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F:I,ECTRI(’ POWL:R AN11 C(?OI,TNC; SYS’I’I:M’ FOIt 1’I:‘i’RA 
W. Bathe 

Summary : 
For 19 GeV oprrat~on the PETRA stordgcb ~1ng and its 
exper imt~nts ni’(> I 25 M!4 of c~lc:~1r I< pow'1 . Tht) do ffc>r o!it 
power ilist ib~itlon systpms ;it :r~!~il:um ir01 t ~CJC’ +iid low 
voltage level dre described. For pow?rlng the PETKA 
magnet system Lndlv~dual high prcc‘lslon dc-power sup- 
plies arp employed, a.11 centrally locate6 near the PF:TRA 
contr 01 rcmn. IDet,li Is ~111 brk ~JIV( II desalt the nkiqnet 
circuits dliti tlic, r-f-p?lw(ar slll)f)l l(ai+. 

Watser c:ool 1ng 1);: t hr PETRA ?1agn[‘tc;, v~~cu~~n chambers and 
rf-cnlnyi)n~r~ts IS nk111c by 2 syst<>ms cr)r~c;~stlng of pumps, 
heat cxchanrjer; c>tc md ( i)llcctltL;itt~~l Ill ? cool 11X-j ceri- 

ters to~7eth(~r WI th <‘i i 0~1 111’~ t.*:wc;r d1~1 <I cool I nq sprdy 
pond. Cool 1iiq ~qulpmc7lt f0r I nti i VIAIMI ~xppr Lment s i 5; 
locatfd ne;i~ tllc> vxprrirnc~r.t5. Ilt i 1 i z,lt 1011 f)f E art of 
the cl rJ(ztr 1~: enc?rqy for hciitlntl I 5 prc:vldcd. 

At the peak enl>rgy of 19 GeC the, PETRA storage ring and 
its experlmPnts nPPr1 aho;lt 75 MW r,f i!lc>ctrli power. 
Power consumption of the most Important components 1s 
as follows : 

rf I,5 MW 
dlpol e magnet i lrcul t 2, 1 MW 
quadrupole and sextupole magIlet ilri‘ults 5,5 MW 
magnet clrcults for experiments, 
expecrally fcr the solenoids of the 
TASS0 and JADE experiment, 6,5 MW 

The rest will be needed for cryogenics, electronics, 
water pumps, etc. Power consumption of the pre-acceler- 
ators and intermediate storage rings and their beam 
transport system adds another 4 MW, but will not be 
dlscussed 1.n the following. 

NL NA 

1 \ 3-phase au-sv~,t cm A.-.- 

Power for components 1n the PETRA ring tunnel and the 
experimental ha1 Is 1s supplied by the two exlstlnq 
10 kV 3-phase ac-DESY and DORTS nets. They <tre oper- 
ated separately k)ccaus~ tlf t!ltslr rated slii 1-t clrcul t 
calmci ty. Eat-h 1 ‘; ;~)w~~r-oti 1’1’ (1 llnllp kV, 210 r,l’;A t +-,L~::- 
former. 

Fig. 1 glvc:s ,I summ~~~y h,f t lli‘ rllstrlbutloll S~S'I~WC,. 

Larqe equipm<:nt I i kti t hi [)c~we: sullil! lob fijr t h,h r-f 
transmlttrrs arid tiic, sol i110ldi fo1 the, c~x~~<~r1nli~1lt s 
TASS0 and JADE IS connec-tell dlrec,tly to 10 kV. Al 1 
other equipment IS fed from local 380 V ?-phnsc d(’ 
rifts by outdoor 800 kVA transformer stdtli)~~s whlc-II II:- 
clud? high and lc\w volt.-iq~~ swil(.h go;ir-s. This ll!.!y m!- 
nl mum spar r III t-he cxpc?r lme:ital hcill i; 1 K n~~c’~?(~~i fcy~ 
low vol taqe dlstrlbutlon boards. A LOil A i-ph(isf> c-L&jlc3 
around the whole PETRA rlnq frtd:: ?nii:l if70 V hlistr;- 
hutlon botirds under the r-l~pol t’ f*~lnrLlt loins. 

2) rf power stat Lens 
1) 

_____---___ 

Fig. 2 shows a principle diagram of one of the 2 rf 
Dower stations located near the rf halls north and 
south. They consist of two 12-phase diode rectifiers 
each, rated for 2,4 MW output, 58 kV dc and feed twc 
500 MHz klystrons. Together with a (dll changing 3- 
phase auto-transformer with 10 kV input and a smooth- 
lng dc choke this equipment 1s oil-immersed and placed 
In two vessels for outdoor location. Thus Indoor space 
1s only needed for smoothing capacitors, resistors, 
isolators, and a spark gap crowbar system. The latter 
protects the klystrons from the effects of the capacl- 
tor load and the line short circuit current In case of 
an internal discharge. The short circuit currents are 
kept small by the large reactance of the rectlfler 

Fig. 1 PETRA 3-phase ac-distribution system 
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transformer. Short clrcult operat- 
ion is terminated by trlpping the 
10 kV circuit breaker. The high 
operation frequency of these break- 
ers would make application of 
vacuum clrcult breakers advantage- 
ous, a step to be taken In the near 
future. 

3) Magnet Circuits 

There are 1 dipole, 18 quadrupoie, 
and 6 sextupole circuits. The power 
supplies for quadrupoles and dipoles 
are of the same type as the ones 
used for DORIS. They have active and 
passive filters and high precision 
servo loops2 ) and are located in 
the power house near the common 
DORIS-PETRA control room. The dis- 
advantage of the large cable length 
between the power house and the com- 
ponents in the ring tunnel is com- 
pensated for by the advantage of 
the common power supply stock and 
the much better conditions for main- 
tenance. Most circuit cables pass 
a busbar link board which allows a 
fast replacement of power supplies 
in case of failure, the posslbl1lt.y 
of connecting circuits in series 
for other beam optics, and the cen- 
tral location of a multiple qround 
switch. Distribution in the ring- 
tunnel and through the experimen- 
tal halls is done by aluminum bus 
bars. The bus bars offer the pos- 
sibility of an easy change of con- 
nections to quadrupoles and sextu- 
poles thereby providing a maximum 
flexibility for the beam optics. 
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Frg. 2 Principle diagram of one rf power station 

4) Water cooling 

There is a common water system in the PETRA ring tunnel 
for magnets and vacuum absorbers. The absorbers are 
arranged in series with the dipole windings. All con- 
nections from the main pipe to the magnets are made by 
hoses without any stop-cock or valve. Only the main 
pipes can be separated by eight cut-off valves for 
better maintenance. For water cooling of the rf compo- 
nents 4 circuits for klystrons, absorbers, cavities, 
and circulators are used. Two of them are installed Lr! 
the straight sections of the ring tunnel. 

Cooling equipment such as pumps, heat exchangers, ion 
exchangers, etc. 1s concentrated in two machine rooms 
adjacent to rf transmitter halls. Fig. 3 shows the 
principle diagram of station north. Water distribution 
for the main rinq system is done in 2 parallel branches 
for each cooling station and 4 in total. Maximum power 
in the main ring system occurs at 16 GeV due to the 
absorber losses; and the nominal temperature qradient 
is 40°K. 

Power dissipation is done by evaporation cooling. The 
south central station uses an existing DESY cooling 
tower, whereas a spray , 
pond has been built 
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the spray pond or to the DESY cooling tower. The othckr 
cooling equipment is located near the experiments. 

5) Ventilation and waste heat utilization p^_I____p__. -- 

Ventilation of the PETRA ring tunnel takes place as 
shown in Fig.4. Depending on the ambient temperature 
ventilation is done only with outdoor air in summer- 
time, only with recirculated air in wintertime, or 
with a mixture of the two. The temperature gradient 
between 2 ventilating stations is at worst 8OK. The 

for the north station, 
consisting of two sec- 
tions for double 
spraying. Each section 
has 4 rows of nozzles 
which can be operated 
separately for adjust- 
ing to load and at- 
mospheric conditions. 
With a total surface 
of 3300 m2 the rate of 
cooling is 12 MW, 
297°K/315,50K. 

In a similar manner 
the primary cooling 
system for large expe- 
rimental magnets are 
connected either to 

-.. -- - __ 

--a.560 m * 
I 

Fig. 4 Principle of the PETRA ventilating System 
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cxpcrln,c~nt dl II,I I I s (‘Lln hc llcntk hy t hr reel i-culdtctl IeVrl Of tllc? (m~~l!l(? water 1s rdtcd at 313% 353°K. 
air 211 w~~itc~rt~m(~. Adti~tlouril hf‘atlnq 113 tllesc, halls 
it- i~c~fufd WI 11 t~.t 1 invaded by mcims of air hr~t (drs 

Heat wil 1 bc usrd P.I~.~PL f(>r il~r~~,t hibit 111g VL~ I-,ceit 

c~xchanqi~r s or h~~-it ~\ump-ci, 
suppl ~vhi from t hi‘ ~hiil~i cw.~l ~tiij system pips whir11 pdss 

tlr1c (‘X[~!Llill~‘lltd1 hC?llS. nor this purpose the tcmj)erdt- 
ure IcY:cl II~~s to hfl kept slif fl c I erit 1 y hlqh by ttmpc- 
riit.urt> rcd,j,il;it I~III 01 thca whc!l(~ water systc>m. 

ItPI t'rc'lii C'S 

1) H. Narcl!{: IlEs;Y-spc’(~lflcat IOn 132. 447, 197 ; 
2) W. Bot htl: dr power suppI11~s for the> DORTS 

storage r lngs 
WaSt C lic>dt gl’lli.I*iltt4 1)y jJ Pr:‘I’Im-cxI)r~rl~~~~llts wl 11 dlso 
he used. ‘1’(> m,lktb thus ~~~sslbl e tllc nominal tcmpclaturc> 

I~rocec~dlnqs 5th IIIt ~‘rr~.cor~f . ii li 
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