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SS Mapping Checklist

« Garbage check!
« Survey adjustments

« Linearity of field with current

« With and without the Virostek plate
* Residual magnetic field

« With and without the Virostek plate
 Hysteresis

« Should only occur with the Virostek plate

« Magnetic axis/coil fits

Data from sensor [0]




Mapped Currents

m

Solenoid 100 281
95 266.95 243.20 222.30 260.30 240.35
80 224.80 204.80 187.20 219.20 202.40
50 140.50 128.00 117.00 137.00 126.50
Flip 100 265 280 234 278 249
95 251.75 266.00 222.30 264.10 236.55
80 212.00 224.00 287.20 222.40 199.20
50 132.50 140.00 117.00 139.00 124.50
Runs cover the above currents, plus: N
* 0A measurements (residual field) A lot of data

* 30A individual coil measurements (superposition)

*  With and without Virostek plate




Surveys

« Mapper position measured as
it moves through the SS

« Does move and is not
completely flat

 Shims under the carriage will
improve this for next data set
« Surveyed twice, with and
without shielding plate

« SS fiducials did not move when
the shielding plate was installed,
but the mapper was nudged (so
resurvey)

« No survey when shielding plate
was removed (mapper not
nudged)




5/21
N S S

Down—> Upstream -1.00016 762.575

S u rveys Up—~>Downstream -1.00040 763.043

1000

« Longitudinal motion vs. — eciuars Catorter
encoder value

=1000F

« Mapper records “local” position

—2000f

« Relate to SS co-ordinates

Surveyed longitudinal position {(mm)

—=30001

« Tilts in the y-z plane (survey
CO-O rdinateS) _400G0 500 10‘00 1500 20‘00 25‘00 3000 35‘00 4600 4500

Mapper longitudinal position {mm}

« Monitor three points (A, B, C) as

a function of longitudinal position m

« Correct Hall probe positions by
angle 045, 7|
P' = R,,(x) + T(x), i
R = rotation matrix, -
T = translation matrix e

~920500 —3000 —2500 —2000 —1500 —1000 —500 0 500 1000
Surveyed longitudinal position {mm)
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Excursion of probe 1 fmm ideal position over all z Excursion of probe 2 frnaq ideal position over all z

Surveys

90°

Excursion of probe 0 fmﬁq ideal position over all z

o & Start
® & End

180° 180°

180° 180°

180°

180° 180°
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y (m)

Surveys
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What next?

» Compare zero-field measurements Types of Fit
« Jitter on Hall probe readings, location of welds L .
I.  Minimise all coil parameters

« Make angular comparison (field at 6(0°) = 2nd find the best fit

6(90°)?) a) 20 parameters for SS!
« Check linearity (field at b) See the next tale for
1(80%) = 0.81(100%)?) why this is not
« Check superposition of individual coils at 30A preferred
is the same as all coils at 30A 2. “Mixing/scaling” fit
« Slightly complicated by centre coil, powered in a) Take two models and
series... However, that is also a check! mix/scale for best fit
- Find the magnetic centre, find the best “mixing- b) Preferred method!
scaling” fit to the SS

3. Both require Fourier-Bessel
. ' ' !
See CM36 talk for details of the fit procedure! ) Rl Tl G e

« Confident in results? Then do Fourier-Bessel us to desired accuracy
analysis b) Difficult
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Once upon a time, in a land very much nearby, there lived a Friendly
Creature. Though the Friendly Creature was very, very friendly, it was also very sad. No
matter how hard it tried, it always had the nagging dread that it was letting other people
down.

One day, after supping on it’s regular meal of cold, noble soup, it resolved to
try and achieve its dreams one last time. If it could prove itself other Friendly Creatures
would follow! The Friendly Creature’s friends gathered around it and watched it with
some trepidation. It had wrapped itself in dials and gauges, determined to prove that it
could achieve its lofty goal.

Bit by bit, the dials crept up. Slowly, so slowly, the Friendly Creature stalked
forward. For the briefest of moments it achieved enlightenment. It had done it, it was
there! But in that lucid moment it realised it had no-one to please other than itself and
it no longer cared so much about its goal. What will be will be, it was what it was, and
all it really wanted was to sleep.

A SLIGHT DIVERSION...
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Unexpected Behaviour...

* Rough field measurements taken whilst ramping
* Definite non-linear behaviour
e Strange!

* (But not unexplainable...)
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Thanks to V. Bayliss & S.Watson,

Unexpected Behaviour... . Taylor & C. Pidcore

* Rough field measurements taken whilst ramping
* Definite non-linear behaviour
e Strange!
* (But not unexplainable...)
¢ Took more data!
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“Weirdness’” Theory #1

-0.815

* Perhaps that field takes time - E:Zt »

to “Settle’, — Bz at r=35mm

« Continuous ramping =2 field oo
has to play catch-up : \

« Recorded field every - e
—0.835F T I 1
second and compared to

ramp time in Archiver

6800 7000 7200 7400 7600 7800
Time from initiating ramp (s)

— Data

* Field “settles” very quickly - oal

* Not the origin of the non-
Iinear field g—o_saxm

Time from initiating ramp (s)



“Weirdness’” Theory #1

* Perhaps that field takes time
to “settle”

« Continuous ramping =2 field £ e
has to play catch-up m

« Recorded field every

second and compared to

+ Data

Data

Bz at r=0mm |7
Bz at r=15mm
Bz at r=35mm

Reached 100A according to archiver

ramp time in Archiver

* Field “settles” very quickly

* Not the origin of the non-

linear field

—0.010f

~16%500 14000 15000 15100 15200 15300

Time from initiating ramp (s)

—-1.612

15400 15500 15600

+ Data

Data

Bz at r=0mm
Bz at r=15mm
Bz at r=35mm

10

20 30 40 50 60
Time from initiating ramp (s)

70 80
+1.51ed



“Weirdness’” Theory #2

« Is the Hall probe non-linear?
« No iron, so field should be linear.
“Off-axis” measurements at 50, 100, | 50A
2*50A, 0.5%1 50A should equal the 100A measurements

2.0

— 50A — scaled 504

- 100A Lsh = 100A
2r 150A |- scaled 150A

1.0r

0.5

0.0

Bz (T}
o
Bz (T)

-0.5

=1.0+

=1.5F

- z (m) - - z (m])



“MVeirdness”’ Fact #2

* Is the Hall probe non-linear?

« Calibration magnet/doorstop, ~0.5T measured exactly be probe

« Compare 50A measurements to 100, | 50A

« Should get a straight line, but it deviates = Hall probe in non-linear region!

Bz (T)

1.0

0.5

0.0

=0.5}

-1.0

Bz (T)

0.8

0.6

0.4

0.2

P
008

—0.2+

e
¢

4:,
-

PR -

-

%

0.6

0.7

0.8




“MVeirdness”’ Fact #2

* Is the Hall probe non-linear?

« Calibration magnet/doorstop, ~0.5T measured exactly be probe

« Can we trust the 50A measurements?

- Compare to “as built” calculation = compatible within errors

Calculated Bz, FC @ 50A modelled on drawing
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Calculated Bz, FC @ 50A modelled on drawing




50A Field Fits

« Assume probe is ~|0—I5mm off-axis

« Start with the drawings for coil dimensions and separation

1.0 . : : 0.020
+ + Data #1
« » Data #2 N-'EdB? = 0.000110287653136
0.015
— Averaged Data
sk A | Expected on-axis field |
Expected field at r=15mm 0.010f
0.005}
E E
N 0.0 I
® o.000f
—0.005F
_0.5_
-0.010
85 o1 02 03 02 05 06 07 08 o %35 61 o0z 03 04 05 06 07 08 09

z (m) z(m)



50A Field Fits

« Assume probe is ~|0—I5mm off-axis

« Start with the drawings for coil dimensions and separation
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| D fit ~94.5 ~50.0 ~ 22



50A Field Fits

« Assume probe is ~|0—I5mm off-axis
« Start with the drawings for coil dimensions and separation

« 2D fits show how complicated life is for just two coils!
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2D fit ~93—9%4 ~50.0—50.5 ~ 35
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Summary

« SS field mapping analysis initiated, but not yet complete
« FC field maps highlight the dangers of 20-parameter fits!

« Simple set of measurements (though off-axis)

« Difficult to pin down sources of uncertainty
« Will do it better for FC2!

» Finally, you can do some fairly useful measurements with a “Hall
probe on a stick”!



