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Abstract maximum ampere-turn is 92800 AT for tfield strength
of 1.9 T. The total weight is about 30 tons/magnet.

The JHF50-GeV main ring, very high-intensity proton  The quadrupolemagnet, the sextupole magretd the

synchrotron, for thelHF project hadeendesigned.[1][2] steering magnet have been also designed.[2]

The main ring consists of 9®ending magnets, 176

quadrupole magnets, 48 sextupole magneésd 176 2 R&D STUDY OF THE BENDING MAGNET

steering magnets. ThHeending magnet is of eodified

window frametype, whose maximunfield is 1.9 T. 2.1 Bending Magnet for R&D Study

Field gradient of the quadrupole magnet is 20 T/npeéak

and the bore radius is 68m. The totalactive power of

bendingand quadrupolenagnets is estimated to be abou

100 MW in peak.

The recent progress of design studies of the magnets
the power supply system are describedhiis paper. The
preliminary results of R&D study of thigendingmagnet,
being now in progress, is also reported.

A short-size R&Dbending magnebased orthe original
Ejesign, whose maximum field is 1.8 T, was constructed to
study aboutfield quality, end plate effect, problem of
m%chanical structurgnd soon. It has the crossection
8FActual size and the length of about 1.{rmearly1/4 of
actual size). Figure 1 shows the cross sectional view of
the R&D bending magnet.
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The principal parameters ofthe bending magnet and
quadrupole magnet are summarized in Table 1.
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Table 1. Main Parameters of JHF 50-GeV Main Ring g
Magnets R [
Bending Magnet sl — felevvilf | _
Magnetic Rigidity 12.76 - 170 Tm 1 )
Field 0.143 T (for 3 GeV) N | |2
1.9 T (for 50 GeV) ° | F o aarsos

Useful Aperture (horizontal)112 mm 1 ] ’ | ]

Gap Height 106 mm .

Length 5.85 m Fig. 1. Cross sectional view of the R&D bending magnet
Quadrupole Magnet (8 families)

Max. Field Gradient 20 T/m The core material is0.5 mm thicklaminated silicon

Aperture 126 mn¥ steel, 50RM600. The maximummpere-turn is84630

AT for the magnetidield of 1.8 T. The gap height of
106 mm is the same as that of the design of 1.9 T.

In order to investgate a cut shape of the magnef the
magnet ends are cut with step shapes, approximating to a
Rogowski curve and a B-constant curve. Rogoweskve
and B-constant curve are described as follows:

Length 2mand15m

The bending magnehas beendesigned tohave the
maximum field of 1.9 T. It wasrevisedfrom the old
design whosenaximumfield is 1.8 T [3], to make the
magnet shorter. Thelectric resistancandinductance are

estimated to be 40 m-ohm and 100 mH, respectively. The 21d = 1+(2Hexpwi2d), and

z/d = cosh(x/d),



respectively. Here d is the half length of the gap x is
the position of the logitudinal direction.

2.2 Preliminary Results of Field Measurement

The field structure othe R&D bending magnehasbeen
studiedwithin the field range of up to &G, because of
the limitation of a DCpowersupply. Therelative field
strength ismeasuredvith a gauss metezquippedwith a
Hall probe, and an absolute value of the fieldnignitored
with an NMR probe. The Hall probe is positiortbdee-
dimensionally with theaccuracy of 10um by a newly
developed moving stand.

The measured fielddistribution in radial direction is
shown in Fig.2,together with the resulktalculatedwith
the programPoisson. Thdield strength of 1.43 kG is
corresponding to the injectioenergy ofthe JHF50-GeV
main ring.
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Fig.2. Radial distribution of field strength

As seen in the figure, thigeld deviation ofless than
0.05% is obtained in theadial region of +- 60mm. On
the otherhand, there is a&light difference between the
measuremendndthe calculation results, whosmuse is
now under investigation.
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Fig.3. Longitudinal Field Distribution for both Ends

The field distributions in the longitudinabdirection
aroundboth magnetends arealso measured. Figure 3
shows the measurement resultsRigowski curve end
andB-constant curveend atthe field level of 6 kG, for
comparison.

In the figure, Y means thadial position and Zmeans
the vertical position. The figure indicates thatediiective
length is different between two curves. Table 2 shows the
effectivelengths at some positiordistributedwithin the
magnet gap, measured at fiedd of 6 kG. In the table,
the effective length means the length from the core edge to
the outside of the magnet.

Table 2. Effective Length for both Magnet Ends

Rogowski Curve End (mm)
Y=-60 Y=-40 Y=-2Q Y= 0 | Y=20 Y=40 Y=6(
Z=45 45.59
Z=25] 45.25
= 0]44.38 44.8[1 45.08 45.13 45.05 44,75 44.29
B-constant Curve End (mm
Y=-60 Y=-40 Y=-2Q Y= 0 | Y=20 Y=40 Y=6(
Z=45 54.84
Z=25] 54.40
Z= 0]53.1% 53.72 54.00 54.10 54.02 53,71 53.24

The average values of the effective lengte44.92 mm
and 53.91 mmfor Rogowski curve end andB-constant
curve end, respectively. The difference dugh® position
is very small, being less than +-1 mm.

On the other hand, at the field of 1.43 kG, dffective
lengths at the position of Y=0 and Z=0 are 45.45 mm and
54.48 mmfor Rogowskicurve end andB-constantcurve
end, respectively. Thehangedue tothe excitationlevel
is also very small in this field range.

The remnanfield afterexciting up to 6 kG is about 7
Gauss at the central orbit.

Measurement dteld rangehigher than 6 kG will be
done in near future with a new power supply mentioned in
the section 3.2.2.

3 POWER SUPPLY SYSTEM

3.1 Power Requirement

The JHF 50-GeV main ring is operated with an excitation
pattern of trapezoidal wave form. Most of requisdectric
power is due to the bending magnetand quadrupole
magnet. The total active peak power and dissipation power
of the power supplies for both magnets are estimated to be
about +120 MW (-60MW) and34.5 MW, respectively,
including powerlossesgenerated incables,transformers
and power converters.

A power supply with ahigh-poweroutput current of
trapezoidal wavdorm describedabove usually generates
cyclic variation of line voltage. In thease ofthe JHF



main ring, the line voltage fluctuation estimated to be size 10 x 10 x 10 m"3
about 15% or more due to the expected reactive power, and  weight 300 tons.
about 4.3%due tothe variation of activepower itself.
This amount of fluctuation is nacceptabldor the line
condition in the KEK. It is investigated to use not only SCR but aBd0 and
IGBT as a converteelement togenerate a trapezoidal-
wave-form current from AC power.

For the power supplies of the quadrupole mag@g8T
) ) is to be used as eonverter. Thecurrentripple of the
3.2.1 Rotating machine system power supply for thejuadrupolemagnet isrequired to be
In order to absorb the cyclic fluctuation of line voltage ant@ss than 10. It is expected that adoption 88BT makes
to keep line voltage constant enough, a rotatiraghine it €asy to construct a power supply witary low current
system, so-called ‘double-fed adjustablespeed fly-wheel ripple like that.
generating system’ isadopted. Figure 4 shows a In order tostudy thepossibility of usinglGBT as a
conceptual blockdiagram of the power supply system converter of a powesupply havingtrapezoidaloutput

3.2.2 Power Converter

3.2 Configuration of power supply system

with the new rotating machine system. with a power ofabout 5 ~ 10 MW, an R&Dpower
supply with the peak power of 1 MW equipped with IGBT
{ 96 ke Main Power Line has been designed and constructed]BE specification is
[*]cce as follows;
m ain Transformer
@ converter IGBT
oo + 22 pover Line output mode trapezoidal and DC
VCB L VCB VCB repetition rate ~ 3.4 sec
o P active peak power 1 MW
) o] &) max. current 3000 A
Ceskv I o ‘ output current ripple 1D (without active filter)
3 C\ 3 R I R stability 10
st @J ener: CICI0 L] tracking error 16.
' :]FWW“EE‘ 3 Power Supplies for JHF Main Ring Megnets
double-fed adjustable-speed fly wheel generating system As for thepower supply of thebending magnet, at

) . present three selections are investigated. The first one is to
Fig.4. Conceptual Block Diagram of the PowBupply sesCR, 2ndand 3rdonesare touse GTOand IGBT,
System respectively. SCR is very reliable element to convery
) i , . high-rate electricpower, but it has adisadvantage of
The generator is n@quippedwith a motor, aseen in generating very large reactijeower, as well known.
the f_|gure,and it is connectedwectly tothe MAINPOWEr  Fyrthermore, a filter system to suppress outpurent
line in parallel with thgpowersupplies of the JHF main ripple becomes very large scalecaussts control speed
ring magnets. Thegeneratohas thecharacteristics of an s rather slow compared with GTO or IGBT.
induction-type machine (AC machingndthe rotor IS perefore, it is now investigated to use GTO for the
excitedwith AC currentfrom the cycloconverter. With power supply of thdending magnet ahe JHF 50 GeV
this characteristics, thesystem makes it possible 10main ring, instead of SCR. The preliminary results of the
transfer elgctrlc power very quickfyom thegenerator t0 gjulation shows that the outputurrent ripple is
the power line, and vice versa. , _ suppressed to 10with passiveand active filters of
As the results, the very large amounteguiredelectric  roaqonable size. However, GTO has very large demerits of
power mentioned inthe section 3.1 goesnd returns |5, efficiency and complexity of gate circuit.
betweenthe magnetsand the generatorand then the  Thgp it is alsdnvestigated to use IGBT. Though the
system does not give line voltage fluctuation to the Mahver rate per element iathersmall, IGBT seems to be

power line. Finaly, the systemeeds tatake in only the very easy in use, compared with both SCR and GTO.
averageelectric power dissipated ithe whole system

shown in theFig.4, which becomes constaniuring the 4 REFERENCES
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