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DCA313-316 Axial Strain Change

Axial strain of the long 50 mm magnetshasbeenshowingsamesort of behavior
of 40 mm magnets.Typically, tensionproducedby the electromagneticforce at
theendpart of the coil is transferredto the skin shellof the magnetover adistance
of about 2 meters. The stresschange in DCA311 and 312 has beenalready
reported1.This note displayssome more variety in the axial strain distribution.

Calcualtion with Spring Model

Since, no hysteresishas beenobservedin the strain-currentplot1, the mech
anisni of axial interactiveforce is not limited by the friction betweencollar and
yoke. The axial force, fx, betweenthe shell and the coil is producedby the
sheerstressin the boundaryor more likely producedby the tilting of the collar.
If the displacementof the coil at the position x is dx and that of the skin is

1x = kdx-Dx 1

where, Ic is the sheerspring constant. This force is balancedin both sideby
the stressdistribution. Therefore,

82Dx
- fx = .E

8x2
2

52dx
fx = e

Ox2
3

where,B ande are the elastic constants.Substituting2 and3 into 1,

52x
= -k + fx 4

The lengthof themagnetis long enoughto usethe solution under the bound
ary condition foo = 0. The solution is:
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/1 1
fx = Aexp- + -. 5

Therefore,the strain Sz hasthe form of:

ODx 1
= Jfz+const 6

If the total electromagneticforce is F,

F = esoo + ESoo 7

and

soo = Soo 8

anotherboundary condition at the endof the magnetis:

S0=o 9

Then the strain andforce are givenby:

Sx
= e +E1 - exp-xijkH + 10

and

_______ _________

1x = FiJ exp-x4JkH+ 11

The strain is zeroat the very endandexponentiallyincreasestoward acertain
valueto the center. Dependingon the sheerspringconstant,the rangeof change
at the end is determined.This formula roughly explainsthe measureddata.

Measured Data

The strain data were extractedfrom "CA-files" and subtractedby the strain
at 0 or very small current to havethe electro-magneticpart of the strain. These
strain gaugesare uncaiibratedonebut the subtractionof zerocurrent valueau
tomatically compensatethe "It0" of the strain gauge. DCA314 hadbad gauge
in 89 inch and295 inch position from the non lead end. DCA313 looks as if it
hada very large strain until the magnetwas trained. This is due to the refer
enceerror in the database.HoweverDCA313 changedthe axial strainmore than
other magnetsas a result of theexcitation cycle. This might be relatedwith the
unusuallow current quenchin the initial excitation.
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The large decreaseof strain1in the centerof the magnetobservedin DCA311
was not typical in thesenew magnets. DCA315 even showedthe increaseof the
strain at thecenterof the magnet. If weinterpret this as the effect of the support
postsof the cryostat,we haveto say thereis so much differencein the assembly
of the support post for every magnet. More pronouncedstructure of the strain
was observedat the endpart. Sincethis structureis common for all the magnet
exceptDCA311 and DCA312, theremust be some systematicreasonfor it. 10.3
inchesfrom the endare the endfiller. Next 10 inches are monolithic yoke. The
post is locatedat 47" position. The relationshipwithe thesegeometryis no yet
clear.
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UCAS11 E-M axial strain
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DCA312 E-M axial strain
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UCAS1S E-M axial strain
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DCAS14 E-M axial strain
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DCAS15 E-M axial strain
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DCAS16 E-M axial strain
File: DCASI&CAOO4 22-7E892 OO5
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