#‘-‘gé N

HY "ﬁiim%“{'@
SARCHAT TRERUTPICHARN

B, N . RO R A : : e .
A e I TITIE - NS AT NE L 3 oG i

s & Il
S E R T e Y Y




UANDIY NANDW 99 '.::m'rm T P

'
-V =

IATOIAUIVVEIHIY MINATOUSINUFIANUTY

a

Tagliginsni Blannsetindiiag

A NEW PROTOTYPE FOR HIGH VOLTAGE HIGH FREQUENCY

TESTING USING POWER ELECTRONIC DEVICE

iy

042558

<
s a8 Qs

s\ 'y <
ANAYY ATIAUNIIIN

SAKCHAI TRERUTPICHARN

(a [Ty N TR 4 A ————

: , 42558 P l
ll:"n ] sonvEs s AR DS .-\a.. Y T T ———
% 3 1 1U.MN2S4G

JN OH, - .m-—r-—-:-h 1

a = d 4 L= ] é [ =Y (7] =3
mnmwuﬁﬁaﬂumuﬁuwmmﬁﬁnymmwangmﬂ?@ﬁy]3mnssumnmmﬂnmmm
v 1Irnssy i
YUNAINNY

) =1 R IR e (¥
amuumﬂiuinuwsxa@mmmmw;mnmsmﬂni::m
Y.A. 2544

ISBN 974-648-548-2



A NEW PROTOTYPE FOR HIGH VOLTAGE HIGH FREQUENCY

TESTING USING POWER ELECTRONIC DEVICE

SAKCHAI TRERUTPICHARN

A THESIS SUBMITTED IN PARTIAL FULFILLMENT
OF THE REQUIREMENT FOR THE DEGREE OF
MASTER OF ENGINEERING IN ELECTRICAL ENGINEERING
SCHOOL OF GRADUATE STUDIES
KING MONGKUT’S INSTITUTE OF TECHNOLOGY LADKRABANG
2001

ISBN 974-648-548-2



COPYRIGHT 2001
SCHOOL OF GRADUATE STUDIES

KING MONGKUT’S INSTITUTE OF TECHNOLOGY LADKRABANG



VunaINg a8
aoiumalulagnszoemnandinamminanizia

TuusedIneniinus

Wt Inmiinus st mummageunsiugenniga Taoldgiinsaisaanseiind
Maa
A NEW PROTOTYPE FOR HIGH VOLTAGE HIGH FREQUENCY
TESTINGUSING POWER ELECTRONIC DEVICE

Forinfnin WA a3sminesa

shalszdn 40061050

yan INTTUMANTUR TN

MV Frianssuhivh

o11sgdmIunInendinus  srASdanl  Tndowna

ANZNIITNMSARLINN WS awileio

SERTHL M NOHHUTUAT AT o
HALT Y yid (‘MS N

MRS 0@l fnigna ,44452
WALAT.ITNT NauTe Qﬁm/

39175 Jand Tnina A M

ar & = .:: at
Sunaouil Naeu 18 FuNAN 2544 19871 10.30-12.30 W

N 17 ¥
goufi@ey @ 915 12 FU ¥U 4 (Vo1 E12-403)

$udi.... A feu... 2o wa FHS

----------- senae T )



wdeinmiinus A5 DAAUIDUEIMTY NINAAD VIS IAUTIAINDY

Tao1¥einsal Sraansetindiid

HNFnNH wwdnRTy  @ssainaN
svailszden 40061050

USyan NI IUAAATUNIIUAA
mnIn Fenssuidih

.o 2544

- = d an o a
awisigrougaineiinus  se@Tianl  Tninwna

unfinge
Tuimerinus 1hiauenannisimi e ldlumsiannmImarsunuuanseves
[ a A = o J b d d'l
s Taoldundetisniarenwige ussauge dunsesnuuy nazadiuniesdunuuine
3/ ' & . o g = d AY o o
puIARBIRIzIAINUMIenasmanl Fdldnannisves wead 3 lwuug vesinaves
v £ v
vinaiilug minnn dintsmizevesdamnu v lissdu lineh iazaiuquen undase
4 o - g e A, o o yoakd " e B3 A
aawAge nssdugeitiauell maiamiaue s Tomivsednianinay Funiesau
b
wdl dszneudedaumanlasiinsznaady Wunsviaasalagld wesEadia dusau
Jevsnseanead nay dumsudasnsznaasudunsziaadunnudge Tagldaees Wausad
- é o -~ . i A Al
funedimes Felderlnsal veamaiiufindng vdd lufumdemnlasnnuigs undase
- s:l' ar :i U - - vt =S a o = 'd
ANAA Hazausead e Ayaiualwdsendg 150nTaidsd 200 Alaidsa 3fTaliad 2
- o/ A d‘ . o al " o
Alatad denmsldarwm ldgeiisiiunisaesduissduildlumsmanen’ld virlviaen

o 193 9
fionnf 19



Thesis Title A new prototype for high voltage high frequency testing using power

electronic device

Student Mr.Sakchai Trerutpicharn

Student ID 40061050

Degree Master of Engineering

Program Electrical Engineering

Year 2001

Thesis Advisor Assoc. Prof. Siriwat Potivejkul
ABSTRACT

This thesis presents a new principle for developing defectuive insulation testing, using a
high frequency, high voltage switching source. The design and construction of the prototype has
been made such that in the future 1t may replace the conventional tesla transformer method based
on L-C resonance which has some hmitations such as large size, heavy weight, damping signal,
unstable voltage and control difficulties. The proposed technique offers some advantages over the
conventional one. The prototype consists of a AC/DC  rectifier with-a L-C low pass filter,a high
frequency DC/AC full bridge MOSFET inverter, and a high Frequency Transformer.The
proposed high frequency source is capable of generating high frequency source between 150 kHz-
200 kHz, 3kV 2kW.Using high frequency may reduce high voltage level for defective insulator

testing. By this way, the safety factor may be reached,
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0.001X10 - X 400 X 10

yinmsdenal R, 16 R, sy 275 kKO

1 (o S el M2
Mn1eAAT G = 0.001 [F

1.1
v 14 Byl

0.001X 10" ° X 300%10°

yomsdendi R, 18 RNy 3.66 k(2

1 p
gariu & R, Sluaadumnnlius 1&awd 20 kK2

3.6 1995TvUNBIHN

Ed
Tursvsdumnnueantnil sgiiyanenning fe 1deenTadldlesidudnonms iy
aunsoin imwilaeansaeudugs  1didediny NOT Gate eviimsnaugddyanun

o o - et T o o o o 1icah
adula TWnduumileuneuivzreeuTddnles vimivdedhiuyady 14 BIT 1y

o

o o U o = A & = 2 ° e
yriies lunmisnienszuavy HHORAB ‘nﬂ‘ﬂmml'z‘ﬂufumzl':‘umﬂszumm:mswqﬁm

1 ] L] 5 @
nsznaveanaamwiiu i 1ded1es1a05 191 fdamamuan a



40

4
| N
A
A
By
_,35
fevreoe ’.ﬁ_’
!agc:c 35 313
| {3
kids
1 ey |
444
.h .|||

4 "
31N 3.2 299svumemin



41

v a
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A0eR1sznouAIued INPUT az OUTPUT 4 Ansedu manszia saumiadssaninim
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nnnguIatneunesmeinlgluias il ldnmualfeenuyunieulasdaii

A1UA V.. =310 V DC input voltage (V)
Y. =3kV DC output voltage (V)
X =1A DC output current (A)
+A N - t20v AC mput voltage variation
P = 3 kW Output_power (w)
f =-200kHz Switching frequency (kHz)
Tm/T = 40% Maximum duty (%)

-~ 4t o
I iaenuuIavedunes 15y
lums@envurnveaunuies lsvisie 1 siammnnz auiuias Idihviesn

a3 189 naunIs (2.17) 990 Data sheet vosnnumas 15y UU 79/ 129 1881

L ——— L cm’
A= 2975cm’
B, = 5200 Gauss

(1.47x200 x 10° x 2600 x7.07 x 29.75)10°
400

I

unum P = 401 kw

daNMIMINNAL P, vesnumes 1sn UU 79/ 129 sinse ¥ lunisesniun ¢

2 AumarA B, (Changing width of magnetic flux density)

Taon@lumseeniuumifandasnnuiigissdendt B, =B_ /2 Tassgs

qAves B, vzAesiie limu 80% vesd1 B, dunsedniium A B_ &vnauns

AB._ =B -8 (3.6)
If}’e] A B... = Changing width of magnetic flux density (mT)
B, = Residual magnetic flux density (mT)
wnuAl AB_ = 260-120 = 140 mT

3 Agegavaensadu Iihnsziaass (Maximum DC input voltage)

1INGAT V = 2x +AV) (3.7)
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- -)'_ -
(@522} 300 “7) x300) _ 3500v
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v - s = ar o
300% 92 14 ANIMUIVBIRUIUTEHINUARIANTIGIAVUAUINAN YARIANTIGINVITIANAL

s & A e
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56
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M1513N 4.1 HANSNAADIANND 150 kHz InaanaoalW 100 W 5 viaoa

Input Rectifier Output DC Output Inverter % Eff. Output
V.M | 1,.44) P.F. PuW) | VW) | 1A Py (W) | %Ripple | Vo (V) [M,064) Pyur (W) DC | Inverter
20 1.51 0.67 20.2 275 0.6 17.11 2% 29 0.74 16.21 85% 80%
40 2.09 0.67 56 512 1.0 48.64 2% 41.3 1.10 45.43 87% 81%
60 2.56 0.62 95.2 PB.2 1.2 84.18 2% 63.2 525 79.00 88% 83%
80 2,97 0.63 149.7 965 1.4 135.10 2% 833 1.52 126.62 90% 85%
100 34 0.64 217.6 122.5 1.6 196.00 2% 103.4 1.76 181.98 90% 84%
120 3.62 0.64 278 140.8 1.8 | 25344 2% 123.8 1.88 232,74 91% 84%
140 3.94 0.63 3475 159 2.0 318.00 2% 142.2 2.03 288.67 92% 83%
160 4.25 0.62 421.6 184 2.1 386.40 2% 161.3 2. 1L 350.02 92% 83%
180 4.72 0.62 526.8 206 7 2.4 494.40 2% 181.3 233 420.62 94% 80%
200 5.15 0.58 597.4 226 259 565.06 2% 201.3 243 489.16 95% 82%
220 5.73 0.58 7311 270 2.6 688.50 2% 221.4 2.62 580.07 94% 79%

)



MIN 4.2 HANMITNAADIAIWA 150 kHz Taanasa 1w 100 W 10 ¥a0a

‘ Input Rectifier Output DC Output Inverter % EII. Output —}

L V., (V) ( 1, (A) P.F. P | Ve | M| Py (W) | %Ripple | v, (W], (A) Pyin(W) DC Inverter
20 2.16 0.67 28.9 254 1 25.40 2% 17.9 12 21.48 88% 74% |

| 40 34 0.68 93.5 511 1.6 81.76 2% 38 1.95 74.10 88% 80%

L 60 3.81 0.69 157.7 78.8 L7 133.96 2% 571.8 2.1 121.38 85% 77%

i 80 4.17 0.68 226.8 1041 1.9 IQ?.?Q 2% 75.7 2.45 185.47 87% 82%
100 4.74 0.68 3223 130 2.2 286.00 2% 94 2.74 257.56 89% 80%

l 120 5.2 0.68 4243 156.4 2:8 391.00 2% 112.8 3 338.40 92% 80%

JL 140 5.47 0.67 513.1 179 2.7 483.30 2% 1362 3.11 423.58 94% 83%

JI 160 6.93 0.66 731.8 215 3.2 688.00 2% 166.6 3.54 589.76 94%, 81%

E 180 7.44 0.64 857.1 234 34 795:60 2% 185.5 3.75 695.63 93% 81%

LEOO 8.61 0.62 1067.6 . [ 269:1 3.6 968.76 2% 205.9 4.19 862.72 91% 81%

g 220 8.94 0.62 12194 [%,291.9 38 1109.22 2% 22349 4.4 984.28 91% 81%

£9



M15197 4.3 HANIINAABIANLA 150 kHz Tvaavasalv 100 W 15 vase

Input Rectifier Output DC Output Inverter % Eff. Output
| VW) | 1 (A) P.F. PuW) | V(W) LAAR) | P (W) | %Ripple | V. (V) " h T (A) PourlW) DC Inverter
| 20 2.81 0.69 38.8 26 e 33.8 2% 26 1.2 31.20 87% 80%
40 3.89 0.69 107.4 49.7 {19 94.43 2% 47 1.7 79.90 88% 74%
60 461 0.69 190.9 80.7 2 161.4 2% a1 2.6 148.46 85% 78%
80 5.3 0.7 296.8 104.9 D 262.25 2% 76.7 B.1% 244.67 88% 82%
100 6.03 0.7 422.1 130.8 2.8 366.24 2% 96.5 3.61 348.37 87% 83%
120 6.78 0.69 561.4 155.6 Fed 497,92 2% 116.3 3.99 464.04 89% 83%
140 .76 0.69 749.6 185.4 BL% 685.98 2% 142.2 4.41 627.10 92% 84%
| 160 8.57 0.67 91847 205.1 4.2 861.42 2% 161.2 4.74 764.09 94% 83% .
180 9.65 0.64 1111 2423 4.4 1066.12 2% 181.3 5.08 921.00 96% 83%
200 10.9 0.62 1351.6 2723 4.6 1252.58 2% 204.4 5.42 1107.85 93% 82%
f_220 1.1 0.61 1489.6 294.7 4.8 1414.56 2% 2248 5.42 1218.42 95% 82%

99



M13190 4.4 HANINABBIANLD 150 kHz Tnaarasalyl 100 W 20 naoa

|

. Input Rectifier Output DC Output Inverter % Eff. Output

VO 1,08 P.F. PW) | VoV) | A (AY | P (W) | %Ripple vmﬂ.r(\/) I (A) P e (W) DC Inverter

‘ 20 3.64 0.72 52.4 27.8 1.6. 44,48 2% 17.9 5 41.17 85% 79%

[_ 40 5.11 0.72 147.2 50.9 2.6 132.34 2% 34.6 3.54 122.48 90% 83%

| 60 6.96 0.73 304.8 T 3.9 277.29 2% 52.6 4.68 246.17 91% 81%

| 80 8.26 0.74 489 101 4.4 444.4 2% 68.1 5.65 384.77 91% 79%
100 9.49 0.74 7023 1254 52 652.08 2% 88.2 6.32 557.42 93% 79%
120 10.8 0.72 9331 151.6 5.8 879.28 2% Wireprodsld 2312 94% 8%
140 11.9 0.72 1199.5 175 6.5 L137.5 2% 128 7.43 951.04 95% 79%
160 13.1 0.7 1467.2 199.3 7.1 1415.03 2% 146.4 p R 1163.88 96% 79% &
180 14.2 0.68 1738.1 1.5 7.3 1689.95 2% 164.4 8.34 1371.10 97% 79%
200 16.6 0.64 2124.8 |1, 259.3 8 - 2074.4 2% 184.5 8.89 1640.21 98% 77% i
220 17.8 0.64 2506.2 294.3 8.4 247212 2% 2079 9.48 1970.89 99% 79%

L9



A13194N 4.5 HANITNAADIAILA 175 kHz Tnaanasald 100 W 5 nasa

Input Rectifier Output DC Output Inverter % Eff. Output
Vi V) | LA P.F. PuW) | Vo (V) [ LAY | P (W) | %Ripple | Vi, (VIn] 1, (A) P (W) DC Inverter
20 1.5 0.64 19.2 26.7 0.6 16.02 2% 18.7 0.78 14.59 83% 76%
40 2.21 0.63 257 51.4 0.9 46.26 2% 38.6 k1S 44.39 83% 80%
l 60 2.63 0.64 101 T N1 85.47 2% 584 I 15.92 85% 75%
i 80 3.03 0.66 160 1036 L3 134.68 2% 78 1.55 120.90 84% 76%
100 35 0.67 2345 133.1 0r) 199.65 2% 104 1.74 180.96 85% 17%
120 3.88 0.65 302.6 158:1 - 268.77 2% 1243 1.91 237.41 89% 78%
| 140 4.28 0.64 383.5 183 e 3477 2% l43:5 2.07 297.05 91% 17%
| 160 | 481 | 06 | 46M8 frann1 A £2y | 4Bzt s g e 356.97 % | 77%
180 5.44 0.61 5973 241.4 23 355:22 2% 182.2 245 446.39 93% 75%
200 6.24 0.58 723.8 269.2 i 673 2% 203.1 2.66 540.25 93% 75%
[ 220 6.56 0.57 822.6 296.7 26 77142 2% 222 2.8 621.60 94% 76%

89



M1519N 4.6 HANIINAADIAUD 175 kHz Inaanaoa 1 100 W 10 nasa

Input Rectifier Output DC Output Inverter % Eff. Output
L vt | 1,48 P.F. PaW) | Voo (V) [AGR) | Pon(W) | aRipple,| Vo (V) Toliin(A) Pur(W) DC | Inverter
20 25 0.65 i b 259 1.1 27.83 2% 18.5 1.2 23.13 86% 1%
40 3.07 0.67 82.3 50.7 1.4 70.98 2% 37.6 1.72 64.67 86% 79%
60 34 0.68 151 Tl 1.7 131.07 2% ' 56.4 2.09 117.88 . 87% 78%
80 4.28 0.68 232.8 105 1.9 199.5 2% 77.3 2.4 185.52 86% 80%
100 4.93 0.68 3352 130.8 2.2 281.76 2% 97.5 2.72 265.20 86% 9%
120 5.44 0.67 437.4 152.6 2.5 381.5 2% 115.6 3 346.80 87% 79%
140 6.09 0.67 STR2 K75.2 2.9 508.08 2% 134.8 3.27 440.80 89% 17%
160 6.89 0.67 738.6 208.7 3.2 667.84 2% 157.2 36 565.92 90% 77%
180 8.05 0.65 941.9 235.4 341 870.98 2% 187.7 3.92 735.78 92% 78%
200 9.04 0.63 1139 267.4 4 1069.6 2% 206.4 4.19 864.82 94% 76%
220 9.36 0.62 1276.7 295 4.2 1239 2% 2218 4.49 995.88 97% 78%
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ﬂﬁNﬁ 4.7 Naﬂﬁ“r’lﬂﬁﬂdﬂ’]‘ma 175 kHz iﬂﬁﬂ‘}‘iﬂﬂﬂ“lﬂ 100 W 15 vinon

Input Rectifier Output DC Output Inverter % Eff. Output
V.. (V) | L AA) P.F. PW) | VW) | A | P (W) | %Ripple | Vo (V) (A Pyr(W) DC | Inverter

20 271 0.69 374 25.6 1.3 33.28 2% 16.6 1.78 29.55 89% 79% )
40 4.12 0.69 i 1 % 54.6 1.8 98.28 2% 36.7 252 92.48 86% 81%
60 541 0.71 217.7 76.8 24 184.32 2% 54.8 3.09 169.33 85% 78%
80 6.37 0.72 366.9 102.1 3 306.3 2% 76.2 3.83 291.85 83% 80%
100 6.87 0.72 494.6 126.57| L34 430.1 2% 94.9 4.14 392.89 87% 79%
120 1.5 0.71 639 150.6 - 557.22 2% 115 4.43 509.45 87% 80%
140 8.65 0.69 835.6 181.8 4.2 763.56 2% 135.7 5.03 682.57 91% 82%
160 9.52 0.68 1035.8 208.3 4.6 958.18 2% 153.6 5.38 826.37 93% 80%
180 10.6 0.66 1259.3 233.5 5 1177.5 2% 175.1 5.78 1012.08 94% 80%
200 11.9 0.64 1523.2 266.9 5.4 1441.26 2% 196.5 6.15 1208.48 95% 79%
220 127 0.62 1732.3 293.5 5.6 1643.6 2% 2145 6.45 1383.53 95% 80%

!



M15197 4.8 HANMINAABIAIND 175 kHz Tnaanasa 1w 100 W 20 naoa

! Input Rectifier Output DC Output Inverter % Eff. Output

| LY Y P.F. PuW) | VW) LAY | P (W) | %Ripple | Vi (VIS W (A) P (W) DC | Inverter

|20 3.2 0.62 39.7 28.6 s 34..32 2% 14.5 W 31.47 86% 79%

| 40 5.02 0.67 136.9 50.3 2.4 120.72 2% 31.6 3.43 108.39 88% 79%

L 60 6.2] 0.71 296.5 76.1 333 266:35 2% 7 392 4.21 223.97 90% 76%

i 80 03 0.7 462.6 100.8 4.2 423.36 2% L3 495 352.94 92% 76%

| 100 8.51 0.71 673.8 128 4.7 606.3 2% 90.1 5.65 509.07 90% 76%
120 9.02 0.7 907.2 1515 55 833.25 2% [ 109.2 6.33 691.24 92% 76%

i 140 10.9 0.7 1166.2 174.7 6.2 1083.14 2% 127.1 6.88 874.45 93% 75%

g 160 13.1 0.64 1341.4 190.6 6.6 1257.96 2% 145.2 7.05 1023.66 94% 76% _

i 180 14.2 0.63 16103 210.2 3 1534 .46 2% 160:5 7.65 1227.83 95% 76%

! 200 15.6 0.6 1992 243.4 7.8 1898.52 2% 180 §.43 1517.40 95% 76%

jf 220 17.1 0.61 2388.8 2774 8.3 2302.42 2% 198.6 8.96 1779.46 96% 74%

[L



M13191 4.9 HANIINAADIANA 200 kHz TvaanasalW 100 W 5 vass

Input Rectifier Output DC Output Inverter % Eff. Output
V..V | 144 P.F. PuW) | Vi) | &Y | Py (W), | %Ripple, | V. (V1 Tin(A) Py (W) DC | Inverter

20 1.4 l 0.67 18.8 23.3 0.7 16.59 2% 18.7 0.75 14.03 88% T5%
40 2.1 0.66 55.4 50 1 50 2% 37.4 102 38.15 90% 69%
60 2.6 0.67 104.5 76.8 or 92.16 2% 57.8 1.27 73.41 88% 70%
80 2.99 0.66 157.9 10273 1.3 132.99 2% 77.4 1.48 114.55 84% 73%
100 3.81 0.66 2515 133.9 116 200.85 2% 101.6 1.75 177.80 80% 71%
120 3.85 0.63 29101 148.7 1.6 23792 2% 119 1.74 207.06 82% 1%
140 4.23 0.65 384.9 183.2 1.8 329.76 2% 138.4 2.02 279.57 86% 73%
160 4.56 0.61 445.1 201 2 402 2% 158.5 2.05 324.93 90% 73%
180 5.23 0.62 583.7 248.3 b} 4 546.26 2% 179 2.33 417.07 94% 1%
200 5.78 0.59 682 276.8 23 636.64 2% 198.7 2.46 488.80 93% 72%
220 6.51 0.56 802 3134 24 752.16 2% 2181 2.64 571.37 94% 72%




M19197 4.10 HAN1INAADAAUD 2000 kHz Tvaavrasa I 100 W 10 naoa

Input Rectifier Output DC Output Inverter % EIf. Output
V. | LA P.F. PaW) | Voo (V) | &) | P (W) | %aRipple | Vi (VIS T5ia(A) Pn (W) DC | Inverter
20 217 0.65 28.2 214 1.1 23,54 2% 17.4 1.21 21.05 83% 75%
40 £, 0.66 83.7 o 1.3 70.07 2% | 36.4 1.78 64.79 84% 77%
60 3.76 0.68 153.4 79.6 1.5 119.4 2% 54.8 2.07 113.44 78% 74%
80 4.32 0.67 231.6 97.6 it 185.44 2% 74 2.34 173.16 80% 75%
100 482 0.68 3278 1292 21 271.32 2% 91.5 2.71 247.97 83% 76%
120 5.4 0.69 447.1 153.5 2.4 368.4 2% 110:2 3 330.60 82% 74%
140 6.03 0.68 574.1 183.5 2077 |, 49545 2% 133.5 B2 420.80 86% 73%
160 6.69 0.67 7R 210.7 3 632.1 2% 150.4 3.55 533.92 88% 4%
180 7.02 0.66 834 2343 33 77319 2% 169.5 3.66 620.37 93% 74%
200 7.8 0.62 967.2 260.6 3.5 QIEN 2% 188.2 3.81 717.04 94% 74%
220 9.4 0.6 1240.8 2948 4 1179:2 2% 214.6 4.21 903.47 95% 73%

€L



M31aN 4.11 HANINAADINIUA 200 kHz Tnaanaoalv 100 W 15 vaoa

% EfT. Output

Input Rectifier Output DC Output Inverter

V.M | 48 P.F. PuW) [ Vo) | G AAYT] P (W) | %Ripple | V. (Vn] 1, (A) Por (W) DC Inverter
20 2.45 0.66 32.3 24.9 1.1 2739 2% 5.1 | 1.62 24.46 85% 76%
% 40 3.55 0.68 96.6 Lo 1.6 824 2% Al 241 74.95 85% 78%
60 451 0.69 186.7 76.5 2. 160.65 /. 2% 50.5 2.88 145.44 86% 78%
80 5.01 0.68 2925 102:3 24 245.52 2% 67 3.12 209.04 90% 17%

100 5.82 0.7 407.4 126.4 25 366.56 2% 84.5 3.61 305.05 90% 5%
120 6.41 0.69 530.7 147.3 33 486.09 2% 98.8 4.17 412.00 92% 78%

140 7.31 0.69 706.1 178.6 3.6 642.96 2% 118.3 4.45 526.44 91% 75%

160 8.13 0.67 871.5 205.7 3.9 802.23 2% 134.8 4.78 644 .34 92% 74%

'L 180 9.12 0.64 1050.6 237.6 4.1 974:16 2% 149.8 5.43 813.41 93% 77%
! 200 10.2 0.62 1264.8‘ 2657 4.5 1195.65 2% 165.6 5.84 967.10 95% 76%
‘ 220 109 0.62 1486.8 290 4.8 1392 2% 182.6 6.25 1141.25 94% 77%




A15190 4.12 HAMINAABINIINA 200 kHz Tnaavasa’ld 100 W 20 vasa

i Input Rectifier Output DC Output Inverter % Eff. Output

L v ™ | 148 P.F. PuW) | VoV | LAY 7| P (W) | %Ripple | Vi (W)l 9, (A) Pyyr (W) DC RO

. 20 3.12 0.51 31.8 20.3 1.4 28.42 2% 14.6 1.75 25.55 89% 80%

[ 40 4.94 0.66 130.4 503 A2 110.66 2% 30.8 3.26 100.41 85% 17% il
60 6.9 0.71 293.9 79.2 33 261.36 2% 48.5 4.57 221.65 89% 75%
80 8.23 0.72 474 103:3 4.3 444.19- | 2% 65.8 5.36 352.69 94% 74%
100 9.22 0.71 654.6 1243 5 621.5 2% 83.2 5.85 486.72 95% 74%
120 10.4 0.71 886.1 147.3 53 839.61 2% 98.6 6.67 657.66 95% 74%
140 o 0.68 1056.7 155.7 6.5 1012.05 2% 114.6 6.87 787.30 96% 75%

! 160 12.4 0.68 1349.1 187.2 6.9 1291.68 2% 129.8 7.62 989.08 96% 73%

% 180 13.3 0.66 1580 207.6 7.2 1494.72 2% 148.6 7.82 1162.05 95% 74%

| 200 14.9 0.64 1907.2 2346 1.6 1782.96 2% 1652 8.52 1407.50 93% 74%
220 16 0.63 2217.6 264.8 79 2091.92 2% 1792 8.87 1589.50 94% 72%
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Power(W)
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JUN5.2 2vInareUIIIAMNINALDGS

5.2 manaaevnietiailaglyunasnis Converter 218 l%duouas

5.2.1 Inquszasn :
P ' a 9 T o o
IWegMsABUaHeIABAI N veanslomlas umuves 139 daw At fu

Yanw dueenitiuedinly nazeusofivzsnuiseduves sansi dauvesndanaslyis

n=i A M
fAaNnse i
5.2.2 IuABUNIINAGa
LAoiBlLaeRIMAGUIS IR UGN UYA Converter
2.15vR23u0v84 Converter 191 19 200 kHz 150 kHz
ar o ﬂ. J : J d' 8 o o
3 5uvnans UMY ATIaY 25 V Yu TiliSesqaude 300 v Janseau
5.2.3 Hansnaaey

M15197 5.1 wamsnaaouvienasTas1¥ Converter 1H1213/8 200 kHz

Vil Vde) Vo VD) Veupu( VD)
25 25 250
50 50 500
75 15 750
100 9% 980
125 122 1220
150 146 1460
5 ol 172 1720
200 198 1980
225 32 ‘ 222 - ‘ : 2220




M15199 5.1 (7D)

9]

\liml‘m{ \;d(.' ) Vm]‘lll(\/p) \I.-m;*lll( \/p}
250 246 2460
275 270 2700
300 296 2960

31 5.4 dya i OUTPUT Fanseuniienias(PROBE x 1000) = 190 VA2 1200 kHz




219200 kHz

314 5.6 dyry i QUTPUT danseuniiauilas(PROBE x 1000) = 500 VAT14A200 kHz

317 5.7 dyana INPUT Fanseuniienilas(PROBE X 10) = 101.5 VA2H200 kHz

92



U7 5.10 dya)w OUTPUT Fansenniienlaa(PROBE x 1000) = 1490 VA 15200 kHz



-0.70 V? ;“M

. ¥ *2201.26km
< “{Mu 20 500D :

317 5.11 Ay INPUT Janseunianilad(PROBE X 10) =190 V A2116200 kHz

+=605.80us

317 5.12 Ay OUTPUT Iaasaumiienifaa(PROBE x 1000) = 1900 V. A11110200 kHz

L]

~ eulS] S8um

519 5.13 Ao INPUT Jaasenniienilaa(PROBE x 100) = 250 V A3 10200 kHz



t)-’,

R %m WL S0V WO ox

511 5.14 dya) 1 OUTPUT JaAseuniiauiaa(PROBE x 1000) = 3000 VA11MH200 kHz

13197 5.2 anmsnaneunieuladlnely Converter NAIMH 150 kHz

V i (VAO) Vgl VD) Vg VD)
25 25 250
50 50 500
73 75 750
100 98 980
125 122 1220
150 146 1460
175 172 1720
200 198 1980
225 222 2220
250 246 2460
275 270 2700
300 296 2960




96

Out put Voltage (Vp)

3000
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1000
500
0

0 100 200 300 400

In put voltage (Vp)

Ui 5.15 Asmluanapamdniis szusaussdy dguniina: waogin A1 wd 200 kHz

5.2.203Unamanaae
nnnsnarensziiu e sildyaunidwazeenniaas ez ldnawidi
9/ sil s o 1 o . - o ol d'
ADIMNT 1AZ ABNTDNILINE BATIATU (540U NA W gugll de med Ayl Tdndi

i ' < a o 4 o
awieaniuy uaasnmieulasiiFannn 1 @Sy . fiewdgeuazisiduge

dal > ol
5.3 MINAADI NATOY IUIAAIIUNANNDYY
[ é
5.3.1 Igazasn
- ) " Yy a
fhinnaaeumegnuaemuvesrienauiesiinsnaaeundufanisiusn
o ' B A 0.8l e W L Wy
artveanuIumienasansofiazny ldvse liete'ls
5.3.2 YUADUNITNAABY
3 1 Ao 9 o
I aeszozuniveanviadian Insaliiiany 2.5 uu.
2. aegandasiuadguiinunionasazdeduussduviesnvaaniianlag
W e v e -
9 Auieiedian Tnsa awgi 5.16
[ o W oo b 9/
3. AONINATTUUIIAUA s sgeueanTianaq

4 NuNNHANIINATD



Gap
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High Frequency

Transformer

G

5.3.3 Hamanaaou
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31N 5.17. vmehimaifasaaIni #n276 200 kHz 4N 2.5 mm.

M3 5.3 wanmsnagoUuuyy v

ﬂ‘i’ﬁ 139AUkV) NILUA(A)
1 1.8 10
2 2.2 10
3 2.4 10
4 2.1 10
§ 5 2.3 10
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5.3.4 ajimamsnaaey SHORT CIRCUIT
M o 9 daa d s el a
NNNINAAD UL WU DA a5 1aglSuANuDN 200 kHz nazd
= 1 @ 4 ° n’; =1 i ¥
@nlasalazozriady 2.5 mm. 1WeNINISNATaY 5 A9 ILHUNAT Voltage breakdown 11
1 ﬂ:’ = 1 1 ar 4 - 1 Aﬂld ] - o 1 ]
uanzasadia imhmuidesnnaziiuamesiae ailnaaemamawsannd @y 31inves
W A, 3 e g ‘]d_l ) A
lanlnse  wavoadsnulseztlon  AanuMMLUUANENTYEIeIMA  Hudu e
E .
Voltage breakdown lumisnagouuaazaswmnunaoes ldmidy 2.16 kv
HNIIUINANLD 50 kHz 91nAvsimnnuamuasauasoaauy lWiuny
25 kV/em Uagiioliszogviiamny 2.5 mm. 923if1 Voltage breakdown MY 6.25 kV 1
| - = - - -l - -~ o
UIAURAY Voltage breakdown NA1UD 200 kHz Hagnnun 50 Hz ufSsumvunuzimiv

IMANUD 200 kHz WUAWNSAAAMSILTAAIIN Ia410A
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6.1 YN
Tuunile Wumsszgnd viuedesdunuy 1§ uan Smnssu Tasmseenuuumile
A aduvIIA 2 KV A2A 200 kHz vimageunuIuvemiiemnlawdazyiia ANAYDY
fhﬂ"ﬁ\inﬁqﬂ;lﬁaﬁ;ﬁﬂmﬂuufaumu Iwuuriialaiien Anugadeninndl nazguaves
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6.1.1uvu9aeIvesnsenilas (model)
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“a”, “b” HAZIITOIWY _(bobbin) e TufuiTa (hermocouples) 14 363 fieglulnssada
voanfenutlaedazilii 6.1 ¥iaguugidsyninns Iauvesmes luduidla ~a° v:145adva
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F Case Mold Resin Mold Resin Bobbin
For Windings ( Resin a ) For Core ( Resinb )
A Epoxy Resin None Phonel
B Epoxy Resin Silicone ‘Resin Phonel
(B Epoxy Resin Epoxy Resin Phonel
D Polyurethane Resin None Phonel
E Polyurethane Resin Polyurethane Resin Phonel
F Silicone Resin Silicone Resin Phonel
Total Loss Case D
measured without  Molded with 40 Thef:‘nal Runav\\layl-_.,.,‘!J
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S 20 iw P Case B
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1.Chauvin Arnoux a;'u C.A 8201 Made in France
2.YOKOGAWA 8 bits 200 m/s ,150 MHz

3.Fluke 41

1

1



HNARHIN V.

MM INaael Jngamainieulas naaey



153

MR V-1 WANTNAABY caseA NAWD 160kHz u.azu.‘nﬁuﬁmgﬂ =200V

No. puvigiifive | gungii N
(sec/2) Primary RUAU n.mumﬁﬂ
o) “0) (°0)

0 26.48 25.28 2237
600 34.64 28.13 28.88
1200 39.78 31.96 33.27
1800 42.12 33.78 33.04
2400 44 .63 35.15 35.90
3000 46.11 36.24 36.35
3600 48.11 37.66 38.86
4200 4891 38.46 4046
4800 49.65 38.81 39.26
5400 49 .36 38.86 40.86
6000 50.33 39.03 39.78
6600 50.51 3921 40.18
7200 49 36 38.81 39.49
7800 49 82 39.09 39.95




134

M15197 V-2 WANITNAADY caseA 1AW 180kHzZ HAZITIAUBUNN = 200V

No. gunginva | ouvgii QNI
(sec/2) Primary AUIU HAMIMAN
0 ) °0)

0 25.17 24.82 20.89
600 35.33 28.36 26.94
1200 40.52 31.96 30.19
1800 43 83 3435 32.81
2400 4531 35.90 33.38
3000 47.59 37.09 36.18
3600 47.65 37.61 3595
4200 48.22 38.12 36.24
4800 50.05 39.38 38.75
5400 50.05 38.75 3761
6000 50.33 38.69 37.66
6600 49.48 38.75 3635
7200 49.93 38.63 37.38
7800 49 82 38.63 37.38
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MINN U3 WANTINAADY caseA 1AW 200kHz HAZISIAUDUNT = 200V

No. guvgifiva | aumaii M

(sec/2) Primary AUIU HALIHAN
°C) °0) “0)
0 26.82 25.74 23.34
600 38.98 30.99 29.68
1200 4497 35.50 3435
1800 49.02 38.86 36.87
2400 53.36 41.37 40.40
3000 55.98 43.26 42 86
3600 57.98 44.46 43.83
4200 59.46 46.62 46.51
4800 5981 45.60 47.02
5400 60.38 45.77 46.34
6000 60.09 45.83 45.25
6600 59.69 4543 46.00
7200 60.43 45.54 47.48
7800 59.58 45.54 4531
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M3 v-4 WANI3NARD caseA NAIIWD 200kHz HAZITIAUDUNN = 160V

No. QuvQiifiua | guwgiii UNIN

(sec/2) Primary RUIU UAMIMAR
0 °0) s
0 25.85 23.68 21.8
600 33.56 27.62 25.17
1200 36.24 29.33 26.48
1800 38.41 30.53 27.68
2400 39.78 31.62 28.36
3000 41.15 32.13 30.99
3600 42.29 3338 31.10
4200 41.72 3383 30.65
4800 42.86 34.07 33.10
5400 43.14 33.96 52.39
6000 43.37 33.67 33.04
6600 43.71 33.96 32.64
7200 42.57 3361 3253
7800 43.77 33.84 3338
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M3 ¥-5 HANTINAADY caseA N1AIWD 200kHz HAZUTIAUDUNN = 120V

No. pumpinva | guuaii AUNQII

(sec/2) Primary RUIU L!.ﬂumﬁﬂ
°0) o) e
0 24.03 23.23 2231
600 2631 23.23 22.09
1200 28.13 24.54 23.28
1800 29.79 25.68 25.00
2400 30.65 2642 26.02
3000 31.10 26.76 26.02
3600 31.44 26.99 26.76
4200 31.79 27.2% 26.48
4800 3253 27.56 2739
5400 31.79 27.45 26.02
6000 32.53 27.68 27.05
6600 3236 2768 26.82
7200 32.02 27.68 7 26.94
7800 32.02 2745 27.34




M519H U-6 WANTINAADA caseA IAWD 200kHz HAZHTIAUBUNN = 80V

No. I giifiva QH i QUNIIN

(sec/2) Primary AUIU HAINAN
©0) °0) °0)
0 25.34 23.63 23.80
600 24.25 2231 22.03
1200 25.62 22.83 23.68
1800 246 2248 22.54
2400 2301 23.28 23.80
3000 26.48 2591 24 .82
3600 28.08 26.99 26.19
4200 28.76 2791 26.88
4800 2922 28.19 27.34
5400 29.05 < 28.65 27.16
6000 30.07 28.93 28.19
6600 730.13 29.16 28.13
7200 30.02 28.93 28.02
7800 3053 2922 28.36
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3197 47 HANITNABBY caseA NAIWD 200kHzZ HAZUTIAUDUNN = 40V

[
=y e

No. QunQANYA QUM QN NIN

(sec/2) Primary RUIU HAMINAD
©o) °0) o)
0 21.46 20.49 20.94
600 2385 23.23 23.28
1200 2425 2391 L U
1800 2431 2397 2397
2400 2471 24.20 23.63
3000 24.77 24.37 2391
3600 25.68 25.00 25.00
4200 25.34 24.94 2425
4800 25.17 25.00 24.03
5400 2545 25.11 2431
6000 25.85 2528 24.94
6600 25.68 25.17 24.65
7200 2585 2534 24.82
7800 2562 25.05 2431
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15197 U-8 WAAINAADY caseB NAWD 160kHZ 1AITIAUBUNN = 200V

No. QUNHNNVA QUNQIN QN

(sec/2) Primary AUIY u.ﬂum?m
o) °0) “o)
0 26.82 24.54 21.40
600 37.61 29.28 22.54
1200 46.28 35.67 30.59
1800 50.79 39.72 3441
2400 55.93 44.00 37.49
3000 57.92 46.34 40.69
3600 59.69 45.56 41.89
4200 61.06 49.99 44 .63
4800 61.86 50.90 45.14
5400 62.66 51.36 46.57
6000 64.14 52.50 4959
6600 64.32 52.84 49.76
7200 64.26 5§29 49 .59
7800 64.14 Fxi13 48.51
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M 1-9 HANITNAADY caseB NAWD 180kHZ HAZUTIAUDUNN = 200V

No. ounadnva | A QNN

(sec/2) Primary U l.i.ﬂul.‘l‘igﬂ
o) o) 0
0 2511 23.45 20.94
600 3841 29.79 2597
1200 47.42 36.01 29.50
1800 52:3% 41.03 33.50
2400 56.67 44.68 37.95
3000 58.04 47.02 38.86
3600 59.46 48.74 41.55
4200 6135 50.33 43.49
4800 61.63 50.73 44 .34
5400 62.20 51.53 45.08
6000 62.60 51.99 | 46.62
6600 63.17 52.56 47.48
7200 65.11 53.64 50.96
7800 64.54 53.24 48.85
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M0 ¥-10 HANTINABD caseB N1AWD 200kHz HAZUTIAUDUNN = 200V

No. gunaidiiva |  aungii QNN
(sec/2) Primary AUIU HAMIMAN
o) °C) o)

0 2357 23.06 15.64
600 43 .60 3207 25.00
1200 53.19 40.18 343
1800 57.01 45.14 38.01
2400 60.78 48.68 4297
3000 61.92 50.68 44 4
3600 64.71 52.79 48.62
4200 66.94 53.99 50.11
4800 67.63 55.18 50.85
5400 66.88 5541 48.56
6000 68.14 55.98 51.08
6600 67.34 5593 4953
7200 68.77 56.61 571 36
7800 68.25 56.44 50.73
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M54 -11 HAN1TNAADA caseB NAITND 200kHz HAZHTIAUDUNN = 160V

No. QUNQINYA | QuUNIN il

(sec/2) Primary AUIY UGN
°0) °0) 0)
0 2437 23.63 20.32
600 3538 28.19 2211
1200 40.8 3241 26.59
1800 44 3561 29.16
2400 47.42 38.58 3281
3000 49.31 40.35 32.64
3600 52.27 42.69 35.95
4200 53.87 44 .34 38.01
4800 54.5 45.25 37.61
5400 56.67 46.57 39.09
6000 56.95 47.2 40.58
6600 58.1 48.05 41792
7200 5942 48.79 42.12
7800 60.21 4931 42.63
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M990 U-12 HANIINAADY caseB 121D 200kHz 1AZNTIAUBUNN = 120V

No. ouNNANYA | QUNQIN Qi

(sec/2) Primary RUIU l.n.ﬂw.ﬁﬁn
o6 o) Co
0 24.14 23.68 20.43
600 29.96 25.62 22.31
1200 33.44 28.02 238
1800 3498 29.96 25.11
2400 363 31,22 26.65
3000 37.84 3241 27.85
3600 38.98 33.38 29.16
4200 40.46 3441 303
4800 40.97 35.15 29.79
5400 424 36.01 3127
6000 424 36.3 31.56
6600 42.92 36.92 31.16
7200 44.28 37.66 : 33.56
7800 44.06 37.61 32.36




M U-13 HAN15NAADY caseB 11AMA 200kHz HAZISIAUDUNN = 8OV

No. gungiiiva | gungili QUNDIIN

(sec/2) Primary AUIU HAUIHAN
°0) o) °0)
0 25.17 24.08 2351
600 2551 23.68 22.09
1200 27.39 24.77 23.8
1800 27.96 2551 2431

2400 28.71 26.02 25

3000 29.16 26.37 24.65
3600 29.45 26.65 2545
4200 28.71 26.31 2431
4800 2985 27.11 26.14
5400 29.68 26.94 25.62
6000 29.5 26.99 25.11
6600 2996 27.22 25.45
7200 29.73 27wl 25.28
7800 30.53 27.45 26.25
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M -1 HANTINAADY caseA AN 120kHzZ 1AZ15 IGUDUWN = 40V

No. gangiifiva QaUH QI QNI

(sec/2) Primary RUIU HNUINADN
°0) (0 °0)
0 23.91 23.28 23.45
600 22.77 22.03 21.86
1200 23.11 2237 21.74
1800 23.06 2237 21.91
2400 234 22.6 2231
3000 23.85 22.7'} 22.88
3600 23.11 2243 e1.97
4200 22/83 222 21.74
4800 2323 2357 22.09
5400 234 22.37 22 .48
6000 2345 22.54 P22
6600 23.06 222 21.8
7&00 22.94 22.14 21.63
7800 23.45 22.43 2243
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PD-8.5128

IRFP460

HEXTET® Power MOSFET

& Dynamic dv/dt Rating -

* Repetitive Avalanche Rated

» |solated Ceniral Mounting Hole
* Fast Switching

® Ease of Paralleling

+ Simple Drive Requirerments

Description

Third Generation HEXFETs from Intemational Reciifier provide the designer
with e best combination of fast switching, ruggedized device design, low

Vpss = 500V
RDS(OU) = 0.279

= 20A

The TO-247 package is prefamed for commersigh-industial applications
where higher power levels preciuds the use of TO-220 devices. The TO-247 -
is similar but superior 10 the aardier TO-218. package bscauss of #s isclated
mourting hole. I also provides greater creepage distance between ping to

meet the requirements of maost safaty spedifications.

TO-247AC
Absolute Maximum Ratings
Parameter Max. Units
@ Tc=26"C | Contnuous Drain Current. Ves @ 10 V- 20
Io @ Tc = 100°C | Cantinuous Orain Current, Vas @ 10V 13 A
[ Pulsed Drain Current @ j 80
Pp @ Tc=25%C | Power Dissipation f 280 W
Linear Derating Facior ! 22 Wee
Vas Gate-to-Source Vohage 420 v
Exs  Singie Pulse Avalanche Energy @ Q60 ol
{an Avalanche Current © i 20 A
Ean Repetftive Avalanche Energy © : 28 1ol
aviddt Peak Dioge Racovery dvidt @ : 3.5 i Vios
Ts Operating Junction and ] £5 10 +150 !
Tsta | Storage Temperature Range | ; og
| Sokdering Tempaature, for 10 seconds | 300 (1.6mm trom case)
{ Mounting Tomue, 6-32 or M3 screw i 10 tbfein (3.1 Nem) |
Thermal Resistance
i Parameter Mirt. Typ. | Max. Units
| Resc Junction-to-Case : & H S I 04s
{ Racs Case-o-Sink, Fiat, Greased Sudace ! S 024 i SCIW
{Rau | Junction-to-Ambient H - E == } 40 |
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P e —

(TR

Eiaclncai Characteristics @ T, = 25°C (unless otherwise spemﬁed)

D Repetitive mating: pulse width limied by

max, junction temperatuce (See Figurs 11)

@ Vpp=50V, stading Ty=25°C, L=4.3mH

Re=250, las=204 (See Figure 12)

Fuamater | Min. | Typ. | Max. | Unit Test Conditions
Vismoss Dran-o-Source Breakdcwn Yottage | 500 | — | — i V  iVge=0V, o= 250pA
AVprioss/AT | Breakdown Voltage Temp. Coefficient | — | 0.63 | — | vV C i Reference 1o 25°C, io= 1mA
Rpsien) Stalic Draindo-Source On-Resistance | — | — [ 027 | Q |Vge=10V, =124 @
Vasa) Gale Threshold Voltage L 20 | — | 40 | V |Vps=Vaos, lg= 2504A
is _ Forward Transcondiciance 13| — 1 — { & |Vos=50V,lo=12A @
— | — | 25 | Vos=500V, Vos=QV
e AT D = e 1250 | " [Voss400V, Vos=0V, T/=125°C -
S Gate-to-Soure Foward Leskage — = w0} . |Ves=20V :
Gate-10-Source Reverse Leakage — — | 100 Vag=-20V
Qe Total Gate Charge — | — {21 lo=20A
G Gate-to-Source Gharge = =1 29 | AG |Nps=400V ;
Qge | Gate-to-Drain {"Miller’) Chame ~ { — 1110 Ves=10V See Fig. 6and 13 @
 toton) Tumn-On Delay Time e’ T AR Vop=R50V
& Rise Time =18 I — | 1lo=20A
Yoo " | Tum-Off Deslay Time — 1110 | — Re=4.30
i Fall Time — } 58 | — Fg=13Q See Figure 10@
k- temal Drain Inductance e /0 Y 52 gy = '
: M | irom: packagf
Ls ntemal Scurce Inductance ~ 13 = gr:‘ ﬁé a
‘el lopyt Capacitance — dot| — Vos=0V ;
Lo Output Capacitarce —~ (B = | pF §Vps=25V :
sk Reverse Transter Capacitance = 380 Phis J=1.0MHz Baee Figure 5 ]
Source-Drain Ratings and Characteristics ;
 Pammeer Min. | Typ, | Max | Units Test Conditions ;
ks Confinuous Source Carrent g B2 ) MOSFET symbeol £
{Body Dioda). 4 |showing the a[; *—%
Is Puised Source Gurrent = <} 80 integral reverse ::L
{Body Diods) ® p-a junction diode s
Vso Diode Fonward Voltage — | — | 1.8 | 'V |T=25°C, 1s=20A, Vas=0V @
t Aevarse Ascovery Time — 1570 | 860.1 ns |Ts25°C, I=20A
Gn Revarse Aecovery Gharge i — | 57| 8BS | _pC | dici=100Aks ® |
itan Forsard Tum-On Time i lmmsic turm-on timi is neglegible (tum-on is dominaked by La+ip) |
Notes:

@ isp<20A, dVdi<160A/S, Voo SVEBRIDSS,
Ta<180°C

@ Pulse width < 300 us; duty cycie 2%,
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Vs, Drain-to-Sourca Voltage {valts) Qg Total Gate Charge (nC)
Fig 5. Typical Capatitance Vs. Fig 6. Typical Gate Charge Vs.
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Forward Voltage
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Appendix A: Figure 14, Peak Diode Recovery 3v/dl Test Circuit - See page 1505
Appendix B: Package Outline Mechanical Drawing — See page 1511

Appendix C: Par Marking information — See page 1517
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NMMAHWIN I

TLA4S4

SWITCHMODE™ Pulse Width
Moduliation Control Circuit

The TL4%4 i3 o fixed frequency, pulse width modulation control
circuit designed primarity for SWITCHMODE power supply conrol.
* Complets Polse Width Modulation Control Cireuitry
» On-Chig Oscillator with Master or Slave Operation
* Os—Chip Exror Amoplifies
* Oo-Chip 5.0 V Reference
+ Adjustable Deadtims Coatrol
* Uncommized Outpat Transistors Rated 10500 mA Source oy Simk
* Outpat Control for Pust~Pull or Single-Ended Operation
+ Undervoltage Lockout

MAXIMUM RATINGS (Ful operating = W E0ge AP

usthess tRervise notad.} -

i i Rating Symbol | TLASMC | TLAS4I | tink
i Power Supply Volage Voo 42 i \aF

I Coliecior Outpt Volage Vi, 42 v
: Ve
| Cobecty Cigput Cusent iler i e mA
1 (Sschummimod) {Note 1.) :
| AmpBer ingut VotageRange iR Q31942 v
| Power Disspution @ T, 545°C: Pa | 1000 v
i Thamal Resistince, Fasx 89 oW
i Junction-to-Amblert i 2
| Operating Juncton Tempershare | Ty 175 T
! Storage Tempetatse Renge Too EEw=125 T
. Operating Ambiient Temperature T i w
| Wergp i
{ Tlae Q10470 !
i TLASS! =40 10485
Lbaaﬁngm‘fwc 5 N\ G 45 Gapsiinty, o)
1. Masiom herrial TS musT be obsenved,

PIN CONNECTIONS
& o o LLE. 2000 4

Juty, 2006 ~ Rev. 2

ON Semiconductar

hitpllonsemi.com
MARKING
DIAGRAMS
8

S0-18
O SUFFIX
CASE 7518

| TLE34xD i

'io AWDYWW |
w

ORDERING INFORMATION
Dovice Package Shipping
TLA4ED S8 48 Unite/Rail
TLAS4CDRZ §0-18 2500 Tape & Reel
T 49eCN POP-18 | 500 Unis/ek
TLASAN PoIR-15 500 Unts/fait |
' eubicstion Ot Nomber:
TiLAB4D

-1



TLA94

RECOMMENDED OPERATING CONDITIONS

: Characrenztics Symbal i Min Typ Max Unit

. Power Supply Voliage Ve 7.0 15 20 i

{ Collactor Ouiput Vollage i Yoy Ver - ) 30 v

i Coltactor Qutp:A Curmreni (Eact iradsisior) © ey ler - - 200 mA
Ampiitnd Input Valtage - C Ve | -03 Vec~28f V
Curent inty Fredtack Termisat o - - i ag A
Refarcace Ouput Surrent i —;,,4 - - i 19 mA
Tieming Hesisior - 18 » 500 o

i Tining Capacitor g, 0.0047 0.001 0 ur |

i Qucilfator Frequency fosc 1.0 40 204 ¥ :

ELECTRICAL CHARACYERISTICS (Voo = 15V, Cr = 0.01 5F, Ry = 12k, unless otherwise noted,}

Fer typieat vatpes T, =25°C, lor«inm:zv‘!heal'g nwuwwm wmperatisre range that appies, valess otheavise noted.

{ . Chamacieristics Symbol | Min | Typ | Max  umit |
BEFEREWCESECTION /) W -R).= |1 :
Feferencs Varage (k= 4.0 mA) Voot 478 60 1\.5%5 ¥
Ling Regutation (Ve = 7.0 Y10 40 Vi Redune - 20 25 mv
Load Regulation (i = 1.0 mA 1o 10 mA) Rq,,,, - 30 15 mv
Shon Circt Oupat Cusent Ny = 6V) s 15 25 8 ma
— , e
Calfectos OF-State Curvent T 20 & w0
Neo=40 Y Veg =00\ ; ¢
Emitier OF-State Cuirert - & ion 2
Ver =40V Vg =4ONM V=GV } i
Caliectar—Emifter Saturaion Yotags INots Z.) NANARAT v
Common-Emiter (Vg = 0, Iz = X00 ma) N ATA T N 13 !
Emitter—Follower (Ve = 15V, g =~200 ma) P Ve it - 25 :
&m 2 Centrol Pin Cuvrest : 5 . : | RERGEE
Low Statd (¥oe < 0.4 Vi P mn 4 1 N A
High Sote Vor =Vied it locu - 0.2 3§ 4 mA
Ouiput Voltage Risa Tins X i
Common-Emiter {See Figure 12) f i 100 00
Emittec—Foliowe? (See Figure 13) i E 160 200 |
Cuitpis Vaitage Fall Time _i Y : s
i Common-£mitier {See Figute 12) o 25 00
Emitter-Foliowsr (See Figure 13) i i = 40 00 !

2. Low duly Cyce pulse lechinigues ar usad dunng test 1o maimnitavs JUNCLos emperatues 25 dose to ambient lempacatura 2s possible

ntpUSflensemi.com
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TL494

ELECTRICAL CHARACTERISTICS (Vor = 13V, Ty = 0.01 uf, Ry = 12 kil unless aterwise notes

For typics! vakwos Ty = 28°C. for mindmex values T i the cpemiing ambiant temperatur s mange ihat

136

RPOUOS, UNDES DMNEMWES Hoted.

i Charaic.. - 24 | Symbot | Min i T E Max Unit
ERADR AMPUFIER SECTION
Input Dffset Voliage (Vo i 2= 2.5V) - io2e 0 v
input Ofiset Current (Vo pp 33 = &5 V1 i SRR 250 A
topust Biws Curment (Vi i 33 = 25 V) R } - P01 -1¢ HA
Irput Conmmon Mode Voitage Remge (Yoo = 40 V, Ta = 25°C) Vicr | 0310 Vee-2.0 v
Cpen Loop Voltage Gsin (AVg = 3.0V, Yo = 05 Vie3.5V, Ry = 2.0 ki) Ao, ey 8 - a8
Unity-Gain Crossover Frequency (Vo = 0.5V 10 3.5V R * 2.0 kD) fe - 60 = Kex
Phass Margin at Uniy-Gain (Vg = 0.5 V1035V, Ry = 2.0 k) &m = 85 & deg.
Common Made Rejecton Ralia (Vog =40 V) CMRR 65 90 - - 13]
Power Supply Reyection Ratio (AVee = 33V, Vo = 2.5V, Ry = 2.0 ki) PSRR L - 100 i oB
Output Sink Current (Vo 2 = 87 V) o | ~Ua a7 - ma
Cumswaewtvo%;fﬁ.sw Iyt i—za ~40 - mA
PWik COMPARATOR SECTION (Tast Circi Figure 11
npot Threshoid Vokage {Zero Outy Cydle) Ve - 25 45 v
input Sink Catrart (Vem 3 = 0.7 ¥ A LK 6.7 - ma
DEADTIME CONTROL SECTION (Test Cirest Figure 11) ‘
{ tnoutBias Curmsnt [Pin 4) (Vpp 4 « BY 10 525 V) s o) = 20 = WA
| maaman Duty Cycte, Each Outpid. Push—Pull Mode Pl %
| (fpiaw = OV, Cr =0.013F Ry 1240 ¢5 48 £0
| Bpne=0V. Cr=0001 uF Ry=20k0) : - 45 80
inpust Threshold vorage (Pin 41 P\ e, v
e Duy Tyae) i - Z28 33 ;
{Maximum Duty Cyla) i ¢ - - i
OSCHLATOR SECTION
Frequency {Cy = 0.001'yF, Ry = 30 k@) L X - 40 - kHz |
Stancant Duwistion of Fraquency” (Cr = 0.001 uf, Ry ® 304an) s - 20 - TN
Fraquency Ghangs wih Volage (Vog = 7.0V ta 40 ¥, Ta = 25°C} £ Mesc (AV) - a4 -~ Js |
Change with Temperaturs (8Tx = Ty 10 Trgm [ a%ean | - - 1@ %
{Cr =0.00 uF, g =12 k)
UNDERVOLTAGE LOCKOUT SECTION
| Tum-On Thesshold {Vipe W6ereasing. ber 1.6 ma) | Ve K3 | sl Mg 1 v |
TOTAL DEVICE \ 4
| Standby Supply Curment (P & ot Vimg, Al other inpus. and outputs open} o T oA |
! Noe 215Y) Eoe 55 10 ; I
: Ve =40 V) 1 - 7.0 15 e i
| Average Supely Cument i i omA |
[ {Cr = 0,01 iF, Re ¢ 12 KO Vippa] =20V} £ 7.6 o l
(Ve = 1§ V) (Ses Figure 12 i ]

/g(xn-“hz

¥ Standard deviation is 3 measure of Y Stslistics! dairibubon aboul the mean as derved tom ihe formula, a [ g1

hits.a;!formi.com
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TL494
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TL494

APPLICATIONS INFORMATION

Description

The TL494 is 3 fixed-frequency pulst wadth modulation
conunl circnt, mcorparating the pramary building blocks
required for the control of & switching power supply, (See
Figare 1) An intemai~dinear sawtooth oscillator is
frequency— programmable by two external componenis, Ry
and Cy. The spproximate pscillator frequency is determined
by:

14
R'_r h CT

For more information refer to Figurs 3.

=

’GSG

Output pulse widih modulation is accomplished by
coroparison of the positive sewiooth waveform across
capaitor Cp i gither of two control sigreds. The NOR. gates,
which drive output ensistors Q1 and Q2, are enabled anly
whign the fip-flop clock-input line 1% in fts low seze This
happens oaly duriag that portioo of sime when the sawtoath
voltage is greates than the control siguals. Therefore, an
increase in contmi-signal anplitude causes a coespanding
lincar decrease of output puise width. (Befer 10 the Timing
Diagram shown in Figure2.)

The coutrol signels are extemal inputs that can be fod into
the deadtime control, -the error emplifier inputs, or the
feedback inpui. The deadiime conuol comparator has an
effective J20 mV ingit offset which limits the minimusm
ostput dewdtime v approximatsly the frst 4% of the
sawtooth-cyzle tme, This would resullin & maximom dogy
cycle on 2 given qutput of 9% with the output control
grounded, and 48% with it connested 10 the reference line.
Additional deadtime may be imposed on the output by
setling the desdiime—control input 1o 3 fixed voltage,
muging hetween 0V o233V,

Functional Table
| inpuvOutput 5 9 et §
i Contrcls ot 1 |
Grounded Single—ergded PWwM @ Q1 and Q2 10 7t
@ Vny | Push-pull Operation o5 |

The pulse width modulator comparatos provides a means
for the eaoc amplifiers o adjust the owtput pulse width from
the maximurm percent on~time, established by the deadtime
contral inpuy, down 0 zero, as the voltage at the feedback
0in vzries from 0.5 Vto 3.5 V. Both sstor amplifiers have 2

cotmmen mode input range from ~0.3 V1o (Vs W), adt
iy be used to sense power-supply ovtout oltage and
current. The smror-amplifier outputs are ac s high and are
ORed together a1 the nomovertiag input of the pulse-width
modulator comparator.  With  this  coniigurstion, the
amplifier that demeods minimum output on tine, dominates
control of the Joop.

When capacitor Cy is discharged, a positive pulse 1s
pencraied on the output of the desdiime comparasor, which
clocks the pulse-siecring Aip-flop and inhibits the output
transistos, QF and Q2. With the vutput—control connecied
to the reference fine, the pulse~steering flip--flop directs the
wodulated pulses o each of the bwo outpul transistors
alermately for push-pull operation. The cutput frequency is
equal 16 half that of the oscillator, Qutput drive can also be
taken from Qf or Q2. when singie-ended operation with 3
maxunum on-tiee of less than 50% is required This is
desirabie when the output transformer has a riagback
wipding with e catch diode used for soubbing. When highes
vetput-drive  cutrents are required for single-ended
operation, Ql and 12 may ba connectad i parallst, and the
output-made pin must be Hed o ground to disable the
flip-fiop. The output frequency wili now be equal to that of
ihe axcillatar, .

The TLAD4 has a8 Wtemel 50 V 1eference capubie. of
sourcing op to 10 mA of lvad cumrent for external bias
cironits. The refesence has an intemna! sovumcy of £5.0%
with & fypical thermal drift of dess than SO m¥ over oo
cpemiing tampatatare range of 0% 10 70°C,

500 & ;s o 0 v v e o]
a - S : g Ix L I s s
5 4;,1_,,},& T Voo =15V 1T
glﬂ :
£y [ — ———
o + 001 gsF —~i4- "
3° e
§ i T : as - %
.évo 2] F H : 1
500 - :
10 20% 50k 10k 20k SOk 100k 200k SOON1OM
F; TRENG ASSISTANCE k0
Figure 3, Osciltator Frequency versus
Timing Resistance
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AygL. OREN LOOP VOLTASE GAI (45
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TLAGSS
120 b4 -
10 i - !“ g ' ; 1’
100 a8V ¢ &

—_ ANg=30V 2% b=
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TL494
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Figure 18. Slaving Two or More Control Chcuits
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Figure 18, Operation with Vi, > 40 V Using
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Test Conditions i Resutrs :
Line Reguiation Vg x TOV 104DV 14 mv 0.28% U350 E8034
Loso Reguiation | Vi S28 V. g = 1.0 mA 1o Ao mv 0.08% i m*.z%?,ﬁ‘;’;‘m
" Supu R N BNl S O B pp RARD. G Fyamaris WORP-LID-I08
Shon ook Coment | Vi =26V, R = 0.1 0 TAEA ;
{ Efficiancy D=2V gt 0A PoTi%
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SEMICONDUCTOR TECHNICAL DATA
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MBHEWIN Y

Hex Buffers

The MC 14043U3 hex nveraubatier 5 constucted with MCS P—chanaos!
and N-channet ennancement mogz2 devices in a single monolithic structure,
This complementary MCS device linGs primary ysa where iow power
dissipation andior high noise immunity is desired. This device orovices
togic—evel conversion using only one supply voltage, Vpp. The mput-signel
high tevel (Vi) can exceed the Voo supply voltage for iogic-evel
comersions. Two TTL/CTL Loads can be ¢riven when he device 1s used as
CHOS:10-TTUOTL converters (VpD = 5.0 V. VoL s 0.4 V.ioL 2 3.2mA).
tiote that pins 13 and 16 &ra not conpected intemafly on his davice;
consequently conractions 1o these temminals will not affect circuit operaton,
< High Sourca an¢ Sink Sucrants
+  High—toLow Lavet Converter
+ Supply Voltage Range = 3.0 Ve 8V
+ Meets JEDEC UB Specifications
+ VN can exceec VoD
« improved ESD Protecaen on Allinputs

MAXIMUM RATINGS® (Maages Referenced 1o ¥5g)

Ralng Symbel Vaiue Hnix
DC Supply Volage Voo =05t +18, Y
nput Volage (D€ or Transient) Vin ~ 0S50+ 18 v
Dutput Voiage (DC o Traasient) You {~05lovgpe0s| Vv
incut Gurrent (0. a¢ Transiens), per fin o 10 { ma
Cuaput Current (OC or Transient) per Pia | fau - 45 mA
Power Dissipation, per Packaget Fn W
PlasticCeramic " i 8es
sOIG 740
Stocage Temperatse Tatg =65 1o+ 150 b
Laad Temparaws (B-Secona Solderding) T 280 "

* Maxinum Fadngs are thase waives beyond wivch damags & the devios may coeur,
tTempemtura Jerating: All Fackages; Sen Figure 4.
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ELECTRICAL CHARACTERISTICS (vairages Aeferencad 1o Yasl

W H ~ §5°C 25°C 125°¢C
,{ ¥op 1 ; 7
i Charactedlatic Symboi | Ve Min Max Min § Ty Max Min Max Unit {
| Outout Vatiage O Level | Vo 5.0 = Flgnk ==k =n 0.68 o 0.05 Ve
: Yin® YOpore 19 e b o04s - Q DS — Q.05
15 =+ @08 e | Ay 0.08 - .05
Clevet | Vou 50 4.35 — 145 5.9 — L T Vée
Yin = G arVnn 01 39S - 9.85 143 - 9.95 -
5 i4.85 - 14.95 15 - 14.85 -
input Vonage T Lewat Vi Vde
(VO = 4.5 Yoc) : 5.0 - 1.2 — 225 1.0 — 1.0
(Vo = §.0 Ve 1Q — 25 = i 480 23 o~ 2.0
{Voy = 13.5 Vdey 5 15 - 25 — 8.7 2s - Z
levei | Viy i ; Vde
Vo=03%dc) - 50 4.0 - 2.0 2.75 - 4.0 -
Vo =10 Vde) 10 8.0 a0 §.50 — 4.0 -
Vo = 1.5 Ve 15 125 = 128 8.28 - 128 =
Curpit Drive Curren ol : mAds
(Ve = 2.5 Vi) Source SC - 1.6 - -1.25 - 25 - ~1.0 s
{VaiH = 6.5 Voo) 10 3G\ I~ ~13 ~-286 — ~10 -
(VoM = 13:8 Vio) 15 Y B & -375 -~ 30 - -3.0 =
VoL = 0.4 Vee) Siak | (e 5.0 275 - 32 B.0 — |} 26 — | made
(Vo = 0.5 Vde} 10 0 - &0 16 = 66 2
(Vo = 1.5 Vida) 15 30 — 24 40 - 19 -
tnpug Cureeny N 15 - 0.3 —_ 2000001 ¢ £0.1 -~ £10 | pAac
input Capecitance Cin — L Rt 10 20 - = pF
MV =0y :
CQuiescent Cusren) 1ho 50 — 1.0 - 0.002 10 — 3 | gAdc
{(Pes Packsgs) 10 ~ 2.0 - 0,003 200 3 - 80
_ 15 — 4p - 0006 | 40 § — 120
Yotal Supply Cumen1 g | se ? = (1.8 pAKH2} 14 Ippy | phde
(Oynamic plus Quiescent, 1038 40 fr= (3.5 pARHZ) F ¢ Ipg
Per Packaga) e Bl 155 b= 53 pahtiz) {4 Ipg
(C1_ = 50 pF on sil-outputs, i
bufiers switctiing) :
#Data fabalied “Typ* is a0l to be used for desipn purpases butis intended 3a an indizafion of the IC's putantlat perfamance.
~The formutas given aee for the typical chamcianstics ofly a1 25°C.
170 caicuiate tota! Supply Curmant al foads Giher than SO pF: g
(G = 780 pF) « (S~ 50) Vil
where. iy isin uA {per package), T in pf V= (VDo ~ Yighinvols, finiMeis ‘npu irmquancy 8d & = 0602 -
MC14043U8 MOTOROLA CMOS LOGIC DATA
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=
© SWITCHING CHARACTERISTICS® (G = 50 pF. Ta - 25703
- Yoo | !
Characeristic Symbel Vde M i Typ ¥ Max Unit
Dutpul Rise Tuna s | |r as
Ty = (0.8 nsipf) T+ 60 ne : 5.0 - 00 160
LM = (03 nsipF) G + 35 08 ! 0 i 80 100
UM = {027 aspF) C » 6 S ns 15 - AG 60
Cutput Fall Time L i 05
HHL ={0.3 nepFj C + 2555 2 ! 3.0 40 Bl
L = (0.12 nwfpF) G # 14 75 it - 20 40
THL »¢0.1 asipFY Gy + 10 ns 5 - 15 30
Propagation Delay Time . | P
pLH = (0.38aspf) & + 81 na 5.0 - 80 120
LK = (0.20 neinf) Cp, + 30 ns 10 - 40 85
IpLH = (011 sipF) G +24.5 08 15 - 30 50
Propagation Celay Time - PHL an
1pgy = {0.28 ns/pF) O + 13 a8 50 — 30 60
lopg = 012 ns/PF) Gy + Qa3 10 — 1% 30 i
1Py, = (0.1 nxpF} O » 4.5 08 IS - 10 2 !
* The tarmitas given ace foc he lypical charecierislics onfy &1 25°%.
#Data labetiag “Typ’ i not fo bz used for design purposes butis inlended &s wn incication <f ine iC's potenual pedomance.
i i ! 1 ; 5 ! : - 1
T Yoo = 15Vde | |
2 s 0
o i
AGRRNRERA N NS
2 : R |
po Yoo =10Vde ™~ b
T 10 i et =8
H . 3
2 LT
“ = % V d
g & Voo =6 Vel 14 s ‘ i
i va i L e ceee
> 1T -
- =) l
) 5 % A 13 18
Vi, INPUT VOLTAGE (Va2
Figure 1. Typical Voltage Teansfer Characteristics versus Tempecattite :
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A Prototype for High Voltage High and Frequency Testing
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Abstract

This paper presents a design and construction of a high voltage and high frequency switching
source. The attempt of developing a prototype has been made in order to replace a conventional Tesla
transformer method based on L-C resonance which has some disadvantage such as a large size, a heavy
weight, a problem of damping signal, an unstable voltage and the control difficulties. A design technique
of power electronic used power MOSFET device and testing method will be fully given in this paper. The
prototype has maximum power rated 3 kVA, 0-220 V mput, 50 Hz single phase and 0-3kV output,
150kHz-200kHz frequency and more than 80%. The results show that a new principle which can be

applied in practical.
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HIGH VOLTAGE AND HIGH FREQUENCY SWITCHING POWER SUPPLY
FOR HIGH FREQUENCY SOLID INSULATION TESTING

S.Trerutpicharn
Department of Electnical Engineering
Mahanakorn University
of Technology. Thailand

Abstract This paper presents the design and construction of a
high voltage and high frequency switching source for
defective insulation testing. The attempt of developing a
prototype has been made in order to replace a conventional
tesla transformer method based on L-C resonance which has
some limitations such as large size, heavy weight, damping
signal, unstable voltage and control difficulties. With. the
inherent characteristics of high frequency source, defective
insulator surface can be easily detected. A design technique
and testing method will be fully given. A prototype has been
tested and used in a student laboratory for studying insulating
material characteristics.

Keyword: prototype, high frequency insulation testing,

I. INTRODUCTION

In a transmission line system, insulating materials play an
important role in supporting lines and towers. Therefore
insulating properties must be tested before being used in such
applications. One of such properties is flashover testing in
order to verify material defection such as tiny hole, crack. etc.
Generally, this test is well established on the basis of a
conventional tesla principle. It requires a high frequency, high
voltage generator using a combination of LC components for
resonance and a high voltage transformer.

This technique is more likely to encounter large size of
LIC1 and transformer components and difficulties in
frequency control. Discontinuous flashover cannot be avoided.
Moreover it needs large installation area and it is costly.
Figure 1 shows a tesla transformer principle. Modified rotating
gap is introduced in order to limit capacitor charging current
and to reduce discharging time of a capacitor. Figure 2 shows
typically measured waveform of the tesla transformer.

Clearly, sinusoidal damping is present. This oscillated
voltage level is high enough to enable flashover on test
insulating materials. This occurs every a quarter cycle of ac
supply voltage resulting in discontinuous flashover. It is noted
that sinusoidal voltage decays rapidly depending on LC values

Due to some limitations of a tesla method, higher frequency
and lower voltage level may be safer for operators. Continuous
flashover may be proper for defective insulation testing since
we can find out easily the defective location on test material
surface. Therefore alternative techniques should be studied
and developed in order to overcome such problems.

S.Potivejkul
Faculty of Engineering
King Mongkut's Institute
of Technology
Ladkrabang. Thailand

V.Kinnares
Faculty of Engineering
King Mongkut’s Institute
of Technology
Ladkrabang.Thailand

z
AC GAP L
20V C1 L1 e Sy i
50 Hz
¥ s
N

——

Fig:1 Tesla transformer principle
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Fig.2 Measured waveform of the Tesla Transformer.

11. A’ PROPOSED TECHNIQUE

A high voltage and high frequency generator was
constructed - based on a switched mode power supply
technique. Block diagrams a and main power circuit are shown
in Figure 3 and Figure 4. respectively. The power circuit
consists of a diode bridge rectifier with a capacitor filter, a full
bridge inverter with 150 kHz — 200 kHz switching frequency
and a high frequency transformer. This range of switching
frequency is found suitable for flashover occurrence. A design
technique of these components will be given in the next
section.
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Fig.3. A proposed method
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Fig.4. A High frequency and high voltage source

111. DESIGN EXAMPLE

The following components were selected and designed
corresponding to load testing requirements. The system
specifications are as follows:

Rated load VA rating = 3 kVA
Rated load voltage =3kV
Rated load frequency =200 kHz
Rated dc link voltage =310V

AC mains supply =220V,50Hz, 1¢
Ripple of dc link voltage { 5%
Efficiency )80 %

Capacitor filter
In order to obtain ripple of dc link voltage within the
specified level, electrolytic capacitor with 6800 4/ F and 450 V

was choosed

Power mosfet rating and snubber components

Power mosfets were used as switching devices for the
inverter since the required switching frequeney is considerable
high in the range of 150-200kHz. Power mosfet must handle
peak current of 15.12A and withstand peak dc link voltage of
370 V. The required efficiency is more than 80 %, switching
period is 5 4 sec and maximum device turn on time is 2 K

sec. Therefore, IRFP 460 with rating of 500 V,; 20 A was
choosed. In addition, RCD snubber circuit (C =410 nF, R =

8.17 €2 according to IRFP460 data sheet) was used-in order to

dv
reduce switching losses and ?d— protection.
1

Design of a High Frequency Transformer.

Specifications for design

Ei; =Input voltage (V) =310V,

E,. = Output voltage (V) =3 kV,

Iy = Output current (A) = 1 A,

Py = Output power (w) =3 kW,

f = Swirtching frequency (kHz) = 200 kHz,

m/ T = Maximum duty (%) = 40 %

(A By )Changing width of magnetic flux density
=140 mT

187

Maximum input voltage. E;,nay 339V
Number of turns for primary winding can be determined as

Jollows.
When tm = Maximum pulse width (psec)
Tw = 04T = 04x35x10° = 2pses
&
N, = B el = 68 u7omm
A A8 .

Since E, output voltage at secondary side of the transformer
with rated voltage of 3100 V, number of turns for secondary
coil N; is equal to 70 turns.

Since the ratio of output voltage to input voltage is 1/10 (
310/3100), rated currents of primary side and secondary side
are 10 A and | A respectively.

Then, we choosed 23 AWG conductors for both windings.
Ten lines, of 23 AWG conductors are twisted in order to
reduce skin effects.

Transformer insulator

Milar-is suitable for high frequency transformers since it
can withstand approximately 7.5kV-10kV per 1 mm. In this
work, the thickness of insulator is 0.4mm ( 3 kV/7.5 kV ). For
the safety factor. of 300 %, insulator between primary and
secondary windings is 3 x 0.4 = 1.2 mm.

High frequency transformer construction

UU79 ferrite core was used because it provides a big area
for windings and insulators. Figure 5 and Figure 6 show size
and shape of such ferrite core and corresponding layers of
windings and insulators, respectively.

r =il

& v’

85mm. 120 mm.

Fig 3. Size of ferrite coil UU79
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IV. EXPERIMENTAL RESULTS
A. Output voltage with wvariations of input voltage and
switching frequency

Fig.7 and Fig.8 illustrate dc link voltage wayeform and
inverter output waveform, respectively.

Fig.9 and Fig.10 show the relationship between output
voltage and input voltage at switching frequency of 200 kHz
and 150 kHz respectively.

These confirm that constant voltage ratio of the high
frequency transformer is obtained and closed to the ratio of
winding turns.

Fig.11illustrates a sinusoidal waveform of output veltage at
a switching frequency of 200 KHz.

Fig.12 shows block diagram of testing.

Fig.13.shows corresponding = experimental breakdown
testing setup. In the indicated circle of this figure, breakdown
is shown clearly during a testing.

CHZ=100V : i Busfdiv
e 1001 - . (SusZdiv)
| M: 100ME /5

B T S I T e ] T T e T e P

beaes HvH*phL_h.;—\ S SRS

=Trace?= Max  304.0V Aws  209.5V Avg  299.5V

Freq 2.000Miz

b b it

Fig. 7. Waveform of DC link to inverter at 300 Vp
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Fig. 8. Waveform of inverter at 300 Vp , 200 kHz.
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Fig.9. Relationship between output voltage and input voltage at
switching frequency of 200 kHz.
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Fig.10. Relationship between output voltage and input voltage at switching

frequency of 150 kHz
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High Frequency
Transformer

| Fig.12 Block diagram of air gap test.

Fig.13 Photograph overall experimental setup

B. Breakdown testing

Table.1. Results of output voltage. when testing with pointed electrodes with

air gap of 2.5 mm.

Number of est

Voltage (kV)

1

oo

| B lWi

19|19 !d 'h.)
—_—

(*3]
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V. DISCUSSION

From test results when applying the proposed source
to electrodes with switching frequency of 200 kHz and gap
distance of 2.5mm, the breakdown voltage for each test is
inconsistent since various factors affect breakdown
phenomena such as electrode shape. dust and particles
contamination, and relative humidity, etc. However the
average breakdown voltage is approximately 2.16 kV. When
comparing to 50 Hz ac high voltage source which electric field
is approximately 25 kV/em or 6.25 kV for 2.5mm, the
proposed source provides 2.16kV for 2.5mm, at 200 kHz. This
confirms that high frequency source offers lower voltage level
for breakdown for air gap. The breakdown phenomena are
susceptible to high frequency.

VI. CONCLUSIONS

This paper has dealt with design and construction of a
high frequency high veltage supply for insulator material
testing. This work is just an initial stage for developing a
prototype. A number of attempts have been made to carry out
a research project. Higher frequency and lower voltage for
breakdown may be safer for insulation testing. Continuous
flashover may be achieved for the proposed technique. Some
results show a satisfied potential for further development.
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