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Coil Deformation and Transfer Function Change

Funny distortions in transferfunction of DSA324 andDSA326 are difficult to
understand.If it is dueto the warm bore magnetization,it should be saturated
at low current. If it comes from the yoke material anomaly,saturation field is
one of the most difficult characteristicsto change. Packing error of iron yoke
should result as the early or late saturation. The transfer function plots in the
attachedfiguresshowsomenonlinearchangeof transferfunction whenthecurrent
is increased.It seemslike havingadifferentbehaviorbetweenregionsin the return
endhalf and leadendhalf. Especially, in the returnendhalf, thereis an increase

of transfer function with current. First of all, all these changesare too large
comparedto the calculationmadeby Gupta.

An estimationof the effect of coil deformationon the transfer function might
beinterestingto understandthe phenomena.Detailednumericalcalculationmust
be madebut hereI will presentasimple analytic model.

Assuming an arc shell of inner radius ri[cm], outer radius r2[cm] and pole
angle8, the dipole field B[lvG] is given 1 as:

4. r+riD2+r

3W
sinO 1

where,j[lcA/cm2} is the current densityand R[cm] is the inner radiusof theiron
yoke. Total current in the crosssectionI[kA] is

I = r2 + rir2 - rjjO 2

Thereforethe transferfunction?’j is:

fl A i 2r1-1-r1r2--r2sin
1+

3W 8

Taking derivativeof equation,

8T1 4, r+r1rz+rOcos8-sinO
3W 92

flistribution: R.Bossert, J.Carson, S.Delchamps, S.Gourlay, T.Jaffery, W.Koska,

M.Kuchnir, M.Lamm, G.Pewitt,R.Sims,J.Strait
1Derivationof basicformula is given by K.Halback, Nucl.inst.ineth.7 185 1970
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taking 9 = 60° as the averageof inner andouter coil,

= -0.378A9

V’s -0.042A1[mil] 6

Note that the coefficient is negative. The azimuthal compressionof the coil
increasesthe transferfunction. Now, the compressionof the coil in the radial
direction is estimatedby

2r1+r2 - 1

3R2+r?+rir2+r r2-r1

Giving someroughnumber such as rl = 2.5cm,r2= 4.9cmandB = 6.8cm,

= -0.08ar1[mil] 8

The compressiondueto the hoop stressdecreasesthe transferfunction. The real
deformationof the coil is of coursemuch more complicated. Ovalization of the
cross section may happenbut should be very small. The collar and yoke was
designedfor that. The changeof the centerof current occursevenif thereis no
coil motion at mid-planeandpole angleas I talkedin the R&D meetingthe other
day2. But thisshouldhappenin everymagnet.Somecombinationof thesemotion
could explain changeof transfer function. If the azimuthal motion happensdue
to someerrorsin the collaring pressurein the return end sidehalf of themagnet
andthe wholemagnetreceivesradial compressionby the hoop stress,the transfer
function behaviorcan be accountedfor. Although, the amount of motion which
correspondto the measureddata haveto be about 10 inil. This numberseems
too large to be real. If this is true, the effect to the multipole should be even
largerbut we do not observeit. Could therebe any effect which haslarger effect
on transferfunction than that on sextupole?The mysterycontinues.

2to be written in some TS-SSCnote.
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DSA326 RL measurement
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D3A326 RL measurement
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