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" 
l\1\1'i'Yllf)mbb'i,j~udJULL1J1J1J1~i~l\.11U 2 .ffu~iJElU1~[JLL'V\~,j~1[Jm::Lb~\11m\l\1'i11'llbLUU'I1ElUmll~ " , 
mll1~ 15 kHz 'lJU1~ 40 kY 5 mA ~\lbf)~El,jf11Lli,~hJi'llLb'i,j~,jm::bb~~'i,j'll'li,~d'~~ul;tumL~Ell'l~ 
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\llU~mll1~ 15 kHz bLl'l::La-jijl\1,;)'i11'llbLUU'I1ElUmll \11nm'i'Yl~~El1J 1~[J hhbLmll TINA ~mll1~ 15 , 
kHz 'V'lfElll~1 [Jl\1,;)TI1'llbLUU'I1ElUmll'V'l1Jl1Lb-a\l~Ub1n'l1'V'l'Yl~M\1::~\lnl1nTm~~1l1J~mll1~ 15 kHz 

, '" 
'lJEl\lI\1,;)'ibf)~El\Jf11Lli,~'lYli'llbL-a\l~\lm::Lb~~'i\lLb1J1J1J1~i~'l3.iijl\1';)-a11'llLbUWtlElumll th::mm 610 Y " , 
~ 2 .ffUU\.l'l~ 900 Y ~ 3 .ffuuu'l~ Lbl'l:: 1.43 kY ~ 4 .ff\.lU\.l'l~ ~111~1~1J filUt:-Jl'l~'l~,;)lnm'i 
ElElmb1J1JHbLl'l::m'i'Yl~~Elm1\1~1l~f)~El\lnULbl'l::ij,hln~b~[J\lnu t:-Jl'l~'V'lt'~M ~1l Lbd\J~U~nf)'fElllh 
1\1';)-aij,hU1l [J ~\I nl1 b~ lIYll'll bL-a\l ~uiiu 'V'l'Yl b rhnu , 
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Abstract 
This paper presents the design and construction of HYDC bridge generator by using voltage 

multiplier bridge type comprising of 2 stages feeded by a current source from series resonant 
converter rated at 15 kHz, 40 kY 5 rnA. This HYDe generator has improved the voltage drop in the 
circuit which is better than the case of HYDC generator operation at 15 kHz without series resonant 
converter. From the simulation test based on TINA simulator, it confirms that at the frequency of 15 
kHz with the series resonant converter, has produced higher voltage than the conventional HYDC 
generator at 15 kHz that does not use the series resonant of 61 0 Y at 2 stages, 900 Y at 3 stages and 
1.43 kYat 4 stages respectively. In the actual tests and simulations results have been shown to agree 
well with the designed while HYDC generator have resulted to a less voltage drop than the 
conventional HYDC generator at equal input voltage. 

Keywords: HYDC generator, Yoltage Multiplier Bridge, Series Resonant Converter 
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... ~' .11, 

i 

1 

2. nTH)€ImL1J1J1\1~,.~r'1lLL '\.I,'\.I,fl'€I'\.1,n1"aJ • 

('! ('l 

Ii: : 

I, ... " ... .... ... 
1- ! 1--

C 1 C l 

II, 

flflmb1J1J"h'l"il1'i16jJ'bbUU'Yle:1'I,mnJ'lJUl~ 200 W 1iih~lU~ml;)J~ 15 kHz lh::~'Y1TImw 85% , 
bb~::ijbb1~~U~UW'Y1f)~1u'li'1~ 200 n~ 220 VAC <B~~;)Jm1~1']jl'U.m1f1l'u,lrn1uil'JJf)d~lm1bl~ll<?l 

, 'IJ 

v = 1 .414 x 220 = 311 . 13 V"" ill (max) I, 

V = 1.414 x 200 = 282.84 V 
111 (min) dc 

.ff'U.~~f)~~lm::bb~bU~rJ~'lJ~1J~;)J1JiJ b~f)~"illnrh~~bf)l'Yl~'Y1 Pow = 200 W bb~:: 

.1 ~ ~ ... !::- P 200 235 29 W lJ1::~'Y11il1lW lJ = 0.85 ~~'U.'U. . in = -- = . 
0.85 

= 2 Pill = 2 X 235 .29 = 1. 66 A :. I pri 
Vin (min) 282 .84 

.ffuwif):!Jlf1l'U.lrn~l'h IR bb~:: eR 

? 

Z = lJ,V;;(min) 

0111 2 P .Jr. 0111 

= 0.85 X (282.84)2 = 54.14 n 
6.28 X 200 

:,C
R 

= __ 1 __ = 1 3 =196.08xlO-9F~196 
2.Jr.j.zolll 6.28 X 15 X 10 X 54.14 

L -~ - 54.14 = 0.57xl0-3 H ~ 570 H 
R - 2.Jr.j - 6.28 X 15 X 103 JL 

nF 

c 
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3. nl'HI£lnmnJ'VIaj'mu..la" l-wrhu,.""'"A113Ji'h .. ,, .. .. 

9J1n [n<il~~.:J'; ~'\.djm LLL'l:::flrn:::, 2547] 9J:::1~'VIaJElLLtJL'l-ll1~vh~ij-;J1'\.I'-JU"Hl1J'lJEl-ll'lJ!ilL'l1!il 

tJ~lJllihrhn1J 7 ,.El1J ~ij'lJU1!il'lJEl-ll~lmrhn1JL1JElf 20 AWG LLL'l:::-;JIUlmEl1J'lJEl.:J'lJ!ilL'll!il'Yl~£.JlliJ 
'" 'U q 'U 

Lrhn1J 280 ,.El1J ~ij'lJUI!il'lJEl-ll~lmrhn1JL1JElf 35 AWG ~-II~UEl~1JUUEl1Jrl'UUU1U'1!tJLtJElf~U'lJUI<il 
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4.4 x 6 x 7.3cm ~ElElnLL1J1JH 9JlmrU9J:::'\.b1tJ~lJ1uJldTW\l\aJElLLtJL'l-ll~1~1un~El-ll1l1"1fU:::~~I~~n'VIUl 

d 
'Yl3 

, 

tJ,.:::9J C1 L'Yhn1J 0.66 nF ~~ILL".:J~U~.:J~!il 10.35 kV LL~:::~lLn1JtJ":::9J C, L'Yl'ln1J 0.33 nF ~ii~1 
q 'U q II -

Lm~U~.:J~<il 20.25 kV LL~1 Un!" H-IIIU9J1-11 6)9J::: H~lLn1JtJ":::9J'lJUI!il 8.1 nF 1600 V bn!,.~fl-11~-IIij 
~ , , 

'lJI£.JEl~1W(rEl-ll<il~1!il1!il£.J'l.tlm~ElElUmlJnU-;JlmU 10 ~l 9J:::1~~lmllJ9JL'Yhn1J 0.81 nF LL~:::'YlU 
~ , , 

LL";i-ll~U1~ 16 kV ~-II~lLn1JtJ":::9J"1f!ilifl~~fl-11LtJU~lLn1JtJ":::9J C1 LLL'l:::L~El'l.tI~lLn1J1.h:::9J'lJUI!il 8.1 nF 
q q 't II 

1600 V m~ElElUm:IJnU 20 ~19J:::1~~lml:IJ9JL'Yl'ln1J 0.405 nF LLL'l:::'YlULL"-II~U1~ 32 kV ~-II~lLn1J , , 
tJ":::9J"1f!ild1~~fl-11LtJU~lLn1Jlh:::9J C) ~lU1!il1El!il9J:::H'L1JElf ESJC13 m~ElElUm:IJnU 2 ~l LY1El1i 

q q II - II 

'YlULL"-II~Un~1J'Yl1-111~ LLi1'l.tlmiml-111JULL~UtJi'U'lJUI!il 10" x 20" ~~fl-11L'lI£.J1-119J,.H 1!il£.J-;JIU1U.ffU 

J-II'VI:IJ!il9J:::El~1JULL~UtJi'U-;11U1U 1 LL~U ~-IILL~!il-llH~-II1U,.tJ~ 4 
~ ~ 
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nl'i"'Y1~ ~a1Jd\l"il"i"bfl~a\l n1 b u~ 1 ~~1 bb "i"\I ~\lm:: bb~~"i"\I bb'lJ1..nj1~~~iJ a'U. t~!J bb Vi ~\I"ii1!J m:: bb ~ "iI:: 
'II 

ii,T'U.~a'U.~\ld ~a el'U.~'lJbb"i"m::'Yhm"i"1"lJ1'1.hbbm~f1a~vhb~afb~a~"i"1"il~a'lJm1~nn~a\l'lJa\ll\l"il"i"~ 
'II 

m1~~ 15 kHz bb~::m1~~ 15 kHz ~fa~~1!Jl\l,d1t'll'bb'U.'U.l1a'U.m~ (bbVi~\I"ii1!Jm::bb~) el'U.~'lJ~a\l , 
~a m"i"'Y1~~am'1\1"i11nm"i"@\al\l"il"i"bb~::1~t-J~ ~\I"iI:: 1~an-'lJ1!J@\a1ud 

1. m"i"'Yl~ftfl'lJt~lIt1.hbLmaJ TINA t~!Jiib~a'U.1'lJ ~\ld 
n. bb"i"\I~'U.~Wr~'Y1~iJa'U.lib'Yhn'lJ 10 kVmax 

'lJ. 'lJ'U.1~~lbn'lJU"i"::"iIiifi1~\I~fl1'U.lru,1il'U.ban~1"i"el1\1~\I [n~~~\I'; ~'U.~~"i" bb~::f1ru,::, 2547] , 
fI. 1Ci1taCi1~Hhm"i"'Y1~~a'lJ ~a BY8420 ~\lbfi!J'lJb'Yhn'I.H'lJaf ESJC13 t~!Jn1Vi'U.Ci1f1ru,~~'lJ1ili 

~ 

~"i"\ln'U. 

\I. ~1'U.l'U.,T'U.u'U.1~iifi1~\lbb@\ 2,T'U. , 3 ,T'U. bb~:: 4,T'U. 

"iI. tm~~~Hhm"i"'Y1~~a'lJii'lJ'U.1~ 10 !vIO. 

»-. -,(~; -. 

T 
! 
j 

. 
I 

~~~,. 

.:-~) N"l~ 

[" " 

'iuri 5 n) J.J'iJjLf11€J.Jf71Lii.~lwrh,jlUJU 2';U .. 
.d .d 
'Y1m1~n 15 kHz 

, 
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~ el If' ,d""",q 'iU,., 5 {I) jl1F1N'UL€J1Y1WYI"1I€JJJJ'iJjYl3JJJ'iJjj .. " . 
LL'U'Un€J'Um3J'iil'U'J'U 2 .ff'U~ml3Jrt 15 kH:: • 

.~{~) ... 

~-----------

'iU~ 6 !J) 'JJ'iJj!F1~€JJrhL'a~'lyNh~ihJ'iJj1r'l1 .. 
.- • :t:- .J .J 
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70 DOk 7000k 

tiO.GOk ~ ____ . ___ ..... ~ .••••• 'v ...... •••••••• ~ •.•.. -----------------~ 
50 00k "" .. _~-_~ •. __ -_~ •. __ .,._".~. __ ~-..•••.... 

4000k 

~ 30.00k _-:~~~-~~-.L:V:.::P2J-.-.~-­
o 

::::s "d .. ~ .. .,., ......... ,." . .. ,./ ... ,_J' .. "" ...... . 

,s3000k 
.5 

.... ~ .. 

20001( 

95<>n 962m 975m 9B7m lM)<>n 

Tlme{s) 

.,J ~ ~ II ::. 

"ill't1 7 VI) "ilimnHeJ1r1WrI'lIeJn.J'iJ'Hl1u'JU 4 'lIU 
.. '1/ , 

.1./ .1 "'.. ......r "i1l't1 7 \I) "ilJflflUW1r1WrI'lIeJn.J'iJ"irl3J'J.J'iJ"i"i!6JJ 
.. '1/ , 

.. .. 
rlm13JrI 15 kHz 

ff' CI ::. d d 
LLUUYWUm3J'iJ1U'JU 4 'lIUrlm13JrI 15 kHz , 

2. nT·.i't1lPHU)lItlPllln1"'t1IP1'H)\Iv1\:U'lItVl~€I\11ht"IPI1vHhYitf';-l\1if'l-l.,)1'I.I.1'I-t. 2 i'l-l.u'l-I.llP1 

t~ !.J111m1'Yl~'H)\I~lm'j'iiJ·nf1~1)\Ifh L i'i.~ 1 ~'Wl LL1\1 Gi\lm~LLGi~1\1LLlJlIlI~~~~lmU~ 8 ~\Iij 1)Umrn 
'II 'II' 

1 '\..I,m1'Yl~Gl1)\1 <;;)\Id' 

1, LL 'VI ~\I~l mL 1\1<;;)WIJ'\..I,1~ 0-220 VAC LLlJlIU1lJfl1 1~ 

2. J\I~18lU J1)fL~ 1)f~iJ 1)'\..1, t~ !.JJ\I~11t'll'LL '\..I, '\..I, 'Yl 1)'\..I,m:lJ , 
3, mJmLtJ Gl\ll ~~lLL1\1Gi\lml:lJ~Gi\l~~:lJ 1 '\..I, ih3J'\..I,'VI3J 1) LLUGl\l~\Im1~1) cil '\..I,n~ 1)\I'i"lGllGi@1n'Yml 

CU qJ C! q cu 

0.5 'll':lJ. 

4, J\I~1'Yllmu.LL1\1<;;)'\..I,LLlIlJlJ~~..ij~m1~1)cil'\..1,'y\1) PVC 'lJ'\..I,1~ 10 dJ 
'II q 'II 

5. l'V1~~'J)'i'i.~ml:lJ~l'\..1,'Y11'\..1,l~~") 

6. t JGl'YlL~~~1JL~1)f'2l'i'i.~ RCR-500 ~ij5~11~J'\..I, 1 :609.6 

7. Digital Oscilloscope 8 bits 200 MS/s 150 MHz Yokogawa 
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2.1 'l''hm'i'Y1~Hn)1Jb~~fl-llfhbito/l1v-J,Ajlbb'i-ll~-Ilm:;bb~cn'i-llbbU1J1J1o/1~~mldJ~ 15 kHz ~13Jij 
'IJ 

l-1l'<i:d1t'15bb'UUrlml.mdJ ~~~'V'nf~1<ilbb~o/I-Il11lU'i1l~ 9 bb~:;'ill~ 10 to/lE.JijT11~1o/11<il ~fl 35.36 kV ~ 
• 'IJ 'IJ 

NORM:20MS/s 

It'·· , , , , , , , , , , , , , '" . , , , , ,., ". , , , , , , .. , , , , , , , " , , , 
I'. ~~} 

Ma~ 58.00'" 

2004/11/26 19:43:51 
5OUs/div 

NORM:2DMS/s 

~Tr8(;e;~. p-p 13,60'" MEr,,,, G.40OV Freq 14.93kH"l. 

,-t1ff 10 ILJ,,~uaUWn'llf)JJ"~Jn:;flCu!LJ,,;uiiml3Jrt 15 kH= r(jwi~ehur-;wm(j/~~L-;IL(j/f){"lfu(j/ml3J 
u , ~ 

;Tumur~~']iiiJel(j/J1ffJU 1.·16()() 

2.2 'Y'hm'i'Y1o/1~fl1Jb~~fl-llnlbUo/l1v-J,Ajlbb'i-ll~-Ilm:;bb~cn'i-llbb1J1J1J1o/1~~mldJ~ 15 kHz ~ijl-1l'id1 
'IJ 

t'15bbUUrlflUmdJ ~~~'V'nf~1<ilbb~o/I-IlHlU'i1l~ 11 bb~:;'ill~ 12 t~lE.Jiifil~1o/11<il ~fl 36.58 kV ~bb'i-ll~U 
, 'IJ 'IJ 
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diUnq for trigger 2004/11/26 19:21:47 
SOus/div 

NORM:2QMS/s 

It;, ... "" ,~, ""',"', 

!'"Trace1_ P-P 2.000'" Ma~ GO.OOv Freq ---

hta~ &."OOV Freq 14. 93kHZ, 

'iUfl12 LL"i,,~'Ua'UW'l1"1liJn"'ilm:rf)rn!!'r,,~uAwn3Jrt 15 kH:: WiiJ3J~J[JJJ'iI"i1T'IfLL'U'UniJ'Um3JT(jJ[JJ~(jJt.h'U 
'U ~ 'U 'I 

TJ~m(jJ'iI~!J!(jJiJ{"1fu(jJml3J~')'Um'UT(jJ(jJ "]~ijeJ(jJJ"h'U 1: 1600 

1J't1~·a.l 
q 

15 kHz ~1mJ~'w1\l'iJTI1"JfLL'!.l.utle:lUmlJ (LL'V\~\l~lrJm:::LL~) ~Ull~llJT'jmHHL1\l~Wnn~1eJlJ1u1\l,\)1 
q 

1i,zeJ£HNnll~ml3J~ 15 kHz 1~n n~ll~eJ Ldm'1<li~eJU~ml3J~ 15 kHz '\):::1~LL1\l~ULeJltl~Yl 
q 

Lrhnu 38.84 kV ~ 2,yuuU1<li 54.13 kV ~ 3 ,yuuU1<li LLG1::: 62.42 kV ~ 4 ,yuuU1<li 1WlJru:::~ 
Yl<li~eJU~ml3J~ 15 kHz ~1eJ3J~1!J1\l,\)11hLL'!.l.Ur1eJUm3J '\):::1~LLI\l~ULeJlr1~YlLrhnu 39.45 kV ~ 2 

q q 

,yuuU1<li 55.03 kV ~ 3 ,yuuU1<li LL~::: 63.85 kV ~ 4 ,yuuU1<li ~\l'\):::dJu(:..J~l~m:::Lb~~beJlr1~Ylij~l 
q 

L~3J~U~l rJ ~\l~Ub ~ eJ b1Junll~<liLbl\l~U\91n~-j-eJlJ1 U1\l '\) 11 ~UeJ lJG1\l'5n~\l~ulJl1ibb 'V\~\I'iillJbbl\1~U 
m:::LL~~iuml3J~~\I~1eJ3J~1!J1\l'iJ111"JfbbUUtleJumlJLLYlU ~lu(:..JG1~1~'iJlnmIYl<li~eJm1\1~U~lm1n 

~ q 

<li1<li1 ml.l~ 9 'iJUn\lll.l~ 12 ~\lijf1l1mlL~!J\lnUf1l~eJeJnLLuuHLb~:::~eJ<li~~eJ\lnUf1l~Yl<li~eJU 1<li!J 
~ ~ ~ 
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hhbbm:lJ TINA ~\l1..h·dLl'lj'tX~L~flJ fi8 1,1,8mnmf1~8\1n1bUI1lLy.j~hbb1\1~\lm:::bb~\9l''i\l''1fU~1'd'~::::W'lJ1,1,111l 
" 

b~n ~\I bb~:::l-hv\irn blJ1 ~\I nl1b~:lJ bb~d U\I:W bb 1 \I~1,1,(j]nf1"~8:lJ 1 1,1, d\l~1'l!8 LI nl1 bf1~8\1n1 b UI1l L y.j~h bb 1\1 ~\I 
'\J 

m:::bb~(j]1\1 bblJlJlJ111l{i511:lJl1ll'Yl1 1 i ~1:lJ11ri~~:::~~U1~ 8 LU b1J1,1,bf1~8\1n1 b UI1l L y.j~h bb1\1 ~\I~ ~1 :lJ11ri 
'\J 

lJ'Yl f1d1:lJdL~flJ n11~irlJ ~'l-.t1,1,bf1~El\lii 8 bf1~El\l1"1fl 1,1, n11'Yl11l ~EllJ~l ni 8\1U5 U~ n111:D LI 

lfnm1:lJLy.j~hbb1\1~\I 1l1f11"1f11rnm1:lJLy.jvh m1.l,:::lfldm1:lJfl1~(j]f :lJv\11'YlLl1~L1'lJEl1,1,bbrl1,1, bb~::: 
" 

'lJ El'lJ EllJf1 rnu rn.y](j]l'Yl LJ1 ~ LI :lJV\11'Yl LJ1 ~ L1'lJ El1,1,bbrl1,1, ~1 i'Yl1,1,~irlJ ~1,1, 1,1,11,1,\111,1, li L1f1r\ld~d LI , , , 

n(j](j]'\Al\l~ o/I1,1,iJ(j]1 bb~:::f1rn:::. 2547. b~~€J\ln1bi\19l1vH'hbt1\J&'I\Jn1:::bt&'ll9ld\JbtlJlJ1J1191~~11C1Jfi&'l\J. 
~ ~ 

m1u1:::"1f:lJl"1f1m1'Yl1\11mm1:lJLy.jvhf1r\l~ 27 (EECON-27); 11 - 12 '\Alblfl~mLl1,1, 2547 , 
:lJv\11'Yl LJ1~L1'lJEl1,1,bbrl1,1,. 

1J1~'Yl 'ih5I1lLlbf1-E'1,1, ~lnl1l (:lJv\l"1f1,1,) .&'I1@l~\JbW1n€Jf~w'VH'ntJ. b'l5iJf1El1,1,~m(j]Elf~b~nmElUntf 
" 
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