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Abstract

In recent years, distributed clean energy sources such as fuel cell and solar
cell systems are promoted greatly in many countries. These alternative systems
are often used in remote areas as stand-alone power supplies. Generally
speaking, the output of fuel cells or solar cells is a low-voltage DC source.
Thus, in many applications, a step up DC/DC converter is required for boosting
the voltage to a higher value, for the following Voltage-Source Inverter.
However, the two-stage configuration has some drawbacks such as high cost
and complex control. In view of the above drawbacks, a single-stage DC/AC
converter integrated based on Generalized Zero Vector (GZV) is adopted in
this thesis to operate as a single phase inverter. In fact, the main purpose of this
thesis is focused on modeling and design of the novel inverter with step
up/down and bidirectional power flow capabilities.

Basically, the contributions of this thesis can be summarized as follows.
First, both the DC and small-signal models of the proposed inverter are derived
for simplifying the design of close-loop control. Second, both state equations
and equivalent circuit model for.the double line frequency of the voltage and
current at DC side are derived. Based on these models, the harmonic magnitude
can be calculated accurately. To the author’s best knowledge, these derived
models for describing the double line frequency components are proposed for
the first time. Third, a passive ripple cancelling cell (RCC) is proposed for
reducing the volume and weight of the traditional second-order LC filter
significantly to achieve clean output current waveform at the AC side. Fourth,
based on the models and analytic forms of the doubly line frequency
components, a design guideline of LC parameters is given to achieve faster
design for different applications. Finally, a 400W, 48V DC input and 110Vrms
AC output prototype is constructed. Both the simulation and experimental

results are given to verify the effectiveness of the proposed inverter.

Keywords: distributed clean energy, Generalized Zero Vector (GZV), RCC, clean output
current waveform, analytic forms of double line frequency components, equivalent circuit of
double line frequency components
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FEm e T BROBE AT 2 B e
dl :d_o+d11
dz :d_o+d22 (3_5)
d3 :1_d11
d4 :1_d22

035X 7T HE32¢ RPN ERFRRHRF TEHH 2 2755407

.od, T

t,~t)=(t, ~t): 0y S _ -
(t~t) =@ ~t) > =(1- d) (3-6)
(t ~t,) L xSl S (3-7)

. T
(tz = ts) : (d11 22) Sy (d —d ) (3-8)
~ : _XT_S: —d s -
(t, ~t,) d, 5 (1 dl)2 (3-9)

AV HARET R Loy L BRAAY K LS R - B
PPLBEMMBEZFEFRE > 4(3-10)~(3-13) 58 #7157 o

AR O (1—dy)T; (3-10)
PYAE (d, +d, —1)T, (3-11)
AR (d, —d,)Ts (3-12)
AE I A-d)T, (3-13)

BB kL HABMELE Y E N ERTR

A7 A R L ST TR EBREZ ET R Tk
KA TR T A(KVL CKCL)Z & & Bk i Rl 7 55 & BRI
2R RN R T EE FEAeT £ 3L T o
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231 HEELREIRTRRE RIS EPFREL

MODE-0 Time—weighting (1-d,)T;

ILs Ls Cdc
+VLs_ + Ve — [S1 S2 .
e b
+ B ] + Vi, —
VS_"_
_ A
S3 ' S4
MODE-I Time—weighting (d,+d, -1DT,
s Ls C, di
TV, — + Veee — |S1 S2
+ B
VS_"_
_ A
Yo
RL

ILs Ls Cdc
+ VLs - + Vcdc —|S1 .
o b
— Y Y Y
+ B EE V.
VS_"_
_ A
S4
MODE-III Time—weighting (1—-d,)T;
iLs Ls Cdc
it e
Ls dc .
S cac E} Lo
— Y Y Y
+ B A
Ve )
_ A
S3 S4
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HEIAHTRS L REL GRS

BUAFG 2ZRETES N2 pand s - KL EE A B
gl 4z gk B i > 2 fkkoA %gtgﬁ%ﬂ-;\jg_é 2;?49‘»%\/»\ o T o 1Y
TR 31 A TR TS TR FA SRR N E AR E

PleEa i L Cpza %/ 3 B PRI > Vg ~ i & Vg R B3R & e i
Pt TH 33 5 F R E L RE I F R, =500W - g & L =1mH

Co =200uF 2 2R F it s - d B? PERNE QP A kG %K
I B Ve 'F 7 AT AE R R GRS T g Y F S B
A (120Hz) » @ i il B e B Rl B Vg, h Tk ST R
(60Hz) » ¥ ¥ 5 ds & 77 = Zoghk £ 4 (180HzZ) » » * TR T i

I(Ls) I(Ls)
i 20.00 - - . 12.00
Ls 15.00 - 1= 1
10.00 6.00
OF s e
. VCde ’ VCde
0.00 00

(@]
o
o
P )
[ ]
=

0.80 0.82 0.584 0.86 0.88 0.90 0.00 100,00 200,00 300.00 400.00
Time (s) Frequency (Hz)

(@) (b)

®3.3 P, =500W L, =1mH C, =200uF
(8) & ¢ i % B i ) 22 (D) F A2 2 AT 38 &

Evg od 7T AR TRY BIRRIAREN 2SS 0 TE R g
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j 2000 .
Ls 1838 : ; d

1 — - -
(LY I R N —— CN— R

0.00

V... 30000 : , : 2
CAC250.00 famsmgroodiongrnngniogonngnncbionezonnzdenzonnzenf 1
200.00 ; ; ; 1

Vs
10.00

I, 500
Lo 000

200.00 | , :

(V )1EIEI .00 : :
200.00 : . : .
0.80 0.82 0.54 0.86 0.88 0.90 0.00 100.00 200.00 300.00 400.00
Time (s) Frequency (Hz)

(@) (b)

§3.4 P, =500W L =2mH C, =18004F

(2) & 4% 16 ¥ BAR R )22 (D) Rk 2 2 I A 1

=

T rI00 M
O=wm™~ orMth~O OwW oW r

W8 8BRS 83388 88888

—
L =l
- (N

b OO
o0&
B8
L
=

WA Ryt REERA AL ATHERERELT S

d B 3.3 2@ 3.4 iR Ty Bonip? - BAE L 2R

i $ A S L Cuz d b M AR B F A RS S
R R At A BT A L Bk R & TR -

ISR L R i hie
Foingzow Bk R EE AT AT 230050

i () =1, +1,c08(2at) + I, sin(2at) (3-14)
Vee (1) =Veaeo +Veger COS(200t) + Ve, SIN(200t) (3-15)
i, () =1{,cos(ewt)+ I, sin(wt) + I, cos(3mt) + I, Sin(3wt) (3-16)

Ve, (1) = V¢, cos(at) + V¢, sin(at) + V¢, cos(3awt) + Ve, Sin(3mt) (3-17)
I FonEehiz gk R4 m(t) AT 1 (3-18) T i A F 2 o
m(t) = M cos(wt) + M, sin(wt) (3-18)
MR Y 0 R BRI A RACT
15, cos(2amt) + 1, sin(at) = 1, sin(at + 6, .,) (3-19)

Ve, COS(2at) + V¢, , Sin(2at) £V, SIN2at + 8,4.,) (3-20)
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S

I£,, cos(at) + 17, sin(at) = 1, sin(wt +6,.,) (3-21)

1§, cos(awt) + 17 ;sin(awt) = 1, ,sin(Bat + 6, ) (3-22)
V¢, cos(at) + VS, sin(at) 2V, sin(wt + 8,.,) (3-23)
V¢ 5 COS(3mt) + VS, Sin(3at) =V, sin(wt + 6,,5) (3-24)
M, cos(awt) + M.’ sin(wt) £ M, sin(wt +6,,) (3-25)

H e

X ¢ cos(at) + X *sin(awt) £ X sin(wt + 6, )

c

c\2 $\2 . — ’1X
X =(X9)?+(X°) ;6 =tan T (3-26)

c c c c c c c c
X E{I LSZ’VCdCZ’ ILol’ |L03’VCol’VCo3’ Ml}
S S S S S S S S
X E{I LsZ’VCdCZ’ ILol’ IL03’VC01’VC03’ Ml}

L LR EES = R S F-E

#(3-14)3|(3-17)% = B el Tt 0 N 2 £ 31 ¢ F A A B

;\—F_&;]J(ﬁ’% ﬁ_?r'_;\‘ °

5 O

L i[I + 17, cos(2mt) + I, sin(2at)]

S dt LsO Ls2 Ls2 (3_27)
=V —[Vegeo Voo COS(200t) +Vy, SIN(2at)]

d ) .
Cdc a[\/cdco +VCdc2 COS(Za)t) +VCd02 Sm(za)t)] (3-28)
=[l, + 1, co0sRat) + I, Sin(2mt)]
d C S H c S H

L, a[l L1 COS(at) + I, sin(at) + 1, cos(3at) + I ,;Sin(3at)] (3.29)
= —[V¢,, cos(mt) + V¢, sin(at) + V¢, , cos(3at) + Ve, Sin(3mt)]
C, %[\/g01 cos(wt) +Vz, sin(wt) + V., ; cos(3wt) +V_,, Sin(3mt)]
=[I{,,cos(at) + I, sin(wt) + I{, ,cos(3wt) + 1, Sin(3et)] (3-30)

—I__{i[\/go1 cos(et) + V.2, sin(et) + V2., cos(3at) +V. , sin(3at)]
L
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Le —[1 o + 1, COS(2at) + I, Sin(2at)]

d ¢ s
Cdc a[\/cdco +VCdc2 COS(2a)t) +VCch Sm(za)t)]
=0
L0 [I o Cos(at) + 17, sin(wt) + 17, cos(3wt) + 1, Sin(3wt)]

= [\/Colcos(a)t)+ V3, sin(wt) +Ve,, cos(3wt) + Vg, ; Sin(3mt)]

Coi[\/golcos(a)t)+ Vi, Sin(at) +Ve,, cos(3mt) + V., ; Sin(3wt)]
=[I{,,cos(mt) + I}, sin(wt) + I}, cos(3awt) + I ,Sin(3wt)]

—Ri[\/mcos(a)t)Jr Ve, Sin(at) + V¢, , €os(3mt) + Ve, ;Sin(3wt)]
L

il I

Le —[1 . + 15, COS(2at) + 1, Sin(2at)]

Coc i[\/Cdco +Vger COS(2at) + Ve, SIN(200t)]

=—[I;,,cos(mt) + 1, sin(et) + I, cos(3at) + I, Sin(3wt)]

L0 [I L Cos(at) + 17, sin(at) + I, cos(3mt) + 1, sin(3wt)]
= [Vcdco +VCCdc2 COS(Za)t) +VCSd02 Sm(za)t)]

—[V¢,, cos(at) + Vg, sin(at) + V¢, cos(3wt) +V,,, Sin(3mt)]
Coi[\/c"olcos(a)t)+ V&, sin(at) + Vg, , cos(3mt) + V., , Sin(3wt)]
= [I Lo COS(at) + 1] sin(awt) + 1, cos(3mt) + 1,5 Sin(3wt)]

[\/Colcos(a)t)+ V&, Sin(at) + Ve, , cos(3mt) + Ve, , Sin(3wt)]
L
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(3-36)
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3% 1

d ¢
L a[I wso + 115, COS(2at) + 17, sin(2mt)] (3-39)
d ¢ -
Cdc a[\/cdco +VCdc2 COS(2a)t) +VCch Sm(za)t)] (3_40)
=0
L0 [I L Cos(at) + 17, sin(wt) + 17, cos(3wt) + 1, sin(3wt)] (3.41)
= [\/Colcos(a)t)+ V3, sin(at) +Ve,, cos(3wt) + Vg, ; sin(3mt)]
Coi[\/golcos(a)t)+ Vi, Sin(at) +Ve,, cos(3mt) + V., ; Sin(3wt)]
=[I{,,cos(mt) + I, sin(wt) + I} ,cos(3wt) + I ,Sin(3wt)] (3-42)

—Ri[\/mcos(a)t)Jr Ve, Sin(at) + V¢, , €os(3mt) + Ve, ; Sin(3wt)]
L

HI6: AR TI f2 S

#-ra b )'Z Bk Ay 2. 3 ﬁi—\u % x[ﬂ;ﬁj;‘if%}?féﬁi%k%ii}ja w7 iE
= (3-43) 1 (3-46)

d c
L E[I o + 15 COS(2at) + 17, Ssin(2at)] (3-43)

=V —[Veaeo +Veuea COS(200t) + VS, Sin(2at)](1—d,)

Cdc i[deCO +V(?dc2 COS(Za)t) +V(:sdcz Sln(2a)t)]

=1, + 15, cos(2t) + 1., sin(2et)](L— d,) (3-44)
—[I,, cos(at) + I, sin(et) + I, cos(3at) + I, Sin(3et)](d, —d,)
[I Lo COS(@t) + 17, sin(awt) + 1, cos(3mt) + 1], Sin(3wt)]
(3-45)

= [VCdCO +Voaez COS(200t) + Vi, SIN(200t)](d; - d,)

—[V¢,, cos(awt) + V¢, sin(wt) + V¢, cos(3mt) +V,,, Sin(3wt)]
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CO—[\/golcos(a)t)+ Vi, Sin(at) + V¢, , cos(3mt) + V., ; Sin(3et)]
[I L1 COS(@t) + 1] sin(at) + 17, cos(3at) + 1, Sin(3mt)] (3-46)

- [\/Colcos(a)t)+ Ve, Sin(at) + Vg, , €os(3wt) + Ve, ;Sin(3wt)]
L

LAY (1-dy) 2 (d, d)ﬁiﬁ—’;ﬁd F13.2 7 chfim b 445 0 Sk o 5

M l—«%m(t)ﬁ 47 5 40T

d,=M, = (1-d,)=(1-M,) 2 My (3-47)
d, - 1+ m(t) +$
2 2 L (d,~d,)=m(t) = M cos(at) + M:sin(wt) (3-48)
1-m(t) d,
d, = +
2 2

Fp o F A ETRL L e T3C, C %2 ki 2 kiiTos s
R S

N N R .
Lo 24 fi T 3573 fg50 ¢

F Ak H(3-47) 1% ~ (3-43) ¢ I e 3%k i 4 = (Chain Rule) B B 15+ @

L %ILSQ L (3 I5,,)cos(2at) — 2L wl [, Sin(2at)
+L (3 15.,)sin(at) + 2wl 1, cos(2amt) (3-49)
=V —[Veao +Veues COS(2at) +Viye, Sin(Zwt)]Mo
Bts A HE(3-49)5N ¢ B A A v I ax - BAFLIARIE - AT E L8 0 Lk
Bets T BL P2 Z R TIS 2N T
d _
Ls a I o =Vs —VegeoMo (3-50)
d C S C
Ls— S gt — sy =201, —Veue Mo (3-51)
d s c VY
L, — s gt —I, =20k, —Ve.,Mo (3-52)
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#(3-47) % (3-48) 1% » (3-44)7 » ¥ HHA N Z BB EER BT

d

Coc o dt Vedeo Cdc( Vegez) €08(200t) — 2C Vg, , Sin(2t)

+Cdc( Vcsdcz) sin(2at) + 2wC, V., COS(2wt)

(3-53)
=[1, + 15, c08(2at) + IS, sin(2wt)]x M,
—[1:,, cos(at) + 1., sin(et) + 17, cos(3at) + I, Sin(3amt)]
x[M/ cos(at) + M, sin(wt)]
(CZS) R SR FREE SV S < BUE L S i 19~ 31 A
Cec %VCch Cdc( Vccdcz)COS(Za)t) 200C 4V ye, SIN(20t)
+C,, (ivgdcz) sin(2wt) + 2wC, Ve, €0s(2wt)
=1, M, + I, M, cos(2at) 4+ 15, M, sin(2at)
¢ nac cos(2a)t)+1 s Vo sIin(2amt)
m UL # | oMy SR (3-54)
NERVE cos(4mt) + cos(2mwt) N Mcsm(4a)t)+sin(2a)t)
Lo3 Lo3
2 2
e s SIN(2awt s asl—COS(2wt
ILolM ( ) ILolM #
¢ nas sm(4a)t)—sin(2a)t) s a5 COS(2mt) —cos(4wt)
|L03|\/I 2 ILOSMl 2 }

B(3-54)N pviw BAT A A 0 F AT NN A I iEC BATLI AR - BAF

EEE VRGBT EC, P22 FERE TS A2 0T

d v 1 c c 1 S S
Cdc EVCdco =M OILSO _EILolMl _EILolMl (3'55)
d — 1 1 1 1

Cdc avccdcz =Mo LsZ 2a)cdcvcsdcz 2 II(_:olMlc _E I EOSMlc +E I Ifol'vlls _EIEOSMIS (3_56)

d — 1 1 1 1
C d VCSdcz Mol Esz + 2a)cdcvccdcz 2 IiolM ; 2 IEOIM ; 2 IEOBM +- 2 IE03M ; (3_57)
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L, 258 fi T 357 f2.5%

H#-(3-48) 1% » (3-45) > T KppA Nk BHEERIE T F

Lo(%lﬁoocos(wt) oLyl sin(at)

+LO( |Eol)5|n(a)t)+a)|_0 Lo1 COS(at)
+L (3 I7,5) cos(3mt) — 3wl I, Sin(3wt)
; (3-58)
+L (d Lo3) SIN(Bat) + 3wl |, cos(3wt)
=[Vegeo + Ve, C0S(2amt) +VE,., Sin(2et)]
x[M; cos(wt) + M, sin(wt)]
—[V¢,, cos(mt) + Vg, sin(mt) + V¢, cos(3wt) + VS, Sin(3wt)]

(3 58)%‘5?\5'3;; s T = ﬁ»_\liﬁﬁtjf% —fr; ‘\-é-,:l; s U

LO(;It Lor) COS(at) — wLy 1|, sin(at)

+LO( I°.,,)sin(at) + oLl [ cos(wt)
+L (;Ijt Lo3) COS(3wt) — 3wl 1[5 sin(Bat)

+L (3 I,5)sin(Bat) + 3wl I 5 cos(3mt) (3-59)

= [VCdCOMlC COS(C()t) +VCdC0MlS Sln(a)t)

cos(3mt) + cos(awt) sin(3wt) + sin(wt)

+VCCd02 M 1C + VCSdc2 M 1C 2
¢ s SIn(Bwt) —sin(wt) s COS(amt) —cos(3mt)
+VCdc2 M 1 + VCch M 1 2 ]
-V¢,, cos(mt) =V, sin(mt) =V, ; cos(3mt) — Vs, Sin(3wt)

Ve AR B s R e e 2 EARTE L IE il o VE DL 2w g R

-li” A28 4o T

d C C 1 C C 1 S S S C

L d I Lol VCch M 1 T EVCdcz M 1t EVCdCZ M - Lo I Lol VCol (3'60)
d S S 1 S Cc 1 Cc

LO d IL01 VCchMl +EVCdc2M1 2VCdc2M + a)LOILol Col (3_61)
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d 1 1

Lo dt Ifos 2\/(:cdc2|v|1C 2Vcsdc2 3(‘)I—o I Lo3 CO3 (3'62)
d S 1 S C 1 C S C S
Lo— at I s = 2VCdc2 M; + EVCdcz M, +3wbl 5 =V, (3-63)

C,2 kT35 f2 58 ¢

(3-46)° frA AL EER SV BT

C, (i\/ccol) cos(mt) — wC Ve, Sin(wt)
+C( VCol)sm(a)t)+a;C V¢, COS(at)

+C0( VCOB)cos(Sa)t) 3wC Vs, ,sin(3wt) (3-64)

+C( VCO3)sm(3a;t)+3a)C V,5 COS(3at)
=[I{, cos(a)t) + 1., sin(ewt) +17,,€08(3awt) + 1, Sin(3wt)]

_R_[\/C°1 cos(mt) + Vg, sin(mt) + V., €os(3wt) +V,,, Sin(3mt)]
L

Vo SRR B s 2 SRk A A 20 I ARGE L E i > W EFRIC, b 2w iE R

T3 fg sl e
d c c 1 s -
C, ° gt — Voo = 1o — R Veor = @CVey (3-65)
L
d S S 1 S C
C, ° 4t —Veor = lia — R — Ve +@CNVcy (3-66)
L
d C C 1 S
C, ° 4t —Veos = 1oz — R Veos =30C Vo (3-67)
L
d S S 1 C
C, o dt —Veos = lios = R Vios +30C Vo3 (3-68)
L

% P v it Hﬁ&;‘g_mﬁg? B L Az RTINS FED AR
v TR EREY L R T30 g e
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d

WELHCA o B RS ARG T - & o

4

Ls a I LsO :Vs _VCdco Mo (3-69)
d C S C
Ls— S ot — i, =205 [, —Vege, Mo (3-70)
d s c s a1
Ls— S gt — I, =201, =V, Mo (3-71)
d ') 1 c c 1 s s
Cdc EVCdco =Mo LsO 5 ILolM ILolM (3'72)
CargVen = Mol ~20C,Vea ~ 1M = 1EME + 1M =2 1M, (3-73)
C :VCSdCZ MOIESZ_I_za)Cdc\/Ccd(:Z IiolMc |E01MS IEO3M + IEO?;MS (3_74)
d C C 1 C C 1 S S S C
Lo— at I o1 =VeaeoMy +EVCd02Ml +EVCdc2M1 — ol —Vey (3-75)
d S S 1 S C 1 c
l—od ILol VCchMl +§VCd02M1 ZVCdCZM +wLOIL01 Col (3'76)
d C 1 C Cc 1 S
Lo dt |L03 2VCd02M 2VCdc2 —3w LOIL03 003 (3'77)
d s 1 S C 1 c S C S
Lo dt ILo3 2VCdc2M 2VCdc2M1 +3a)LOIL03 VC03 (3'78)
d C C 1 C S
C, ° 4t —Veor = 1o — R — Ve —@CNVcy (3-79)
L
d S S 1 S C
C ° 4t VCol = ILol R VCol +aC V001 (3'80)
L
dye _pe 1y s
Co—r ° 4t Vs = oz == Veos —30C Vs (3-81)
L
d. . s ¢
Co— gt [co3 = = 1703 == Vo3 +30C Ve (3-82)
L
P2 RIS RS T E R R PR B2 B R TR ]



33 EinpRARAILE:

B0 EE AT PRI R B2 B R PR o T R
BERINRZRFAR DA FERRZ B AT E - W
MBI AN BRI C BM 2R AEF RETRY B A2
2 e 3 BTk o
331 RGBT 2 G

FEe KA A R B L R T I5S 25t > § A

LI TRTINE Z A S A AR TS 2N E ST

d [ 1 C Cc l S
Lo dt |L03 :EVCdCZMl ZVCdCZ —3w LOIL03 003 (3'83)
d S 1 S C 1 C S C S
Lo— at I o3 _EVCdc2M1 +§VCd02M1 +3wbol 43 —Veos (3-84)
d C C 1 S
C, o 4t —Veos = los — R Vos —30C Ve, (3-85)
L
d S S 1 S Cc
C ° 4t VC03 = |L03 R VCoS +3aC VC03 (3'86)
L

FRRRIZ AR AL S E VRLF L T

1

IEOS R VCCOS +3wC V(;SOS (3'87)
L
S l S C
|L03 R V003 3a)C0V003 (3'88)
L
C 1 C C 1 S S
3oLyl s +V; = 2VCdc2Ml _EVCdcle (3-89)
l C S 1 S C
Swlyl s =V = EVCdCZMl _EVCdCZMl (3-90)
(3-87) ~ (3-88)% = frv ¥
C S l C S C
Ios 150 = R? Gos. T Veos )+ (BC,)? (Vos™ +Veos) (3-91)

Bt RNARNEP s B A M E 0 B L EHIEE4e(3-26)50 ¢ 2 T
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los” = Veos [R +(3aC,)"] (3-92)

L

& x (3-87) - (3-88)*+(3-89) ~ (3-90) » frzm T 17

3wl s 1 c c 1 s s
R > Co3 (9 2'— C 1) Co3 2VCd02M1 _EVCdCZMl (3'93)
L
3wl c 1 c s 1 s c
R =Veos (950 L,C, V¢ Co3 — EVCdCZMl _EVCdCZMl (3-94)
L

#-(3-93) + (3-94)T = frfs £ H £ i Wi T pEAT (T

2 2
VCdc2 M

1

VC032: 90) LZ

ax[ (3-95)

+(90°L,C, -1)’]

L
FRY 3wl =Xy, 30C, = Xy, 0 BIT i % #(3-92) ~ (3-95)% 7 &
I 2 2 1 1

03 =Veos [o5 o1 (3-96)
Lo3 Co3 RLz X3002
V 2 — VCdC22M12
Co3 2 X 3_97)
4><[ 3Lo +( 3Lo __1)2] (
R ? X3Co

deF 315 ke R E R ERARILEC, m A S AL E A R
SRR - AT PEARfOk R AR HEY s K2
—\/J‘Fﬁg ]fﬁg ;,L;;

X

3Co

>> R >> X, , (3-98)

i #5.(3-98) » (3-96) % (3-97)¥ 4" u|if i1 &

V
oy =25 (3-99)
L
M
VC03 = VCch 71 (3'100)

4 (3:99)# (3-100)7 v (1), 2y MR B2 = 3k A LiF R C,

C

M

- ‘H:E fﬁhl—rj}( ’ gigé i:“'7<1 (2) \i/u \q_,/rl _‘:',’\’Lb/ﬁ,ﬁlf; ':F’fi

43



Wk R AL CFE LA BT @A 5 el LR Cy
%:%ﬁ%@,mimﬁm$§@~§ﬁ¥mﬁ?¢ﬁ¢%@o

Bt R P ERET RRBARIRE TS B A TR E TS R

;\ + 5!]-{1\_’"1-
L9y omlr, Ve M
Sgf k2T WLgl s =Veger VIO (3-101)
L9y oplae —ve M 2
Sgr B2 WLgl s =Vegez VIO (3-102)
d c VIR s 1 c c 1 c c 1 s s 1 s s
Cdc aVCdcz =M 0ILsz _Za)CchCdCZ _EILolMl _EIL03M1 +EIL01M1 _EIL03M1 (3'103)
d s 'VIRE c 1 s c 1 c s 1 s c 1 c s
Cec EVCdCZ =Mool +20C, Vg _EILolMl _EILolMl =5 1My +EILole (3-104)

e

2

BN BERZ RA A R

£l

N B L R =
Lo B A A AR

ETIS

T o WL X

'

WE ALY 0 BT

0=—2wl S, -V ,Mo (3-105)
0=2wLI5, -VS, Mo (3-106)
NA 1€ s 1 ¢ (o 1 s s
0=M OILSZ - 2a)Cch(:dcz _E I LolMl +§ I LolMl (3'107)
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