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. INTRODUCTION
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ESRF — The European Synchrotron
*Light source built in the 1990’s
Located in Grenoble, France

*6 GeV machine

«200 mA current

*840 m long storage ring
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. INTRODUCTION

ESRF-EBS project

Increased brightness

*Horizontal emittance: 4 nm-rad-> 135 pm-rad
*New storage ring

*Increased number of bending magnets

«Strong focusing

| «|nstallation in 2019
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. INTRODUCTION

ESRF-EBS storage ring magnets: one cell (1/32 of the ring)

P ="
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. INTRODUCTION

Dipoles with long. grad.
1.8 m long
13 mm bore radius

1
Curved DL1 AN}
0.67..0.17

High gradient quads
12.5 mm bore radius
0.5 m long

Curved dipole-quadrupoles

53T/m | OF1 1 mlong

36000T/m?3 0.39T
o1 b1 Curved

1720 T/m?

Position shims
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. OUTLINE

ll. Stretched wire measurement method
*Basics

Advanced measurements
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STRETCHED WIRE MEASUREMENT METHODS

Linear wire motion \4

*Moving stretched wire
*\/oltage measurements Bw

Applications

*Alignment — /

Field strength and gradient measurements

Homogeneity
Main challenges
*High sensitivity to wire motion errors

Low voltage measurements

Page 9 Advances on magnetic measurements by stretched wires at the ESRF, PACMAN2, Debrecen, Hungary, June 2016 — Gaél LE BEC

e=—-vB;

The European Synchrotron | E F



. STRETCHED WIRE MEASUREMENT METHODS

Advanced measurements
*Based on field multipole analysis

«Can be used for alignment, strength measurements, higher order multipoles
Method

00 7 n-—1
B = Z(bn +iay) (—)
- Po
n=1

B_L - (B_L 1, '"'BJ_M) = M(al, ...,aN, bl, ...,bN)T

¢ = (@, ..,ay.by,...by) = M*B,
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. STRETCHED WIRE MEASUREMENT METHODS

Advanced measurements (cont.)

A A A
[ 1
> } 7 >
Single radius Multi-radii Compensated
Good repeatability Improved accuracy Insensitive to 4-pole
Fast Relatively fast Slow
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. STRETCHED WIRE MEASUREMENT METHODS

A
Advanced measurements (cont.)

Example: multi-radii method
C=M'B;
M may be difficult to invert. It can be rewritten as
M,* 0
M =R . where M;Tis for the radius p; and R depends only
on the measurement and normalization radii

M for 10 multipoles and p=12 ... 2 mm

a, " Py 'r?:lll r--l" e et e

: e
—

p 12mm  mmmmmm e -
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. STRETCHED WIRE MEASUREMENT METHODS

Alignment
Linear measurements 03

I
Magnet center
«Zero field at magnet centre

Large higher order multipoles may lead to
alignment errors

B[Tm]

*AXxis obtained by moving the wire extremities
In opposite directions

Suitable for quadrupole alignment

Multipole measurements
Similar to rotating coil methods

Better results for 6- and 8-poles
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. ESRF MEASUREMENT BENCHES

New wire support

— Linear stages (Newport ILC&IMS-V)

Wire position monitors
(optional)

3 m long
granite table

Instrumentation rack
Newport XPS motion controller
Keithley 2182A voltmeter

NI acquisition board (wire tuning, temperature)
Industrial PC
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. ESRF MEASUREMENT BENCHES

Wire supports

*Two rectified blades (x0.004 mm error _ _ N
measured) Wire tuning peg ¢~

*Wire position can be measured with a laser
tracker or a FaroArm

*A reference cone is installed for convenience,
but its use is not mandatory
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. ESRF MEASUREMENT BENCH

Stage calibration bench
Interferometers

*Fast calibration

Based on 3 interferometers

*Measurements of scale errors Retroreflectors

*Measurement of stage angles

sImplementation of correction
tables

*Easy to install and to transport
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. ESRF MEASUREMENT BENCH - CALIBRATION BENCH

Stage calibration results

SF 1 | I I = 0 | I T
4 —— X axis, corrected _
SR [ Z axis, corrected
—— x axis, not corrected
— K N z axis, not corrected —
E ®©
= =1
S o)
5 5
Q@ [0}
= o
& g
2 1 I | | - -100 I | l I
-40 -20 0 20 40 0 10 20 30 40 50

Set position [mm] Set position [mm]

Standard deviation < 0.5 um

Perpendicularity error
(measured in the one direction to avoid backlash)
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. UNCERTAINTIES OF STRETCHED-WIRE ALIGNMENT

Portable Coordinate Measurement Machine

Laser tracker measurement: o =20um

Magnetic measurements

Error St Dev

[pm]
Mag. Meas. Repeat. 1 A
Wire Pos. Repeat. 5 A
Wire Radius. Acc. 3 B
Total 7

LAccording to the Guide to the expression of Uncertainties in Measurements (GUM), type A

uncertainties are obtained from observed distribution while type B are not obtained from repeated
observations.
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. UNCERTAINTIES OF STRETCHED-WIRE ALIGNMENT

Summary of alignment uncertainties Z
1(HY Y
0,=0,[2+—=| — | =29 um
2\ L

2 2
3 1( H
O, = —+2(ﬁ) +E(WJ O'2+(7MM2 =28 pHm

2
3 X
o, = —+2(—°j o’ +0,,," =26 um,

with o= 20 mm (laser tracker uncertainty), H = 0.6 m (magnet length),
L = 1.2 m (wire length), X, = 0.2 m (long. position of fiducial),
oum = 7/ Mm (magnetic measurement uncertainty)
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. MEASUREMENT RESULTS - ONE MAGNET

Magnetic measurement repeatability (before transfer to fiducials)

o, ; <lum  without removing the wire
Oy ;< 5 um wire removed, reinstalled and tuned 7

Oy 9z <100 prad Y
0,y <10 prad

(

Suitable for multipole analysis

Measurement duration

Alignment: T ~ 5 min (without transfer to fiducials)

Multipoles: T ~ 2 min
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. MEASUREMENT RESULTS - MAGNET GIRDER

Titanium wire
100 pum diameter
2.8 m length

Control rack
Motion controller
Voltmeters

Survey monuments

4-poles
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. MEASUREMENT RESULTS - MAGNET GIRDER

Alignment of 4 magnets on a girder

*Magnets aligned on the wire within 20 um

*Alignment errors dominated by magnet adjustment precision
*Stage supports not rigid enough

*Magnet cycling needed (remanent field cause offsets)

Not suitable if dipoles on the girder!

—->Not used for the ESRF-EBS
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. MEASUREMENT BENCHES FOR THE ESRF-EBS

Sextupoles

Dipole modules Dipoles Dipole-quadrupoles
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. MEASUREMENT BENCHES FOR THE ESRF-EBS

Stretched wire measurement benches at the ESRF
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OUTLINE

V. Summary
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. SUMMARY

ESRF-EBS magnetic measurements

«Approximately 1000 magnet to be measured

*PM dipole to be measured at the ESRF

*Other magnets to be measured by magnet suppliers, with ESRF benches
Stretched wire alignment of magnet girders not foreseen (dipoles on all girders)
Results

*Repeatability of magnetic centre measurement < 5 pm (incl. wire installation)
Fiducialization uncertainties ~ 25 to 30 um, dominated by laser tracker errors
Suitable for multipole analysis (quality control & beam dynamics)

Fast measurements
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