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it"1@} 40 kV 5 rnA * 

n(;l~'Vl\l~ ~,"3j(;l,-1) il1,"1" ft'llfl~ 2) LLGI::iu'Vl'- el(;lL(;l(;l(;l'- 3) 
• 

1) 1€hjfl1~'il11~11rf 

2) !l1~11rf 
3) ~.. tJA 1 

Unflnl!l1 1qJqJ1 'Yl 

i!l~tJ~u~m11f11m11J'lwvhbb1~~~ mfll'l!11wlm11l'lw~1 flm:::lwlm11lfl1~'ilfllv\11'YltJ1~tJ"1I!lUbbriu 

.t 11 " .d • - ~ •• I.~I - .. 
lJYI~111lll.L ll.m1!l!lnLLlJlJLLIiI::~11-11Lm!l-llmLll.~ ~1''H'I1LL1-11~\lm::LL~m-llLLlJlJlJ1~~'lJll.l~ 

'II 

40 kV 5 rnA t~£JH1-11~1Y1i~mLL1-11~ll.LLlJlJlJ1~,r 2 offll.Ull.L~~-IIL~Yhm1~fl-11;rll.~~!l-lltlflu~m, 
~f11m'llLvlV:hLL'-II~-II 1l1~1'lfl11'11m,:lJLvlV:h ~m::11'11m,:lJI'I1~~f :IJ'VI11Y1£J1~£J'lJElll.LLrill. L~~El-ll 

'II 

ih L U~ L vlv:Jl LL,-II~-II LLlJlJd~~ll.l;rll.:IJ1 L Yl El LLllUru'VIl LLd-II~ll.~n 1 ll.1-11~1Y1i~mLL '-II~ll.LLlJlJ Cockcroft-
'II v 'II 

Walton ~-II1'li'hll.1wffll.~-II~-IILL'ii~El-lloffll.;rll.Ltl ~lnm1ElElmLlJlJLLIiI::Y1~~EllJL~~El-llf'hLu~LvlV:hLL'-II~-II 
'II 'II 

m:: LL~m-ll~ ~fl-11;rll. dl'llJ11 L~~El-llnl L U~ L vlV:h LL,-II~-IIm::LL~~,-II LLlJlJlJ1~,r~djfilLL 1-11~ll.<iln 1 ll.1-11~1 
'II 

,zEl£Jn11LLlJlJ Cockcroft-Walton 25%~ 2 offll. 25%~ 3 offll. LLIiI:: 37% ~ 4 offll. ~l:IJ~l~lJ ~-IIe.JIiI~M 
,nnm,f'hll.1 mLLIiI:::m,Y1 <il "EllJ 'il~ -II "El ~~ ~!l ,Jllll.LL iii:: 3:i fill n ~L ~ t1-11nll. 

~1th~'Y : L~~El-llf'hLU<ilLvlV:hLL'-II\1'-IIm::LL~<il'-II , 1-11~'Y1i~mLLd-II~ll.LLlJlJlJ1<il,r , 1-11~'Y1i~mLLd-II~ll. 
LLlJlJ Cockcroft-Walton 
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HVDe BRIDGE GENERATOR 
* 40 kV 5 rnA 

K. Tonmitra 1) A. Suksri 2) and C. Addoddorn 3) 

1) Associate professor 

2) Lecturer 
3) Master degree student 

.High Voltage Laboratory, Khonkaen University, Thailand 40002 

ABSTRACT 
This paper presents the design and construction of HVDC Bridge generator rated 40 kV at 

5 rnA by using voltage multiplier bridge type comprising of2 stages operation which is constructed at 
high voltage laboratory in the faculty of electrical engineering, Khonkaen University. This HVDC 
generator has improved the voltage drop in the circuit which is better than the case of using voltage 
multiplier Cockcroft-Walton type that employed higher stage than 2 stages .From the design and tests, 
this HVDC generator confirms that HVDC Bridge generator has voltage drop less than HVDC 
Cockcroft-Walton generator 25% at 2 stages, 25% at 3 stages and 37% at 4 stages respectively. The 
results obtained from calculations and measurements have been shown to agree well with each other. 

KEYWORD : HVDC GENERATOR, VOLTAGE MULTIPLIER BRIDGE , VOLTAGE 
MULTIPLIER COCKCROFT -WALTON 
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U'Yl"1 

lul1~~uuiim1:IJ~fl"n111'151.y.Jw1LL1"ff"m::LLff~mfl~1":IJ1nlu'VIG'llt1fl1~w-rf,,1U~lU 
• 'II 

n11fi1LLG'l::n11'Yl(9]G'lfl,,<ii1" ') fl1l1L'liU n11H't.l1dtl'15t!R1'V1-¥lJLfI~fl"llflVhl'flf'Y11"l'l~ntf L'liU LfI~fl"d" 
t.l1::~ LfI~fl"~~(9]-¥"~L5n'lf~,,1~~lnn11V"8LG'lfl(9]1flU~~lULfI~fl"L1,,5(9]11L~1G'l"lJULL~uh'VI:: LfI~fl" • 
8LG'lfl(9]1flU 1:IJ tmfftflt.l~" H't.l1:: ttl'15U1 U'Y11"W G'llff:IJ1n1t1111W t(9] tln11ff-¥1"W G'llff:lJ1~1t1 flnt'VIllii ff" 

• 'II 'II 

L yj fl'Yhl'l1,ruib LfI~ tlf 1 U 'Y11"n11LLW'Yltl1"11R1'V1-¥lJLfI~fl"Q1 tI-¥,,~<ii1" ') 1 U'Y11"fl(9] ff1'V1 m1:IJ H'ff-¥l" • 
LfI~fl"~~(9] tfl t'lfU LLG'l:: H't.l1:: ttl'15t!'Y11"~lUL 'YlflUfi t~w H''Yhn11LU~tlULLt.lG'l''fI ntff:IJlJ'1i'Y11"Lflii LLG'l:: • 
l'l~ntf L 'liun11'Yhmflff~" tt.l~LflffYi~U t(9]tln11Qlt1-¥"~G'l"lJU1ff(9],fu n1~yJu~t(9]tI 1 "lfSLG'lfi t(9]1ffLL(9]~ntf • 
1"1inlJLfI~fl"mfl"L"lJ3J1f11U H'nlJ'VIG'lfl(9] CRT lutml1l'ft! dJu~u ~hU1U'Y11,,1y.Jw1~::H''Yl(9]fffllJ 
flt.lmnt1.y.JW1~ii~lm1:IJ~1y.JW1ff" ') L'liU LflLUG'lLL1"ff" 'VI1fl q]1mt.l1onLVl flf~H1 '\.I,1::lJlJ~"~lt1 ~" 
II q 'U 'U 

"lJU1(9]LfI~fl"n1LU(9] ly.Jvhmff"~1"1iii"lJU1(9]n1~,,i"LL<ii1(9]~~1 ') ,rult.l~un" 1 00 kW LLG'l::iiLL1"~U 
'II 

.. ::., .,t Vi.1 '" 1 '" '1.,1.':1 .1 '" Lfl1'YlW'Yl"lJU1(9](9]"LL(9] 1 kV "lJU blJ~Ut1" 100 kV Un11ff11" bl"il"i1LL1"ff"m::LLff(9]1"~::lJ1::nfllJ(9]dtl 
• 'II 

LL'VI~"~lmm~Um::LLffff~lJm1:IJ~ 50 Hz 'VIaJflLLUG'l,,1y.JW1LL1"ff" 1"~1L1f1~1y.JLflflfW-¥fl:IJ~1t1mul6B 
'II 

L(9]flfl'lG'lL(9] flf ~lnn11l "I1"lU ~1 luL~ fl~fl"n11Lm~Um::LLff(9]1,,~ii~lff" ')~::~ fl" 1 "I1'V1aJflLLt.lG'l"LLG'l:: 
'II 

• I .... '" l' d.'1.¥ ~ !'f '" • I '" ~ 
~lJmntflU '):IJ"lJU1V1 'VI 'lj:IJ1n'lf"lJ'lj'VI1UL 11ff1:IJ11t1LLn bV1 b(9] tlG'l(9]"lJU1V1"lJ fl"'VI:IJ flLLlJ G'l"G'l" LLG'l1 LW:IJd"~1 

'Yllf1 ntLL 1"~UL 'JJ11t.l L yj fl L vi:IJ LL 1"~U 1 U 1::~lJ~ ~ fl"n111~ R1'V\-¥m"~1'Yllfi ntLL 1"~U ~l '15'1 U 1"~1LUU ~1i n 
'II 'II 'II 

LLG'l::~(ijJU1n11ff11"nu:IJ1i"LL<iitJ w.I'f.2455 t(9]tI Cockcroft-Walton LL~l~"rJ"fI"H'nuflrJ"imn"l1~'<iIuu 
'II • 

LLG'l:: 1 uihufl" L~ tl1nUL~ m 11~ fl"n11LL1,,~um::LLff(9]1"~~lff" ') L n~h LUU~ fl" L vi:lJd"'<iI1'Yllf1ntLm~u 
'II 'II 

( ) Lvi :IJ,ru lu~n L u'\.I,';hu 1U:IJ1n~" 1 U 'Y11"t.l~lJ'1i~::WlJ':hn11L vi :IJd"~1'Yll ~ ntLL 1"~U:lJ1 n,ru~:;ih 1 iLL 1"~U 
(9]n:IJln Lmq]u~1~flfln:lJ1~1'VIG'l(9]n~lJ~1G'l" ~"~::ih 1 viiuLt.l~fl"flt.lmrn~H1 U1"~1t(9] til 'liL 'VI (9] ~",fu • • 
L yj mUUn11t.l1::'VI rJV1~lu1uflt.lmnt1 U 1"'<iI1q]"n~11 LLG'l::G'l(9]LL1"~U(9]n 1 iUfltlG'l" L 11~"V;U:IJ1 1i1 "'<iI 1 • 
'Yllf1ntLmq]uLLlJlJlJ~(9]..ijLL 'YlU ~"'<iI::'Yh 1 iLL1"q]ULfll'11W'Yl~1~ff",runl1 L~:IJ ~",ful U"lUlitld~" 'U . q 'U 

'Yhn11~nlf1 LLG'l::ff11" LfI~fl"n1 L U(9] 1 y.Jf:h LL 1"ff"m::LLff(9]1" t(9] til "111 "'<iI1'Yl1 fI ntLL 1"q]UL UULLlJ lJlJ~(9]..ijdJU 
'II 'II 

1"'<iI1~LLffV1" 1 '\.I,1t.l~ 1 LUU1"'<iI1LfI~fl"n1L U(9] 1 y.Jw1Lmff"m::LLff(9]1,,~1 "111 "'<iI 1'1'1 1 fI ntLL 1"~U 
'II 'II 'II 

(9]1:IJ'VI~nn11"lJfl"1"'<iI1 Cockcroft - Walton ~"ii~lmu n .ffut(9]mL<iiG'l::.ffU'<iI::t.l1::nfllJ~ltlq]lLnlJt.l1::'<iI • 
2 q]1 LLG'l::lV1tfl(9] 2 q]1 tV1t1~q]1LnlJt.l1::'<iIq]1'VIrt"dJuq]lLnlJ~nt.l1::'<iI LLG'l::~nq]1'VIrt"Luuq]"m1fl,,1'V11.~ • • 
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C 1 

c , 

D._I 

Vet) 

H.V. output 

C 1 

C 2 

c, 

<il tl:IJ1 b 11';)::"11 £11 £I vb_hh>l1l'nTl~tl>lri1b it~ i. ~~1 bb 1>1ff>lm::bbfffil1>1~1 'J!1>11l1'Yl1Tl rnbb 1>1'1lUd:Ju 
'II 'II 'II 

bblJlJlJ~~f'll>lbbff~>l1U1U~ 2 ~>lbllU1UbblJlJ~W~U1bb~1 ~>lil-;i1U1U n ,Tub"lfUnU t~mb<il~::,Tu 
'II 'II 

c 

~: 

U1::ntllJ'Il1£J'Il1dilJU1::1l 2 1i11 bb~::i.~ ttl~ 4 'Il1<iltlnu1u~m3-rn::1>1~1lJ~CiIf 0 • 

'·If( 

·1 'b1-----'-----n--'----1 I---'------j I-----L.--" -1 f-------..--..J'-----I 
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d ... 
n~::Lb~LUt'H.JL€ll'Yl"'fY1 I oul LiJum::LL~~1Vi~~,hu1<nt€l<n1Ul\1~"l'Yll~rnLb"l\l~U ~lVi1m\l~"l • 'II 

'Yll mu,LL "l\l ~ULblJlJlJ1Cll':f m::LL~Lu~ £J L€ll"''V'l'Yl~::Cl n mj\l t<n £J 1<n t€l<n 2 ~11uLb~~::.ffuuu1<n UU 
'II • 'II 

Vim £JfI11:IJ'h 1<n t€l<nLb<li~::~11~1lJm::LL~LU~ £J LViii 1)UnUL rhnlJ 

I D; = 0.5 I oul 

Qc; = (n + 1 - i).Q 

flV =V -V 
I 'max 'min 

Ioul 
2 1 

I qmax 

= (n + 1 - i) .Q 
Ci 

~::1Vi~~,hu1<n t€l<n DI ,D2 , ••• , Dn - I 

(1 ) 

(3) 

(4) 

(5) 

2, ~lu'JJ€I-:Jm::LL~ I a 

3, ~lu'JJ1)\lm::LL~ I b 

~lu'JJ€I\lm::LL~ Ie 

LL~<n\l1U"ltJ~ 3 

'1 ''1t Dd~. ~'" 1dVJ~ 
~:: bVi~~lU b<n 1)<n n 'l!\I~::mmln"l::Lb~'YlU'Yl111£J U~"l\l b'l!LmHL"ln 

~::h ~ 1n~Lb Vi ~\I~l£Jm::Lb~~l ~1\1 t<n £J ~,hu 1<n t1)<nLb~::~l LnlJtJ"l::~~ €I ~1n~ "J~\I 
• 'II 

'II 
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filbbd-\l~U~-\I~Wl'1J€hlidbn1J1"h:::';) C/" ~lmdmb'Y1u1~~d£.J 
~ , , 

(6) max fi (t)} = VHi 

filbbd-\l~Ub~~Td,;):::lhlnD1u'1Jrn:::b~3J~1£.Jm:::bb~1nn~U~'Y1 
';):::'1'11 1 ibm~u ~~d bnUU1:::';) b ~~Tdi.'lWli.'l-\l~l~Wl~-\I b'Yhnu 

bbi.'l::: 1 wnl£.J~Wlm:::bb~1nn~WVmn , , 
, , 

min fi (t) } = VHi - (n + I - i ) ~ 
/ 

(7) 

~-\I~bb~Wl-\lHlu~u~ 3 m:::bb~ 1 a bbi.'l::: 1 b 1~i.'l'1JU1Unu1u~£.J t111umru1Wll€lWl Di bbi.'l::: 

Dn '\.t1m:::bb~';):::1~bbd-\l~U~bU~£.JUbbUi.'l-\lbiJu 
i+1 I . n I 

flVi =Q·I- =qi .Q. I - (8) 
j=2Cj j=i+IC j 

~-\lidUd:::n€l'lJ q i· bb'Y1U~d£.Jud:::~un~~1~m.hu1Wll€lWl Dn b~€l Q 1~i.'l~"hu1Wll€lWl Di 

I_I 
j=2 C j q/. = -'---~ 

n I I-
J=i+1 C j 

md'I"t1m:::bb~'1J€l-\l Di bdl~13JldmbtJ-\l1~€l€lmiJu 3 mru ~€l 

t111Wll€lWl Dn '1bm:::bb~1ubdi.'llb~£.Jdnu q i = q: 

t111Wll€lWl Dn 1:l.hbm:::bb~ (1 b = 0) q i = 0 
i-I 

t111Wll€lWl Dn b~3Jlbm:::bb~m£.J1ubdi.'l1 q i = I - Iq; 
j=1 

~€l3Jl';):::H'ud:::~un~ q i b~€lm:::bb~ 1 a bU~£.JUbbUi.'l-\l,;)ln1Wll€lWl Di 

(9) 
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bb~.:J'ii\t~1£.JmJn 40 kV 

m::;bb~1'V1iil~ 5 rnA 

c, c, 

.".J 
R, 
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2.1 md~l'\.r:ml.fh~dLihJ1.h::'il • 
ril'V\'\.I.~liLLd>l~'\.I.~i>l~ C/. L'Yhn'IJ 7 % "lJeh'l V 

ln max 

... ~Vi = 10,000 x 0.07 = 700V 

AV _ (n + 1- i) Q 
'illn Ll i - . 

Ci 

~~ v C _ (n + 1 - i) Q _ (n + 1 - i)]- _1 
'il~ b~ I - • - • out 

~~ ~~ 2/ 

C =(2+1-1).5xl0-3. 1 
I 700 2 x 50 

= 10-
3 

= 142.86 X 10-9 F 
700 

l'\.1.'¥h'\.l.€h'lb~rnn'\.l. 

C =(2+1-2).5xl0-3. 1 
2 700 2 x 50 

10 -3 

= = 71.43 X 10-9 F 
14000 

v , 

~~'Y11rJ~~-n>l bita>l'illn n =2 , 
'oil::'l~ 

VH
2 

= 40 X 10
3 

+ 50 xlO-
6

• 2 + 1 - 2 
2 2 71 .43 x 1 0 -9 

=20xl0 3 +0.35xl03 

= 20.35 X 10 3V 



lU.rllU.Eh'lL~~T:111W;;)ln~:JJm";i~(14)"iI::'~ 

VH =40xl03_20.35xl03 _20.35xI03_50xlO-6. 2 
I 2 2 142.86xlO-9 

+50xl0-6.[ 2+1-1 
142.86 xl0-9 

2+1-2 
+ 71. 43 x 1 0 -9 ] 

= 9.475 X 10 3 - 0.35 X 10 3 + 50 X 10-3 [0.014 + 0.014] 

=(9.125 +1.4)xl03 

~1LfhJ1h::"iI filml:JJ"iI • • 
(nF) 

~1LfhJ1h::;"iI C1 
142.86 

• 
~1LfhJ1h::;"iI C2 

71.43 
• 

3. m"HlvnLL'lJ'lJGl1Lfhnh::';)ua:: l(P1Lv(PI • 

filLL";i\l~U.~\I~~ 
'II • 

(kV) 

10.525 

20.35 

"iIlnm";i~1'u.1 rnfil~1 Ln1J1.h::;"iIl U,yl\1~U.rll1 iml1J'h ~1 Ln1J1.h::;"iI"iI::;~ a\l'Ylu.LL ";i\l~u. ~1-i • • 
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o \llU.'~~\I~~L'Yhn1J 20.35 kV LL~~1bn1J1.h::"iI~3jacilu.ia\ltJ1i1J"im";i'yjvhb";i\l~\l3j'lJu.l~ 4.75 
cu It q cu ~ cu 

/IF 250 VAC Lrlm.tl:JJ1~aaum:JJnwihmu. 30 ~1 "iI::'~filml:JJ"iIL'Yhn1J 158.33 nF LLG'l::'YlU.LL";i\l~U. ,..., . . 
,~ 10.605 KV ~\I~1bn1JtJ";i::"iI"l)'~d'l~~fl\1LtJu.~1bn1JtJ";i::"iI C 1 Lb~::Lrlmll~1bn1JtJ";i::"iI'lJU1~ 4.75 

q q q q 

/IF 250 VAC :JJ1~aau.m:JJnw4hu.1u. 60 ~1 "iI::'~filml:JJ"iIL'Yhn1J 79.16 nF LL~::'YlU.LL";i\l~U.'~ ,...,. . 
21.21 KV ~\I~1bn1JtJ";i::"iI"l)'~d'l~~fl\1btJu.i1bn1JtJ";i::"iI C2 'hu.'~ ta~~~alu.1\1"i1";i"il::~a\l'Ylu.bb";i\liu. . . , 
ni1Jm\l'~acil\1,xmJ~~~L'Yhn1J 20.35 kV ~\llu.\llu.l~r.Ii:tH1~ta~b1Jaf ESJCI3 ~3j-:il1'I.ni.1rJh • 
"'a\l~~l~~\I'YlULL";i\l~u.ni1Jm\l'~~\I~~ 9 KV bb~::'Ylu.m::;bb~i.~~\I 30 A 1~£Jttl:JJ1<iiaaUm:JJnu 2 ~1 

'II • • 

rhli'Ylu.bmiui.~~\I 25.45 KV "iIlmfu."iI::'Yhm";i~~11\11JU.bb~U1ffWlJU1~ 10" x 20" ~\l3j";i::;£J::;V\1\1 
";i::'Vdl\1"i1~D~n1 3.4 6Jl':JJ. LL~::;";i::;£J::;V\l\1";i::;'Vdl\1bbm 2.5 6Jl':JJ. t~£JbL<ii~::.ffu."iI::;aci1Ju.bb~U.1ffU I bb~U. ~\I 

• 'll 

bb~~\llU";itJ~ 5 bbi.t1ttli.tJm~';Jacilu'r'ia PVC '1JU1~ 10 d'1 £Jl1 45 d'1 -:illU1U I 'r'iem ';Jlmfurllm~ 
'II • 'll 

iJ~V;1"'1 £J~1 £J b Y-l ~'Yl a ~~ b U£J:JJn ~:JJ b ~ a ~~ bb ~\liu1f11 ~'\.i1~ d;~'lfu brl a ~fl\1 b~7';J Lbi1';J::3j~tJ11\1i\l bb~~\1 
'll 'll 

HlmtJ~ 6 
'II 
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I- 10 

J 

ri=f 
i=i I ~ 

Ii=i 
20 i=iI 

Ii=i 
i=iI 
Ii=i 
i=iI 
Ii=I 
U T 

f--H 
2.5cm 2.5cm 

k:: '/'//ij/'./ 

. . . . 

D '////// 

·1 

hi=il 
Ii=i 
i=iI 
Ii=i 
i=iI 
Ii=i 
i=iI 
Ii=I 
i=II 
T U 

2.Scm 2.Scm 

AWMINIUM 
PLATE 

PRINT If. 1 

10" PVC TUBE 

PLASTIC 
COUPLING 

PRINT # 2 

ALUMINIUM 
PLATE 
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d • ~ "i •• I.';1 .. .t. ~ .J'... ~ ~ • 
m~'Yllfiffa'jJd-\l"il~bfl"H.h1mb'",~1 bl"H'I1bb~-\lff-\lm::bbff~~-\l "iI:::JJ'lJu.~au.Ifi-\lu. fla au.~'jJbL~m::'Yl1 

'II 

m~1"lf"[tl~LLm:JJfla:JJ.yhL~afb~a~~d"ilff8'jJm1:JJ{\n~8-\l'lJ8-\ld-\l"il~LL~::I'.I~~mlfi':hu1"i1::1~1'jJ 
'II 

ff8-\l ~8 m~'Yllfiff8m1-\l"il1nm~c;l8d-\l"il~LL~::1Ifif..l~ ~-\l"il::1~8TI'lJ1£Jc;l81tld 
1. 'Yl~ffa'jJ t~£J ttl~bLm:lJ TINA (Toolkit for Interaction Network Analysis)tlfi£J3h~8U.1'lJ~-\ld 

n. LL~-\l~u.aU'v~'Yl~iJau.l~\'Yhn'jJ 10 kV • 
'11. 'lJu.11fi'lJa-\l~dbn'lJth::"iIilfl1~-\l~1~a8mb'jJ'jJH 

. . 
fl. ~1U.dU..ffu.1Tu.1Ifiilfl1i-\lLLc;l 2.ffU. . 3 .ffu. bb~:: 4.ffU. 

-\l. 1Ifit81fi~Hlu.m~'Yllfiff8'jJ ~a 1N4007 tl~::n8'jJtlfi£JHL'Ylflii.fl TGCC 

"iI. "1fd-\lLd~1~Hlu.m~'Yllfiff8'jJ ~8 1 iu.,-n 
u. t 'VI~Ifi~H1.u.m~'Yllfiff8'jJil'lJU.11fi 10 M n 

." 
1.1 'Yllfiff8'jJLL~-\l~u.i1iu.c;l1-\l "J'lJ8-\ld-\l"il~'Yl1mu.LL~-\l~U.LL'jJ'jJ Cockcroft-Walton 

'II 
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VP, 

lSD.OOm 1.00 

LL1J1J Cockcroft-Walton (kV) LL1J1J1J1~{ (kV) 

2 '1l'\..bU'\..bl~ 3 '1l'\..bU'\..bl~ 4 '1l'\..bU'\..bl~ 2 '1l'\..bU'\..bl~ 3 '1l'\..bU'\..bl~ 4 '1l'\..bU'\..bl~ 

40 60 80 40 60 80 

36 44 45 39 56 67 

34 38 34 30 47 58 

4 16 35 1 4 13 

2 6 11 9 9 9 

(;IT'i1,,r/ 2 !!lfvh7nTnU1111JL fi llW.Jfliwffi'li,::jiJ·hnvv,n? rln"" ,viU!!1J1J Cockcroft- Walton !!fI::!!1J1J1J1vrt 
" 

vlnnnmma1JrvIl1Tih!!nJJJ TINA 

2. 'Yl~ffEl'IJ 1~~m'J'Yl~~El\l'iij1\1'iij1nm'J1~~lwi'inm\l'iij'J'Yl1f1ruLb'J\I~'\A,LL'IJ'IJ'lJ1~{~1mtJ~ 4 1~~H'fi1~d .. .. 
Ln1JtJ'J::'iij~1:IJ~lwiElElmL1J1J11l'\..b'iJEl 3 LL~::fi1~1~lwitf'\..bH' Digital Oscilloscope 8 bits 200 MS/s 150 , 
MHz Yokogawa 'Yhm'J1~ 1~~1~t.h'\..b1d~t1L~'iij~ldL~Elf'15il,~m1:IJwi1'\..b'Yl1'\..b1~~"J ~ii5~'J1~d'\..b 

1:1600 Lb~::t-J~m'J'Yl~1.'lEl\llwiLLff~\lH~\I~tJ~ 14 'iI'\..bn\l~tJ~ 171~~iifi1~1~lwi ~El 42.24 kV, 24.32 

kV ,40.96 kV LL~:: 23.04 kV ~1:IJ~1~1J 
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"iIln nT'J'Yl1?l ~ElD bfl~El..:Jfh b i1.1?l1 'V'J.w 1 bb "J..:J ~..:Jm:: bb~o/I"J..:J~l il..:J"iI"J'Yl1fl nm "J..:Jc.il'U.blJ'U.bbDDD11?l{ 
'U 'U 

bl1rJDrlDbbDD Cockcroft-Walton tl?lrJLthbbm:IJ TINA "iI::b~'U.':h~.ff'U.11'U.ll?l~..:J,r'U.l'iJbbDD Cockcroft-
'U 

Walton "iI::bnl?lbb"J..:Jc.il'U.o/Inlm..:J"iI"J:IJ1nnl1bbDDD11?l{tl?lm'ilvn::.ff'U.~ 2 ,r'U.l'iJ 

'ill'U.l'U..ffWlJ El..:Jl..:J"iI"J'Yl1 mUbb "J..:Ji'U.bbDD Cockcroft-Walton ,r'U.l'iJlaJ"lil rJ l1Kbb "J..:Jc.il'U.bEll'11'V'l 'Yl~l'lib ~ :IJ,r'U. 
'U • 

bb'l rJ c.il..:J,x'U.b v:l El b1J'U.m"Jb'll?lbb"J..:Jc.il'U.o/In 1 'U.l..:J"iI"Jl1KuEl rJb'l..:Jb "Jl~..:J1K'U.:IJ11 il..:J"iI"J'Yl1flrnbb"J..:Jc.il'U.bbDDD1I?libb'Yl'U. 
'U 

'U.El ml nd!T..:J ~1 :IJ1"Jb) b'l1?l'ill'U.l'U..ff'U. 'lJ El..:Jl..:J"iI"Jb'l..:l l'li'lil rJ bd El b ii rJDrl1Jl..:J"iI"J'Yl1fl rnbb "J..:Jc.il'U.bbDD Cockcroft-
'U 

Walton bbb'l::"iIlnm"J'YlI?l~ElDbfl~El..:Jfhbi1.1?l1'V'J.wlbb"J..:J~..:Im::bb~0/I"J..:Jbb1JDD11?l{'lJ'U.11?l 40 kV 5 rnA "iIln 
'U ~ 

m"J'YlI?lb'l El..:J"iI1..:1,x 'U.l'li~b'llm~\~rJ..:Jrl1Jfil~ El Eln bbDD11 

..:Il'U.1i rJd1.'li~Dm"J~,xD ~tt 'U.bfl~El..:J~ El bfl~El..:J 1 '111 'U.m"J'YlI?l~El1J"illn1K El..:J'iJ nD1i m"J11'1l m"J:IJ 

1 'V'J.wl bb"J..:J~..:I fl1fl1'11l1rnm"J:lJl 'V'J.wl flrn::11'!1m"J:lJ1'!1~o/If :IJ~11'Yl rJltrJ'lJ El'U.bbn'U. bbb'l::'lJEl'lJ ElDflrn 
'U • 

11 rnsYi 0/I1'Yl rJl t rJ :IJ~11'Yl rJ1 t rJ'lJ El'U.bbn'U. ~l1K'Yl'U.~,xD~'U. 'U.l 'U.m"J'til~i rJflf..:ld'lil rJ • • 

.::S! .:::I == A ~ = 11.;0 I 

;o/Inb'V'lrJ"Jl"ilo/l"J flrn:::ll'!ln"J"J:lJl'!l~o/I"J :IJ~11'YlrJlb'lrJ'lJEl'U.bbn'U.. 

'V'l..:J1fb 'Yl'V'l bnl?ll?l El'U.bb~n • iLiN::mu::. 2547. U Yii'i"';111 U ,.,,~" l-w-rhn,,::::uG'f(;l"" U ""~"G'f" UDDQ "1" .. 
u1f". m"J'iJ"J:::'11:IJ1'11lm"J'Y11..:J11'!1m"J:lJl'V'J.wlflf..:J~ 25 (EECON-25); 21-22 'V'lC]I'!~mrJ'U. . . 

.::. Q.,.o = f>' 
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