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Abstract. - This report describes the design of the sector nagnet for the IPCR SSC . The magnet system of 
this SSC consists of four s ector magnets with sector angle of 50°, gap distance of 8 cm and the maximum 
magnetic field of 15.5 kG . Each sector magnet is 5 . 64 m long , 5.24 m high and 530 tons in weight . The 
detailed design of these ma,,-nets 'Has based on measurements of the magnetic properties of the model magnet 
as well as results of the magnetic - field calcul ation and mechanical anal ysis. 

1. Introduction. - The main characteristics and t he 
status of the IPCR SSC are reported in this confer-

encel ) The major design characteristics of the 
sector magnets of this SSC remains the Sa.r.le as that 

previously reported2 ) . :':ore detailed desi,,-n work for 
the trio coil system have been done after that report . 
The final design of the sector ~~gr,et are completed . 

1. 35 x 105 ampere turns and maxi mum pover consumption 
in the four sector magnets is estimated to be 480 kW . 
Each s ector nagnet is~5 . 64 m long , 5 . 24 m high and 530 
tons in 'Height . The shape and geometrical size of the 
sector magnet is sho'Nn in figure 1 . 

The first sector oagnet '''ill be delivered at the 
beginning of 1982 . • 

2. Configuration of the sector magnet. - ~~e profiles 
of the magnetic field should provide the focusing 
property and orbital stability for the beam in a 'Hide 
range of energy and particles . In order to get desired 
field profile in the ral'.ge of 7 kG to 15.5 kG , oea sure
ments of the magnetic field '"ere carr ied out using 1/4 
scale model oagnets . Calculations of the oagnet i c 
field '.'ere also performed , 

7he final para.r.leters of the sector magr,e t s '''ere 
deter.nined from the results of the analysis of magnetic 
properties and the cooputaticn of beam dynar:J.ics based 
on the above measurements. Table 1 lists the design 
characteristics of the sector magnets , 

7able 1. Characteristics of SSC >!agr.ets 

:~umber of Sector ~ '~agr_et 

Sector angle 
Gap 'Nidth 
Il'.jectiol'. oean radius 
~ractio~ ~ear. rad~~s 

~eig~t of :::agnet 
Overall di~':ieter 
~o-:al ·,·;e:' g::.t 

h 
50° 
8 cn 
89.3 cm 
35E C~ 
5.24 ~ 
12 . 6 ::: 
22. 20 

(530 ton/cne 
t o::;, 
sector) 
%G 5 ~·raxir:1.lI:l nagrletic f i eld 

~ '~axbu:::l nagnetor:J.oti ve f orc e 
~·~aximun. cUT!'ent 
Current stabil:' ty 
~,!aximlD po·.'er 

:;l.lILlber o'f tri:l coils 
~'~axinUL1 current 
Cur~e:!t sta:,ili tj
Total trim coil power 

15.5 
1. 35 x 10 /-. ' 7 
l~CO .-,. 
0 . 002 % 
480 k'fl 

29 pairs x h 
500 A 
0 . 05 % 
200 %',1 

~e main magnet syste~ consists of four sector 
magnets l..rit:'i sector angl e of 50° and gap distance of 8 
cm . It can produce the field of ~5 . 5 %G at ~axim~ . 
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:-'ne r3.a.xi::n.lXl nagr..eto::lotive force ·,;as esti::lated to be ?ig . 1 S~ap e and geometrical size of the s ector magnet 
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For forming the required isochronous field and 
harmonic field, 29 pairs of trimming coils are mounted 
on the pole face . The trim coils and their returns 
are enclosed with the auxi l iary vacuum chamber. 

3 . Pol e edge profiles and pole tip contour.- The pol e 
tip contour and pole edge profiles are shown in figure 
2. The pol e edge profile except the inner part is 
approximated by a B-constant profile. Resultant fring
ing field produced with these pol e edge profiles have 
been invest i gated by the analysis of the magnetic field 
computed by TRIM code and the measured field of the 
model magnet. Radial dimension al ong the central line 
of the pole tip is 3.3 m. The pole tips extend in the 
radial direction by 3 . 5 gaps toward the machine center 
from the first equilibrium orbit and by 2.75 gaps out
ward beyond the extraction equilibrium orbit. The gas 
spacers and the elements for the injection and extrac 
tion will be inserted in these extended areas . 

4. Yoke.- 'The yokes will be divided into 16 slabs for 
convenience of the construction and transportation as 
shown in figure 1 . The ratio of the cross-sectional 
area of yoke to that of the pole base is 0.94 . 

5. Iron material. - The maxi mum field and the field 
profile of the sector magnet strongly depend on i r on 
material. Very homogeneously forged steel with carbon 
contents of 0.02 % - 0.01 % was specified for the pole 

Fig. 2 
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Pole edge profiles and pole tip contour 

and rol led steel of 0.08 % - 0 . 1 % carbon contents for 
the yoke of each magnet. Two poles of each sector 
magnet should be prepared from a single ingot. Table 
2 shows specification of the steel. 

Table 2 Specified chemical composition of 
the low carbon steel (weight percent) 

C Si Mn P S Cr Ni Cu 

Pole 0.02 0.07 0 . 2 0 . 05 0.017 0.08 0.10 0.11 
Yoke 0.08 0.25 0.35 0.013 0.017 0.08 0.10 0.11 

Al Mo N 

Pole 0.03 0.04 0.006 
Yoke 0.04 0.05 0.007 

6. Excitation characteristics and main coils.- In order 
to design the main coil, excitation characteristics of 
the magnet have been investigated based on the measure
ments for the model magnet and field calculation by 
using the specified permeability of the steel. The 
maximum magnetomotive force was estimated to be 1.35 x 

105 ampere turns. 
The design of the main coil has been completed. 

Final design, however, may be changed slightly accord
ing to the result of the design of the vacuum chamber. 
They consists of 66 turns of hollow copper conductor 
and will be formed in size of 5 . 0 cm in thickness and 
45.6 cm in height to provide enough space for the RF
cavities which will be installed in the narrow space 
between two sector magnets. The coils are located 
outside of the vacuum chamber. The main coils of each 
sector magnet will be connected in series and excited 
with maximum current of 1000 A. Maximum current densi-

ty in the copper conductor is 4 A/mm2 . 

7. Mechanical analysis of the magnet structure. - The 
deformation of the magnet structure as a result of 
var ious forces acting on it was computed by FEM- 2 code 
including three dimensional effect . The magnet con
sists of 16 separate parts as shown in figure 1. The 
results are shown in figure 3. The maximum displace
ment of the pole face becomes 0.35 mm vertically when 
1 mm thick gap spacer is inserted between pole base 
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Fig . 3 : Computed vertical deflection of the pole faces 
and median plane along center line of the magnet 

Proceedings of the 9th International Conference on Cyclotrons and their Applications
September 1981, Caen, France

376



and yeke. The value .of the defermatien .of the pele 
face can be reduced significantly by applying the gap. 
Such displacement introduc es less than 0.4 mm shift 
.of the median plane frem the ideal plane, but such 
changes will entail ne problem on the beam dynamics . 
Fer these reasens, we decided to intreduce such a pole 
base gap in the present design. 

8. Trim coils.- For the design of the trim coils, 
extensive calculations by TRIM cede were performed. 
The radial widths and posit i ens of the trim coils were 
determined by using cemputer eptimizatien code develop
ed by A. Gote. Figure 4 shows the fields preduced by 
each coil when the same current is applied individually 
at base field .of 15.5 kG. Figure 5 shews the compari
son between field distribution formed with 29 trim coil 
pairs and theoretical isechronous field for the accele-

. 6+ ratlon of C to 134 MeV/u. 
The trim ceils .of the SSC magnet consist of 29 

pairs for isechrenous f ield. 5 pairs .of them are used 
also for harmonic field. They have a curved shape 
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Fig. 4 : Cal ucula ted magnetic field contributien of 
each trim ceil at the base field of 15.5 kG when each 
ceil current is 100 A. 
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Fig . 5 : Cemparison of magnetic field distributien 
fermed by the trim coils with the isochrenous field 

for acceleration of C6
+ to 134 MeV/u. 

along the hard-edge equilibrium orbit. The lay-eut of 
configuration of the trim coils i s shown in figure 6. 
Total pewer .of the trim coils is estimated te be 200 kW • 

The trim coils will be mounted directly en the pele 
faces by bolts and enclosed with the auxiliary vacuum 
chamber. In order te reduce the magnetic perturbation 
due t o bolt holes, we will use the special bolts of 
soft magnetic iron welded to stainless steel. The 
cross sectional view of the pole secti.on is shown in 
figure 7. 

The detailed design .of the sector magnet fer IPCR 
SSC are completed. 
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Lay-out of the trim coils for the secter 

Fe 

Trim co il cov e r sus sus 

Detailed cross sectional view of the pele edge 
section • 

Proceedings of the 9th International Conference on Cyclotrons and their Applications
September 1981, Caen, France

377


