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- SLS: Swiss Light Source

| - Photon beams of high
brightness for research in
materials science, biology
and chemistry

Constraints:

- Same ring diameter

- Same energy (2.4 GeV)

- Move as few beamlines as possible

Reduction of emittance 5000 pm —140 pm
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Context

Designed Longitudinal Gradient Bending (LGB) magnets:
- Permanent magnets bending dipoles - 1.6T

Magnetic flux density horm
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- Three superconducting bending dipoles reaching minimum 4T
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b5 Measurement challenges

Realization of a measurement bench for the magnetic characterization of

SLS2.0 magnets

- Compactness

- Flexibility - adaptable to different magnets

- 3D profiles to be scanned

Mechanical

Magnetic

25 June 2019

Space restrictions (gap < 20mm) -

Materials

Actuators and sensors -

Survey

Accurate 3D probe
Peak location assessment
10 units accuracy along 3 axis

Access to GFR — anti-chamber

Target accuracy

0.1% - 0.5% of B,
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2. Field mapper design
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Rotary and tip

tilt stages ,
Y axis - 150mm

Encoder
X axis - 150mm

7. axis - 1000mm

Ball screw

l

Probe support

Optical switches
[T
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Magnet aperture Carbon fiber arm
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Uncertainty budget

Magnetic sensor

Us

Magnetic
measurement > Uy =0.1%
uncertainty
Field gradient Posttioning
system U,

Dynamic

Function of bench

mechanical properties

Intrinsic

Directly dependent on the
measurement instrument
used for the motion system
and motion performances
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Propagation of the sensor positioning uncertainty U, to the magnetic measurement

Uncertainty on position Magnetic field Field measurement
U, model uncertainty

Triangulation of field maps obtained by FEM --> Nodal interpolation to get the simulated
measurement value

0.5

04

0.3

E= AB %_Bmeas Bnom%
Bnom Bnom
] %102 Error on plane XY
5 : 9(}6 ugs—j :"%\\/ ),d_ —
P A A
a4

0.5
E
=

Y == 4 0

o ‘ -0.5

Beam // x — gradient along x
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Positioning
system U,

Dynamic effects

A 4

Dynamic Ugyp

A 4

Intrinsic U;;,;

Zero-to-peak oscillation (um)

20

30

10 Probe tip oscillation due to random vibration

50

Acceleration RMS (mm/sz)
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Mechanical FEM model implemented to study
the structure dynamic properties:
- Natural frequencies and modes

- Random vibration analysis

Up,r positioning uncertainty expressed in
magnetic field units

_ 2 2
UpaT — \/Uint,T + Udyn,T

Vibration level [75* Up1 [T]  up [ppm]

20 148 +48
30 138 +138
50 +203 +203
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3. Assembly
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Linear stage assembly started with the support plate adjustment using the Laser tracker.

Laser tracker target
Linear stage table

Adjustment screws

A . \ Additional support
Rt - | : ~ plate

. Leveling anti-

- vibration feet

" <
P o4
ik
e e L T ATAS .
0 SR A . R~ -

- Within mechanical specifications

- Comparable to laser tracker accuracy

1000 1200
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Adjustment screws - Mounting bar — Horizontal straightness in
motion
\ 6 - Adjustment screws — Vertical straightness
\ in motion

— Installation of reference rail

— Second rail left loose

Mounting bar

m - Installation of the slide with mounting bars

K on the reference rail
l'. Shde] Loose rall

- Stepwise installation of loose rail to force it
to be parallel to the reference rail

30

| Reference rail l
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Vertical stage double mounting

— Arm parallel to x-axis

— Arm parallel to z-axis

Paola La Marca - Compact field mapper for LGB magnets

17



PAUL SCHERRER INSTITUT

roueeico | —]— Positioning error

MILANO 1863

Verification of positioning accuracy with Laser tracker
- Comparison of encoder readings and Laser measurements
- Correction of linear errors introduced by the ball screw

- Correction of systematic errors and implementation of error map in motion controller

— Uposition= F40 um (coverage factor = 3)

Error map um Compensation of sistematic errors pm
80 14
1000 70 12
{
60
- ; 10
£ 500 § 50 8
N f
§ 40 5
g 30
0 H 4
100 20 100
100 2
10 -100  -100
y(mm) X(mm) 0
-100 -100 0
y(mm) x(mm)
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SENIS 3-axis H3A

Measurement range +2T
Sensitivity 5V/T
Accuracy +0.1% of By«
Resolution 1o0uT

Offset s5mV (1mT)

Temperature sensitivity +25ppm/°C

<0.05% of V,ormal

Planar Hall voltage
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3.3 Measurements
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The first test is performed on a half dipole pre-prototype magnet (permanent
magnet) reaching 1T along its axis

» Moving wire test » MW
Simulation » 1D mapper test > MMM
* 3D mapper test » CFM
Simulation results
Field profile
12¢
1t
08"
S
T 0.6
Q0
L
04+ X
0.2
13 mm gap z — beam
500 0 500 trajectory
z(mm)
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Moving wire setup under construction — preliminary tests have been performed

Newport Linear stages

HD13-210

- Stroke = 200mm

- Positioning accuracy = 0.5um
- Velocity = 28mm/s

- Orthogonality adjustment with

Laser tracker

" Wire diameter 125um

Acquisition by DVM
- Sampling frequency = 50 kHz
- Externally triggered by Newport

controller
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Measurements results: field integral measurement of HD13-210

Wire voltage signal - Displacement +3mm 1500 . Tlux - Displacement £3mm
Integral field
4t | 1000 | 239.09 Tmm
>
E g
s 2 < 900}
2 T
>
0 ~ 0
-2 | -500 ‘ ‘ ‘
9.5 10 10.5 9.5 10 10.5 11 115
Time (s) time (s)

1-0 repetability - 1.5 units
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MMM setup

- 5 axis machine
- Air bearings

- Equipped with 1D Hall probe

- Long probe holder
MMM - Field integral . .
0.2395 — ‘ ‘ 9 ‘ 103+ Field profile
[ ] d ([ ]
0.239 . . ] 10251
€
02385 . 102!
g S
g 0.238 © 1.015
£ @
302375} M o
2
0.237, ! 1.005 — MMM
— OPERA
0.2365 ‘ ‘ ‘ ‘ 1 . . ,
-10 -5 0 S 10 -100 -50 0 50 100
X (mm) z(mm)
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Field profile - CFM

121
— B x
1 L —By
Bz
0.8
E 06"
o©
[0}
ir 04r
0.2} j
O .
0.2 ‘ ‘ ' '
“400 -200 0 200 400
z (mm)
Field XZ map
15
1
=
>
@ o5
1-0 repetability = 2.5 units 0
500
(referred to measurement range + 1T) 2
z(mm)
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Measurements comparison

S

Field integral MMM vs MW

Field integral MMM vs CFM

—_ 241 - - -Simulation| ~ 240 - - -Simulation
E ---------------- o MMM g __________________________ o MMM
MW e CFM
= 240 2391
© ©
8 ° 8 e o O o o o o o
E 239 ® 9 E 238 . @ [ [} [ [} [ [ ) [
k) ke)
) S .
T 2 Integration length 400mm
238 - : : 237 : : : :
6 12 18 -2 -1 0 1 2
X integration range (mm) x(mm)
AIntMMM,MW = 8units AIntMMM’CFM = 11units
Field profile
1.03 ¢
@ Simulation
1.025 l \ * MMM
. /w - cFu
1.02+ _ _
E ) ? AFleldMMM,CFM = 12units
©1.015*
© . 3
LL [ ]
1.01°
[
1.005 ¢
1 L 1 L |
-100 -50 0 50 100

z(mm)
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Fiducialization procedure

Brueno Map

-0.2 ‘\“:“‘:‘
\“‘\\“‘\\\‘“
3;‘\‘{‘3\‘\‘\‘**\‘\‘\‘3\‘\‘\‘e o
-0.3
>
? """‘;Z;’”ll
-0.4
-0.5
120
} 110 )
> — |
i,
Fiducialization . |
V cones
| WA EE z(mm) 90 -10 x(mm)

Y axis

Permanent magnets

Field fitting around the minimum with quadratic function

f(x,y) = by + byx + b,x? + b3y + b,y? + bcxy

25 June 2019 Paola La Marca - Compact field mapper for LGB magnets 28



PAUL SCHERRER INSTITUT

POLITECNICO
MILANO 1863

S

-0.56

-0.58

-0.62

Fiducialization procedure

Vertical scan in X Z,

’,o--oe.~

o Data
- - -Fitting
o Fitted maximum

58 59 60 61
y (mm)

The cones position is also measured with the laser tracker

25 June 2019
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Zy Magnet reference system
—
M Fiducial
\;}{M f [;J
. XeryYerZc
. . ZB
Mechanical axis
XpB
YB |
Bench reference system
Fiducialization
cones : Ny
P N SN ¢
Coordinate transformation Definition of bench - magnet offsets
Xax,p = Xaxm + AXp M Axpy= Xcg = Xcm
Yax,p = Yaxm + AYp M Ay m= Yc.B — Yem

ZaxB = ZaxMm T AZB,M

AZB,M= ZeB — ZeMm
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4. Conclusions and future work
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b5 Conclusions and future work

- Uncertainty driven bench design
- Assembly and mechanical commissioning

- Measurement of LGB permanent magnet pre-prototype

Future work:

- Finalization of the measurement and control software

- Optimization of fiducialization procedure

- Investigation on vibration and temperature effects

- Test of prototype permanent magnets

- Probe geometrical characterization and calibration to measure

higher fields (>4T)
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Thank you for your attention!
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Many thanks to Prof. Marco Tarabini from Politecnico di Milano and
PSI Magnet Section, in particular to S. Sanfilippo, Ph. Lerch, A. Gabard, G. Montenero,
C. Calzolaio, C. Zoller and M. Calvi (ID group)
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Backup slides
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= Bench control and data acquisition
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Measurement
bench
! |
Motion control Magnetic
| measurement
Linear stages
controllers Y
| Temperature Hall probe
p p
Encoders electronics
o |
Limit and home DA
sen|sors ‘
Field maps
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Good field region Sensor support
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- Positioning accuracy and resolution
MILANO 1863
Field maps x, y, z, B, By, B, by FEM
Positioning accuracy Positioning resolution
A\ 4 A 4
Simulation of positioning error on x, y, z Mesh points iterative reduction
A\ 4 A\ 4
Estimation of the magnetic field by linear Estimation of magnetic field by linear
interpolation in mis-placed mesh nodes interpolation in removed nodes
A 4 A\ 4
Calculation of the error as Calculation of the error as
E = AB %:Bmeas_Bnom% E = AB 0/0=Bmeas_BnomO/0
Bnom Bnom Bnom Bnom
A\ 4 A\ 4
Maximum error E—> maximum admissible Maximum error E—> minimum number of
positioning error mesh points

Superconducting magnet results

Positioning accuracy U, +200 um
Positioning resolution 500 um

A
y
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| Vertical stage double mounting

. — Arm parallel to x-axis

'
1
'
'
L
'
I
1
1
'
'
1
'
|l
'
I

| — Arm parallel to z-axis
W‘ Interface to

probe support ‘
| " B . Newport  Verification of the
e N stages orthogonality with Laser

tracker

Ax (um) Ay (um) Az (um)
X-axis - 15 30
Y-axis 10 - 15
Z-axis 30 35 -

;

Longer stroke
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Field profile

@ Simulation

1.025 ’ ‘ ¢ MMM

102 :% ° CFM COMSOL Simulation of rotation of
02 7 A

$ 3 the pole around x-axis

=
©1.015®
©
LL

([ e
[ ]
1.01°
[ ]
1.005 :
1 L L I ) A 4
-100 -50 0 50 100 Field profile - Pole rotation
z(mm) 1.035 ~——0.1deg
——0.0175deg
1.03 ¢ ——0.01deg
- =-MMM
1.025 ¢
S
T 1.02}
Q0
i
1.015¢
1.01
1.005 ‘ ‘ J
-100 -50 0 50 100

z (mm)
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Center location

110 ¢
€
§105 QO
N

100 ¢

' cones ‘ 95 ' ' ' |
i 4 ET h ° ° 10
x(mm)

@Field map
O Field map center
O Fit extremum
+ Fitted center

Probe positioned in x,, z. to find y, - In bench reference system!
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PM

PM block - NdFeB

PM

PM
40
/o

Mirror plate

Yoke

13 mm gap B, = 1.26T
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Bin13 mmgap (T)

0.8

0.6

0.2

0.3

Geometrical optimization HD

h' W —hi

T W = H B
E A

B =
dm

I I I T

HALF DIFOLE PROTOTYPES

= gap 13 mm, pole width 78 mm, yoke 80 mm, SmCo
Bfit=0.22%*(h'/w)

® gap 13 mm, pole 70 mm, yoke 210 mm, NbFe
— B fit = 0.34 * (h/w)

g@@ -

| | | 1
0.5 1.0 1.5 2.0

hd/w = PM width / pole width
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Fe plate insertion in HD13_ 210

1.4f |
|
1.3¢ ]
1 . 2 i tp - 5 . O mm
W 1.1}
dJ 4l /N t,=3.5 mm
0.9t \\
tp =2.0 mm
0.8
0.7" - - - -
0 0.05 0.1 0.15 0.2
Arc length (m)
15 T T T T
—Comsol 3.6mm thick
—Opera
© Meas. 4mm thick
1k
E
0.5F
-%00 -200 -1 ;I)O (‘) 1(;0 """"" 200 300
X [mm]
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