foreyar & xRk —14
Bl Vo, & AT LA (2-4) Fv (2-5) WA BRZBARIRIL, HE M. ZHFH Vo 7 IR
At B S, KR Vo ##E B Vo(fo) B 2By AT R A A X (2-6) M,

Q:«/Lr/Cr: JL /C, _ JL, /C, 1, /Lr/Cr

R.. nz.%.RL nz.ﬁz.\ﬁ nz.i\/

(2-5)

V,(f) =

(2-6)

ARNZWMERERBERAFENEA TR LN, XF LT SR IANEE L £ FER

Wam &, 2-7 o, AR F—FdA K- MEERERR, X AAE 277
PLJ7 8 B9 BEAT (B IR Y B3

VoV
600

500

400

300 |

0.5 i 1I.5
fy
E 2-7 fE IR 2 i &
] 47 400V (CCH#R) &N A B TIErt B JREENXA, FIUFZHEIETREXK
Koo, RBRME S, HRERAT A8 E L E#HL H: N=Vin(nor):Vout(nor)=800:400.
RE TEME BN THNER, REIEFE, &6 Ttliitr, R11%

Ny
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TR RME K 400kHz, WRME A /G, WRER Lr iRk E Cr TR L A1 R
REFFERRAE . — R, Lr B/NES, KT DB/MER RS HAE, MA
CrAa R ¥ ok, HeFEER/DN, BENABLEMRK; EE£R/E Lr R A8 Cr 275
e R AR BN, TEMBREEA, wE 2-8 fox, FTUARITF R L4+ 5 8L Lr

5 e,
s VoV
500

Lr=8uH, Cr=17.5nF
— . — Lr=12uH, Cr=11.7nF
Lr=16uH,Cr=8.8nF

7 ST Lr=20uH,Cr=7nF
400 |f *
‘-
] b \-
: ~.
300 | | N
250 L - > >

0.5 1 15 "2
IH—{LER n

[/ 2-8 T~ 3 4 FiE 5 4 TR B 35 0 4

F— S EHELBRAE AR TE. F A 400V £F 4 Ff TR & AWK,
FIUFEETHTRERELR, RiFRiEFRE. 24 LLC Wl w52 800V, i<
LR 400V, K fr i B E 7 450V, s/ ELE A 300V, kit AT AN E T, LLC
TEEBKRMEAL. BEEHEE: 075~1.12,

F - FERTRRMERT REE . & 48utiir, #eibkRmE,

FZF R R, Lm MOoA, R B Ry AR EA AN BT, A T R
INBEARAE, RERE, EFHL ZVSHERT, Lm JUH A BT,

FHFRFTBRESH CFBRORBRAEE, XTEANMSHNEREE L
XHitdit, EHREEERIITAALBE N, Wiks RN,

WAL Eatr, #Ew TSRS FOTER, RitREWLE 29 Air.
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G D

T 2 EL U 2 ) V8 Rl S 2R PR 2% [T L

|
B 72 R P AT S Fs T

|
SRR L, N B U RO, LR
HRAE SRV )
|

TR ey 28 6 B RIIT SRR, 0S8 AR PR Lr 5
Wi B 25 Cr

A

A 2-9 1% it A2
R ERTRFE NSRS HFHRTHE, ROVEE & 2-1 B R S0 ZHEE,
Hoop g ak B R O 110uH, £ & AT E S AL, BRI E (400kHz) T 3% & 150ns A L3 ZVS
B A ME
& 2-1 RS HFIT R AENE

FE Lr Cr Fs 5t B
1 16uH 9.4nF 280kHz-630kHz
2 22uH 7.2nF 300kHz-600kHz
3 30uH 4.7nF 330kHz-530kHz

MA 210 ¥y FR=ZHBEN TR R ETd L, EFIEHNFHT, Lr=22uH,
Cr=7.2nFLm=110uH B, EHxR AH XM H EH AR X K&, %% 98%. Lr=16uH,
Cr=9.4nF,Lm=110uH B, BAREFRMEW AU E R T, KF] 98, 4%, 18H1E F /N
BIEAREREMFALKEZ T BT AT 2 A, Lr=20uH, Cr=4.7nFLm=110uH f, #&
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NGB EERERE, EERABREEEESBRMAEARERMK. FUEEGEE, &
ML EE _HEHE, BERS5nk 2-2 B,

99

Lr=22uH Cr=7.2nF
98.5 \
> og| LI30uH Cr=4.7nF ~ |
(&) \
5975 | //
E i
W o ///
96.5 A ~ ,
CC modade
[ | !
9 lo=14A
95.5
300 320 340 360 380 400 420 440 450

Output voltage/V

Bl 2-10 1~ [l 1% 9 52K T B 203 o 4

BN S H T
& 2-2 LS H
WNEE 800V
B A 300V-450V
LR X 30:15:15
Lr 22uH
Lm 110uH
Cr 7.2nF
R 300kHz-600kHz
2.3 Bl B 4 ¥
MTE U BEREMAEE, LRGN MR PO BR, ANMERMEEE

wO(E2-10, & 23X T ZMIEINTRERFERRL Y, REBEGENHI. T
e R 4BV B BRI, BT AR E 4 A8 A 1200V (ol sk ) A 600V (4
WER., FEER WER-NE. HHXHETEE CCM EX THEE, BlHER -
MEFRFEFT AW, WwREALEW S| RRBFRER _RENE, ALRANREKEA
AT, SWRMBRAWKAREFAER BT E A BFrAKATEA SIC —HE. SiC =
WAE B B R R B R, Lk T K R P R AL R ROR B R

17



LRI 2T e VAYLS'S % 2% LLC ettt

[ ]
AAA
VVV

L agee]
-----:;-.
Y
71
M

() Cad ok (b) &= Bt

i — =~ 3

K2-11 £ARZEREE

k2-3 BB BEREMLEK

B, S A HL R B A7 FREMK

B0 Sk 2\o lo 2
A ER \o lo 4
& R R Vo 2lo 2

/] 2-12 % 600V (20A) SiC —#H &5 1200V (20A) SiC % & #y & JE H.i% h 4 &,
KAV DLE IR 20A B, 1200V — R EWSFREER AL H LTV , 1 600V =
W8 # 8 EFE 1.4V, BTLL = A 1200V B AR & AR /N T A 600V B — 4 E . 4 T %

BAE, RATAET FO@LBEREMN,
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AR

40 |

35 T 6oov sic
30 + diode

1200V SiC

25 F
diode

20 F------
15

10

' -
1 2 3 4 vew)

& 2-12 600V 5 1200V —#E #9 V-1 w1 & &
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FIFE &M LLC X% BT R EE KB B BT
B1REREM

BE SR TR E BN R R EE W . 5 BB T, M E A AR,
KA K AR AR o AR TR : A R SR A A R R IR, & F B4R BRI B
FEAE, SREGRT, SHMEALE, SRR 5EFHTLEE, ToErhis
R ETHA .,

i 31 R, SEBIHSE TR B, BASAME, SASEHRAMSHEEE
KANEE, FEERMER, TRERTEE BRlh MRkt d, BLSHRREmerE
—AGHA/MERE, FEARRKER. WL ERRN R, RLE— ERAMEEY

, B RLERRY Py, B EEMFAEY P

P,=12eR,
P,=12eR,_+4el?eR_=5I%eR_ (3-1)
P, :40I20Rac+9I20Rac :13I20Rac

P S P S P S
(b) & & i 3 4

B 3-1 R EHSA BT, HE

BN ZAE BN RAEEE B0 13 fF. HRL R U RERF &, BAKR
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MRS wE 3-1 B (b) fror, BN REALE S AR T EEMERKE, Al ST
DA 8 4R 0 RRL HF R B RV
RNEEEEXFARBBENSEE (FoWL), wE3-2 R EELEME T,

IR [PEER Jy—
OIR®)| o [ROOX g =
OO FREER| | P~ LB

|

|l

|l

I

OO RO
ORRE| ROOS | 5

P2 Sb Sa Pl P1 Sa Sb P2

&l 3-2 A J& & 4
MR AR EERA T R GBERENEARH LT R BRANER L FARE. W
33w, YRE|AT X EHEMEAE S AL AR dv/dt, TREAHZ 8 LELA
A E R ENFAAEE, TR TRE L Z B E#T — B, YA A A B IRR T,
KRB B T A
TR THROIHE = E R A WA A% XEIBHE B X P4 77 & (balanced
switching converter),ix /> 77 72 & 38 i FF & fn i R (B0 JE 4 ) R A9 & — PR MBI EA,
M= ETAK/NER, J7 AR R Bor, REETT R 0 1 R e AR R omk 048 1
7 TRk % (passive cancellation method) XA~ 77 ik £ 3E — AN BMH 5 & & & 248 7 #
AMEEA, LHE SRS, o ERAEAE, INRHELNEERSFAE LHEE
RACEA R B o EAME A BRIt 5 % A B B AR B E 7 AR RO B B, AT SR AT A 2
B, XEPURE R ERWRIT, LR B 40T o 28 4 18] g e B R AR RE B A,
T NS A e 2 e R AR AL, DGR T A e A A R RN o SCBRIZP] R 3 A A
shielding # 71 7% , i 3T mmwm%Emﬁm'ﬁﬁ SRUH b R B L R R AR,
XHERWTT RE| L ke @, Amasl T EET®, mealusdeatts
shielding 48 PC &2, [# Bt shielding 484 F ey e fr & 5 &l A S840 F o e fr & fh— 2k, AT 9%
/N shielding 2| &l i1 2 /= 8] B3
1 % AT AR B 2 oy 2 8] R — Y R R X A e R A — A F B e 1R L B DA
YHEEWEA—ERE RN T HHEER.
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Sbl Sa2
Q”EB Q“EB %j“':@@$2
wl Lo [ SrOOEy | |

 BIeere  Ti-

Jr C
GNDP GNDS

3344 LLC X#HE 5 EEMHEE
BT FEAH, — WA REI D B WA T SRR, THTEABENE
B, — A R S O R RS AR, [ i Ak B (B A SR AT,
B EAAE, RN T TR A SRS M, 80 % E B A 5 50 A 34T 447,
WREIh G4 b e fr i, NTTRE BB E M ER . i 51 4B R Bik
1 A B 4 40 0 B 2 4 o B S AL R A Y P JE R R I e
Fo #iy=iy, BLBKELEEEHBRREREENHTR, BHALKEEER S

BHREHFEERILFHN 0. Fiy #i,, MLARRFRELLEHE B A B R XL EIR,
B A2 LLC EARMIEES, RRUFXESE L - REN TN FHTE.
KT ERL R EEZ 8 R E I, BATE A4 LLC T1Eey = A TEE A #4T 447,
BHABATREEZEEREEEEINL, #7045 58H,
3.2 B ik B R E 2 R B AL R AT
321 THEARK K (f=f) B
LR B I X B e R, BB H At h, YRR EA AR
hHEBHEGE, FERELEELAHELTN, ATERCHEER. HT 20 EBILLA N
FABENRENER, RNFERIATREZEH BT,
AN B G & E B E g 3-4 fiR, B AR AT RS ER EHE R £ B RHE 4
TEESZA LHELSARERANEN, FURMNESETEEN 6 Mg H
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(P1,P2,Sa1,Sa2,Sb1,S02) Xf HL B B AL R L HAT AT, A% G AT HELM, T P, P2&
ROV ST HEEF AR BT, MEFHEEHN, BlHEAF - NMEEHRKEMN
M E, HFRRITEX BN LR AR EERTEN., XH A Sel Sn AE
St s, FrlEx FRZAH (GNDS) kUt o2 R, B TElid®k
TR EDH Sa1 5 Soe RAT B A AL E A, LR E D15 Do EZ A, XH KR
WG| LA RTY BACYyHEW, T Y REANEER AT L EEERZEEBE,
T K E s BB R, R34 B35 Bl 34 83 5T LU AR B JLF AR M

vin_] | C A T oLiits, s 1 L
TT Vs Lm it N ;
B J, L, Cr Ii " o, o, Co Ro
P,
Q4 Qi c
I
GNDP ! GNDS
-

K 3- 4 £ 524 LLC
K35 AT TEABRME SHNNGETANRIAES. JEL IR GG S
VAT P1, P2, Sai, Seo MU & XY B AL L

Q1.Q4

t1t2

B 3-5 R & 48 4 2 o e R A Y
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TR BEREEEWE 36 ZEAR. RUIFXE Q, QuiMiz/E, PRl E
t2 ff B By AL R BE AT R QeI A ML, Q2 A Vin TIEZ| 0, FrLA Py ey AL & AL
A-Vine T P2 . 5T %€ Q4 Z B L8 — Mgk & Lr, S RATT X E S EHE %,

WVor _ WV _ Vi (3-2)
dt dt L geaa
thrans = dVAB # (3-3)
L,+L
dVpg =0V, -dV, (3-4)
L -L
dv,,=dVv ., —-dv, =-—"—"dV 3-5
p2 ds2 trans L +|_r ds2 ( )
dVPZ — I-m _ Lr \/in (3-6)
dt I—m+|—r tdead
tdv /dt
av,,, /dt
A P,
[
L
g b PN
® 99
V dsa PZ
oV, /ot
+* GNDP
() RUFAREBFHEHEH (b) JB 4 2848 %t Ho v fr A% b A [

V] 3- 6 JF i 45 40 AL A 2 Ak
FoyEldiEtl 2l 2 6t g, D1 5#E2% D2 R#, HFXLEWHE3-7 () Aa:
Sal XfH AL R MEE A Vor ER M, D1 AF@EE| XU, D2 A xurd|F#E, AEldnd
SRAGATAREEN, s ER b 2%E AR,

dVSal — dVDl - thrans (3-7)
dt dt ndt
dVSbZ _ dVDZ - thrans (3-8)

dt  dt ndt
Sat 5 Saz & Sp1 5 Svo Z [B] B LA A S2E, FTLA, 3T Sa 5 See B 5 BV ALE AL,
KAV EAN R GH FL A EaT o wmE. AELT UGS REE SN
L AE, BlHRH e T EwE 3-7(b)FT .
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AV /et |
Sb1 Saz S. . 4
— S _/
S |
Sh2 ¢ Sa L & - 7 s -
T s | bt Sy,
CO RO
Vb2 | 4
Vb1 dV,, /dt
(a) BT x 1 48 4 20 e B (b) Bl 584 7t e & A o A7 T

& 3- 7 &l e 4 s A T AL
W EBEHERNTUESY (H3-8@), Pi5 Satl4h, P25 Sy, #7848 4F
EER—EARNETHEER, JLTFHEALENAE 3-8b)Frr. HATT URFEHNE 2
R R R R A il

wm
o
R

wm
o
=

P

dVgp/dt
...... S, dVpyldt

O0]0l0]0
I RRRRRRR| 0

777777777777 dVSal/dt
fffffffffffffff dVpy/dt

T[RRIV o
O00/0/0)

wn
v
H

)]
o
R

(@)% E& LM EAE (b) & & 21 52 40 % 3 e AL A b - A
] 3-8 R &l Se A & L

. ) . dv o - o
Xﬁﬁﬁéﬁﬁiﬁﬁﬁuﬁﬁﬁﬁ:MCE%ﬂ,Eaﬁﬁﬁﬁﬁ%ﬁﬁmwm

T, RMNATURB R AN BRE AN HARE|HRHELH T ERE Cps KA
TUERERNERE TRARANEKEN |, 2R EE 42 8 #4257 LR

C ey s I N :
A= i iy, /AR BN A R G 4 1 & 10 SR AL A B 3 e 4 e JR i SR

I P

B HLI o
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CP_S dvci
=2
HF dv, =dV,; —dV, >0 B 8.5 4 MR 5 8 i
C..dv
_ N s Tl
=2 g

3t dv, =V, —dV, <0 Bt Bk A Bl H B R

(3-9)

(3-10

WY BAMERETF iy =i, —ly, . AHFRARWR (31D R, #4428 EE

AN (3-11) TUERRK (3-12) B Y BAE FrER.

| d
j” [V (0 =V, (0 Jdx
0

i T in
cy P_S
L + I‘r tdead

(3-11)

(3-12)

HUESMEANTTURBMESTAEL L EEEF e AR EH R R, BRLE

JE& BB B ARSI H R e R (3-12) AR,
322 THANTHEK (f>f) B

A 3-9 4 X #HBETHEMENTHRAX CWHET XNBHEST. B
Jh B B R A P1, P2, Sar, She TR HHY AR LA,

ot

tl t2t3
Bl 3-9 JR &3 me o & A K Y I
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LRI 2T e VAYLS'S

LA Z, Bl 8 K, RESB| DT HFREM, LH#ERmAER. 5
REWTEREFRT HEXERARK, WRER2EHLBR, EREL

S —

Jﬂﬁl—fﬂ Hi{', Eufﬂ?&m—a
MEEEY, ZHEEES FEETMNY AV, A0 APL1E P & By B AL R AL 4m =

E&EE
(3-13) 5§ (3-14) Fror.
dv,, =0 (3-13)
dV, =aV, .. (3-14)

T P Bl e L AL R 5 R F .

d\,, _ d¥,, (3-15)
dt ndt
dVSbZ - thrans (3_16)
dt ndt
W, LR R, JFE| ey A e B 3-10(b) BT w o
A dv/dt
dVpoldt
P, P
——— Sa
S dVSblldt
LnS == 2 7
I—r 2COSS/n Sal
1) PL”| lsfb '
P, ' 1 l dVpy/dt P,
i SbZ
s dVsa/dt
+ GNDP
(b) B 8| 34 8 48 %t H e A & b 4 A

() L8 H AL b % % e B
B 3- 10 JF < 3T A2 4 A i 3 [B] R R B 3 48 4 e A AL A

-3 B A, TRE Qu, QuABTZ/E, PLm i tl 2 12 & 8] ) By WAL L BE A JF
K QAL Z M, Qa M Vin TFEZ| 0, Qah 0 EFFE| Vi, B 5 fs=fr B R 2T X & X

Wr—2 . FrLltbet R &2 o i 3-11 (b) Frow.
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Py

o

Lm
Vtrans

Vis2 Le
Q )

@Vdﬂ P2

+ GNDP
(a) JR 2 4% 4. B, or 2 A 5 2 e s ]

4dvrdt
P

dVspy/dt Fommmmm e e g &
...... Sa eyt
— e Sp

|
Y 3 dVsa/dt
|
——————————————— dVpi/dt

(b) R &l 14 48 41 % b e o 2T A 4 A B

 3- 11 JE B34 45 4 s A AL,
B 3-10 (b) 5 3-11 (b) HKATTUH B £, WEAS T LB EZELITF <& hE
R B ZRE e, AL EEZ B A S E 8] R .

323 THEAEATEKRE (f<fs) B

Bl 3-12 A& # s THEMERT W RME R BB EIT RN BENE T, R RE =R
P B A Pr, P2, Sar, See W & % HL Y AL AL E

A

EtInZ|, B# I x%0Q1,

K 3-12 J7 834 s fr % 1k
Q4xlr, WHZEH FWEEHBEMLEV, =0V, %,
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P1 & fEt1Et20 8] Y B9 B8 0 AF AL BE O - 2 Q289 & 4, Q2AVin T [& £|0, At LAt1-t1At (8] i,
P15P A AL fhan =, (3-18) 5 (3-19) Fror.

dVe, _ dVyeo - Vin (3-17)
dt  dt  ty,
dVPZ — dVPl _ thrans — \/in (3_18)

dt dt  dt t e
Sal 5 Sbl e AL, REZSZHAEMT oA EwE 3-13 (b) Fir. Blidw
EAENEEREATEARH, B EREEE oy E R g8l % H m R R

P A
.A Pl ...... S, dv/dt
— S
+ Sal b sz
Lm () nVo Pi dVsa/dt | dVgpy/dt ) LDZ;
B L, ! Sa2 | Sb1 |
1 o
Vs P, 1 1 l 1 1 l o oP
dVpy/dt dVpy/dt

() JF 1 42 4 o o A A 4 o 3 (b) B Bl 1 48 48 7 0 (8
P/ 3- 13 FF A4 A2 4 ek B T B R B 34 8 L o i b A
Bl 7 t3 B t4 Y E 9, A D1 § 38 D2 % i 2| D1 X i .D2 §i&, AT LL AV, =—2nV,,
WA Pl EES R wyAEE, Fi 32 t4rEn, PL Ay i Al 0, P2 ey fr
TMH AV, =20V, o FTULREIK (3-19) B Y BA FBy R,

i, =C, D (3-19)

dead

MWRE A BT A (F 3-140b)) 9%, BlAWECEHEEEREAT
FRGd, FTULEReE Fre iy el s am R, TUARR (3200 Y 5 E
B B I o

=
|
[
~—+

i, ——c (3-20)

e t, -1,

B 3-13 (b) 5 3-14 (b) HANFTUHEHW AN, WEAST LB EZEL T RE R
BB ZRENIE, #ALEEE B EE SR E R
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4 dvidt
.A P 1 dVpo/dt
P
Lm Virans > dVsp/dt
B L .
Sa
I i Sh
P P, I 22
2 }T 1 l dVp,/dt P,
i Sb2
] dVsar/dt
-
(a) B 1 2240 o (5 A2 2 (b) B Bl 2241 3¢ 30 5 A A 40

B 3-14 AN B S W R K E KRB 1A B AR s A E
AT 18 A7 A xeh bl = AR S T R 24 40 4 v e A R A T LUK B B A P S A AL AR
EAR/NEE, FEERE, EEEFEUHRANT A, ALHLE B RRELES AT
TEFh. MREARAW S PLE P R VAR, Frila SRR EREERTEI 5

i, AR A
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BAE HEEFRERAN LLC T JE R BB H B4

4.1 28Ik B RAK E &R A AL R4 AT
411 THAERERE (f=f B

WA AR R SR S AR A AT AT DL, B R A SR A T i
P15 P2 RV LA R AR, TS FECR A E B BILA . B3 ATE 418 Ik s &
FaRAEFHAA, A GARE L EHEE, WE 41w

Vin Al e | 1 i *
B Vas Lm ¥
Bl V T Dy D,
Y
|
|

GNDP GNDS

[ERN

Al
o/l
o
Pyl
o

B 4-1 7 Bidk B R 24 LLC
Bl 4-2 A X s TEERRAE R EIT RN E 5. R I8 IR IR e e
j)ixbjﬁj Pla PZ’ Sal, sz m/ﬁ)ﬁf@ﬁ/‘] %{EE%{%@O

A

t1t2

Bl 4- 2 JR 84 s A AR Y
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TFARBFER BB EWELS (@) fir. RAFREQ, QuAMZ/E, PLREtLER
B 18] P B R R PG BE T R QB AL R AL, QaAVINT[# 210, /7T X E S EH ], 159k =
BANEMAAE . PLEP VRN K (4-4) 5 (4-5) Frox. IR SHE BN
R AE I E4-3 (b) B

L
vV =dV,, — % 4-1
d Lrl d AB Lm + Lrl + er ( )
— Lr2 4-2
dVLr2 - dVAB Lm + Lrl + er ( )
dVAB :dVdSZ 'dVds4 (4'3)
— Ly
AV, =V, +dV, =V, -2V, L +L +L. (4-4)
m rl r2
dVp,=dVy, +dV,, ==V, +2V,, ﬁ (4-5)
m rl r2
dVPl — dVP2 (4_6)
dt dt
tdv /dt
L1 P 1 dvpz fat - !
70 !
v |
Ve trans P, 5 =
® (] i P,
Vds4 Lr P2 i
A dv, /dt
- GNDP Pl
() R FF RTEE R EEE (b) FihGedH e i A i

B 4-3 RS H e R
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