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The magnetic system of the cyclotron DC=1 i8 a 4-sector structure
with superconducting coils v . Parameters of current and ferromagnet-
ic elements of the sector magnet were chosen by calculation using the
programme for calculation of 3-dimensional magnetic systems by the
method of integral equations "

The stress snalyeis of the magnetic system elements was carried
out on the computer realizing the method of F E on a 2-dimensional
triangular mesh 3 . The edge problem of the stress theory ls solved
for the flat stressed state. This problem consists in determination
of the displacement field U:L' deformation field 6“ and stress fileld
6'1 by the given properties of materials and distribution of forces.

The problem is solved by finding the minimum of the integral
value related to work of stresses and the spplied external load.

The following equation is solved in the programme:

St (7m0

where a sum is ccalculated by elements of quantities
[K]1=[B*]T[D1[B ]t-s

where [BeJ is the form matrix, [)¢] contains elastic constants of

the material, 7 and S are the thicimess and area of the element,
{U} is the tensor of node displacements.

{$°}= B [D1{ &) t-5~{P"
where fafw(_'d T{;’} s i3 the coefficient of temperature deforma-

tions, 47 is the temperature difference, P‘ are the forces in the
nodes of mesh,

The structure of the electromagnet sector 1s schematically drawn
in Fig. 1. The sector electromagnet consists of a C-shaped yoke made
of CT-10 steel. In the magnetostatic calculations the current coil
ig divided into the elements. Distribution of pondermotive forces

Fig. 1. The DU=1 electromagnet layout.
1 - yoke, 2 = oryostat vaocuum ohamber,
3 = aotimated configuration of super-
conduoting current elemsnts, 4 = vold
pole, 5 =~ vaouum region for the acoe-
lerated beam, 6 = gryostat wnouum r'e-
glon, T = heavy=duty nonmagnet element
of the conmtruction,

Table I.
Material E, Mn/M2 Poisson's  Temperature
ratio coefficient
Stainleas steel ) o4
12X18H10T 2°10 0.25 0.11°10
AMFS 0.7°10° 0.3 0.138* 1074
Copper M1 0.125°10° 0.35 0.115°1074
Nb T1 /ou 7/ . a
0.3/0.7 (0.11-0,2)*10 0.33 0.083"10

along circuit A (Fig. 1) for all four elements of the current coils
ig almost the same, therefore the pressure of magnetic forces is
taken uniform and equal to 7.5 MN/Hz, which maximally exceeds the
calculated force by 20 per cent.

After a preliminary design analysis of the current coils attach-
ment it was suggested that the coll should be divided vertically into
7 sections, Htresses in structure elements of a coll sectlion were
analysed for two cross sectlons. A possibility to use stailnless steel
12X18H10T and aluminium alloy AMr5 as construction materlals was
analysed. The properties of those materials are given in Table 1 /4/.
The thermal deformation coefficlent 1s given for temperature changing
by -300%K.

a) Croun psgction of a Section

The shape of the cross section of a current section is shown in
Figs 2. The current region I 18 a dense winding 50 mm wide wound as
a superconducting 3.5°2.0 mm® bus, isolated by fiber gless bralding

with epoxy rewln empregnation. The coil is wound by two-layer wafers
on Lthe holder I1 with a thin membrane III over the whole internal
reglon of the section. The extermal loop of the coil is closely em~-
braced by the band IV fastened to the holder by plates V. In the ana-

lysis we took into account cooling by
-300% and pondermotive forces uniform-
1y distributed over the current coil

Fig. 2. Shifts of the cross section of
the current section (the scale is given
in the Fig.). The common boundary of
regions I and II for materials:
~~~~~ AMTS5
———— 12X18H10T,
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Table II.

Number of configuration T

BasaNaber 1T III v
a, (mm) 30 10 10 10
a5 (mm) 30 10 20 20
&, (mm) 3 3 3 4
a, (mm) 6 6 3 6

and directed against the X -axis. There 1s a cross section through
the common boundaries of regions I-V and I-II. The calculated dimen-
sions of the construction elements are given in Table II.
Analysis of configuration I have shown that dimensions &, and

a2, are large, because deformation of the band and the holder are in-
significant and the main stresses in them do not exceed 80 MN/M?. At
the same time at the boundary of regions I-II & 0,05 mm gap is possi-
ble due to tension of the comnecting plate V. Reducing ay and 8, to
10 mm (configuration II) leads to the fact that the holder, affected
by forces, is deformed, as is shown in Fig. 2a. The use of the alloy
Alr5 a8 a construction material results in worse deformation, and the
gap between the current region end the holder reaches 0.18 mm. Note
that the band bending does not exceed 0.01 mm for the materiasls men-
tioned. Increasing a, to 20 mm leads to a significant decrease of the
band bending (Fig. 2b), and increasing 84 to 4 mm decreases lenghten=~
ing of the plate V. As is seen in Fig. 3b, the gap for the current
region and the holder is 0,03 mm for the alloy AMr5, and there is
practically no gap for stainless steel. Since the current coll is
covered with epoxy resin and glued to the surrounding material, there
is no calculated gap, but insignificant stresses appear in epoxy resin.
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Fig. 3. Longitudinal section of the current section, shifts of points
of contours of the estimated division into elements.

Teble III. The main stresses 6, (MN/M°) in the regions marked by
figures in Fig. 2a.

Configuration IT Configuration IV

Ho AMr5 12X18H10T ANr5 12X18H10T
1. 103 100 100 99
2e 102 98 98 96
3. 185 185 100 105

4. 158 155 70 75

The maximum calculated main stresses in the construction regions
marked by 1-4 in Fig. 2a, are given in Table III. One can See that
the main stresses do not exceed the permissible range for configura-
tion IV.

b) Longitudinel Section of a Sectilon

The analysis region of the longitudinal section 1s shown in
Fig. 3. The dashed line 1s the scaled-up configuration after cooling.
The figures mark the subregions with different properties of materi-
als; analogous ones are shown in Fig. 2. The construction will be ana=-
lysed by the graphs of the main stress dependence on the length along
the following contours: (i) the middle line of the band; (ii) the
middle line of the current coil; (i1ii) the middle line of the holder.
Pondermotive are normal to circuit A. Pig. 4 represents distribution
of the main stress which occurs under the effect of magnetic forcea
and temperature deformations in configurations I and IV when stainless
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Fig. 4. Digtribution of the main Fig. 5. The same for the alumi-
stress §,, along lines 1,2,3 for nium alloy AMr5., —x—— con-
configurations I —x—x— and figuration IT, —-——— configu~-

IV —+—-— ., The dashed line is ration IV.
the compressing stress for confi-
guration IV ( 672).
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steel 12X18H10T is used as a construction material. The value of the

gtress does not exceed 120 MN/M2 over the whole length of the winding,

and grows to 150 MN/M2 only in the central zone. In Fig. 5 one can
see the analogous curves for the aluminium alloy for configurations
II and IV; in this case 5} < 120 MN/M°. The dashed lines are com—
pressing stresses ( 52) in the current regions in both cases.

Fig. 6,7 show distributions of the main stresses produced by
temperature deformations in configuration IV for 12X18H10T and AMrS
respectively. Concentration of sgtresses occures in the central zone;
however, they do not exceed the permissible range.

It follows from the analysis that the section of the coll must
be made according to dimensions in Fig. 2b; both stainless steel and
the alloy AMIrS mey be used.
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Fig. 6. The main stress in Fig. 7. The same for the
configuration IV without allow- aluminium alloy AMr5.
ance for pondermotice forces.

The dashed line is the compres—

sive stress ( 6'2).
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Anexuuxkun 0.1. u ap. E9-85-608
POYHOCTHOM PACUET KOHCTPYKTHUBHBIX 3NIEMEHTOB MArHWMTHOW CUCTEMB
BEATPOHHOIC umuknotpona [il~1

NPpUEOAATCA PeayNsTaThh PAcYeTa 3aBauUM yNpyrocTi ANA 3MEMEHTOR KOHCTPYKUWWU
MATHMTHON CUCTEMB HETHDEXCEKTOPHOrO AENTPOHHOrO UWKNOTPOHA CO CBEPXNPOBOAA=
WAMM TOKOBBIMK ODMOTKAMM ., AHANM3UPYIOTCA BO3SMOKHOCTM MCMONL3OBaHWA B KayecTee
HOHCTPYKUMOHHBMA MATEDHANOE HEPKABEOWEH CTanu M anoMMHKEBOro cnnasa. BwbpaHu
paamepn Bongana v o60AMN W APYruX 3MNEeMEHTOB MCXOAA M3 NpeaBapuTentHO pa3pa-
GOTaHHON CxeMd pastueHun TOKOBOW OOMOTKM HA CEKUMM W KOHCTPYKUMKU KaM[ow Cek-
ummk. Pacuerw nposogunuch no nporpamde Ha IBM, peanuaynouen MeTon KOMEYHBIX
ANEMEHTOE Ha ABYMEPHOR TpeyronbHOW ceTke,PewaeTca 3agadya Teopuu ynpyrocTtu Ans
NNOCKOTD HanpAMEeHHOr 0 COCTOAHMA C yyeTOM PacnpefeneHus NoHASePOMOTOPHBIX CUN
No y3naMm CETKK ¥ HANPAKEHUMA, BO3HUKALWWX B pe3ynbTaTe TEennoBuX AePOPMaUMN.
ANA aByxX B3auMHO NEPNEHAWKYIAPHBIX CEYEHUW CEKL MM TOKOBOW KaTYIUWKM PACCUMTaHB
PACNPENCNEHMA NEPEMELEHMA U MNABHLIX HanpsaxeHusi no obnacTu 3apnauv. Pasmepw
3NEMEHTOE KOHCTPYKUMM BHOpaHM Takum 06pasom,uTo uarube ux we npeswwant 0,03 Mm
ANA ANGMUEMEROTO CNNAaBa M He3HaunTENbHE ANA Hepxaeenwen crtanu. [pu 3TOM
[NaBHHE HaNpPAKEHWA HE NPegwuanT AONYCTUMbIX, CNeAoBaTeNtHO, B pamMKax AaHHOM
KOHCTPYKUMM MErHUMTA BOIMOKHO MCNONL308aTh 063 YKA3AHHMX KOHCTPYKUMOHHBIX Ma=
Tepuana 1 KoHKpeTHbn Bubop HeobxoquMo BENaTh MCXOAR W3 APYrux coobpaxeHww.

PaBora swnonHena a flabopatopun AapgepHsix npobnem OUAHK.

Mpenpuur O6BeqMHENHOro MHCTATYTA sOepHWx uccrneposanwfi. JySua 1985

Alenitsky Y.G. et al. EQ-85-608
Constructive Elements Stress Analysis of Deuteron Cyclotron
DC-1 Magnetic System

The stress problem is calculated for structura! elements of the magnetic
system of the four-sector deuteron cyclotron with superconducting current
coils. Possibilities to use stainless steel and aluminium alloy as construc-
tive materials are analysed. The size for bandage, yoke and other elements is
chosen on the basis of the preliminary developed scheme for division of the
current coil! into sections and design of each section. The calculations have
been made on the computer which realizes the method of finite elements on the
two-dimensional triangle net. The problem of stress theory is solved for the
flat stressed state with allowance for distribution of pondermotive forces
over the knots of the net, and stresses occuring due to thermal deformations.
Distributions of displacements and the main stresses over the problem region
are calculated for two mutually perpendicular cross sections of the current
coil section. The size of structural eiements are chasen in the way that
their bends do not exceed 0.03 mm for aluminium alloy and are insignificant
for stainless steel. The main stresses are within the permissible limit;
hence the given magnet design allows one to use both constructive materials.
Some other reasons should determine the choice of the material.

The investigation has been performed at the Laboratory of Nuclear Problems))
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