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Sirius - 4th generation light source 2 '..' CNPEM

SUSSUARANA

ARIRANHA

* Increased brilliance/flux ORION |

v" Smaller sources = Higher stability

v' Higher flux = Faster processes

SIBIPIRUNA

 Increased coherence fractions .

v' Coherence-based methods (ptycho)

\)

v Higher stability requirements

Max. Intensity = 1.7e+09 ph/s/0.1%/mm?

Window: 6.0 x 0.4 mm?

Sirius Max. Intensity = 6.6e+16 ph/s/0.1%/mm?

Window: 6.0 x 0.4 mm?

Beamsizes at LNLS: UVX (2 gen) vs. Sirius (4th gen)
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Design of high-performance mechatronics at LNLS

2.2. The 11 Design Principles
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4, Direct measurement
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Control desigh workflow 12 7 ) cnrem
D

Frequency
response
ok?

1. Mechatronic 2. System
design (DEB) identification

3. Design 4. Digital 5. Test
controllers implementation performance

A

N Can improve P
control? N

Specification
met?
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System design with Dynamic Error Budgeting (DEB)

LNLS
+ srius

Mechatronic
design (DEB)

System
identificat

ion

Design
controllers

Digital

. . Validation
implementation

Feedback

DEB Framework

‘Specifications | | Disturbances |

Conceptual Design

Disturbance
Models

Requirements

fulfilled?

Final Design

s

Lumped
Mass
Model

1 FLS

om oy

A Fixed sup.

: Actuation
¥ Metrology

XY

Mode Shapes

XYz
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0. GND

1.GR1

2.GR2

3. VES

4.5TA

5.ROT

6. GOF

7.AF1

8. MF1

9.CR1

10. CMF

11.LO0s

12. SHS

13.CR2

14. BMS

A Fixed sup.

# Bearing

—AFLS

4 Actuation

¥ Metrology
Cooling
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control analysis

CCG BW to Control Variabl
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T
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10 L
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Optimum controller bandwidth range :
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S0 w0 w0 e w0 w0 e o we aw w0
Convlr B s] Coniroter B [He]
.
Fixed feedback control loop
M 0 Floor Acceler;
structure + disturbances o - Gl
DAC Noise Amplifier Noise _l Floor Disturbances — r LN, Disturbances ;
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Non-parametric system identification

Multi-period signal with
Tukey windowing

Mechatronic
design (DEB)

System
identification

Multi-sine with Schréder phasing

t"n\ r,l

Excitation data (20 kHz)

|
>“" ‘]”\' '”."'. (

4 ] ' >
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Feedback data (20 kHz)
tpost |
1 Processing
i
1
! A 4
i TDMS files - gy |dentified plants
. MATLAB
i
1
1
7

Magnitude (dB)

LNLS
Design Digital N
& . g . Validation
controllers implementation
Run open- Estimate
Set tetSt loop sys. id. Aver age FRF, RGA O
parameters on each DoF periods and COH
Start End
N
Frequency Response Relative Gain Array (RGA)
From: u From: u From: u
x z From: Fx From: Fy From: Fz

I
=

340 360 380 400|

n

To:y

102 10°

10°
Frequency (Hz)
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Magnitude (abs)
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Frequency (Hz)
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Decentralized control for SISO design

Mechatronic
design (DEB)

System
identification

Design
controllers

Digital
implementation

Validation

lF Decentralized controllers ‘
\
! \
| X'y X trajectory |
| feedforward |
[
| X'm /’\+ X feedback Uy’ :
| e controller |
! \
: \
| Yy Y trajectory :
FM1 ! feedforward Uyl
M2 o T ¥m N Y feedback +l by’ T U2
IFM3, | Y - Controller U [Tuyes
" T
: \
|
| z' Z trajectory |
[ feedforward |
I 1
| Zm N Z feedback uz' :
| AN controller ‘
L ;
o
| Electromechanical plant |
| [
. - Pl
| Interferometers IV_Ic,echanlcal +— Voice-coils [+—7 Amplifiers [+— DACs [+
tructure “

Sample position

L External disturbances

Magnitude (dB)

MIMO systems are already designed to minimize crosstalk between degrees-of-freedom,
envisioning decentralized control

Homogeneous transformation from sensors (T,,) and actuators (T,) position act as the
steady-state decoupling matrices

Frequency Response

From: u From: u
Yy z
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Relative Gain Array (RGA)
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Loop-gain trade-off

Peak disturbance
is O
amplification

!

Roll off
y slope

o

Magnitude (dB)

Mechatronic System Design Digital Validation
design (DEB) identification controllers implementation
Actuator disturbance Output disturbance T y oy L .
» . =T =1=171 Solution - L(s) has:
” e u L y . * High gain at low frequencies
—>»( —» C(s G(s _y_€_ . . .
x— ) =) S=97"1+1 » Low gain at high frequencies
y G *. High gain
P="-=—— * « (I-control) Unity-gain - 0dB
Ug 1+L . 20 L . L‘Con . crrc‘)s:-g\a/g:frequency,- = )
Sensor noise gi 0 £ gL 2] fioj
) 4 u u C = ‘ 1
P f’ n — - _ © 20 . L S N - RS ©
H(s) < \\:) ; K r n 1+4+1L ég : (: ) : :E
& -40 . . 4 &
] : (1]
= -60 Low gain 1 2
(low-pass filters & notches) o~
Design goals trade-off: =0 10

L large for good reference tracking :

L small to reject sensor noise at output :

« L large for disturbances rejection :

« C(and L) small to reduce actuator signal :

T-1=>y->r
T-0=>y-0
SP-0=>y-0

K-0=>u—-0

Phase [deg]
3

-270

Low fréquencyl Cross-over

region region

Stability

High frequencyf

10 10°
Frequency [Hz]

ICALEPCS 2025 Advanced Control Workshop - Chicago, USA

10° 10°
Frequency [Hz]

[Schmidt, 2020]

MINISTRY OF
SCIENCE TECHNOLOGY
AND INNOVATION

BRAZILIAN GOVERNMENT

ENAT

1]

UNITING AND REBUILDING



Feedback controller with loop shaping method

Design
controllers

System
identification

Mechatronic
design (DEB)

Digital
implementation

Validation

Fixed PID-like structure, formed by 2nd order blocks:
* Intuitive design
« Discretization into Second-order Sections (SOS) for higher numerical stability

2

Cs) = k s+z s+z w?p S2 4+ 208 wn1S + W2 %+ 20 ,w008 + w2,
S = . . . . . cee
PW s s+p; s2+28wips+ wlp S2 4 2860wniS + w2, S%+ 26,0028 + w2,
< : 5
& o Q >’ X x>
& & & S0 o
K & S SN A% S
Q¢ O \/Q/’b AR\ s\\\ g\§
- Open Loop
Design specifications: e s
10 \

Magnitude (abs)

i “{-‘\'.“:",'5J
IR
|1

|
_Ilu

« Bandwidth : above disturbances (~100 - 300 Hz)
* Modulus margin (S peak) : < 6 dB

80 /L’/
90 p— f‘__\l

10 10" 10
Frequency (Hz)

* Phase margin : > 30°

Phase (deg)

* Gain margin: > 6 dB

10
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Manual tuning with Shapelt for MATLAB
(Eindhoven University of Technology)

iiiiii

Nyquist Diagram

10'

ShsY
ShsRx
ShsRz

Magnitude (abs)

103

0 05

10°
Frequency (Hz)
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Reference feedforward for trajectory tracking

) cnPem
[ —

LNLS
+ srius

Mechatronic
design (DEB)

&

identification

Digital
implementation

System Design

controllers

|

uf

Ideal feed-forward by model inversion:

T->1
y—=r

F(s) =G 1(s) > {

Ue

Most of control effort comes from feedforward effort

11

Feedback deals with steady-state error and disturbance rejection

Inversion is not possible for strictly proper system (practically all
physical systems), requiring additional poles to F(s)

Robust performance limited by model uncertainty
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Reference feedforward for trajectory tracking

LNLS
. ( . . .
Mechatronic System Design Digital I
) . e . . Validation
design (DEB) identification controllers implementation
.
Method 1: S-curves trajectory files Method 2: Periodic references
* Smooth motion by reducing high frequency energy » Periodic trajectory is generated from fundamental and desired harmonics
e Parametrization from physical aspecs (max velocity, etc) * Gain and phase for each component from inverse of measured frequency response
» Direct feedforward effort, given all derivative terms (complex numbers)
* Work-in-progress: online estimation of gain and phase response
|—Experimental (S1) —Fit model - - -Inverted for FF
X ] Y z From system identification
o 100 . - N
2 0 Lookup Table R AL W Generated feedforward effort
§, Freq (Hz) | Complex gain i : : : - = . =
2. _’\ | \ '/' R S i
z _ 10° 102 10° 10? 10° 10° 'g“: - ll' 7 ; H— ': 1 'I !
e ] Frequency [Hz] 3T o f I T T
Frequency & - b T ,1 7 )
Ref4 Feedforward Response i R B WAl _
troll — 3 2 AN VAN
trajectory file controter Cff (S) = k]S + kaS + ka+ kp Feedforward iy “
Cis)
e
Amplitude &
r i Frequency y| ITrajectory UON. e(t) C(z) u(t) Plant y(t) >
Generator
r' -
> kp
r l—l Electromechanical .
rfraj plant o N1
+ + T2 N-2 Square wave
y = N=3
fsp — CD e Cnl®) Uy + a(s) 2 "1 approximated
- s =" by harmonics
FEEdbaCk COHtrD”er -4'3 (H":-CE |)-C\ 05‘!5 F.':TZ V":C-ZE 0.03
o BRAZILIAN GOVERNMENT
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Digital implementation

13

LNL;_-':
Mechatronic System Design Digital .
[ design (DEB) ] [ identification ] [ controllers ] [ implementation ] [ v ekiden J
NI cRIO-9049
Linux OS e oD . . .
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, & ‘iﬂlﬁ\lﬁ:! Feedback controller discretization

LabVIEW Real-Time (CPU)

Setpoint

Response
Acquisition

_________________

Slew-rate
limiter

Trajectory e 1
el F(z) " Excitation input
Controller Kinematics
configuraton configuration
Direct Memory Access | | | | 7
omaA
(") C Electromechanical
C’(z) Up u Uy T, > plant
w77
LUy
- T, (e Sensors |«
Xm

LabVIEW FPGA (20 kHz)

C(z): Second-order sections
[IR filters in series

ICALEPCS 2025 Advanced Control Workshop - Chicago, USA

20 kHz sampling frequency
Each block of the “PID” controller is discretized separately to
improve numerical stability

Tustin discretization (pre-warping on notch filters)

Implementation in NI CompactRIO platform

Double-precision floating-point arithmetic (64 bits)

Custom TF solver for LabVIEW FPGA

Reconfigurable Direct Form Il lIR filters in series for each DoF
System identification and acquisition functionalities for

validation and experimental usage
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14

Applications in beamline systems
at LNLS/Sirius
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High-Dynamic Double Crystal Monochromator (HD-DCM-Lite) 2} '..' CNPEM

LNLS

Incident Short-stroke - keeps H constant

/ beam
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i 2 b Fast energy scans (sinusoidal)
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% Q CNPEM

LNLS
+ srius
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SAPOTI Cryogenic Sample Stage (CARNAUBA)
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Quarter-Wave Plate for XMCD experiments (EMA) 2 O CNPEm

LNLS
Ry: selects light Abded
polarization eodforard
Amplitude &
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