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This memo summarizesharmonicsdatafor model and full length SSC
collider dipole magnetswith all kapton Dupont and apical Allied Signal
insulation. For a summaryof insulationschemesin thesemagnetsand thestatus
of themodel andfull lengthurograms.seeTablesla. lb. and 1c.

Model MagnetData: Collaredcoil harmonicshave beenmeasuredfor
D5A330, D5A331, DSA332, and DSA333. Theresultsare shownin Table 2a.
Yoked harmonicshave beenmeasuredat room temperatureand at 4.2 K for
DSA33O andDSA331. Theresultsareshownin Table2b. Theharmonicsa7 and
b7 aren’t shown,becausetheseare set to zero by the mole centeringcorrection
algorithm.

Full-Length Magnet Data: Collared coil harmonics have been
measuredfor DCA32O,DCA321,DCA322, andDCA323. Theresultsare shown
in Table3a. As usual,a7 andb7 aren’t shown.

Harmonics Predictions: M. Wake has been developing a field
calculationprogram[1] which predicts the field shapeby summingover the
contributionsfrom individual strands.He hascalculatedfields for collaredcoils
andyokedmagnetsthelatterassumingan azimuthallysymmetricyoke with infinite
permeability.

Tables4a and4b give thepredictionsof Wake’sprogramfor severalpole
shimmingsituations,including no shim e.g.,DCA322, 5 mils in the outer coil
only e.g. DSA33O,DCA32O, and DCA321, and 10 mils in the outercoil only
e.g. DSA332. Wake also calculatesthe harmonicsin the anomalouscaseof
D5A331,which hada 5 mil poleshim in quadrant4 of the innercoil.

Discussion:
Allowed Harmonics: Figures 1, 2, and 3 show the measured

allowed harmonicsfor model and full length collaredcoils comparedto the
harmonicspredictedby theprogramin Reference1. Theharmonicsb2 andb4 are
shown in Figures 1 and2 respectively,and the harmonicsb6, b8, andblO are
shownin Figure3.

Skew Harmonics: J. Strait [2] has applied the work of A.
Mohktarani [3] to the calculationof skewharmonicsbroughtaboutby vertical
midplaneshifts odd skew harmonicsand tilting of the midplaneeven skew
harmonics. Table 2b shows the azimuthal coil size parametersfor magnets
DCA32O-323. This tableis analogousto Table I in Reference2. Usingthesame
algorithmasStrait, we calculatethe harmonicsal and a2 for thesefourcollared
coils, andshowthe calculatedandmeasuredvaluesin Table2c. Note thatDCA321
andDCA322 havenegativevaluesfor the predictedskew sextupole.Noneof the
magnetsstudiedin Reference1 hadthis property.

distribution: J. DiMarco
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Insulation InnerCoils Outer Coils
Type
KaptonI 50% overlapH-film, 50% overlapH-mm,

butt wrapLT-film 50% overlapLT-fllm
Scotch2290adhesiveon Scotch2290 adhesiveon
onesideof films onesideof films

Kapton II Sameas Kapton I, but with Sameas KaptonI, but with
adhesiveon both sidesof films adhesiveon both sidesof films

Apical I 50% overlapNP-film, 50%overlapNP-film,
butt wrapNP-film 50%overlapNP-film
Cryoradadhesiveon both Cryond adhesiveon both
sidesof films sidesof films

Apical II 67% overlapNP-film 50%overlapNP-film,
Cryorad adhesiveon oneside 50% overlapNP-film
of films Cryoradadhesiveon oneside

of films
Table la. Insulation Stylesusedon SSCDipoleswith all Kapton

andApical insulatedCableReferences4 and5

Magnet Insulation InnerPole OuterPole Completion
Name Scheme Shim mils Shim mils Statusas of

see 6/16/92
Table_la

D5A330 Kapton I 0 5 disassembled
like to collared

DCA32O,321 coil; shipto
SSCL

DSA331 Apical II 0 0 in cold test
5 mils on atLab 2
cia&antIV

DSA332 KaptonI 0 10 readyfcr
like headeringat

DCA32O,321 Lab 2
D5A333 Kapton II 2 4 keyed;ready

for collared
coil_mole

D5A334 Apical I ? ? coil winding
like delayedby

DCA322,323 parts
Table lb. Model SSCDipoleswith all Kaptonor Apical Insulation

References4 and5

Magnet Insulation InnerPole Outer Pole Completion
Name Scheme Shim mils Shim mils Statusas of

See 6/16/92
Table_la

DCA32O Kapton I 0 5 In final
assembly

DCA321 Kapton I 0 5 In final
assembly

DCA322 Apical I 0 0 yoking in
pmgre

DCA323 Apical I 0 0 keyed
Table ic. Full LengthSSCDipoles

References4 and5
with all Kaptonor Apical Insulation



bi
b3
b5
b9

0.204±
-0.015 ±
-0.040 ±
0.001 ±

.223

.033

.013

.004

1.085±
-0.073±
-0.004±
-0.019±

.114

.102

.072

.024

-0.701
0.009
0.001

+

+

+

0.002±

.143

.056

.008

.004

0.012 ± .205
-0.081 ± .045
0.002
0.007

± .022
± .011

Hannonic 0SA330*
KaptonI

DSA331**
Apical II

DSA332***
KaptonI

DSA333**
KaptonII

b2 -1.986± .062 -1.167± .078 0.520± .056 0.644± .053
b4 0.865± .058 0.808 ± .046 0.702± .026 0.699± .031
b6 0.040± .011 0.032± .028 0.011 ± .011 0.043 ± .010
b8 0.092± .003 0.095 ± .017 0.096± .007 0.097± .006
blO 0.022± .004 0.032 ± .022 0.025 ± .004 0.025± .005

al 1.694± .062 -0.700± .050 1.686± .154 0.753 ± .175
a2 0.655± .056 0.871± .070 -0.041 ± .030 0.311 ± .073
a3 -0.050±.056 -0.084± .243 0.102± .059 0.017± .036
a4 -0.006± .039 -0.110± .084 0.021± .019 0.049± .025
aS 0.010± .017 -0.030± .021 0.011± .009 0.002± .018
a6 -0.004± .008 0.006± .034 -0.001± .010 0.004± .006
aS 0.019 ± .008 0.006± .033 0.010± .007 0.008± .008
a9 -0.004± .005 0.006± .015 0.001 ± .007 -0.005± .004
alO 0.003 ± .002 0.014± .014 0.004 ± .005 -0.004± .007

Table2a. Collared
andApical Insulation.

Coil Harmonicsfor ModelMagnetswith all-Kapton

* Valuestakenwith mole centeredat -12" relative to magnetcenter.
UncertaintiescalculatedasRMS of five valuestakenatmagnetcenter. 24" mole
device.

** Values takenwith mole centeredat -9" relativeto magnetcenter.
Uncertaintiescalculatedas RMS of four valuestakenat +8" relative to magnet
center.24" mole device.

Valuestaken with mole centeredat -9" relative to magnetcenter.
Uncertaintiescalculatedas RMS of five values taken at -9" relative to magnet
center.24" mole device.



bl
b3
bS
b9

0.224± .152
0.069±

-0.004±
-0.001 ±

.050

.038

.004

1.015± .075
-0.067±
0.018 ±

.032

.018
.0.004± .005

1.012

Harmonic 0SA330* Room
Temp

KaptonI

D5A330** 4.2K
KaptonI

DSA331* Room
Temp

Apical II

D5A331** 4.2K
Apical II

b2 3.886±.080 3.09 3.835 ± .034 3.311
IA 0.697± .038 0.63 0.624 ± .020 0.624
b6 0.045± .019 0.01 0.049 ± .006 0.033
b8 0.075 ± .005 0.06 0.073 ± .007 0.071
blO 0.018 ± .002 0.02 0.018± .004 0.017

al 1.235± .162 1.27 -1.028± .106 -1.445
a2 0.665± .050 1.093± .032 0.937
a3 -0.010±.054 -0.060± .024
a4 0.050± .012 -0.029± .014
aS 0.013 ± .015 -0.022± .022
a6 0.003 ± .010 -0.001 ± .005
aS 0.014± .009 0.008 ± .005
a9 -0.001 ± .006 0.004 ± .006
alO 0.004± .004 0.008 ± .002

Table2b. YokedHarmonicsfor ModelMagnetswith all-Kapton
Insulation RoomTemperature

* Values taken with mole centeredat -9" relative to magnetcenter.
Uncertaintiescaculatedas RMS offive valuestakenat -9" relativeto magnetcenter.
24" mole device.

** Valuestakenat -9" relativeto magnetcenterwith 25 cm t angential
coil probe.



bi
b3
bS
b9

0.052± .027
-0.062± .008
0.007± .003
0.001 ± .001

.243

.074

.024

.007

-0.137± .064 .441
0.012± .010 .081

<0.001 ± .002.020
-0.001 ± .001 .005

-0.095 ± .036 .347
0.064± .009 .083
0.006± .003 .018
0.002± .001 .005

-0.082± .033
0.018± .011

.522

.105
-0.00 ± .003 .020
0.001± .001 .006

DCA32O*
KaptonI

DCA321*
Kapton1

DCA322*
Apical I

DCA323*
Apical I

b2 -0.692± .011 .285 -0.007± .009 .199 -1.131 ± .014 .197 -1.092± .007 .346
IA 0.634 ± .005 .046 0.722± .008 .039 0.624 ± .006 .041 0.659± .008 .104
b6 0.010± .003 .012 0.024 ± .004 .013 0.030± .002 .011 0.030± .001 .013
b8 0.097± .001 .005 0.098 ± .002 .006 0.103 ± .003 .008 0.099± .001 .007
blO 0.024± .001 .004 0.023 ± .001 .003 0.024± .003 .003 0.025± .001 .004

al 2.784± .048 0.517 -0.972± .027 0.779 -1.042± .039 0.327 2.360± .052 .616
a2 0.323 ± .011 0.251 -0.068± .013 0.231 0.115 ± .009 0.209 0.015 ± .008 .387
a3 0.109± .007 0.083 -0.004± .011 0.084 0.022± .009 0.088 0.136± .017 .110
a4 0.090± .006 0.049 0.049 ± .005 0.047 0.035 ± .007 0.051 0.069 ± .005 .062
aS 0.020± .004 0.025 -0.011 ± .003 0.015 0.007± .004 0.019 0.017± .003 .015
a6 0.004± .003 0.013 <0.001 ± .002 0.009 0.006± .002 0.013 0.010± .002 .008
aS 0.014± .001 0.007 0.011 ± .002 0.006 0.012± .001 0.007 0.010± .001 .007
a9 <0.001 ± .0010.004 -0.001 ± .001 0.005 -0.001 ± .001 0.005 -0.002± .002 .006
alO 0.004± .001 0.004 0.004± .001 0.003 0.002± .001 0.003 0.003 ± .001 .004

Table 3a. CollaredCoil Hannonicsfor Full LengthMagnetswith
all-KaptonandApical Insulation.

* Values shown are a ± D x where a is the averageof 24
measurementstaken alongthe straight sectionof themagnet, is the calculated
uncertaintyin the avengedueto randomerrors,and is theRMS deviationabouta
of the 24 measurements.The uncertaintyis calculatedas 1/’h4 times the RMS
deviationaboutthemeanof five 5 measurementstakenat a singlepositionalong
thecoil.

Table3b. Azimuthal Coil SizeParameters;to be Comparedwith TableI in
Reference4. QJ/ffl + Qll/IV/2 hasnot beencorrectedfor
systematicshift in coil sizing datawith fully automaticsizing
fixture, so that -3.5 mils shouldbe addedto all entriesin this

Magnet al predicted al measured a2xedicted a2measured
DCA32O 2.07 2.78 ± .05 0.50 0.32 ± .01
DCA321 -1.72 -0.97± .03 -0.41 -0.07± .01
0CA322 -0.57 -1.04± .04 .0.13 0.12 ± .01
DCA323 0.99 2.36 ± .05 - 0.24 0.02 ± .01

Table3c. PredictedandMeasuredSkewQuadrupoleandSextupolefor
Full LengthCollaredCoils with all Kapton andApical Insulation

Magnet QI/llI+QII/IV12
Inner Outer

QI/ffl-Qll/IV72
Inner Outer

lJpper-Lowerf2
Inner Outer

DCA32O 0.0057 -0.0114 -0.0002 0.0008 0.0016 0.0014
DCA321 0.0061 -0.0131 -0.0004 0.0002 -0.0013 -0.0012
DCA322 0.0050 -0.0070 -0.0002 0.0003 0.0002 -0.0013
DCA323 0.0065 -0.0099 0.0001 0.0002 0.0011 0.0002

column.



Harmonic DCA32O,
DCA32I,
DSA33O

5 mil shim
in outerpole

DCA322,
DCA323

no pole
shims

D5A331

5 mil shim
in Q4 of
innercoil
only

DSA332

10 mil shim
in outerpole

DSA333

2 mu shim
in inner,
4 mit in
outerpole

b2 -0.928 -2.117 -1.800 0.264 -0.674
IA 0.578 0.570 0.530 0.587 0.513
b6 0.033 0.037 0.042 0.027 0.042
b8 0.087 0.087 0.086 0.087 0.085
blO 0.023 0.023 0.023 0.023 0.023

al 0.000 0.000 0.277 0.000 0.000
a2 0.000 0.000 no prediction 0.000 0.000
a3 0.000 0.000 0.154 0.000 0.000
a4 0.000 0.000 -0.008 0.000 0.000
aS 0.000 0.000 -0.011 0.000 0.000
a5 0.000 0.000 0.004 0.000 0.000
aS 0.000 0.000 0.000 0.000 0.000

0.000 0.000 -0.001 0.000 0.000

bi
b3
b5
b9

0.000
0.000
0.000
0.000

0.000
0.000
0.000
0.000

1.691
-0.084
0.006
0.000

0.000
0.000
0.000
0.000

0.000
0.000
0.000
0.000

Table4a. PredictedHarmonicsfor ModelandFull-Length
CollaredCoilswith all KaptonandApical Insulation
M. Wake, privatecommunication,calculations
basedon Reference1



Harmonic DSA33O

5 mil shim
in outerpole

DSA33I

5 mil shim
in Q4 of
innercoil
only

b2 2.548 1.827
IA 0.406 0.369
b6 0.025 0.032
b8 0.066 0.065
MO 0.017 0.178

bi 0.000 1.345
b3 0.000 -0.064
b5 0.000 0.005
b9 0.000 0.000

al 0.000 0.192
a2 0.000 no prediction
a3 0.000 0.118
a4 0.000 -0.006
aS 0.000 -0.008
th 0.000 0.003
aS 0.000 0.000
a9 0.000 -0.001

Table4b. PredictedHarmonicsfor Model andFull-Length
Yoked Magnetswith all KaptonandApical Insulation
M. Wake,privatecommunication,calculations
basedon Reference1
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