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Surmarv 
The construction of a solid state, voltage regu- 

lated energy discharge power supply with a dual output 
is briefly described. Mach output operates at about 
1830 'v' dc, and 7800 A peak. Charging voltage regula- 
tion, and se' le-vel, are Jbtained by means of a solid 
state relay 3t tile primary site of the single phase 
high voltage rectifier transformer. This method yields 
a relatively inexpensive, simple system since it does 
not require phase control circuitry. 

Xpplication of the Power Supply 
The Dower su~~lv feeds short current pulses to 

1. I 

aircore magnets located around a ceramic section in 
C;X.'s nz.in ring beam pipe. 

Two such systems located approximately l/2 wave- 
length spart are used in synchronism to guide the 
circulating be.un into an extraction channel. 

Thev provide single turn extraction of up to three 
circulating beam bunc!ies (4.5 us spill length! or 
excite the 20 l/2 integer resonance for a spill length 
of 11TLS. 

Tke Magnets 
The rugnets have two turns. Tiey are constructed 

from l/4 in copper tubing foming the eZges cf a 2 in 
x 5 in x 24 l/2 in long imaginary block. Two such -irig- 
nets sit directly after each other and have an induct- 
ance of 2.5 jiH ench. 

auilding i,ne large magnet would rec.uire twice the 
operating voltage, which is harder to handle with SCRs 
and n&es the matching of other standard canmercial 
components a little more difficult. 

Current regulation of a iew percent is adequate. 
The current must, however, be adjustable. 

The Power Supply 
Fig. 1 shows d schematic of the power supply. It 

has two identical outputs, which are fed from t'le same 
regulated dc source of 1800 V max. Both outputs are 
sirxultantously ~i~tlharged into the 'wgnets. 

E.~ch magnet current (Fig. 4) looks like a :?alf 
sine wove reaching a m3xirum peak value of 7800 A in 
?? -- ; 22;. 

The .~vi>rngr di.;chargf rate is 1 shot per second 
or less. Xonentar~r rates of 3 silzts per second have 
bee,, u~ei. ~‘12 smred tinergy is cnlv about :UD J per 
<,11tp:1t. lP*der coosumpticn is small because of the low 
repetiti\:n r,lte and the snail <\n:oi;nt of stored energy. 
A.11 a2 feed !>f 120 '*' ;ingle phase is thrr,-fore very 
j>r,3L:tlssl. Tiie povcr 5tq:ply is divided i:7to tW7 p‘lrts: 
1. :I:2 ,:\xltrols and regulator i-::ounteil ii: an eclsilv 

d c c k? !, 'i 
2. 

ible rc,l,iy rack) . 
'.'he rectifier i:ll~ichar,rc .i.s~cmhIy (‘ :c,:ted cl~-t:;e t-8) 
tilt, lo.3rl) . 

.., ,tli : 2tte-C i.; dr. ,oib~.-i~>us rcfl~~lirl-:-irnt since loni; octpllt 
I~L~.iii., t~,in t'.i:i i !v , I!.IvL. ,311 iccliist.ance cf rl :ew $I. Tt is 
for thi:; rc.l;cn that the outp,Jt Ira<ls :consist of C: 
i,,!r,ill,~l N:%'I:ri.ll C.iblCS. t:.irc ‘1X' ,,Is, ::<~<.I1 t:l'i<'[l ts, 

keep the inductance of the power supply low. T h e p ow r r 
supply self-inductance, including the 7 ft long output 
leads, was measured to be 0.5 PH. This value can be 
determined from the discharge frequency :zith a bolted 
short at the output leads. 

Control can be local as well acl rem<ote from ‘1 c-n- 
puter which also monitors the oiitput current and inter- 
lock status. Regulation takes place <at the prir,irv 
site of the HV rectifier transformer. It consists siv 
ply Jf an ac ON/OFF control by means of a salid sixte 
relay (optically isolated back-to-back SCR package), 
which needs only a few ml; dc control power. -it can, 
therefore, be driven by a small operational amplifier, 
as shown in Fi8. 3. The adjustable reference and the 
feedback voltage from the power supply determine the 
point where the ac supply gets cut off and permits 
current control from about 0 to 100%. Fig. 4 a, b, c, 
and d show the dc voltage. Operation at high trans- 
former trip and low reference ;rtting gives the wor:st 
ripple, because the solid state relay stays on until 
the next zero crossing of the ac supply voltage. More 
overcharge is then supplied tc the energy discharge 
capacitors. Fig. 5 shows a typical voltage at the 
primary of the iransformer. 

The discharge "switch" consists of two parallel 
sets of three regenerative &ate SCRs in series, ,q>er- 
sting at about LOO0 A peak each. T!lese SCRs I-nlre di 
ratings of about 400 Aju sec., and do not require TIT 
a hard gate drive. However, a hard gate drive is en,- 
?loyed to asscre sinultaneous turn on of the series 
connected SCRs. Fig. 2 shows the firing circuit. The 
primary windings of the pulse cransfomers are con- 
elected in series t3 l-lake sure that all discharge SCRs 
2et fired at the sane time. Each SCR is p;lralleled 
with a 100 kfi voltage equalizing resistor, a snubber 
cf 33 I) and 0.05 ~.IF and a transient suppressor. A 
large voltage eq.Jalizing resistor should be chosen to 
reduce losses. 

The SCRs are air-cool.ed ‘and require znly .i ie:b 
i rich' of beatsink because the .avernge ls>sses cire s.?:;ill, 
however , peak losses are in the order 6>f 20 1~1; 7er SCR. 
Current sharing between t?e parallel SCR st:li:k.; i's 
gc5~.1rre,1 hv the 1Ofi C, r*si5t-ors between tile ~.~!>,i;itiirs. 

The diode resistor ccnbinntion in parallel wit!1 
the cs.,lcitors lie1 ps rliss'pnre t:le SO? vol t:!fie rexler.7,11 , 
.*ct:ich results at ti-e end ci d discharge ~cycle. Gil.-its-e <7 
recovery]. is not used beczu::? ,+f the 1.x rep?titi.>n 
rate ,ind low store2 e-iier'z::. 

\,IC JI-e .zratefuj. to :Ir. I?. .J,.nes ,iiio :!..iy?<l ,.I r.:l:~':- ~.?II' h 
in th2 constrnctii-ir 0f this s:'sterI. 

Reference .I__- 
1. p!,Jqei: Spptr-r :.!;,y;:,‘st ,iI,i p,->;.:&:r :;r,!,;‘!“ .:,3r -j!f’ ” 17,:l’ 

fle;lm Tr,1:1-,frr LiIlG? ,it t1.e ':;ltion,ll .'icce:iir ICC-,,- 
i.;?horat<>ry, Yisser, ct ‘31. II;!..!: 'I'r in.s,irti-ns On 
'; ~r,je.ar Scier-.c,:, .J\ine 1';7! , ?'~>l. :;P-l,% '!t:. I. 
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cu \, 10 ps/div, ~1250 A/div 

Fig. i. Power Single Line Diagram Fig. 4 Magnet Current at 1200 V 

20 msec/div, 100 V/div 

Fig. > Transformer Primary Voltage 

Fig. 2. SCR Firing Circuit Schematic 

Pi;;. 3. Reguldtcr SzYic.:natiz 

a!1002 Tap 
1500 v 

b,'25% Tap 
300 " 

ci507 Tap 
3Oi: v 

0.2 sec/div, 20 V/div 

Fig. 6 i?C Voltage at \“*rious Settings 
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