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ABSTRACT

This thesis presents the design and implementation of composite voltage generator circuit
that consists of alternating current voltage and lightning impulse voltage. This circuit applies high
pass filter and low pass filter to protect the impulse voltage generator and the testing transformer
respectively. The constructed composite voltage generator circuit generates standard lightning
impulse voltage 1.2/50 zs superimposed on alternating current voltage 50 Hz. Besides, this thesis
also proposes the effect of composite voltage on three kinds of insulation; polyester film, DMD
and craft paper. According to cxperimental results, the composite test voltage causes changing of
insulation properties; decreasing insulation resistance, increasing dielectric loss factor and

decreasing AC/impulse voltage dielectric strength.
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Effective Value
| = 0.707 Peak Value

Pozitive Value

Negative Value

Y {Maximum)

3N 2.4 gunauuseau ihinszuaady

useau Ilihnszuaaan mudosmualuanasgu (EC 60060-1 (1989) d1nsuy
0P X ) ' o
nadevglnsainealinnudeglusznine 45-65 Hz mazdnvazglaaulaliunudeaily

1 ] 9
aanlmiTing 129501 (Half-Cycle) Nagmnuazduauszdaamnioudn

2.3.3 szauussauzlnaunandmunaaevginsallvih
& e o 1
WIATTIUIEC 61000-4-5 Fuihumnasgruvesgnsainansavinulalasliaa
< as Yo et 9 o ) ) [ Ed
amuanuiunuIumenas las uusauny Tdmmuassaunsidudim iunaaauange lu
A E ' i > < 9 @ )
T2UVLTIA NI TUAIUVD9 Open Circuit Voltage 1.2/50 ps tazissau Tihnszuaady a31la

AIA17199 2.1 [4]

M9 2.1 szaussaulndunaudmiunagevgUnial I luszuungeh

Level Open Circuit Voltage =10% (kV) AC Voltage 50Hz
0 N/A
| 0.5
2 1.0 representative operating
3 2.0 condition voltage of the
4 4.0 equipment under test
5 a
X Special

) v a s o oA 9 o [ [ o w Y
winemg 1. szAuuseaudnwadnsyyluasiaiumilddm funvdeniesias Wi

nrziaaduazszuutlewd-deeon Iihnszuaaduiaod Taens st uns oveszun Wi man



12

a ' g/ o & a 9| v g oA =
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=n.
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Level 0 wneie szuu i 1dsunistlesduiluedied wioogludeunwiziazi
szAuussuRulesn I oIy 25 v

Level 1 wwena szuu I igsumstlesduihundunasiszduusdunutoon i
W30 500 V
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¥ 1
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H ¥ ]
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(Break Down) MMM 1UY¥04919001 Aouiusadusuwadidzusnanitiueu 1 Taa

a

9 o a o :f 2 ) P ]
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2.5 39930309ANND
{ o o ) § [ o
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] ! Y ad a & A v A4 o« o ¥
AT 9 WU ANATUDIANTOHAT , MITDA1T , MTAIVAN , NWATUATBINBUNNaz NaAI
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UULIOUIADN (Analog Filter) UAZINIINTOIANNDUVVATADA (Digital Filter) 29950509
A o ~ o - 1 a = [
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HARBLAUDUFIAIUA (Frequency Response) fiD 19951389AD AR (High Pass Filter) |
VTNTBIAIINDAHIU (Low Pass Filter) , 19970T090DUANUAHIY (Band Pass Filter) 11a

ITNTOIUAUANNDNEAHIU (Band Stop Filter) #a74/# 2.6
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v Ed
Taolidanasan Asaumsn 2.1, 2.4 18y 2.5 A9l

fo = “2RRC 2.1)
e = W+ (22)
Bor = tan(fof) (2.3)
Ao = W) (2.4)
) “taﬂil(f/fc) (25)
& A Sy
W . Ao ANNAYINATY
Ay NO _BATIVHIBIUTIAUVDIIINTNTOIANNAFIHTY
A & = 1
by 10 yulalnariouvesrgesnsosnuiganiu
Ay D DATIVOIBUTIAUYBINITNTOIANDAH I
A 4 Ao
g A0 yue lvailapuYeI9ITNTBIANUAR AT

2.6 RUIU [10]
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£
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A v 1 oda T o [ P a g a
A9 ATUATUNIY , anlesunaln (Permittivity), uﬂﬂmaiwawmgmﬂmallﬂmaﬂmmm:

ANuAINUABLTIaL WA

a d
2.6.1 Indeanas (Polyester)
a wa 1 =]
Tndeamesinuandmaulumsniuauiu anuudassniananazaaiud

= ' 1 = i 4
dsznmveszlitlugigumgiiveams IFaundie TAmudmnee15a (Are Resistance) g9
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wa a i; 1 =Y = Y o . = o
Tasnaaniiaves Indemmasyuegiuytiauazlsuiavesilaaes (Fille)  Tndlodinos
aunsautieenily 4 viia AMNIATTIU MIL-M-14G fid Type MAG , Type MAI-60 , Type

= .

MAT-30 1ag Type MAI-30 Taofl Type MAG (182 Type MAI-60 Haaiania lumsdunuiuia

¥
= |

3 1 1
TaunadauAIuuIAT§IU ASTM Type MAI-60 linmuauiiaasil Anlesinfia inaud
1w 1 o 1 a o = { { [
60-10° Hz 1171 5.6-4.6 , Awasnugailarladidania 1110 60-10° Hz M1y
0.10-0.20 , FMNANUA UL MY 107 g-em azaNuAInuasusaau T vy 375 Vimil
ad adg d’ = w g o 1 = o s = 4
ApuALl uRUIURALTIIAANAMINUFIUAUTEHIN Inaames Naua: Tndeawnes
4 o c’;’r = v 9 nz o 9 [~1 g
wes Tasthnuiuniaesyiiauiudounuii lvanuudasaniananinuy
=y =Y o 3; J . 9 a
ns 16w Twdeaaes luginsal lWihilen1¥lun1sviiade (Terminal) v3olMilu
5 ' g 2Ry :3.’ a o A d Aaa aoa 4:? u/
AUIUNUTEHINBUVIUAaIA TUNBIMDS NIl Inaeamasuazauan l¥luamuadeiiianidd

g1t 2.8

a o =
Twaloaaes Aloua

1

H o T a (=] aa
31N 2.8 dod1muIu Indloaaestasfduan 14w i

262 NITATHAUIN

nszasnuaud FauluszunTiihiled 2 Uszsion e nszaimung (Paper) oz
NFZATHBANT (Board) NTZATHLNIANUNUNITEENI 8 mm. @IUNTLATHEALTITALWU
¥INAT1 0.8 mm.  AIUHUILAZATINHUMHUVBINTZATHAUIY %uagjﬁ'uﬁ'ﬂymzmﬂ%’em
na1fe nszaERiAMunIINE 0.8 gem) muzdmulaiiulasiEansavesdauiu
Uszquazitlunuiuvesniia daunszaeiiiammuniviunas (1.0 gem) munzdmsy
hilulagidaasnvosdufulszy Iihids waznszasiiiianumuuniugs (1.2 gem)
mm:zﬁ‘m%’u“l%’“luéi’mﬁuﬂﬁzguuuﬁ%wé"wmw%m’%"mna"lﬂi"hﬂs:ummq ﬁ'@f‘;ﬂmﬁuﬂ"ﬁ

ma IWihvesnszasaurunaaslumsian 2.3
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M31N 2.2 A ANIRVINTZATHAUIUALIATIIU JIS C-2305 (Class 2)

Thickness (mm)
0.13-0.8 0.8<t<3.0 3.0<t
Density (g/mm’) 0.95-1.30
Moisture content (%) max. 10.0
Ash content (%) max. 1.0
Dielectric Breakdown avg. 9.0 7.0 6.0
Strength (kKV/mm) min. 6.5 5.0 4.0

9/ o) =) 1 3 o 2 1
milsnunszaauiiuawdinvanvatsgiuun i Miunuunusznin

¥
s

FUVBIUARIA HIBNUTZHINVARIANTIgaazunadaus s Tundeutad Wil vhinszay
1 g Q Y 1 z a o
gninuTenssmyseniniuw weralunis Tnamyudsuveaihiuauawih ¥nmsszne
i = v ' A il gl L
anueuiiuntu 1Hiuaysosduszninvaarauas Insea e o e m Uiy aesnim

' | o { aw A w {
dpamanadangu udu dmfunszammuuil¥lunuitsioaasdagli 29

ar 1

31 2.9 MedunszamnuIulyluenise

2.7 MIATINTOURMANTIAYBINUIU [10]

2.7.1 m‘mﬂﬂanmfhmmﬁmmuamu (Insulation Resistance Test)
@ a ad { 1 o o @
mnﬂmmﬁ’mmuﬂmmﬂu';ﬁmswﬂaauﬁ"lnmmﬂ AIHIUATIVTOUANTN
I A 1 = & & A =) o
mmuﬂunmuﬂlmﬂmu maﬂia%ﬁaummmunmim;mmsuﬂﬂmuma"lu °]Nﬂ1:i‘]ﬂ§ﬂ

o 1 ~ A ] A & ﬁ
AINAID LA UMANINNAUITOUAUNINIINMT IHIUnTodaudloy

105467
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Insulation Tester Mega-ohm meter

d' d’i A J 9/
31'1'1 2.10 IAF4NBIAAIATUATUNIURUIY

a 9 as 1 9 FI=vg 4
FMTVITMTIUMTIAANANNATUNIUR U IUD1 1HIT V-1 Method %50 19iaTaaile

@

v o { ¥ & o a = v 9 @ a1
TamanuATInIuRYINAIdad Tugli 2.10 Nallsyauusedu ihaldiadmsuiadiaam

"
=

AumuauIuYeIRIURszA LTI IFLAN 9 naaeluaiseh 2.3

2

M15197 2.3 TEAUUTIAUNATDUMATMAIUNIUR UIY

Rated Operating Voltage Testing Voltage
(V) V)
<300 500
300-600 500-1,000
2,400-5,000 2,500-5,000
5,000-15,000 5,000-15,000
>15,000 10,000-15,000

d w adqg =
2.7.2 nﬁmﬁraumfhuﬂﬂmaswaaa1ugmtﬁa‘l¢nananwsn (Dissipation Factor Test : tan d)
! & - e 9 | ey S8 v o &
eI naInugyas lndaaasa lmihiasisiaeigms lFnunuiudanila

v | 1 =
ﬁ']ﬂﬂﬁﬂll'ﬂ\‘lf‘]ﬂmﬂu 397U A9

£ 4

! = 4 = g Y a ' EY
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' 4
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A1sengednddse Wenuivegnieldaauin Wil dszquanuazidszgavvesTuanaszuen
1 w a w = e 1w ey é‘, o Y

panunIInAuuazlszngadnaieu laTwaiiivuiaveulssgmiiuualivaasaiudi use
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aasanal ez linansgudslugduesnnudou
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mniu Aaadlugila 2.1

107 107 10° 107 10° 10° 10° 10! 10! 10"

7]' U™y 1 _"‘_“[" — ”'( A'AA A\ il B VAWAN BRI T TR B |
* T —BOStep Response Ll — ="
Ultra-Low Audio

+ 7 Frequency ——#<+—— Frequency —  *
Bridges Bridges
<+ Resonant circuit —»
< Cavities and Waveguides »« Refect- ~
Ohmmeters

= ad @ = a g =
i 2.11 Tpezunsuismsianimsgads ladidnasnvesnuau [10]
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TRt

Automatic Schering Bridge Tester Transformer Ratio Arm bridge
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273 mInaaeuanunInuaslsIau 1Wi (Dielectric Breakdown Strength Test)

anuaenuaensaau TWi nuredaatanuaseaauy 10l (Blectric  Field

A - ' A — A a P
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iU NTeIAINAgIINIAs 99 NI BanuD AU T uaestlead

Yo o g A wa A Y ~
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i Wy 4 o a v a o o T
M1 3.1 guaminveunsesiitaussiuduiadiruazndeutlas i maaou

inTestuiiausesuduiad witawlas W magen
useRuduadgage 200 kV (H3IAUGIA 100 kV
AuATUNIUSA52Y 25 kQ WAAag 100 kVA
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Stoppdd 2009705728 10:02:19
CHI=2V  :©  CH2=100mV: ) ; ; T 20us/div
DC 14 4 DG 11 i 3 , ¢ (20us/div)

: : : : : : NORM SUMS..'s
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2
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=Filter= =0ffset= =Record Length= =Trigger=
Smoothing : OFF CH1 :  0.000V Main @ 10K Mode : SINGLE
BW : FULL CH2 :  0.000v Zoom :@ 500 Type : EDGE CH1 4
Delay : 0.0ns

Hold Off :  MINIMUM
31 3.15 namsasrndagiaduussauduiadihinseialdszniandemlas ihmaaeu
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Stopp&i 2009/05/28 10:08:45

CH1=2V : CHz2=2v : ; : ¢ 20us/div
pc 11 DC 11 Ey : : i (20us/div)
: ; : : : NORM SDMS /s

n'iq@i”‘i‘fﬁ‘ﬂﬁi!:ﬁ'ﬁﬁ‘lh%1‘i”fﬁﬁl'iﬁﬁ‘:ﬁ1ﬂfiﬁﬂﬂﬁ’i‘jlﬁlﬂ?h‘ﬁ‘_

=Filter= =0ffset= =Record Length= =Trigger=
Smoothing : OFF CHI1 : 0.000v Main : 10K Mode : SINGLE
W FULL CH2 :  0.000v Zoom @ 500  Type : EDGE CH1 &
Delay : 0.0ns

Hold Off : MINIMUM

U7 3.16 wamsnsndaginauis suduwadiingseda 1d Taqnaaou

Stopped 4 2009/05/28 10:20:45
CH1=500mV; CH2=20mY : : : 10ms/div
Ac: 1. fHC n:1/)% 3 ! : - (10ms/div)

: : : ; T : NORIUI IUﬂkaS

R A
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=Filter= =0ffset= =Record Length= =Trigger=
Smoothing : OFF CH1 : 0.000v Main 10K Mode @ NORMAL
BW @ FULL CHz :  0.000V Zoom : 500 Type : EDGE CH1 £
Delay : 0.0ns

Hold Off :  MINIMUM
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Stopped q
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CH1=2Y : : 10ms /div
DC 111 : : : ¢ (10ms/div)
- e, — T SRR SOOSURNE SO S !*'.‘?.'?.'?‘. b e
a
=Filter= =0ffset= =Record Length= =Trigger=
Smoothing : OFF CH1 :  0.000V Main : 10K  Mode : SINGLE
BW @ FULL CH2 :  D.000V Zoom : 500  Type : EDGE CH1 4
Delay : 0.0ns
Hold Off :  MINIMUM
= ~
1J'n 3.18 Naﬂ‘l‘iﬁi’m’amﬂﬂﬁuuﬂﬂuiﬂﬂauwﬂ'n‘nnn 0°
Stopped 4 2009/05/28 10:29:48
CH1=2Y 10ms / div
DC 11 (10ms/div)

NORM 100kS /s

=Filter=

Smoothing : OFF

BW :

FULL

=0ffset=
CH1 : 0.000V
CH2 : 0.000v

=Record Length= =Trigger=

Main : 10K Mode : SINGLE

Zoom : 500 Type : EDGE CH1 &
Delay : 0.0ns
Hold Off : MINIMUM

‘I.Iﬁ 3.19 Nﬂﬂ1591'i’J’ﬂ‘Jﬂiﬂﬂﬁullidﬂuiﬂﬂﬂuﬂﬁhﬂuﬂ 90°
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Stopped q 2009/05/28 10:35:10
CHi=2v : : E 2 : : o 10ms/div
DC 11 : : i : : ¢ (10ms/div)

: : : : NORM: 100KkS /s

¥

=Filter= =0ffset= =Record Length= =Trigger=
Smoothing : OFF CH1 : 0.000V Main : 10K Mode : SINGLE
BW @ FULL CHz :  0.000v Zoom : 500 Type : EDGE CH1 &
Delay : 0.0ns

Hold Off : MINIMUM

317 3.20 Han1sATIIAgaduLs s ugnAuNaLRN 180°

Stopped g 2009/05/28 10:40:35
CHI=2v | : : : : ; L 10ms fdiv
DC glily - : : 3 : o (10ms /div)

: : : : NORM: 100KS /s

=Filter= =0ffset= =Record Length= =Trigger=
Smoothing : OFF CH1 :  0.000V Main : 10K Mode : SINGLE
BW @ FULL CHz :  0.000V Zoom : 500  Type : EDGE CH1 £
Delay : 0.0ns

Hold Off ©|  MINIMUM

51 3.21 wamsasraiagiaauuseauglaaunauiyy 270°
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®
nﬂ Flexible Composite Materials

Poly Ester Series

. ) Elongation at Thermal Norminal

. Thickness Sr::::ll:h Ng,rl.:]l:;al Break Shrinkage Operating

art No. (um) (kgmsim) (in2/1b) TD | MD | TD | MD | TD Voltage

MPa | % | % | % | % (kv)

1P130 75 244 6,696 243 1.3 06 | 1.3 | 0.6

1P700 100 240 5,022 230 | 1.3 06 | 1.3 | 0.6 1

1P701 125 236 4,018 226 L] 04 | 1.1 | 04

1P717 188 188 2,671 194 | 1.0 0.6 1.0 | 0.6

1P751 210 190 2,391 194 | 1.0 0.7 1.0 .| 0.7 2

1P300 250 189 2,009 189 1.1 0.6 N T [ 06

1P801 300 177 1,674 P78 14109, =026 | 0.9%f 0.6

1P802 350 175 1,435 I'B NSOG8 L0598 50.9401 WS B

1P808 500 133 1,004 1391097104 | 09 | 04

Remark : The above value, which has been determined by careful tests, provide only general
information. 'P. Leo has implemented several programs to assure the highest quality and reliability of
this product. However, no responsibility is assumed for its use.

TCH

is P. Leo & Co., Ltd, registered Trade
Nomex® Mylar® Kapton® and Kaladex ® are Du Pont Registered Trade Mark




61

n“® Flexible Composite Materials

DMD Series
Tensile Norminal
Heat Resistance | Thickness | Width Length Operating
Part No. ©C) (um) (mm) (m) Strength Voltage
(kgt/15mm) &
(kv)
DMD-222 155 180 980 100 >13 q
DMD-252 155 250 980 100 >15
DMD-272 155 300 980 100 >18 5
DMD-333 155 250 980 100 >21
DMD-353 155 300 980 100 >25 »
DMD-373 163 350 980 100 >30
Remark : The above value, which has been determined by careful tests, provide only general

information. P. Lep has implemented several programs to assure the highest quality and reliability of

this product. However, no responsibility is assumed for its use.

cH

is P. Leo & Co., Ltd, registered Trade

Nomex® Mylar® Kapton® and Kaladex ® are Du Pont Registered Trade Mark
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Flexible Composite Materials

Craft Paper Series

Tensil Norminal
Tear Resistance | Thickness Width Length i Operating
Bttt Na: (kgf/20mm) (um) (mm) (m) Sizengih Voltage
g - (kgt/15mm) g
(kv)
TK-5008 >19 140 1000 200 >14 ’
TK-5013 >20 190 1000 200 >18
TP-2513 >9 170 1000 200 >15 ;
TP-2518 >10 210 1000 200 >16
TP-2525 >10 280 1000 200 >25 .
TP-5025 =" ) 350 1000 200 >26

Remark : The above value, which: has been determined by careful tests, provide only general
information. P. Leo has implemented several programs to assure the highest quality and reliability of

this product. However, no responsibility is assumed for its use.

M

is P. Leo & Co., Ltd, registered Trade

Nomex® Mylar® Kapton® and Kaladex ® are Du Pont Registered Trade Mark
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THE STUDY OF COMPOSITE VOLTAGE GENERATING
SIMULATION USING PSPICE PROGRAM COMPAIRED
P-055  WITH MATLAB AND ELECTRONICS WORKBENCH

Poochit Boontho , Norasege Pathanadej , Pearawut
Yutthagovit , Mothol Leelachindakaileak

Department of Electrical Engineering, Faculty of Engineering,
King Mongkuit Institute of Technology Ladkrabang,
Ladkrabang, Bangkok, 10520, Thailand

This paper presents the study of the effects of components in composite
voltage circuit on composite waveform using PSpice , Matlab and Electronics
Workbench. The test result is used as a guide before doing the experiment. It is
found that the capacitance of high pass filter, the resistance of low pass filter and the
capacitance of test object has more effect than other components on composite
voltage circuit wave shape. Besides, the simulation results from the study programs;
PSpice , Matlab and Electronics Workbench are relatively similar.

Keywords:
Superimposed/ Composite voltage/ Simulation
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PROGRAM COMPAIRED WITH MATLAB AND ELECTRONICS WORKBENCH
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The Study of Electrical Insulation Property after Receive Composite Voltage

0% yaln usiasug Wanuay #578i gnsinin wama dadumlnigau

=3 = = o a = v ¥ ar
ﬂ]ﬂ?ﬂ"l’lﬁ']n'i‘iilllﬂﬁ1 AMSIAINTINATAT rmmumﬂ'iuiatimzaawnmmﬁ;mnmsamn‘ssua

aHUNAdINTY UnaANIZLe ATUNAUTIUAS i‘ﬂiﬁ'ﬂ‘ﬂ : 0-2326-9902 E-mail: pooh_engineer_pea@hotmail.com

L7 1
unaaea
¥
unauininauenislsznevadiasadiausadu
A & o & a o a o "\ W W
sundunaudalsznoudrsusaduduiadidiiudeunn
ysanuinszuaadn so vz et linaaeunuaunia i
5 a M4 & a oy o " = P
f1uau 3 wila Ae Indeamesildy, nszamndon Indlaamesin:
pMD (Indtemaed Ines (niaew), Indwaweinay (luaid) , Tnd
wamas a3 (aiaew) vinkamsnaaeuny TR U IAaY
aaui Iauaulddnie 3 wia ddudaees ndanugyaldilag
1ANATN (tan O) aUU 9.93% , 35.58% LA 26.71% AINATAL
¥ .
vensinfiusadugiladunaudidinaliiidainiiunanuae
usaiu Tihnszuaaduiinanas 1%, 17% uag 16% muddL uas
fimAnunanuasuTIduBiaditiinanas 15% , 19% uag 15%

AUAL
My nsedugUnauna, Fuaew, auau il

Abstract

This paper presents the construction of composite voltage
circuit ; lightning impulsc voltage supcrimposed on AC voltage 50 Hz,
for electrical insulation test. The insulator under test consist of polyester
film, kraft paper and DMD (Polyester Fiber (Darcon), Polyester Film
(Milar) , Polyester Fiber (Darcon)). According to experimental test, the
results composite test voltage causes increasing of dielectric loss (tan 8)
of such insulators 9.93%, 35.58% and 26.71% respectively. It also
reduced the AC voltage dielectric strength of the mentioned insulators
11%, 17% and 16% respectively, Besides, the lightning impulse voltage

dielectric strength decreased 15%, 19% and 15% respectively.

Keywords: composite voltage, superimposed , Electrical Insulation
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The Construction of Composite Voltage Circuit by Using High Pass Filter and Low Pass Filter

to Protect Circuit
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Abstract

This paper presents the construction of composite voltage circuit; lightning impulse voltage
superimposed on AC Voltage by using high pass filter and low pass filter to protect impulse voltage
generator and testing transformer respectively. Before the composite voltage generator construction
we use computer program to simulate this circuit. After the construction and testing this compaosite
voltage circuit in high voltage laboratory; the circuit can produce composite voltage between
standard lightning impulse voltages superimposed on AC voltage at test object. High pass filter and
low pass filter can protect impulse voltage generator and testing transformer from AC voltage and

impulse voltage respectively. The testing results are same as simulation result.

Keywords : composite voltage , superimposed voltage , high pass filter , low pass filter
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