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THE SUPPLY OF THE 148 MW PULSED POWER TO THE CERN SPS
AND THE ASSOCIATED MAINS VOLTAGE STABILIZATION AND FILTERING

Olivier Bayard

The magnet system of the CERN 400 GeV accelerator is
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the largest pulsed load in op ion on the Eurcpean - ——-_g—!!-{’il‘!'s?
. . . e 714 T
400 kV network. This paper describes briefly the net- A o s
work configuration and the nature of the load. The 'S’ A R ol
reactive power compensator used to contain the voltage T
fluctuations and harmonic distorsions within 0.67%, and
the precautions taken by CERN to reduce reactive power
and to avoid instabilities are studied in more details. ;
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The use of a second compensator for operating the ac- e "-‘*"{rusﬁ
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celerator at higher energy 1s discussed. ('97'« % o
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Network configuration
The CERN 400 GeV synchrotron, now in its third year
of operation, is the largest pulsed load on the Euro-
. Pm 4 Qm
pean 400 kV network. The power swing reachs 230 MW s e l...
P . § . P —jos — ACCEL PULSED
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It was agreed at the beginning of the project to power

directly this new machine from the 400 kV network of

EDF (Electricité de France), without any form of inter- fig. 1 - Network configuration

mediate storage - i.e. M-G sets - providing that steps
are taken to fully compensate the reactive power of

the nulsgse and to have a load substantially harmonic
the pulse and to have a lcad supstantially narmenic

free. The short circuit capacity - 9 GVA - of the KB STBLSED e

T,
400 kV Genissiat substation, on which CERN is connec- i i H il
ted, is high enough to keep at a low level the trans- J
missior_\—angle changes and the system fl.:equency distur- mrh H H
bance induced by the pulse, At Genissiat three other il
400 kV lines achieve a satisfactory distribution of soF 50 Jl !L
the pulse energy throughout the general network; thus &/T'\ 3
relative power fluctuations in the nearest hydro- A -— /
electric groups are less than 2.57. V /&; \,\%\\
The basic supply connection is given on fig. 1. At v /" e ¥ \ \
CERN three 30 MVA transformers reduce the supply vol- A i 1
tage to 18 kV and feed three independant networks. The ,-l,,’,ﬁ]n mél S
first network - SPS pulsed network - feeds all the R Vji L}J
pulsed rectifiers for the accelerator. The second E | /_L__
transformer feeds all the steady load on the site. The \ Nolla 7
third network - North area pulsed network - is intended _—WL‘:@’
to pulse the beams in the North experimental area and N o le) Q)
the accelerator at energies higher than 400 GeV. A ~——] - (ﬁ)
large reactive compensator plus filter are associated ] M=

to each nuleed network a 23 MVAR filter is connected

to each pulsed network; ! ter ected

on the stable network.

Pulsed load characteristics £i

The main source of pulsed load in the CERN-SPS labora-
tory is the power supply of the 744 bending magnets and
of the quadrupole lenses installed in the synchrotron
ring. The magnet convertor plant is based on 12~phase e )

rectifiers, using watercooled thyristors. The counvertor .' “Kv ;'<»7'__°°"_"ol“" ;149_095
plant is subdivided into 14 stations installed in 6 ¥
service buildings around the 7 km circumference of the
ring and connected in series, via the magnets, in order
to optimise voltage symmetry and delay line mode cha-
racteristics (cf : fig. 2). Two other similar stations
supply the quadrupoles. DC ratings of each station are
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2120 V peak, 3120 A rms. The DC voltage and DC curreat ol 8 ZISEC
of the bending magnets for a single flat top 400 GeV 5\ : h
cycle are shown on fig. 3. -104+ :;';‘S?:ET ;\ i‘
The total pulsed active power Py and reactive power Qy <eeee V Groupe of 4 : : :,',J
for such a cycle are shown on fig. 4. It was found by I P V Groupe of 8 L}\.-,.A..E,'
stability studies of the generation/transmission system e AN

that a transition time of 60 msec at Rise/Flat top and
120 msec at Flat top/Decay gave the optimal reduction
of disturbances for generators in close electrical pro-
ximity to CERN. fig. 3 - 400 GeV cycle :
Olivier Bayard DC voltage and current
Head of electrical service - CERN - Div. SPS
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AC voltage stabilization and filtering

The voltage fluctuations are generated mainly by the
cyclic flow of reactive power through the impedance of
the network, Exceptionnal care was taken in designing
the converter plant to reduce this inductive current
to a minimum : (i) choice of transformers for the rec-
tifiers with a low short-circuit voltage ratio (4%);
(ii) use of a 18 kv filter dissociating the input 400
kV transformer from the commutation process of the rec-
tifiers; (iii) use of a very sophisticated system for
the control of the firing angle of the rectifiers, to-
gether with three programs for controlling the voltage
of each third of the main rectifiers to ensure that
2/3 of the rectifiers are either fully conducting or
fully inverting at maximum current; the last 1/3 being
used for regulation (cf : fig. 3). Nevertheless the re-
active power taken from the metwork by the rectifiers
at the end of the rise of a 400 GeV cycle reaches 70
Mvarjat the same moment the active power reaches 140MW
(cf. fig. 4). Without compensation of reactive power,
the direct application of the pulsed load values Py(t)
and Qm (t) would produce a cyclic voltage fluctuation
of 2% on the 400 kV, and 20% on the 18 kV busbars at
CERN for a 400 GeV cycle. This was unacceptable. Ma-
thematical studies of the pulse-induced voltage fluc-
tuation in different parts of the network have shown
that a complete stabilization of the 18 kV voltage
complies with the fluctuation tolerances of 0.257 at
Genissiat and 0.5% at the 400 kV CERN substation. This
is achieved by the reactive power compensator and its
associated filter. A first-order approximation of the
reactive power Qs produced by the reactive power com-
pensator to maintain constant the 18 kV voltage is gi-
ven by :

Pp?

Q= Qu * 7P (X = 0.028)

+ K Py
ce

where Qp and Pp are, respectively, the reactive and
active power of the load, Pcc the short circuit level
at the 18 kV busbars (» 530 MVA), and K the resistance
reactance ratio of the impedance up to the 18 kV bus-
bars. A typical cycle for Qg is shown on fig. 4 (bot-
tom curve). Fig. 5 shows the corresponding voltage
fluctuation and transmission angle change at Genissiat
and at the CERN substation., The large phase fluctua-
tion at 18 kV level (15°) has made necessary the divi-
sion of the 18 kV network into pulsed and non pulsed
section.
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fig. 5 - Voltage and transmission angle fluctuation

Stabilization of the voltage at the 18 kV busbars is
achieved by a saturated reactor, with a linear voltage
current characteristic above the saturation knee; the
required constant voltage current characteristic is
obtained by adding to the reactor a series connected
capacitor bank tuned at 50 Hz with the residual slope
reactance. The schematic diagram is shown in fig. 6.
The overvoltage limiting circuits and the damping cir-
cuits protect the series-capacitors against the tran-
sient overvoltages during switching on, and increase
the response time (¥ 10 msec). The coupling of the win-
dings allows for a complete elimination of all harmo-
nics below the 17th, and improves the linearity of the
characteristic. The deviation of linearity is I 0.3%
for line currents between 117 and 100% of the rated
current.

Three regulators complete this compensator. The most
important one maintains the pulsed reactive power of
the reactor within a preset band, by operating the on-
load tap changer of the input 400 kV transformer.
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fig. 6 - Schematic diagram of saturated reactor
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devia tlon the cursor
accross the series ca-

pacitors and feeding a balanced load (half capacitive,
half inductive in m1d position) equal to T 47 of the
series capacitors. The last one maintains constant
the tem erature of the reactor to avoid a drift of the

27 deviations of
the knee voltage were recorded between warm and cold
out regulation. With these 3 regulators
absolute voltage of 18.1 kV £ 0.37 is maintained when
the reactor performs within its limits (90 Mvar pulse).
The filter (cf. fig. 7) has three tasks : to balance
the reactive power of the reactor; to decouple the rec-
tifier stations from each other, in order to prevent
the voltage distorsion caused by the harmonics of one
station from affecting the operation accuracy of the
other stations; and to decouple the rectifier i
from the main supply transformer,

so that the
reactance of this transformer is not included
commutation process and does Coms
tion of reactive power. The reduction of the dist

tion on the 400 kV voltage to a negligible value i

ocreace +ha
not increase tne

achieved by this filter, which supplies 92.1 Mvar. The
18 kV voltage distorsions with and without filter are
given on fig. 8; the distorsions of the 400 kV are ten
times smaller.

equipped with 2 additional circuits tu-
and 150 Hz, to avoid instability of the
full load when irregular harmonics are
cies the commutation impedance seen by the rectifiers
to the corresponding value without filter. This impe-
dance is plotted as a function of frequency on fig. 9.
To prevent the filter from resonating at one of its
natural oscillation frequencies, as a result of perio-

dic perturbations induced by the load, a certain dam-
ping at these frequencies is pr OVLucd. Damping resis-
tors are built at a location producing minimum losses
at 50 Hz. The 2nd and 3rd harmonic filters are stron-
gly damped to provide a 20 msec damping time constant
at the two first natural frequencies of the filter

(v 92 Hz and 120 Hz).

The second reactive power compensator

Owing to the good performances of the first compensa-
tor, an identical compensator was installed in 1978

to complete the second pulsed network, which is inten-
ded for three tasks : 1) pulsing the rectlflers of the
ejected primary and secondary beams in the North expe-
rimental area to save energy. The reduction in opera-
tional cost is expected to balance the investment for
the 2nd compensator after two years of pulsed operation
at full load (30 MW); ii) supplying the accelerator
pulsed network in case of breakdown of its compensator

or input transformer;

the SPS above 400 GeV,

.Ll.l.} LllLLCdbLllE L_HC Cllcléy UA.
as the first compensator is

fully loaded at 400 GeV (90 Mvar pulse). The require-
ments for a 500 GeV cycle are compared below with those
7

for 400 GeV. .00 CeV 500 CeV

400 GeV 500 GeV
Peak DC current A 4900 7800
Peak active power MW 148 246
Active power swing MW 230 320
Reactive power swing  Mvar 70 140

by charipg the pulsed load in equal

by sharing the pulsed i
parts on the two networks, both compensators can ope-
rate correctly within their rated limits. 500 Gev
cycle were performed successfully in december 1978.
Nethertheless owing to severe stresses on the thyris-
tors of power supplies, it is not intended to use this
cycle in normal operation. The maximum operational
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energy will be restricted to about 450 GeV. Fig. 10
shows a typical 450 GeV cycle foreseen for 1979, with
the superposed pulse of the North area.

With their 540 MVA installed power these two compensa-

tors are the largest static compensating equipment pre-

sently known.



