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ABSTRACT

The thesis presents a construction and design of a tester for insulating materials. The
purpose of the tester in to measure dielectric strength of such materials. The temperature in the
chamber of the tester can be varied and controlled. Tests are performed according to IEC standard
NO 243-1 1998. A microcomputer is used as a control device for the tester. Thus, the step by step
and short-time breakdown test can be performed by changing the shape of sphere-plane electrodes
while the temperature in the chamber are varied from room temperature to the maximum
temperature of 80°C. Itis found that the tester gives satisluctory results for recording breakdown

voltage values. The values are also transfer to data acquisition system via voltage divider.
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Cs = C,(1+tan §) (2.16)
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5.6 HANINADD3

AISNABDATEY MTSANILTIAUILTIAINAITRUINILY

anmzwaden : guwgil 27°C

¥
. ANBUTURNT  92%

66

FEn1nagey fiuiinula (Short time Breakdown test)

gaBian InsalsziAn  N5IN0Y — 53U (Sphere - Disk Electrodes)
- o ¥ - o

wiinvoaiag nszay lufundeuildy

YU 49, X 4 %,

w1 0.13 w31,

1197 5.1 HAMSNARBANTIAM TR UILTAA NIUUVIUTTU 1A (Short time Test)

X=8623 , SD=0245

fmiunsd UsIFULsNANY (V) AnlefiFudnnudanain
naaBy wesiledn ABuRARDS (%)
1 8.230 8.296 0.802
2 8.913 8.990 0.864
3 8.492 8.523 0.365
4 8.870 8.914 0.496
5 8.341 8.383 0.504
6 8.723 8.804 0.929
7 8.494 8.540 0.542
8 8.758 B.782 0.274
9 8.617 8.666 0.569
10 " 8.320 8.336 0.192
fundy 8.576 8.623
8.623 -8.576
%error =] Y5 | x 100%
Soerror =  0.545%
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mMInAapases MsIamusuusnaTmsauIuud
annzmndey : sungll 27°C
- AududuRnE 92 %
TEMINAYBL Suthila 20 Fund (Step by Step Breakdown test 20 sec)

yaoanInsayszian  NIINAY - 38U (Sphere — Disk Electrodes)

¥ilavoatan nszay ludunieuidu
IRL 4 030, X 4 1.
Wi 0.13 1.

1 4
19197 5.2 maMINAALINII AR LITIR LT AAITLTLTUTL 1A 20 S

§miunsed UIIFUIITAAIY (V) flesidrudanuiianaa
nAgoy inJesiiedn AouRADT (%)
1 6.830 6.744 1.259
2 7.296 7.200 1.316
3 7.120 7.000 1.685
4 6.823 6,790 0.484
5 7.361 7.228 1.807
6 7.256 7.165 1.254
7 7.371 7.369 0.027
8 7.688 7;587 1.314
9 7.537 7.540 0.040
10 . 7056 7.025 0.439
Aundy T 7234 7.165
Yerror = | 7.165 - 7.234 | x100%
7.165
%error = 0.963%

X=7165 , 50 =0284
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" step by step
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711 5.5 asmdnvazuazaws s nalwuduiula 20 3w

vingilit 55 szwuhsussiuSuduvesfusnezduduR 50% vesrusedn
15AATNIveN Short time fi® MUTIAULTARNIVBY Short timesz IAlvIL 8.621 Alalran
Fufuusaduduusnaes Step by Step vedeasyd 4310 AlaThart Tasasufiumesazalszuna
wor1 lasaa lula mswiummﬂﬁauf’fﬁz%”nrhuiqﬁ'ma1ﬁv!wmagﬂuﬂqusqﬁ’umﬂisma
railuA T Ids Al ﬁaﬁy'u&gﬂﬂizmaHaﬂz%’uﬁmsqﬁ'u#imwil.miiqdwU"lﬂﬁﬁmiwu‘ia
i ns‘sﬂﬁ"lé’ﬁﬂsn?"yﬁuﬁnwﬁaxmhﬁ@humiq 50% 1300 s1da 20 huf wdsnntueziy
U39RUBH 20% vearwen uazBunafinaTl3R 20 Suf ndaen 20 Fund Fesiuusedudn

20% VIR UAVIUNTENAURANTIUTAATIN



4 ar ¥ or o
A1TNADD QL%’EN MIIAATULT ﬂulﬂi’ﬂﬂ']')ﬁ’ﬁ'l'iﬂu TN

anmzinaden : gungll 27°C

-3
- anuFuduURIngs 92%

7

Juiiula 60 Juh (Step by Step Breakdown test 60 sec)

FEmInaaey
gadlan lasallssian

= o 1 & o
TUAVDITH asza lunundauidy
YU 493, X 4 .
AT 0.13 U,

NTINAN — 52U (Sphere — Disk Electrodes)

] b
A5197 5.3 naMTNARBINTT AR W AR UYUTY 1 60 U

X=6025 , SD =0244

$nuntan USRS nA1IY (V) AudesiFudnnuianaia
nagoL inesiietn aouuARs (%)
1 6.402 6.275 1.984
2 5.899 5.882 0.288
3 6.291 6.088 3.227
4 5.879 5.807 1.225
5 6.291 6.228 1.001
6 6.231 6.135 1.541
7 5.759 5.666 1.615
8 6.573 6.369 3.104
9 6.211 6.088 1.980
10 5.759 5.713 0.799
Andt 6.130 6.025
6.130 - 6.025
%error  =| =130 |x100
%error = 1.712%
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s .step by step _ X

; 10.5

5 80

3
et

v L4
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vinglfl 5.7 wuhAusEuGUAUYBUNTNeZEUAUR 50% VBIAWTIAY
I3 ] o 1 o ~
(ISNATIIUBY Short time D AUTIFUILTAAIIVDL Short timedz 1Ay 8.621 AlaTran
o q,: o 6‘; 9t a n:: = - = o
FATULSIAUTUUTNUDA Step by Step ADAUTUN 4.310 A lalan Taonaunuaesvzlszuin
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1
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1 gungil 27 °C
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anmnedey : guvall 80°C

»
s aNUTUFURNT  92%

75

FEMINANeL fiufvivla (Short time Breakdown test)

gAdAnINsAsAN  NTINDY — S3UTY (Sphere — Disk Electrodes)
Y Y & o

Fiiaveding nszay ludundsuidy

v11A 493, X 4 %W,

U 0.13 W,

AI51971 5.4 HaMINARBINTS IS UILsRAINILUTUTITY 1A (Short time Test)

$mannsen USRI (kV) fdesiFuanuianaa
NATY w3eaiinda AoNAADS (%)
1 7.030 6.971 0.839
2 6.950 6.921 0.417
3 6.758 6.730 0.414
4 7.436 7.400 0.484
5 7.269 IR 0.770
6 7.457 7.404 0.711
7 6.518 6.491 0.414
8 6.865 6.832 0.481
9 7.149 7.114 0.490
10 - 7.128 7.095 0.463
funde 7.056 7017
Yerror =] 7.056 -7.017 | x 100%
7.056
S%error = 0.552%
X=17017 , SD =0289
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mIneaeuies msiasusadusaaaimsauaunds
anmzuedey : gungl 80°C
L AR 92 %
AFMmnaaou ﬁuﬁu"lﬂ 20 TUTH (Step by Step Breakdown test 20 sec)

yAdianIngAlszinn N5 — 53U (Sphere — Disk Electrodes)

a ar ¥ - '8
siinvesiag aszay ludundendda
YA 4 9. X 4 .

i 0.13 3y,

[ ¥
15191 5.5 HanITNAaBINIs AR s wUIUTnaITuu LUyl 20 3w

77

fnauna USFUUTAA N (kV) fulesiiudnnuAanaia
NATeY w3eaiiea noufiuaes | (%)
1 5.850 5.800 0.855
2 6.348 6.292, 0.882
3 5.526 5.480 0.832
4 5.752 5704 0.834
5 6.343 6.288 0.867
6 6.142 6.090 0.847
7 6.092 6.043 0.804
8 6.272 6.221 0.813
9 6.080 6.032 0.789
10 6.236 6.182 0.866
Aunde 6.064 6.013
6.064 - 6.013
Yerror  =| = 06a | x100%
%error = 0.841%

X=6013 , SD =0270
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¥ ¥
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Ngamnli 80 °C
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A1INAGBUTEY NS TAA IS IRUISNATITEITRUIUNA

oy

anmzuanden : gungil 80°C

oy
ABATNATOU

yastan lasaszian

Fiiaveadng
VUIA

min

U
»

C AUFUTUINS 92 %

79

dutiula 60 Juh (Step by Step Breakdown test 60 sec)

NFINQU — 55U (Sphere - Disk Electrodes)

o
aszay ludundeuidy

4 4}, X 4 T,

0.13 3y

1 »
m31s¥ 5.6 H’s"lﬂ‘l‘i'ﬂﬂﬁﬂ\lﬂ'lﬁ".lﬁﬂ'll.ﬁ\‘lﬂul'l.ﬁﬂﬂ'l’J'lIuU'U'lT‘Llﬁunlﬂ 60 I

Sruunded usasuusnal (kv) fulefiFudaufianain
nagel wsesileda ADUTADS (%)
1 5.251 5.208 0.819
2 4.962 4.910 1.048
3 4909 4.870 0.794
4 4742 4.770 0.590
5 5.086 5.045 0.806
6 5.134 5.092 0.818
7 5.200 5.140 1.154
8 5.071 5.032 0.769
9 £971 4931 0.805
10 4781 4742 0.816
Aunde 5.011 4.974
%error = | >.011 - 4.574 |x100
5.011
%ermor = 0.738%

X=4974 , SD =0.155
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Huiiviula sutiula 20 Sui duthula 60 Sun

] 3 »
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111 5.13 usedumsna ninuwiuiiviulah gamgli 27°C uaz 80 °c

B2



27 B uwnIF o 80 pasnraFoe
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g fo avmeTeamon iy Goviem)
€ fis  Absolute dielectric constancy of a dielectric (F/m.)
€ A relative permittivity vaanuau luflimidssum 6- 7.5
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unit menu_hv; #Fovia TsunsyTuaIuUULYNAY Unit menu_hv
interface
uses sraun)sgnoudi 14y Unit menu_hv

Windows, Messages, SysUtils, Classes, Graphics, Controls, Forms, Dialogs,
StdCtrls, ExtCtrls;

type /o nailg
Tproup = class(TForm) ‘
GroupP: TGroupBox;

namel: TLabel;

name2: TLabel,

name3: TLabel,

name4: TLabel;

idl: TLabel;

1d2: TLabel;

1d3: TLabel,

id4: TLabel;

numbl: TLabel;

numb2: TLabel;

numb3: TLabel;

numb4: TLabel;

adviser: TGroupBox;

nameadv: TLabel;

nextl: TButton;

exitl: TButton;
procedure next1Click(Sender: TObject); imlsen 1w ‘Tﬂﬂﬁ‘; e Ty

procedure exitl Click(Sender: TObject); /szmaTnidiaes Wiide ]
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{ Private declarations }
public

{ Public declarations }
end;
var mlsemadauls Insdaed
proup: Tproup;
implementation
uses kit_hv; sz s lundian kit_hy
{$R * DFM}
procedure Tproup.next1Click(Sender: TObject); nlszmainsiaes Wvide I
begin

groupP2.show;
end;
procedure Tproup.exitlClick(Sender: TObject); /szmalnsdmes Ivide T
begin

close;
end;

end.

unit kit_hv; #¥eva Tsunsuluaau Unit kit_hv
interface
uses sdyutlszneufi 14y Unit kit hv

Windows, Messages, SysUltils, Classes, Graphics, Controls, Forms,
Dialogs,StdCtrls, Buttons, Menus, ExtCtrls;
type resuSnanld
TgroupP2 = class(TForm)

swl: TBitBtn;

sw2: TBitBtn;

sw3: TBitBtn;

sw4: TBitBtn;

sw5: TBitBtn;

MainMenul: TMainMenu;



exitl: TMenultem;
exit2: TMenultem;
Shapel: TShape;
showcs: TEdit;
showsmax: TEdit;
Labell: TLabel;
Label2: TLabel;
Label3: TLabel;
Label4: TLabel;
Label5: TLabel;
Label6: TLabel;
Label7: TLabel,
Label8: TLabel;
magel: TImage;
Label9: TLabel;
Label10: TLabel;
Labelll: TLabel;
Label12: TLabel;
Labell13: TLabel;
Labell4: TLabel,;
Labeli5: TLabel,;
Labell6: TLabel,;
Labell7: TLabel;
Label18: TLabel;

procedure exit2Click(Sender: TObject); /AlszaTnsinns nny exit

procedure swlClick(Sender: TObject); seaeinsFiney start
procedure sw2Click(Sender: TObject); ilszmeInTdines stop
procedure sw5Click(Sender: TObject); imsemeTnsFaod reset
procedure sw4Click(Sender: TObject); mlsemsinsdines step by step
procedure sw3Click(Sender: TObject); Mszmalnsg FIADS short time
private

1
ar

procedure outport(portnossmallint;data:byte);  /lszainIwsdiaed 148255
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function inport(portno:smallint):byte; /lsemelandu Sus ADC0804
{ Private declarations }

public /mlsemadanls

portno:smallint;

ata:byte;
{ Public declarations }

end;

var Mlszmaduils

groupP2: TgroupP2;

implementation

uses stepby; /nlseaaleluniie stepby
{SR *.DFM}

procedure TgroupP2.outport(portno:smallint;data:byte); /seadlwsdaed ﬁ"'d8255

begin
asm
push dx
mov dx,portno
mov al,data
out dx,al
pop dx
end;
end; )
function TgroupP2.inport(portno:smallint):byte; /mlszaailaddu funt ADC0804
var
temp:byte;
begin
asm
push dx
mov dx,portno
in al,dx
mov temp,al

pop dx



97

end;
inport := temp;
end;
procedure delay(ms:longint); ilsenA TNsERes AT
var
et:longint;
begin
et:=GetTickCount;
repeat
application.ProcessMessages;
until{{GetTickCount-et)>ms);
end;
procedure TgroupP2.exit2Click(Sender: TObject); s zmﬁ“[wsfﬁmas’ 149 exit
begin
close;
end;

procedure TgroupP2.sw1Click(Sender: TObject); /lszmaInsFians start

begin
swl.enabled:=false;
sw2.enabled:=true;
sw3.enabled:=true;
sw4.enabled:=true;
outport($303,$80); /11 port control 8255 430 code 80H
outport($300,$1); //f?q port A 4 00000001B 89N
delay(500); nfaminaam
outport($303,580); /13 port control 8255 #70 code 80H
outport($300,50); /13 port A ©14 000000008 88NN
end;

procedure TgroupP2.sw2Click(Sender: TObject); mlssmeInsSines stop
begin
if sw2.enabled=true then

begin



end;

end;

procedure TgroupP2.sw5Click(Sender: TObject);

begin

begin

end

begin

refresh;

swl.enabled:=true;
sw2.enabled:=false;
sw3.enabled:=false;
swd.enabled:=false;
outport($303,$80);
outport($300,$2);
delay(500);
outport($303,$80);
outport($300,30);

if swl.enabled=false then

swl.enabled:=true;
sw2.enabled:=false;
sw3.enabled:=false;
swd.enabled:=false;
outport($303,$80);
outport($300,$20);
refresh;

showcs, Text:=";
showsmax.Text:=";
delay(500);
outport($303,$80);
outport($300,30);

else

showcs. Text:=";

98

11 port controt 8255 &0 code 80H
/181 port A 112 000000108 88N
ndamiaanm

//é”xl port control 8255 #10 code 80H
/14 port A #4 000000008 DBAN

/misema Insdians reset

/74 port control 8255 428 code 80H
/184 port A &4 001000008 88NN
flclear ﬂﬁwﬂ
minliYeanan1In

i epauraIIn
i

114 port control 8255 #78 code 80H
/13 port A 4 00000000B BANT
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showsmax. Text:=";
end;
end;

procedure TgroupP2.sw4Click(Sender: TObject); mlszmaing Fand step by step

begin
if swl.enabled=false then
if sw3.Enabled=true then
begin
groupP3.show
end;
end;

procedure TgroupP2.sw3Click(Sender: TObject); /szmaInsEiaes short time

var
X,y,ynew,yold,chk:integer;
ycurrent,ymax:real;
begin
if swl.enabled=false then
begin

refresh; /fclear M99

sw3.Enabled:=false;

outport($303,$80); llé’d port control 8255 A1 code 80H
outport($300,$4); /14 port A #4 000001008 88NN
canvas.MoveTo(49,256); //ﬂ,ﬂléuﬁil’u plot AINU y

x:=49; /RAEUAUOY x

ymax:=0;

yeurrent:=0;

showces. Text:=";
showsmax. Text:=";
ynew:={;

yold:=0;

chk:=0;

while (sw1.Enabled=false)do #/iuanis gy
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begin
ynew:= inport($30A); /5UA1910 ADC0804
y:=256-ynew;
canvas.LineTo(x,y); //ﬁ‘]ﬂ"lﬁ'lm‘l.l plot
Xi=x+2; s lunm x
delay(200);
outport($303,$80); 13 port control 8255 #18 code 80H
outport($300,$0); //‘f.;i! port A 24 00000000B 8DAN
yeurrent:=((((ynew*5)/255)*11/10)+0.7;
yeurrent:=ycurrent/(sqri(2));
ycurrent:=ycurrent*(220/9)/10;
showes.text:=FloatToStr{ycurrent);
if ycurrent>ymax then //lﬁ‘uﬁ‘lfﬁ i3]
begin
ymax:=ycurrent,
showsmax. Text:=FloatToStr(ymax); /AMAEgANUITAY
end;
if x>423 then miteduniheeueains o
begin
x:=50;
refresh; _
canvas.MoveTo(50,y);
end;
end; ,
y:=256;
end;
end;
end.

-

unit stepby; /e Tlsunsuludau Unit stepbyinterfaceuses
rudszneun 141U Unit stepby

Windows, Messages, SysUTtils, Classes, Graphics, Controls, Forms, Dialogs,



StdCitrls, ExtCitrls, Buttons;
type
TgroupP3 = class{TForm)

Shape!: TShape;

showc: TEdit;

showmax: TEdit;

swsl: TBitBtn;

sws2: TBitBtn;

sws3: TBitBtn;

swsd: TBitBtn;

Labell: TLabel,

Label2: TLabel;

Label3: TLabel;

Label4: TLabel;

Label5: TLabel;

Label6: TLabel;

Label7: TLabel;

Label8: TLabel;

Imagel: TImage;

Label?: TLabel;

Label10: TLabel;

Labell1: TLabel;
procedure sws3Click(Sender: TObject);
procedure sws4Click(Sender; TObject);
procedure sws1Click(Sender; TObject);
procedure sws2Click(Sender: TObject);

private

¥

. ua
JORURNAN 19

imlszaaTnsdines stop
ilseme Insdiaed reset
/mlszasInsdned step by step 20sec

isemeInsdined step by step 60sec

procedure outport(portno:smallint;data:byte); msznnIns F1aoT 748255

function inport{portno:smallint):byte;
{ Private declarations }
public

portno:smallint;

mlszmafianau Sua1 ADC0804

/lszmedanils
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data:byte;

{ Public declarations }
end;
var
groupP3: TgroupP3;
implementation
uses kit_hv;

{$R *.DFM}

function TgroupP3.inport(portno:smallint):byte;

var -
temp:byte;
begin
asm
push dx
mov dx,portno
in al,dx
mov temp,al
pop dx
end;
inport := temp;
end;

procedure delay(ms:longint);
var

et:longint;

begin
et:=CGetTickCount;
repeat
application.ProcessMessages;
until{(GetTickCount-et}>ms);
end;

procedure TgroupP3.outport(portno:smallint;data:byte);

begin

mlssmeaauns

/seme g lumide kit hy

/mlsemaanau Sus1 ADC0804

mlszas InsBines lunswiauam

mlszanInisines 448255
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asm
push dx

mov dx,portno

mov al,data
out dx,al
pop dx
end;
end;

procedure TgroupP3.sws3Click(Sender: TObject); /MlszmeInsdiaed stop

begin
outport($303,$80); //’c’a;’ﬂ port control 8255 @71 code 80H
outport($300,52); /18 port A 84000000108 89NN
sws1.enabled:=true;
sws2.enabled:=true;
delay(500); rfaminane
outport($303,$80); //é’x‘l port control 8255 #70 code 80H
outport($300,50); /&3 port A 14 000000008 881
end;

procedure TgroupP3.sws4Click(Sender: TObject); /semealnIFines reset

begin
outport($303,$80); //ﬁ."x‘l port control 8255 #70 code 80H
outport($300,$20), //i‘% 4 port A 14 00100000B 90N
swsl.enabled:=true;

sws2.enabled:=true;

delay(500); faminana

outport($303,$80); /14 port control 8255 &3¢ code 80H
outport($300,%0); /14 port A 74 000000008 88NN
close;

groupP2.sw1. Enabled:=true;
groupP2.sw2.enabled:=false;
groupP2.sw3.enabled:=false;
groupP2.sw4.enabled:=false;



end;

procedure TgroupP3.sws1Click(Sender: TObject);/AlsE A TNS G step by step 20sec

var

begin

begin
refresh;

begin

x,yold,ynew,y,a:integer;

current,ymax:real;

if sws2.enabled=true then

canvas.TextOut(119,258;'20%; /MEAIANY x
canvas. TextOut(173,258,'40"); MIARAIAUINY X
canvas. TextOut(227,258,'60"; MIEARUINY X
canvas. TextOut(281,258,'80"); /EARNILAY X
canvas. TextOut(335,258,'100"; /ARINIAU X
canvas. TextOut(389,258,'120"; /ARIAIR AU X

sws]1.enabled:=false;

outport($303,$80); //ﬁ.’d port control 8255 #71 code 80H
outport($300,$8); l/?‘h port A €14 00001000B 88N
canvas.MoveTo(65,256);

yold:=0;

X:=65;

ymax:=0;

yeurrent:=0;

showe. Text:=";

showmax.Text:=";

delay(1000); i

outport($303,$80); //f?\i port control 8255 A0 code SOH
outport($300,30); //f?}'q port A @4 00000000B BNV
delay(17200); rfaiaane

while sws1.Enabled=false do /finuaug

ynew:= inport($30A); //3UR1910 ADC0804

r
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y:=256-ynew;

canvas.LineTo(x,y);

x:i=x+4;

delay(1500);
yeurrent:=(({(ynew*5)/255)*11)/10)40.9;
ycurrent:=ycurrent/(sqrt(2));
ycurrent:=ycurrent*(220/9)/10;

showe.Text:=FloatToStr{ycurrent);

if ycurrent>ymax then
begin
ymax:=ycurrent;
showmax.Text:=FloatToStr(ymax);
end;
if x>4535 then
begin
x:=65;
refresh;
canvas.MoveTo(65,y);
end;
end;
y:=256;
end;
end;

procedure TgroupP3.sws2Click(Sender: TObject);//ﬂ'.izmﬁTWS Finos step by step 60sec

var
X,y,yold,ynew,a:integer;
ycurrent,ymax:real;
begin
if sws1.enabled=true then
begin
refresh;

canvas. TextOut(105,258,'30'); JARIAUNU x



begin
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canvas. TextOut(145,258,'60"; /MARIAMAY x
canvas.TextOut(185,258,'90"); /AR N x
canvas. TextOut(225,258,'120"; [ARAINUAU x
canvas. TextOut(265,258,'150"); HUHAAUNU x
canvas. TextOut(305,258,'180"); JUEAIATUINYU x
canvas. TextOut(355,258,210%; IMARIAWOY x
canvas. TextOut(395,258,'240"; JUHAIAUAU x

sws2.enabled:=false;
outport($303,$80);
outport($300,$10);
delay(1000);
outport($303,580);
outport($300,50);

canvas.MoveTo(65,256);

x:=65;

yold:=0;
ymax:=0;
ycurrent:=0;
showe. Text:=";
showmax.Text:=";

elay(17200);

I/é’q port control 8255 é70 code 80H

/184 port A %3 00010000B 88NN
sfamiaanm

//ﬁ;(sl port control 8255 410 code 80H

/183 port A 19 00000000B 88N

fEamU N

while sws2.Enabled=false do //ﬁmumuqﬂ

ynew:= inport($30A);
y:=256-ynew,
canvas.LineTo(x,y);
X:=xt4,;

delay(3000);

/5091910 ADC0804

yeurrent:=(({(ynew*5)/255)*11)/10+-0.9;

yeurrent:=ycurrent/(sqrt(2));

ycurrent:=ycurrent*(220/9)/10;

showe. Text:=FloatToStr(ycurrent);
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if yourrent>ymax then

begin
ymax:=ycurrent;
showmax. Text:=FloatToStr(ymax);
end;
if x>455 then
begin
x:=05;
refresh;
canvas.MoveTo(65,y);
end;
end;
y:=256;
end;
end;

end.
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U7 .10 inToailo ausedu lW#h Volt meter Fluke 89 VI True Digital Multi meter
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Abstract
This paper proposes the construction of high-voltage Test

sct which can investigate clectrical strength of solidly insulating
materials. Temperature can be automatically chenged be fore ﬂ'le
process is launched. High voltage source is spontancously controlled by
microcontroller. Break down test procedure cornprises of short time test
and step by step test which utilize sphere-plane electrode follow [EC
243-] 1998 standard. While the temperature in test unit can be adjusted
from ambient temperature to 100 °C. This is advantage for studying the
effect of temperature alteration on solidly authentic utilization in power
system.
Key Word  : Insulator Material, Breakdown, Electrode
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A development of solid insulation voltage divider using resistance for measuring

high voltage direct current
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ABSTRACT -

This paper reporied about the development and construction
of a solid insulation voltage divider using resistance for measuring
high voltage direct current. The solid insulation used in this project is
resin. The purpose is to reduce problem, which come from poor
cnvironmental that might effect to liquid insulation and high cost of
gas insulation. Rated voltage of the voltage divider is 100 kV. Metal
film resistors have been used, the resistance of high voltage arm is
220 MCQ and the resistance of low voltage arm is 220 k{2, The scale
factor of the voltage divider is 1,000 : 1. The voltage divider has
character corresponding to IEC 60-2 standard and has percent error
within 1 1%

Keyword : Insulator, Resistance Voltage Divider
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13§14 IEC 243-1

INTERNATIONAL ELECTROTECHNICAL COMMISSION

ELECTRICAL STRENGTH OF INSULATING MATERIALS -
TEST METHODS -

Part 1: Tests at power frequencies

FOREWORD

1) The IEG {international Electrotechnical Commission) is 8 worlawide organization lor siandardization compriging
all nalional electsotechnical committees (IEC Mational Committees). The object of the IEC is 1o promole
nternational co-operalion on all queslions concerning slandardization in the electricat and electronic fields. To
this end and in addilion 1o other activities, lhe 1EC publishes Inlernations! Standards. Their preparalion is
entrusied to technical commiltees; any IEC National Committee interested in the subjeclt deal with may
participate in this preparatory work. Inlernaliongl, governmental and non-governmenial organizatlons linising
with the |EC also parlicipate in this preparation. The |IEC collaboraies closely with the Inlernational Organization
for Standardization ({ISO) In accordance with conditions delermined by agreement between the iwo
organizations.

2) The formal decisions or sgreements of the IEC on lechnical matters express, as nearly as possible, an
international consensus of opinion on the relevant subjecls since each technical commitiee has represeniation
from all interested National Commillees.

3) The documents produced have the torm of recommendations lor inlernational use and are published in the lorm
of standards, 1echnical reports or guides and they ere accepted by the National Commultees in that sense.

4) In order 10 promote inlernational unification, IEC National Commitiees undertake 1o apply IEC International
Standards transparenily 10 the maximum exienl possible in their national and reglonal standards. Any
divergence between the 1EC Standard and the corresponding national or regional standard shall ba clearly
indicated in the latter.

5) The IEC provides no marking procedure fo indicale Hs approval and cannol be rendered responsible for any
equipment declared 10 be In-conformity with one ol its standards.

6

Atlention is drawn 1o the possibility thal some ol the elemenls ol this Internatignal Standard may be the suvbject
of palent rights. The |EC shall not be held responsible for identilying any or all such patent rights.

International Standard IEC 60243-1 has been prepared by subcommittee 15E: Methods of test,
ol IEC technical commitiee 15: insulatling materials,

This second edilion cancels and replaces the first edition published in 1888 and constiiutes a
technical revision.

The text of this standard is based on the following documents:

FDIS Report on voting
15E/86/FDIS 15E/92/RVD

Full information on the voting for the appreval of this standard can be found in the report on
voling indicated in the above table.

Annex A is {for information only.



243-1 @ IEC:1998

INTRODUCTION

This International Standard is one of a series which deals with tests lor electric strength of
solid insulating materials. The series consists of three parls under the general tille: Electric
strength of insulating malerials — Test mathods -

Partl 1: Tests at power frequencies (IEC 60243-1);

Part 2: Additional requirements for tests using direci voliage (1IEC 60243-2);

Pari 3: Additional requirements for impulse tesls (IEC 60243-3).
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ELECTRICAL STRENGTH OF INSULATING MATERIJALS -
TEST METHODS ~

Part 1: Tests at power frequencies

1 Generai

1.1 Scope

This parl of IEC 60243 gives methods of tesl for the determination of the short-lime electric
strength of solid insulating materials al power frequencies, that is, those between 48 Hz and
62 Hz. It does not consider the testing-~of -liquids-and gases, although these are specified and
used as impregnants or surrounding media.for.the solid ingulating materials ‘being tested.

NOTE - Melhods or the delermination of breakdown vuitges along the surfaces of solid insulating materials rre
included.

1.2 Normative references

The following normative documents contain provisions which, through reference in the text,
constitute provisions of this part of [EC 60243. At the time of publicalion, the editions indicated
were valid. All normalive documents are subject to revision, and parties to agreements based
on this parl of IEC 60243 are encouraged lo investigale the possibility of applying the most
recent editions of lhe normative documents indicated below. Members of IEC and 1SO maintain
regisiers of currently available International Standards.

IEC 60212: 1971, Standard condilions for use prior to and during the testing of solid eleclical
insulating materials

IEC 60296: 1882, Specification for unused mineral insulaling oils lor lransiormers and
switchgears

IEC 60455-2: 1977, Specification for solventless polymerizable resinous compounds used for
electrical insulation — Part 2: Methods of test

IEC 60464-2: 1974, Specification for insulaling varnishes containing solvent — Part 2: Test
methods

IEC 60674-2: Specification for plastic films for electrical purposes — Part 2: Methods of tes!

IEC 60684-2 —, Specification for flexible insulating sleeving — Part 2: Methods of tast!)

IS0 293: 1986, Plastics - Compression moulding of lest specimens ol thermoplastic malerials
”~

IS0 294-1: 1996, Plastics - Injection moulding of test specimens of thermoplastic materials —
Part 1: General principles, and moulding of multipurpose and bar test specimens

't To be published.
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IS0 294-3: 1996, Plastlics - Injeclion moulding of test specimens of thermoplastic materials —
Part 3: Small plates

ISO 295: 1991, Plastics — Compression moulding of lest specimens of thermoselling malerials

ISO 10724:1994, Plastics — Thermoselling moulding malterials - Injection moulding of
multipurpose tes! specimens

2 Definitions

For lhe purpose of this standard, the following definilions apply:

2.1

electric breakdown

severe loss ol the insulating properties of 1est specimens while exposed to eleclric siress,
which causes the current in the test circuit 1o operate an appropriale circuil-breaker

NOTE - Breakdown Is often caused by parlial discharges in the gas or liquwd medium surrounding the test

specimen and the slectrodes which puncture the specimen baeyond the periphery of 1he smaller electrode {or of both
electrodes, if ol eqgual diemeter).

2.2

flashover

loss of the insulating properties of the gas or liquid medium surrounding a lest specimen and
electrodes while exposed to electric stress, which causes the current in the test circuil to
operate an appropriate circuit-breaker

NOTE - The presence of carbonized channels or punciures through the specimen dislinguishes tests where
breakdown occurred, from olhers where liashover occurred,

2.3
breakdown voltage:

2.3.1 (in lests with continuousfy rising vollage} Vollage at which a specimen suffers
breakdown under the prescribed test conditions

2.3.2 [in slep-by-step tests) Highest voltage which a specimen withstands withaul breakdown
for the duration of the time at that valtage level ’

2.4

electric strength

quotient of the breakdown voltage and the dislance belween the elecirodes between which the
voltage is applied under the prescribed test condilions

NOTE - The distance between the 1est electrodes should be determined as spocified in 4.4 of this standard, unless
olherwise specified.

3 Significance of the test

3.1 Eléctric strength tes! results obtained in accordance with this standard can be used for
detecting changes or devialions from normal characleristics resulting from processing
variables. ageing conditions or other manufacturing or environmental situations but can seldom
be used directly to determine the behaviour of insulaling malerials in an aclual application.
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3.2 Measured values of the electric strength of a material may be alfected by many factors,
including:

3.2.1 Condition of test specimens:

a) the thickness and homogeneity of the specimen and the presence of mechanical strain;
b) previous conditioning of the specimens, in parlicular drying and impregnation procedures;
c) the presence of gaseous inclusions, moislure or other contamination.

3.2.2 Test conditions:

a) the frequency, wavelorm and rate of rise or time of application of the voltage;

b) the ambient temperature, pressure and humidity;

¢) the configuraliqn. the dimensions, and thermai conductivity of the lesl elecirodes,
d) the eieclrical and thermal characteristics of the surrounding medium.

3.3 The effects of all these factors should be considered when invesligating materials for
which no experience exists. This standard defines parlicular conditions which give rapid
discrimination between materials and which can be used for qualily control and similar
purposes.

The results given by diflerent methods are not direcilly comparable but each may provide
information on relalive electric strengths of malerials, It should be noted thal lthe electric
strengthk of most materials decreases as the thickness of the specimen between the electrodes
increases and as the time of voltage application increases.

3.4 The measured electric strength of most materials is significantly alfecled by tha inlensity
and the duration of surface discharges prior to breakdown. For designs which are free from
partial discharges up to the lest vollage, it is very important to know the electric strength
withoul discharges prior to breakdown but the methods inr this standard are generally not
suitable for providing this information.

3.5 Materials with high electric strength will not necessarily resist long-term degradation
processes such as heat, erosion or chemical deterioration by partial discharges, or
elecirochemical deterioration in the presence of mdisture, all of which may cause failure in
service at much lower stress, "

4 Electrodes and specimens

The metal electrodes shall be mainlained smooth, clean and free from defects al all times.

NOTE 1 - This mainienance becomes more important when thin specimens are being lesled. Slainless steel
clectrodes are preferred to minimize slecirode damage a1 breakdown.

The leads 1o the electrodes shall not tilt or otherwise move the electrodes or allect the
pressure on the specimen, nor appreciably affect the electric tield configuration in the
neighbourhood of the specimen.

NOTE 2 - When very thin ims {for example < 5 pm thick) are to be lested the slandards for those malerials should
specily the electrodes and specral proceduses lor handling and speclmen preparation.
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4.1 Tesls perpendicularly to the surface of non-laminated materials and normal to
laminae of laminated materials

4.1.1 Boards and sheet materials, including pressboards, papers, fabrics and films
4.1.1.1 Unequal electrodes

The electrodes shall consist of two metai cylinders wilh the edges rounded o give a radius of
3 mm x 0,2 mm. One eleclrode shall be 25 mm + 1 mm in diameter and approximately 25 mm
high. The other elecirode shall be 75 mm + 1 mm in diameter and approximately 15 mm high.
These elecirodes shali be arranged coaxially within 2 mm as in figure 1a,

4.1.1.2 Equal diameter electrodes

If a fixlure is employed, which accurately aligns upper and lower electrodes within 1,0 mm, the
diameter of the lower electrode may be reduced to 25 mm + 1 mm, the diameters of the two
elecirodes differing by no more than 0,2 mm. The results obtained will not necessarily be the
same as those obtained with the unequal electrodes of 4.1.1.1.

4.1.1.3 Tests on thick sampie

When specified, boards and sheets over 3 mm thick shall be reduced by machining on one side
to 3 mm = 0,2 mm and then tesled with the high-potential electrode on the non-machined
surface.

NOTE - When i1 is necessary In order 1o avoid Ifashover or because of limitations of available equipment,
specimens may be prepared by machining to smaller thicknasses as needed.

4.1.2 Tapes, films and narrow strips

The electrodes shall consist of two metal rods, each 6§ mm = 0.1 mm in diameter, mounted
vertically one above the olher in a jig so that the specimen is held between the faces of the
ends of the rods. 4

The upper and lower electrodes shall be coaxial within 0,1 mm. The en,d? of the electrodes
shall form planes at right angles to their axes, with edge radii of 1 mm = 0,2 mm. The upper
elecirode shall have a mass of 50 g = 2 g and shall move freely in tha verlical direction in
the jig.

Figure 2 shows an appropriate arrangement. If specimens are to be tested while extended,
they shall be clamped in a frame holding them in the required position relative to the assembly
shown in figure 2. Wrapping one end of the specimen arcund a rolatable rod is one convenient
way of achieving the required extension,

To prevent flashover around the edges of narrow tapes, the tesl specimen may be clamped
using strips of film or other thin dielectric material overlapping the edges of the tape.
Alternatively, gaskets that surround the elecirodes may be used, provided that there is an
annular space between electrode and gasket of 1 mm to 2 mm. The distance between the
bottom electrode and the specimen (before the top electrode comes In conlact with the
specimen) shall be less than 0,1 mm.

NQTE - For testing films see IEC §0674-2.
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4.1 Tests perpendicularly to the surface of non-laminated materials and normal to
laminae of laminated materials

4.1.1 Boards and sheet materials, including pressboards, papers, fabrics and {ilms

4.1.1.1 Unequal electrodes

The electrodes shall consist of two metal cylinders with the edges rounded ta give a radius of
3 mm z 0,2 mm. One electrode shall be 25 mm +'1 mm in diameter and approximately 25 mm
high. The other electrode shall be 75 mm = 1 mm in diameter and approximately 15 mm high.
These electrodes shall be arranged coaxially within 2 mm as in figure 1a.

4.1.1.2 Eqgual diameter electrodes

If a fixture is employed, which accurately aligns upper and lower electrodes within 1,0 mm, the
diameler of the lower electrode may be reduced to 25 mm + 1 mm, the diametars of the 'wo
eleclrodes diftering by no more than 0,2 mm. The results obtained will not necessarily be the
same as those obtained with the unequal eleclrodes of 4.1.1.1.

4.1.1.3 Tests on thick sample

When specified. boards and sheels over 3 mm thick shall be reduced by machining on one side
to 3 mm + 0,2 mm and then tested with the high-polential electrode on the non-machined
surface,

NOTE - When it is necessary in order lo avoid flashover or because of limitations ol available equipmanl,
specimens may be prepared by machining 10 smaller thicknesses as neaded.

4.1.2 Tapes, films and narrow strips

The elecirodes shall consist of two metal rods, each 6§ mm = 0.1 mm in diameter, mounted
vertically one above the other in a jig so that the specimen is held between the laces of the
ends of the rods.

The upper and lower eiectrodes shall be coaxial within 0,1 mm. The ends of the electrodes
shalt form planes al.right angles to lheir axes, with edge radii of 1 mm = 0;2 mm. The upper
electrode shail have a mass of 50 g = 2 g and shall-move freely in the vertical direction in
the jig.

Figure 2 shows an appropriate arrangement. if specimens are to be lested while extended,
they shall be clamped in a frame holding them in the required position relative 1o the assembly
shown in figure 2. Wrapping one end of the specimen around a rolatable rod is one convenient
way ol achieving the required exiension.

To prevent flashover around the edges of narrow tapes, the tesl specimen may be clamped
using strips of film or other thin disleciric material overlapping the edges of the lape.
Alternatively, gaskets that surround the electrodes may be used, provided tha! there Is an
annular space between electrode and gasket of 1 mm to 22 mm. The distance belwaen the
bottom electrode and the specimen (before the top elecirode comes in conlact with the
specimen) shall be less than 0,1 mm.

NOTE ~ For testing tiims see |EC 60674-2,
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4.1.3  Flexible tubing and sieeving

To be tested according to IEC 60684-2.

4.1.4 Rigid tubes (having an internal diameter up to and including 100 mm)

The ouler eleclrode shall consist of a band of metal foil 25 mm = 1~mm wide, The inner
electrode is a closely fitting internal conductor, e.g. rod, lube, metal foil or a packing of metal
spheres 0,75 mm 1o 2 mm in diameler, making good contact with the inner suriace. In each
case, lhe ends of the inner elecirode shall exlend for at least 25 mm heyond the ends of the

outer electrode. - :

NOTE — Where no adverse eflect will resull, petroleum jelty may be used for attaching the loil 10 the inner and

ouler surlacas,

4.1.5 Tubes and holltow cylinders {having -an internal diameter greater than 100 mm}

The outer elecirode shall be a bar;d of metal foil 75 mm x 1 rom wide and the inner electrode, a
disk of metal foil 25 mm = 1 mm in diameter, flexible enough 1o conform with the curvature of
the ecylinder. The arrangement is shown in figure 3.

4.1.6 Castand moulded materials
4.1.6.1 Cast materials

Make test pieces and test according to |EC 60455-2,

4.1.6,2 Moulded materials

Use a pair of spherical electrodes, each 20 mm + 0,1 mm in diameter, arranged on a common
axis which is normai lo the plane of the test specimen (see figure 4}.

4.1.6.2.1 Thermosets

Use test specimens of 1,0 mm = 0,1 mm thickness, compression moulded in accordance with
180 295; or injection moulded in accordance with 1SO 10724 with laterai dimensions which are
sufficient to prevent flashover (see 4.3.2).

NOTE - M itis not possible to use specimens of 1,0 mm + 0,1 mm thickness, specimens with a thickness of 2,0 mm z 0,2 mm
should be used,

4.1.6.2.2 Thermoplastics

Use test specimens injection moulded in accordance with ISO/DIS 294-1 and ISO/DIS 294-3,
ISO mould type D1 60 mm x 60 mm x 1 mm. [f these dimensions are insufficient to prevent
flashover (see 4.3.2) or if compression moulded test specimens are stipulated by the standard
for the relevant material, use plates al least 100 mm in diameter and 1,0 mm x 0,1 mm thick,
compression moulded in accordance with 1SO 293,

For the conditions of injection or compression moulding see the standard for the relevant
material. If there is no applicable material standard, the conditions must be agreed betwaen the
interesied parties.
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4.2.1.2 Tubes and cylinders

For tests on tubes and cylinders, the test specimen shall be a complete ring or a 100 mm
circumferential portion of & ring of 256 mm = 0,2 mm axial length. Both edges of the specimen
shall be finished as parallel planes at right angles 1o the axis of the tube or cylinder. The
specimen is tested belween parallel plales as described in 4.2.1.1 lor boards and sheeis.
Where necessary to support the upper electrode, two or three specimens are used. The
elecirodes shall be of sufficient size to overlap the edges of the specimens by not less than
15 mm and care shall be taken to ensure good conltact over the whole area of the edges of the
specimens,

4.2,2 Taper pin electrodes

Two parallel holes are drilled perpendicutarly 1o the surface, with centres 25 mm + 1 mm apart and
of such a diameter that, after reaming with a reamer having a taper of approximalely 2 %, the
diameter of each hole at the larger end is not less than 4,5 mm and not greater than 5,5 mm.

The holes shall be drilled completely thirough the specimeh or, in the case of large tubes,
through one wall only, and shall be reamed throughout their full length.

When the specimens are drilled and reamed, the material adjacent to the holes shall not be
damaged, a.g. splil, broken or charred, in any way.,

The taper pirls used as electrodes shall have a taper of 2 % = 0,02 % and shall be pressed, nol
hammered intd the holes so that they fit tightly and extend on each side of the test specimen by
nol less than 2 mm (see figures 7a and 7b).

This type of electrode is suitable only for tests on rigid materials at least 1,5 mm thick.

4.2.3 Parallel cylindrical electrodes

For tests on specimens of high electric strength and which are more than 15 mm thick,
specimens 100 mm x 50 mm shall be cut and two holes drilted as shown in figure 8 so that
each is not more than 0,1 mm greater in diameter than each cylindrical electrode which shall
‘be 8 mm = 0,1 mm in diameter and have hemispherical ends. The base ol each hole is
hemispherical to male with the end of the eleclrode, so thal the gap between the end of the
electrode and the base of the hole will not exceed 0,05 mm al any point. If not otherwise
specified in the material specification, the holes shall be 10 mm = 1 mm aparl, edge-to-edga,
throughout their length and extend to within 2,25 mm + 0,25 mm of the surface opposite that
through which they are drilled. Two allernalive forms of venled electrodes are shown in
figure 8. When electrodes with slols are used, these siots shall be diametrically opposed to the
gap between the electrodes.

4.3 Test specimens

In addition to the infarmation concerning specimens given in the preceding subclauses, the
following general points shall be noted.

4.3.1 In the preparalion of les! specimens from solid materials, care shall be taken thal the
surfaces in contact with the elecirodes are parallel and as flal and smooth as the material
allows.

4.3.2 For tests made perpendicuiarly to the surface of the malerial, lesl specimens need only
be of suflicient area to prevent {lashover under the conditions of test.
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4.3.3 In tests made perpendicularly lo the surface of the material, the results on specimens of
different thicknesses are not direcily comparable {see clause 3).

4.4 Distance between electrodes

The value to be used in calculating the electric strenglh shall be one of the following, as
specified for the material under test:

a) nominal thickness or distance belween electrodes (use this valve wunless olherwise
specified);

b) average thickness of the test specimen or distance between electrodes for lests paraliel 1o
the surface;

c) thickness or distance between electrodes measured immedialely adjacent to the breakdown
on each les! specimen.

5 Conditioning before tests

The electric strength of insulating materials varies with temperalure and moisture conlent.
Where a specification is available for the malerial to be lested, this shall be lollowed.
Otherwise, specimens shall be conditioned for not less than 24 h at (23 2 2)*C. 50 % =5 %
relative hurnidity, that is, the standard ambient atmosphere of IEC 60212, unless other
conditions are agreed upon.

& Surrounding medium

Materials shall be tested in a surrounding medium selecled to prevenl flagshover. In most cases
transformer oil according to IEC 60296 will be the most suitable medium, For materials which
swell in mineral oil, other liguids, for example silicone liquid, may be more suitable.

Specimens having relatively low breakdown values may be tesled in air, particularly if the tests
are 1o be made al elevaled temperature. It should be recognized thal even at moderate test
vollages discharges at the edges of the slecirodes may have significant effects on the tast
values.

If it is imgnded that the tests evaluate the behaviour of a material in another medium, that
medium may be used.

Select a medium which has minimum deleterious effect on the material under test.

The etfect of the ambient medium on the resulls may be greal, parlicularly in the case of
absorbent materials such as paper and pressboard, and it is esséntial thal procedures for
specimen preparalion define fully all necessary sleps {e.g. drying and impregnalion), and the
condition of the ambient medium during test.

Sufficient time shall be aliowed for the specimen and the elecirodes to allain the required
temperalture, but some materials may be affected by prolonged exposure o high temperatures.
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6.1 Tests in-air at elevated temperature

Tests in air at elevaled temperature may be made in any well-designed oven of suflicient size
lo accommodate the lest specimen and the eleciredes without flashover ocgurring during the
lests. Some means of circulaling the air within the oven should be provided so that a
substantially uniform temperature within =2 K of the specified temperature is maintained
around the tes! specimen, and with a thermometer, thermocouple, or other means for
measuring the temperature as near the point of test as practicable.

6.2 Tests in liquids

When tesls are conducted in an insulaling liquid, the liquid used may be Iransformer oif

according to IEC 80296, unless other liquids are more sujtable. I is necessary to ensure

adequale electric strength of the liquid to avoid flashdver. Specimens tested in liquids which

have a higher refative permitlivity than transformer oil may show a higher dielectric strength

than when tested in transformer pjl. Gonlamination which reduces,iha efectric strength.of the .
oil or other liquid may also increase the measured electric strength of last specimens.

Tests at elevated lemperalure may be made eilher in a container of liquid in an oven (see 7.1)
or in a thermostatically controlled bath using the insulating liquid for heat transfer. in this case,
suilable means for circulating the liquid, so that the temperalure is substantially uniform and
maintained within +2 K of the specified temperature around the lesl specimen, shall be
provided,

7 Electrical apparatus

7.1 Volitage source

The test vollage shall be oblained from a slep-up transformer supplied rom a variable
sinusoidal low-vollage source. The transformer, its voltage source and the associated controls
shall have the following properlies.

7.1.1  The ralio of crest lo rool-mean-square (r.m.s.) tesl voltage shall be equal to Y2 + 5 %
(1,34...1,48), with the test specimen in the circuit, at all vollages up o and including the
breakdown voltage.

7.1.2 The power rating of the source shall be sufficient to mee! the requirements of 7.1,1 until
electric breakdown occurs. For most materials, using electrodes as recommended, an ouiput
Current capacily of 40 mA is usually adequate. The power raling for most tests will vary
from 0,5 kVA, for testing low-capacilance specimens al voltages up 1o 10 kV, to 5 kVA lor
voltages up to 100 kV.

7.1.3 The conlrols on the variable jow-voltage source shall be capable of varying the test
voltage smoothly, uniformly, and without overshoots. When applying voilage in accordance with
clause 8, the incremental increase produced, e.g. by a variable autolransformer, shall not
exceed 2 % of the expected breakdown vollage.

Motor-driven controls are preferable for making shart-time or rapid-rise tests.

7.1.4 To protect the voltage source from damage, it shall be equipped with a device which
disconnects the power supply within a few cycles on breakdown of the specimen. !l may consist
of a current-sensitive element in the HV supply 1o the electrodes.
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7.1.5 To restrict damage by current or voltage surges at breakdown, it is desirable to include
a resistor with a suilable value in series with the electrodes. The value of the resislor will
depend on the damage which can be lolerated on the elecirodes.

NOTE - The use of a very high valved resisior may resull In breakdown vollages which are higher than thoso
obtained with a lower valued resislor.

7.2 Voltage measurement

7.2.1 The vcllage values are recorded in equivalent r.m.s. yalves. It is preierabie lo use a

peak-reading volimeler and divide the reading by V2. The overall error of the voltage-
measuring circuil shall not exceed 5 % of the measured value including the arror due o the
response time of the volimater. The response-time induced error shall not be grealer than 1 %
of the breakdown voltage at any rate of rise used.

7.2.2 A voltmeter complying with the requirements of 7.2.1 shall be used to measure the
voltage applied to the electrodes. It preterably should be connected diractly to them, or via a
potential divider or a potential transformer. If a potential winding on the step-up transformer is
used for measurement, the accuracy of indication, of the voltage applied o the elecirodes shall
be unaffected by the loading of the step-up transformer and the series resistor.

7.2.3 N is desirable for the reading of the maximum applied test voltage to be retained on the
voltmeter aiter breakdown so that the breakdown voltage can be accurately read and recorded
but the indicator shall not be sensilive to transients which can occur at breakdown.

8 Procedure

8.1 The document calling for the test shall state the following:

a} specimen to be tested;

b) method for measurement of specimen thickness (if not nominal);

¢} any treatment or conditioning prior to test:

d) number of specimens, if other than live;

e) temperature of lest;

f} surrounding medium;

g) electrodes to be used;

h} mode of increase of voltage;

i) whether the result is to be reported as electric strength or breakdown voltage.

8.2 Electrodes complying with clause 4 ghall be applied to the specimen in such a manner
tha! damage to the specimen is avoided. Using apparatus providing a voltage complying with 7,
& vollage is applied between the eleclrodes and increased in accordance with 9.1 to 9.5. Itis
observed whether specimens suffer breakdown or flashover (see clause 10).
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8 Mode of increase of voltage

8.1 Short-time (rapid-rise) test
9.1.1 The voltage shall be raised irom zero at a uniform rate until breakdown occurs,

9.1.2 A rate of rise shall be selscled for the material under lest which will cause breakdown
mosl commonly lo occur belween 10 s and 20 s. For malerials which difier considerably in their
breakdown voltage, some samples may fail outside these limits. It is satisfactory if the majority
of breakdowns occur between 10 s and 20 s. ’

9.1.3 The rale of rise shall be chosen from the loflowing:

100 V/s, 200 V/s, 500 V/s, 1 000 V/s, 2 000 V/s, 5 000 V/s, elc.

NOTE - For a broad spectrum of maierials, a commonty used rate ol rise is 500 V/s. For moulded materials, a rate
of rise of 2 000 V/s is recommended to obtain'comparable data in accordance with 1EC 60296.

9.2 20 s step-by-step test

9.2.1 A vollage at 40 % of the probable shorl-lime breakdown vollage shall be applied to the
specimen, If the probable shorl-time value is not known, it shall be oblained in accordance with
the method in 9.1.

8.2.2 I the test specimen withstands this voltage lor 20 s withou! failure, the voltage shail be
increased in incremental sleps as defined in table 1. Each increased vollage shall be
immediately and successively applied for 20 s unlil failure oceurs. Y

Table 1 - Increments of voltage increase (kilovolts, peak IJE)

When start voltage (kV) is B’
kv
1.0 or less 10 % of sinrt voliage
Over 1,010 2,0 0,1
Over2.010 5,0 0.2
) Over 5,0 to 10,0 0.5
Qver 1010 20 1.0
Over 20 1o 50 2,0
Over 50 to 100 5.0
Over 100 10 200 10,0
Over 200 20,0
NOTE — When specified, smaller voltage increments may be used. in such cases, higher
staning vollages are permissible, but breakdown should not accur in less than 120 s,

9.2.3 The increases of vollage shall be made as quickly as possible and withou! any transient
overvoltage, and the time spent in raising the voltage shall be included in the period ol 20 s al
the higher vollage.
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8.2.4 M breakdown occurs in less {han six levels from the starl of lhe lest, a further five
specimens shall be tested, using a lower starting voltage.

9.2.5 The electric strength shall be based on the highesl nominal voilage which is withslood
for 20 5 without breakdown.

9.3 Slow rale-of-rise test {120 s... 240 s)

The voltage shail be raised from 40 % of the probable short-lime breakdown voltage at a
uniform rate such that breakdown occurs between 120 s and 240 s. For malerials which differ
considerably in their breakdown vollage, some samples may lail outside these limits. It is
satisfactory if the majority ot breakdowns occur between 120 s and 240 s. The rate of rise of
vollage shall be initially selected from the following:

2 Vis, 5 V/s, 10 Vis, 20 V/s, 50 Vis, 100 Vis, 200 V/s, S00 V/s, 1 000 Vis, elc.

8.4 60 s step-by-step test

Unless otherwise specified, the lest shall be carried oul in accordance with 10.2 but with a slep
duralion of 60 s.

9.5 Very slow rate-of-rise test (300 s... 600 s)

Unless otherwise specified, this test is carried oul in accordance with 9.3 bul with breakdowns
occurring belween 300 s and 600 s with a rate of rise of vollage selected from the following:

1 Vis, 2 Vis, 5 Vis, 10 Vs, 20 Vis, 50 Vs, 100 Vis, 200 V/s, etc.

NOTE - The slow rate-ol-rise tesls of 120 $...240 5 in 9.3, and 300 s5...600 s in 9.5 produce approximately the same
resulls as the 20 s (see 9.2) or 60 s (see 9.4) step-by-step tests. They are more conveniani than the step-by-step
tesls when using modern avtomatad equipment and they are included 1o enable such equipment 1o be used,

9.6 Proof tests

When it is required 1o apply a predetermined proof voltage for {he purpose of a proof or
withstand test, the vollage shall be raised to the required vailue as rapidly as passible,
consistent with its accurate altainment without any transient overvollage. This voltage is then
maintained at the required value for the duralion of the specified time.

10 Criterion of break&OWn

10.1  Electric breakdown is accompaniled by an increase of current tiowing in the circuit and by
a decrease of vollage across the specimen. The increased current may Irip a circuit-breaker or
blow a fuse. However, lripping of a circuit-breaker may sometimes be influenced by Hashover,
specimen charging current, leakage or partial discharge currents, egquipment magnetizing
current or maifunctioning. It is therefore essential that the circuit-breaker is well co-ordinated
wilh the characteristics of the les! equipment and the malerial under tesl, olherwise the circuit-
breaker rmay operate wilhout breakdown of the specimen, or fail to operate when breakdown
has eccurred and thus not provide a posilive criterion ol breakdewn. Even under tha best
conditions, premature breakdowns in the ambient medium may occur, and observations shall
be made to detect them during tests. Il breakdowns in the ambien{ medium are observed, they
shall be reported.

NOTE - For materiais for which the sensitivity of the fault-deteciing ¢ircwt 1s of paritcular significance, the standard
for that material should so specily.
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10.2 Where tests are made perpendicularly to the surface of a material, there is usually no
doub! when breakdown has occurred and subsequent visual inspection readily shows the aclual
breakdown channei, whether this is filled with carbon or not.

16.3 ‘lf in tests parallel lo the surface it is required thal failure by puncture and failure across
the surface are differentialed (see 4.2}, this can be done by examination of the specimen or in
some cases by reapplying a vollage less than that of the first apparent breakdown. A
convenient practice that has been found is the reapplication of half the breakdown voltage,
followed by increasing the voliage until faiiure is reached by ihe same procedure as in the first
test.

11 Number of tesls

11.1  Unless olherwise specilied, five tests shall be conducted and the electric strength or
breakdown vollage determined from the median of the test resuits, M any test result deviates by
more than 15 % from the median, tive additional tests shall be made. The electric strength or
breakdown voltage shall then be determined from the median of thé 10 résults,

11.2 When lesls are being made for purposes other than routine quality control, larger
numbers of specimens will be necessary depending on ihe variability of the material and the
statistical analysis to be applied.

11.3 HRefer to annex A lor references which may be usetui for determining the number of tests
needed and the inlerpretation of dala for other than routine fjuality control lests.

12 Report

Unless otherwise specilied, the repert shall include the following:
a) a complete identification of the malerial tested, a description of the specimens and their
method of preparation; |

b) the median of Lhe electric strengths in kilovolis/millimetres and/or breakdown voltages in
kilovolts;

c) the thickness ol each test specimen (see 4.4);

d) the surrounding medium during the test and its properties;

e) the efectrode system; '

f} the mode of application of the vollage and the frequency;

g) the individual values of electric strengths in kV/mm and/or breakdown vollage in kilovolis;

h} the tempesature, pressure and humidily during tests in air or other gas; or the lemperature
of the surrounding medium when this is a liquid;

i) the conditioning treatment before 1est;
I} anindication of the type and position of breakdown,

When the shortest stalement of resulls is required, the first six ilems and lhe lowest and
highest values shall be included.
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Annex A
{informative)

Treatment of experimental data

For routine tesling the procedure given in clause 12 is ordinarily adequaie for analysis and
reporling of data. However, many research studies require more informalion aboul the
response ol materials to electric siress, so that larger numbers of specimens and more
involved evaluation of test results may be needed.

Procedures for designing test procedures in such cases and for analyzing the resultant data
have been published. Among such sources are:

IEC 80727-1: 1982, Evaluation of electrical endurance of elecirical insulation systems — Part 1:
General considerations and evalualion procedures based on normal distribulions

{EC 60727-2: 1993, Evaluation of electrical endurance of elecirical insulation systems - Part 2:
Evaluation procedures based on exireme-value distributions

IEEE 930-1087 (R1995) /EEE guide for siatistical analysis ol electrical insulation voltage
endurance dala (Available from IEEE Operations Cenler, 445 Hoe Lane, P.O. Box 1331,

Piscalaway, NJ 08855-1331, USA, or in some countries oulside the USBA, from local offices of
the Global Info Center)

Special Technical Publication 926, Engineering Dielectrics, Volume 11B: Electrical Properties of
Solid Insulating Materials: Measurement Techniques ~ Chapter 7: Stalistical Methods for the
Evaluation of Electrical Insulating Systems, American Society for Tesling and Materials,
160 Barr Harbor Drive, West Conshohacken, PA 19428-2959, USA
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