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Participating in the USPAS 2026

• To study the mechanical engineering 
of the accelerator.

• Mechanical alignment and vibration.
• Precise survey and vibrational stability.

Mechanical behavior of the girder

• Robust structure for micron precision.
• Vibration measurement and attenuation.
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Discovery and motivation

• Good opportunity to acquire foundational 
technology for particle accelerators.

• Learning mechanical engineering in a short 
period time.

• Integration and application into the accelerator.



Specific details
Motivation of the research   Current research   Summer plan

11/6/2026 5

• Location: Montreal, Canada
• Duration: 120 days
• Funding: 6,000 CAD
• Dept. of mechanical engineering
• Position: Personnel (researcher)
• Duty: Analysis & Development



Research topic
Motivation of the research   Current research   Summer plan

11/6/2026 6

Force

Eddy sensor

Vibration

Displacement

Kalman filter

Force
Vibration Dynamometer

• Enables indirect measurement.
• Establish the well-controlled 

measurement criteria.
• Select appropriate sensor.
• Optimize the Kalman filter to 

predict the data.

Workpiece
Dynamometer
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𝑀 ሷ𝑥 + 𝐶 ሶ𝑥 + 𝐾 𝑥 = 𝐹(𝑡)

𝑥 = 𝜑𝑞 𝑡   𝑞 𝑡 : Modal coordinates
  𝜑: Modal shape

𝑀 𝜑 ሷ𝑞 + 𝐶 𝜑 ሶ𝑞 + 𝐾 𝜑𝑞 = 𝐹(𝑡)
𝜑𝑇 𝑀 𝜑 ሷ𝑞 + 𝜑𝑇 𝐶 𝜑 ሶ𝑞 + 𝜑𝑇 𝐾 𝜑𝑞 = 𝜑𝑇𝐹(𝑡)

𝑚 ሷ𝑞 + 𝑐 ሶ𝑞 + 𝑘 𝑞 = 𝜑𝑇𝐹(𝑡)

𝜁 =
𝑐

2𝑚𝜔
  𝜁: Damping ratio

𝜔 =
𝑘

𝑚
 𝜔: Natural frequency

ሷ𝑞 + 2𝜁𝜔 ሶ𝑞 + 𝜔2𝑞 = 𝜑𝑇𝐹(𝑡)

Inertia Damp     Resilience     External

• Excitation: momentary impact load to the tool tip 
using an impact hammer.

• Measurement: vibration response (acceleration) 
generated by the tool via an accelerometer

• Analysis: natural frequency, damping ratio, and 
mode shape based on the collected signals

Measurement process



Kalman filter
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𝑥0: Space state model (e.g. position, velocity)
𝑃0: Covariance (correlation between variables of interest)

ො𝑥𝑘
−: Estimated value of next step via the system model 𝐴
𝑃𝑘
−: Covariance enlarged by model noise 𝑄

𝐻: Mapping the sensor value to the system value of interest
𝑅: Sensor error as covariance
𝐾𝑘 ≈

𝑃𝑘

𝑃𝑘+𝑅𝑘
: Ratio of model noise to sensor noise (lower → model↑)

𝑧𝑘: Observed value by sensor
ො𝑥𝑘: Final state reflecting the residual of sensor and model value
𝑃𝑘: Reduced covariance based on the measurement reliability

• Balance between the ideal value and measured value with sensor noise.초기값설정
ො𝑥0, 𝑃0

추정값,오차공분산예측
ො𝑥𝑘
− = 𝐴ො𝑥𝑘−1

𝑃𝑘
− = 𝐴𝑃𝑘−1𝐴

𝑇 + 𝑄

칼만이득계산
𝐾𝑘 = 𝑃𝑘

−𝐻𝑇 𝐻𝑃𝑘
−𝐻𝑇 + 𝑅 −1

추정값계산
ො𝑥𝑘 = ො𝑥𝑘

− + 𝐾𝑘(𝑧𝑘 − 𝐻ො𝑥𝑘
−)

오차공분산계산
𝑃𝑘 = 𝑃𝑘

− − 𝐾𝑘𝐻𝑃𝑘
−
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Data acquisition Kalman 
filtering

Force & 
Vibration

Validation by 
dynamometer

Extended Kalman filter

Unscented Kalman filter

Ensemble Kalman filter

Adaptive Extended Kalman filter

Types of Kalman filters

Eddy sensor Dynamometer



Summer research timeline
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Jun.

Jul.

Aug.

Sep.Code setup
Prepare Python code for 
sensor data processing.

Kalman filter
Design an improved Kalman filter 

considering the experimental 
characteristics.

Data analysis
Check if measurement 
performance and error 
have been improved.

Magnet girder
Research the girder related to 

vibration based on learned skills.



Connection to the magnet girder
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Machining Accelerator

• Accelerator body design and 
stability evaluation.

• Develop a method for measuring 
girder dynamics.

• Minimize the beam emittance 
from a mechanical engineering 
perspective.

Establish the Master’s topic



Conclusion and summary

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

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

Toward the magnet girder
Investigation of the mechanical behavior of the girder
Contribute  to the stable beam operation with stiffness
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03



QnA

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