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Purpose: minimal invasive procedures  

In 2012, 13% of all deaths 
worldwide were due to carotid 

artery disease! 

Acute ischemic stroke 
Time window for thrombectomy: 6-8h 
 

{ǇŜŜŘ ŘŜǘŜǊƳƛƴŜǎ ŎƭƛƴƛŎŀƭ ƻǳǘŎƻƳŜΧ 
άEvery 30 minutes delay from symptoms onset to 
reperfusion translates to about 10% decrease in 
good outcomeέ 
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The product 
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The challenge 

Vibrations can cause image blur (sharpness) and 3D reconstruction artifacts  
 
 
 
 
 
 
 
 
 
 
 
This vibration can be caused by;  
1. System movements   Discussed in 2016 
2. Internal x-ray source  Part 1 of today 
3. Floor vibrations   Part 2 of today 
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x-ray source 

X-ray tubes determines basic system performance (IQ) 
 

Trend: Increase rotation speed of the anode disc  
             to get more xςray power at lower tube mass 

 
Characteristics:  high-end precision module  
high vacuum,  pressure < 10-11 Atm 
high voltage,  100 kV 
high speed,  70Hz (anode disc) 
high temperature,  1300 Kelvin 
high precision < 10 um unbalance 
Heavy   80kg 
Low efficiency  <1% 
 
Question: can the increase in rotation frequency from  
  70 to 180 hz result in vibration issues 
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Maximus Rotalix Ceramic 

Spiral groove bearing 

1989 



1D dynamic model 
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Vibration is proportional to rotation frequency ́  w2  
 from 70 to 180 hz means x 6.6 



Problem: Measured vibrations 
 

 
Measurement @180 hz  
ÅVibration and acoustic levels too high 
ÅResonance at intended rotation frequency 

 
 

C-arc act as loudspeaker/resonator 
ÅC-arc appeared to have resonances 180Hz 
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Resonance 
 C-arc 



Concepts study 
to reduce  a factor 10   

1. Closing the box to stiffen the C-arc  
Ą C-arc behaves more as solid body  

Ą unbalance force acts on larger mass (of c-arc) 

 
 

2.  Isolation 
     Reduce stiffness of tube suspension    
     In direction of unbalance forces 

 

 

 

3. Add damping  
 to reduce vibration amplification at 

isolation frequency (50 Hz) 
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Design concepts for isolation in right directions 

9 

Concept A 
- Plate flexure design 
- Behaves like a cardan shaft  

Concept D 
- Superposition of bending rods and leaf 

spring for desired stiffness 



Expected results from simulation  

ÅFrequency Response Functions (FRF) is computed from modal analysis 
ÅFRF from unbalance force to acceleration of points on C-arc: 
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Decoupling  
(-2 slope) 

Introduced resonance 
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4 flexures for low 

rotational stiffness 

4 bending beams for low 

translational stiffness 
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Fixed Compliant Background

Sound Pressure dB(A) 

4 VITON rubbers 

for damping 

Improvement: 5-10 dB(A)  Improvement : 0.13G Ą 0.025G 

Acceleration at tip fixed  Acceleration at tip compliant Sound pressure dB(A) 


