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Abstract

With the development of big data, cloud computing and other digital technologies, more and
more big data centers are being constructed and the electricity consumed by data centers is
increasing year by year. Due to the demand for energy conservation and limited space, server
power supply in data centers needs to be high-efficiency and high-density. The server power
supply usually adopts a two-stage architecture, which is composed of an AC/DC converter used
for power factor correction (PFC) and an isolated DC/DC converter. Multilevel topologies have
been used to improve the efficiency and power density of PFC stage, such as cascaded H-bridge
(CHB) based PFC and flying capacitor (FC) based PFC.

CHB PFC rectifier is easy to modularize, but its multiple floating output buses limits the
architecture of downstream DC-DC converters. Aiming at this issue, a single-bus multilevel PFC
converter with modular inductive switching network (MISN) is proposed in this paper. It inherits
the advantage of easy modularization of CHB PFC rectifier, and uses multilevel technology to
improve efficiency and power density, while the single-bus structure makes the architecture of
downstream DC-DC converters more flexible. Based on this topology, the following research are
carried out in this thesis:

First of all, the equivalent circuits of MISN PFC converter with diode rectifier and MISN
PFC converter with chopper bridge are analyzed in detail. Principle of power factor correction,
control of MISN capacitor voltage and control of output voltage are discussed, and corresponding
closed-loop control strategies are designed. Secondly, in view of the current distortion at chopping
time caused by the non-synchronization between MISN and the line-frequency full bridge (LF-
Bridge), transient compensation control at chopping time is proposed to make the high-frequency
switches in MISN and the line-frequency switches in LF-Bridge switch at the same time. Thirdly,
the chopper angle increases sharply at around no-load condition and the capacitor voltage of
MISN is out of control. A mathematical model of the relationship between the chopper angle and
load is established considering the loss of converter, and the influence of harmonic currents on
the chopper angle is further analyzed based on this model. Then a light load control strategy based
on third harmonic current injection is proposed. This control strategy reduces the chopper angle
at around no-load condition. Meanwhile, the experiment shows that the control strategy can
enhance the stability of the control loop of MISN capacitor voltage at light load condition.

Then, according to the voltage ripple condition that ensuring normal operation, the

relationship between the minimum capacity of MISN capacitors and the average value of total
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capacitor voltage of MISN and the relationship between the corresponding peak value of total
capacitor voltage of MISN and the average value of total capacitor voltage of MISN are derived,
which provides a basis for the selection of MISN capacitors and high-frequency devices. Next,
through the investigation of inductor and the energy density of electrolytic capacitors, the
statistical model between the capacitor volume of MISN and the cell number of MISN and the
statistical model between the inductor volume and the cell number of MISN are given. On the
other hand, loss of MISN switches is analyzed by using the unified loss model of multilevel
converter. The relationship among the minimum loss of MISN switches, the cell number of MISN
and the switching frequency of the MISN switches is obtained. After that, the cell number is
selected by considering both the influence of the cell number on the efficiency and power density
of converter.

Finally, a 3kW single-phase PFC prototype was built based on the design method proposed
in this paper. The experiment verified the feasibility of the proposed control schemes. The
prototype achieved an efficiency exceeding 99% and a power density of 255W/in, while the
power density of the power stage is around 700W/in®. The experimental results show that MISN
PFC converter can greatly improve the power density of the power stage compared with two-level
Totem-Pole PFC converter working at continuous conduction mode (CCM), while maintaining
high efficiency.

Key words: Modular Inductive Switching Network, multilevel converter, power factor

correction, high efficiency, high power density
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REVR DT ARRA

BN RERERDEEENTERRALZETHEA, 2R FEAREERN T &
ERAGE, AIRREEHEZAGEAZENE, 28 FREERG RFER/IDRES
[ON200 - 3t 48 ok % o P AR B F 2 T ROK M PFC RS X BN A4, TEA CERE
(Flying Capacitor, FC) 3 $}M2UR2231241251 %0 7 B¢ H 4 (Cascaded H-bridge, CHB)#7 $ 2611271281129
FESEF, 99% 30 1y Bl B, & WL B o 55 B R 35 1000W/in® Lk, B 1-6 41 7 CHBPFC
A1 FC PFC #y %, % & . CHBPFC F1 FC PFC g8 4 6] Bt s/ B R B AR An b, 3 B R ALK K
TR, AR REEZEEREFRANET; #—F @, &T CHB PFC # FC PFC g4
AR FERESEMS, HITUAZAREHRE,
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no

(a) CHB PFC (b) EC PFC
Kl 1-6 # T CHB #4#2 FC #E4e4 PFC

CHBPFC H/M#THyRAFwE . MAWKEH 2, LT RAWT 2R, FHET
DB TAETHRERANT SN, (EdT CHBPFC B 2B EFMETL, FE
B L %RE I DC/DC 3k, MERHEME — ARG, 7—FHE, B ToRETY
EEEWEXR, A DCDC ZHBEEELFEATEHLER, TEEFR A Z HHNF LR
BRA, GEESHEHERREEE, £ RAMWEERE KA, XEPIBR H B A
il S e A o A R BN R B RS T R A B BB ET IR T AIB RN SR B BN
NERBHAEBRURSGHEFE, BERAGTHETFE ——BX, BT 2G4 RITH
EE. AT ERAEINNFCPFC R EF R, By TANMKEREWTETR, #
fre B AT X E R A J, BB E L CHBPFC K. B Y BB & — M F %8 % £ 8%,
EHEANT WA XRE RER, A CE B RSWEEM DK E, CE AW E TR
W, BIE CERATERY, EHALMNTXRERMTRHLE N CERABEET N
RHLEFZ.

WLt % s P4 4 T A £ BT & #: 28 (Modular Multilevel Converter, MMC),
HE N EMATR B TR R, TR d AR AT BB e AR, ERUEES
HyrzEATEE. ANENEREARRE RS, ReBEEwE 1.7 Aol ## MMC
FBIMEH TR PFC & #8405 LA R/ B R R AR, (B i Tt 2 F A S 4l A L 1Y
B A A T RS, TEREBEGRA, TEAT/NE 24 PFC AT 4.
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SM
I: CI:: 8]
M TFCsu
. 5
L
i RO
u
S L]R
| V93
SM Gl 5 Ei TCsir
SM SR

A 17 Rt LT HEE

PLEPFC I EA T EMREE, 4 ERE, BHEFE. 7 TERL, 25L&
HENFE K, RXET CHB HEIMIE T —F £ TRRMAEK HAF W 284 % &F PFC, H
W% EwmE 1-8 fron. %3mIS CHB I EMAAM, EREET - METHE LT E,
MEENETAERAMENREBELEN, AT XMEEERME ., e T4
BRI E, MAKAGREMEEAR R, 22N RRPEER, AR/ AR
DLAR 1 oh 3 o IR Wb A ST ST I M B9 2R Bk HL A B 0 B O A 3 Ak B RY 1 FF % I 46 (Modular
Inductive Switching Network, MISN), # 1% PFC # 4 #¢ 4 MISN PFC., #1 CHB PFC 7[5 #J
£, MISNPFC F &/l H#f#y e 2, Ef MISN £ T A, Ry EEBHN—H4, K
SEFEREARRARE M, BhEFEET R ZATHEEEN PFC, TFEM
MISN 2R AR HATH T, 55| Ffr s RS MISN 8 2R ARy & o 5 55 R it 77 &

OF BEELERE S En (b) H i % 50 % [ B A 4 1
M 18 %F 2R MAE HH# 5 BT PRC
At X ER A, B XA AR H AR — AR B E 19 RE 1-10 FF. B
1-9() B R 4B At — A Z U HLAR T 15 TSR R, B AN T B R PRC
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AW, aTRAE - MHAFETEZ HFE T TEBERK, 2RI ELSRBANE
JEF H BT Hy oA R 2 F K T RN R AR A R A T F, O\ R KA
OB A E, BB W N\ I 8 8% Y % E (Total Harmonic Distortion, THD) % % ., & 1-9(b)
Fir o 40 0 A2 A 88 3 4 DUBSIBOITI oy — ANz i U H A 22 70 A — A By M H AR 22 04 A%,
FAHAFE TR 2 By T e, AHRELHETH, R HAFNET
M EH I E N BN H A R R — . ATz E &% H T PFC 7
BB, KRN H A ETHEEEENRENERMABEN —FTRURIERHEEES
THEAMANATHEHAFRE, ©c HIE 1-9(2)F B34 A\ =7 THD 2874 " 1-10
P I E £ E T RN R BE H AR o = AR 2 A A R BEIOO0) S A ol ST R R B H
MAZREF BN AP BN RNEIN, B TEEFEREAET R,
EEERNEFERANFRAE RN ELERREFEFETE, BLRH4S %A
ST ER H A 8T T 0F LR B T HO IR T

Cy SSJ S?J
.ﬁ—@ + ) = V.

e 4 DR CI—]— Saf &Sy

I *S!JI S5
Vnc out
R .

b i
=V -V,
DN C.?—L o NS “

T 2 & >4

(a) A A PFC (b) BAR ¥ T 2
A 19 BAeR LT #HE

—
W :
SapndkE Sipudk & Scpned

-S'nnul.J} Swunj} S{puf}

Saut Jt‘)} Sn,.ur& SmJﬁ}
S J(% Smuj %Swuf %
=&

Bl 1-10 BeRK LT A HE
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13 AXFEHRXAZR

BEFORGENRERFEAEGNRERDEETE, AXEES TR EGHEE
E# PFC #ATRA, ABETERE. g EFE. ZTHERL. £FLBBHNTFR, £
HT —FEFRERN AL BT MISNPFC L # 2., B 2T % B EE S MEFH
¥ | SR W, [B] B AN T 255 B A AR R 7 T 4 B AR T BB A B PRC RT3 A F MISN 8
RITF k. AXBMEERR AL T:

—ENFTHEFOWLELES, AR T EAEREGHETERSFENEBRY

Fk, BT AABERETSHERE PFC W R IR, Mot T A B PFC 3y fh 6k
W, BAF T AR SCHIEE % A R A B 48 MISN PFC & 4% 2

% ZF R E T TR A TH % #9 MISN PFC 7 # 2 00 T8 B B H#HAT 4T, #
A R 2R e 2 SE I o R R IE e B R SR s o T S 4E 3 MISN 5 T 4477 42 37 % B
Z 7 Bl 2 5 B e R e U R R Y ] AR T BT R B 2 B S AME IR A K, 8 T e 2
R B A A R e B E R T AR TS M A 2B R A H MISN B A 8 [ KI5
A, ZREBRPERL IR EAERART UK FER, FETZER S MG E
TR AT K A R, R ET Z KRR R N R B e, RN E R T (A
B9 TR A, 1% MISN W2 [T [ SR 5 4 A2 2

% =~ F MR IE MISNPFC & #: B8 TERE X Bl i W & b w375k, &
THEES TENEESEFHES MISN RN BEEAEFE LB EEESBALEE
FHEB XA, RIE MISN 82K B Efr 2 40 MISN B 248 A fm B RR AR #EAT 6 5
3L MISN B AR fn B RE R 2 o G R TH B FER, RAEET L PR EHNH—
HAERFE MISN B4R NRERMETHNXR; RESZ6FRETH T A E M EE
& B m 1% MISN 2 T #0f7 MISN # £,

EWNELTE _FWEFEEME ZEWL ity B EL RN HTER, ZhE
WY BT 7 15 4 SR e Fu it A R T AT

FRENAXTHATT BE, FELTRELKRHHE 1,
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2 ¥AH MISN PFC R &80 T/ R R 4| 5wk

SR AR AR B 2 B 4 A $ 48 £ B MISNPFC & # B, K% 4 4 A6 B4
¥, SMET THERFET THY M MISNPFC T# BMELA%R %, RIE MISN
LB TR B E AR ESEHL. MISN B 28 i JE 450 Fu i o JE 500 B JR 32, 364 i AR

ST B V) TR o S o SRR T R ) B0 S AME 4], (48 MISN PFC & #: B 8%

T RAEINIT KRR AT Z E 7 4, 8 i R . A5 4 A & 4k 2 B = SR TS
B AR E 2 BIE K HOMISN W70 o JE R 450 1A B, % B R s B R4 ST T AR 4 A B W £
HEMHBF A, A0 T WRER =AW Ed AN E N, BEREET
SRWEERENNBREHES, BERERTRHTHAEL A,
2.1 A MISNPFC L # 80 TEEHE
211 £F THERWEM MISN PFC XHBWITHEEE

H 7 {E 8% %48 MISNPFC Z# B TERE, BA%REH LHER, Hikhs
BT HEFHLEN, BE 1-8@M LKA 2-1, MISN &£ MR H A £ TR &,
B B A TR B R R A 2 1A

AR f

Uy T v,

us I
D22|S 1)445

B 2-1 2T ITHERH MISN PFC I 4 % & % &

MR P BRI ERER i A 5K RN EE us AR FE B EZE, BRER i@
FRAEREESE, HREAKHN 1

u, =~/2U_sin at (2-1)
i, =/21,sinat (2-2)

B Us M I 0 A A S i\ o A i R B R AR, oy B B AR . i TR Y
Wl 2-2 oK, ERZERRT BRI, BT REWMER, BRiim ek w2 — M
RGN — RN EEE. XA REE w EE R RIT ] o i A — R E R
B
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ul(t)zﬂ(sin a)t+%sin3a)t+---+lsin nat) (2-3)
Vs n

RF Vo AT KMEE, W2 T HENAEEE, BFEEEET T, FE4EHF MISN =
BHREE T, AT BWHE, AN MISN WA EN A, ERfm o RENE
T 3h R e N\ R AR A

[ u @i, @dt =] "u, )i, Ot (2-4)
KQR3HRANQ-F, H=ARHER S ERET 5w TR EEES 25 E B AR i
ArEERghE, FHRTURG T HEE w WEEETHAEE:

Uy, (1) = U, (1) (2-5)

% A(2-3)F1(2-5) 7 15 Bl dr b e R WY R 3A S

V =

0

N2U,

2 (2-6)
LA T ERAE MISNPFC X #8 5 X TR BB RN, e ARk E M\ e
ERATMAMN, TapEIREmE, EdTHEIAT HREHKKRIE, v 2E 57

AT EEREETF.

Uq Ug
JHS
T J4[
\-_-/
Us — U Uy
Us; —Uq Uy
0
uj

P NN st A

B 2-2 ET IMERM MISN PFC & %280 TEE P E

ERFR RN EE u PEFRF R OEE w ZEFEERANEEZ, REE
REREERE, BREETLURTAY:

10



WL A 2B 4 AL 1 5T % 2% ¥AH MISN PFC & 4 25 09 T (F JR 32 J H 4=l S g

U (t) =u,(t) —u, (t) —u, (t) (2-7)
HoF up & MISN Hysm 0 8 [k, AR 38 27 3 34 3 7 0 B RR B AR A0 52 MISN 42 1 o 3 3T #52 # MISN
Wy R JE, W] DL B VR A, AT e R s LA R E AR E A 222 AT,
AT BN RE R A, MISN @1 £ A H A2 TR ERA ik, B RE A ES K £ L 8T
P8 9 R R wa(r), LT 5K B B T E i R

(uz(t))TS ~ U, (t)—u,(t) (2-8)
L MISN F# T ARIARA ws-wr, MEERFEFH MISN Sg H B EH S0 2. EF
AEREEREGE, TEENEREN:

U
L — ctotal 2 . 9
8N2f (Ai 9)

L_Ripple ) mx
HF U 77 MISN B THAEEHEA, N HETHK, f HABETEHRTTRME, (A
i1 Ripple)max A — A~ T I JEI 2 P L R B SU B IR KB . % MISN B m#¥ im, BT EH
WA EWR 2T B ERN
2.1.2 £F T EAH MISN PFC T HBH THEE

5 % T ZE AT MISN PFC Z #:% F, MISN 5 84 BT % B 48 b 4% 15 ) o R e U 52
AAEHBRE, EFRFEGETREEE, MERRENN AC/DC Z#HhEF, BEF
ZRWHRPFC R HBRBREN T EFL BT, MHE 2T HEBELEAE, ¥E 1-8(b)
EHWARE 23 Bir. RIEQ-S), BnMefin o e ENERFTRAEE, XE%RE LR
MeWMFEFERF T EEM. MISNPFC Z# B T(FEE S BER, BEFFABEHHT
EEEF RS, HTRERE, RANTRITE, BHTEFEAAEER KK, EAx
WA AT, EREEANE, N T EAAE B8R M AT A TH A

=

i

| MISN o T8eH
N Z21 2200
Uy Uy 4 []Vo
Us

SZJ'E]} D#S
B 2-3 £F TH4THH MISN PFC 77 4 % o % &

DAIE B B AT e B 09 TAEJR 3R, B AR i A ERAEME e RAM, —HE
D, BRI, DyEXW, WEHEF SSAFRE, SIANERE. RE S B SSWFERES
11
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HMBEER N THEES, NMRWESER BB TR RER 2-4 FnE 2-5 40,
B 2-5 Fak THRITHOITRAE.
EAE10,0U(n-a,n): FTXE S F#, THAN®KDEEwmFT 0, MISN F#
N EE us, MISN PRI BEAZ R BB\ E, BHEAM AR L EEE;
EA2(am-o): ZRE S F#E, THLWmEEEw FTHEEEV,, MISNF
Wi B JE u, Ak EE V, 2 %, MISN Fo s i \ & B — A2 1 5 e, 20 £ B s

|=1

o

(a) T RE S JF i

Uu

1 - []VO

ot

us
hYS D4$

(b) i E S
B 2-4 T IR A MISN PFC L% B A S S0 B %
Mk B A A A T 4, T TR K B9 MISN PRC 4% 4 28 2 00T T A sh (E By B
A PFC, MISN £ 3 o #2 5| & (il 6k A8 o R B 1 ], 3 2 0 AR OO M B AL RV T % W 45
BH. AETIHMERYN MISN PFC L d, THANE G HEE w & — k5 #
Hy/E 77 R L JE, MISN 3% 1 L JE wp BREA un B AT R AL, B EREGTHANAE o, 3T A
BEHEE T X w FHATHEE R 4E:

iV} i cos 3¢
2 (cos a sin wt +
T

] CoS N
sin3wt+---+

u,(t) = sin nwt) (2-10)

RAE MISN fE 8 FHE A& (2-5), Bl w R R ENAEANRE u 8%, 46 AL
BB T ITHMYT 3 # MISN PFC & 3% & #0 H B E R ik K
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72U .

- 4cosa
M EESMNEEMTTEAESE L, MABE—ER, FTHEAZEBRA, M EERE.
MmN ERAWEE, WAUREHEAEokERMbEEEEEZTE,

V,

0

(2-11)

Uq Ug
vt
/ \\Zus
o T — 0 N /Z’n
N
Ug —uUq Uy
Uz
Us —uUq
0
up
0 eyl il

Bl 2-5 E T T4 a9 MISN PFC & % 2 09 T(E B &

2.2 78 MISN PFC % 2 By F 2R3l sk vk
2.2.1 £ T TMERWEA MISN PFC 2 32 By ] IR 45 &l 5K

fe T THE Rt MISNPEC B4 B, BELH LS 4 MISN & A8 EFE R &
Ko EBHIEEWE 2-6 7. MR T 4, EREHRDF MISN 3% 0 B JE u 241,
FE] B B3 7 B3 2 45 o) MISN 89T % B¢ sk S 9L oh £ WO IE . 2 440 7R 3R AE, A4
B e E A MISN A B EER 7%, BRABKIEMEEE L, FEFNAALE A HERERE
RERWERESL iy, EPEPNAAEEELET dg HEHWERMETEL, #
7 B4 JRFE T L5 2 SRR i 0 SR B o R P B B i fF 2 5 3\ IR R4S H B PL,
GRUHEBANS WA E S ue ERFWHEOBE v EEFNERFATERHL X4 X
%, e RR AR A B, T B A A 4E & bk % A 40 45 4] (Transient Compensation
Control, TCC) S Xt VB 4145 5 u, Bt —H AT, 453 w REM BRI TH., LA
B REEEEEEFEMBET, AT EEXERRNATEHRE, ZAMEEH
AT i A TE G B B B A BT B2 2 s MISN A 2E ) 5 28 508, w13 8K AT
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8 #|(Carrier Phase Shift Modulation, CPS-PWM)#F 2| MISN 9 % Bk H #f £ T8 % % Wz 15
lKER

)

v |
| -
i: .

Il

1=

~I
m!‘ln
|h‘

MRS

E 2-6 T THE ey MISN PFC 7 3 2 0y 1A IR 1= 41 4E 1

BRI E S [, B BRI R, WS E AR R R R 2
B, M EERERE PLITEGRE Ln's SAETME, B ER B R
FOTE R, AN TR VA ol R N LU L e BT HE, R R AW R, ERRE R
JEoAR

SRTH £ 4R IE MISN BB & PRI RT3 T, RIE(Q2-6)7 £ % T T4 % i iy MISN PFC % #%
B HEERTTEN, MABRERAEREEESSEZ T, YR (2-6)
B E R, BRI D EE w WER o SBANEE u T RS, TR ES
T, MISN 3 H &2 A5 w EAMY 2 B F WM B JE un, R KVL:

u, = Ul(lst)

BtEE MISN 3% 2 & H I 4 T E K BE wuaaw, T MISN URHE &K BR, ZEZTHHE
B E A B R A PR AR o 3 ok MISN R4 78 AL

2 B
Posy = .[o Uzt O, (t)dt
:J‘OZZ\/E(US =U,pq)sinet-i (t)dt (2-13)

+U (2-12)

2(1st)

=(us—%)u

MISN Hy Bt - FEHIT . Wl 2-7(a)frr, SHHEEE Vo K T(2-60)% B ER, wank
T us, MISN 355 0 I/ NT EHEE B E woas, MISN B EFLEHE . wE 2-7(b) T,
L R V, /N T(2-6)% H BB, uisny/D T us, MISN 355 B LA T EBEE 2 F uoisn»
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MISN ¥4 & s, WEBM 0 LRI, i 8 JE V, % MISN B 7k B X B K &,
A E 2-7(a)fn B 2-7(b), L EJE Ve FrE ey, o e A (R 48 4T T A e B R A E K
B, #E6 MISN B9 75 % B, P o o] DU S48 sl dr e & 7, R 23, il 2-6 AT,

KA MISN £ T AW EE U 5558 U MEZE, £ MISN 8248 E3=4 % PL 72 %
HEENSEME V, . EENMSHERY, SHAHEENRL, BB EEEF T, #F
e B E A FRE, MISN A HEE U KRB LEF B ESEME V,", T EFAMET
MISN i B 238 B & unqusn 9 A/, EAF AT MISN 89 R A B E poasy, N EH F I
AWM, REEFRE, EEBEHRALY, AXWFTELE THH. Bt THE 2-6
BT dl £ 5, W6 85 5t i MISN #2208 R 3B 4 S8 (KT i o R A 37

A ...o-charge-.. - m2U /4

I -vchargev-m..___,A___“_“ 2U. /4

[

>

71

> 0

Us

l

72U, J2u,

T
(@) Vo>— ®) Vo <—

A 2-7 E£T ITHERH MISN PFC % #: 2% # MISN = 289 75 5 AL %l

2.2.2 ®F THET B M £ 4 MISN PFC & % 28 1y I SR 4 K ok —

£ F TH 3 e MISN PFC % #: 2 &, MISN #y#E 8 #7530 b 88 R 41 2, 4+ MISN
RETHAEGRERESTE, BN EE, BT RTHEAE, % FE I
MISN #y &8 & 77 fn fir ) o8 JE B35 %1 . 7748 A MISN 7ok & P 789 /4 2% €, MISN &t &
SFHEE AR T MmO BE w WEE D E manMRRBNEE us %, HinzHE
M A s, RABQ-10)F F un UK 0 B RITRE B o JE Vo A s A B ok Bl
MNEE u RE, BREFKAEARELR ERERT wanW AN, #E man5 u 8%
M RAE MISN e 68 & %7, M L8, 7€ Boost T# B, M\ EL LA T g%
RIE, SEbELERE, SEUWBREN a0 ERERNRD e EEY% T, H
e, AR B 15 4 BT K A JE 4 MISN 888 P X — B 3, 7 AR 3|5 N T4 % 2 J5 8 MISN
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PFC % #e g 0y = FIME B, W 2-8 oK,

Efn el

Bl 2-8 @38 T A 48 FF MISN &6 = T # ey &£ T TH %705 89 MISN PFC 7 % 2 1] 31
5 I AE &

MISN B 28 E 5% U, Ffa kB MISN 2B A8 E U EZ g # N4 & PL,
EH & PL AR HE AT E N ERE TN A Ea. AT HAEa, BN AT R E
MISN ) F 3 3h £ D2(1st):

27 )
p2(1St) = _[0 u2(lst) (t)IL (t)dt
= ["V2(U, U,y )sinat-i, ()t (2-14)

4V cos a

R
W BT K A 4R MISN RE & P47 iy AL fl 4 7T DU MISN B9 TR R f 8, w0l 2-9 A
T, WMANBEFMERERTIEH, BRaEEXRET T AHENREKE.

AN TARETH G, e e A B B e T A B LR LR MR R R R
Ao T TG A MISNPFC R #:28 —#, i 0 ENH B AL RN E AT
S LA TR, R R EROAR E . T T MISN MRk B T B R RS E,
MHEESEEIERSLE, MHEETE,

=, -
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_Gharge
b TR
u
/ \I
\(Vus
0 >
a \
~. _“
uz
oegpphégﬁfq_pﬁ?,
i
0 \/ >
>'-.A'diééhav;ge"‘-'r

Kl 2-9 T TH%r 7% 89 MISN PFC % % 2 & MISN H, 2 8y 75 5 5 L

2.2.3 &£TF THITH 00 ¥ 48 MISN PFC % #25 B R] 3R 35 4 S s —

LHRAE N OB, TIN A T BE w BRW b 7B 7, e TAE
B AT TR 7 MISN PFC & 4 &5 — 2, Bt A& T THZ R 8 MISN PFC & #: 254,
" LUE BT T4 8 MISN PFC & % 8 09 — R AR o 2 5 0 A 5 B 2 00 A 8
B, 78RR B 2-6 Brow el A IR 4 ) e, BB i R R B LR R AT AR B R A
R f AR R Q2-11), BT AERA, WHEESS, 5§ Boost Tk &L, K
W, EE 2-6 FORH AR R R £ b, TR HEEARER TR A Ea, LA
X R B ], 13 BT DA H MISN PFC 4% #2819 55 = F 1] 3R 42 4 30 mi o 45 4
HER A E 2-10 Frow.

1] 42 4 AE [&]
TRERME, EHAE R P i b E B AR 2 d e R B A e R SRR,
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R A IR ST AR T s R IR AN IR B 5, A U SR B AT MISN R B HE T B B A
M¥EZ, UHRHRE AP, wh 2-11 fir, FEARKARKEEAMEENT W, &
ARREFATNERNRENEF L ENWEEE RN H . ARER frow RIEH, T HT
REHEE V, TR, V, TRES TA24m 0 8 EEK wmanB/D . wanE A, MISN &
BHWAHE, U LIt Vo TRERRMERENTREARRERBESS, il EET,
B/ MISN Rz R 3ors TV, TRER W R ETERITEA K a, wmasnit—F 5
N Bt — B A, ArE MISN BB E e, FET AT WA ER S, Wl ek
A IR AR R R AR ER X MISN BB 2 AV R B R, R KM, Bk, N EWEHEEA
FREN AT AT R R R AN IR L, LATKE MISN A W R Lk s A \ R4 5
BB 301 25 78 o
ﬁﬂi@.]fl*lff

> ILm‘f

PR VP st s Uff\ Ve

6t B FESNER
Bl 2-11 #F TH % 89 MISN PFC 7 4 25 1] IR 45 41 5 w8 — B9 0 3 40 30 o AT

2.3 AR H A AMZE R R
2.3.1 FAMREF RE

AR AT EFER T, =R PI 6 S0 HNAFETHFEL LY AMEE
HER A E T BB R AW REFE T, & TET THERA MISNPFC & #2571 LUE &
T THHT 5 89 MISN PRC & #e 25 09 — M AR 1, [ s B DUJG & 4 181 2 A 3 A5 M 45 17 9
R,
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B 2 SR AR AR TT K 54, 48 A B0 - Hr N\ 3 A IR 1B MISN, /N30 438 A\ o 220 1] DA 24
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AP ER L EA ) R B RE W, #R(2-21).
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FE Aot SWANEE U, HELRL K, B, wE 221 2H T AR BE T4
KAZE AR U R AR, T REEFHANELT, TUFBARBRAR, K
fEMARENFE, EARLTUOANTEAZ R N EH &, BALEEHERAE
REELE; EHRAZHE, TEEANGETHIEAZMREE 00° k. AR
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MISN = o fir df o 25 9 E & 47 .
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Y e B R R A R R A, IR RS 5 MISN 1 TR @4 B R wig T wap TE A
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P, = Z Py (2-27)
&4 F 2-18 Al 2-22 BUF 45 2| [ 2-23 AT Y [F] B & R 6 B U A 3k K B U Y MISN
PFC R#H#H X BHE, REZETUFRFNGRSTA R
pl(lst) = pl_lossl + po = (pl_loss + ph) + po (2'28)
Posty = p2_loss. = P2 1ess — Pr (2-29)
AT LA O Th 3 %G e B B R e ] LS Ak O MISN B9 35 A8 30 2 /D pn, T DA 2 A o 1 B9 35 68
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iL *e e p
/'\_, W 2_loss
M\ pl_loss + Po
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