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Bopo>Kuoa C.E., 3annaTHH H.Jl. E9 • 11860 
YHcneHHhill aHanH3 B3aHMHoro BliHHHHSI no Marm<THOMY 

nomo ceKTOpHbiX MarHRTOB co caepxnpoaoamueii o6MOTKOll 

B pa6oTe npHaeaeHbi pe3ynhTBThi pac'leTa MarHHTHoll CRCTeMhi UHKno­

Tpouuoii ycTaHOBKII co caepxnpoaoasnuHMif o6MOTK8Mif, Pac'leThi BhinOliHSiliHCh 

nyTeM '-!HClieHHOro pellieHHll HeliHHel!HOrO HHTerpal!bHOrO ypaaHeHHll OTHOCII­

Tel!biiO TpeXMepHOro BeKTOpa HHilYKUIIH MarHRTHOro nOliSI, Do XOilY pa60Tbl 

6LIJIO 06Hapy>KeHO CllnbHOe p83MarHH'IHB8IOUiee BniiliHHe HB ll8HHblll CeK­

TOpHblll MarHHT CO CTOpOHbl COCellHHX M8rHI!TOB 6-CeKTOpHOil CTpyKTypbl 

UIIKJIOTpoHa, B pe3ynbTaTe 6bin caena11 Bhiaoa o Heo6xoiHIMOCTH pacqeTa 

nOliHOi! CTpyKTyphl npu npOeKTHpOBBHHH MarHHTHOi! CIICT€Mbl, 

Pa6oTa ahmonHeHa a Jla6opaTopHu SIIlepHhiX npo6neM 0115!11, 

npenpHHT 06bealjHeHHOrO IIHCTIITyTa S!llepHhlX HCCliellOBBHIIH, lly6Ha 1978 

Vorozhtsov S,B,, Zaplatin N,L, 

Computer Analysis of the Mutual Field 
Influence of the Superconducting Sector 
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Magnets 

The results of calculation of the cyclotron magnetic system 
with superconducting coils are given. The calculatiot1s were 
performed using a solution of non-linear three-dimensional sector 
integral equation for the magnetic field induction. A strong demag­
netization effect of the neighbouring sector of the 6-fold azimuthal 
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 MeVjnucleon is under con­
sideration now at the Laboratory of Nuclear Problems, 
JINR 11 ~ 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 121 . As it 
was shown earlier 121 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 1 
shows the calculational model of the sector magaet. The 
magnet body volume has been considered as a set of 
triangular prisms with an assigned magnetizatioa value 
for every prism. Since for the super conducting mapet due 
to pole piece saturation the field contribution of sector 
coil amount to 40% of the total value it was onlf natural 
to evaluate a mutual field infiuence 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 1 ,.,3 .2 .10 6 At to JW 3 - 5.106 At. For the azimuthal 
field dependence with R s3.9 min the ¢· 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%-40% 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/ 
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Fig. 1. A display representation of the 
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Fig. 2. Three sector magnets. 
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Fig. 3. A "hill" magnetic field. 
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Fig. 4. An azimuthal distribution of the field. 
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Fig. $. A mean field and flutter (1 and 3 sectors). 
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Fig. 6. A mean field and flutter (3 and 6 sectors). 

8 

• •• ,, . 
. ' ·'' 

9 



REFERENCES 

1. Vasiliev A.A. et al. A Cyclotron Facility for Accelea­
ration of Heavy Ions uP to Relativistic Energies. Proc. 
of Conf. on Cycl. and Their. APPl., Bloomington, In­
diana, USA, 18-21 Sept., 1978. 

2. Akishin P.G. et al. Calculation of the Magnetic Field 
of the Isochronous Cyclotron Sector Magnet by the 
Integral Equation Method. Proc. of Conf. on the Comp. 
of Magn. Fields. Grenoble, 4-6 Sept., 1978. 

10 

Received by Publishing Department 
on August 31 1978. 


