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RS Detector(s) connection options

1

A
»

Lock-in amplifier

Optical
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Detector(s) connection options

Optical

Inductive

I
[ 0
Lock-in amplifier 0
A\ 4 -~
(m 0
Lock-in amplifier 1
v
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RS Detector(s) connection options

1

(m 0
Lock-in amplifier 1
Optical
\ 4 >
(m 0
Lock-in amplifier 1
Inductive
\ 4 >
(m
Lock-in amplifier E
Both (1D)
Y >
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RS Equipment control and communication

LAN

EPICS
(SL, Ubuntu, ...)

COSYLAB microlOC
(headless computer)

PowerINSPECT
(Windows)

automatized

) ziControl .
: | (Windows, Ubuntu)| &

USB

Newport SMC100
(motion controllers)

FAROArm Zurich Instruments HF2LI Newport M-ILS150CCL
(measurement arm) (lock-in amplifier) (motorized stages)
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RS The VW measurement bench room
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RS Pins for holding the stretched wire

Reference surface "A"

4 Reference Marks

Groove
Virtual point "VP"

Reference surface "B"

Reference surface "C"

. ;. Wesyags
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Rl Stage 1 (fixed)
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RS Stage 2 (4 positions, wire tension system)
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Pickup coil detector principle

1-> B, ®

AB, AD
1/1000

t (mt/2)

X | X

double frequency

t (m/2)
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AB, AD anenty
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N
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1/1000
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CEsl Pickup coil detector principle

X | X

1-> B, ®

wire POSITION signal at f

t (mt/2)

oizo

AB, AD
1/1000

X | X

double frequency

N

t (m/2)

wire VIBRATION signal at 2f
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} Pickup coil detector versions

P

UC

1 coil pair (X-vibration)
314 turns/coil
@90 um

P

UC-2

unibody of plexiglas

2 coil pairs (X and Y-vibration)
3000 turns/coil

@90 um

coil cross section 5x8 mm
aperture 10 mm

CROC-3

« unibody of plexiglas

- tighter tolerances

- reference plane

« integrated spirit level

« 2 coil pairs (X and Y-vibration)
« 14000 turns/coil

s @70 um

« coil cross section 10x5 mm

» aperture 7 mm

« mumetal shield

CMwl
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RSl Pickup coil detectors

version 1
PUC

version 2
PUC-2

version 3
CROC-3
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Detectors on the bench
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ziControl

Raw signal from the laser/photodiode

EEX
Lock-in | PLL | Auxiliary /O | Save | Connectivity
Signal Inputs Frequency Demodulators Filters Readout Signal Outputs
Ch1 Range +- () Reference Harm Phaseshitt {deq) TC (s) (dB/Oct) BW (Hz) Trigger Range +- ()| 10 v
1,9 Internal - 1 +0,0000 >« |140m |24 ~ ||490m Continuous ¥ | | - ivide 09 1. 000
AC Diff 50 Freq (H2) 1 +0,0000 >« | 140m |24 ~|490m [ ] Add on
[ [ &) |107,400000 1 +0,0000 |>¢ |140m |24 v |490m |[ | oo (Safs) 225 3] o
Ch2 Range +- () | Reference Trigger Range +- () |1 v
1,2 Internal v +0,0000 >« 780n (|6 v | 200k D Continuous  + amplitude ()| 100, om
AC Diff 50 Freq (H2) 1 +0,0000 >« | 780n (6 v | 200k [ ] add on
[ L &) | 2, 00000000m 1 +0,0000 >« | 780n (6 v 200k [ | oo (sams)|225 BR
Numerical | Spectroscope | Frequency Sweeper | Oscilloscope | Status
Source
Signal Input 1 v
= Sampling Rate
2 51kS, 40ms v
kS —
=
>

Bandwidth Limit| |

> Trigger
= | | | [ [ 1 | .
0s 5ms 10ms 15ms 20ms 25ms 20ms 35ms 39,9262ms [ Run ] @ [singe |
4 Time(s)| 0, 00 FullScale v |< > Continuous v
. Amplitude ) | 0 Auto Scale v Rising Edge v
FFT | Analysis | Histogram
Signal Analysis Harmonic Analysis 0dB - Hold Off (s}  Trigger (deg)
10s 180
Peak-Peak ()| +299, om THD (%) | 3,116 -20dB- 100
—_ 1s
RMS (¥rms) | +1, 068 THD {dB) | -30,13 g -40dB- & 0-<13
Avg (V)| 41, 063 Fundamental (Hz) | 107, 4 % -60dB- 100ms 100
Min {v) | +908, 1m 2nd Harmonic {(dB) | -30, 80 ey 10ms 180
Max (V) | +1, 208 3rd Harmonic (dB) | -39, 48 0.25 0
-100dB ] | ] | | |
0 2 4 3] g 10
Harmonic

09:39:48: ADC over

cr Sl ovEllr Bl s B

CMwl
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o Raw signal from the PUC-2

(=) (=) -—=)
Lock-in | PLL | AuwdliarylfO | Save | Connectivity
Signal Inputs Frequency Demodulators Filters Readout Signal Outputs
Ch1 Range +- ) Reference Harm Phaseshift ({ded) TC (s) (dBrOct) BW (Hz) Trigger Range +- () |10 v
63m Internal v 2 +0,0000 ¢ | 140m |24 v [450m ﬁ Continuous {4 Amplitude (V) | 4, 250
AC Diff 50 Freq (H2) 1 +0,0000 >« |140m |24 ~ | 490m ﬁ K O
[ =] | |242, 500000 1 +0,0000 |»¢ |140m |24 v |400m |[ ] oy (Sais)|112 Bl
Ch2 Range +- () | Reference Trigger Range +- ()| 0.1 v
aom Internal 7 2 +0,0000 |« |140m (24 v 490m [T |continuous v Amplitude ()| 1, 583m
AC Diff 50 Freq (H2) 1 +0,0000 |5« |140m |24 ~ | 490m dd on
[P JGa] | 242, 500000 1 +0,0000 |« |140m (24 v | 490m [ | o (sars)[112 Ble
MNumetical | Spectroscope | Frequency Sweeper | Oscilloscope | Status
0,04- Source
Signal Input 1 v
< 001 Sampling Rate
o 51kS, 40ms v ]
e
2 Bandwidth Limit [~ |
Trigger
1 1 1 1 :
10ms 15ms 20ms 309262ms _Run | @ [Single
+ Time(s) 0,00 FullScale v | < > Continuous v
_ Amplitude (V) | O Auto Scale v Rising Edge v
FFT | Analysis | Histogram
Signal Analysis Harmonic Analysis 0dB - Hold Off (s)  Trigger (ded)
10s 180
Peak-Peak () | +63, 93m THD (%) | 81, 53 -200B - 100
RMS (vrms) | +3, 752m THO ©@8)[ 1,773 | & _yqm- = 5 o
Avg (V)| —92, 60U Fundamental (Hz) | 51, 74 T 50dB- 100ms 100
. . =
Min (V)| =32, 57m 2nd Harmon?c (dB) | -12,37 3048 10ms -180
Max ) | +31, 36m 3rd Harmonic (dB) | -16, 86 0,25 0
‘1UDdB_| T T 1 T I :
0 2 4 6 8 10
Harmanic
10:49:03: SCOPES/ICHANNEL = 0,000000 cFrElovElr Sl =0
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Raw signal from the CROC-3

5 Bandwidth Limit [ |

ziControl E“i
Lock-in | PLL | Auxiliary 11O | Save | Connectivity
Signal Inputs Frequency Demodulators Filters Readout Signal Outputs
Ch1 Range +- (V) Reference Harm Phaseshift {deg)  Sinc TC () (dBfOct) BWY (Hz) Trigger Range +- ()| 10 v
>om Internal > 2 +0.0000 |« [ ]/ 390m |24 ~|180m [T |Continuous v Ampitudeltd| 6. 856 |
AC Diff 50 Freq (H2) 1 +0.0000 |»« [ ]/ 500m |24 ~ | 140m | Add On
[ &) | | 93- 560000 1 +0.0000 |5« [ ]/ 500m |24 v 1d40m [ | oo (Safs) 7.03 e
Ch2 Range +- (\) Reference Trigger Range +- (1|10 v
20m Internal v +0. 0000 >« [:] 500m |24 ~ ||140m ﬁ Continuous v Amplitude V)| 6. 428
AC Diff 50 Freq (H2) 1 +0.0000 |5« [ ] 500m |24 v | 140m [T Add on
L) | |93 sec000 1 +0.0000 |5« [ ] 500m |24 v [140om [ | o (swis)[7.03 L
Numetrical | Spectroscope | Fregquency Sweeper | Zoom FFT | Oscilloscope | Status
0.004- Source
0.003- fl i ﬂ ll Iﬂ l\l Signal Input 1 v
o i l Sampling Rate
s oon2 f 'ﬂ H' k pling
2 0.001 - | & |I 26 kS, 80ms v -
g [ Ay J !
S T ih W 'wl ln)
Y f

FFT | Analysis

Signal Analysis

RMS (Vrms)
Avg (V)
Min ()
Max (V)

Peak-Peak (Vi | +4.
+1.
+1.
-1.

+3.

11:13:41: oscsiifreq =

Trigger

10ms 20ms 30ms 40ms 50ms B0ms 70ms 78.8525ms [_Run_| singte |
+ Time (s)| 0. 00 Full Scale « | < > Continuous v
Amplitude () | O Auto Scale v Rising Edge v
Histogram
Harmonic Analysis 0dB - Hold Off (s)  Trigger {deg)
ol
875m THD (%) | 9. 740 -20dB- 10s L;H;I
709m THD (dB) | -20. 23 g 4048 - 1s 5 ;
171m Fundamental (Hz) | 187.2 g B0dB- 100ms .
275m| | 2nd Harmonic (dB) | -40. 80 - RS . s
603m | | 3rd Harmonic (dB) -42.24 0.25 6
-100dB -} . . ; : .
0 2 4 6 g 10
Harmonic

93.560000

[ show History |CF [ ov === p B sL B

CMwl
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RS Necessity for demodulated signal averaging

ziControl
Lock-in | PLL | Auxiliary /O | Save | Connectivity
Signal Inputs Frequency Demodulators Filters Readout Signal Outputs
Ch1 Range +- () Reference Harm Phaseshitt {deq) TC (s) (dB/Oct) BW (Hz) Trigger Range +- ()| 10 v
Som Internal v 2 +0,0000 5« |14om |24 v |400m [T |Continuous v Amplitude 0[3 350
AC Diff 50 Freq (H2) 1 +0, 0000 |5« 140m ||24 ~ ||450m [:] Add On
[ (&) | |193, 300000 1 +0,0000 |»¢ |140m |24 v |400m [ |og (Sals) 112 3] o
Ch2 Range +- () | Reference ~ Trigger Range +- ()| 0.1 v
1o0m Internal v 1 -83,0000 >« |140m |24 v 490m 7] |Continuous || aroitude o) 1. 983m
AC Diff 50 Freq (H2) 1 +0,0000 |5« |140m |24 ~ |[490m Q ~dd on
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CEsl Summary of X. measurement

Laser-photodiode O neas IMV] g [MmV] S [mV/mm] Inters. [mm)] R [mm]
X<X, 0.155 0.309 -190.140 0.0024

10A 0.0046
X>X, 0.154 0.287 192.022 0.0023

No PLL

X<X, 0.966 6.346 -1537.063 0.0048

100A 0.0052
X>X, 1.392 4,924 1540.968 0.0041
X<X, 0.016 0.102 -190 R24 0.0006

10A 0.0041
X>Xq 0.014 0.057 186.846 0.0004

PLL

X<X, 0.103 5.831 -1517.640 0.0039

100A 0.0050
X>X, 0.060 5.762 1519.834 0.0038
CROC-3 O e [MV] Op [1V] S [uV/mm)] Inters. [mm] R [mm]
10A X<X, 0.944 0.373 -376.386 0.0030 0.0035
X>X, 0.910 0.333 377.337 ' 0.0033

No PLL

X<Xq 2.353 5.063 -3206.590 0.0023

100A 0.0076
X>X, 3.001 4234 3110.845 0.0023
X<X, 0.874 0.313 -390.649 0.0030

10A 0.0038
X>X, 0.661 0.237 _ 377.451 ) 0.0024

PLL

X<Xq 0.881 4.805 -3200 389 0.0018

100A 0.0078
XX, 0.845 6.514 3115355 0.0024
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RS Comparison (yaw, strong quadrupole 3 T)
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RS Summary of yaw measurement

Laser-photodiode O neas IMV] g [MmV] S [mV/mrad] Inters. [mrad] R [mrad]
d<d, 0.047 0.129 -2.670 0.0658
10A 0.0492
>0, 0.067 0.141 2.737 0.0759
No PLL
d<d, 0.530 0.694 -32.387 0.0378
100A -0.4127
d>d, 0.335 0.323 31.642 0.0208
d<d, 0.012 0.113 -3.025 0.0412
10A 0.0517
d>d, 0.011 0.035 3.245 0.0144
PLL
d<d, 0.037 0.205 -31.413 0.0077
100A -0.4153
b>d, 0.025 0.362 29.847 0.0130
CROC-3 O s [HV] Op (V] S [uV/mrad] Inters. [mrad] R [mrad]
d<d, 1.706 0.096 -15.581 0.1157
10A -0.2735
o>d, 1.415 0.184 10.533 0.1518
No PLL
d<d, 2.272 2.242 -135.721 0.0333
100A -0.3851
d>d, 1.828 1.220 124.407 0.0245
< 1.312 0.031 -16.79 0.0800
10A <y -0.2307
>, 1.501 0.105 13655 0.1176
PLL
d<d, 1.375 0.718 -143 96 0.0145
100A -0.3863
>0, 1.155 0.875 @ 0.0165
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CEsl Pitfalls

e avoid certain resonance frequencies (also 175 Hz, 215 Hz...) - tension system
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CEsl Pitfalls

e avoid certain resonance frequencies (also 175 Hz, 215 Hz...) - tension system
e extra care for the parallelity of the stages - PLL
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Pitfalls

e avoid certain resonance frequencies (also 175 Hz, 215 Hz...) - tension system
e extra care for the parallelity of the stages - PLL

e “curly” wire warning - heat up and train the wire with current (2 A for 120 pum)
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CEsl Pitfalls

avoid certain resonance frequencies (also 175 Hz, 215 Hz...) - tension system
e extra care for the parallelity of the stages - PLL

“curly” wire warning - heat up and train the wire with current (2 A for 120 pum)
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RS Conclusions

e we equiped our magnetic measurement lab with the single stretched vibrating
wire (a fully automatised measurement software still needs to be developed)
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RS Conclusions

e we equiped our magnetic measurement lab with the single stretched vibrating
wire (a fully automatised measurement software still needs to be developed)

e the measurement bench is placed in a separate and isolated hutch with a
retractable roof
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RS Conclusions

e we equiped our magnetic measurement lab with the single stretched vibrating
wire (a fully automatised measurement software still needs to be developed)

e the measurement bench is placed in a separate and isolated hutch with a
retractable roof
e we will move and position the wire, magnets will stay fixed
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wire (a fully automatised measurement software still needs to be developed)

e the measurement bench is placed in a separate and isolated hutch with a
retractable roof

e we will move and position the wire, magnets will stay fixed

e magnets are placed on a pre-determined location on the measurement table, each
magnet will have its own support

\ : /V\ W]} IMMW-17, 19-23 September 2011, ALBA, La Mola, Terrassa/Barcelona, Catalonia (Spain)



PAUL SCHERRER INSTITUT

RS Conclusions

e we equiped our magnetic measurement lab with the single stretched vibrating
wire (a fully automatised measurement software still needs to be developed)

e the measurement bench is placed in a separate and isolated hutch with a
retractable roof

e we will move and position the wire, magnets will stay fixed

e magnets are placed on a pre-determined location on the measurement table, each
magnet will have its own support

e the actual position of the magnets on the table will be determined with the FARO
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e magnets are placed on a pre-determined location on the measurement table, each
magnet will have its own support

e the actual position of the magnets on the table will be determined with the FARO
Arm

e we have designed a novel inductive vibration detector and tested it against the
classical laser/photodiode combination
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e we will move and position the wire, magnets will stay fixed

e magnets are placed on a pre-determined location on the measurement table, each
magnet will have its own support
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e we have designed a novel inductive vibration detector and tested it against the
classical laser/photodiode combination

e the inductive detector is robust, easy to setup and operate, measures vibrations
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RS Conclusions

e we equiped our magnetic measurement lab with the single stretched vibrating
wire (a fully automatised measurement software still needs to be developed)

e the measurement bench is placed in a separate and isolated hutch with a
retractable roof

e we will move and position the wire, magnets will stay fixed

e magnets are placed on a pre-determined location on the measurement table, each
magnet will have its own support

e the actual position of the magnets on the table will be determined with the FARO
Arm

e we have designed a novel inductive vibration detector and tested it against the
classical laser/photodiode combination

e the inductive detector is robust, easy to setup and operate, measures vibrations
and the wire position

e depending on the measurements’ specifications we can use either the optical or
the inductive or both detectors in the same time
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RS Conclusions

e we equiped our magnetic measurement lab with the single stretched vibrating

wire (a fully automatised measurement software still needs to be developed)

e the measurement bench is placed in a separate and isolated hutch with a
retractable roof

e we will move and position the wire, magnets will stay fixed

e magnets are placed on a pre-determined location on the measurement table, each
magnet will have its own support

e the actual position of the magnets on the table will be determined with the FARO
Arm

e we have designed a novel inductive vibration detector and tested it against the
classical laser/photodiode combination

e the inductive detector is robust, easy to setup and operate, measures vibrations
and the wire position

e depending on the measurements’ specifications we can use either the optical or
the inductive or both detectors in the same time

e the linear stages and the lock-in amplifier are controlled with EPICS control system
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RS Conclusions

e we equiped our magnetic measurement lab with the single stretched vibrating

wire (a fully automatised measurement software still needs to be developed)

e the measurement bench is placed in a separate and isolated hutch with a
retractable roof

e we will move and position the wire, magnets will stay fixed

e magnets are placed on a pre-determined location on the measurement table, each
magnet will have its own support

e the actual position of the magnets on the table will be determined with the FARO
Arm

e we have designed a novel inductive vibration detector and tested it against the
classical laser/photodiode combination

e the inductive detector is robust, easy to setup and operate, measures vibrations
and the wire position

e depending on the measurements’ specifications we can use either the optical or
the inductive or both detectors in the same time

e the linear stages and the lock-in amplifier are controlled with EPICS control system

e all together took about a calendar year of a great team work AND lots of fun
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