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INTRODUCTION' . 

As is known; lepton deep inelastiC scattering of different t~rgets is' the simplest method to 
study-the nucleon and nuclei structure because all the relevant inforinationcan lie obtained 
from characteristics of incident and scattered leptons. Afte~ theexperirrie~ts on deep in~lastic 
scattering at. SPC, CERN, and FERMILAB, it has beoome clear that further st~dyingof 
nucleon structure· at fixed targets with energies up to 2000 Ge V (SPC, CERN;· FERMILAB, 

· UNK) together with the rise of statistics, requires a substantial decrease of sy~tematic errors. 
- The spectrometer with a' toroidal magnet of a distributed type, used succes~fully by the 

BCDMS collaboration111, is' the_ most cori::enient for this purpose because of: 

• high (70-100%) ·and homogeneous efficiency up to the rriaximumpossible values ofQ
2

; 

• ·a l~ng target whicll.guarantees high'lml1in?~ity of the set~~p and large statistics data; 

• 'the possibility of simultane~us data collection with different. ta~gets. that sufficiently 
-decre~es systematic errors of. meMurements::'.. ' 

,·,; 

But, on the other side, the main restrictions of the toroidal spectrometer with the iron 

magnet are: · 

• a relatively poor resolution; 

• difficulties to fulfil calibrations. 

The progress of th~ recen~ tim~s ln th~ .development and prod~ct·i~d of the sup~rcon­
ducting magnetic systems, allo~s one to create air gap supercondU<;:ting toroidal magnets. 
They are free at material along the scattered muon trajectories,.provide quite a large valu!'! 
of the field integral and a~curate calibration of the •. sp~ctrometer. So, they release the main 
restrictions of the iron t~roids. . . - • . - , • , 

· There is a suggestion to construct the superconducting toroidal spectrometer (STORS)I
2
1 

for precise measuring ~f the. struct~re. functions in_ muon beams at the highest energies. 
. A sclleme of ~uch a spectrom~ter is presented i~ Fig.l. The basi~ element of this spectrometer 
is a superconducting magnetic system ~onsisting of a superconducting to;oidal magnet and 
subsystems; electric supply and protection, cryogenics, vacuum, automatic measurements, 
check~up and control. · - - . . ... , 

In this paper we present the description of the magnet construction (section 1); calcula­
tion of the magnetic induction and forces i11fluencing the elements-of the magnet (secti6n 2); 
requirements to the reliability and rigidity of the car~ying elements 'of the magnet construc­
tion (section 3), and the c~lculations for strength and stiffness of the carrying construction 
elements of STORS (sectio,n 4). · · ·· · 

I' 

1. SUPERCONDUCTING MAGNETIC SYSTEM ' · 

,1 

1.1. THE SCHEME OF THE SYSTEM 

The superconducting magnetic system (SCMS) consists of a superconducting. toroidal 
magnet (SCTM) and subsystems: electric supply and protection, cryogenics, vacuum, auto­
matic measuring, clleck~up and control. 
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The approximate sizes and main parameters of the SCTM are presented in Figs.2, 3 and 
in Table 1. The SCTM consists of three modules, 12 meters long, each 5 .m in outside 
diameter .. The two first modules (from the input of the primary muon beam) havethe inner 
apeiture ofradius ~. 0.54 m, and the last one ~ 0.2 m. . . . ·.. . . •. • . ' i . 

Every module ha,;; eight equaled square cpil~ connected '\Vi.th ~he force rod into the unified 
toroidal construction (Fig.2). The side view of .the module is shown in Fig.3A, the cross­
section of the coil is given in Fig.3B. The conductor (1) is laid into box (2) placed in the 
vac~um vessel (3), The outsid,~ heat flow is restricted by the multi-iayer vacuum isolation or 
carbon screen (4). The coil consists of several tens of the conductor (1) turns and everything 
is unit~d with the epoxide compound in box (2) together with pipe (5) i(i.be cooled by 
helium. Radial pondermotor force; pushing the' coil, ar~ accept~d by rods (6). In the third 
module the parts of the coil closest to the module ~is, are supported by the force tube. The 
modules are also connected between themselves by "cold" force rods. The boxes of the coils 
are hung inside the v~cuum~esse( for example, with the tangential rods phtced near the 
outside .force rods (it is not show~),.there aresixteen rods at every end of the modu,le. The 
front part of the coils of the first module, is kept frol_ll moving in the longitudinal direction 
with the help of eight or sixteen longitudinal force rods placed along the horizontal part of 
the coils inside the vacuum vessel: ''J' . . 

1.2. CONDUCTOR 

The construction and parameters of the tire, are represented in Fig.4 and, Table 2. Th~ 
transported contact arm consisting of the wires of diameter 8.5 · IQ-4 m, is stabilized with 
highly pure aluminium. The connectii:ln of the superconductors with the aluminium matrix 
is obtained either in the process of joint extrusion or soldering: The number of the wires 
of diameter 8:5 . IQ-4 m, is chosen taking into account the maximum value of the induction 
Bma.: in the coil. The calculationq~iveri oelow (se~ part 2); hav~ shown that in the first 
two modules Bma.: =.3.6 T, in the third one- Bma.: = 4.3 T. Here these values have 
been obtained at the condition that the current is concentrated in the wires 8.5 : Hi-4 m 
in diameter, i.e. at the width of the transported tire: 'If the current is' considered to be 
distributed al~ngall the contaCt arm (3.08 ·)0-2 min this case), then's.;. • ., values liecome 
sufficiently smaller. Then we consider thatthe critical current of the contact ann should be 

· approximately twice as high as the nominal current. This provides a higher reliability of the 
magnet operation. . . . . 

The length of the wire getting into SCTM (3 modules) 8.5 · 10-4 m in diameter, is 
1.45 thousand kilometers. Taking into account technological'throws (fabricating contact 
arm, at first twisted and then stabilized) and losses; it is necessary to get; approximately, 
by 25% more, i.e. l.S thousand kilometers (Table 3).' · · · · 

The weight of the contact arm 48 km long, getting into the magnet, is approxim~tely 
19 tons, in the 55 km being ordered~ 22 tons. With 10% technological storage, the necessary 
weight of the aluminium will be 17 tons .. • 

1.3. SUBSYSTEMS 

1.3.1. ELECTRICITY AND PROTECTION SOURCE 

The principal scheme ~f the subsyst~m is presented in Fig.5; The parameters of the 
· electric source: maximum current 12.5 kA, power 48 V. 
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· The construction of the electricity protection is represented with the detector (6) of ap­
pearance of the normal zonein the coil ofthe magnet (5), two commutators afforce currents 
(2) and (3) and resistivity absorbers.(4fof the.storaged en~rgy in the magnet. Tiristoral 
and vacuum switchers can' be used as Commutators. ' ' 

1.3.2. CRYOGENIC VACUUM SUBSYSTEMS 

The principal technological s~heme of the cryogenic ~nd vacuum systems. SCMS is pre-
sented in Fig.6. . . · · . . · · · · . · · . . . . · ' · ... , 

A CHS-1600/4.5 cryogenic helium set-up of the power 16oo'w is s~pposed to be used. 
If necessary, additional liquid helium will be given from the vessels of. the total volume Hi -~3; 

' ' ,,., ,. . ' '. , .. ,," ". ' 

1.3.3 .. AUTOMATIC SYSTEMS OF MEASURING, TESTING ANDCON'J'_JtC>I~ . 

The automatic system of control based on a PC of the IBM AT 386 type, should promote 
reliability in SCTM exploitation at minimum expenses. · 

::'.' 

MAIN PARAMETERS OF THE MAGNET 

Number ofcoils'ln the magnet ...............•....... : ...... ;· .... ·.: ....... . 
'Module length: .... '· ............ ; ....... : ..... ~ .. '.~ .. :·.~.::.~·.: .. ·:·, ..... ·.''-:. ~ 
Coil maximum radius ..... ;: . ......... ·.· . .' ......... ; .... ,;.,;;'"·; ... : . . ; ; •. ·.'. 

,;:. TABLE 1 

8 
12m 

2.5m 
Coil minimum radius for , ,,,, "" .1' 

module oft he 1st type ................ ; ; ....................... ·..•.. . ; : 0.54 m 
module ofthe 2nd type ... ; .... .-.;·.'" ... ,.~ .. ; . .' ..... • ... ; . ·-~' ..... ,: , ,, ,,.,:.; 0.2 m ,. 

Layer number. of the aluminium tire in the cross-section of the coil . . . . . . . . . . . , '. . : 70 
Alumini11~ tire thickness .. , ........ , .... ' .. ~: ........ : ....... :. : .... :. :. : .. ~ 4.4: 10:..3. 'ffi' 
Aluminium tire width .... : .. .............. : .................... ~ ...... .' .... · 3 · 10-2 m 
Thickn~ss of the superconducting layer of tire,; ... : .......... . ·.::: .' ..... ; . . . . 1. 7 ·. 10-,3 ; m 
Width of the supercondU:cting layer of tire for: 

module of the 1st type' .' ... · .. ' .. : .... ;; .· ..... ' ............ '· .......... . 
module ofthe 2nd ty],}e ..... ,·;~ .. ; ............. :;'..... .. .. : ....... . 

Curvity inside radius of the curved parts of the coil .. . ·.'.'}.:; ........... ; 
Current power in the coil ...... · .. :., .... : ........ · ...... :.; ................ .. 
Distance between the modules ..... ; ..... ; ...... ; .... ; ........ ; .. : . ... -.. ! ~. 
Number' of theJst'type modules ................ : ..•. : .... : .... ;; .. ' ..... ,;;; 
Number of th~ 2nd type modules ; ..... : ........ , ·;. , .................... • .• , 
Ma.ximuminductionin.thecoil . .· ... ·:<•. ,,, •. 

' ofthe 1st type modules ..... , .... : . ............. ; .... · .. .- ......•. ; .... . 
of the 2nd. type modules, .. ·.: ........... ·.· ... r ......................... : .· 

, Length ofthe contact arm in the module ................................ .. 
Length of the contact arm in the m~gnet ....... : . .'. ::·., .. : ... : .. ,·.; : . .. :. : .~ 
Number of the conductors · ' · · 

in the module of the 1st type ..... : . ................................ . 
in the module' of the 2n:d type .. : . ... :'; ::·: :.' ... : .. :.:' . .' ........ :.: .'.:: .; 

Length of the conductor . . . . , . 
in the 'modules"of the 1st type (2 x 460 km) ·.:::.: ..... .':; .... '· 
in the modules of the 2nd type : .. · .... ; ... · ....... ; ... ·. :·:; •. ; :·:: ~.'::.; 

Length of the conduct~r iii.the magnet·.: ... ; ..... ;': ... : ... ! ....... : .,-:·::•,;;: 

3 

12.3·10:.3 m 

14.0·10-3 in 
,:o.5m 
700 kA 

0.7m 
', ,.,2 
•.:• 1 ' 

. ~ .. 3:ey T 
::4:3T 

16.krri 
'48kll)-

"\, 

29 
33 

920k~ 
' '530 kin 
1450 kin 



TABLE 2 

CONDUCTOR PARAMETERS 
'"''. 

Sizes of the contact-arm cross-section 
without isolation ........................ , . . . . . . (4 x 30) ·10-6 m2 

with isolation ...................... •o•"· o •• : •• •• -. , (4A x 30.4) ·10-6 m2 

Stabilizing aluminium ..... o.. . • . . . . . . . . . . . . . . . . . . • . . .. , · 99.995% 
Critical current ........ :: ... ;. :': ........ :·. :·.·. '. :~·. >:... . 20 kA 
Conductor diameter ....... , . . . . . . . . . . . . . . . . . . . . . . . . . . 8.5 -10-4 m '· 
Number of conductors . '" . - ' .. 

; in the 1st type module ........ -~ ' .. ' ....... •_;./ :· .. , . 
in the 2nd type module ........................ . 

Number of veins in the coridudor ·. ~ ... ·· .. ' ...... : ...... . 

29 
.33 

2970 

_ .. , 'TABLE 3 

MAIN ASSUMPTIONS MADE WHILE CALCULATING THE QUANTITY OF THE 
. - . CONDUCTOR OF DIAMETER 8.5 · 10-4 m 

Critical conductor current at th~ m~ximum induction in the coil 
of the 1st type module at 3.6 T ........................ : ... . 

:· of the 2nd type module at 4.3 T ; ...................... : . ... . 
Relation of the critical and nominal currents in the contact arm ... . 
Length of the contact arm in.the'magnet ......................... . 
Length of the ordered contact arm (supply 15%) .................. . 
Conductor length in the magnet .. , ...... ' ...... · .....•..... : ...... ~ 
Length of the ordered condui:to;'(1450 kinx1.25) .· .. ;. :: .......... . 

· 700 A 
600f\;.: 

2 
48 km 
15 km··r< 

1450 km 
.. 1800 kin 
, ' 

2: CALCULATION OF MAGNETIC- FIELD AND PONDERMOTOR 
FORCES IN CURRENT CARRYING CONSTRUCTIONS 

2.1. CALCULATION METHOD , 

The. base of evaluation program of space magnetic field distribution is structure. sub­
routines from program collection MAGSYSl31 able to 'evaluate field-investment of straight­
and curve-line bars with the rectangular. cross section.' But we calculate the field of cur­
rent winding as a sum ·of investments from each region, and every· investment is represented 
analytically by Biot-Savart's law. The curve-line region was approximated by the broken 
line, co~sists of six straight" line regions: The MSTORS subroutine ·calculates the summary 
field of all magnet current regions. We plan to coorslinate a straight-line division with the 
necessary accuracy of field evaluations near that curve-line bar: . 

2.2. MAGNE~IC FIELD_OF_SPECTROMETER 

During the ~ investigations, two variants of superconducting ~ii~~le~s, m~gnet~' were 
considered. All th~ spectro~eter machi~e consists of these. two various_ types. of magnet 
modules.· The characteristics of the magnets a~e represented in Table 1: 
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The radius distriblition of· azimuthal· magnetic field component is pres~nted in Figs. 7, 8 
with diff~renf angle for tlie both variants of mod~les.' .·. · _ · · · , · : - :·· _ 

.. It seems that the azimuthal field heterogeneity has asignificant value near the conductor 
with current .. This circmn~tance leads_ to difficulties in experiment· results pro~essing a~d 
increaSeS calculation ti~e for every event. . . , 

A simple method to. improve azimuthal field homogeneity is increasing the_ number of 
winding~. H .;ve increase the number of, winding~ from 8 to 12, the field dispersion will 
be illiproved by 2~5o%'for ihe azimuthal component (themean value r~mains irrvariable), 
and by. 20-30% for the radius component (the mean value is decreased). Nevertheless-, 'the 
tendency to have the maximuril Val~e ;)f acceptance and minimum cost of magn~ts; liinits. 
thenumber of windings. . - ' " .: . 

0 

' 0 ; •• ; • • • ... • 

The space distribution of B'P ~d B. comp~iieU:ts is presented in Figs.9, 10.' R~rii~rkable 
heterogeneity appeared in th~ regio~;· dir~~tly near th~ current winding. . ::: .· .· '·. . '·. 

· · There-are the most heterog~neou; ~e-ction~ of the magnetic field.componeilt;in the bound­
ary modules regions, see Figs.ll-,-13. These. figures correspond to.the beginning of ~o~king 

.region by 'f',- due to,the winding decreasing the working region. . .. .. . . . : . ·_ . 
.. . If we 'consider the field outside the 'module, we s~e a sharp slump of the field value along 
both radius and axis :Z. This is seen in Figs.14, 15. . - ... · ,- .. , . , : : :. , 
_ According _io (2], the field calibration mu~t hav~ an ac~~~~~y more t~~n 3) o;-:~. TherM~~e 
calculations of the final field.map for experimental processing has a double precision~ .As 
for the co~pl~te fi~ld ~ap includi~g thr~e modules, 90 ,hours of calculation are .needed for 
VAX-8350. . . . . .. · . . - . . 

Figs.16; 17 ;h~wintegral char~cteri~ti~s for B~ _c9~p~n~~t~~long 'f' and z. · 

2.3. c~LCULATION ~F-~O:NDERMOTOR icmcis' AT-~INDI~G 

The calCulation of forces acting on winding was made with definitimi of the forces sum 
of all th~ winili~g tires ~nd by the f~ll cross~~~ction of winding repre;e~t~d as a solid s~per-
.conducting tire . .:;.; ,_, ':. 1{J;: .:, . 

. : .. If we define the main characteristics Of the magnetic field component distribution, this 
. approach is-also correi:t:;The character of the.distributionof all the field compone~ts.and 
; acting pondermotor forces will not:be changed,.but the real field must-be determined with 
the necessary precision to eliminate sources o(systematic errors. ' . ;: .·. :-. ::. . "" 
, . Table 4 shows the vahies of pondermotm: forces acting per meter in straight-line axial. and 

radial regions of winaing for the case where the distance between the modules is 0.3 m. The 
place of force arising. and the directions of these for~s are shown. in the scheme_ of mutual 
disposition for three' magnet. modules of the spectrom~ter (see Fig.18): . ' 

._l ;:; '-""""' 

,, ...... ·.: ';~ r. . ! . ~' , . · ...... TABLE 4 

.;, . 1-

11. I !2 I I ' I · I : · I . · · i· I ~ · . /3 · · .. ·~~4 ·_. · fs · Is ' • fr ' .is 

. '1.02 ; 0.35 o.332_ I~ o.33i, 
' 

:o.5i · ·1: · o.19 0.35. o:37 

' r~ ~ ~ .• '• ;·:: 
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A~ for the radial winding parts, tl:ley expose heterogeneou~ efforts along all th~ segment. 
This is associated with heterogeneous distribution of the field along the radius ~f the module. 
As a rule, these efforts at the bound of the radial stni.ight-line segments ~re'increasing by 
40-80% in comparison with' the efforts at the ceilters of the segments. Table 4 indicates 
averaging along the length value of the forces acting per radial segm~nt unit. . '• 

Curve-line segments are more strained from the angle arising pondermotor forces. The 
maximum value of these forces is 1:37 times higher 'thari that" of the forces at the center of 
straight-line segments: For the first type of the module there are the foll~wing'vahies of 
field tension for the axis nearest to the axial segment:. a) ori the extimial tire' surface from 
axis~ L773 T; b) ori the internal tire surface- ~.129 T: ' ' 

The corresponding tensions for the curve seg~ent near this axial segment will he: ·a) on 
the'exterrial surface.:_ 1.65 T; b) on the internal surface- 3.341 T. 

For the. axial seg~ents of the se~ond type' of moduie, ·these values will he' '1.27 T and 
3 72 T:·' ', . ' .. . · i 

. These values (maximum tension· 3;72 T speciahy) ~re needed to choose critical current 
value in the superconductor. Knowirigtlie critical current,we have got'thenecessary amount 
of the superconductor for winding. The absolute m·aximuin value of the field component for 
the inside axial part of the winding, may be estimated froin Fig.19. '' ' 

The. field ofeach module distorts the field of the others; 'disposed at a distance 0.3-0. 7 m 
between thein. The sum'field is decreasing in"comparison'witli the field of each·module. 
This leads to the. repellent effect between the 'modules. ' . ''· · 

If we increase the distance to 0.5 m, the effect is decreasing approximately threefold: 
Besides, thesum"forces acting on external and internal straight-line axial segments, are 

directed to the center; These forces are.equal to 3.33 MN for the first type of the modules 
and 8.63 MN forth~ secondtype. : ' ' :_' ·. .· ':; · . · ; ' ' ., : ' '-

2.4.' EVALUATION OF ARISING FORCES UNDER CONSTRUCTIVE EitRORS 
' ' . ;\:.,' ' .:i·~i:.~ .. ~ 

The azimuthal forces acting on wi~ding are .equal to zero, due to th~ mod~i~s' symmetry. 
Winding of tire layers was assumed to be' ideal. .But· if there is:a small displacement of 
any layer at the upper or:lower axial segment; these forces will be-present. For a' displace­

' ment 0.002 m', the azimuthal forces will •be 0.0629 MN; It is necessary to emphasize'that 
norisymmetry deviations of assembling process lead to a growth of the a.Zimuthal forces. The 
'lm~er straight-line axial part of winding is in the most' strained condition. Depending on the 
character of deviations the situations can be as follows: . :L · :,. : 

,. , • r.;1 f i·;;· 

1. under the deviation of the winding plane around the.magnet.axis.by a= 0.1° (see 
Fig.20B) the maximum deviations of the lower part of winding compared with the 
ideal one willbe1.45 ·I0-:-3 m and th~ arising azimuthalforce will be 1.2 ·10-3 MN/m; 

2. at the cU:rving ~f l~wer axi~i p~rt ~f wf~ding by· f3 ~ 1° (se~ Fig.20C) th~ maximum 
deviation ~ill be 2.42 · 10-3 m and the arising azimuthal force will be 0.8 · 10-3 MN fm; 

3. under the combined upper deviations (see Fig.20D) the maximum deviations of the 
lower part of winding .will be 3.87 · 10-3 m and the arising azimuthal force will be 
appr~ximately equal to the sum offorces 2.06-10-3 MN/m. · · · · · 

~. '"" < ,~ 

Any other combinations of deviations are practically a sum of the acting azimuthal forces. 
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The other kinds of deviations under 'the magnet constr'uction will result in changing the 
value of the magnetic field in all the magnet region. It is desirable. to evaluate the degree of 
. changing' of magnetic field component ( '7 := dBVJ/ BVJ) because there are strict requirements for 
the accuracy of this field. Preliminary estimations have sh~wn that most of the modifications 
of the magnetic field are caused by deviations connected with the lower axial part of winding. 
For the first approach, the value of changes ~(the magnetic field is proportional to the value 
of deviations. We represent the following cases:· . 

1. There is an hi crease of the radial size ~f winding by value 2 · 10-3 in. The charaCter, of 
the relative changing of the field for this case is in Fig.21, and quantitative values of 
these changes may be evaluated from Figs.22, 23; 

• < •• •• 

2. There is a displacement of the lower axial part of winding along the radius by value 
2 · 10-3 m (see Fig.20A). The power of the relative changing of the field is presented 
in Fig.24, the quantitative estimations of these changirigs are in Figs.25, 26; . 

·. 3: There isa shift of the' wi~dihg plane by an a~gle a ,;,· 0.135° (see Fig.20B) /that 
corre~porids' to th~ maximal displaceni~nt of the edge of the lower: part of winding by 
value 2 ~ 10,..3 m~ The charaCter of the relative changing of the fi~ld is given in Fig.27, 
the quantitative-estimations are in Figs.28, 29. '· · ·' ~ 

' ; :" :. .-

4. There is. bending of.the lower straight· line segment of winding near its own axis by an 
angle /3. =.0.744° (see Fig.20C), that corresponds to. the maximal displacement of the 
edge of this segment. of winding by value 2 ~ 10:-3. m. The picture of the arising relative 
changes of the field isin·.Fig.30, and quantitative estimations are in Figs.31, 32; .. ··· 

1 .. • ·- • 

5. Th~re ·are non-parallel' upper and. lower straight-iineaxial segments of winding; a~d 
the ,displacement bet~een the edge~ is 2: I0-:-3 ~- The general picture of the arising 
relative changing of the field at the median plane is shown in Fig.33, and quantitative 

. estimations are given in Figs.34, 35. · · ' ' · · · · · · · · 
- -.,I ' • ' • ; ' ~ f 

2.5. THE MAGNETIC FIELD APPROXIMATION OF STORS 
.·;.,' 

To use a magnet, it is necessary to know the value of the field at any point of the magnet. 
working region~ The initial calculation subroutine gives us so~~ grid of the field value; and 
the calculation time per point is 10 seconds. Due to that it is neededto find therapid 
approximation of the magnetic field according to the discreet value grid. It was te;t~d in. the 
Chebyshevinterpolation and cubic spline interpolation. The~e are sub~outi~e~ 'to~valuite 
the magnetic field at any working region. Also the accuracy and thecalcul~tion ti~e h~v~ 
been estimated. . , ' . ·', ·._,·:·;-. . · 

2.5.1. GRID OF MAGNETIC FIELD 

Thtdnitial'dat~ f~r th~ app;oximation rep~esented by three compon~nts of vector (B,, 
Bv, B.) on the non-equidistant grid of the pola~ coordin~tes are cp, z, r (i.e; angle, axis 
displacement, nonnal axis displacement).- · 

Nodes for axis z are z:::: 0; 0.7 + 4.9; . 4.9; 5.15 + 5.4; 5.4; 5:45 + 6.0 (m). 
Nodes for a.icis cp are cp = 0°; 0.25°; 0.5°; 1.0°; 1.5°; 2.0°;2.5°.;

1
5.0°;· 7.5°; 12.5°; ·17.5° 

and 22.5°. ' ' 

.7 



Nodes for axis rare varied depending on cp and z: 
1) 0° :$ <p :$ 2.5°. . 

2) 5°:$ 'P :$ 22.5° 

,. 

· I 0.3 in :$ r < l.Om, ~step 0.01_ ~; 
II 1.0 m :$ r< 1.8 m,. st~p 0.10 in; 
III .1.8 m :$ r < 2.Lm, ~tep 0.05 m; 
IV 2.1 m :$ r :$2.5 m, step 0.01m;,. 

I 0.3 m :$ r < 1.0 m, step 0.02 m; 
II 1.0 m :$ r < 1.8 m, . _5ep 0.10 m; 
III 1.8 m :$ r :$ 2.5 m, · step 0.02 m. 

2.5.2. FIELD APPROXIMATION BY CHEBYSHEV'S POLYNOMS 

,'':" 

, . A usual By magnetic field type is represented in Fig.~6, Finding appn?ximatio~;is zone 
depending on every component. It is .e.asy to distinguish three peak regions in Fig.36. If we 
approximate the whole definition region of the field by one Chebyshev's polynom, we find 
. the greatest error in. these regions. Due to that, every peak region is processed separately. 
The field-without these peaks is smoothed and thereby it is one more pait .fo~ processing. 
In this way we save machine memory without decreasing the.accuracy:compared.with a 
simple method of divided regions. .Also every separated region is limited by the value of 
cp; because ~f the large angle ·peak decreasing.: The B., ·field. component. was processed in 
analogous way; :For this case we can distinguish two peak regions.' The B, component has 
the following regions -:- the peak and the plane. The plane region is represented bythe low 
'degree polynom and ;,() we decrea~e the. previous calcul,;tion error~ (zero oscillatio'lls). 
· , . The 'main. difficulty to ~~culate .the necessary. degree of d~compositions at: the known 
preCision, is the processing of the radi~s· dependence .. For vari~us degrees of the· decomposi­
tion for all the working region without peaks, the f()l!owing result was obtained:· For degree 
20 the order of relation error is 10-1 + 10-2

; for degree 40: 10-2 + 10-3 ; for degree 70: 10-4 • 

2.5.3: ACCURACY OF THE APPROXIMATION AND THE CALCULATION TIME 

To evaluate the calculation time Chebyshev's decompositions of 15 X 15 X 35 degree for 
the first, sei:o~d and third axes were used. The finding time per every three-dimensional 
counfis 0.35 second. . . ·. . . 

.. In c~riclusion' we can say that for certain precision '10-4 the calculation time will be 
approximately"3,5 seconds (from the needed number: of coefficients 0 + 35 X 0 + 35 X 0.:;.. 70). 

. The tim~ for cubic spline interpolation is 2.5 seconds. The data amount is nine regions with 
sets 36 x 36 x 71.. . . . . . 

3 .. CHOICE .OF,THE ADMITTED STRESSES AT THE POWER 
. FRAMEW,ORK AND .WINDING . 

It is proposed to manufacture the elements of power framework (cradles and frames) 
from aluminium alloy·AMg6 with a strength stress u6 = 560 MPa for a temperature of.4.2 K 
and with a yield ;tress u0.2 = 200 MPa. In the general ~achine-building the coefficients 
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of strength reserve correlated for the. value u0.2 , n = 1.5151 have been obtained;; Then the 
average value of the .admitted stress is Ua = Uo.;/n' ~ 130 MPa .. The deformation of the 
framework creates the stress in winding . that' consists. of superconducting \vires, stabilizing 
tire of hfgh-purity aluminum, electrical insulation and impregnating compound. ·:For that 
system the stress in winding elements must not cover the allowed limits considered below. 

3.1. SUPERCONDUCTOR 

The stretching stress in the. wir~ with Nb~Ti vein and Cu matrix decreases the criti~~l 
current But it will be noticeable under great stress. For example, the critical current 
decreases by approximately 5% for the .multi-vein wire at an induction of 4 T and a stress 
of 500 MPa. The author of the work [6] believes that the right value for the maximum work 
stress for a Nb:_Ti wire, is 500 MPa. · .· ' ' · 

~ . ~ .. 

3.2. MATRICES OF THE TIRE 

Pure aluminum (for example 99.995%) is used as stabilizing tire materiaL· The specifit 
electrical resistance of that aluminum· is p ~ 5 · 10-11 · Ohm· ml7l, for a temperatur~ of 4.2 K 
and without any deformations. The correhi.tion of the' specific resistanc~. is · · · . 

-·:, 

RRR = p(300K)fp(4:2K) ~2.8 -10-8 /5.: 10~11 ~ ~60. 

, . Butthe,value of;p d~pends on the power of: deformation, and:f'or.the ~el~ti,;~· strain' 
c ~ O.o7, p ~ill be~ L2·10-:-110hm·m. For that ~ah~e ~f f: the stress mustbe u ~· ioo MPa, 
It means that to prese~e the. pow~r of stability it is need eel t~ incre~e the·c~<>s;-s·~ction 
2.4 times. If the 25% inciease of pis .admitted, then the strain of the construction m~st be 
c ~ 0.03 thai' corresponds to th~ .:ahi~ u .~50 MPa [71: ; , .. , ... " · 

~The' m~~tionecl above str~s'S'~s and st~~f~s -are i~·th~ plastic regi~;;.'After a great nm;nber 
of cycles of.th~ plasti~ defo~matio~, the yieldst~~ss ·will g~o~l6l, bU:t ~.se"arlier ii remains 
rather. low .. And what is more, electric resistance essentially increasesl7l. . . . . 

F(); m~re pure aluminium (RRR=2000)/the,sharp growth. ~f the resistiince' begins 'even 
at c = 0.0~3, but after m;ilticycling (Fig.39)181.; ·· · ' ' 

3.3. ELECTRICAL INSULATION AND COMPOUND IMPREGNATING THE TIRE 
-;; --:~.r-:;-,,' ::;/ ~~:.;; ;I:~ '.1'!,·,.:',) )j, ) 

Tradltioralry flbe~ilass a~d e~b~id~ resin ~~e~sed to perf~rm imp~egnation of the tire, 
and as 'a result the~ coils of the conductor will be monolith· analogously to glasstextolite 
for insulation ofthe wire. It-seems 'thai the mechanical properties ~f that'<:omp6sit~ are 
analogou~ to those of ordina~y glasstextolit~s. Foi example; the. breaking stress under· static 
bending perpendicula~ to la.yers for sheets or' type ST glasstexto'lites with' thickness O.Oi m 
and moreat n~rmal temperatuni along the b'asis' of fabric; is 125'MPa and aloiigJb'eweft 
of fabric- 95 MPa. For STEF-l type these values are 360 and 300 MPa. The breaking 
stress for the stretching of.the ST type are 90 and 70 MPa. The modules of elongation 
for bending .various· at. width range accordingly. to . the initial materials and construction 
technology, and these values for example are (15.6-32) GPa for different correlations of the 
amount of fiberglass and epoxide resinl101. · · 

" 
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3.4: DISCUSSIONS AND CONCLUSIONS 

Let us find: the stress in the cradle, when the growth of electrical resistance in the alu­
minium matrix of the tire is admitted. As was mentioned above, we suppose the allowed 
relative lengthening is e = 0.03, when both the cradle and· the winding are bent~ The 
value of the normal stress under bending of the cradle varies along the section according to 
the linear law. As the correlation of the cross-section heights of the 'cradle and the wind­
ing is 4501300=1.5, then the value along the edges of the cradle is allowed to be equal to 
e ,; 0.03 x 1.5 = 0.045. According to Hooke's law, the stress at the point is 

u = E · e = 80 · 104 x g,_045 = 3.6 GPa, 

where E is the modulus of elongation of the aluminium alloy. It is obvious that the real 
stress in the cradle will be less by an order, consequently, the strain of the winding will be 
less by the same factor, too. Even for aluminum with a relative resistance 2000, at e = 0.003, 
the allowed value is a- = 360 MPa. Thus, aluminium matrix is not an obstacle to essential 
loading of the cradle. 

The electrical insulation and compound impregnating may be a weaker link .. If we orient 
ourselvesto the minimal value (70 MPa) of breaking stress while stretching ST glasstextolite 
and the reserve coefficient is 1.4, then the allowed stress in the insulation of the winding will 
be u;n = 50 MPa. For the same power of strain of the insulation and the -cradle, the stress 
i~ the cradle is Ucr ,;. U;n · (Ecrl E;n)· , . .· 

. Let E;n ,; (I5.6 + 32)12 ~' 24 GPa;· then Ucr = 50 · 80124' ~ I70 MPa, at a distance 
of O.I5 m from the c~nter of section of the cradle, and u cr '~ 250 MPa at the edges' of the 
cradle;· · . " ·,·. · · '· · · ·· · 

We can' conclude that choosing the val~es of the allci~ed stress in the p'ower frame~ork 
we can use the_principles of general machine-building; becau;~ while winding the negative 
phenomena appear. at. an essentially greater stress. . ' ... '. ' ' ." 

, ; ~'7 

4. CALCULATIONS FOR STRENGTH AND STIFFNESS.OE CARRYING 
. . .. .. . CONSTRUCTION ELEMENTS OF, STORS 

1
, 

4.1. 
-:·-~· .. •. !, ' . . . . ~., . .: >f:: . i, ' ·' '. 

CALCULATIONS FOR STRENGTH AND'STIFFNESS OF CARRYING 
CONSTRUCTION ELEMENTS OF THE MAGNET. . . . -. . '... . . ' . ~ " .. ' -, 

,, 

All the elements of the cold-part of the magnet ~re fabricated of aluminium alloy AMg6. 
The cradle fix~~. the winding ,~rapping it from ali th~ sides with two L~like in cross-section 
parts. One part of the cradle is used as a mould to cover the winding (Fig.40)._To fix cradles· 
r~sp~cting ea~h oth~r;,~-angle fr~~es are us~d (see Fig.4I). . .. c 

4.1.1. CRADLE 

To· check the construction for strength and stiffness, it is necessary to know the value of 
the maximum stress arising at the cross-seCtion of the cradle, the value of the deflections 
of winding at the straight-line segments and the strain of the bar of the magnet connecting 
frames.· · · · 
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As seen from Fig.42, the maximum value of the distributed loading at the int~rnal 
straight-line part of the first type rn:odule winding, is 5IO kNiui, for' thti~s~co~d type 
I020 kNim; for the external part of the both types of modules I90 kNim/ .Wd for the 
radial part 370 kNim. · . :. ·. .· . 

To protect the construction from damage, the cradles are placed on Ii. s~pports at an 
interval of 1 m from each other for, the fir~t type modules and on 14 'supports at o.'s'm for 
the second type modules. · · · · , .. , · · '- · ' 

The cradle ~ross-section F = 2.26 · 10-2 ~2 (Flg.40). 
Centroidal moment of inertia: ' . · · . . · · _ ' : 
J.,=:'bh3l12-,b1h~3II2, J.,~3.28-I0-4 m4 .. · .. ·::· 
Section modules: _ · -·' . . . 
W..,~2J..,Ih,,.W..,=1.6·10-3 m3• : .:,., , . · __ .---. ,_ .. ···.·, 

I~ Fig.43 ·the equivalent s'cheine ,of 'the loading of the )~ternal and 'e~ternal str~ight­
line parts of winding is repre~ented: i These parts are considered as_ rriultispan 'girders with 
distributed loading q. While calculating strength ~nd stiffne~s 'of these girders, thebe;;di~g 
mom~nts, the' ie~ction at the suppo~t and the flexures of one~ piece 'girders' with equal -~pans 1 
long, wer~f~und a~c'ording to the formulae froni'work [11] ,with co~fficient~ from Table I3111l: 

' When calculating, we consider the edging sparis to be on.' the' mobile s;J,'pports, but all the 
inte~ediate spans a~e rigidly' fixed at 'the'eiids: - . . .. ' J ' ' 1 ' - .. , 

·., · First type modules: · :, · ' · 
"'q = 510 kNJm, gird is kept with·11- supports, 1= 1 in. 

The bending moments are:._ . . . . , 
M1,10 = 0.08q[2, M;,~~·=·4io:Io3 MN· m, M2+'9 = 0.025q12;- M2~~<:= I30:103_MN-~. ' 
The maximum stresses are: : '. -·· ., - . ' ·- ' '· . ',, 

Umar = MIW.,, Umar1,10 = 26.6 MPa, Umar2 +> = 8.4 MPa. : 1 • .. , 1 

The maximum deflections are: · · '· 
· /i,11/= 0.0068q14IEJ..,, fdo =;1.5:_10-4 m, /2+~::! 0.0005q14 IEJ,., h+9 =I -10-5 m, 

where E :.,..yciu.ng's modulus, for AMg6 E== 7 · 104 MPa: -
· Se~ond type modules: · · 
q = I020.kNim, gird is kept with I4 supports, I= 0.8 m. 

_ The bending moments are: • -, 
M1,13 = 0.08q12, M1,13 = 550 MN·m, _M2+12 = 0.025q12

, M2+n = I70 MN·m. 
The maximum stresses are: -- -
Umaz113 ::: 35.7 MPa, Umar2 +12 = I0.9 MPa. 

'The xha.Xi~um deflectio,ns-are: - _ .. ·' _ . , . _ _. 
/1,13 = 0.0068q14 I EJ,., !1:13 = l· 10-4 'm, /2+12 = 0.0005q[4f EJ,., /2+12 ,; 8: 10-6 in. 
The external segme~t part ofmodules of any type ~ith loading q = 190 kNini and resting 

on 11 'suppo~ts, f= I m.'' ·_ • · . .. 
The bending moments are: . . 
M1,10 = 0.08qz2, M1,Hi = I50 MN.; in; Mm ::d 0.025q12

; M2+9' ='50 MN·m. 
The maximum stresses are: ' · . . . 

·-~~' 

• 't. 
Umoz1,10 = 9.8 MPa, Umor2 +0 = 2.6 MPa. 
The maximum deflections are: 
/1,10 ,;. 0.0068ql4 I EJ.,, !1,10 = 4 · 10-5 m, 12+9 = 0.0005ql4 I EJ.,, !2+9 = 3 · 10-6 nL 

, The radial parts of magnet winding have length of straight; line part 1 := 1.2 :IIl with 
distributed loading = 370 kN lm. The equivalence scheme of loading is represented in Fig.44, 
where the ~~ds ~f girders ~re rigidly fixed:·· · · · 

·II 



The b~ndlng moment is: · ' · 
M.~ ql2/8, M ~ 760 MN:m. 
The 'maxiinum stress is: .. ·Y:_. ~·: 

O"ma:z: = 49 MPa. 
The ma.Ximum deflection is: . . .. 
/,;; 5ql4 f384EJ:z:, f = 3 ·10-4 m [12, p.53, Table 10]. 

~ ~- . " 

From calculation for strength and stiffness we see that the maximum value of stress in 
the winding cradle u = 49 MPa arises at radiitl parts of the winding. 

The elements of the cold magnet part are made of material that can have retiCent defects, 
technological errors and other factors influenci~g the. construction strength.~ Due to that, it 
is needed to set the reserving strength coefficient ~' '· · · · 

. Selection of n, showing how many times the admitted stress u. is lower than'the danger 
sti-es~; depends on the condition of the inat~rial(fragile;' plastic); chiuacter of lmid aCting 
(static; dynamif,cyclica.J.): Also, the selection depends on material het~rogeneity,errors of 
the externitlloadings being determined; proximity of calculation schemes and formulae. ·The 
d~nger st~ess for 'plastic, materials u~der static loading isequated to yield stress 'of material 
Uo.2 and_no.2 is as~umed no.2 =1.4+1.6. Somt'!times the admitted stress for plastiC materials 
is defined by strength stress u. = u/,/n&. As uo.i = (0.5 + 0.7)u6; then n& = 2.4 + 2.6. The 
yield point of AMg6 is Uo.2 = 160 MPa, the strength stress is' 0"& = 320 MPa.' Let nb = 2;5,' 
then u. will be 130 MPa and the maximum stress arising in the winding cradle is 49 MPa 
which will be 2.6 times less than O"~. . :• · 

The value of the reserving strength coefficient n& = 320/49 ~ 6;5_exceeds the ~ecessary 
value nb = 2.5. At a rriore detailed studying,' the sizes of the cradle w~lls could be optimized. 

'.{ 

4.1.2. INTERNAL FRAME . 
•·, 1,;; 

The frame for the first type modules is an octagonal figure.(see Fig.41). Each side of this 
figure is a bar with radius rand length,l = 0.35 m. The foice P1 = Pf2si~-/:. acts on the 
bar, where P = 519 kN and a= 22.5•, and we have P1 = 683 kN. There is an equivalence 
scheme of loading in Fig.45. 

In this case, the length of the bar is decreased by 

/:!,l = PI/EF.' (1) 

Let us suppose the value of,displacement to be /:!,I = 2 · 10-4 _m. We get from formula (1) 
the cross-section of the bar: .F = 1.7 ·10-2 m2 , and r will be 0,08 m. ' · 

.Theinaximum stres~ is u,:.:z: =;=PI/ F, O"ma:z: = 34 MPa. ' . . 
For·. the· second. type of module the frame has. the bars of length l = 0.09 m. The 

force P2 = 1383 kN acts on the bar. The length decrement is t,l = 1 · 10-4 m, and so 
F '= 1.82 ·10-2 m2

, r = 0.76 m and the maximum value O"ma:z:' = 79 MPa. 
The second variant. The internal frame is a ring (Fig.46) with middle radius R = 0.11 m, 

cross-section b = 0.1 m, h = 0.085 m and F = 0.0085 m. . , 
The moment of the ring inertia is: 
J = bh3 /12, J = 5.12 · 10-6. m4• 

The section modules: . 
W=bh2J6,. W=1.2·10:-4 m3• 

The forces of the magnet winding are transferred to the ring, each force being 1020 kN. 
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The .b~~ding mome~t is: ··:J < 
M = qz2j8, M = 135 MN · IIL 

The maximum stress is: · 

··' 

. Um~~ := 1,12 MPa. , .· . . .. / :.·· . .·· .. . _ .. 
The radial displacement of the surface points with the loaded force, is: . 

• . ' 1 "'' 

8 = P R~v - --.-- -.-2- /2EJ, · · [2 1 ·cosa]· 
· a. sma .sin a 

a=:= 1rj8, [13, Table 36, p.386], 
';, . ' - "'- :) 

/> 

:J:;" 
8 :: o.5 . 10-4 rn.: 

4;1.3. EXTERNAL FRAME ') j ::: .. ·' 

., 

; ... ·· -··· ~ 

This frame is also an octagonal figure (see Fig.41) consisting ofbars with r~dicis ~ and' 
1 = 1.9 m. The force P acting ori bar is P3 = P /2 sin a, wher~ a ~ 22.5° ;' P = 245 kN: The 
equivalence scheme of loading is in Fig.45. 

Let us consider /:!,l = 4 · 10-4 m, then the cros~~section is 

F = Pal/El!,l,;·F = 1.7,-10-2 m2, r = 0.07 m.·· 
'~.:.· . 

The maximum stress is: O"ma:z: = 14.9 MPa.· , 
., ·'From the estimated calculations we can conclude that' th{s construction will have invari­

able form of winding and relative position. 
The common weight of the_ cold 'part. of the -~odule i~ 

Qc~~mon = 8Q1 + !2Q2 + 12Qa .f. 8Q4, where 

Q1 is weight of winding cradle 1.72 kN, 
Q2 - weight of internal frame 1.56 kN, 
Q3- weight of external frame 6.7 kN, 
Q4- weight of winding with a cooling tube 6.8 kN . 

Qcommon=32 kN. 

4:1.4; 'VACUUM ENCLOSURE OF SC MAGNET 

The ~c~~m enclosure consists of a du~t enveloping the module winding romid.'the peri­
phery and of connecting tubes·placed where supports are attached to.thecradle '(FigA7). 

To get liquid helium temperat~re, it i~ necessary to create the r~refactioll (3: 10':3 Pa. 
At the vacu~m enclosure' the loading distributed for all the surface will be q = 0.1 MPa. 

Here we find the thickness h of the.walls'. . 
The equivalence scheme of loading is given in Fig.48. Here we consider a plate freely 

supported on each of 4 sides with sizes a= 0.5 m,-b =:12m. The value of the flexure can 
be derived from w ;_I<wqa4f Eh3 , where E i~· the mo'dil.lus of el~ngati!n1 'f~f.the ailoyed'steel 
E = 2.1 .-.105 MPa, I<w is the 'coefficient from thetabie;·/{ = 0:1422[~.11. .From this formula 
w~ can find h. If we know the .value of the flexure w = 0.005 m, then' h ;, 0.009 m. ', , · . · · 

Let us take the wall thickness· of vacuu'in enclosure equal to·. h ,;0.01 m. . · · · . ; 
Th~ma.)d~~m stress is O"ma:z: ~)<,·qa2jh2 ,~0"m~:z: = i90 MPa., ... · 
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4.2. COMPUTER MODELING OF ARISING STRESSES AND DISPLACEMENTS AT 
STORS CONSTRUCTION· . . . . 

FSTORS subroutine was used for computer modeling. This program a.J.lows·one to define 
the stress and displacement of pondermotor for~s under action: ' • ' . 

On solving the system of equations: 

[K]{V} = {!}, 

where [K]-ma.trix of strength of construction, {V} -vector of node displacement; 
{!} .:__vector of arising forcesl141, the subroutine_..gives {V} both as a.n array of numbers and 
as a. graphical image of construction after the corresponding forc,es were involved. 

The both modules were calculated separately. The data. for calculation were accepted 
from Table 1 and Fig.40. . 

· For th~ first type mod~le the followi~g results have been _obtained: 

1. the maximum deflection of the internal straight-lim! segment of the cradle is 1.3 ·10-4 m 
and the maximum stress is 25 MPa; ·· 

2. the maximum deflection of the external straight-line segm"nt of the cradle is 3 ·10-5 m 
and the maximum stress is 2 MPa; · 

' ', .. :' 

3. the maximum deflection of the curve-line segment of.the cradle is 2 · 10-:-4 m and'the 
maximum stress is £0 MPa. · 

For the second type module, other results ha~e been obtained: 

1. the maximum deflection of the internal straight-line s~gment of the cradle is 1·10-4 m 
and the maximum stress is 36 MPa; 

2. the maximum deflection of the external straight-line segment of the cradle is 3 ·10-5 m 
and the maximum stress is 2 MPa; · · 

3. the maximum deflection of the curve-line segment of the cradle is 3.2 · 10-4 m and the 
maximum stress is 160 MPa. 

The pictures of the cradle deformation for the first and. second types of modules·, ac­
cordingly, are shown in Figs.49, 50 (dotted line gives a non-deformed cradle; deflections' are 
repreSented without ' scille). .· ' . . • 

We'.see.that the obta.iiuid results. confirm the'conclusions from Part 4.1. 

5. CONCLUSIONS ·. 

A sketch design of STORS macltiiie SCMS has been' i:arrie<l.out whereby the main para­
meters of windings and elements of the magnet construction 'were cltosen. The algorithm 
of the program to calculate the magnetic field induction for the whole region of the spec~ 
trometer, has been created. This 'algorithm takesirito account mutua.J. influence of the rllagnet 
modules.· Besides, variations of the field under construction deviations in the liffiit range of 
the sizes of winding, have been obtained. Control evaluations of strength and stiffness of 
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constructions for constructive carrying elements have been done. Critical tensions in the 
winding elements vJere found. It has been shown that these tensions are large enough to 
select a. greater tension in the p~wer fra.~ework. . __ 

From this work we may conclude that there is a. possibility to create a superconductor 
toroidal magnet with 'selected configuration and sizes. In the process of working design it is 
necessary to find the final optimal parameters and sizes of the magnet. 

Calculations have shown that it is nece;sary. to measure and control the magnetic field 
at many points, especiillly 'near the internal wi~ding 'part, :where,the influence of winding 
size errors of calculations is 1:'-rge. · · · · -
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Fig. I. The scheme of superconducting torciida.J. spectrometer STORS (in profile): 
~ ~· ~~ . 

HODO - hodoscope scintillation planes; ' i - ·~ 
HALO - hodoscope scintillatioii plane to protect from beam hillo; 
TARG- targets (8olid and liquid); · · · '· 
FORV- forward spectrometer;; .. · 
TORS - toroidill magnet spectrometer; 
MUSL,MUSS - muon identificat~rs 
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Fig.2. The start module of the superconducting magnet in the STORS construction. 

1.- the winding in'the vacuum enclosures; 
· 2 _: the' strength bars 

Fig.3A: T.he -~ie~<of the module· from the side. 

· .3 '-' v~cuum encl~sure,:'6- the strength bars 
. iin the vacu~m·enclosures, R1 and R2- internal 
; :and. ext~riia.Iwindingr'lu:i.ii 

. ; :·I ~. _-_··-< ·<·.;-~ .. L-·:_, ~.-..:._.-,/. 

·2 

4 

.s 

6 

.. -
Fig.3B. The cross-section of the'inagnet (place A/Fig.3A). ··: 

1 - winding, 2 - box, 3 - vacuum enclosure,- 4 •..::. vacuum isolation, 5 - liquid 'helium 
pipe, 6 - the strength bars in the vacuum enclosures, 

a - width, b - height of the winding 
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. •· .. - . '": Fig{T~e;ti;e cross-section. : ~: . : •.. 
1 -the superconducting wire with dia.n:leter 8, 5. w-• 'm;·2·- ~iabilizi~g 'aluminium tire, 

- . a· - electric insulator . . 

.- -' 
;t 

Fig.S. The principal electricity and protection sburce 
'_scheme of the superconducting'magm~t module. 

1- supply source, 2 -force commutator (closed normally), 3.:...... danger commutator 
(open normally), 4 .::resistivity absorber, 5 .:._ superconducting 'winding, 6- normal zone 

ap~earance detector, 7- measurement resistor 
' ,.'r _1• #·-·' 
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. 1 11. 13 12 

Fig.6. The principal technological scheme of the cryogenic-and vacuum sys­
tems SCMS: 
1 -cryogenic helium construction CHS-1600/4.5, 2- compressor, 3-
liquid helium ·and nitrogen ways,' 4 - liquid helium pipe in module, 5 -
suppiy source, 6.- winding SCM, 7.- "hot" ways, 8- preserve switches, 
9, 10- forvacuum pUmps, 11- diffusional pump, 12:- leak detector, 
13-'- nitrogen tank, 14 -liquid helium vessel, 15- tubular electric insu­
lator 
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Fig.19. The space distribution of azimuthal magnetic field component in the current region 
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Fig.21. The character of the relative changing of the magnetic field while changing the 
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Fig.27. The relative changing character of the magnetic field in case of the angle 
·' displacement ofwhiding plane by val~e ·a;,. 0.135° ' 
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Fig.30. The rel~tive changing character of magnetic field in case of the winding bend near 
. its own axis by.value j3.; 0.744° 
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Fig.33. The relative changing character of magnetic field in case of non-parallelism of 
. winding axial segments by value SR 

t0 
I 

w 
* ~ 

1 - rp =5° 
2 - rp = 8~ 

1.4 ...• 1.8,' 2.2 

rp=11° 
rp = 1 4° 
rp = 170 R 

• m. 

I 
I 
I 

Fig.34. The relative ~hanging depen:d~nce ~f magnetic field on radius 
, . for th~ case shown rn· Fig.33 . . . . . ' 

t0 
I 

w 
* 

2r-~~~~-,~~~~~~~~. 

I 

~ 
1 -: R = 0.8 m 2 -, R = 0.9 m. 

3- R = 1.0 m o!'s , ' 2:__ · . .· j 
5 ' . 8 ·.· . 11 - -.- 14---' -1-=7-- -' 2 

.· 2 . 
4- R = 1.2 m ~ .:., 

.. 5 ...:. R.:=: 1 .5 ~ 
-2 

cp, 
~3~~--~~~~~--~--~~~ 

Fig.35. The r~lative changing dependence :of magnetic field on a.zim~th for ~he case shown 
inFig.33; · · 

28 

3.0 

2.0 

1- 1.0 

>.. 
rn o.o 

-1.0 

1.5 1.8 2.1 
R,m 
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