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IFMS Overview

IFMS: Integrated Field Measurement System”

1 Rotary stage

3 Linear motorized stage

Long Cail
of 10 turns
2 Pedestals Mechanical
Adjustment
S
- Reference surface flatness +5 pum. g
Lo

- Weight of each granite support: 1580 kg

Y-axis
3 Leveling feet
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IFMS Overview

Delta Tau GeoBrick _PMAC-Z Motion Controller

- Eight servomotors

- master-slave configuration
- Closed loop mode

- Limit/home switches

Linear X, Y and Z stages:
Encoder resolution: 0.1 pum
Absolute accuracy: +1 um
Pitch and yaw angles: + 50 urad

Rotary stage:
Full 360° capacity
Encoder resolution: 0.005 deg
Angular accuracy: < 40 arc sec
Angular repeatability: <2 arc sec

Digital Multimeter

6%2-digit (22-bit) resolution

Serial communication RS-232
Integration time 16.67 ms (1 PLCs)
Repeating average digital filter
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Measurement Techniques

Integrals of the transverse field components Bx and By along the longitudinal axis Z

First Field oo oo
ol L= [ B L= | By
[G m]
Second Field +oo pz +oo  pz
Integrals: II,.(x) :/ B, (Z')dz' dz IT,(x) :/ / By (2")dz'dz
[G m2] —00 —00 —00 —00
—— 7 The field integrals can be used to calculate
- A S the electron’s final position and angle:
£l e ——
& 0044 {MN llA HidHH r . % '!'k _ 305 e
& 000 ’ (it | 16 net change in angle: = I,
WS s
& -004- | | l
. . e
g-gog_z N S net change in position: 5= — IIy
o 1 [1x=058642 [Gm] 12 =0.095973 [G m2]| Ymoc
0124 Iy=10025 [Gm] Iy2=-0.082149 [Gm2]|....
i ____________ ___________ ........... ____________ same for Ix,lIx
2000 -1000 O 1000 2000

o We want to minimize the net effect on the electron trajectory
2.4 m Damping Wiggler Ap= 100 mm, 1.8 T
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Measurement Techniques

Accuracy o Advantages Disadvantages

“Point-by-Point” Measurement 3Gcm

2 methods <
“On-the-Fly” Measurement 5Gcm

using 30 mm range, step 1 mm and a scan speed of 55 mm/s

Front View
Step 1 Rotating Coil Step 2 Vertical
Translation Coil
XY 3N 360° AlX
£ - ‘ --------------------------------- e E S oﬂ ----------------------------------- e E

o"" ‘.
Constant Speed

E: Ending position
S: Starting position

Step 4 Honzontal Step 3 Rotating Coil

Translation Coil

Aly Ix,ly
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Measurement Techniques

Rotating Coil

[, D=4mm |
< r 90° 180" 270° 360°

® is the magnetic flux linkage

through the surface defined by frans 0 360 o P \:\
the coil, with N number of turns ATV Iy 1 Iy = / edf g
. 7 " 20 5 ,:
S o ' g " 1§ 12 /i I3 I4

-20 - B

Ad 40 g g ; / : : \ :

=—-N— &0 deg/s -60 < \ : S \é

dt §= 8010° T T T T T T T T AN :/ H H %

- .‘lt 1] 50 100 1580 200 250 300 350 K"I /=/I . - ; . - . .

Faradays Law el /' eeeee= y degrees 0 50 100 150 200 250 300 350

degrees

Iy =1L+ 1o+ Is+ 14

\ t 02 02 90°
/ edt = ND(I, Sinbdl + 1, Cosfdb)
t1 * 91 91
—~ 180° 0°
;o I — 1 360°
180° 0°
360° 270°

*Assuming that variation of the magnetic field within the width of the coil is small enough
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Measurement Techniques

Translation Coil

dd
=N
Measurement of the vertical component Faraday's Law Measurement of the horizontal component
The coil is oriented horizontally l The coil is oriented vertically
d
e=—N— [ (ByCost — B,Sind)dS
D=4mm dt S D=4mm
S=DL surface >
of the coil
6=0 6=90°
d d
dt S Y ¢ dt S
B o Aly and Alx are the transversal variations / 3 /
g Vx5 mms of the vertical and horizontal components Vx=55 mm/s
of the field integral over the distance X
scanned during the measurement time.
J f €, dt
C ND Y-axis
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Data Acquisition Software

Although the insertion devices are very different, we strived to find a common design to make them look similar
to the operator and to hide the different levels of complexity behind a common user-friendly interface.

Olfsets & Parameters

X Master Offset ¥ Master Offset

R Master to Level

R Slave to Level

X Slave Agnment ¥ Slave Alignment

Vel Lin [on/s ) Vel Rot. [deg /s

Nusn of Turns Width Of Cod

Operation Mode

Man D Ao

Measurement Mode

JR— |
e
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MOVEMENTS

Posdton

INTEGRATED FIELD M

Axis

X Center

Y Center

Rest Pos.

MEASUREMINTS

Start Pos.

1yBKG

End Pos. Step Seze
hEXG Syncheonzatsen
f —

Syt s tien

Start Gap  IndGap  Step

St Phase  [nd Phase  Step

I 0 D B I B

EASUREMENT SYSTEM

na 300r AT

FEEDBALK: Flip Coil Positions

Liswit St ches
Neg. Pos. Home Error
X Master

Q0900 0
Y Master
! 90
2 Master
aal 0 9 0
R Master
2
X Slave
9
¥ Slave
& o
7 Slave
15. o090 9
i Slave
o
URAKES

Unit used: [mm ), [deq] and [Gam)

ANALYSIS

Load BXG I
Load Data l

Description

Save Data

Tyshs

IxSbS

ar I HELP | INFC |

IyS Iyt

IxS Ik
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Data Acquisition Software

The new software has been developed using a modular programming approach, separating the functionality of the software
into independent and interchangeable modules known as subVls, each of which accomplishes everything necessary to
execute only one specific aspect of the desired process.

Delta Tau START UP

Initialize DeltaTAU.vi (4801) Enabling Servos.vi (4800) Disabling Servos.vi (4815)
[1) Read Buffer

§ ONT 0":1'
L 5 E’J

HOMING MOVEMENTS
XHome.vi (4802) YHome.vi (4802) f XMove.vi (4807) YMove.vi (4807) \
Slave [1] - C Claye [11 e : Slave [3] s Slave [3] ey
e save (1] f Master [2] -~y Master [2] - o
Y-HOME : :
Master 0] -~ A Master [0] - L. Position [mm] [0) "% Position (mm) (0] e
; Speed [mm/s] [1] Speed [mm/s] [1 =
ONJOFF [2] ot ONJOFF [2] - el : P [ =1 v
RHome.vi (4807) ZHome.vi (4802) RMove.vi (4807) ZMove.vi (4807)
............................ . Slave [3] oy Slave [3] ey
Master [1) ONJOFF [1] = Master [2] -y Master [2] -~y
ON/OFF [4] -~ R.’ioym S-H0ME it — [rmove] o Zriove] |
R Master Offset [3] X Master [0] - o= Position [deg] (0] - |- Position [mm] [0] ol
R Slave Offset [2] — ; : Speed [mm/s] [1] — Speed [mm/s] [1) ——

Slave [Q] o ‘ Slave [2] e \ j
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Data Acquisition Software

Standard communication serial RS-232 port The channel access communication between

LabVIEW and EPICS is created using the

DeltaTAU COM.vi (4801) CaLab* interface
Write Buffer (1) % b Calab GET: for reading values of EPICS variables
Initiglize () -

PY Name EPICS PV Mame (dup)

Keithley COM.vi (4804)

Field Names resesescssce CA BB —— 1rst Value (string)
: Timeout {3) — “— 1rst Value {(number)
W”tt;taeucf:)etrni {;} i ] I& (0] Read Buffer 2 Error in {no error) E “—Yalue Array {(number)
Error out
timeout (10sec) (1) PY Info
................................ Status

Calab PUT: for writing values to EPICS variables

. . . ValueSetsInColumns e
gpics EXPerimental Physics and Industrial Control i ool ;
System is a set of collaboratively developed PY Name T PY Name (dup)
% software tools, libraries, and applications Value ~ —[ca® - Status
. . . i el
used to create distributed real-time control Timeout (3) PY error
Error in {no error) Error out

systems. It is used extensively in particle
accelerators throughout the world and is the

main control system used at NSLS-Il Calab is a user-friendly, lightweight and high performance

interface between LabVIEW™ and EPICS .

*Helmholtz-Zentrum Berlin fiir Materialien und Energie GmbH , Berlin, Germany (HZB). http://www-csr.bessy.de/control/SoftDist/CA_Lab
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Data Acquisition Software

A set of SubVls are embedded in the main SubVI in order to control and synchronise independently the various hardware
components of the measurement system.

SubVls _ — (" - )
Keithley Gathering.vi (4801) XTrigger.vi (4802)
Keithley Setup.vi (4803) ns (0] T [1) voltage array Direction [0]
' ion Rate (2] B Start trigger (2] #-TRG
ntegration Rate """E:: . . L
gF:Ite'r Count 1]~ {") Trigger Spacing [1) x .
-

Reading Count (0]

1 J
Main SubVI

/ OnFly Measurements.vi (4821) \

Inputs
. 1 =D Step Size X
Step Size X [9] ——— 2 I End Pos. X ClearTrig.vi

RotatingCoil.vi (4800) End Pos. X (7] | AT X e ¥

Start Pos. X [6) [0) 1 e Ir TRG
TF] On/OFF —
ON-FLY X Center [5) 1 (1] 2 6 = Y Center el iy
OK Button [0] """"""" @ —l ON-FLY 7 =1 Rest Pos.
On/OFF [2] = Outputs
— 8 Motor Offset - XMaster
I O I 9 Step Count
Y Center [8] (4] 3 10 [ Ind OnOff
RESt Pos. [10] ........................... [3] 4 11 Gathering Data
/ \ Clear Error.vi
/ 1 (oW1 |
~N @%°
RMove.vi (4807) XMove.vi (4807)
PN | [ ——— Slave [3] oy
Master [2] ............................ Master (2]
Position [deg] [0) n-;:ov: Position [mm] [0)
Speed [mm/s) (1) —— ™ Speed [mm/s] [1]
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Data Acquisition Software

A real-time monitoring of the global status of all motors on the system.

Conditions on each axis such as position, home and limit switches, following error and amplifier fault error
are checked and made visible on the main panel during the measurement process

Positions.vi (4813)

(6] Z Master
[7] X Slave
(8] X Master

(12 x [3] Y Master
'-n-;l’ —12] Y Slave
(1] R Master

R S|
BitStatus.vi (4826) :g} Z ;:::

TF [4)
Pos. Bit [5)

Pos. Bit [4)

U.S. DEPARTMENT OF
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DT Status.vi (4813)

[2) ZmErr

(1) YmErr

e
-

[0) XmErr
[5) XsErr

29

i [6) YSErr
i

(7] ZsErr
w~n~ [8] RSErr

(3] RmErr
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Data Acquisition Software

Each SubVI can operate as a stand-alone program or in conjunction with the other component.
Control Pannel

Integral RotCoil.vi (4815)

Coil Turns (7]
Trigger Count [11)
Trigger Spacing [10)

Velocity [9)

file (use dialog) [8]
Coil width (6]

Integral MovCoil.vi (4833)

lyStart [10])
IxEnd [8)
IxStart [6)

Load voltage reading Vx (3]
Load voltage reading Vy (2]

SAVE file [1) ey

Start Pos. [0)
End Pos. [5)
Step Size (7]
Velocity [9)
Coil Turns [11)
Coil Width [12)
lyBKG [13)
IxBKG [14)
IyEnd [15)

e U.S. DEPARTMENT OF

(5]

(3]
(2]
(1)
(0]

(4]

VB WN e

I

e

[4]) XY Graph

14

- Rotating Coil - Field Integrals
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Magnetic Performance & Results

Electromechanical resonance noise from the motors was detected in the measurements

The main contribution to the noise comes from

104 A X_Slave and Rotary Motors.
i ulﬂu ks j 1 Ty T NTY B
§ o 0] | ! |||| ]l | |H ‘ |“ l| | IRH'I“ d OnﬂzMeasurements =25V I{ W & l||l HII\ \ﬂ A Hfh'llﬂu\l’“ “_ EZEZ%?EOYF;OFF
= || f | —@- Onfly Measurements otary +YS +
" A ’ il | '\‘ :| i , i, SR
= l, i : oaﬁ;-tor; +XS+X M+
LA ik " Sy
R ; ; o “' i, AL |
' time Vx V Servos Enabled “‘j i' ' 1" " g1l "" ti ) H' L
Servos Disabled ) y ) 10 [ L \
All Motors OFF On the Fly All Motors ON '
Measurement  SAARLHE Tl o s 10 10 200 230
time

- . . : . —p [n order to reduce the vibration
Digital FILTER is used to stabilize noisy measurements <€— | Solutions due to the translation movement

* adhesive tape is applied on the
coil

||j |'. M\ ‘[ “ i ‘ Il ‘J Mt
i r'w}lu\\uw\"y\l'“M iy

Filter set to repeating (readings=10)
V_rms=4 pV V_sdev=0.9 pv
' T

High frequency electrical noise
is reduced by using a capacitor

©
o
=
>

=
o
= "0

T T T T T T 1
0 500 1000 1500 2000 2500 3000

time
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Magnetic Performance & Results

Point-by-Point measurement

Ix:
V_npnts=8; V V_avg=-443.75; V_sdev= 2.4676;
V_rms= 443.756; V_adev= 2.05962
ly: . 60
V_npnts= 8; V_avg= -250.722;V_sdev= 3.47578; 107 ©
V_rms= 250.743; V_adev= 2.41359; _ "
‘4
2 1 0
B s °
Point Ix [G cm] ly [G cm] ki 20
0 -441.088 -250.774 £ 40
1 -446.745 -251.877 50
2 -445.049 -254.942 -1 oox1c®
: SYEREE Lo 008 A A ? % 1o 0 @ 20 oo
e eo Deg.
5 -440.857 -248.663 g Deg
6 -444.317 -243.616
| 7 -441.639 -251.967
On-the-Fly measurement
0
-100 - | X
E -200
[&]
0 // = — \ O -3004
%0 ; : V_avg= 0.0688983; V_sdev= 3.03674;
100 2 : : “ 7 mé= 3.01253. V. adeve 2.6079:
; rms= 3. ;' V_adev= 2. :
-150 —- SN S S — . . sob——= ’ — '
E 200 / — : — )
I -600 —
(n 20 / T T T T T 1
=300 -30 20 -10 0 10 20 30
E -350 // : : -150
D -400 ‘| — IxOnFly -5 scans y -200 | |
£ 450 f b | p— OnFly -5 scans|”
-500 y y \ E -250
-550 : \ S -300
-600 _ . V_avg=-6.11673; V_sdev= 7.12835;
1 1 97 | V_rms=9.34852; V_adev= 5.89385;
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] 10 20 30
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Repeatability

b 35 G e
Ix: 2.5 G cm

Repeatability

WG om
e 3 e
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Conclusion

Next goal is to create a hybrid of the two existing GUIs (IFMS for the Flip Coil bench and HP for
the Hall Probe bench) in order to incorporate in a single user-friendly GUI all of the functionalities
of the two measurement systems

IFMS Software HP Software
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