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# # 4870375721 :MAJOR POWER ELECTRONICS
KEY WORD : ELECTROSURGICAL GENERATOR/ FREQUENCY CONTROL/ SERIES
RESONANT PARALLEL LOAD INVERTER
PRAMOCH DORKMAI : MODELING AND CONTROL OF RESONANT INVERTER
FOR ELECTROSURGICAL GENERATOR. ADVISOR : ASSOC.PROF. YOUTHANA

KULVITIT, Ph.D. 89 pp.

Electrosurgical unit using radio frequency generator as a power source requires output power
control with adjustable voltage limit. For high frequency inverter control, phase shift may be
introduced into the voltage and current signal during the measurement process. Uneven phase shift of
the voltage and current signal will degrade the accuracy of the output power signal. This thesis
proposes a simple power control scheme for a resonant inverter with resistive load. Because the
equivalent impedance of human tissue can be considered as purely resistive, the output power of the
inverter is proportional to the multiplication of a complete cycle average of a full wave rectified of
output voltage and current waveform. Both adjustable voltage limit and output power control can be
achieved by using only voltage feedback control loop. The output power of the inverter can be control
indirectly through the existing voltage feedback control loop. When perturbation and linearization
technique is applied to the proposed control scheme, standard power feedback control scheme is
obtained. The block diagram for small signal perturbation revealing power feedback control feature of
the proposed control scheme. Transient responses of the proposed control scheme are faster than the
standard control scheme as the proposed control scheme features feed forward of power control
reference signal-and-load. variation. Small -signal -model-of the-frequency-controlled inverter was
derived by using fundamental frequency approximation -and phasor-transformation technique. The

theoretical calculations were verified by computer simulations-as well as-hardware implementations.

Department ELECTRICAL ENGINEERING Student’s signature_,_{%f Vd _____
Field of study ELECTRICAL ENGINEERING Advisor’s signature OP~——

Academic year 2006
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-R =1 n 2

O:TrILr1+QILr2+L_rVCr1+:;VDC G.11L.1)
O:—_QILr1+_—R1ILr2+_—1VCr2 (3.11L.2)
L, k=

1 = 1

O:C_rILr1+ﬁVCr1+-QVCr2+ﬁVCf1 (3.12L.1)
1 -1 1

0= —r ILr2 _'Q\/Crl +avcl,2 +ﬁvcf2 (3.12L.2)
1 -1

O:ﬁvcu"'ﬁvcu"'mcm (3.13L.1)
1 -1

O:ﬁvmz _mcm"'ﬁvcm (3.13L.2)



Vo1 :VCrl _VCf 1

02 — Ver2 T Ver2

d - -R, - o -1~ n 2-
—lir1 = L lirn+ QM2 +—Vert +——Vdc+||_r2g)
dt L L =

T r T

AR ;
L lir2 +err2 7 lLrl%

T T

a/i\lrz = —Q/i\lrl + .

d -~ 1 » R A 1 =

—Verr =— i+ Vet + Q2Ver2 + Vei1 +VCr2g)
dt C. r R

d - 1- - 1~

—Ver2 = —|Ir2 —QVcrl + Ver2 + Vet 2 _VCrlg)
dt C, ) R

d -~ 1 - -1 - P

——Vef1 = Ver1 + Vet1 + £Vet2 + Vo 2%

dt C,R~ CR

d -~ 1 - 5 ~¥e
—Vet2 = Vera —€2Ver1 + Ver2 =V 14;)
dt C:R C,R

Vo1 = Ver1 — Veft

Vo2 = Ver2 — Vef2

wneme i () =1, +i(t), i'l(t)=i?1(t), () =1, +is(t),

v, (t) =V, +v1(t) v(t)_ d Vl(t) v,(t) =V, +V2(t) V. (t)_

Voo (t) =V +Vae(t) 1ag a)(t) =Q+a(t)

i (t)_
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(3.14L.1)

(3.14L.2)

(3.11S.1)

(3.11S8.2)

(3.128.1)

(3.128.2)

(3.13S.1)

(3.135.2)

(3.148.1)

(3.148.2)

|2(t)
Vz(t)
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AepaveIdyyIUAILeeNa TN IavIndulsaninihilandu Sine 1ag Cosine V04

o 9

Ay aaIueaned (Vy, 1agVy,) Adaunisn (3.15)

2 2 2
Vop = Vo1 Vo2 (3.15)

~ A o a o o o = <
NTUNITA (3.15) o inaszid s Ul asunlasvuiadn uazllszum
HUUIFUFY (Perturbation and Linearization) §14 %2907 3.1.4 92 1A aunIA1E0AUDILTIAL
y (Y] @ 4 1 [ I [
AuoaNNAN1IZegaI AvauMN (3.16L) LazaUNITAIGOAYOIT Y IUYUIAANVDITIA Y

AUDDNRITUMIN (3.16S)

Vo, = Vo1 +Vo, (3.16L)

A AV ===
Vop = —22 Vigr + —22 V2 (3.16S)

Op Op

= o "o = £ & =
INAUNITN (3.168) ﬁﬂﬂiﬂ%ﬂgﬂﬁﬂﬂ"ﬁﬁlﬁwﬂ\‘iﬁﬂJfﬂTﬂ (3.17) Gm!,ﬂugﬂummumm
v v d ' o < @ [ <} @
llﬁﬂ\iﬁx‘]ﬂ’ﬂllﬁNWHﬁi%ﬁﬁNﬁﬂJfﬂﬂﬂﬁluWﬂmﬂGUfJ\‘lﬂ'Jllﬂigﬁuﬂﬂﬂﬂﬂﬁfy)fyﬂﬂﬁluWﬂmﬂmﬂﬂﬁ’)
Y v o o 1 A
usE0IUE AENMTUNUANNTUWUTYIA 15019 9 Juaumsn (3.14S.1) Lag (3.14S.2)
VOl

V.. o~ V.. A R
Ol yor1 + =22 Verp ——2L Vs ——22 Vgr2 (3.17)

Op Op Op Op

Vop ==

3.1.6 MIMWamasauM oYUM MU A0 IMIndinmIan3 Ve dUNBIIABS ND
MIMNamasvesaumMIanIuzazaumIniueenie 19 Iduuusiassmendiamans use
[y Jd v 1 Y : ' o A
Hlafdun18Teu (Transfer function) NitaasnanslasuasaeeaussduaIueen (Vo (t))

donamiuldsuntasdniaiuauderniiunssdulasedrudh (Ve (t)) wTeanudms
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ansvesdunesimed (f (t) =w(t)/(27)) Tasduilsanugniodulsduesniianiizes

% 9 A a Y] ~ =

A lannmsvwamasvesauns (3.18L) 1ag (3.19L) (ianinmssaglaunsi (3.11L) D
@ [ @ A o kY 4

(3.14L)) uagdnanavuaanuesdulsaniugnsedaulsaiuesn Idanmsmnamasves

aumsi (3.188) uag (3.198) (iannMsaaglaunsi (3.11S) 84 (3.138) uazaumsi (3.18))

0=AX+BU (3.18L)

Y=C_X+DU (3.19L)

. V,
Tﬂﬂ X =|:ILI‘1 ILFZ VCI‘l VCI'Z VCfl ch2] = U =VDC’ Y =|: Ol:|a

VOZ
R, 0o 2 0 0 0
LI' r
o Dl of SN\ 'n 2]
L, L, L7
AL: r r r ’BL: 0 ,
1 -3 1
0 —F P _IA-Cal 0
C, CR C.R 0
0 0 1 0 = 0Q 0
CR C,R L .
0 0 0 = -Q =1
] C.R C(R|

0010 -120
CL:[O 0 0.1 _J,DL:OLszOpszOZﬁVOZZ

dx()

N A >A<(t) +B; u(t) (3.18S)
y(t) = Cs X(t) + Dy u(t) (3.199)

A A

AN Fa A oA R A T R T oA A
I@ﬂ X=|:|Irl lira Vo1 Ver2 Ve ch2:| s UZI:Vdc q} s y(t):Vop, AS:AL’
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Llr% 27l
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B,=| 0 22V, |.C,=|0 O V—Ol V02 VOl °2 | way D, =0
0 22V, oo e e
0 2aVg,
0 —2aVy,
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x(s) =(sl = A)" Bsu(s) (3.208)
y(s)=(Cq (sl = A ) B, + Dy Ju(s) (3.21S)
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dun1sh (3.208) iluaunisivennganssumsdasuulasaroeansiauaiuesn
A 4 . o 2 &g {o & 1
(Voo (1)) il uin)asdyananiungy (Ve ) nief(t)) safluaunsnsuiudenis
o ) [ a J s 1 o w 4 o Y
PONULUAINIVANEIMTUNTOUNTAIVANDUIDT 1003 NI UUVEINIAIUDIUATDIAATAY

4 a [~ 1
Iflwie linanuiluzuy taznugndpitonIseo Nl

a a ey Y a ¢ ¢
3.2 MIKIDUNUAUB NN WUVIVDIDHLIDIUAD I

A [ A J U U o w Y v a I'4 o
ieeaneasuasdu liase-Tassiilunvastieiiaslinuisesounesinesves
[ Y P4
1n509dndR e I ingAnssuvesrsnsiuiy Tnanvesrsasutlasiu vase-1iasues wie

=) Y1 d? v a A oA 9 9 a 4 14 v 9 dy an
’E)ﬁ]!5fJﬂul@l’N‘U1!ﬂ‘U’E'HJWLL@1!“]51/]@']1!!%1‘1]@\1@1!0@3!@@5 (ZinINV ) Turrdetlazuanddsmsni



43

1 A a S Y 9 a 4 s A o 1 = a [
ATDUNWHLAUENATULIVIVDOIDULIDTIAD T LW'EJHW"I)I]EIﬂWiﬁﬂ‘H’lWi]ﬁﬂiﬁlléUﬂﬂ'J\iﬂﬁl!ﬂa\‘lwu

Tase-Tvase vazih 115 lunsesnuuuszuuaiuguszaunseau lasedrudiiges
F4 k4

a 4 4 =Y v A
DUNDTINDT lAslTUADUAITN

a d ¢y v
3.2.1 ‘IJi33“9‘!'3\1%511’1ﬁﬂsllENﬂuliﬂi!ﬂﬂiﬂﬁﬂllﬂaﬁﬂ‘i%!!ﬂ
A a 4 I @ A o Y
Wﬂﬁﬂﬁiﬂﬂlﬂﬁjﬂﬁ]ﬁiﬁﬁﬂ"’ll@Q@M!’Jﬂimﬂﬁuﬁﬂymglﬂuﬂﬂﬂigllﬁ VHGlTTﬁ']N'Iiﬂ‘]Jigiﬂﬂ‘!

4 J A s A a a 4 5% A
'Nfi]ﬁT‘Vi'ﬂﬂﬂ'JEJL!,“I’TaﬂﬂﬁZLlﬁZﬂﬂaull“]fﬂ‘ﬂﬂ'ﬂllﬂﬂqﬁﬁﬁﬂsﬁm@ﬂ@u!ﬂ@imﬂﬁ QETJ‘VI 34

+ ve. ¥
DC .l
T_“Cl - Vyy T \Ml
Voc ©
Vlc'*'__ iy
/ 2 _—_C2 \ M,
I—>
ZinINV

{ A s 7 1 4 s
iﬂﬁ 34 'N"I]i'f)ulflﬂiL@@ﬁﬁﬂﬁgﬂ1ﬂ!3\1ﬂﬁI‘Vfﬁﬂ@gﬁﬂllﬂaQﬂigllﬁzﬂﬂﬁu]‘lcﬁﬂ

U

3.2.2 M39a3la99s

D.

o 1 J - I J 1
nnnguesidawnsoudswmanszud iy, Tugi 3.4 Junndsnszua 2 uvas

[ A A o a J 7 [ a s @ -4
ﬂ\‘]gﬂﬂ 3.5 !Lamu@ﬂﬂ']ﬂﬂTi“anﬂusUﬁl\i'J\'iﬂi@ul')ﬂﬁm@ﬁlﬂuﬁﬂ‘]&lﬂwﬂTﬁﬁ?ﬂGﬁﬂLLi\iﬂuﬂuﬂ

o a 7o Q P 2o — g ; A Jo o
(ZVS) Vl']Glﬁ!ﬁ’Wl(’Ifﬂq 2 GI)"ﬂ(’U@Q'N{ﬂﬁ@um@ﬁlﬁE]'TVI131Uﬂ3ﬂ°ﬁa3ﬂ?\1ﬂ1ﬂﬂ’lﬁﬁjﬂ% ANUUNTSUT

A 1 a - N o Ao A
n Inaruaiag M, (ig,, ) velanyuzginauagili 3.6



A a 4 P 9 = 1
g‘ﬂ“l/l 35 N%iaunmm’em/l”lwqyg]uﬂmmmﬂszumwﬂwaﬂ

VINV

/ IINV/' _

A A A 1 a d .
U7 3.6 gUnaunszuad lnaduadad M, (ig,,)

U

Qan



45

3.2.3 M3INAYIWIINT (Circuit averaging)
d' A d‘ a 4 a 4 4 A (%
MINAYIDTIDT AD NMIRAYATUAUMTAIATUDIDUNIDIIADIUDINTSUAHIOLTIAY
a 4 L d' d! =\ = a A t:'
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g15uolnd aunas Mifsanszuad v InasaaznszuanauddIn AN U IADST
4 4 a a 4 o [ { I~/ Y
iognInilenasaduesaes dyuidulvaavesrsesudasiulwase-Ivasq
1 - { ‘Q J J 4 =) 4 [ 1 o
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Bode Diagram
Gm =24.9 dB (at 9.35e+004 Hz) , Pm =90.2 deg (at 2.56e+003 Hz)
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Bode Diagram
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Bode Diagram
Gm=24.4 dB (at9.35e+004 Hz) , Pm = -180 deg (at 0 Hz)
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