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1. Introduction

In this notewe shallpresentthe optimized designof the two dimensionalcoil andiron

crosssectionfor the SSCdipole magnetwith 50 mm coil i.d. and with wider cables;the

cableusedin the inner layer has30 strandsand in the outer 36. The magnetis expected

to haveamarginof more than12% over the designcentral field value of 6.6 Teslafor the

copperto superconductorratio of 1.3* in the cableusedin the inner layerand of 1.8 in the

cableusedin the outer layer. The computedmaximumchangein the sextupoleharmonic,

b;, due to iron saturationis about 0.3 prime unit. The variation in field harmonicsasa

function of centralfield, ascalculatedby the computercodesPOISSON,MDP andPE2D,

will bepresentedhere. The quenchperformancepredictions,thestoredenergycalculations,

the effect of randomerrorson the coil placementandthe computedvalueof the Lorentz

forceson the coil will alsobe presented.The coil crosssectionis specifiedin BNL drawing

number22.005613** andthe iron in drawing No. 22-00.563-4.

2. Coil Design

In section2.1 we shall describethe generalconsiderationsandcriteria usedin selecting

aparticular coil configuration. This final designwill be discussedin more detail in section

2.2. The field harmonicswill be discussedin section 2.3.

* The copperto superconductorratio hasbeenrevisedto 1.5 in the cable usedin the

inner layer to reducethe current density in the copper; this reducesthe field margin to

10.2% in the inner layer.

** We havedonethe computationsanddesignassumingthe width of the cableusedin

the inner layer being 0.477". However, this width hasbeenrevisedto 0.486". The effects

of this changewill be reportedin a subsequentnote.

DSX2O1/W6733
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Table 2.3: Details of the wedges.Inner layer hasthreewedgesandouter
hasone.

WedgeNo. 1 2 3 4

Insulatedwidth, mm - 12.12 12.40 12.40 11.95

Minimum thickness

Insulated,degree

Insulated,mil

- Bare,mil ,

1.413

21.9

15.3

4.542

77.4

70.8

4.542

77.4

70.8

1.053

27.3

20.4

Insulatedmid thickness

In mm

In mil

135

3.43

125

3.17

125

3.17

79

2.01

Insulatedangle,deg 26.66 11.09 11.09 12.82

Faceangles

CWBottom

CCWTop ‘

-10.76

9.68

-2.64

2.64

-2.64

2.64

-8.57

L63

to the line joining the midpoints of its inner and outer radial surfaces.In this casethe

two faceanglesof this wedgeareequalin magnitudeandoppositein sign. Thesefeatures
reducethe chanceof errorsor mix-ups during magnetconstruction. We will discussbelow

how it was doneusing the computerprogramPAR2DOPT.

The way the coil configurationis constructedin PAR2DOPTthe wedgebetweenblock

No. 3 andblock No. 4 wedge No. 3 is naturally symmetricbecausethesetwo blocks

havethe samenumberof turns three in them and they are radial no tilt. We imposed

a condition that wedgeNo 2 and wedgeNo. 3 havethe samesize in degreesat the inner

radiusof the wedgeas measuredfrom the centerof the dipole. We alsointroducedapre

computedtilt of _4*350 in block No. 2 seeTable 2.2 which makesthe CW sidebottom

side of wedgeNo. 2 same as that of wedgeNo. 3. Theseconditionsmake wedgeNo. 2

and 3 both sameand symmetric see Table 2.3. In addition the wedgeNo. 1 is almost

symmetricandactually it has beenmechanicallydesignedto be physically symmetric.

The output of PAR2DOPTis shown in Fig. 2.2. The coordinatesof the four corners

of the insulatedcable in the outer layer is given in Table 2.4 and in the inner layer in

Table 2.5.

DSX2OI/W6733
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Table 2.4: Coordinatesof the four cornersof eachconductorin the outer
layer. The cable includes6.6 mil radial insulation and3.45 mil azimuthal
insulationon it. -

TiSrIt

No.

Ci

- inch

VI

inch

-

inch

1/2

inch

X3

inch

1/3

inch

X4

inch

1/4

inch

1 1.4836 0.00400 1.483 0.053 1.957 0.061 1.957 0.004

2 1.4824 0.05270 1.481 0.101 1.954 0.118 1.956 0.061

3 - 1.4797 - 0.10130 1.478 0.150 1.951 0.175 1.953 0.118

4 1.4755 0.14980 1.472 0.198 1.945 0.231 1.948 0.175

4 1.4697 0.19820 1.466 0.247 1.938 0.288 1.942 0.231

6 1.4625 0.24650 1.458 0.295 1.929 0.344 1.934 0.287

7 1.4537 0.29450 1.448 0.343 1.918 0.400 -- 1.925 0.344

8 1.4434 0.34230 1.437 0.391 1.906 0.456 1.914 0.400

9 1.4317 0.38980 1.424 0.438 1.892 0.512 1.901 0.455

10 1.4184 0.43700 1.410 0.485 1.877 0.567 1.886 0.511

11 1.4037 0.48380 1.395 0.532 1.860 0.622 1.870 0.566

12 1.3777 0.55300 1.358 0.597 1.788 0.796 1.811 0.744

13 1.3584 0.59770 1.338 0.642 1.764 0.848 1.788 0.796

14 1.3377 0.64180 1.316 0.685 1.739 0.899 1.764 0.848

15 1.3157 0.68520 1.293 0.729 1.713 0.949 1.739 0.898

16 1.2923 0.72790 1.269 0.771 1.685 0.998 1.712 0.948

17 1.2676 0.76990 1.244 0.812 1.655 1.047 1.683 0.998

18 1.2416 0.81110 1.217 0.853 1.624 1.095 1.653 1.046

19 1.2143 0.85150 1.189 0.893 1.592 1.142 1.621 1.093

20 1.1857 0.89100 1.160 0.932 1.558 1.188 1.589 1.140

21 1.1559 0.92970 1.129 0.970 1.523 1.233 1.554 1.186

22 1.1248 0.96750 1.097 1.008 1.487 ‘ 1.277 1.519 1.230

23 1.0925 1.00440 1.064 1.044 1.449 1.321 1.482 1.274

24 1.0591 1.04030 1.030 1.080 1.410 1.363 1.444 1.317

25 1.0244 1.07520 0.995 1.114 1.370 1.404 1.404 1.358

26 0.9886 1.10910 0.959 1.147 1.328 1.443 1.363 1.399

DSX2O1/W6733
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0.04 and 0.05. This requirementon b threw many designsout of running. However, the

final designwhich satisfiedall of aboverequirementswasno worsein performanceto those

which did not.

In Table 2.6 we have given the desiredand optimized values of field harmonicsin

prime units. Harmonics,higher than b’12, had an optimized value of C 0.001, as desired.

In the row of desiredharmonics,we havealso listed the tolerancesin them. "In magnet"

harmonicstakesinto accountthe pole notch and a flat face in the iron at the midplane.

These are the expectedvalues of low field harmonicsin this magnet not including the

contributionsfrom persistentcurrentsin the superconductor.

Table 2.6: Desiredand Optimized valuesof low field harmonicsin prime
units. The harmonicsin magnettakeinto accountthe pole notchanda fiat

face in the iron at the midplane.Theseharmonicsarein the units of io

Values 2 14 6 1 1io 12

Desired -.28±.4 .01±.1 0±.05 ±.O4to.05 0±.05 0±.05

Optimized -0.280 0.009 -0.004 0.044 0.014 -0.001

In magnet 0.000 -0.001 -0.004 0.044 0.014 -0.001

We haveusedthe following definition for field harmonics

B + iB = B0 [b + ianl [cosnO + i sinnO] L.
‘,

where B0 is the field at the centerof the magnet, B and B the componentsof field
at r,O, R13 the normalization radius, a,2 the skew harmonicsandb the normal. These

harmonicsare usually quotedin prime units b and 4 whenRo is chosento be 1 cm

andthe harmonicsaregiven in ir4 units.

3. Iron Yoke Design

In section3.1 we shalldiscussthe optimization of the iron yoke. The yoke is optimized

to produceaminimum changein field harmonicsdue to iron saturation for themaximum

achievablevalue of transferfunction at 6.6 Tesla. We used computer codes POISSON,

MDP and PE2D for this purpose. In section 3.2 we shall discussthe computermodel of

the final designandthe results of field calculationsfor it with POISSON, in section3.3
with MDP andin section3.4 with PE2D. An iron packingfactor of 97.5% has beenused

in thesecalculations.

DSX201/W6733
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The valuesof the variablesplottedin Fig. 3.2 is given in Table 3.1. The maximum

saturation,as computedby POISSON,MDP and PE2D is about 0.3 prime unit. These

threeprogramsuse threedifferent methodsfor solving problemand it is encouragingto

seethat all predict a small saturationshift. The computedvalueof b at 6.6 Teslais about

the sameasit is at low field, which is zero.

Table 3.1: Transferfunction and b’ variation asfunction of current. In

all casesb is correctedto startfrom zeroat 3.0 kAmp.

I T.F. T/kA x 1O

kAmp POISSON MDP PE2D POISSON MDP PE2D

3.0 1.0447 1.0430 1.0430 0.00 0.00 0.00

4.0 1.0441 1.0413 1.0423 0.09 0.05 0.12

5.0 1.0397 1.0364 1.0374 0.24 0.16 0.24

5.5 1.0340 1.0311 1.0319 0.27 0.21 0.36

6.0 1.0262 1.0236 1.0243 0.15 0.17 0.30

6.25 1.0219 1.0194 1.0201 0.08 0.11 0.19

6.5 1.0173 1.0148 1.0156 -0.02 0.03 0.21

In Table 3.2 we havelisted the maximumchangein b’ and b’4 harmonicsdue to iron

saturation. All other higherharmonicsremainpractically unchanged.In the sametable

we havealso listed the drop in transferfunction, 6TF, till 6.6 Teslaas comparedto its

valueat low field.

Table 3.2: Drop in transferfunction till 6.6 Teslaand the maximum
changein b and 14’; higherharmonicsremainpracticallyunchanged.

Harmonic POISSON MDP PE2D

6TF, till 6.6T 2.62% 2.70% 2.63 %

ob;,,mz, io- 0.28 0.22 0.36

io-4 -0.03 -0.02 -0.04

DSX2O1/W6733
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Figure 3.3: POISSONmodel for DSX2O1/W6733.
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POISSONresults - DSX2O1:WIDECABLE 673SBF,l/2"XET filed
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Figure 3.6: MDP model for DSX2O1/W6733.
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3.4 PE2D Calculations

The computercodePE2D solvesfor the vectorpotentialusingafinite elementmethod.

The computermodel of DSX2O1/W6733on PE2D is shownin Fig. 3.8. In Table 3.5 we

presenttheresultsoffield calculationsfor variousvaluesof currentin eachturn. In Fig. 3.9,

we plot the variationof field harmonicsas a function of centralfield.

Table 3.5: Resultsof PE2Dcomputationsfor DSX2O1/W6733.

I

kAmp

B0

Tesla

T.F.

T/kA

1;

10

b’4

10
‘6

1O
‘8

io 10

1.000 1.0431 1.04309 0.886 0.069 0.039 0.035 0.016

3.000 3.1289 1.04298 0.889 0.071 0.036 0.035 0.016

4.000 4.1690 1.04226 1.011 0.065 0.035 0.035 0.016

4.500 4.6832 1.04071 1.055 0.053 0.035 0.035 0.016

4.750 4.9366 1.03929 1.043 0.049 0.034 0.035 0.016

5.000 5.1870 1.03740 1.128 0.056 0.034 0.035 0.016

5.500 5.6753 1.03187 1.245 0.034 0.029 0.033 0.016

5.750 5.9119 1.02816 1.147 0.027 0.031 0.035 0.016

6.000 6.1457 1.02428 1.190 0.039 0.030 0.035 0.016

6.250 6.3757 1.02011 1.077 0.017 0.033 0.038 0.017

6.500 6.6016 1.01563 1.103 0.058 0.039 0.037 0.017

7.000 7.0462 1.00660 1.018 0.079 0.040 0.037 0.017

DSX201fW6733
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Table 4.2: Expectedquenchperformanceof DSX2O1/W6733with s%
cable degradation.1 = 2612.SAmps/nnn2and at 4.35° Kelvin bath
temperature.

Layer

j.

Cu/Sc

Ratio

B,,

Tesla

I

Amp % Kelvin

5quench

Amp/cm2

56.6T

Amp/cm2

Inner 1.7 7.149 7126 8.3 0.519 736 671

1.5 7.273 7273 10.2 0.625 788 704

1.3 7.399 7411 12.1 0.730 853 748

Outer 2.0 7.268 1267 10.1 0.580 919 822

1.8 7.445 7470 12.8 0.709 980 852

Table 4.3: Expectedquenchperformanceof DSX2O1/W6733 with 5%
cable degradation.T = 26125Amps/mm2and at 4.0° Kelvin bath tem
perature.

Layer Cu/Sc B,,, ‘ BmaTgin Tnujrgin Sqysench 56.6T

.J. Ratio Tesla Amp % Kelvin Amp/cm2 Amp/cm2

Inner 1.7 7.455 7481 13.0 0.869 773 671

1.5 7.571 7615 14.7 0.975 826 704

L3 -e 7.654 - 7711 --16.0 -4.080 888 -748

Outer 2.0 7.642 7697 15.8 0.930 973 822

1.8 7.825 7908 18.6 1.059 1037 852

Table 4.4: Expectedquenchperformanceof DSX2O1/W6733with 10%
cabledegradationJ = 2475.OAmps/mm2andat 4.35° Kelvin bath tem
perature.

Layer Cu/Sc B., ‘C Bmargin Tmargin 5quench 56.6T

.j. Ratio Tesla Amp % Kelvin Amp/cm2 Amp/cm2

Inner 1.7 7.058 7023 6.9 0.439 726 671

1.5 7:186 7169 8.9 0.552 777 704

1.3 7.318 7319 10.9 0.663 842 748

Outer 2.0 7.129 7106 8.0 0.472 899 822

1.8 7.307 7311 10.7 0.609 959 852

DSX2OI/W6733
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Fig. 3.4. Next we estimatethe effect of changingthe wedge size by +2 mil. Pole angle is

held constantin this calculationby reducingthe conductorthicknessby an appropriate

amount. The counting schemefor the wedgesis the sameasit was for the currentblocks.

We also estimatetheeffect ofincreasingthepole angleby 2 mil in theinnerandin theouter

layer. We computethe Root Mean SquareRMS changefor thesegroupsof variations

and in the end we compute the total RMS changeproducedby afl of abovevariations

combined.

Table 5.1: The effect of 2 mU changein the given parameteron the
TransferFunction,Field harmonicsand X2.

Parameter

changed

TF

T/kA

b

io

b

io-

.

io

x2
10T’

Block No. 1

Block No. 2

Block No. 3

Block No. 4

Block No. 5

Block No. 6

030

-0.31

-0.13

-0.20

-0.10

-0.79

-0.25

0.31

0.35

0.32

-0.04

0.23

-0.10

0.11

-0.02

-0.08

-0.01

0.03

-0.01

0.01

-0.01

0.01

0.00

0.00

0.10

0.15

0.13

0.13

0.00

0.06

RMS Blocks 0.38 0.27 0.07 0.01 0.11

WedgeNo. 1

WedgeNo. 2

WedgeNo. 3

WedgeNo. 4

6.99

9.36

10.83

9.75

-0.57

0.48

0.59

-0.01

0.03

0.05

-0.04

0.00

0.01

-0.01

0.00

0.00

0.33

0.24

0.36

0.00

RMS Wedges 9.34 0.48 0.04 0.01 0.27

Poleangleinner

Pole angleouter

-12.47

-12.54

-0.34

-0.52

0.05

0.00

-0.01

0.00

0.13

0.27

RMS Pole angles 12.51 0.44 0.04 0.01 0.21

Total RMS 7.43 0.38 0.06 0.01 0.19

DSX2OI/W6733
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Table 6.2: Lorentz Force Calculationsfor the turns in the outerlayer

Turn

No.

X

cm

Yc

cm

B

Tesla

B

Tesla

F,.

Lbs/in

F9

Lbs/in

20 4.369 0.077 -0.050 -0.355 13.1 -2.1

21 4365 0.211 -0.229 -0.366 13.2 -9.2

22 4.357 0.345 -0.408 -0.389 13.2 -16.2

23 4.344 0.479 -0.585 -0.423 13.2 -23.3

24 4.328 0.612 -0.761 -0.468 13.3 -30.4

25 4.307 0.745 -0.937 -0.525 13.3 -37.6

26 4.283 0.877 -1.113 -0.591 13.2 -44.9

27 4.255 1.009 -1.290 -0.665 13.0 -52.3

28 4.222 1d40 -1.471 -0.744 12.4 -59.9

29 4.186 1.270 -1.659 -0.822 1L3 -67.8

30 4.146 1.399 -1.856 -0.894 9.4 -75.9

31 4.022 1.708 -1.350 -0.889 10.8 -59.0

32 3.968 1.831 -1.524 -1.043 11.5 -67.6

33 3.910 L952 -1.694 -1.191 11.5 -76.0

34 3.848 2.071 -1.859 -1.339 11.1 -84.3

35 3.783 2.188 -2.020 -1.492 10.4 -92.6

36 3.714 2.303 -2.177 -1.656 9.7 -101.1

37 3.642 2.416 -2.330 -L833 8.9 -109.7

38 3.567 2.527 -2.478 -2.025 8.2 -118.5

39 3.488 2.636 -2.623 -2.233 7.4 -127.6

40 3.405 2.743 -2.765 -2.459 6.7 -1372

41 3.320 2.847 -2.907 -2.703 5.9 -147.2

42 3.231 2.948 -3.053 -2.969 5.0 -158.0

43 3.139 3.047 -3.207 -3.257 3.8 -169.6

44 3.044 3.144 -3.380 -3.570 2.0 -182.4

45 2.946 3.238 -3.579 -3.909 -0.6 -196.7

45 2.946 3.238 -3.579 -3.909 -0.6 -196.7

DSX2O1/W6733
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