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AB STRACT 

Superconductor cables employed in the construction of the RHEL series of 

superconducting dipole magnets ACI I I, IV and V have_ undergone a process 

of evolution stimulated by the development of three component filamentary 

composite conductors having improved properties and ever increasing numbers 

of filaments. 

lhe object of this paper is to trace this evolution which has cu1mir.~ted 

in the development of the current 11 Flat 1511 type cable whi ch is to ~e used 

in the constructlon of the next generation of pulsed superconducting dipole 

mag nets. 

The manufacturing process empl oyed in the construction of these cables is 

also to be briefly described. 
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l. INTRODUCTIO~ 

composite conductors developed in a collaboration 

between RHEL and :Mi ~imit~d have typical current carrying capabilities in 

the range 50-200A at 3-6 Tcsla and in order to achieve the higher currents, 

3000-SOOOA at 5 Tesia, req~ired in the construction of the RHEL series of 

pulsed dipole magnets for a superconducting synchrotron, it has been 

necessary to assemble the composite conductors in the form of multistrand 

cables. 

The geomet~y of assembly of strands into a cable is arri v~d at from con~ 

sideration of the fol lmvlng :-

a) Electromagnetic Cri ~ eria(l, 2 ~ 3 ) -operating current, magnetic field, 

magnetisation losses~ stability and current sharing between the 

strands. The curre~t sharing criteria dictates the need for trans-

position* of strands in the cable. 

b) Magnet Constructior. Criteria- heat transfer, ~positional accuracy 

of the turns in the winding, ~ase of winding, ~nd support against 

the forces obtaining in operation. 

c) Cable Construction Criteria- that the probability of strand breakage 

during manufactur;e be negl igib/Je; that the density of superconductor 

strand in the volume of the cable be high for reasons of economy, 

good heat transfer and positional stability an~ finally that any 

degradation of the current carrying capacity que to deformation of 

the strand cross-section be acceptably small. 

2. SURVEY OF CABLES FOR PULSED DIPOLE MAGNETS 

2.1 General Considerations 

A filament diameter of 5~ Is necessary in order to keep the hysteresis loss 

* transposit:on - c~ble geometry which enables all strands to have 
identi cal sym~etry w1th respect to the axis of the cable. 
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of a pulsed dipole magnet within acceptable limits, and sinceJOroA ls the 

current it will carry at 5 Tesla, a larg~ number, (105} ~uch filaments must 

be connected in parallel in order to produce a cable suitdble for 3000A 

5 Tesla operation. 

The geometry of the cable designed to carry this current will depend on the 

number of strands which need to be connected in parallel Jnd this in turn 

depends on the number of filaments accommodated withi'n 'each strand. 

The number of filaments accommodated in a superconducting ~strand has 
l 

increased steadily during the past four years and successfve superconducting 

dipole magnets, ACI I I, ACIV and ACV utilise strand having 1045, 2035 and 8917 

filaments respectively. These changes in conductor design have stimulated 

the development of special cable geometries requiring uncdnventional manu-

facturing techniques. 

2.2 ACI I I Superconductor Cable 

The general from of this 90 x 0.4 mm diameter strand cabld can be seen in 

the picture, Figure lb~ and the construction and operating parameters are 

listed in Table 2. 

A six bobbin planetary stran~er, Figure 2, was employed to construct the 

cable that consists of · a basic unit of three strands which were simul-

taneously drawn and twisted to form a triplet having the f;orm shown in 

Figure la, (3) stage.Five triplets were then twisted together over a 0.5 mm 

diameter copper filler strand in a second operation, (5x3) ; stage. Finally 

six elements having the (Sx3) stage configuration were twisted over a seven 

strand copper filler cable then compacted in the (6x5x3) s;tage of the process so as to 

give the final square ~ection shown in Figure lb. An oxiqe coating on each 

strand provided adequate interstrand resistance and terylene braid was 

woven over · the cable in order to provide interturn insulation in the magnet. 

2.3 AC IV Cable 

Comprises 25 x 0.85 mm diameter superconductor wire strands and has the 
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form shown in the picture, Figure Jb. The ~ignificant constfuctional and 

operational parameters are 1 isted in Tables 1 and 2 while the steps in the 

construction can be seen from the cross-sections shown in figure 3a. 

A six bobbin planetary strander, Figure 2, was again used and wire dr~wing 

techniques were employed in the first stage of construction to obtain the 

compact group of five shaped strands shown. Five such elements were 

combined in the ' second stage and compacted to give the rectangular section 

cable. An oxide layer again provided the individual strand insulation .and 

a terylene braid the overall cable insulation. 

, '· Lo'"l ACV Cable 

The cable which has been developed for use in the ~rejected ACV pulsed 

dipole magnet consists of 15 x 1.06 mm diameter strands and will have the 

form shown in Figure 4b. The techniques employed in its construction are 

new to the technology of cable manufacture and will be described in the 

next section. 

The finished section is that shown in Figure 4a; it is a truncated diamond 

or ''lozenge''· During the manufacturing process the 15 strands are 

temporarily supported . on the periphery of a circle as shown in Figure 4a, 

then they are supported on the periphery of an ellipse before being corn-

pacted to the final shape shown. 

The interstrand insulation is to be an aromatic po\yimide polymer enamel 

film and the overall cable insulation a terylene or glass braid. 

3. ACV CABLE (''FL.A.T 15") - METHOD OF MANUFACTURE 

3.1 The Distortion ~ethod 

The distortion method(4) provides the conditions whereby a layer of con-

tiguous circular cyli~drical helixes can be generated without the support of 

other internal layers. The support is provided instead by a "core pin", 

Figure 5, which is rigidly supported on the axis of a stranding die having a 
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circular aperture. At the exit of the strandi.ng die the circular cylindrical 

he 1 ixes pass over the "e 11 i pt i ea 1 transition 1 attached to~ the end of the 
I 

''core pin" and .are deformed to become elliptical cylindrical helixes before 

they enter the aperture of the turkshead roller die wherein final deformation 

to the required section occurs. 

After the final deformation, which can give 95% ~etal den~ity in the cross-

section, the cable becomes self supporting by virtue of its shape and the 

hardening which occur~ during compaction. 

The sequence of the stranding operation is shown in simplified form in 
( 

Figure 6. Strands 1, 2 and 3 which are constrained to pass through . points · 

1, 2 and 3 of a circular frame rotating with constant ang~lar velocity, 

w radians per second, ·are formed into circular cylindrica) helixes at the 

stranding die while being temporarily supported on the "core pin". 

Conditions for the generation of spiral curves which are circular helixes are 
. ' 

provided by the frame which rotates at constant angular velocity and the 

constant linear velocity at ;which the junction of the strands 1, 2 and 3 is 

hau l ed in the direction z. 

In machines of the type~ depicted in Figures 2 and 9 the source of supply 

of each strand is supported in a cradle which "floats" on , the rotating 

frame. This arrangem~nt ensures that each strand is not fwisted about its 

own axis while being formed into a helix and prevents torsional stress in 

the resu l tant cable. 

C ~oss-s ections of the cable ~uring processing are shown in Figure 4a. The 

init i al sta t e s hown occurs at the entrance to the strandi~g die and continues 

up to th e exit where the intermediate state commences and . leads gently 
I 

into t he fi nal state of defo.rmation by . the turkshead roller die. The 

gradual tra nsi tion from a circular section through to an !~lliptical section 

is a ccompli s hed by the "core pin" transition shown in figure 7. lt ensures 

that t he s trand formation is supported and adjusted to the correct aspect 
I 
I 
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ratio before final deformation occurs in the turkshe.ad roller die • . The . ., 

interlocking formation of this die which enables adjustment of the .aperture 

is shown in Figure 8. A lozenge section is obtained by suitable shaping 

of the vertical rollers as sh~n in Figures. 

3.2 The Stranding Machine 

The operation described is executed on a stranding machine of the type shown 

in a simple form in Figure 9. The core pin is supported upon a shaft which 

is located on the axis of the rotating frame by roller and thrust bearings 

and stabilised against rotation by a stabilising wei~ht as shown. 

The turkshead roller die is rigidly attached to a firm upright frame (not 

shown) and the stranding die is attached to the face of the roller die block. 

3.3 Special Tools 

A rectangular or 11 lozenge11 section, coreless, multistrand cable has 

associated with ~t fou~ interdependent design parameters:­

Number of strands , 

Strand diameter 

Twist pitch 

Density of metal in the cross-section 

The relationship between these parameters is taken ln,to consideration in 

designing the spec I a 1 s1et of too 1 s .wh I eh are required in order to produce 

a cable of this type. 

A stranding die, core pin, core pin transition and ·a9 alignment jig for 

setting up the turkshead roller die are uniquely assqciated with a cable 

having a particular combination of the parameters listed. 
J 

The design process is facilitated by a tool .design computation programme, 

which also has the virtue of indicating the likely effect of changl~g a 

para~eter during manufacture. 
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4. PERFORMAN CE TESTS AND MEASURE MENTS 

Superconductor cab 1 es manufa'ctured at RHEL are subject to ' the fo 11 owlng 

tests and measurements after manufacture:-

a) Strand continuity tests con~ucted at 4.2°K 

b) Short sample tests combined with resistance transition measurements. 

Continuity tests locate any gross damage that may have occurred during 

cabling while the resistive transition measurements provide a basis for 

comparing the properties of the cabled and the uncabled strand. 

Typica l results of such measu~e~ents(7) carried out on AC i 11, ACIV and ACV 
. 

cables are shown in Figures 10, 11 and 12 respectively. Many such 

measurements are requijed in order to optimise the heat t~eatment cycle 

which is carried out after the cabling process. 

The time and temperature of this heat treatment is uniquely determined for 

each new cable geometry and each new type of superconductor used in its 

construction. 

Heat treatment optimisation was not carried out on the AC~I I cable. The 

ma in concern was to minimise strand damage during the suctessive stages of 

construct ion, therefore heat treatment cycles were interp~sed between stages. 

Th i s may partially account for the 20% difference in the critical current 

' ' -12 
density of cabled and uncabled strand when compared at 4 Tesla and 10 ncm 

resistivity. 

A similar difference occurs for ACIV cabl~ ~hi le for ACV the difference is 

only 10-11 % despite the fact that the tests were c~rried ~ut on a batch of 

resea rch mater ial and that no attempts have as yet been made . to optimise the 

hea t t rea tment cycle. 

Wh en mak ing such comparisons it i$ to be noted that there , is some 20% 

diffe ren ce be t ween t he guaranteed and typical short sample properttes of the 
' ~ ' 

super condu cting s t rand . in manufacturers quotattons. 
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5. CONCLUSION 

Superconducting cable technology has advanced rapidly over the period of 

the past three years. lt has been stimulated by the rapid advances in 

superconductor research and manufacture while at the same time being subject 

to the increasingly stringent requirements of successive pulsed dipole 

magnets. 

Advances in superconductors have permitted fewer strands to be used in order 

to achieve a given · performance as measured in terms of the short sample 

curv~, Figure 13. The trend towards fewer strands has culminated in the 

development of the ACV (Flat 15) type cable shown in Figures 4a and 4b. 

This single layer, coreless geometry meets the electromagnetic need for 

strand transposition while at the same time being cl:lpable of withstanding a 

high degree of compaction during manufacture. A matrix density of 95% has 

been achieved in a 15 strand superconductor cable without serious 

deterioration in performance. Resistive transition measurements indicate 

that the short sample properties remain constant for cables having matrix 

densities of 85%, 90% and 95%. High matrix density in the cable is 

important from economic considerations related to the construction of 

superconducting synchrotrons(~). lt is also import~nt in order to meet 

the stringent field uniformity requirements in synchrotron magnets and of 

ensuring good he·at transfer from within the cable. ; Recent manufacturing 

trials have indicated that it is possible to manufayture to a dimensional 

accuracy of ±0.01 mm over a 200 metre length of cab)e and that this tolerance 

is m~intained provided that the cable is annealed after manufacture to 

relieve built in stresses. The geometry has been successfully applied to 

ma nufacture cables having as few as 5 strands and as many as 25 strands. 

There is good reason to believe that superconductor t- cables of this type manu­

factured by the method described will meet the need ; of future pulsed dipole 

magnets employing niobium titanium superconductors, 1until ~uch time as a 
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solid conductor containing 105 filaroents is developed and .successfully 

manufactured. 
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Tab le 1. Summary of ' ACI I I ; · 1v and V Conductor ' Parameters 

Cond uctor Application 

Strand Diameter (mm) 
Number of filaments 
Fil ame nt Diameter (~) 
Strand Twtst Pitch(mm) 

Composi t e Constituents 

Niobium Titanium % 
Coppe r % 
Cupro-nickel % 
Matrix SC ratio 
Conductor Geometry 
Strand Insulation 
Jc at 4T io- l 2ncm in SC 

(A/mm2) 

AC I I I D i po 1 e 

0.4 
1045 

8 
3.6 

40 
43 
7 

1. 25 
aN C55C 19C 

Oxide 

]. 9 X 103 

ACIV .Dipole 

0.85 
2035 
11.9 
4.4 

40 
52 

8 
1. 50 

aN C55C37C 
Oxide 

1. 95 x 1 o3 

Table 2. Summary of AC I I I , IV and V Cable Parameters 

Cab le Applicat ion 

Mag net Parameters 

Mag net I (A) 
Magnet Field (T) 

AV I I I Dipole 

5200 
4.0 

Mag net rise time (secs) ; 
Cab le Dimensions (mm) 
Cable shape 

1.0 
5.2 X 5.2 

Square 
Number of SC strands 
Cable Insulation· 
Insu lation thickness 

Cable Construction 

Tw i s t Pi t eh (mm) 

Cable Density 

Including Fillers%) 
Composite Only %) 

Current Density 

Jc a t 4T lo-12ncm in 
se (A/mm2 ) 
(a f ter cab 1 ing) 

90 
Terylene braid 

(mm) 0. 115 

(3)Stage 12 
(5x3)Stage 20 

(6x5x3)Stage 63 

60 
46 

1.5.xla3 
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AC IV Dipole 

5400 
4.0 
1.0 

5.83 X 3.85 
Rectangular 

25 
Teryle1;1e braid 

0. 115 

(5) Stage 16.4 
(5x5)Stage 63.8 

63.2 

1. 55 x 1 o3 

· · ACV . D i po 1!:_ 

1. 06 
8917 
7.6 
7.5 

46.7 
38.3 
15.0 
1. 14 

aN24lNC37C 
Polyimide enamel 

]. 45 X 103 

ACV Dipole 

4.5 
2.0 

8.1 X 1.92(1. 74) 
Lozenge 

15 
Terylene braid 

0. 115 

(15):stage 117.5 

90 

1.3 x 1 o3 



REFE REN CES 

1. M.N. Wilson. Rutherford Laboratory Report RHEL/M/A26. 

2. D.B. Thomas and M.N. Wilson. Rutherford Laboratory Preprint RPP/A93. 

3. M.N. Wilson. Rutherford Laboratory Preprint RPP/A89~ 

4. Patent References - P54480/72. 

5. M.N. Wi1son et al. Proceedings of Applied Superconductivity Conference,­

Annapo 1 is, 1971 . 

6. J.H. Coupland and D.E. Baynham. Magnet Technology Conference, . 

Brookhaven, 1972. 

7. C. Walters. Private communication 

8. P.F. Smith and J.D. Lewin. Nuclear Instruments and Methods 52, 298 (1967). 

- 11 -
I . 



INITIAL FINAL 
STATE STATE 

LsTAGE {3) _j 
t 

STAGE {5x3) 

INITIAL 
STATE 

t 

TWISTED AND COMPACTED 
TO GIVE 

FINAL 
STATE 

STAGE{6x5x3)_j 

FIG. 1a. AC m, 90 STRAND -SQUARE SECTION CABLE 

E 
E 



(6x5x3) STAGE TWISTED 
AND COMPACTED SQUARE 

I 

SO.UARE 
SECTION 
90 STRAND 
(6x5 x 3) CABLE 

(3 ) STAGE--

0·4 mmDIA.t 1045TC--­
STRAND 

Fig. lb Vi ew of ACI I I cable 

( 5x3) STAGE .. ··· .•. 

-- ~ 

---- ~.·. ·.· .·· .. 
---~ I· ~ I 

ND- ·­
R - -

ER- - N 
x 5x3) . ~----

STAGE =.:= 

0·5mm ----
Cu FILLER -~ 

~k (5x3) -- _ 
STAGE ~~··· ... 

ton 

- - ~ 
- -·- l! 

-~ o 



TURKSHEAD ROLLER 
COMPACTING DIES 

SQUARE (A Cm) OR 
RECTANGULAR (AClll) 
CABLE 

CIRCULAR STANDING DIE--. 

STRAND SUPPLY REEL 
IN CRADLE SUPPORTED----.. 

BETWEEN BEARINGS 

PLANETARY-­
GEAR TRAINS 

- ~ 1 ADJUSTABLE 
GEAR BOX 

DRIVE MOTOR 

ROTATING CAGE 

Fl G. 2. PLANETARY STRANDING MACHINE­
SIMPLIFIED DIAGRAM 



1·92mm 5·6mm 5·82mm 

TO GIVE 

INITIAL FINAL INITIAL FINAL 
STATE STATE STATE STATE 

L_STAGE(5)_j + STAGE(5x5) t 
FIG. 3a. AC rl, 25 STRAND- RECTANGULAR SECTION CABLE 

E 
E 
tn 
CO . 



RECTANGULAR 
SECTION 

25 STRAND CABLE 

'\ 

t 
TERYLENE BRAID 
INSULATION 

(5 x 5) STAGE TWISTED 
AND COMPACTED 
RECTANGULAR 

( 5) STAGE - ----41-
TWISTED 

0·85mm DIA., 2035TC ---a 
STRAND 

2035 FILAMENTS-

Fig. 3b View of ACIV cable 

(5) STAGE 
TWISTED 

(5) STAGE 
SINGLE STRAND~ 



' 7·21mm · · · E E 
6·6mm--+-~~-0-0-0-0--~·~ I" ·1 8·10mm ~ ~ 

o J~ boooooo 0. _~ boc::JotJoCJo·· o ooooooo\- --s
1
ooo _- o . 

Ooo .... ~ "( TWISTED AND COMPACTED 
v· Y' TO GIVE 

~(j:> 
INITIAL INTERMEDIATE FINAL 
STATE STATE STATE 

f..___ _____ STAGE (15) ______ __,+ 

FIG.4a. AC 'i 15 STRAND -LOZENGE SECTION CABLE 



Fig. 4b Views of ACV cable (Side view) 



Fig. 4b VIews of ACV cable (End view) 



ELLIPTIC TRANSITION 
ON END OF CORE PIN 

RIGIDLY SUPPORTED 
CORE PIN 

~z 

......,_-TURKSHEAD 

CIRCULAR APERTURE 
STRANDING DIE 

ROLLER DIE 

FIG. 5. ASSEMBLY SEQUENCE OF SPECIAL TOOLS 
A.C.V. CABLE M.FR. 

PITCH (LAY)=(.dz;d~)x21Tcms z 
\d t d t /coNSTANT LINEAR 

CIRCLE TO ELLIPSE VELOCITY ~~ c~~ 
DEFORMATION 
HERE 

CONSTANT ANGULAR 
VELOCITY X 
d~=W RAD/ ~ 

1 
dt SEC 

1 

2 

/ 

/\ TURKSHEAD 
ROLLER 

DISTANCE DIE 
EXAGGERATED 

FIG. 6. SEQUENCE OF OPERATIONS A.C.V. CABLE M.F.R. 



r 

TERMINAL ELLIPSE 

INTERMEDIATE ElliPSE 

PIN CIRCLE 

FIG. 7. CORE PIN TRANSITION 

/z 
/ VIEWED IN +Ve Z 

ROLLERS FOR ~ c·o DIRECTION 
RECTANGULAR l___l___j UPLED 

SECTION CABL:~X~~E ~~~6~ . ffi. 

ROLLERS FOR 
LOZENGE 
SECTION CABLE 

. . . I 
--COUPLED ......____, 

-MOTION~ 

/z 
. / VIEWED IN +Ve Z 0- . DIRECTION . --~tn 

FIG. 8. TURKSH EAD ROLLER DIE 



ENCIRCLING BEARINGS , ..... 

FLAT RECTANGULAR CABLE---.. 

TURKS HEAD ROLLER----... 
COMPACTING DIES 

ELLIPTICAL TRANSITION----­

STRANDING PLATE----

HAUL-OFF CAPSTAIN 

!\ 

---- ADJUSTABLE 
GEAR BOX 

...___...,....-CIRCULAR STRANDING DIE 

""--CORE PIN 

'----STABILISING WEIGHT 

\ 
I 

'----STRAND SUPPLY REEL ,, 

'-----CRADLE SUPPORTED BETWEEN BEARINGS 

'----ROTATING CYLINDER 

DRIVE MOTOR 
FIG. 9. TUBULAR STRANDING MACHINE ADAPTED 

FOR A.C.V. CABLE M. F. R. 



2·0 x10 
3 

1·9 X 10 3 

1·8 X 10 3 

N 1·7 X 10 3 

E 
1·6 X 10 3 

E - 1·5 X 10 3 <r 
,...... 

1·4 X 10 3 
~ 
.a 

3 z 1·3 X 10 
......... 
u 

1·2x10 3 .., 

> 3 
~ 1·1 X 10 
lf) 
z 3 
LLJ 1·0x 10 
0 

~ 
w 0·9x10 3 

a:: a:: 
:::> 0·8x10 3 
u 
_J 

<r 
u 3 
i= 0·7 x10 
a:: 
u 

0·6x 10 
3 

SINGLE { - 12 
COMPOSITE 10 A cm 

BEFORE -tl ' 
CABLING 

10 .n~m ', 
. 10-12 ' \ 

.ncm ' \ SINGLE 
COMPOSITE AFTER ', ', 

CABLING ' \ ' \ \ \ 

' ', 
' ' \ ' ' ' ', ' 

ADJUSTMENT HAS BEEN MADE 
FOR THE REDUCTION IN STRAND 
AREA DURING CABLE MANUFACTURE 

i.e. 8 ·79 °io AT STAGE i . 

' ' ' \ 

' ' ' ' 

He CRITICAL FIELD TESLA 

FIG. 10. AC m STRAND PERFORMANCE BEFORE AND AFTER 
CABLING 



2·0 x10 
3 

1·9x10 3 

1·8 X 10 3 
N 

E 1·7 x10 3 

E 
1·6 x10 3 ._ 

<( 

1·5 x10 3 ,....... 

t- 1·4x10 3 
.a 
z 

1·3x10 3 -u -, 
1·2x10

3 

> 
t-

1·1 X 10 3 
V'l 

a1 3 Cl 1·0x10 
t-z 
w 0·9x103 
cc: 
cc: 
:J 
u 3 
.....J 0·8x10 
<( 
u 
t-

0·7x10
3 a: 

u 

0·6 x10 
3 

- 11 
10 ne m 

SINGLE . 10-
1hcm,' '\. 

COMPOSITE 10-13ncm'\.',, 
BEFORE CABLING . ', '~' ' ,, 

SINGLE 
COMPOSITE 

AFTER 
CABLING 

- 13 
10 ncm 

', ,, 
''' ''' ''' ',, ' ,, 

' ' ,, ' ,,, ,,, 
''' ''' ',, ',, ',, ~ ,, 

~ '' 
HIGHEST QUENCH OF--~----t~~ 
AC'N MAGNET 

ADJUSTMENT HAS BEEN MADE 
FOR THE REDUCTION IN STRAND 
AREA DURING CABLE MANUFACTURE 
i.e. 10 ·17 °/o AT STAGE 1 AND 2· 3 Ofo 
AT STAGE 2. 

,, ,, 
~' ~' 

' 

0·5 X 10 3 
L-.---...L..------'----L-----'------'----'--------1 

1 2 3 4 5 6 
He CRITICAL FIELD IN TESLA 

FIG. 11. ACTir STRAND PERFORMANCE BEFORE AND 
AFTER CABLING 

7 



2·0x10 
3 

. 3 
1·9x10 SINGLE 
1·8 x10 3 

OMPOSITE 

1·7x103 AFTER 

1·6 x10 
3 CABLING 

1·5 x10 
3 

N 

E 1·4 X 10
3 

E - 1·3 x103 
<( - 3 
1- 1·2 X 10 .a 
2 

1·1x103 - -13 u 10 ..ncm .., 
1•0 X 10 

3 

> 
1-
V) 0·9 x10 3 
z 
UJ 
Cl 

1- 0·8x10
3 

ADJUSTMENT HAS BEEN MADE z 
UJ FOR THE REDUCTION IN STRAND a:: 

AREA DURING CABLE MANUFACTURE a:: 
0·7x10 3 ::> 

i.e. 2 Ofo u 
....J 
<( 

~ 3 
I- 0·6x10 
a:: 
u 

He CRITICAL FIELD IN TESLA 

FIG. 12. ACY STRAND PERFORMANCE BEFORE AND AFTER 
CABLING 



10x10 3 

5x10
3 

, 

-12 
10 ..n.cm 

-12 
10 n..cm 

2 

10
-12 

n.cm 

3 5 
He CRITICAL FIELD IN TESLA 

ACDZ: 

ACY 

A Cm 

6 7 

FIG. 13. SHORT SAMPLE PROPERTIES: ACm,nr AND Y 
CABLES 

8 


