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Studying the magnet girder
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Motivation of the research Current research Summer plan

I Participating in the USPAS 2026 I Mechanical behavior of the girder

To study the mechanical engineering .
of the accelerator.

. Robust structure for micron precision.

Vibration measurement and attenuation.
* Mechanical alignment and vibration.

chined surface to Plates for alighment
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Research opportunity

Motivation of the research Current research Summer plan

RESEARGH I Discovery and motivation
INTERNSHIP PROGRAM

SUMMER 2026 * Good opportunity to acquire foundational
technology for particle accelerators.

* Learning mechanical engineering in a short
e period time.

largest engincering student bodyin Quebec
of Canada

B
:mmuwmn — _ L
- —— R * Integration and application into the accelerator.

Every year, Polytechnique’s research laboratories welcome over 250 students from other universities wishing to put into practice the technical
and scientific knowledge acquired in their studies. The research conducted, supervised by a Polytechnique professor and respectful of all health

and safety from areal societal or ial need, and is carried out in the lab or in situ. 20268tA T HE| 28|82 El0]| -] Non-Credit ProgramE E3f q?*'oil g2l S clekst Fa|e] "H|EdE 7|ul 2Hng x2S 2HEL|Ct.
ZIE0fl JHE SRI=| A HIER 7|4t 2R nF T2IM0| 2 AA2S Soll S8 2HE 2L OneDrive &L Ho|E El= nH

The recommended duration of the internship is 4 months, with 5 possible starting
dates between April and July. Once the admission to the program has been " . N
confirmed, no change in the duration or the dates can be made. Please confirm % OneDrive EJ 3: [POSTECH] 2026 Non-Credit Proqrm"ﬂﬂ' EE
the research duration with your home university Program Coordinator before
applying. Note that it is a full-time research internship in Montreal

(7 hours a day, 35 hours a week).

1. Mielal: 20268H4E 00

APPLICATIONPROCEDURE 3. X xR
Ofckperian s o ey ek s sy b Sy i e 7h. 3 3 2 e AEHY (FEHY A1 BI
polymtl.ady-pub.moveonca.com/rip - (215 8517| / (ChEkd) MAt 4517], HiAL 8517|, S& 10247 |0HK| IHA 2L X8l 7Hs

L} F27|E0lM 276 X E Xt At
POLYTECHNIOUE 2o 2 Ry Z
L ObA ol X = 87| At 9l JA|E | 42 &t
MONTREAL ” ”

For any questions regard|

Polytechnique Montréalln‘?emmonal pmm@polymtl ca EI-_ EJ_.I'_ IOI'EIE- IIE- ;f-xo“el II‘;—H, ﬂ’dg %;‘d}"‘ II‘
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Specific details =

Motivation of the research Current research Summer plan

Family name (surname) of the professor

TUYSUZ * Location: Montreal, Canada

First name of the professor .
Université r”'l Oguzhan * Duration: 120 days
de Montréal Engineering Department: .
H Chemical || Civil/Geol /Mining E Electrical D Maths/Industrial ° Fu nd In g' 6’ OOO CAD

Computer/Software Mechanical Physics

POLYTECHNIQUE * Dept. of mechanical engineering
MONTREAL Research Project Subject

% UNIVERSITE MEC 06 - Analysis of Manufacturing Process and Machine Interaction ¢ POS itl O n : Pe rSO n n e l- (re Se a rC h e r)

D'INGENIERIE

Main Tasks during the Internshi . M

Select optimum cu%ting conditionsp ° D U ty. An a I.ySI S & D eve lO p m e nt
Design a machining process with high dimensional and surface guality
Measure machining forces and vibrations

Experiment, collect, analyze, and interpret machining process data.

I I I C Experience or Skills Required for the Internship

- Ability to design laboratory tests |

MONTREAL Familiarity with research equipment (CNC machines, cutting tools, forces sensors,
accelerometers, dynamometers etc.)

Familiarity with machining processes

University Cycle at Polytechnique:

29334012664843

D

Undergraduate / Licence,Postgraduate / Master,Doctorate / Doctorat

D Ist (undergrad) 2nd (master) D 3rd (doctoral)
(should ¢ the 1

correspond to the current level of studies o esearch intern)
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Research topic

Motivation of the research Current research Summer plan

Displacement ..
P e Enablesindirect measurement.

l e Establish the well-controlled

Eddy sensor measurement criteria.

* Select appropriate sensor.
<€—> Vibration » Kalman filter * Optimize the Kalman filter to
predict the data.
T Force ‘l’

Workpiece

Force

Dvnamometer X )
y Vibration

Dynamometer
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Experimental modal analysis

Motivation of the research Current research Summer plan

Inertia Damp Resilience External IMeasurement process

(M} + [Clix) + [Kx) = F(©)

x = @q(t) q(t): Modal coordinates
@: Modal shape

IMlpg + [Clog + [Klpq = F(t)
" [Mlpg + @"[Cloq + ¢"[Klpq = ¢ F(t)

.o T
(mlg +lclq +[klg = o7 F(t) * Excitation: momentary impact load to the tool tip
c using an impact hammer.
( = ¢: Damping ratio , , ,
2mw * Measurement: vibration response (acceleration)
W = % w: Natural frequency generated by the tool via an accelerometer
* Analysis: natural frequency, damping ratio, and

i+ 20wi + w?q = eTF (1) mode shape based on the collected signhals
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Kalman filter

Motivation of the research Current research Summer plan

= AN.SW.X . . .
7|28 e Balance between the ideal value and measured value with sensor noise.

Xo: Space state model (e.g. position, velocity)
P,: Covariance (correlation between variables of interest)

k-1
Pk— = Apk—lA +

o=
Q

X, : Estimated value of next step via the system model A
P, : Covariance enlarged by model noise

ZEH0[= A4t
K, = PLHT(HP_HT + R)™1 H: Mapping the sensor value to the system value of interest
R: Sensor error as covariance

P . . .
K7 H A K; ~—F"—: Ratio of model noise to sensor noise (lower > modelT)
— Pr+Rg
Xk = X + Ki(2 — HXy)
Z;.. Observed value by sensor

QLAtS =4k A At X, : Final state reflecting the residual of sensor and model value
P, =P, — K HP, P, : Reduced covariance based on the measurement reliability
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Data analysis

Motivation of the research Current research

Kalman Force &
filtering Vibration

Data acquisition

Eddsyeg:;;ent Coll:systen /_ TypeS Of Kalman fi lterS
Extended Kalman filter

Magnetic
Field

Eddy
Current

Unscented Kalman filter

Ensemble Kalman filter

Eddy sensor

Adaptive Extended Kalman filter

11/6/2026
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Validation by
dynamometer

Dynamometer



Summer research timeline

Motivation of the research Current research Summer plan
Code setup Jul. Data analysis Se P.
® ®
Prepare Python code for Check if measurement
sensor data processing. performance and error

have been improved.

® ® ® ®

Kalman filter Magnet girder

Design an improved Kalman filter Research the girder related to

® . : ® : . .
considering the experimental vibration based on learned skills.

Jun. Aug.

characteristics.
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Connection to the magnet girder

Motivation of the research Current research Summer plan

I Establish the Master’s topic

* Accelerator body design and
stability evaluation.

* Develop a method for measuring
girder dynamics.

* Minimize the beam emittance
from a mechanical engineering
perspective.
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Conclusion and summary

o1 Starting new research
Short-term research project at Polytechnique Montreal
Acquiring mechanical engineering skills for magnet girder

02 Mechanical data analysis
Measurement of the dynamic system
Data processing with Kalman filter

o3 Toward the magnet girder
Investigation of the mechanical behavior of the girder
Contribute to the stable beam operation with stiffness



Thank you for listening to the presentation.
Please feel free to ask any questions.
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