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HYucnenupll ananua B3auUMHOrO BAMAHHA MO MarHy THOMY
10710 CEeKTOPHBIX MArHHTOB CO CBEepXNpoBoasiieli o6MOTKON

B pa6ore npupeneurl peaynnTaTel pacuera MACHHTHOH CHCTEMbI LUKIO-
TPOHHOH yCTAHOBKH CO CBEpXNpPOBOAMAMHMH OGMOTKAMi, PacueThl BHINOMHETHCE
NyTeM YUCIeHHOrO PEMCHHA HeJIMHeHOrO HHTerpallbHOrO ypaBHEeHHS OTHOCH-
TeNbHO TPEXMEpHOro BCKTOPA HHAYKUHH MarH4THOTO nofig. [1o xomay paboTkr
6b110 06HAPYXEHO CHALHOE pa3MaTHHYHBAIlee BAHSHHE HA AAHHBIH COKe
TOPHBI MATHHT CO CTOPOHBI COCEAHHX MATHHTOB 6-CeKTOpHOM CTPYKTYpH
UHKNOTpOHa, B peaynnrare 6bil coeslaH BHIBOA 0 HeOGXOMEMOCTH pacueTa
MIOJIHOM CTPYKTYPhl NPH NMPOEKTHPOBAHHH MACHHTHON CHCTEMBbI,

Pa6ora Brnmonnena s JlaGoparopun aaepHeIX npobinem OUAHU,

Npenpunt O6venunenroro uBCTHTyTa fnepHeIX uccnenosasuit, [dy6ua 1978
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Computer Analysis of the Mutual Field E9 - 11860
Influence of the Superconducting Sector Magnets

The results of calculation of the cyclotron magnetic system
with supercorducting coils are given., The calculations were
performed using a solution of non-linear three—dimensijonal sector
integral equation for the magnetic field induction. A strong demag-~
netization effect of the neighbouring sector of the 6-fold azimuthaal
cyclotron structure was observed, The final adjustment of the
system parameters should be done for a total 6-sector structure.

The investigation has been performed at the Laboratory of
Nuclear Problems, JINR,
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An employment of a cyclotron facility with supercon-
ducting sector magnets for accelerations of heavy ions
up to an energy of 300-400 MeV/nucleon is under con-
sideration now at the Laboratory of Nuclear Problems,
JINR' 1. The calculations of mutual magnetic field influ-
ence of sector cyclotron magnet using a solution of non-
linear 3-dimensional vector integral equation for the
magnetic field induction are given here. The computer
code MAGSYS was used for the calculation’?/. As it
was shown earlier’?’ the accuracy of the calculation
can be about 0.5% for azimuthally mean field and about
4 + 5% for the flutter in the middle part of radial range
of the sector magnet. For superconducting magnets in the
field induction range 4-5 T due to strong saturation of
iron the accuracy of calculation increases. Figure I
shows the calculational model of the sector magnet. The
magnet body volume has been considered as a set of
triangular prisms with an assigned magnetization value
for every prism. Since for the superconducting magnet due
to pole piece saturation the field contribution of sector
coil amount to 40% of the total value it was only natural
to evaluate a mutual field influence of the adjacent sector
magnet. This is why in the calculation a single sector
(Fig. 1) and three neighbouring sectors (Fig. 2) have
been considered. Figure 3 presents the results of the cal-
culation. It can be seen that at the same coil excitation
level for the 3-sector case the ”hill” field is approxima-
tely by 1.6 T or by 40% lower than in the case of a single
magnet calculation. The result obtained can be explained
by the fact that only a part of the field flux goes through
the magnet yoke. The main part of the flux in the 3-sector
case is passing through the intersector space. The effect
is distinctly seen on the example of the azimuthal field
distributions given in Fig. 4. For a comparison the exci-
tation level of 3 sector coils has been increased from
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JW;=32.105At to JW;=5.10° At. For the azimuthal
field dependence with R =3.9 m in the b= 22°% 30° range
a negative field value is about 8 kGs or 20% of the ”hill”
field in the 3 sector case. But in the single sector case
the field sign does not change inside a period of the 6-fold
azimuthal structure. A ”hill” field dependences versus
coil excitation are given for 1 and 3 sectors at a radius
of R = 2.5 m in the upper part of Fig. 3. A strong de-
magnetization effect of the neighbouring 2 sectors can be
seen from these curves. This effect requires a corres-
ponding increase of the coil excitation level to get a ne-
cessary azimuthally mean field value of the accelerator.
In Fig. 3 it is also seen that a magnet opposite to a given
one introduces a noticeably less change of the maximum
field. Figure 5 shows the results of the field harmonic
analysis in the case of an isolated sector and 3 sectors
under the above said adjustment of the 3-sector excita-
tion level. It appears (Fig. 5) that the flutter values on
both cases differ by a factor of two nearly everywhere.
The mean field curves also behave differently for the
considered configurations of the magnetic system.

Having in mind the observed noticeable field influ-
ence of the neighbouring sector with the superconducting
coils on each other it seems interesting to perform
a comparison of the magnetic field of the full 6-sector
system (Fig.7) with the 3-adjacent sector system. Fi-
gure 7 presents the results of this calculation under the
same level of coil excitation. As can be seen from Fig. 6
the difference between two cases for the flutter and
mean field is in the range of 25% for R >2m and is about
40% for smaller radii.

According to the results of calculation done in the
paper one may conclude that the approximate parameter
evaluation of the superconducting sector magnetic struc-
ture within above said accuracy limits 25%-409, is pos-
sible only for more than 3 adjacent sectors. The final
adjustment of the parameters should be done for a total '
6-sector structure.

For the calculation we used the parameters of the
magnetic system reported in ref./1/ "

Fig. 1. A display representation of the sector magnet.
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Fig. 3. A ”hill” magnetic field.
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Fig. 2. Three sector mag"nets.

Fig. 4. An azimuthal distribution of the field.
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Fig. 5. A mean field and flutter (1 and 3 sectors). §°
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Fig. 6. A mean field and flutter (3 and 6 sectors).
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