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ABSTRACT

Presently, water waste treatment for industrial and water drinking applications has been
increasingly interested and has used ozone. This method can replace existing chemical substance.
The advantage of ozone is fast decomposition without exotic residue and simplicity in generation.
Ozone is simply generated by using electric AC power supply feeding electrode for generating
electric high voltage field. The energy is converted into force existing an ozone. As a
consequence, Ozone occurs. Therefore, in this research a prototype of ozone generator is designed
and constructed using a phase shift — PWM full bridge converter. The advantages of this system is
capability of varying ozone level with converter frequency adjustment and varying voltage level
for generating electric field within a defined range with phase shift of Mosfets gate signals. The
overall control system uses a microcontroller for generating control signals for gate drive circuits.
The voltage level is 3.5 kV in conjunction with a high frequency step up transformer. The
switching frequency can be adjusted according to a load condition at resonant frequency and
above are 45kHz, 47.5kHz, 50kHz, SikHz, 55kHz and 57.5kHz. Ozone level 1s measured under
variations in frequency and there are from 314mg/h to 939mg/h. Increased ozone level is
achieved when increasing both voltage and frequency which agrees with theory for ozone level

adjustment with frequency variation. Powers of converter is 73W.
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T+1 £+
—— ‘
+L ap |V, — Va g e &, e sin(w, 1) (12)
Wy 4l ) G T

Taglaumsmainszuaduynvosndouas i, Taols Mesh Analysis 11 loop Maduiie
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V092995 19dadl

L,..%-r R +V, =V,

v, =Vd—Lr.%‘—RT.il a3
AN

.V dv

iy == Cp =0 (14)

unu (13) Tu a4 14

i L[Vd —LT.%—RT.iI}—CT.i[Vd 5 B g ] =0

_R.e dt dt
taguaumsInila
dzil + L_,___I_ _E{iJr —-ml——_—+a) il =a).2.£ (15)
dt* \tpe )t \tutee ' 'R,

WOINASHANDUAUBILNAY (Force Response Solution)

A 5 v
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o 9/ ! i 1
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d*4 1 1 \d4 1 v
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A — l!f — — R Ri (]6)
( 1 2J ( rt e)
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Tre-Tre
HANAUHNANDLAUDIFTIHYIA (Natural Response Solution)
. -
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d'i 1 1 \di 1 _
L —+— =Lt ——+@," |5, =0
dt Tos Tag g T
1N
i, =ke™ +k,e% (17)
1 1 1 1 1
Tre Tm Tre Tr TriTre

unuA x, 1z x, 1 (17) ldwamashanouaueIsssuma

iln — kl .e('ar'f).e(jmw-f) +k2.e(“ar-f)'e(—1wjv-’) (18)
INTUNIT Euler’ Equation
= ke (cos(w, 1)+ jsin(@y )+ ke (cos(w,, 1) — jsin(w, 1))

I

h
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+ k" jsin(w,, 1) -k, o) jsin(w,, 1)

i =k, +k, )T cos(e,, 1)+ (k, — k, )" sin(w, 1) (19)
HamnagNandUaHad5IU (Total Response Solution)
HAINDUKANDUALDII INVDITLUVAD
iy =iy, +i, (20)
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di
d—; =y (k —k)-a; (b +k,) (22)
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N
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4
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dav. Vv
o — 6, T 26
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di
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HamauNandUa 33U (Total Response Solution)
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WMo x, , 1A



59

9/ =
UAUAT X, 182 x, 11 (29) TdNamasHanoUaueIsITUINA

V[m - k} 'e(*ar-f).e(f@:v-‘) i k2 .e(*ar-f).e(‘.fﬂ’,v-’) (30)

1NTUNIT Euler’ Equation

=k, (cos(m,, 1) + jsin(w, 1))+ k. (cos(w,, 1) — jsin(w,, 1))

on

V,, =k ) cos(wy 1)+ k,.e") cos(w,, 1)

on

+k, et sin(@, 1) -k, et sin(@,, .£)

v, =k +k,)e ) cos(wy 1)+ (k, -k, e ) sin(w,, 1) 31)
f=t=0 V. (0=V,,i (0,
Foi = kl +k2 (32)
WioyWUTve ¥, fina =0
dv, =4 .(u @y .e(‘“f").sin(caN H—-a, et ").cos(a)N 1)
dr |,
+w, e cos(wy 1) — ap ) sin(w, 1))
+k, .(— w, &) sin(w, 1) - o, e ) cos(w, 1
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& =k oy —a;)-k {0y +a;) (33)
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0
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by, =g el d
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dt|, C, C,R.
unuaums (34) Tu (33)
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i +CT%(LT.ﬁ+RT.iIJ+ L (LT.-£+RT.J',J=O

dt R,
2 :
igLJ{L,,L}ﬁJ{ : +a)T2}i]mo (37)
Tl URW T

HANABHNDADUTUBITIN (Total Response Solution)
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i, =k +k,e™ (38)
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iln = kl ‘e(_aT'l)-e(jw'NJ) + k2 -e(_ar.t).e(—jwh’-t)

INTUNIT Euler’ Equation
= k") (cos(@y 1) + jsin(w, 1))+ k,.e ") (cos(w, 1) — jsin(w,, 1)

Iln

i, = k.t ").cos(a)N 1) +ky ") cos(w, 1)

+k.e") jsin(w, 1) —k,e") jsin(w, 1)

i, = (k, + Ky )et ) cos(wy, 1)+ (k, — k, )™ ) sin(w, £) (39)

Il
f=]

1 t=t V0=V, ,i(0)=i,

iy =k +k, (40)

di,
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=k .(— @y .e("""').sin(aJN H-a;.e =) cos(w,, £)

0

+ o, e cos(wy t)—a; .e("”f").sin(aJN 1))
+k, .(— o, sin(w,, 1) - a,; . cos(w, £
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di
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Phaseshift Controller

Variable fs=20k-100kHz.,DT=5%,Active High signal
dsPIC30F4011

: Oscillator 7.3728 MHz. at PLLx16
e

.equ_30F4011, 1
.include "p30f4011.inc"

£

;Configuration bits:
config FOSC, CSW_FSCM_OFF & XT PLL16 ;Turn off clock switching and
;fail-safe clock monitoring and
;use the External Clock as the
;system clock
config  FWDT, WDT OFF ;Turn off Watchdog Timer

config _ FBORPOR, PBOR_ON & BORV_27 & PWRT 16 & MCLR DIS
;Set Brown-out Reset voltage and

;and set Power-up Timer to 16msecs

config _ FGS, CODE_PROT_OFF ;Set Code Protection Off for the

;General Segment

>

;Global Declarations:

.global _wreg_init ;Provide global scope to _wreg_init routine
:In order to call this routine from a C file,
;place "wreg_init" in an "extern” declaration

;in the C file.



.global __ reset

:The label for the first line of code.

.global _T2Interrupt  ;Declare Timer 2 ISR name global

.bss
.bss
.bss
.bss
.bss
.bss
.bss
.bss
.bss
.bss
.bss
.bss
.bss
.bss

CNT_PHASE,2
CHK._PHASE,2
CP_PHASE,4
CNT FRQ.2
CHK_FRQ,2
FULL PERL4
HALF_PERI4
DUTY_ON,4
AD]_DEGR,4
GEN_BNK,4
PERI2 2.4
PERI3 2.4
PERI4 24
CHK_RETURN,2

3

;:Code Section in Program Memory

H

text
' reset:
MOV
MOV
MOV
NOP

Start Program:

CALL

# SP init, W15
# SPLIM_init, WO
W0, SPLIM

_wreg_init

;Start of Code section

:Initalize the Stack Pointer

;Initialize the Stack Pointer Limit Register

;Add NOP to follow SPLIM initialization

;Call _wreg_init subroutine

;Optionally use RCALL instead of CALL

109
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CALL Init PORTS ;Initialize the I/O ports
CALL Init TMR2 ;Initialize TMR2 Module
CALL Init OC ;Initialize Output Compare Module

CALL Main Program

BRA  Start Program

E

;Subroutine: Initialization of W registers to 0x0000

H

_wreg_init:
CLR WO
MOV W0, W14
REPEAT #12

MOV WO, [++W14]
CLR WIi4

RETURN

i

;Subroutine:Init PORTS

2

Init PORTS:
CLR LATB ; clear LATB
MOV  #0xFF00,W0 ; set is outputs

MOV WO, TRISB

CLR LATC ; clear LATC
MOV  #0x0000,W0 ; set is outputs
MOV  WO0,TRISC



CLR LATD ; clear LATD
MOV  #0xFF00,W0 ; set is outputs
MOV WO, TRISD

CLR LATE ; clear LATE
MOV  #0xFFFF,W0 ; set is inputs
MOV WO, TRISE

CLR LATF ;clear LATF
MOV  #0xFF00,W0 ; set is outputs

111

MOV WO, TRISF

RETURN

)

;Subrotuinte to Init TMR1

]

Init TMR2:
CLR T2CON ; Stops the Timer2 and reset control reg.
CLR TMR2 ; Clear contents of the timer register

MOV  #1479,W0 ; Load the Period register

MOV  W0,PR2 ; with the value #1183*0.0338 us (20kHz)

BSET [IPCI, #T2IP0

BCLR IPCI, #T2IP1 ; Setup Timer2 interrupt for

BSET IPCl1, #T2IP2 ; desired priority level 5

BCLR IFSO0, #T2IF ; Clear the Timer2 interrupt status flag

BSET IECO, #T2IE ; Enable Timer2 interrupts

RETURN ; the internal instruction cycle




;Subrotuinte to Init OC

3

Init OC:

CLR
CLR
CLR
CLR

MOV
MOV
MOV
MOV
MOV

MOV
MOV
MOV
MOV

MOV
MOV
MOV
MOV

MOV
MOV
MOV
MOV

MOV
MOV

OCICON
OC2CON
OC3CON
OC4CON

#0X0005,W0
W0,0C1CON
W0,0C2CON
W0,0C3CON
W0,0C4CON

#665,W0
W0,0CIR
#1479,W0
W0,0CIRS

#1405,W0
W0,0C2R

#740,W0 Btf
W0,0C2RS

#1330,W0

W0,0C3R

#665,W0 ;CHf
WO0,0C3RS

#591,W0 ;Dtr
WO0,0C4R

Gt
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MOV

MOV

RETURN

#1405,W0 ;Dtf

WO0,0C4RS

; Begin Main Program

>

Main_Program:

MOV
MOV
BSET
BSET
MOV
MOV
MOV

CLR
MOV
MOV

MOV
MOV
MOV
MOV
MOV
MOV
MOV
CLR

MOV
MOV

HOXB,W0
WO0,CHK_RETURN

LATF,#1

LATF,#5
#tblpage(FREQTABLE),W 10
W10,TBLPAG
#tbloffset(FREQTABLE), W10

CNT FRQ
#16,W0
WO0,CHK_FRQ

#665,W0
W0,DUTY ON
WO0,CP_PHASE
#1479,W0
WO,FULL_PERI
#1405,W0
WO,PERI2 2
CNT PHASE
#49,W0
WO0,CHK._PHASE

;INITIAL LOOK-UP TABLE
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MOV
MOV

BSET

LP_WITH:
NOP
BSET
BRA

RETURN

#12,W0

WO0,ADJ DEGR

T2CON,#TON

PORTC,#13

LP WITH

3

b

: INTERRUPT TIMER 2 SEVICE

3

__T2Interrupt:

BTSC
BRA
BRA
CHK_PRT2:
BTSC
BRA
BRA
CHK_PRT3:
BTSC
BRA
BRA
CHK_PRT4:
BTSC
BRA

DELAY CHK:

PORTE,#0X0
CHK_PRT2

DELAY CHK

PORTE,#0X1
CHK_PRT3
DELAY CHK

PORTE,#0X2
CHK_PRT4
DELAY CHK

PORTE,#0X3
EXIT
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DO #5,LP_DL1

DO  #14746,LP DL2

NOP
LP DL2:NOP :DELAY LOOP 1 msec.
LP DLI:NOP ;DELAY LOOP 5 msec.

MOV PORTE,WII

NP_SW:NOP
BTSS PORTE,#0X0
BRA NP SW
BTSS PORTE,#0X1
BRA NP _SW
BTSS PORTE,#0X2
BRA NP SW
BTSS PORTE,#0X3

BRA NP SW

DO #5,LP_DL3
DO #14746,LP DL4

NOP

LP_DL4:NOP ;DELAY LOOP 1 msec.
LP_DL3:NOP ;DELAY LOOP 5 msec.
CP.B WILH#0XE ; #OXE at 4bit input switch

BRA Z,DEC PHASE

CP.B  WIL#0XD ; #0XD at 4bit input switch
BRA Z,JINC PHASE

CP.B WI11,#0XB

BRA Z.DEC_FRQ

CP.B  WIL#0X7

BRA  Z,INC_FRQ

BRA  EXIT



DEC PHASE:

CPO
BRA
BCLR
CLR
CLR
MOV
MOV

MOV
MOV
ADD
MOV
: MOV

MOV
MOV

MOV
: MOV

ADD

CNT PHASE
Z,LED DEC
LATF #4
OC3CON
OC4CON
CP_PHASE,W5
FULL _PERLW6

DUTY_ON,W0
ADJ DEGR,W1
WO,W1,WI
W1,DUTY ON
WO,W1

W5,WI1,W2

PERI2 2,W0
ADJ DEGR,W3
WO0,W3,W3
W3,PERI2 2
WO,W3

W5,W3,W0

CPSLT W0,Wé6

SUB
MOV

CALL
MOV
MOV

WO0,Wé6,W0
W0, W4

LD PHASE
#0X0005,W0
W0,0C3CON
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MOV W0,0C4CON
DEC CNT PHASE
CP0  CNT PHASE
BRA ZLED DEC
BRA EXIT
LED_DEC:
BSET LATFE#5
BRA EXIT
INC_PHASE:
MOV CNT PHASE,W0
CP  CHK PHASE
BRA ZLED INC
BCLR LATE#5
CLR OC3CON
CLR OC4CON
MOV CP_PHASE,W5
MOV FULL_PERIL,W6
MOV DUTY_ON,W0

MOV ADJ DEGR,W1

SUB
MOV
: MOV

MOV
MOV
SUB

MOV

WO,W1,WI
W1,DUTY_ON
WO, W1

W5,W1,W2
PERI2 2,W0
ADJ DEGR,W3
WO,W3,W3
W3,PERI2 2
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: MOV WO,W3

ADD W5 W3, W0
CPSLT WO0,W6
SUB WO,W6,W0
MOV  W0,w4

CALL LD PHASE
MOV #0X00035,W0
MOV W0,0C3CON
MOV W0,0C4CON
INC CNT PHASE
MOV CNT PHASE,W0
CP  CHK PHASE
BRA ZLED INC
BRA  EXIT

LED _INC:
BSET LATF,#4
BRA EXIT

DEC FRQ:
CP0  CNT FRQ
BRA ZCHK LEDDEF
MOV CHK_RETURN,W0
CPB W0,#0XB
BRA Z,ADJ DFRQ
MOV W10,GEN_BNK
DEC2 GEN_BNK
DEC2 GEN_BNK
DEC2 GEN BNK
DEC2 GEN BNK
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DEC2 GEN_BNK
MOV GEN_BNK,W10

ADJ_DFRQ:

MOV W11,CHK_RETURN
BCLR LATF,#0

TBLRDL [-W10L,W11
MOV WI11,CHK_PHASE
BLRDL [--WI10L,W11
MOV W11,ADJ DEGR
TBLRDL [-W10L,W11
MOV W11,DUTY ON
TBLRDL [-W10],W11
MOV WI11,HALF PERI
TBLRDL [-W10],W11

MOV WI11,FULL_PERI

CALL INIT PHASE
DEC CNT FRQ

CP0  CNT FRQ

BRA ZCHK LEDDEF
BRA EXIT

CHK _LEDDEF:
BSET LATE#1
BRA EXIT

INC_FRQ:
MOV CNT_FRQ,W0
CP  CHK_FRQ
BRA ZCHK_LEDINF
MOV CHK_RETURN,W0
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CPB  WO0H#0X7
BRA ZADJ IFRQ
MOV W10,GEN_BNK
INC2 GEN_BNK
INC2 GEN_BNK
INC2 GEN BNK
INC2 GEN_BNK
INC2 GEN BNK
MOV GEN_BNK,W10

ADJ_IFRQ:
MOV W11,CHK_RETURN
BCLR LATF,#1
TBLRDL [W10++], W11
MOV W11,FULL_PERI
TBLRDL [W10++],W11
MOV WI11,HALF PERI
TBLRDL [W10++],W11
MOV WI11,DUTY ON
TBLRDL [W10++],W11
MOV W11,ADJ _DEGR
TBLRDL [W10++],W11
MOV W11,CHK_PHASE

CALL INIT PHASE
INC CNT FRQ
MOV CNT_FRQ,W0
CP  CHK_FRQ

BRA Z,CHK LEDINF
BRA EXIT

CHK_LEDINF:



BSET LATF,#0

EXIT: NOP
BCLR IFSO#T2IF

RETFIE

INIT PHASE:

BCLR LATF,#4
BSET LATF.#5

CLR OCICON
CLR OC2CON
CLR OC3CON
CLR OC4CON

CLR CNT_PHASE
MOV DUTY_ON,W0
MOV W0,CP_PHASE
MOV HALF PERLWI
ADD WO,WI1,W1
MOV WI1,PERI2 2

MOV FULL_PERLW2
SUB W2,WI1,W2
SUB  WO,W2,Wl
MOV WI1,PERI4 2

MOV DUTY_ON,WI
ADD  WO,W1,W1
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MOV

MOV
MOV
MOV
MOV

MOV
MOV
MOV
MOV

MOV
MOV
MOV
MOV

MOV
MOV
MOV
MOV

MOV
MOV
MOV
MOV
MOV

MOV
MOV
RETURN

WIL,PERI3 2

DUTY_ON,W0
WO0,0CIR
FULL_PERLWO
WO0,0CIRS

PERI2_2,W0
W0,0C2R
HALF_PERLWO
WO0,0C2RS

PERI3_2,W0
W0,0C3R

DUTY_ON,WO0 ;C tf

W0,0C3RS

PERI4 2,W0 ;
W0,0C4R
PERI2 2,W0

W0,0C4RS

#0X0005,W0
W0,0C1CON
W0,0C2CON
W0,0C3CON
W0,0C4CON

FULL PERLWO

WO,PR2

:Dtf

At
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LD PHASE:

MOV
MOV

MOV
MOV

RETURN

W2,0C3R
W1,0C3RS

W4,0C4R
W3,0C4RS

FREQTABLE:

.word
.word
.word
.word
.word
.word
.word
.word
.word
.word
.word
.word
.word
.word
.word
.word

.word

1479,740,665,12,49

1183,592,532,10,47

987,494,444,8 49
845,423,380,7,48
739,370,332,6,49
657,329,295,5,52
591,296,266,5,47
537,269,242,5,43
493,247,222 4,49
455,228,205,4,45
423,212,190,4,42
395,198,178,3,52
369,185,166,3,49
349,175,157,3,46
329,165,148,3,44
311,156,140,3,41
295,148,133,2,59

.END

123



124

MANHIN .

A VYaor A a d ]
AU 1A S UM IANMWINEUNS



ISSN 0125-1724

AAIRIT -,

janliS

| anEennssuehaas. azummﬁ'zﬁmmnammmmm‘

LADKRABANG  ENGINEE

& JOURNAL

125

P
1§ 26 atiuift 2

figusu 2550

o

snemedfemian
sroeifusns ey
W neayny

b s larauan

&y

.*i‘ﬁ’i?“,"? »’? ‘iy

NN
T OIWHED
.,.;:e.f_..s.wm BT

Fidate
3

J

Anwnaa e v‘:ﬁm i
I
Sodand drnase  guived mmies
Fusufayrenueunivessndnfais ©

w-f?'rm

.’1’3‘4":‘.5

srnaves uwedingy-

sy s.ﬂm

pémmsifoy

drmgensairnn
anuf efeis
fauations for Oeterminung Charactenstics of Resonance Type Sllencens

I Komori

#A, Lakitsangle
Desgn

W. Suntis

shpiiar

O, Vengohumyen

(%

o

ok

5k
S

B1



126

d ey o L 1

@5 andamaielsuuuuldunasnadadinnauuans

Wau3adnewiesimes
Ozone Generator using Phase Shift PWM

Full Bridge Converter

oyiny gy $oar fan

w n worE . o ) R -
MRS as 1 D ams TN MR TOTHMING LU DTRITINAD RN MANTEIN

& )
UNANLD
o o & - W e I R L T e o o ¢ A w
vnauiireyeintosnindie To Taunuu uva sdwniaddhifdvuiuduauiaisouneiiaed 1os
woesr Ui Aemusndfusedultuia e ToTau Taansdfunuiveswnsunsimefuarannsainyredy
o Y s ' I ' o e wh E & 2 il
a5 linafigiosEmsdmmlafudyaranave sgueasindids dunalanunhodadus Wunlfouniae u
pnawi g msesnnuudae s s sszuuTaoldTilsungy pSpice tioth hilJszgndldauets Taoms
9 : R " e <% . - . . ¥ LA Y o
Forssmveszin 19 Tnsreu Insamed lunnadedyarsaituan Tuasudhows smanuifeldduorue

4 4 4 .- o« o o oy d oy o <
wissdunuvaaninadad T Tyunnzrmorfresmnhave wsuuit iivesihe lla wnnuivesmanns

Abstract

This paper proposes an ozone generator using a phase shift PWM full bridge converter. The
advantage of the system is capable of varying ozone gas level by varying frequency of the converter, and
constant output voltage with phase shift technique resulting in variable pulse width of output voltage.In
this paper, the simulation of all system is investigated using PSpice program. The simulations are also
implemented using a microcontroller generating the control signal. Finally, the prototype of ozone

generator was investigated and discussed in comparison with the theory and the simulation.
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clear;

tagl=1,85%10"-6;
to2=9.51*10"-6;

Vvdl=311;vd2=0;
T=23.3*10"-6;Lt=0.535%10*-3;Im=26*10"-3;
Rt=0.2;Re=2e3;Ct=32*10"-9;
trl=Lt/Rt;ti=Rt/Re; trc=Re*Ct;
wt=1/(sqrt (Lt*Ct) ) ;
alt=(1/2)*((1/tel)+(1l/txc)):

wm=sqgrt (wt"2+ (1/(trl*trc)));

wn=sqrt (wm"2-alt"2) ;

1in=0;

vo=0;
nl=tol/10"-8;
n2=to2/107-8;
n3=30;
tl=0stol/nl:tol;
t2=0:t02/n2:to2;
x=1;

x1=1;

for ri=1l:1:n3

% Statel
c=(Vdl/ (1+ti));
dl=(vo(xl)-(vdl/ (1+ti))) ;d2=exp(-alt.*tl).*cos(wn.*tl);
d=dl.*d2;
el=(1/wn).*(alt.* (vo(xl)-vdl/ (1+ti))+iin(x1) /Ct-
vo(xl)./trc);e2=exp(-alt.*tl).*sin(wn.*tl);
e=el.*e2;
Vol=c+d+e;

h=vdl/ (Rt+Re) ;

kl=iin (x1)-vdl/ (Rt+Re) ;
k2=exp(-alt.*tl).*cos(wn.*tl);

k=kl.*k2;
ml=(1/wn).*(alt.*(iin(x1l)-vdl/ (Rt+Re) )+ (Vdl-vo(xl)-
iin(xl) .*Rt)/Lt);

mZ2=exp (-alt.*tl) .*sin(wn.*tl);

m=ml.*m2;

iil=h+k+m;

for n=1:1:nl
xl=x;
vo(x1)=Vol (n);
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iin(xl)=4ail{n);
Vin(x1)=311;
X=x+1;

end

%$State?
al=vo(xl);a2=exp(-alt.*t2).*cos(wn.*t2);
a=al.*az2;

=(1/wn).*((alt.*vo (x1) )+ (iin(x1l) ./Ct)-
(vo(xl) ./ (Ct*Re)) ) ;b2=exp(-alt.*t2) .*sin(wn.*t2);
b=bl.*b2;
VoZ=a+b;

ll=iin(x1l);12= exp(-alt.*t2).*cos(wn.*t2);
1=11.*12;

=(1l/wn).*((alt.*iin(x1)-
((Rt.*iin(x1)+vo(x1))./Lt))) ;m2= exp(-
alt. *t2) . Fsin (wn.*t2) ;
m=ml.*m2;
1i2=1+m;

for n=l:1l:n2
¥l=%;
vo(xl)=Vo2(n);
iin(x1)=1ii2(n);
Vin (x1)=0;
x=x+1;
end
%State3
c={=-Vd1l/ (1+ti));
dl=(vo(x1)+(vdl/ (1+ti))) ;d2=exp(—-alt.*tl).*cos(wn.*tl);
d=dl.*d2;
=(1/wn) .*(alt.* (vo(x1)+Vdl/ (1l+ti))+iin(x1l)+vo (x1l)./trc)
;e2=exp(-alt.*tl).*sin(wn.*tl);
e=el.*e2;
Vo3=c+d+e;

hl=-vVdl/ (Rt+Re) ;h2=1-exp (-alt.*tl) .*cos (wn.*tl);
h=hl.*h2;

=(1/wn) .*((alt*(vdl))
(Vdl+vo (x1)+Rt.*iin (x1)
alt.*tl) .*sin(wn.*tl);
k=kl.*k2;
ii3=h+k+iin(x1l);

/ (Rt+Re) -
) /Lt) ; k2=exp (-

for n=Ll:1:nl
x1=x;
o(x1l)=Vo3(n);
iin(x1)=1i3(n);
Vin(x1l)=-311;
x=x+1;
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end

3Stated
al=vo(x1l) ;aZ2=exp(-alt.*t2).*cos(wn.*t2);
a=al.*a2;
bl=(1l/wn).*{(alt.*vo(xl))+{iin(x1l)./Ct)-
(vo(x1l) ./ (Ct*Re))) ;b2=exp(-alt.*t2) .*sin(wn.*t2);
b=bl.*b2;
Vod=a+b;

ll=iin(x1);12= exp(-alt.*t2).*cos(wn.*t2);
1=11.%12;

ml=(1l/wn).*({alt.*iin{x1)-
((Rt.*iin(x1l)+vo(x1l))./Lt))) ;m2= exp(-
alt.*t2).*sin(wn.*t2);

m=ml.*m2;

iid=1+4+m;

for n=1:1:n2
x1=x;
vo(x1l)=Vod (n);
1in (el)=ii4(n) ;
Vin(x1)=0;
x=x+1;

end

end
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