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DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.
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PROGRAM — PROJECT — JOB .

Superconducting Dipole Isabelle Prototype Magnetic Measurements Project

TITLE

COIL CALIBRATION OF 10 COILS -:TEST PLAN

PURPOSE: Six coils are to be installed in the mulitipole-array for'testing super-
conducting dipole - Isabelle prototype.

GOAL: Absolute determination of coils area to +0.1%
Relative sensitivity (area) to +0.01% of average

COIL DATA (Prior to calibration): Table 1 lists resistance measurements for the
10 coils (from pages 1 and .4 - fabrication log)

TEST EQUIPMENT & COORDINATE SYSTEM: Figure 1* shows the test equipment and coordinate
' system. Table II lists the specific equipment.

TEST PROCEDURE FOR ABSOLUTE AREA CALIBRATION (+0.1% of average) (Method 1)*

I. Measurement of BAVG** =average field over volume occupied by coils to
be tested. -

A. Set and monitor magnet current

1. NMR(ref) ~1.0 (T) record both magnet current and NMR
2. Check magnetic field stability

a. Measure and record magnet current monitor, i.e., .Shunt.potential
(mv)

b. Measure and record magnetic induction at NMR reference location
(Tesla) '
B. Measure BAVG

1. 10 equally spaced measurements (5 cm centers)

a. Check NMR(ref) periodically (as determined from stability
studies - A2 above)
+22.5 cm

2. Numerically integrate to compute BAVG; BAVG = 2o sf Bzdx,/45

*For method 1, one coil is tested at a time, and the reference coil and coi]
separator shown in Figure 1 are not used. The input from the reference coil
to the flux standard is replaced by a "short-circuit”. "

**Table III defines abbreviations.
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TEST PROCEDURE FOR ABSOLUTE AREA CALIBRATION (+0.1% of average) (continued)

II.

Calibrate 10 coils

A.

Calibrate integrator/DVM combination

1.
2.

Connect coil to be tested

Measure and record E(SLFS)*

Measure flux linkage due to'f1ipp1ng coil (single coi])

1.

Five measurements minimum

Record BNMR (reference location)

Calculate turns-area product, nA(i)

1.

Unadjusted (for NMR data)

nA(i) (m?) = (SLFLUX/BAVG) * 0.5 * E(f1ip)/E(SLFS)

Adjusted (for NMR data)

nfadj(i) (m2) = nA(i) * BNMR(i)/BNMR(avg)

*See Table III for abbreviations and units
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ABBREViATION (Symbol) DEFINITION UNITS
NMR (ref) Nuclear Magnetic Resonance Teslas
(at reference locations)
BNMR Magnetic induction measured with Teslas
NMR magnetometer : '
SLFLUX Flux-linkage (generated when flux- Webers
' standard primary current reversed)
BAVG. Averagé magnetic induction at Teslas
: location of coil under test :
E(f1ip) Integrator output potential due to Volts
flipping coil under test, i.e.,
turning coil 180 degrees about its
long axis -
E(SLFS) Integrator output potential due to Volts
‘ reversing SLFS primary current
nA(i) Turns-area product (of coil no. i) L2
nAadj (i) nA(i) adjusted for change in BAVG as  _m2L

. determined by NMR(ref)

TABLE IIT DEFINITIONS OF ABBREVIATIONS
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TEST PROCEDURE FOR RELATIVE AREA CALIBRATION (+0.01% of Reference Coil)(Method 2)
I. Select a reference coil

I1. Mount reference coil and test coil on a fixture which will allow the
positions of the two coils to be interchanged. (See Figure 1)

III. Connect coils in aiding arrangement, i.e., as coil positions are
interchanged, the signa]s'from the two coils are of the same sign.

A. Divide sum of signals to avoid overloading integrator
B. Calibrate to determine system sensitivity
C. Monitor field changes (throughbut calibration procedure) with NMR #2

D. Record a series of integrator output potentials as coil positions
are interchanged (7 measurements minimum)

IV. Connect coils in opposing arrangement, i.e., reverse the sense of co11
under test by the SLFS input #2 selector/reversing switch

A. Increase fraction of signal input to the integrator
B. Calibrate to determine system sensitivity
C. Monitor field changes (throughout calibration procedure) with NMR #2

D. Record a series of integrator output potentials as coil positions
are interchanged (7 measurements minimum)

V. Calculate relative area
A. Quantity of interest:

(nA) e - (nA).
(anA); = 100 EiX) L (%) of (nA)ref

1. (anA); relative area of i-th coil (% of ref area)

2. (nA)pas = area of reference coil (m?)

3. (nA); area of i-th coil (m?)
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- V. Calculate relative area (continued)
B. Measures quantities
1. 2By, = a(Epof + E5) (V)
2. aE;_ = A(E.g¢ - E;) (V)
3. ESLFS+ Output potential of integrator due to flux linkage
change when SLFS primary current reversed (while
recording AE. (V)
4. B =Magnetic induction as measured by NMR #2 while recording
NMR+ AE (T)
5. ESLFS— Qutput. poteht1a1 of integrator due to flux linkage
. change when SLFS primary current reversed (while
recording AE;_) (V)
6. B = Magnet1c induction as measured by NMR #2 wh11e recording
NMR~ AE (T) . _
7. ‘QSLFS = SLFS flux linkage

(Previously determined) (Wb)

C. Requirements to obtain quantity of interest (A1) from measured
quantities (B) }

1. By, = By +0.01%

NMR+ ~ “NMR-
2. Interchange of coils repeatable to +0.01%

3. Coil mounting fixture must not introduce errors of >0.01%

is constant to +0.01% during measurements of 3 & 5 above

Dsirs. ‘ _
5. Integrator/DVM resolution adequate for resolving 0.01%

D. Equations used

AE .
'I_

1. aP- = P e = (nA - nA.) 4B
Eq ps- SLFS ref i AVG
i ( )

2. APy = ? = (nA + nA.) aB
ESLFs+ SLFS ref i AVG /

A+ + AP
3. nA =
ref 2 ABAVG
Note: To arrive at the quantity of interest, divide 1 by

1/2(1 + 2) and multiply by 100.

ABAVG cancels, if
requirements C 1, 2 are 3 are met.
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COIL PHASE DETERMINATION

A test plan for determining the phase of each coil (the angle between the

coil's electrical axis and the outward normal of the coils top surface) is given

in Appendix A - MT 299 which will be distributed on request.
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