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ABSTRACT

This thesis aims to study and analyze a design and construction of an electronic switching
tesla transformer which is called Solid State Tesla Transformer. The advantages of solid state tesla
transformer are smaller, noiseless, adjustable frequency. However, there are disadvantages of solid
state tesla transformer such as requirement of high rated current and voltage of electronic switch
devices. Moreover electronic switch devices are expensive thus solid state tesla transformer has
higher cost in construction. Therefore analysis of design and construction is necessary to find a
suitable model in order to solve such mentioned problems.

The research implements a design and construction of a solid state tesla transformer, which
capacity of 100 kV, 150 kHz. The data from the design was simulated using MATLAB/Simulink
into 4 forms program such as: spark gap switching, direct connected electronic switching, half
bridge inverter electronic switching, and full bridge inverter electronic switching in order to find a
suitable model for the construction. The constructed solid state tesla transformer was tested and
compared the performance with a typical tesla transformer spark gap.

From the experimental result, it shows that the simulation of half bridge inverter electronic
switch is the most appropriate model for construction because electronic device has lower voltage
and current as 311 V, 75 A. The constructed solid state tesla transformer has capacity of 150 kV, 145
kHz output rating. From functional testing of the constructed solid state tesla transformer, it found
that the performance is similar to the typical spark gap tesla transformer. This can prove that the

designed solid state tesla transformer is working properly as it designation.

Keywords: tesla transformer, solid state tesla transformer, spark gap tesla transformer
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\7(0) = Vin (Best feed) (2.68)
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125 24 311 15 40 360 311 +150,-100
130 65 311 32 30 350 311 +140,-100
132 360 311 +150,-100 20 145 311 +75,-25
133 270 311 +125,-80 10 25 311 25

M99 4.3 LTIRUMULITIAUG LTIRUANATONIGBT taznIzua 1A UIGBT

1 { v a 4 1
1A WALAE Duty cycle AA199 109219958V ATLUVADYNE Y

Duty cycle =40% =80kHz
Duty
flkHz) | Vs(kV) | Vigbt(V) Tigbt(A) Vs(kV) | Vigbt(V) Tigbt(A)
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85 15 311 +37,-5 10 14 311 40
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Duty cycle =40% t=145kHz
filkHz) | VskV) Vigbt(V) Ligbt(A) D Vs(kV) | Vigbt(V) Ligbt(A)
135 70 311 +50,-20 40 360 311 +400
140 125 311 +110,-75 30 350 311 +400
145 360 311 +400 20 150 311 +175,-145
150 70 311 +100 10 10 311 30
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cycle
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80 70 311 +70,-25 30 600 311 +750,-600
85 800 311 +1,100, -750 20 175 311 +250,-200
90 40 311 +110,-75 10 7.5 311 30
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1. Walisunsy MATLAB

) MATLAB

=&l
Fie Edt Debug Desktop Window Help
0@ 4 B oo o |8 B P coventDiectory: [ copragram FiesuaTLaszwen ]
Shorteuts [2] Howto Acd 2] what's New
Current Directory - C:\Program Files\MATLABT1 work FREd | command window 2 x

w5 D
alFiles £ [ Fie Tyme [ size [ Last moufe [os|| T aet sterted, select MATLAD Help or Demos from the Help menu.
>

4 L]
Current Diectory | Workspoce |
Command History a x

fosubplot(3,1,2);

plot(t,¥CONZ, 'hlus', 'LineVideh',3):
grid on;

foplabel{'Veontrol', 'FontSize', 18);
Fexlabel( Time [s]°

Fontsize', 18)
craxisi[t_min t_wax -z 21):
“subplot(3,1,3):

plot(t,vCONL, 'hlus', ' LinsVidrh',3);
grid on;

Seylabel{'Veontrol', 'FontSize', 18);
“¥label('Time [s]',

Fontsize', 18);
“axisift_min t_wax -z 21):
%-- 17/4/2558 16:52 1. ——%

Rl

]
w0 @ B O

ATLAB

)

0@

11)91 Current Directory 1800 Folder (1u@en Tsunsu'13(MATI)

§ £ \

ovRll ;

“B 0

23:53
D g PO

TRESHAN & R
Flle Edit Debug Desktop Window Help
O] & BB o o |8 B ? | cuebiedory [cbrogan FlesmaT sz ¥] .|
Shortouts (2] Howe to sed (2] what's New
Current Directory - C:\Program Files'MATLABT 1'\work a x| |Command Window 2 x
o S| @
AliS & [ Fie Type - Lot Wi [oe|| To gev started, select MATLAB Help or Lemos from the Help nemi.
>
Browse For Folder YR /ES|
Select a new drectory
1. Build Marx generator with Arduino, need help - £+
A Loneoceans Laboratories - High Voltage Marx Ge
‘
I | - con =
Currert Directary | Vierkspace L Rmutt _'ll
Command History Fl 4 | L
Lswbplat (3, 1,217 Folder: | MAT1
feplot (t,wCONZ, 'blus', ' Linelidth',3):
grid on; vake New Folder | ok | cencdl |
ylabel (' Veontrol', ' FontSize', 18); v
xlabel (' Time [s]', Fontdize',18);
axis ([t_min t_max -2 2]]:
supplot(3,1,3):
plot (t,wCONL, 'blus', 'Linelidth',3);
grid on:
ylabel('Veontrol', Font¥ize',18);
xlabel (' Time [s]', 'FontSize', 18);
axisz ([t_min t_max -Z 2]):
5-- 17/4/2558 16:52 W, --%
4 | »

<4\ Start

el 0 © KO BE[H W
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Y o

3. 1WA Model N904MITNADITE

VU ( #2981 Halfbrid2_noinsulation DATA?2)

e
Lookcin: [ MATI [ i =1
Name = | | pate mocified | -] Type |
s "M Fulbrat 12/4f2557 18:55  Simulinkmodel file | [ Window a %

simulink model file
Simulink model fle
Simulink model fle
Simulink modl fle
simulink model file
Simulink model fle
Simulink model fle
13/4f2557 1249 Simulink model fle
13/4/2557 15:37  simulink mode! file

7 nk ]
13/4/2557 16:22  Simulink model fle
13/4f2557 12:16  Simulink modl fle
15/7/2556 23:15  Simulink model file

164712556 0: 10 ‘ilmuhnk mndalia,ﬂ
3

13/4/2557 1:30

13/4/2557 17:23
13/4/2557 14:26
13/4/2557 18:00
13/4/2557 18:59
13/4/2557 18:26
13/4/2557 19:14

Recent Places

[

Desktop

Libraries

A

Computer

Fic name: [Hekorid2_noinsulation | Cpen
Fles of type: [MATLAB fies | Cancel
T

=

subplot(3,1,2);
plot(t,vCONZ, 'hlue', 'Lin=Widch',3j;
grid on;

vlabel('Weontral', 'FontSize', 18)
“xlabel{'Time [s]', FontSize',18:
axis([t_min t_max -2 2]
subplot(3,1,3):

‘plot (£, vCONL, 'hlue' , ' Linelidch',3);
grid on;
“ylabel{'Veoncrol!, ' FontSize', 18):
xlabel( Tim= [s]',' FontSiae',18);
axis([t_win t_max -2 211

i%” 17/4/2558 16:52 w. —-%

‘

b 0 @ KO

4. 14 Model NdoIM3

et started,

select MATLAE Help or Demos from the Help menu.

=] Halfbrid2_noinsulation
File Edit View Simulaton Format Tools Help

Gl
P B0 G E e, Om

o @)

=lol x|

DEEH&|sB2R|e=f =z r = 1003 froma )

HEBE pEBE®

| vpuise

[}

Fulse
Generator

To WerspaceS
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Ve
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9

5. 13la M-file ( M-file 13

U

Solid Teslaparameter2 DATA?2

a

VBUANIITY

s o
MDINTIVLAADITSUY)

BEIES
Look in: | MAT1 cf El- :l' J
Neme - || Type =]
T8 Solid_Teslas18T 5P e [ Window =

Simulink model file

21/7/2556 21:19  Simulink model file
21/7/2556 21:34  Simulink model file
21/7/2556 18:44  Simulink model file

Simulink model file

Solid_TeslaIGET
$)50ld_Teslaparameter
$)50ld_Teslaparameter2

21/7/2556 19:01
26/3{2557 23114
13/4/2557 14:26_ MATLAB M-fik

param
$.)5old_Teslaparameter2_DATA2 13/4/2557 19:03  MATLAB M-fle

#)5old_Teslaparameter 2_DATA3 13/4/2557 19:40  MATLAB M-fle
#-)s0lid_Teslaparameter2_okfuil 13/4/2557 1:36  MATLAB M-file
11/6/2556 15143 MATLAB M-file

15/7/2556 22:53  Simulink model il

| 3

Open

Cancel

File name:

Fies of type:

[solid_Teslaperemeter2_DATA =l

MATLABfies v

et started, select MATLAB Help or Demos from the Help menu.

|

subploti3,1,2);
plot (t,vCON2, 'blue','Lineidch!, 32
grid on;

ylabel('Veontral!, 'FontSize', 18) ;
xlabel('Time [s]','FontSize' 18);
axiz ([t min & max -2 2117
subplotid,1,3);

plot{c,vCON1, 'blue','LineWidch',3)
grid on:
ylabel('Vcontrol','FontSize',18):
xlabel( Time [s]','FontSize’, 18);
axis ([t min t_max -2 2]):

KI%W 17/4/2558 16:52 W. —-%

«

< start

ovR 4

= - = ¥
s 50 € K O %0 %[k 1 0 0 i i P
v
lal 9. 9
6. laM-file NADINT
Users\Huntron\Desktop\MAT1\5ol eslaparameter2_DATAZ.m =18 x|
Fle Edt Text Cel Took Debug Deskop window Help alnx
D[ BRo - (S MR 000 E D swmfbe_ ENEEE]
1- t_min-0; 5
2 - t_max=100e-3; Im
3 - £= 132000;
- T-i/f
§- Dp=20;
6- /2
o
8- figurs(1);
a- subplot(l,1,1):
10 = plotie,¥p, 'blue’, Linelidch',1):
11 - grid on
12 = ylabel('VFrinary [V]', FontSize',18);
13 = xlabel('Time [s]','FontSize’,18);
12 - axis([t_min t_wax -S00 5001):
15
16 - figure(z); [
17 - subplos(1,1,1);
18 - plotit,V¥s, 'blue', ' Linelideh',1);
19 - grid on;
20 - ylabel('VSzcondary[V]', Fontize',18);
21 - wlabel('Tiwe [2]','FontSize',18);
22 % axis([0.0058 0.007 -50000 S0000]) ;
23 = awis{[t_min t_wax -200000 200000]) :
22
25 -~ figurs(7):
26 - =subplot(l,1,1):
27 - plotir,Vpulse, 'blue’, 'LineWidth’,1):
28 - ogrid on;
29 - ylabel('VPLUSE [V]', FoncSize',18):
30~ xlabel('Time [s]','FontSize’,18);
31 4 axis([0.0063 0.008 -1 21;
32 - axis{[t_min v_wax -1 2]}z
23
34 - figqure(3);
| Solid_1  0AT... * [Sold_Teskparameter2 DAT... % |  DAT... %

s 0 € O B[R W

ED
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t min=0;

t max=100e-3;

L . a o o
f=132000; WITIHNDITUDINITINADITS VU

T=1/f
D=20;

T/2

figure(1);

subplot(1,1,1);

plot(t,Vp,'blue', LineWidth',1); .

U

M linseans1vis 9@ UPrimary

gridon;

ylabel("VPrimary [V]','FontSize',18);

xlabel('Time [s]', FontSize',18);

axis([t_mint_max -500 500]);
%%%%%%%%%%%%%0%%%%%%6%%6%0%%0% %% %% %% %% %% %% %% %% %% %% %%
figure(2);

subplot(1,1,1);

plot(t,Vs,'blue','LineWidth',1);

v
U

maalinseans1misesduSecondary

gridon;

ylabel("VSecondary[V]', FontSize',18);

xlabel('Time [s]','FontSize',18);

% axis([0.0059 0.007 -50000 50000]);

axis([t_mint_max -200000 200000]);
%%0%%%%%%%%6%%%%%%%%6%%%6%%%6%%%6%%%6%%%6%%%6%6%6% %% %% %% %%
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figure(7);
subplot(1,1,1);
plot(t,Vpulse,'blue', LineWidth',1);

v
U

. ﬁWﬁQiﬁWi@ﬂﬂiWﬂﬁmm1mﬂ’]Uﬂ
gridon; v !

ylabel('"VPLUSE [V]', FontSize',18);
xlabel('Time [s]', FontSize',18);

% axis([0.0069 0.008 -1 2]);

axis([t mint max -1 2]);

%%0%%%6%0%0%0%0%%6%0%0%0%0%6%%6%0%0%0%0%%%0%0%0%6%%6%0%0%0%0%6%6%0%%0%0%%% %% %%

figure(3);

subplot(1,1,1);

plot(t,ligbt, red', LineWidth',1); maalinseans nszuaIGBT
gridon;

ylabel('TIGBT[A]','FontSize',18)

xlabel('Time [s]', FontSize',18);

axis([t mint_max -200 200]);
%%0%%%%%%%%6%%%%%0%6%6%%0 %% %% %% %%6%%%6%%%0%%6%6%6%% %% %% %% %%
figure(4);

subplot(1,1,1);

v
U

plot(t,Vigbt, red', LineWidth',1); M linseans 15 A UARATONIGBT

gridon;

ylabel("VIGBT[V]','FontSize',18)

xlabel('Time [s]','FontSize',18);

% axis([t_mint_max -150000000 150000000]);
axis([t mint max -500 500]);

%0%0%0%%6%0%0%0%0%%6%0%0%0%0%6%6%6%0%0%0%6%%6%0%0%0%6%6%6%0%0%0%0%6%%0%0%0%0%6%% %% %%
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% figure(5);

% subplot(1,1,1);

% plot(t,Vigbtl,'red','LineWidth',1);

% grid on;

% ylabel("VIGBT1[V]','FontSize',18)

% xlabel('Time [s]','FontSize',18);

% % axis([t mint max -300000000 300000000]);

% axis([t mint _max -4000 4000]);
%%0%%%%%%%%%%6%%%6%0%%6%6%%6%0%%%%%6%%%%%% %% %% %% %% %% %% %%

figure(6);
subplot(1,1,1);
lot(t,Vep,'red','LineWidth',1); Ll o '
P P M linseanivlisesduanasencyp
gridon;

ylabel("VCprimary[V]','FontSize',18)

xlabel('Time [s]', FontSize',18);

axis([t_mint_max -15000 15000]);
%%0%%%%%%%%6%%%%%0%6%6%%0 %% %% %% %%6%%%6%%%0%%6%6%6%% %% %% %% %%
%%%%%% %%

figure(8);

subplot(1,1,1);

lot(t,Vdc,'red','LineWidth',1); o & o

P ( ) ﬂTﬁQiﬁWi@@ﬂi’W\lllﬁ\i@quc
gridon;

ylabel("Vdc[V]','FontSize',18)

xlabel('Time [s]','FontSize',18);

axis([t mint max -600 600]);
%%%%%6%%6%%6%%6%%6%0%6%0%6%0%6%0%6%0%6%0%6%0%%0%%0%6%0%%6%6%6%6%6%6%6% %% %% %%
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A o 1 a 4 4 1 a Jd a
7. LiiJﬂ1ii]']af]\ﬁ$‘U‘]Jﬁ}’JEJﬂ'li Run ATWITIUIADT 6’lflsfjl,llTe‘fﬂS’E']‘Ui"’]TI/‘I']3']3Jl,$5]’f']ﬁi"’]’ﬁ'ﬂell’J']l,l,f,?I)’J

A Evaluate Selection F9

sers\Huntron \Desktop\MAT1\5olid_Teslaparameter2_DATAZ. Ll

Fle Edt Test Cel Took Debug Deskiop Window Help A x
DS H| 2B~ |S(#r|OR|A0EB B secfee - BOBAS0
: =
3 ctio

4 - Open Selection CtrleD.

5= Help on Selection

Sliy N =

d Copy. i+

) criry

10 - pu  MWren Selected Comments

11 - g Comment. Clri+R.

12 - g1 Uncomment T N

13 - w1, SwartIndent Cirlb

14 - ax | EvsluztsCutrent Cell Clrl+Enter

15 &% Tnzert Gell Divider: R SR L L]

16/~ £if Insert Call Dividers around Selection =
17 = SU Tnsert Text Markup »

18 = P seydear preakpont Fi2

197 9% seymody Canditonal Ereakpaint...

207 Y Enahie/Disable Braakpoint i

21yl 1 o Wt Cursar

22 =

25 - ay_ SPltSaeen »

24

25 - figure(7);

26~ subplot(1,1,1);

27~ plot(t,Vpulse,'blue’,'LineViden’ 1);

28 - grid on:

28 - ylabel {(*VPLUSE [V]', 'FontSize', 18);

30 - xlabel{'Time [s]', ' FontSize',18);

31 % axis([0.0069 0.008 -1 2]):

32 - axis([t_min t_mex -1 21):

33

34 - ricure(3); I

= ne o4 [oR,

@74 500D E e, D=

~ 9 1 A Y A A ]
8. AWANII Run N1 MATLAB ammam‘wm@ma”lu

s
Fle Et Debug Deskiop Window Help
D& @ o o |8 B 7| cuentdiectory: | cosersunronpeckopniar =] [

Shortcuts (2] How to Add What's New

Current Directory - C\Users'Huntron'Desktop ' MAT1 EREA| Command Window 2 X
RS B
AlFies £ [ Fie Type [size Last Modified To get started, select MATLAB Help or Demos from the Help menu.
Fullbrid! mdl Model 73IKB 12 1un 2557 11:55:48
& Fullbrid2 mdl Mode! 85 KB 12 1o, 2557 18:30.02 >> t_min=0:
@ Fullorid2_DATAZ mdl Model 85 KB 13 1un 2567 10:23.27
[ Fullbrid3_noinsulati... Madel B84 KB 13 1un. 2567 7:26:64
[ Fullbrid2_noinsulati... Madel B84 KB 13 1u.p. 2667 12:00:32
DFuthﬂinmnsu\aU Model B4 KB 13 1a.0 2867 11:68:33
BFuthdSMO‘SiDAT Model B6 KB 13 1a.0. 2667 11:26:20
BFuthdSMO‘Sinmn Model B5 KB 13 1.0 2657 12:14:02
@ Halfbridt madl Model 72KB 12 1un 2557 18:49.37 T =
@ Halfbrid!_DATA.mdl  Model 72KB 13 1un 2557 83736
@ Halbrid2_noinsulati.. Model 71 KB 13 . 2557 50525 e
@ Halfbrid2_noinsulati.. Model 71KB 13 1un 2567 611663
ﬂu;m«wr) maime st Nnral | TR 170 JEET A0
Current Directory | Workspace Y
Command History " x 3.78792-006
: :

esubplot(3,1,3):

plot (t,vCONL, 'blue', 'LineWidch',3)

grid on:
-glabel 'Veontrol!, 'Fontsize',18);
lwlabel (' Time [s]','FontSize',18);
leaxis{[t_win t_wax -2 2]):

B%-- 17/4/2558 16:52 w. —-%

t_min=0;

t_wex=100=-3;

R | 4

A8 e, (P
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=7 Halfbrid2_noinsulation_DATA2

Fil Edi View Simuation Format Took Help

ol x|
DEESG $BE|[E= ¢ p afoes e | DEBDSy BERS®
i =
==
ACVoltage
To Worspaces
’7 Idal sinusoidal AC Voltags source.
P

Peak ampitude (V)

h I
= v_icet
rose o viget
Phase (deg) iat T ] = -
Jo 5

Frequency (Hz):
50

om Sample time:
@ 5

A
.

Measurements [ Nons

L < L \_ﬁ
izezpr Z1sspr ._-

Diodes|

= = {Mm

Continuous

powergui

=+
Cloc ToWorspacs2 vie
i
iesT “
To Worspace!
Readv

] 0 € KO B[S W

lode23t

K
2072 B 0D E g P

vy v

10. @590 UT Y 1UAIUANINA VBN IGBT

™" Halfbrid2_noinsulation_DATA2

Fle Edi View Smuation Format Took Help

T AO\TANHALN L[0lx]
DSHE| 2R |[c |2 b oo o - E2EESH BED®
[lsovce sk raremetcrs putecgerator | IR I
>
e | P
= 5
LB
Period {secs):
TN
s Duty cycle (% of period):
| fes 12
N Amplitude:
i I‘
T || Stattime:
J—i T2
@w o

i =] Source Block Parameters: Pulse Generator! Toanl \‘

la 1l
B oozzf2 o ‘j ‘ﬁ [z
- =

- |1
3 IGBT/Disget| B =

Lo
Period (secs):
] 7

Ampitude:
[1
Start time:
T

] : %

= = i L]
R

- k2
Readv

| 0@ B O B[ W s

CICTE

lode23t

y
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11. ﬂﬁ'Ji]ﬁ'ﬁ]’Uﬂ1ﬂ1ﬂ1%£ﬂ@iﬁ}1ulliﬂﬂuﬁ1 (0.033 uF ﬂﬁmhlil@]@@]ﬂﬁ}’lﬂﬁ"lulliﬂﬂuq\‘])

<! Halfbridz_noinsulation_DATAZ

=101 x|
Fie Edt view Simulation Format Tools Help

DSEHE| 2R E (e b sfiue: o | FHPed REE®

| i =]
[Z] Block Parameters: Cp 0.032uF2

3| ey To Worspaces.
Series RLG Branch (mask) fink fenesstor
Implements a series branch of RLC elemerts.
Use the BranchType' parameter o 2dd or remave elementsfrom the branch.
P

=
ey

To Warispese2

Branch type: | 1oHN S —
Capactance ()
003366

[~ Settheintial capacior voltage

Measurements [ None = J J
L wteal = 2 @
ok | cwed | He | s | . _MMZE—‘ o
-
owsee| 75| owees| 2] [
ERsE %M

LR

Continuous.

powergui

G—f ]

Clost To Werspaesz

o]

o] ]
din| =]
o]

TaWerspacet

Readv.

s 50 € KO B[ W] S e z

@7 E QD g (D

12. a519a0Ua L vodrdouaunaal

1= Halfbrid2_noinsulation_DATA2 *

- NN 777 73\ =1olx|
File Edit Yiew Simulation Format Tools Help
DIBR&E $BE | ¢y o om - FEBer w@E®

[Cloock arameters: tuuat nguctance— S LESF

Mot Ind k) fink

——

To Worspaoes
Type of mutual inductance: I

v !
=S - 5 ._- -vmm
Winding 1 seff impedance [R1(Om) L1(H): %JL L
[10:207 4808206 e To Wortspace3

’7 Implements inductances with mutual couping

F

Winding 2 sef impedance [R2(0hm) L2(H]]

ensratort

[122.05 26.93=03]

I~ Three windings Mutusl Inductance J

Mutual impedance [Rm(Ohm) Lm(H): L / X - -
E=E] 1. %m;m“ T e T e
Measurements | None | - ““EBUF Vo 4 p,

ok | Cancel [ |

]
—

]
=

i

BRI
T Foen ]
s

.—>- I

=kt W= ]

]
=

MO o Worspecet

Ready

el 0@ MO B W) T mertenona d e
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=] Sink Block Parameters: To Workspace3

“To Worksp
Wite input to specified aray or structure in MATLAB's main workspace. Data is not
avaiable urtilthe simuiation is stopped or paused

P

Varizble rame:

[ I a
13. A329 00U UUUMIIAAIIN Workspace THiITuwiia Array

=13l

- I ResRes pEE®

Limt: data points 10 fast
[inf
Decimation:
[t
Sample time (-1 for inhered):
[4
Save fomat: | Amay =l
I~ Logfied point data as afi object

ol | yr—

el

ot

fenerater
| fiesroisce
Dicses

1

el 7 5 -
oK | Concel | Hep | sooy ol T i2e2p8 21 5507
g .3 vde
B =
s 2| owe| ) .
= Dicdes|
powergul }
Clos - Vee
ToWorispacet T Werspase?
h R
S To Worspace
Readv. [100% [ lode23t pa

b 0 @ B O

14. 73911 Configuration

oinsulation_DATAZ *
Fie Edt View Simulation Format Tooks Help

[ %]

AN \\ \NV I\

[
@72 50 0D W g PO

=[olx]

DSHS sBe e 2> sfwes: lora - FHBS & BEE®

Select

Solver
Data Import/Export
Gptimization
E}- Diagnostics
- Sample Time
Data Validity
Type Conversion
Conmectivity
Compativity
Model Referencing
Hardware Implemenation
Model Referencing
E}-RealTime Werkshop
Commerts
Symbols
Custom Code
Debug
Interface

L

powergul

Glosk

x|
Start time: [T Stop time: [100e-2
Salver opt
Type: Vanable-step =] saiver 0de2% (Wod. S/ Irapezoical) <)
Max step size: o Relaive tolerance: [Te%
Min step size: ato Absolts tolerance: [1e4
Inial step size: o
Zaro crossing contro: [ Use local settings -
‘Solver eset method: | Fast -

I~ Automatically handle data transfers between tasks

218508

Readv

oed 0l € B O B[ W]

Cancel Help oply
- To Wortspace
[100% I [ lode23t
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15. Start Simulation 1182358 N13Run Model

=1 Halfbrid2_noinsulation_DATA2

—infxi

Fie Edit View Smuation Format Tooks Help

DSH& s BB (et afns | & JEDSs: BEE®

[Start simulation
=

Pulse
Generater

Te Wotspaced

1

7

B T/DIoge
Disdes
w Motosl T 12e2eF T 21.85F
| m ToViemspace
powergui w
& s
Closx T:: WorspaceZ  ~
To Worspaces To Worspace?
e~ e
Start the smulation [100% I T lode25t
sl 5 Q) © B * 50 0 0 E m,4m$(3-
7] Halfbrid2_noinsulation_DATA2 10l x|
File Edit View Simulaton Format Tools Hep
DSE&E| & EBER| =4 2 n mfioes fvoma x| EesEE ] wEE e
f=
Fulse To Viorspaces
Genersior
vl
o
L |BT/Dicce
&= ph Dicdes To Wionspacad
] | o
——
20 vage s o ke L
udial 1262 pF 21.55pF
q :: L ¢ Inductsn
Vae
=
ole2 z{gj] olds)
povrergui
& > L
Clost ToWorspace2 - vae
ToWokspaced To Worspace?

To Wonspace

Running

e 50 € K [ ]
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16. 157900V MATLAB 21navanana1atiso 1 vin'lui lualawiin M-file 1182

ATOUAMTINTDANITIN L!,t%ﬂaﬂ Evaluate Selection F9

B Editor - C:\Users\Huntron\Desktop\MAT1\Solid_Teslaparameter2_DATAZ.m =181 x|

Fle Edt Text Cel Toos Debug Deskop Window Help a2 x

DS H| $BRe o |(S(df| 08 880 38 scb: - BOB &0
tit,Vigkt, 'red','LineWidth', 1)/ 3

45 -

46 -

47 -

48

49 -

50

51

52

53

54

55

56

- ‘Open Selection D

o Help on Selection

60 - % Copy ChriC

61 - Pasts Cirb

6z - | Wirap Selected Camments

63 - Comment Chri4R:

B3= Uncomment Cul+T

9= Smart Indent Chrl+1

%5 Evallizkz Current Cel Chrb+Enter

7N Tnsert Gl Divider EETTIITTIY

T Insert CellDividers sround Selection

,EIE _ Insert Text Markup »

-l SetfClear Ereakpoink Fiz

22 - Set/Modlfy Conditional Breakpoit...

75 - Enable/Disatle Ereakpaint

7 - G Ut Gursar,

5 Splt Sreen » STTTTTTTTRIORR

76

77 =

| Solid_  DAT... = |[Seid_T PAT... ~| Seid ] DAT... | _‘

[ script [tn 77 ca 1 [ovE |,
s 0@ KO B[ W = 01t 50 0 08 i O

% QU 1 d [*% (%)
17. 3¢ lanamlasgl (@redrailunsivusedudunseauga)

3 o Csers oDt YT AR YT AN\ iaix
Fle Edt Text Cel Toos Debug Deskiop ‘window Help o e x
R ImEe |8 B 0D E ) i STE ok
T s Lo vaat Fle Edt Vien Incert Tooks Desktop Window Help ~

45 - grid on: DEd& kfave v DB 1O

46 — Tlabel('VIGET[V]', 'FontSize',18) [

47 - xlsbel('Time [s]','FontSize',18); o 2

48 % axis([t_min t_nax -150000000 1500000001} ;

45 - axis([t_min t_max -500 500]):

50 e o 15

s1 % figure(s):

52 % subplotii,1,1): 1

53 % plot(t,Vightl,'red', LineWidsh',1); <

54 % grid on; AR

55 % ylabel('VIGBTL[V]','FontSize', 18] =

S6 % xlabel('Time [s]','Foncsize',18]; =

57 % % axis([t_min t_max -300000000 300000800]) & O

S8 % axis([t_min t_nax 4000 4000]); =

59 @ 05

60 - figure(s): [

61 - subplot(l,1,1); X Y

62 - plot(t,Vecp, 'red', LineWidth',1):

63 - orid on;

64 - ylebel ('VCprimery[V] ', FoncSize',18) 1.5

65 - xlabel{ Time [a]','FontSize’,18);

66 - meis([t min t wex -15000 15000]); 2

67 0 001 002 003 004 005 006 007 008 009 01

68 ~ figure(8): Time [s]

69 - subplat(1,1,1);

70 - plotit,¥de,'red', 'LineWidth', 1)
71 - grid on;

72 - ylekel('Vde[V]','FontSize',18)

73 - xlabel{'Time [s]','Fonc3ize', 18);
74 - axisi[t_min T wax -600 €00]);

” =

| Salid_]  paT... * [ Sald  DAT... % | Salid ]  DAT... ¢ | |

) eorst o o1 Jor ,
= N SECW - |P B[ 800, P

=
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18. vindesmsgUnwldiden Edit udane Cope Figure 92 lagiaudons

[l A

Insert  Pagelayout  References

=

Paste

Calibri (Body)
F Format painter | B £ U - sbe X, X

Clipboard Font

oA A

Mailing

Aa~

o e s

S|

22 121 120 19 118 47 0 5 4l 03 12 Ak 110 19 B 716

Fie |Edt View Insert Took Deskiop Window Help

Documentl - Microsoft Word (Product Activation Failed)

=lolx|

Lo
Redo

Elo@ao

ut kg

_ Change
T Styles -

Subtle Em...

44 Find -

U4e Replace

[¢ select ~
Editing

o R

- @

Gopy.
Paste.

ChrkC
ikt

Gk

Figure Properties. .
Axes Properties. .
Current Object Properties, .

Colormap,

) e A

Clear Command Window
Clear Command History
Clear Workspace

004 005 006 007 008 009

Time [s]
Fage: 110f 26 | Words: 174 | B English US) | [Eesz= wm O U +S
pee| 0] € B Y m@ "B ODE L, Dm
x 10°
2 r r
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19. vindeamsudanaveannliud 1uf axis(t_mint max -600 600]); t@IRunlHsiRIY

gﬂllﬁlﬁluﬁ hlﬁlﬁsl)ﬂQRun Model

' Editor - C:\Users\Huntron\Desktop\MAT1\Solid_Teslaparameter2_DATA2.m*

File Edi Test Cel Toos Debug Deskiop Window Help

Bl

2l x

DS H| @ o o (&5 QR 0 e

z0 -
21 -
22

2=
24

28 -
26 -
2|=
28 -
29 -
30 -
3t

=
33

34 -
35 -
36 -
37 -
38 -
33 -
40

a1 -
4z

43 -
44 -
485 -
46 -
47 -
48 -
49

50 -
51

sz

53

| s

Flabel( USecondary[V] ', Fontdise', 18);
label (1 Tiwe (5], Fonrsize!,18);
% axis ([0.0058 0.007 -50000 S00001);
axis([t_min t_wax -200000 2000001} ;

Tigure(7);
subplot(1,1,1);

plot (t,Veulse, 'blus',
arid on:

Tlabel ('VPLUSE [V]', 'Fontsize',18):
xlabel('Time [s]','FontSize',18);
4 axis([0.0069 0,005 -1 213
axis([t_min €_wax -1 21):

'LineWideh', 1 :

figure(3);
subplot(i,1,1);
plot(t, Iigbt, 'red’,
grid on;

Tlabel (' IIGET[A]','FontSize',18)
xlabel (' Time [s]','FonuSize',18);
5 axis([t_min t_wex -Z0O0 2000);
axis([t_min t_wax -S5O 80]):

‘LineWidth',1):

Tigure(4);
subploc(1,1,11;
plot(t,Vight, 'red',
grid on;
Tlabel (' VIGBT[¥]'
xlabel( Time [5]',

'LineWidth', 1) :

,'Fonuize',18)
'Foncsize',18);

% awis([c_min £_wex -150000000 150000000 ) :

axis ([t _min t_wax -S00 5001)2

Fle Edi View Insert Took Deskiop window Help
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Time [s]
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% figure(s);
% subploc(l,1,1);
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BOAs0

=lol x|

Users \Huntron\Desktop\MAT1\Solid_Teslaparameter3_DATA

DB H| 4 BB |80y Do) E

Fle Edt Text Cel Tools Debug Deskiop Window Help

3 Editor

Fle Edt View Incert Taols Desktop Window Help

swbplot(i, 1,1}z

DEES| k| RAN® |« 0| 0O

plotic,Vpulse, 'blue', 'LineWideh', 1) ;

grid on;

27 -

ylabel( VPLUZE [V]', 'FoncSize',18);

28 -
3

xlabel(' Time [2]', FontSize',18);

@l=

% axis([0.0069 0.008 -1 2]);
axis([t_min t_wax -1 2]);

31

250

figure(s);

34 -

sukplot(1,1,1);

platit, Tight, 'red', 'LineWidth',1)7

£

xlabel(' Time [=]', FontSize',18);

1Lg9|

@
o
i
g
g
&
=
by
H
8
l
=

axisi[t_min t_wax -50 80]1;

% axis([t_win t_max -200 200]);

41 -
4

2

figure(4);

43

swkplot(l, 1,1)7

red', 'LineWideh',1)7

plotit, Vight,"

45 -

', Fentsize', 18)

ylabel (' VIGETLV]

#label(' Tine [s]

;' FonuSize', 181

48 -

002 003 004 005 006 007 008 009

0.01

axisi[t_min &t wax -0 350]);

% axis([t_min t_wax -150000000 1500000001} ;

Time [s]

5 figure(s);

52

1

5 subploc (1,1,

5 plot(t,Vigocl, 'red','LineWideh',1);

5 grid on;

5 ylabel('VIGBTL[V]','Fontgise',18)

,'Fonusize',18) ;

% xlabel(' Time [s]

axis([t_min t_max -300000000 300000000]);

% axis([t_win ©_max —4000 4000]);
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IGBT MODULE Spec.NoIGBT-SP-10004 R4 P1

M B N 800 H45E2 -H Preliminary Specification

Silicon N-channel IGBT 4500V E2 version
FEATURES
= Low switching loss IGBT module.
= Low noise due to ultra soft fast recovery diode.
= High reliability, high durability module.
= High thermal fatigue durability.
(delta Tc=70°C, N=30,000cycles)
= |solated heat sink (terminal to base).

ABSOLUTE MAXIMUM RATINGS (Tc=25°C )

Item Symbol Unit MBNB800H45E2-H
Collector Emitter Violiage Vees v 4 500
Gate Emitter Voltage Vees v =20
DC Ic 800 (Tc=80°C)
Collector Current ms ico A 1,600
DC I 800
Forward Current ms i A 1,600
Junction Temperature T 5 40 ~+125
Maximum Junction Temperature(T) Timax °C 150
Storage Temperature Tetg oc 50 ~+125 (2)
Isolation Voltage Viso Vams 10,200 (AC 1 minute)
[Terminals (mams) - : 2/10 (3)
Screw Torque [Mounting e, - N-m 3 )

Notes:(1) Regarding the condition of T,jmax fOr €ach operation mode, please refer to LD-ES-130737.
2) Terminal temperature shall not exceed the specified temperature in any operation.
3) Recommended Value 1.8=0.2/9=1N-m (4) Recommended Value 5.5=0.5N-m

ELECTRICAL CHARACTERISTICS

ltem Symbol | Unit | Min_ | Typ. | Max. Test Conditions
; A - - 17 [Vee=4,500V, Vee=0V, Tj=25°C
Collector Emitter Cut-Off Current lces mA = 17 67 |Vee=4.500V. Vee=0V. T=125°C
Gate Emitter Leakage Current laes nA -500 - +500 [Vee=220V, V=0V, Tj=25°C
Collector Emitter Saturation Voltage VeEisat v 35 42 47 [lc=8B00A, Vee=15V, Tj=125°C
Gate Emitter Threshold Voltage Veemo) v 54 6.4 74 [Vee=10V, Ic=600mA, Tj=25°C
Input Capacitance Ciet nkE - 110 - |Vee=10V Vee=0V, I=100kHz, Tj=25°C
Internal Gate Resistance Rge 9] - 1.2 - |Vee=10V.Vee=0V, 1=100kHz, Tj=25°C
Rise Time i 1.0 2.1 4.2 |Vec=2,600V, Ic=800A
- ] Turn On Time ton 1.3 27 54 |Ls=180nH
Switching TIMes =2 Time tr M5 792 [ 24 | 36 |Rg=470Q (5
Tum Off Time to 24 4.8 7.2 |Vee=+-15V, T|=125°C
Peak Forward Voltage Drop Vem Vv 3.0 37 42 [IF=B00A, Vee=0V, Tj=125°C
Reverse Recovery Time t, us | 03 | 07 | 14 ‘T‘}":ﬁ:;é?gm" Ji7p00A, Ls=180nH
Turn On Loss EE";"‘_‘“‘“_" Jip 1 g; TI?'D
R — 5 78D |Vcc=2.600V, Ic= IF=800A, Ls=180nH
Tumn Off Loss E‘ﬁ_‘”"‘_’ Jip Dig Rg=470 (5)
alitl) - 17 Tep Ve -1V, Tj=125°C
Reverse Recovery Loss Emton) | p - -
| Enifull - 1.9 -
IGBT Rith(j-c) E - (0013 4
Thermal Impedance [FWD Rih(jc) Kiw - 7 0026 Junction to case
Case to fin (.grease=1W/(m-K),
Contact Thermal Impedance Rith(c- KW - 0.007 -
_ pe _ (c) Heat.sink flatness <50um

Notes:(5) Rg value is the test condition’s value for evaluation of the switching times, not recommended value.
Please, determine the suitable Rg value after the measurement of switching waveforms
(overshoot voltage, etc.) with appliance mounted.

* Please contact our representatives at order.
* For improvement, specifications are subject to change without notice.
* For actual application, please confirm this spec sheet is the newest revision.
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IGBT MODULE

MBN800H45E2-H

DEFINITION OF TEST CIRCUIT

Spec.No.IGBT-SP-10004 R4 P2

Preliminary Specification

Vee

Fig.1 Switching test circuit

Vce AN le VL
)E ;{‘"— Le= ( dle )
0 1 dt Ji—gp
t
Fig.2 Definition of Ls
Ic lc Vee
Vee Vee 0.1Vce
TTE0% —y
Irm 0.5lm
10% ' \_10% / 10% _10% 0 1E
Vge g Vage 3 t
0 10% 1] 0 _m"—- t IF Irr..
LA, L e v
= t—
e ) |
[L 3 Ay
7 #® L t9 ¢q t12 t10
t4 12

Er(10%)= J IF-Voe dt
111

t10
Err(Full)= _r IF-Vce dt
9

18
Eon(10%)= J Ic-Vee dt Eoff(10%)= J 1Te-Vee dt
13 17

2

6
Eon(Full)= _l- Ic-Vee dt Eoff(Full)= ,r [c-Vee dt
t1 t5

Fig.3 Definition of switching loss

HITACHI,
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IGBT MODULE Spec.No.IGBT-SP-10004 R4 P3

M B N 80 0 H45 E2 -H Preliminary Specification

STATIC CHARACTERISTICS

1600 \.I'GE=I7\|’{‘|5!\.r 13V Tentative 1800 VG E=1lr?‘ 15; 13V Tentative

[ !

"J/ / [1=125%C

|Tj=25°C

—
I i
“"""m_h‘h" =

1200 &':j Jn 2 1200 alf /
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IGBT MODULE Spec.No.IGBT-SP-10004 R4 P4

DYNAMIC CHARACTERISTICS
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IGBT MODULE Spec.No.IGET-SP-10004 R4 P5

M B N 80 0 H45 E2 -H Preliminary Specification

TRANSIENT THERMAL IMPEDANCE
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Transient Thermal Impedance Curve (Maximum Value)

® Material declaration

Please note that following materials are contained in the product
In order to keep characteristics and reliability level.

Material Contained part
Lead (Pb) and its compounds Solder

HITACHI
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IGBT MODULE Spec.No.IGBT-SP-10004 R4 PG

M B N 80 0 H45 E2 -H Preliminary Specification

Module Outline Drawing

Unit: mm
nx1
4+ 1
G, & )
} . !
i o t-M8
Tl 4
I 1 4 1
! R o ] e
i ‘"*’}"i W 2
; |
! =5 ©
T M —_ - =}
] +l
=
-
B — Sl
F-g Fx0.1 o
+1
= 6. 5%
o

screwlag depth
screwing depth 18, 5x0,8 mex, 16
mdw. 8

5 D

43,0 +]

H H —
| NIl ]
=

Circuit diagram

c C =
- tj}
E *E E
TERMINALS

HITACHI

T r a1 wa__ &

136



IGBT MODULE

MBN800H45E2-H

Spec.No.IGBT-SP-10004 R4 P7

Preliminary Specification

QG-VGE Curve

Conditions: Ls=180nH,VCC=2600V,VGE==/-15V,
RG{on/off)=390/390, Ti=25°C,
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IGBT MODULE Spec.No.IGBT-SP-10004 R4 P8

M B N 80 o H45 E2 -H Preliminary Specification

RESOA

VCE( spike Voltage)
IC{to betumed off) ___-=~

le

Conditions: Vcc<3000V, Ic<1600A,
Rg=4.70Q),
VGE==%15V, -40°C<Tj<125°C,
Ls<180nH, on pulse width= 10us 0
(Vce spike voltage and Ls are defined at auxiliary terminal) Definition of RBSOA waveform
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IGBT MODULE Spec.No.|GBT-SP-10004 R4 P9

M B N 80 0 H45 E2 -H Preliminary Specification

HITACHI POWER SEMICONDUCTORS

I Notices NN

1. The information given herein, including the specifications and dimensions, is subject to
change without prior notice to improve product characteristics. Before ordering,
purchasers are advised to contact Hitachi sales department for the latest version of this
data sheets.

2. Please be sure to read "Precautions for Safe Use and Notices" in the individual brochure
before use.

3. In cases where extremely high reliability is required (such as use In nuclear power
control, aerospace and aviation, ftraffic equipment, life-support-related medical
equipment, fuel confrol equipment and various kinds of safety equipment), safety should
be ensured by using semiconductor devices that feature assured safety or by means of
users’ fail-safe precautions or other arrangement. Or consult Hitachi's sales department
staff.

4_In no event shall Hitachi be liable for any damages that may result from an accident or
any other cause during operation of the user's units according to this data sheets. Hitachi
assumes no responsibility for any intellectual property claims or any other problems that
may result from applications of information, products or circuits described in this data
sheets.

5. In no event shall Hitachi be liable for any faillure in a semiconductor device or any
secondary damage resulting from use at a value exceeding the absolute maximum rating.

6. No license is granted by this data sheets under any patents or other rights of any third
party or Hitachi Power Semiconductor Device, Ltd.

7. This data sheets may not be reproduced or duplicated, in any form, in whole or in part,
without the expressed written permission of Hitachi Power Semiconductor Device, Ltd.

8. The products (technologies) described in this data sheets are not to be provided to any
party whose purpose in their application will hinder maintenance of international peace
and safety not are they to be applied to that purpose by their direct purchasers or any
third party. When exporting these products (technologies), the necessary procedures are

to be taken in accordance with related laws and regulations.

B Forinquiries relating to the products, please contact nearest overseas representatives that is located

“Inquiry” portion on the top page of a home page.

Hitachi power semiconductor home page address http:/iwww hitachi-power-semiconductor-device.co jp/en/
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1Pack IGBT

FuJ1 _—  1MBI 300F-060 so0

IGBT MODULE ( F series) M Outline Drawings

LT

. Yoy
M Features
® Low Saturation Voltage : . ik [
® Voltage Drive | : . N

® Variety of Power Capacity Series S i E =1

W Applications

® Inverter for Motor Drive

® AC and DC Servo Drive Amplifier
@ Uninterruptible Power Supply

41

@ Industrial Machines, such as Welding Machines UL

B Maximum Ratings and Characteristics

@ Absolute Maximum Ratings .
Items  Symbols | Ratings | Units
Collecter-Emitter Voltage B S T N R i
_ Gate-Emitter Voltage WiGES —8ep—l [ W] I Lo o ‘
Continuous ic 1 a0 | ' AT _
Collester ms 1¢ guise &no A |
Current Continuous -lc 300
ims —|C puse 600 1 i
Max. Power Dissipation | Pe 7l Lo 1083, | W B E
Operating Temperature Ti | +150 | N 16
Storage Temperatura Tug [ -40to+125 | °C
Met, Weight | 415 a
Isolation Vaoltage | AC. Tmin. Misal | 2500 W
Mounting *1| 3.5 {35] N.m
Screw Torgue Terminals *2| 4545 | fkg.cm)
Terminals *3[ 1.7 [17] |
#1 Recommendable Valie 2.5 to 3.5Nem |25 1o 35 kpeom | (M55
#2 Recommendable Value 3.5 10 4.0Nsm |35 to 40 kgeocm | (M6}
43 Recommendable Value 1.3 10 1.6Nwm |13 1o 16 kpscm | (Md)
® Electrical Characteristics (Tc=25°C)
Iterns Symbals | Test Conditions | Min. Typ. Max. Units
| Vae=0W Vee=B00V Ti=25°C |40 ma
Zaro Gate Voltage Collacter Currant loes [ VeesOW Vees NV T=125C — A
Gate-Emitter Lea_t_:?(é"g;Currar;t NN EEDE y_Tu"-l-_i(}\l'j'u'j:E . W) w// ColV/ | | 200 na
Gate-Emitter Threshold Voltage | Veews | Vee=20Y le=300mA {0\ 3.0 80 | W
Collecter-Emitter Saturation Voltage Veewsi | Vee=15V Ic=300A | 25 v
7 Input Capacitance N\ __ __ '_ Cies | Vae=0V | B 28500 o ) -
Output Capacitance ) Coze \ee=10V — pF
Reverse Transfer Capacitance Cres= f=ThHz
Turn-on Time T Vee=300v - { 08
t Ic=3004 ' | o8 s
. ot WieE=118Y 1.5
Turn-off Time W FloB 800 .“_ S o
Diode Forward On-Voltage W IF=3004, Vee=0V | | 25 W
Reverse Recovery Time tu IF=300A, —difdt=800Ads Vei=-10V | | 300 | ms
® Thermal Characteristics
Items Symbols Tast Conditions ! Min. Tvp. Max. Units
B Rini | IGBT | | 0.116 |
Thermal Resistance R ie! Diade 0222 | CW
Foen ity With Tharmal compound 0.015 |
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1Pack IGBT
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1-Pack IGBT
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Abstract

Ihis paper analyses performance of a designed Tesla
Transformer with electronic switching (Solid Swate Tesla Transformer)
which is compared with a typical Spark Gap Tesla Transformer. The
analysis is carried out by Matlab/Simulink. The advantage of solid state
Tesla Transformer is not only reduee its size but also has noise free and
adjustably the frequency of testing. This investigation has input voltage
of 4kV in order to generate the output voltage up to 150kV at frequency
of 200kHz. From the results. it found that by using the proposed
electronic switch, the performance results are similar to the typical
spark gap. This can prove that the Solid State Switch can be used for
Tesla transformer.

Keywords: Tesla Transformer, Solid state relay, Spark gap
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This paper analyses performance of a designed Tesla Transformer with electromic switching (Solid State
Tesla Transformer) By comparison circuit switch 3 forms electronie switch switches the direct ,half bridge inverter
and full bridge inverter. To select the appropriate circuit and rated of Electronic switching device (IGBT) is
appropriate. In building solid state tesla transformers solution Estes coordinates 150 KV 200 kHz. By simulating the
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Keywords: Tesla Transformer, Solid state, Inverter

ENETT 10-1012
110

179



The 1Dth Conference of the Energy Network of Thailand
4-6 June 2014, PSU HatYai campus, Songkhla, Thailand

1. umin
wiaudaunaar dunioutawnuaima
1%’6?wq\lﬂi’:hunﬁuqmawagw roIFAENITIAA
Us1ngmss Tamd Tunees Le Tas L Asdiam
Mo (Inductance) Y89UARIANABYT (Secondary
Coil) vaawlaunaal ua: ¢ Asdrmuylelih

=

(Capacitance) U843 VAN Jﬂ‘t}aﬂﬂll (Secondary Coil)

u

vasniaulaunean (Stray Capacitance)

1 'msﬁugmwwﬁauﬂaammﬁ
inﬂ';wsﬁugmma\mﬁauﬂmm-ﬁa'1[3] 1u
U9 1 wilowlaamaadidaulsznaudiAnie nie
wlasIrlihusedugs mhiauml amhdiaes vaada
Ugunil uasvaatanavnl

—a

.—;‘ SOz

-E 55T
A=/

e,

o

I

= o o 1
71U 2 1esAuyadvesmiowlaunam
= 1 =
vInuvsauyadamioulaunaa luzdn
4 s = & = [

2 dleathiauntlnamasaiiia .zunia1enen
o = ' o 4 o o
Wt uNEz Ay szvemihEeeinuraaladiu
wsAud1 @LP) ludnuuzeaadatudiennudig

= = \ = 4 = =
Twuuud uazmilsnihldnazdndudyanansdu
. . N
Aunwags @) ludnvasduadusniumiin
o = £ 1 = = 1 a
A8AUAE THUUFITWASINY ALDUNAIAYDT
1 k]
misaadana=ingagadidinaunsrasdainla
m .'.\-I = s < '
azenu laen1 Ile=teuoonuuulitalums=nn

150-250 kHz

180

[ 2]

x10”

i i i i =I ﬂ:!
]
—_4
=
2
g2 ‘
2
2 MHMH .,ﬁru“u“wm»«
fa
g
0 1 2 3 4 5 (3
Time [g] %10

= = a4 ) & a
119 3 maina sodT@TUvRITIAUAIUNAYTIvDS
wilouwlaamaan

£ \
2. mysanuuuniauldaimaal
2.1 Foulalumseanuuy
==

- = P
1umsaammuﬁ’aqﬂmmwmﬂmmu

sz an1ed1uussdugs dinwindeetisala

&l

dleaninalizameduus sdugess inaneusadu
waza21wanitesonlyl Tasyadseaenlunts
senunpviiaulaumadifiialdlunsnagaugn
Fagnuau nuzedunylawiion 140 kv uas
arwRnasg i miualiioentd 150 Kiz Soh
AIAIMUANAALDINITBONUUUABUTIAUNAA
MIATUUTIAUF 150 KVrms AMUANAA 200 kHz
usadnilowsh 220 v
22 nammuamAR iz ameA AT
marwy il luvaaianasgivemiie
wlaamaa Uszina 10 pF mranuy ldihaeans
seoA iz as pF eanuehifhvesan
f1oaudu Uargegallizina 60 pF 3awA1lazg
Tlflsrsamipalieana 95 pE
2.3 mysonuuLIRaIALsIANgavesrlaulasmad

¥
N3 0BNKULUAAIALSIAUE N 198 PVC

.
aem =i

Tumisviuvaaia dlesnniguayiang Iany
= 'R E EETT
udausa igannusu s1gn uasmizelaie ms
= 1 = @
tionauraveaneaiuisation 1Aa1uA1319
T 4 - =
anuduriug veaida i leud awaisien 2.1

UazdenAIINFIRIIAIT 19N 2.2



msszguim msasatnenaswislszmnalnaason 10

FUR 4-6 TOUEW WA 2557 WEIIATRASUNS dandassnan

= v e o P g e = @
ANTEN 2.1 ANVTUNUS ’:::1131\1mm"11'm1m_|mu

Furudnaavia
f S
fdalulih Wuruguanatma (i)
= 500W 34

500W-1500W  4-6
1500W-3KW  6-10

3
=3KW 10 33414/

A13197 2.2 @13 udenanugaie

@urugudnanaio  sasdn AN
S Ed
(t¥)] ({T)]
3 6:1 18
4 5:1 20
6 41 24
< 4 - 23
8 tiatu'la) 3-5:1 24 diyau

] = =
;’Iﬁ)’lil‘i;%laiﬁ'lmi_lﬂh‘il]“fl‘lxl‘ﬁ?’luLlS\‘li.;[»l 95 pF 3z

a

aunsafammaNuHNsnhvawaalANAil

&

vowtaudawnaan ldonnauns

__ ! 6}
L= 4rifIC,

& W e @ =

ar99: 1A 1Ay 7.04 mE s maamvnaves
3 44 ar 3 a = £

@uarannlFlumnivvaatadunaegiivesmis

wilasmaar AramsmaInNssugaa149503vAaIAN

UFIAUBINULLAD 150KV ﬁ!'hﬂﬁllﬂ’li

7 Y Vi @
=" "Z 2mL,

2= ldnszumning 16,955 A 1lpa9INNIzUAGA9D3
= e = P [ = =5
Nanpaziluiadninalszinaaseaiuaun 200
KHz (2.5 ps) uasvinavstnannaanussanilewdn
' 4 =5 = =
faoandiu 172709 100 Hz (10 ms) 9981871359
futanszualszansma lddoauns

25us
I. -1 |l_ 3)
N 10ms

2 _ S

' ldnszuanindu 0268 A wazdienasiany

wuwsiuvoanszug Wihn Tvardiuvaalranaauag

= = T oo & = =
FAAWNIAY 254/ mm? 3IWDIAANAVES AAMENA
3 3 o oW 1
ud1 s=1daransauns wof 23 swG  fiduriu
Ed
o =
AudNa19 0.024 11 Tumsivwaaia

= s

MieenuUVYARIAAIUNAENT v 1900
" & = s s 5 e
VAFUAIUALENANN 6.5 13 uasga 30 W3 e
[ [ o
ANUFIvRINaNITABIF UM IAUINaIIVD
aAnaaLAd was 23 swe a ldsmausouluns
o Vo 9 o s L
fiuwAalaeiIAY 1250 380 udnhdmauseunldn
fatiMA U NeRhnnaEYNg

B ‘J\‘{le (4)
T OR+10H

dle L = anumisniweswaaia (uH)
N = §1U2U500U99UAAA R = SAUDIUARIA (i'f';)
H=A71g983UAaIA () 18 L = 50.125mH iife
1a2a9100u 1250 seudeenuuuldsiiniiviu
mﬁmﬁwu'ﬁwamﬁmmquﬁu%m-ﬂu 32 5’; uas
diovhmssnannmanumitienhvevaaiall
2= ldamny 47.255 mH
2.4 A wgueh Iuvna1a(Siray Capacitor) 329

aAUNTS
3 i
C, =020H +-0.4m+1.94,f‘% )
1ds c=12.62 pF
1 L) & ar
2.5 mmamgasdanlszmasesazl lainen
AU

C., =14(12781 —%)Jmn,w” -D) ©®

s
=5

5
o ] o & &
wie D, =durugudnarinieluveimesesa(ia)
g . 2 s 4
D, =durhugudnaliniguenusmesosa(iin)
4 o daw <
luntiszeonuuuldnesesaliduriugudnaia
' 1 g 9 = = _ e
meluahiuienlfiuvananasgiine 6.5 41 uas
3
NdurugugnaIHenIINY 195 31 9: 1A

5. _ 2
C = 2155 pF dlodia vesdunvyszane 3 i

ENETT 10-1012

181



The 10" Conference of the Energy Network of Thailand
4-6 June 2014, PSU HatYai campus, Songkhla, Thailand

saunuss ldaanugvesdsz e Inlfhdruusags
N 94.17 pF
2.6 wiAnRLs Tauuud naums

PO @
272,L.C,

diefammz sy Il

f 1

= =206.094KHz
27\/47.255mH x12.62 pF

dionammz Alszy Ilfhuel sauiuls=qifh

yomesaua
1
=
27,/47.255mH x34.17pF

=125.248KHz

disfammz Alszy Iiihurk saunvanlseqTvdh

vamesosA uazalszq Iihvesandrenuon
1

f= =75 446KHz
27[47.255mH <9417 pF

MMsMLaAas lsunuderanaanaaies
75.446 KHz
o & 3 ¥ a
2.7 mamanuyvesdunulszanwauanalgugi
s ' o &
fMwranina1 Anugvesdaiulszednuse
dapantiowasmaarldanaums

A ®
iz
1881 ¢ Uszana 0.1 uF lumssaadwdniuisey

5 ' v &
Anussivemsiomlaamad v 1daunuis: g
YUIA 0.1 uF 1000 V BYNTUNY 5 A2 LAz VUTUAU 5

3 - &
ua3 e i lddunus=9uu1a 0.1 uF 5000 V
) a
2.8 myvenuuuvAaIAR LUFUY
' =t i 3o o)
nnAwnns Tsnuudn ldmuaalninde
126 nuhmndesmsimfeutaunadr lulsln

15 Tpuuu 9=06n

N13NATBUZNE2Y AT
75.446 kHz 1z @ 13NIaMUIAHIAIANMMNEN

voswaaalgugivesiieudawmaar ldvinaums

— ©
L e
% 1 - 4457 M3

T A7 <75 HA6KHz < 01 F

Jariwaarausdumvaniautaumaar vxvinly

ANYAENTINTT LBNITUIARBINLYAAIALTIAUGS 1Ay
wAaA TiMi R =585 gaH=6 i urkanun
12 300 HazuAaz oW AAY 0.5 110 9emaating
WA duruAugnan 0.25 h diefmunamy

qumsn 49214
Lo 12'x585
(9%5.85)+(10x6)
3 il am & e
Fanm Indngaiuannumtenimauaudie

=43.74H

aun1sn 9 vinnsesnuumiaulasmadezagl
fhw1s1§|ﬁa§d1qqma«1w‘:'lﬂ"ﬁn“:

L =43.744H ,C, =0.14F s L, =47.255mH

Uaz ¢, =04.17pF

< = g
3. m‘smaaa‘izuue’huill‘mmuﬁaummm

Y 3 a v PR
maldinantiugndaslunisidian
- A 3 o ¥ a
winmaianguldlunisdiasssz vy filaeu
= ¥ o o ¥ 3
wnauddldimsdaaivaalaveaniioutlas
' ' - <
maa udnal mayeulsamaiman vesvaala
¥
lagnmsApvaaIAIdoIVaYNsY UEIMUIUAIY

aums

E=Li—1; (10)
2

M=
& ' &l _Ja - oo '
gia M = aimayeau leamanumian (H) L =aany
1 ) ¥
l'ﬂuu')ﬁ"‘i1uﬂaii‘ﬂ51ﬂﬂ‘1ﬁauuuuaun?ui’uaﬁu

@) L= sanumiisnhyesuaaladuusea H)

uas L, = AAnumieni1v0swaaiaf uusagaH)




msszainm mMsaTaTewas sl ssinalneasen 10

SR 4-6 A0uTEW WA 2557 WEawasuns Sandnaenan
4

3.1 mydamanumilanihussvaalaniondaunaal 1

1S o 4 0y 2 o4
F‘I"ITI'Jﬂllﬁﬂ"lﬂq.lﬁ'n']\ﬂ‘lﬁi'lﬂ‘“uﬁﬂ

L=4768mH L =4808uH W8z I, =4693mE

]

|"| I |I| |||'||'|"|'||'|||||'P"'1 o

ANAUMSIN 10

Mo 47.68mH —48.08uH —46.93mH _ 0.3500mE

Py

rm———)

E = L] ' P = Y
LAEIHIRTIWIT1UIAD A9 lihimsdassszuvdae

Tilsunsunouiinead MATLAB/Simulink 2 ; '
o ! it 6 pilnddy iU’I'él!.l.l‘jxlFﬁJ?‘lhlﬁil’lﬂﬂ'lail'ln‘ﬂﬂaw'i_lﬂ

Eul

s = da & = o
32 msdansszvunuy ldaiadadnnsoinduuy 4 . v v
nnzdin e avnlussAudiuusagavasndiantas

Ao lagaTa

» o man 11 $raneszuudreraes lugili siag
1uﬂ'|n’maﬁz:uuriwaum1ﬂjm Wérims WuaninsiAaooadiasuimiy 10 323 3ai
) 3 ' =
I.Lmﬂ“llsTaan:umaumjz:nmaamﬂu 2 uuuwﬂa SRR 160 Ktz nsiusadugati 240 KV
upuiifruussgavesniowlamadt ligndas 13149 3.1 Aussdud s sgeweaniaudasmad

o= Fy = & 1an
nageuuazuuylifiandrenagoy Inedisluiian L .4
s d dioliunlasu Duty Cycle

=

Duty Cycle(%)  LiTigndastev)  Tgndaadv)

-

fronaraun1lsz AU IAUAI9 087 0,033 uF

uazialigndlenaaey Anlszg llihA s sdne:

i . N 50 18 18
080 0.1 pF  nduIzviIATu lasmaaluay )
E s , : 40 50 90
¢ a o £y a1 el )
pilnsaiadad IGBT) liinsdaaniaasnesanay )
: . .- 30 100 150
vaq Iihnszuaadun Jeowdniio 220 v 508z Tas
' H = = 20 250 210
1N 10 ms 9:AAAD 1 AT3 WUTI0U Y Duty Cycle 0
10 300 240

10 % I=ziiANIsa0dHaTugIga

10A13197 3.1 92168151 Duty Cycle
= - q 8 P | 2
ana= Ry Iius sy

A15199 3.2 UFAIAITIANANAT DAz AINTUER

1 & & ' )
Tnarmuginsaln3ag(GBT) n3al hitigndae

Duty Cycle(%) UFIAUV) NIzUA(A)
50 311 1,450
1 40 750 1,450
i}
o 4 . ) 30 1,500 1,450
310 5 20 lFlumsirassszuudreTlsunsy ’

o, o 7P 20 3,000 1,450
ABINIIADT MATLAB/Simulink LUUAIAT

10 3,000 1,450

a = a4
DIENNIDUNT

ENETT 10-1012
510

183



The 1I)h Conference of the Energy Network of Thailand

4-6 June 2014, PSU HatYai campus, Songkhla, Thailand

A13199 3.2 AUSIAUANASDULA AN =IEN [Har Y

&= e
gUnsain A (GBT) n3ailignday

Duty Cycle(%) UTIAUV) NIZUT(A)
50 311 1,420
40 700 1,420
30 1,800 1,420
20 1,900 1,420
10 1,900 1,420

1

o 001 002 003 004 005 006 007 006 008 D1
. Time [s]

= A o o ' o o
310 7 adudygaussaunanaseuglnsaladag

B

IIGBT[A]
;

0 001 002 003 004 OO5 005 007 006 009 0.1
Time [s]

= 8 e = ' 4 oo o
710 8 Adudygranszuan luaruainselaiag
ar O ar 1 ¢ o o
s=danald ussAuanasenglnseiadad
a v = & Ea o
nagannluzamsuuzsud uasnszudnlanyas
2 & a o
uaduing
o ) a o
32 matassszvuuuyldnesavluiag
= o o
YT CHULH
3! = = o £ 3/
mslE9ssniuiaduneinnisaianie

wlaslsdamagmadr fivsuunanylaviing

$1mealu 2 plunumwRsnwiade 3.1 udnims
o o ] = o T
AIuRuMIdiagvesglnsaiaiannsedindlugiy
= e & =8 = A
A lauuud Saannsaaaam 1d ludesdu

NNFAT 1
27L,Cy

Taauie litigndreanuas=egh 125.681 kHz uas

e 5 - =T
MINANAILV0GN 72.583 kHz 1AM UM
4

auaNandes

]

517 9 2950 1F lunsSansszuudae

]

o o s @
. paL 1vsamluiatounaimed

VSecondary[V]

o 001 002 003 004 005 0D6 OO7 003 008 O

- Time [s]

|4

V8econdary[V]

n \B

I i Il

502 S04 S0 508 54 512 S14 596 598 52

Time [s] x10”
510 10 pUndudygrasAun ldanmssiass

3211 132kHz Duty Cycle 20 % liiiigndae

184



- a . . & g
nsdszmudTmsasatiewasnunnslssinalnaasan 10

w o = = € o e
AU 4-6 T0unEw WAL 2557 A AITATUATENS F9RTaRITAN
5

A1319N 3.3 AWEIAUAMUTIG AT IRLANATEY
] =% 1 = =
uasmnIzuan lnaruglnsalalasaGBT) nal lu

= ) = a4 a o
ugndae Taemslasuniwaniag

f(lkHz) Vs(kV)  Vight(V)  Tight(A)
125 24 311 15
130 65 311 32
132 360 311 250
133 270 311 205
135 60 311 63

A1319N 3.4 AWEIAUAIUTIG ATIANANATON
' = ' = a
uas Anszuad narugunssiaiad IGBT) nyai u

1ignde NATWA 132 kHzlaemsn/aeu Duty Cycle

D (%) Vs(V)  Vight(V)  Tight(A)
40 360 31l 250
30 350 311 240
20 145 311 95

10 25 311 25

VIGETIV]

005 006 O

0.03 Qo4
Time [s]

100

IGBT[A]

=9 008 008 0.1

001 002 003 004 005 0DE 007

4 Time [s] .
51 11 ﬁnuﬂxyxy"lmuwﬁuuazﬂimmaqq'ﬂnm

E

A3ASTIAMA 132kHz Duty Cycle 20% hitignee

b

w W 3 5 = sl
Fana'lda na0 132 Kz dluanudnm
¥ a o = ' =W
Tfinaaa1ss lauuduas N D 20 % AWsIduAI
U39gI ANsIANANATBNLAz AT ud InanIy
oo & A
gunsaladad aglusaeisanzeu
< ] v " = "
A15199 3.5 ATSIAATHUTITE AWTIAUANATOY
i s o
uazAINIzuan lnaruglnselaiad(aGBT) nsaill

o - =t & e
anag lnsmanlasuanuaaiad

fikHz) Vs(kV) Vight(V)  Tight(A)
72 15 311 25
73 16 311 21
75 21 311 20
80 170 311 250
85 15 311 42

AN 3.6 AWFIAUATHUTIGI AMGIANANATON
' =t ' = & =
uasMn3zuan lnarmugUnsalaiad IGBT) ndi

Hgnde MAwA 80 kHzlaemin/AenDuty Cycle

D (%) Vs(kV) Vight(V) Tight(A)
40 170 311 250
30 160 311 205
20 70 311 110
10 14 311 40

x 10"

VSecondary[V]

D02 004 005 006 0QOF 008 000 01

Time [s]

0 0o Qo2

ENETT 10-1012
o

185



The 1Dth Conference of the Energy Network of Thailand
4-6 June 2014, PSU HatYai campus, Songkhla, Thailand

=]

]
ERINNANINRINY

|
TV o[ LRI V

VSecondary[V]
o

502 504 506 508 51 512 514 a6 a18 52
Time [s] x10°

51 12 slnaudagnans wwun ldnnnsiiass

- o

52110 80 KHz Duty Cycle 30 % Jandie

VIGBT[V]

.04 Q05 005 Q07 008 a0 o1
Time [s]

IIGBT[A]

001 002 002 Q04 005 00 007 O0O0s @pe G4

Time [s]

= E = +
E‘]J?‘I 13 ﬁﬁuﬂfgfg”lﬂmiQﬁulLﬂzﬂi::llﬁﬁmﬂq'}Jﬂiﬂl

a3AFNALA 80 kHz Duty Cycle 30%3ignd8

a4 .

o ] = =
duna'lda 0@ 80 kHz dluanuanim
= = & = ' =
THnAaN 1224 Iauuuduas 1 D 30 % AWIIAHATY
U3Ige ATUIIAUANATBULA: ANz Id Tani 1y
o & 1 ' =
gilnsaladag agluzanmunzay
o ) a e o o
3.3 matiaesszvunuy l5nlauiate e i’
o
msldreesdariadunailunmsaduils
wlaslganamamaar fisunnanyldsiinms
s1eealu 2 plunuEu@Eeaiude 3.1uas:3.2 udd
. = so P
WmmsawaumsaIagveglnraistdnnseting lu

' = & & 12 @ =i '
1A lEuus 1a Elli..l‘ﬂlh.mgﬂﬂﬂﬂﬂ'?l"lilﬂi]zﬂél

186

71125.681 kHz ua=¥Iniignaleaszagh 72583 kHz

& =
udnHiNsUIAINENgNABS

VSecondary[V]

=

B

VSecondary[V]

5@ 5M &6 51 51 512 518 515 518 &2
Time [5] x10°

‘ i o = sy s
51 15 plndudganansaduildnnmsdass

S2UR 145 kHz Duty Cyele 20 % lidigndns



mausznd TnTesatnEwas el szmalnoasin 10

w o = = & o a
U 4-6 AT WAL 2557 A RIVATUATUNST TIRIATITR

AT 3.7 Az eFud s Aussduanado Funalddr finnmwd 145 Kz Juswainm
unednszuad InarugynsalaiadaGBT) nadl lu Tifaan2zs Tamuduasi D20 % Awsadud
vandae Tasmsnlasurwaaing WIIE AT IAUANATBNNAZ AINT= U IHan 1Y
f(kHz) Vs(kV) Vight(V) Tight(A) alnsaladad aglusn Az ay
125 50 311 20 3199 3.9 AMUFIAUMULTIZ ANGIANANATEY
130 55 311 25 upzAnszuE Inarhugynsaiaiad AGBD) nadid
135 70 311 70 andae Tasmsalasunidaiad
140 125 311 185 fliHz) Vs(kV)  Vight(V)  Tigbt(A)
145 360 311 800 72 60 311 85
150 70 311 200 75 50 311 20
AT39T 3.8 AEeAuA TS s sduAnAd oY 80 70 311 95
HazAING a:un‘“ﬁllﬁamufgﬂ nselaaAs (IGBT) nsal 85 800 311 1,850
Handae HA2wA 145 Kz Taomsnlden Dury Cycle 90 40 311 195
D (%) Vs(kV)  Vigbt(V)  Tight(A) A1197 3.10 AWTIAUA I 99 AsIAuAnAT oY
40 360 311 300 WA AT ::I.Lﬁﬁllwabhuqﬂﬂz alaag IGBT) nydily
30 350 311 800 Tandas TiAnwd 85 kHzlaemsnlAeuDuty Cycle
20 150 311 400 D (%) Vs(kV) Vight(V) Light(A)
10 10 311 30 40 800 311 1,850
- 30 600 311 1,350
20 175 311 450
10 7.5 311 30

VIGBT[V]

w10

]

(AR ARARARA
TTYYrnyny

VSecondary[V]

IGBT]A

al :l ;l Il Jl Ji ll Jl Jl ]
AAAAARANNAI

0O1 D2 002 o4 005 006 Q07 OB Om 01

001 002 003 004 005 0.06 007 008 009 0.1

Time [s] Time [s]

=5 & o = o

310 16 adudganams AUz nIzuaveIgnTl
= = = 1=

a3AFNAE 145 kHz Duty Cyele 20% Litignde

ENETT 10-1012
910

187



The 1Dth Conference of the Energy Network of Thailand
4.6 June 2014, PSU HatYai campus, Songkhla, Thailand

RHNTRRARTER R
g R AT R AR
NIRRT

1l
LI R P U

=
u

&
i

VSecondary[V]

1
|
T I

]
w1’

15|

508 351 512 514
Time [s]

02 s 508 516

1 17 sdadudaanansdunldnnmsdians
yay

)

52U 85 kHz Duty Cycle 20 % 1ignde

[ [

0.01 o.oz o.o3 D.J‘_ 0.05 006
Time [s]

007 008

IGBTIA]

Time [s]

= E = o
E‘]J‘l‘l 18 ﬁﬂu'ﬁfl.lufl.lu’lﬂllli\lﬂullﬁsﬂ?zLLﬁmﬁNqﬂn’Jﬂl

a o = a
AAUNAINURD 85 kHz Duty Cycle Qo%ugﬂﬁ"w

s g

o 4 3 ]
Fana'lé7 1908 85 kez duanudnm

AT IAUATY

LYa
Yo

¥ = = < =
Titnasn1sss lwuugiuasn D 20
U3Ig AUSIAUANATBULALAINTELA IH AR 1Y

& o 1 ' =
gilnsaladas aglurranminiz e
4. agUnansdmeaTELY
MMIANINIEITE Qanuumany Tai

1 a L=y ¥ ] = @
A limein ldeinmasenuuuuar AT imes
=y e a £ L )
nlannnisiavamavesmisulaamaamlavai

4 N
u u'ldd1aveszuudreTdsunsunouiinaes

10

MATLAB/Simulink (fia11/Tsmney s=ansain

s 2

EY ' o a8 =
vosndawlaanaamuualadoannioilng N1 3

2
k]

y_ o a o 4=
E‘lJJ.I.‘i.I‘LI 1NADINA ﬂ‘aiﬂﬂﬁﬂ‘ﬂﬁﬁﬂlﬁﬂﬁ
a= a o N ' '
BIANNTOUNT HANITIADIT=ULNL D F1U1TDHIA

mmmm:auuaa:gﬂuwmanwﬂumm%’wwﬁa

=g

wilnaloaadaamaar mnfinaniivualunis

sanuun’ld :rnmsdiusmanuiuas Duty Cycle Tu

MIAIAL

5. PNT1TON909

[1] Plangklang B , Apiratikul P, Phumkittipich K,
“ Development of Low-Cost Tesla Transformer
for High Performance testing 115 kV Line Post
Insulator” Rajamangala University of Technology
Thanyaburi , Thailand, 2008

[2] Denicolai M, “Tesla Transformer for
Experimentation and Research.” Helsinla
University of Technology May 2001

[3] Tibury M, * The ULTIMATE Tesla Coil Design
AND CONSTRUCTION GUIDE * The Mc Graw
Hill Companies,

[] gmetl 25ENsNu tasyds 1asnans «ms
Jinserinamsoanuundiomlaamada #l¥ms
wnguvyddnnsoindunuathianml Taams
Savsszvudellsunsunauiunas malszgu
Jmmaaievisdmnisy i uniineds
maluladsivussa asei 6 seniedud 2628
A 2557 313 Tsith aneuai B aein na=d

[5] gAu NINUATIUNTUAzAA: “MIsPaRIIDIAS
E‘f%”ld?iﬁi’]u'l]ad!ﬂﬂﬁr1iﬂﬂ1%lﬂﬂﬁﬁﬂ“ﬂﬂ?§ﬂi
unaiimai” sy yuIvInisnig

Sranssnlilih afedt 32 EECON-D) 2830

AAY 2552 WINYIALITAR

188



v

% & ptf TREC-7

N1sUs:sNaNNUNIBuIsINIS

~ sUnuuwRvwuNAIINUENBUIRYUS:INATNE ASoA 7
The 7" Thailand Renewable Energy for Community Conference (TREC-7)

- "MINSaEWe GMENaA3NALILL WRWIUNAINURSNSU"

@AvIUNWIZINIS 7 d191
CP Twihyuau

.CT poWSouguau

CF IZoIwaNgUzU

ES misUs:HIQWANWIU

EN AvliDadouilioguau

IR udanssuwawunaiinu
EM misvaniswasufuguau

12-14 wnAYNYU 2557
U UKINYaYINAlUlags1BuAaSauinduns SngnRadvinanuda Us:eouasSIus

189



NSUS=ENAUNL—ITE TS
ﬁLluuuwaaa1unnunuauuuuumu'i-mrﬂnu ASaA 1

The 1" Thailand Renewable Energy for Community Conference

| TReC7

ANZNTTUNTENTIANANNTANUNAN
msUszguduunddninsguuuundnumaunugyusuinsamdlng ndait 7

aninerdemaluladsivusaainulnduns

greuvinerdomalulafsusaanuinduns iy snaundaunauugruwisdssmdlng. dvualiiingda

50 anmmﬁ\Juuuwauﬂuwﬂuwua‘uu'nuumﬂi“wmlwu pfiit 7 (The 7" Thailand Renewable Energy for Conference:
) sewihedudi 12 - 14 wqmmuu w4, 2557 amingdemaluladsivaseaimilnduni Ingnueiilnaivia sunevihiiu dwia
w7558 Toviliaqusvasdiiteliinide 2an dnfinen seiudndindinu lillomameuninamiideguamaining uazuanAsy
- seaumsaifumsite Sniadunsehasietsanuhuliedunsidesmiusiethemsidesduiudininyanaeuen

)

muu Lwa'lwmsmmumutﬂul'dmamwutsausauumussamnﬂi ﬂdﬁ ﬁ»!LWi\lﬁ’\!ﬂm"ﬂiiuﬂ'liﬁ‘/lﬂﬂm’]?ﬁﬁi]'ﬁm’!
Y .ui“'duﬁuuu']L‘N‘)'lﬂﬂ'ﬁiUuUUWﬁ\N’W'VlﬂLL‘ﬂuﬁ'UN‘U'LJI.I.VNUiSMHLlVIU ﬂNVI 7 um’mmauunﬂTuTaaswumasmu‘lnaum

suNMT9IUIWNTS UsENaunae

1. 93MsvA UsE5UNTINNT
2. sesdmsuidheinmuagidy NIIUNTT
3. wEnanAuNd AUt ssAlng ASIUNNT
4. drawenuidheifeuasuinisinings NITUMS
5. drawedmsvidheinimsuarive ASINNIT
8. fgnenantuidouayinnn NITUMTUALIATIYNS
7. seufdnenmsaniuideuasinnndiediiainemie Hineauynis
suNSA9NSINUNATY Usenaudiag
1L sAasdAnives WanAsygmun UINERBIENSAY
2. seviatdd Feiladey wineasmaluladsivusaaimilnduns
3 wAAsngueivul piifnARe uninedameluladsivnseasyys
2 uAasygd Udinans uyingndomaluladsmsaasyys
5. uAAS.UNEYD Yszamuia umnondumalulatvusnasyys
6 uAALMUNG i AN TAN
7. wAATl Rl unTmeaemaluladneeasyy3
8 aAnsidsle Tsowiung wmanendemalulabnvuseasyys
2 wAATATHY Maid winendewpluladssaasyys
10. wAesAIINT nIziieg WIMENENYAYIaY
1. anesdni FRuWEnT savedawmalulagsisusaasyys
12 uAAs.sNY Gonifs uAinondomahladsvaadyys
13 wAasUudn AgAIAY wvminedvallagiuiaadanu
18 waasiudng Ny wivendumaliladsvunainulnduns
15. HAATINEY Wasauda wmedumeluladsvneaaulnauns
16, WAATNUNDT walsd wnTineasmaluladnuusaainuinduns
17, weaslaini uepaug wmingndemaluladsivuseaiaulnduns
18 esduiie augiusng wninendomaluladssaainilnduns
19 fsduR Ineduaed uinendomaluladsvssaasamilnduns
20 esAnRdnA Brjuniog uninendumaluladnvaany iusen
21 ssdnsngy GRGEDD) uingndenuigiyaaensiu
2 #sin Feegetna uminendessaumans
23 esUsTan Buszed p uminendennaluladsvuseadany
22 psfdvg udllyf UMINENABULIAIS
5 Aty Ailadnsayns wninedeinynsmans
2357 yaUseys wminendeneigann

8y 8y 8y 8y, By %y By Ty 0 %y By %y 0 By O % %5 %5 %5 %0 %0 %0 %0 %0 %e %0 %

12-14 WOAINIEW 2557

e e " e " e %% % % % " %o " "s e % .ONI %% % % % % %
-

smnalnladsgnsnasaulnduns

190



27.
28.
29.
30.
31
32
33;
34.
35;
36.
37
38.
39
40.
41,
42.

43

P e % % % % % % % % % % %e %e " %0 %0 %a "e % "0 %0 % %e %0 % %e s %e e s

annendomaluladsngnsnasaulnfuns

732500
73.257139

a5 Ay
As.ANNY
AsANnEN
n3.q3%Y
f3.oyas0l
n3.8Wa
03.55807
as.Usvanlya
ATAURT
ns.gudl
91915691
01Mstodas
15ty
o1sAmanS
ssdavide

2
TREC-72

0 0 8y 8y 8y g By 0, 8,8, 08, 0,0,0,0,0,08,08,8,8,8,0,0,0,0,9,0,0,0,09,

\ASHENTIA
ey
Wsns
sadaddy
M0%As
Funied
uawszdng
2105UNT
WnuLIA
Tinesd
aunaunun
Sauans
29ATY
[
fdouna
Tyaifie
ygyUeviend

191

% MSUSENANNLIBIRINTS
SULUUWANTUNOWUEITUIHaUS=Alng ASaRA 1

The 1" Thailand Renewable Energy for Community Conference.

%% e %% % %% %% %% %% %% %% % %% % %% "% e " % " % %

antuianneseghaesmabiladgmuuineds
wninedesvdingassil
uwinedenvantugil
gudelulaglanzuay Januiena
UMTINENSEULIAIT
winende g tagi
UNTINENSBUMETAY

i innssuuiend (srnsumivy)
wminendamaluladsvseadnulnduns
winendomaluladnuseaiaulnduns
uninendumaluladsvusraiaulnduns
uwinendumaluladsvseasailnduns
uningdeneigaiue
uninendenvagan
wminendemaluladsvusraniidy
URTINEFBUMANTAY
uninedumaluladsveainulnduns

B0y 9y 8y 8y 9y 8y 8, 0, 8, 8, 0,0, 0,0, 8,8, 8,0, 8,8,0, 8,0, 0,0,0, 0,0, 0,0,

12-14 WOFANIE® 2557



MSUS=guaNUNBIIMS
SULUUWSIUNOWNUEINIUHIUS=mAlng ASaA 1
The ™ Thailand Renewable Energy for Community Conference.

: @
& & | TRec7®

e % % % % % % %0 %5 %0 % %0 e %e "0 %0 %0 % "s 0 "e %0 " %0 %5 %0 0 "o 0 "o %0 %0 "s e %a 0 " %0 %e %o e %o %o %e %o %e "o %0 %o "o "s %o %0 %o "o %e e %a %e %a te %o

ansiny

= - a
Aoufmes e UsEANSAMYDINIToBNUUY

0-CPO1  msUszgnaszuumaHARlihuuuedeuiifesadnseeudlunmefeRa wasye Insiden 1

o-cP02  msUssdiufinsnmmaiuiasuganivasmsrdaiviihgurusionisldwdunauny - i Tevssdugessu 6
fhedanmanayivivmsmsinsasuavyada nsdfnwigusunyithuluud

0-CP03 ms’uﬂi‘wﬁo'\'uv‘mmsnﬁm‘lﬂﬁ1mni’gﬁ'ﬂsusaﬁums§uw§a’v'ﬁiunauu‘]m%'amaq dnswus onnwbana 15

o-cPo4  msFnwaunmilrishredsdrifmatnuuaerfinduunadn Ss¥and gnadns 21

0-CPO5  msfnwIRBUMBsIeTLUUABIA I TuNameSinihnssuanssiumatadumesan wanild fudy 27

0-CP06  MsAnwausInurvesisiuanuuUludwdnnsualni SUNT WY 31

ocPo7  mudnlwimdubrinduiuhussissdmiiuisiohahuuned q33nd wanidles 36

0-cP08  msaawdamiliihnwanisvanveweimesivilenti 1 wia fyan wian 40

0-CP0Y  msmAnlHihaINMIITIEBIMATBRBIINSAIeTieIasfuBIMArleffuaineR)  qsins wewdles 46

O-CP10  MAATIEUAzITEUiBUAIIIMEITau B UUIMdasainouundInuLaeing  Anfined aiwuina 50
dwsuituibindlna

0CP11  melAneiUsrAvnmuauaiesidalnihedawivinansiiieunnderivennia  fistad fqu 55

o-CP12  Bunedned 1 wia aussaurgsdmivseuuiihideudefunialuguynidlna wiausu Mens 61

0-CP13  medmsminsinavasiddinihveueiesiudalwihmisniwuudedszuunie mywa Jusieuust 67

o-CP14  mawanlihguwusie 1 wgisnniedualasldngunles aoen vesas 73

0-CP15  mssenuuy uarlinundsnunaunadislfulnannssuansuaradusoniu FUWYS rivauen 77

ocP16  swuuimalatuuuindoud Alinsmuangamgl wasrrmuftenduutaeniind  2dud wsfiya 83
Tnenszuaunnsildusiueesgueu duaatunenlinn Sunslndufiuas
Fawrdamuwaines

0-CP17  mUsuiiusmuAsugranivessruudnimimasuuasefindviadourotussuy  wins WausUssin 89
Smisifiuunmeidsedmivmuniaunvliiuazifnyssavinmmdny

o-cp18  mamsndumaiisnseliuuuuenidasemelfssuumunulaiBiiadongy A Junzasy 95
Tussuurdnliihdhendanuate findidoueiussuuiremadli

o-CcP19  ssuuinmuiusavgamginelusirssieiiauuusiding W edusw 101

0-cP20  Tusunsuviungnanisudnivieinssuvigaduaserfinduazyszifiuanudimuniols - sepss wiudu 105
58UY Feed in Tariff 9osUsvimAlnslufiuilidmane

0-CcP21  nsenuuUTHVURARK e B EnsanaalYTnelSaudouiinonsnlig - Sumin Wugwidn 109
Fwna

P-cP22  msiauarvAnununwliihvesnssualvanyiinsnegsiae LabVIEW 89979 Uanlns 114

pcP23  dnenmuasliimdnihvisunadenlusemelng i dueding 119

P-CP24 mslATwvikan1seanuuunionUatlsdnamawan laenisiassseuudaelusunsy  grav sBnsmumn 124

%0 %0 %0 %0 0 %o %0 "o %e %0 %e 0 % %0 % %0 %0 te e te e te Te Te te e te T Te e Te et Te e Te e te te T %e Te % e T Te Te Te T Te e %0 % T % %0 % "0 "a "0 %0 %

s inendemaluladsignenainulnduns 12-14 WoFlnew 2557

192



v a o o

9 A5 o&clb.eb/ecme AnUIIFBLAT WAL

umvendewmeluladvdeasaulnduns
o VY] & DUUNVSHALYIA @Y & FUaranen

unownsHNNa JMIAUATUSN emeno

b AR bddn
309 meaUSuLvAIMsYsTRLduNBTTINMsULUUNE I UALUg LTI sEMALNY AT o

Bou Aauanal 15BN uazAnyds Udsna

puiiviilddeunanaide 3as nsdaszinanisesnuuundeudaslednaing
wasn Taen1ssnassszuudaslusunsunsuiiames evuszansamussnisesnuuy s
Yausludszquduaundadznisguiuundmunawnugyuruniassmelng pdaft o (The 7"
Thailand Renewable Energy for Community Conference: TREC-7) 5e7197ufl ol - o
WAINEY beds a umingidemalulagsrusnainulnduns Inenvnitlnadna dunevhiiu
FiauszaauAsdug ewesBeavsuudatu

Unilannssumsinssgandldfansanumauveniuisudesuds uazveudslivsy
IuneuiTeveiurunaeinsUsyiutesnsenand lngdnausnainuidelugiuuuussens
(Oral presentation)

fiail velimsiumstssaamadou Ernund Ffurtnduioud ee nanau
& SAIETN R iuil eo-me nae bees) wazamaleuiiimnu wieuwuundngumstse
Suluszvvamsioudianey vuamisogeasdsanuldnla i hitp:/rec?.mutracth/
wioasunudeyaldil anduifeuaswaur uminerdenaluladsivusaainulnduns

W3fnn o bees pode Blald trec?.2014@gmail.com

= a < o a
FaGsusnielUsansiukazaniung

YauanANNTUe

Sde>

ps.duiles esgiusna

fgwensan1iuideuasiaun

AnUUITBULATNRIUN
35 0 beds bods WA 0 bres CERE 7o beoo

193



SUNRUINWYSRVOMRLSER|N|VUIBRLRUCLUMYNSLUSE : BU]BUIRSNOUNNRMRENUNVUNLOCRMTVLARUARLN

(urmwcuLeenkc scpasLeLsvRLbRCRM) | (SUNSNRS]| BRRSC'SVY BSLALSVRLIACRTM)

. BCAUBUJNCORILAUC SUNBUNLSEUNMIRLSBRIN|UUIBELAUCLUN NI

~

SNRSUYNCESNOCUNS NUCUCUILE

- r—

EPPA NALULLUM DG — GG UNCHLCUS

:DNDWWDC__GCDP—;WB NNINBUCLCURLL cMBEeSNLY,,

. p—— N

© UCSVL BUPUIESpOUNNRNRZENUNBUNLOCEMANINESLULRCORILNNMRMRISASLUN)
_.:.S._anmwrcp,mF,}rgm_}mnw?r_\rmvﬁ

LRUILMRBUMLUTIEN{BLYNNIEPRBLELLURY] LEEBRIEWIBBERIDENT CREANNIUBLLLUBNIUALEYILELU BCE]

SeuiRnuLusLuLecnLoemeneILny)
sLeuben bRfanzEn LRIRUEMSEL TiEME

_...nZum__QE_MEEDDOmGDDmDE_DQDQD
SUNEUINLSEUNIRLSBEIN|UUIBELAUCLUN NUNCS BUJBUIRSNNMIINRNRENUIDUNLMEMAULAE

IECENTRE Y
y A

194



a (4 a o
MIInTzHinansesnuuurveuladsanmammaa lagmsiasaszuuae
Tisunsuneniiames erlszans mwusaniseaniuy

« 2

wnmuiliflunisinaue nisdima v J ST

a3nEBIENNIOTNE( Solid state tesla transformer ) Tauf3uuifisuisesaiag
3 3unuy fAe dvesadadBidnnsoinduuuaindiaunia 2avssiiuiad
Burredneod uazarsoiyaudadduaoiined ierdengunuuveslsesvia
ATAN3IGU nazAianszua veaguniniadngdidnnieiing AGBT) Fmanzan
Tumsaianfiondaslsdnmnmmad) viNaRH® 150 kV 200 kHz Taunisdines
srvudisTUsunsunouRimed MATLAB/Simulink #an1361003933 0D WU31
2sesadnddidnniefindnuuaindlaunse dedld gunsaiBidnnienndinia
1,800V 1,420 A aansaaiialvilansags 150 kv 160 kHz 330309
vindBuledineil¥guniniBidnnieindAATe 311 V +75 A @30
a¥13 1MW usaga 145 KV 132 kHz nazlsesyauiadduinedines 14
QuUnaIniBidnmieTindAANG 311 V 2175 A mimnsaaiiaTWd#nsaga

150 kV 145 kHz @ mFunisdnuinfafinuiineesoivuiaddumeiined

iWludndenfimminzaniiga

mseanuuuveulasladnamamam

AN A TR 10 15001 DA 1T

enniroonuuundiondasmad 1ozagil
T LAFAN L A 150 KV A Tino e 1aquoaio VIRRI T
o @ e 200 k1ts Ao T onuaa s @ e
wradiio i 4000 v ax T
ndmnm.uu.;wwam. A 4000 v 21Quo a3 a3 =gk 1atia adfaisia
o a0l usidae s uiigUn s aiaInd i

10720 TN & AGHT-NBNROOHASE 1)
AR 400 Vv Aad i nindaon o Saan Nhvaa IR ug s
Adar @i 4000 v T

g 0 16T 1A Az Rd 1 ARG

94T ALATPICC R

T U0 A AT 10100 150 110008 437438 1 AT weom i
410 1IN 1A IO 47288 7 T d6.08mE

LE 2 a1 -°2" 4dT = ASIJmH. o 3305 mrr

[Pressterminiocrn,

- J

Jind MUNA 10 ms

——
miliSgodmary

e cuan | dedyn | s | posenin
| qhedtmio | gk

[1] Denicolai M, ”Tesla Transformer for Experimentation and
Research.” Helsinki University of Technology May 2001
[2]Tilbury M, “ The ULTIMATE Tesla Coil Design AND

inosildnnny

s uTdsenan MATL.

=;
U aduilowd 220 v s0Hz naugTaod Fuguna i Woghud o T
Whiiaus aimo wingagn 0adibisigndan 125.681kHz 036ignd 0 72, 538KHz

b e

il
v Ve 0 B0
T -

asmy

o3 F

A temsindoowy
Trasutowd 220V S0Hz naungul & Waghudi s it
Widinus wivnoniygngagn nadibisigndan 125.681kHz n3diigndan 72.538KHz

e e

v £ v a '
ﬂiN“v‘i‘Ni)!!"lJﬁQimaﬂﬁlﬂﬂ!‘ﬂﬁm

0 o 0 av a ¢
szuufild goumaaniindeyallilumadennnaiiiavesgUnsdiaind i
nadfoutladladnamad) vinaiiia 145 kv 132 kiiz Taoly 16BT wo$

B300F-060 399600 V nzua £300 A doupwieasannfuiadduioiined uaziile

autry Igihaiing 152KV 147 kHz
anUeNalazay

T .
nadavesnifomlaamaaiitlddaman i ldaesszuudauTsunsunen

innmnizs AT dilunan Idihsmmnilinesildnamseenuunazinsil

LAB/Simulink tiionfSsutiipy Uszimsam veavdforasmadwuadaddidn

$a iag a ¢

13 3 nuunndediinvesiiagunsaiaingd wamsd h

I [ a3,

h anidan
imualumseeniunldanmsFumnanidiuaz M duty Cyete lunsnaugu Tnufifeuuman

Taduiumsaandienlaslad h nngiunsesaniuiaddunesined risanniim

! 9 v
aNTAMIMANUHY 2ATIUMSAS

ya o o

CONSTRUCTION GUIDE ”The Mc Graw Hill Companies, 2008

195

finngUnstiiga Swamsahaldnusadumaznnud




'. MSUS=gaNNUNETE S
@ TREC- L J ﬂultuuwaaa'lunnunuduuuuuhmh.mﬂlnu

— Tne 7" Thailland Renewable Energy for Community Confere - =
'I..."l.l.O.Q.O.I.0.0.U.I.....'...‘.....O...'.l.l......'.'....l.‘.l.l.".....'..I.I.O.I et % " Tetetet et et ettt ettt
P-CP24
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Analysis of a designed solid state tesla transformer by computer simulation For studying the effective design
gvand 2sBwsuun was Y Udsnana
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c, = 1.4(1.2781-%),/7:0, (D,-D,) G

dis D, = dukiguinameluvemesesd(in)
D, = duiwaudnannsuenuemesesn(in)
Tuittazesnuuulinesesdfiduriuaudnansmeluvinfuviefiliwumnmeniogiife 6,51 uasiduinguinarvieuenviniy
19.5 i azldA1 C = 2155 pF  dletha vewiafiutsevie 3anuiueslddmmnguestseginihiunssgs virfy 94.17 pF
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Duty lifignoe figniae
cycle (%) Vs(kV) Vight(V) ligbt(A) Vs(kv) Vight(V) ligbt(A)
50 18 311 1,450 18 311 1,420
40 50 750 1,450 90 700 1,420
30 100 1,500 1,450 150 | 1,800 1,420
20 ‘250 3,000 1,450 210 1,900 1,420
10 300 3,000 1,450 240 1,900 1,420
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Time [s]

I\Jﬁ 11 wseiuiildininnissiaesssunii 132kHz Duty Cycle 20 % lifignéne

anie
Duty cycle =40% f=132kHz
fikHz) | Vstkv) | Viebtw) figbt(A) Duty cycle | Vs(kv) Vigbt(V) light(A)
125 2 311 15 40 360 311 +150,-100
130 65 311 32 30 350 311 +140,-100
132 360 311 +150,-100 20 145 311 +75,-25
133 270 311 +125,-80 10 25 311 25

- v v v < : . < < ) a - v
AT 3.3 WIHIAUATULTIN UG UTAUANASBLIGET Uaznsvialvasiu IGBT Aimuiuay Duty cycle A NY 'Uad’Nﬂiﬁ'MU?ﬂﬂ‘lL\JUNQﬂﬂ']ﬂ

Duty cycle =40% f=80kHz
flkHz) | Vs(kv) | Vigbt(V) light(A) Duty cycle Vs(kV) Vigbt(V) ligbt(A)
73 16 311 21 40 170 311 +125
5| 2 311 20 30 EFaGe +125,80
80 170 311 +125 20 311 +70,-40
85 15 311 +37,-5 10 14 311 40
T b " ) T T T T T A T T X T T Y ) J
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wnrauazegh 145 KV WsuFu Duty Cycle vasdgyygrauniuaui 20% fAusaduanadeugunsalalnd(GBTIegH 311V warnsvudina
S

rinugUnsalaindlifnviniu +75 A fis-25 A
23 msthassszuviuulinaniauinddunedines
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AN A 3 i
0. A 502 S0¢ 508 508 51 812 514 516 518 52
Time [s] Time [s] 10

gﬂﬁ 14 wseiuildainmssnanssyuuil 15kHz Duty Cycle 20%liffanéne
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A51971 3.4 useFusUUS UGS UsITUANASBUIGBT warnsudlvarLIGBT faandinay Duty cycle Areg venasjauinduuuliiign
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Duty cycle =40% f=145kHz
f(kHz) Vs(kv) Vigbt(V) figbt(A) D Vs(kV) Vigbt(V) ligbt(A)
135 70 311 +50,-20 40 360 311 +400
140 125 311 +110,75 30 350 311 +400
145 360 FIACBOM Jeh Va0 L —— [ 20 150 311 +175,145
150 70 311 ) 10 10 311 30

< o o o 1 ' i o Y a -
A519 3.5 UsaFUAULSITUZ LsITLANATENIGBT uagnsvualyari UGB THimufuay Duty cycle Avequeniasyauiniuuuiigniae

Duty cycle =40% f=85kHz
flkHz) Vs(kV) Vigbt(V) light(A) Duty cycle Vs(kv) Vigbt(V) ligbt(A)
75 50 311 20 40 800 311 +1,100,-750
80 70 311 +70,:25 30 600 311 +750,-600
85 800 311 | #1,100,-750 ==0_ e\ ¥ 3l +250,-200
90 40 311 +110,75 ey Y 2 | 30
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Analysis of a designed solid state tesla transformer by computer simulation

For studying the effective design
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Abstract

This paper presents an analysis performance of a
designed Solid State Tesla Transformer. The comparison
study is also done based on 3 solid state switch types, the
direct, half bridge inverter. and full bridge inverter. To
select the appropriate solid state type and appropriate
rated of power electronic switching device (IGBT). all 3
switch types are simulated and observed by
MATLAB/Simulink. The investigated solid state tesla
transformers capacity 1s 150 kV. 200 kHz. From the
simulation. the results showed that directly switch
created 1.800 V 1.420 to generate high voltage 150 kV
160 kHz. the half Bridge Inverter circuit had 311 V =75
to generate high voltage 145 kV 132 kHz and the full
bridge inverter circuit had 311V £175A to generate high
voltage 150 kV 145 kHz. From this study. the half
Bridge Inverter is the best choice for the design.
Keywords: Tesla transformer, Solid state, Tesla Inverter
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Analysis of a Designed Solid State Tesla Transformer
by Computer Simulation for Study the Effective

B. Plamgkl:mg1 S. \Vol'ntipmmmal P. Apiraﬁkull and W. Plueksawan’

1Rﬂjmnangal.?l University of Technology Thanyaburi
39 Klong 6. Thanvaburi, Pathumtani 12110
boonvang p@en.rmutt.ac.th

Abstract

A Tesla Transformer is an air core transformer
generating maximum voltage, high frequency which
depends on the resonance effect in LC circuit. L is an
inductance of winding within the tesla transformer. and C
is a capacitance.
Keyvwords: tesla
simulation

transformer. solid state, computer

1. Introduction

A basic design of Tesla Transformer has to be considered
a high-voltage capacitor which effects to the output
voltage and output frequency. The purpose of this design
is to test an electrical insulator which has flashover
voltage 140 kV and high frequency not less than 150 kHz
of Thai Industrial Standards (TIS) 354-2523. The High
Voltage and High Frequency rate are limited at 150 kV
and 200 kHz for this design.

S |

Fig. 1. Circuit of Tesla Transformer

2. TheoryofHigh Voltage and High Fre quency
2.1 High Voltage Winding
The design of High Voltage Winding conprises a tube,
which has 6.5 inch diameter and 30 mch height. When
the diameter of copper wire No. 23 SWG divided by the
height of tube. the number of tums of the copper coil is
1.250 turns which is used to find the inductance from the
equation. Please prepare yvour manuscript on A4 (21 emx
29.7 cm) papers. The margins for the top and bottom are
25 mm Left and night are 20 nm. respectively.
Title. authors’ names and authors’ affiliations are in
single colunm. The rest of the paper are in two colunms
with 82 mm colunm widths and 6 nm spacmng.
2152
_ N°R [¢))
9R+10H

L = the mductance (uH), N = the number of tums of the
copper coil, R = the radius of copper coil (inch). H = the
height of copper coil (inch). L = 50.125 mH. when the

21-'aculty of Engineering, Kasetsart University

50 Ladyaow, Chatuchak Bangkok 10900
winaiplus@vahoo.com

number of turns of the copper coil is 1,250 tums.
The finding of this design found that the copper coil is
higher 32 inches, and after calculating, the new
inductanceis 47.255 mH.

2.2 A High-Voltage Capacitor

A High-Voltage Capacitor consists of capacitors of
electrical insulators about 60 pF. which calculate the stray
capacitor equation:

C=1262 pF
and finding the toroidal capacitor from the equation:
R!
C, =029H +0.41R +1.94, = @

The design of toroidal capacitor, the mside diameter and
the outside diameter are 6.5 mches and 19.5 inches. C =
21.55 pF. When combine three capacitors, the value of
High-Voltage Capacitor is 94.17 pF. And calculate the
resonance frequency equation:

When calculate only the stray capacitor, the resonance
fiequency i1s 206.094 kHz. When calculate the stray
capacitor and toroidal capacitor. the resonance frequency
is 125.248 kHz

D
C,, =1.4(1.2781 —D—’)Jza, (D,-D,) 3)

When calculate all three capacitors: the stray capacitor,
the toroidal capacitor and the high voltage capacitor, the
resonance frequency is 75.446 kHz

0 °/1 @
2L,

Fig. 2. High Voltage Capacitor 0.033uF. 5040 V
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2.3 Low Voltage Capacitor

Calculate the low voltage capacitor from the equation:
f=125.248 kHz

It can receive the capacitor 0.033 pF and f= 75446 kHz

can receive the capacitor 0.1 uF. For capacitor 0.033 pF,

it is the low voltage capacitor when without high voltage

msulator.  The capacitor 0.033 puF 680 V 8 series
connection scan react 5,040 V.
el oL (5)
2z

The capacitor 0.01 pF is the low voltage capacitor, which
attaches with high voltage msulator, will use the capacitor
0.1 uF 1,000 V 3 series connections can react 5,000 V.

24 Low Voltage Winding

From 2.3, the resonance frequency. the finding shows that
the Tesla Transformer can be used to test the nsulator
with the resonance frequency 75446 kHz. Moreover, it
can calculate the mductance of low voltage winding of
the Tesla Transformer from the equation:

Fig. 3. Measurement of Parameter R. L

3 The Computer Simulation

3.1 Parameter of constructed device

To be accuracy. the researchers construct the windmg of

the Tesla Transformer and find the inductance and the
electromagnetic induction. L1 = 4808 nH L2 = 46.93
mH and M = 0.3509 mH

3.2 The Hectric Switch Simulation

There are two types of testing, attached the msulator and
without the msulator. Tuning by control the switch
device for breaking an electrical circuit at power nput
220 V 50Hz. Every 10 ms will be cut one time. Tt is
found that the duty cycle 10% occur the highest
oscillation.

3.3 The Hectric Switch Simulation

There are two types oftesting, attached the msulator and
without the msulator. Tuning by control the switch
device for breaking an electrical circuit at power mput
220 V 50Hz. Every 10 ms will be cut one time. It is
found that the duty cycle 10% occur the highest
oscillation.

Fig. 4. Circuit of Simulation

WSecondary[V]

Tmels

wSacandary[V]

ety

Fig. 5. Output Wave 240 kV. 160 kHz

2.3 The Half-Bridge Inverter Circuit Simulation

For the simmlation. the researchers control the power
electric switching device at the estimated resonant
frequency. and then tune up the right frequency.

o

WSecondary[V]

|
LR AN

L

R
Time [s] I

Fig. 6. Output Voltage 132 kHz. Duty Cycle 20%
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4 The Solid State Tesla Transformer Voltage rate is 600 V. the current is =300 A. the circuit of
half-bridge mverter. And after constructing. the

From the sinmlations. it could be considered the  appropriate rateis 152 kV 147 kHz.

appropriate rate of the power electric switching device

and construct the solid state tesla transformer 145 KV 132

kHz with IGBT No. IMBI300F-060.

Fig.. 7.IGBT 1MBI300F-060 Circuit and TLP250 Circuit

@ +3117

Piemseors 2 Epo.on;r

-

AN
L

65T, L4808 1.46.93mH
1MBI300F -060 €

Z\Mvmseoxt |

“Tracels P=p 15,20V 147 ka Prod  8.800us

= Duty 204

115y MRsIeEER Fig.10. Output wave from: 152 kV, 147 kHz

E 5 Discussions and Conclusion

o

+15v
Lluf Sy 1| 12| 8

E et v Ha After conduct the research. the researchers use the

D areur e EL 2 C1 "
- it iin calculation of the parameter and the measurement of
av L9 e | 415 winding of the designed Tesla Transformer making the
I:lfi:‘mjm:cr L Q computer simulation MATLAB/Simulink by controlling
e c.l ":k oo % the frequency and duty cycle to compare the performance
“""‘T 31 F‘f,:l:—_.]l_m . of three types of Solid State Tesla Transformer from the
P limitation of the rate of the power electric switching
device which has reactance rate and low voltage. The
Fig. 9 PWM Circuit input result of the simmlations found that the Half Bridge

3
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Inverter Circuit is the most suitable for constiucting

because the rate of device is lower. Moreover, the

voltage and the frequency. which are produced. are
similar to the prototype.
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