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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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INTRODUCTION

The determination of the direction of the fundamenta1 (dipo]é)vcomponenf of
magnetic-induction with respect to a fiducial (vector) associated with a'magnet* was
considered at the May 26th meeting of the Superconducting Magnet Measurement P]anning‘
Committee. We have decided to defer dipole phase measurements of the D8 magnet
series. However, to.  preserve the information gained in the study and discussion o
that preceded the decision to defer the determination, we have prepared this report’

as an appendix to the test plan for determining the coils' areas (MT 295). )

TASKS IDENTIFIED

There are several tasks required for determining the phase of the dipole field

with respect to a mechanical fiducial on the magnet cryostat. |

1. Define a suitable fiducial for later magnet installation and alignment.

2. Determine the phase of each search coil with respect to a fiducial on
that coil.

3. Determine the phase of each search coil fiducial with respect to a fiducial
on the coil array.

4. Determine the phase of the fiducial on the coil array, which will be com-
pletely enclosed and will not be visib]e‘from outside.the cryostat, with
respect to a fiducial on the drive shaft that extends outside Qf the cryostat.

5. Detérmine the phase of the shaft fiducial with respect to the magnet fiducial

at the instant of a shaft encoder signaT;

COMMENTS

Task 1 difficulty depends on the meaning of suitable.

*].e., the determination of the "dipole phase"

‘y,




(eL/6"AdY) LOZPS-009L 86E-TH

LAWRENCE BERKELEY LABORATORY -UNIVERSITY OF CALIFORNIA FILE No. PAGE

ENGINEERING NOTE LBID-513 MT 299 2 of 7

Authors: D.H. Nelson, M.I. Green & W.V. Hassenzahl

sueJscT  Accurate Determination of Dipole Phase ~ nme
Low Distribution - Appendix to MT 295 v o e
(Calibration Test Plan) ‘ July 20, 1981

COMMENTS (continued)

Task 2 may be accomplished with a minor increase in the effort required for coil
calibraticn if the appropriate positioning hardware is fabricated. A procedute for |
accomplishing task 2 is described below. |

Task 3 is a relatively easy mechanical exercise.

Task 4 appears difficult (if possible). It is complicated because the dynamic
orientation may vary from static orientation and the relative orientation of the coi{
and shaft may change as the coil is cooled. |

Task 5 is a straightforward alignment problem that can be accomp]fshed with reaQ

sonable effort.

COIL PHASE DETERMINATICN
(Procedure for Accomplishing Task 2)

GENERAL

The technique to be described depends on the accuracy of four fidueia1 surfaces.
The first two, the top and bottom surfaces of the coil, should be parallel* within the
accuracy with which we hope to determine the coil phase. The other two surfaces are
on separate fixtures, each capable of accurately locating the coil to the same poeitioﬁ
within the magnet exeept that when the coil bottom (or top) is in contact with fixture
1, the coil's electrical axis is nominally perpendicular to the lower pole surface and
when in contact with fixture 2, the electrical axis is nominally parallel to the 1ower

pole surface. The reproducibility of the two fixture surfaces and the ability to

reproducibly locate the coil is essential to this procedure.

*These surfaces must be flat and the deviation from parallelism known to the accuracy
we hope to determine coil phase
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The description of this.procedure is facilitated by introducing a.coordinate
system defined by the two fixture surfaces ana two.vecfors: 1) thé Veéfor defining
the electrical-axis of the coil and 2) the vector associated with the average magnetic
induction over the volume occupied by the coil (when in place).

Fiéure 1 shows the coordinate system and the vectors defined above. In Figure 1,
we have assumed that the two fixture surfaces are perpendicular and there%ore define
a cartesian coordinate system.* z = 0 defines a plane parallel to the lower pole
tip. x = 0 defines a plane perpendiéu]ar to the Tower pole tip. y = 0 is the center
of the long dimension of the coil (when'in place, i.e., centered with Eespect to el
magnet poles). EAVG’ the vector associaﬁed with average magnetic induction, must be |
constant (both in magnitude and direction) during the procedure described (to the
accuracy of the determination of the coil-phase). Finally, six vectors, associated
with three coil orientation pairs,-are'shown as 1, 1', 2, 2', 3, 3'. We have assumed
that the vector EAVG is at an angle g with respectto 7 and that the electrical axis
of the coil is at an ang1e a With respect-to the outward normal of the coil's top

surface.

QUALITATIVE EXPLANATION OF PROCEDURE

Briefly, we will install fixture 1 and measure an electrical quantity (integrator
output potential) which is proportional to cos{g8 - a). This is doné by flipping the
coil between position 1 and 1'. Next we install fixture 2 and measure an electrical
quantity proportional to sin(a - B) by flipping between orientations 2 and 2'.
Finally, we rotate the coil about y = 0 and measure an electrical quantity proportional
to sin(a + B) by flipping between orientations 3 and 3'. We will use trigonometric
identities and reasonable approximations to determine o and B8 from the measured

electrical quantities.

*It is not necessary that the two fixture surfaces are perpend1cu1ar but it simplies
the d1scu551on and is easily achieved.

\
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QUANTITATIVE EXPLANATION OF PROCEDURE
. e S
Let flux linkage be defined by the scalar product nA-BAVG where:

. N N e ' . . . . .
1. nA = [nA|na, |nA| is the turns-area product of the coil, na = nA/|nA| is the unit
directional vector denoting the electrical axis of the coil (nominally normal to

the top and bottom surfaces of the coil).

2. BA = | AVGIb
- —_—
coil. b is the unit vector describing the direction of BAVG'

is the average magnetic induction over the volume occupied by the

The flux linkage when the coil is in orientation 1 is given by equation 1.

= lnAIlBAvglnal | (])

¢1.= nAr-Bayg =

For any of the six orientations, the flux linkage may be described by equation 2.
i=1,6 o (2)

= InAIIBAVGIna

The six equations differ only by the scalar product of the unit vectors whfch

are summarized in Table I along with identical simplified qUantities.

—_—

na;-b » '
Scalar Product Trigonometric
Orientation (i) See Figure 1 ~ Identity

1 - cos(B - a) f  cos(B - o)
1! “ cos(180 - {8 - a}) -cos(B - a)
2 | cos(90 + {B - a}) : -sin(8 - a)
2! © cos(90 - {8 - a}) sin(g - o)
3 cos(90 - {B + a}) sin(B + a)
3! cos(90 + {8 + a}) ) --s1n(B + a)

TABLE 1 Scalar Product of Unit Vectors and Identical Terms
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The coil leads are connected to the inputvof‘an electronic integrator whose
output potential is proportional to chénges in flux linkage. By fiipping; we deter-

mine the following flux-linkage differences.

by -yt v 2c08(8 - o) . 6

b=, v -2sin(g - o) = 2sin(e - B) @)

vy-y,' v 2sin(g + a) S (5) «
Using the identities

sin(A + B) = sinAcosB + sinBcosA

and | sin(A - B)

sinAcosB - sinBcosA,
equation 6 is the sum of equation 4 and equation 5; and equation 7 is the difference of

equation 5 and equation 4.

5+4 ~ 2sinacosB8 - 2cosasing + (2sinacosg + 2cosasing) = 4sinacosg 3(6)

5-4 ~ 2sinacosB + 2cosasing - (2sinacosB - 2cosasing) = 4cosasing (7)
So far no approximations have been made and it is_possib]e to solve equations
3, 6 and 7 numérica]]y foro and 8. One approach to solving the equationsvis to first
assume o, B, and (a - B) are small enough sUch that cosa = cosg =»cos(ar- B)vé 1, and
sina = a, sing = B, and then rep]éte the indicated values for o éhd g8 into‘equations
3, 6 and 7 and iterate. We will carry out only the first step, assuming that the
approximations are adequate.

‘]/2 4sinacosR

2c0s(B - o) sina v a | (8)

1/2 Eq.6/Eq. 3 =

: _ 4sinBgcosa . ' L

* n means "proportional-to" in this discussion.
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DISCUSSION

The question of vertical axis orientation was discussed with the Fermi Lab

staff. Fermi Lab has an effective solution that should be applicable to any

July 20, 1981

accelerator magnet, but which is not compatible with the LBL horizontal test cryo-

stat. They claim to determine this orientation to +0.5 mi11iradians,‘but the coil,

which operated at an ambient temperature, is Comp]ete1y different from those used

for harmonic field analysis. Several of the tasks described above are complicated

by the measuring coil being cold. This difficulty goes away when all the measuring

gear is warm.

Distribution: - E.C. Hartwig/L.J. Wagner/W.H. Deuser
Magnetic Measurements Engineering (4)
Electronics Engineering Master File

We will not attempt to determine the vertical axes of the D-8 series magnets.

This work was supported by the U.S. Dept. of Energy under Contract DE-AC03-76SF00098.
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