
1 
 

 

 EUROPEAN SYNCHROTRON RADIATION FACILITY                                   

 
INSTALLATION EUROPEENNE DE RAYONNEMENT SYNCHROTRON  
 
ISDD  

Mechanical Engineering Group  

Precision Dynamics & Mechatronics Team – Precision Engineering Laboratory (PEL) 

 

                      Test report –  µ station ID31 

                                                                                                             Date: 26.03.2019                                                                                                       
From:       H-P van der Kleij 

Subject:   µ station ID31 
  
Object: This report is made out of four main parts:  
              1) NY translation.  
              2) NAI (tilt around Y).              
               3) Hexapod from the Symetrie company. 
              4)Air bearing spindle from the LAB company. 
 
Situation: ID31 experimental hutch @23 ˚C +/_ 0.1˚C 
 
Contents: 
  
 Instrumentation…………...........................................................................................................2 
 
Sign convention, specification and overview, …………..............................................................2 
 
Temperature sensors positioning………………………………………………………………………………………..3 
 
Part one, NY translation: Linear positioning, MIM, angular deviation, linear deviation, 
stability measurements and conclusion………………………………………………………………….…..………4 
 
Part two, NAI rotation: Angular positioning, MIM measurements, determination of the 

center of rotation and conclusion………………………..…………………………………..…………….17 

 
Part three, Hexapod: Angular deviation RYy (roll), RYz (pitch), linear deviation TYX, TYZ  
of the NHY movement and conclusion...................................................................................21 
 
Part four, NTH spindle: Axial, radial, tilt errors and conclusion..............................................31 
 
Results....................................................................................................................................37 
 
Appendix................................................................................................................................38 
 

 



2 
 

Instrumentation:  

1) Laser interferometer system from Agilent for linear, angular and                        s                                

straightness measurements. * 

2) Spindle Error Analyser (SAE) from Lion with dual reference spheres from the PIC company. 

3) 8 channel temperature data logger from the RBR company. 

 

*All the measurements with the Agilent interferometer are done at @ 820 mm (sample 

height) from the centre of the NY guiding’s and with a load of 15 kg. 

 

Sign convention, specification and overview:  
 
 
 

The ID 31 µstation (see picture below) 

 

 

 

 

 

Z+ 

X+ 

Y+ 

+Ry 

+Rx 
+Rz 
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Specifications of the ID31 µ station 

 

Motion stroke repeatability MIM Axial error Radial error tilt error 

Ny (TY) +/- 5 mm 0,02 µm 0,005 µm       

NAI (Theta Y) +/- 3 deg 5 µm/m 2 µm/m       

NTH (spindle RZ) infinit 2 µm/m 0,5µm/m 0,01 µm 0,5 µm 1,7 µm/m 

nhx, nhy and nhz (hexapod) +/- 10 mm 0,01 µm 0,003 µm       

nhrx, nhry and nhrz (hexapod) +/- 3 deg NA 1,7 µm/m       

 

 
 

 

                                                                                                                   

 

Overview of the station 

Temperature sensors 

positioning 
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As mentioned above we will treat four items of the ID31 µ station. 

- Part 1) The NY translation with linear motor. 

- Part 2) The NAI movement (rotation around the Y axis. 
- Part 3) The NHU axis of the hexapod from Symetrie. 

- Part 4) The NTH air spindle from LAB. 

 
Part 1) NY translation 
 
 
 
 
 
 
 
 
 
 
 
 
 
Linear positioning: 
 
          The results of the measurement done at the PEL on 4/2017 are written in Red. 

 
Measurement setup of the linear positioning calibration TYY (See picture below). 

 
 

  

 

 

 

 

 

NY, Mahr guidings 

Double cube-corners Interferometer 

Single cube corner 



5 
 

 
 
Linear positioning of the NY translation. Stroke +/- 4.7 mm.  

 
 
 
Temperature recording during the above mentioned test.  
 

 
 
 
 

Accuracy :  2.83 µm 

Repeat     :  1.2  µm 

Repeat↑  :   0.69 µm 

Repeat↓  :   0.59 µm 
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Linear positioning of the NY translation. Stroke +/- 5 mm. 
Done at the PAMU @ 4/2018, with hexapod and NTH motors switched off. 
 

 
 

Stability and MIM: 

 
 
Measurement setup for MIM, linear and angular stability measurements (See picture below). 
 

 

Accuracy :   4.47 µm 

Repeat    :  2.86 µm 

Repeat↑  :   0.91 µm 

Repeat↓  :   0.47 µm 

 

 

Insulation tube 
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MIM (Minimum Incremental Motion) measurements. 

 
 
 MIM = 150 nm. Forward direction, the            MIM = 150 nm. Backward direction, the 
 hexapod and NTH motors are switched on.    hexapod and NTH motors are switched on.                     
 

  

 
MIM = 50 nm. Forward direction, the             MIM = 50 nm. Backward direction, the 
hexapod and NTH motors are switched off.  hexapod and NTH motors are switched off. 
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TYY stability measurements. 
 
 

 
 
 
Temperature recording during the above mentioned test. No air-conditioning. 
 

 
 
 
 

Accuracy = 1.64 µm over 

10 hours, all motors on. 
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Temperature recording during the above mentioned test.  
 

 
 
 
 

Accuracy = 0.2 µm over 1 

hours, hexapod is 

switched off and the NTH 

motor is switched on. 

 

 



10 
 

 

 
 
 
 
Temperature recording during the above mentioned test.  
 

 
 

Accuracy = 0.14 µm over 

1 hours, NTH is switched 

off and the hexapod 

motors are switched on. 
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Linear deviation (straightness): 
 
Measurement setup of the straightness measurement TYX (See picture below). During 
measurement the set-up is covered with a sheet of bubble plastic. 

 

 
 
 
Linear deviation (straightness) TYX. Stroke +/- 4.5 mm. 
 

 

Accuracy :  0.98 µm 

Repeat    :  0.33 µm 

Repeat↑  :   0.32 µm 

Repeat↓  :   0.25 µm 

 

 

Laser source 

 Straightness interferometer  

Straightness mirrors 
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Temperature recording during the above mentioned test. No air-conditioning. 
 

 
 
 
 
 
Linear deviationTYX of the NY translation. Stroke +/- 5 mm. 
Done at the PAMU @ 4/2018, with hexapod and NTH motors switched off. 
 

 
 
 

Accuracy :  4.51 µm 

Repeat    :  3.98 µm 

Repeat↑  :   0.53 µm 

Repeat↓  :   0.64 µm 
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Linear deviation TYZ. Stroke +/- 4.5 mm. 
 

 
 
 

Temperature recording during the above mentioned test. No air-conditioning. 
 
 

 
 
 
 
 
 

Accuracy :  0.79 µm 

Repeat    :   0.42 µm 

Repeat↑  :   0.21 µm 

Repeat↓  :   0.29 µm 
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Linear deviationTYX of the NY translation. Stroke +/- 5 mm. 
Done at the PAMU @ 4/2018, with hexapod and NTH motors switched off. 
 

 
 
 

Angular deviation: 
 

Measurement setup of the angular deviation measurement RYx (See picture below). 
 

 

Accuracy:   9.61 µm 

Repeat    :  7.57  µm 

Repeat↑  :   1.6   µm 

Repeat↓  :   0.76 µm 

 

 

Double cube-corners Interferometer 

Laser source 
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Angular deviation : RYx (pitch). Stroke +/- 4.5 mm. 
 

 
 
 
RYy (roll). Stroke +/- 4.5 mm. 
 

 

Accuracy :   9.85 µm/m 

Repeat     :  3.73 µm/m 

Repeat↑  :   3.13 µm/m 

Repeat↓  :   3.53 µm/m 

 

 

Accuracy :   4.11 µm/m 

Repeat     :  3.04 µm/m 

Repeat↑  :   1.86 µm/m 

Repeat↓  :   3.04 µm/m 
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Temperature recording during the above mentioned test.  
 

 
 
 
 
 
 
RYz (yaw). Stroke +/- 4.5 mm. 
 

 
 

Accuracy :   6.11 µm/m 

Repeat     :  3.07 µm/m 

Repeat↑  :   2.14 µm/m 

Repeat↓  :   3.03 µm/m 
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Conclusion and remarks:  
 
The NY stage suffers from an instable closed loop; the reason might be the position of the 
encoder read head or the stiffness of its support. Another possibility to cure this problem 
might be to replace the linear motor for a stepper motor. 
 
During the last measurement campaign at ID31 we observed a “hard” spot at about 1.8 mm, 
while measuring the Linear positioning and deviation. This spot was not present during the 
measurement campaign @ 4/2018 at the PAMU. I joined the graphs from these test in this 
report.  
The reason for this “hard “spot could be: an alien particle, oxidation, damage of the Mahr 
guiding’s or the wrong positioning of the outer guiding regarding the inner guiding. (at 1.8 
mm you can see that, a row of guiding balls is just entering or leaving the guiding.) 
The guiding’s are too much exposed; If I am right a cover is foreseen. 
 

 
 
 

Part 2) NAI (tilt around Y axis) 
 
 
 
 
 
 
 
 
 
 
 
 
 

Oxidation spots 

Guiding balls 

NAI stage 
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Measurement setup of the angular positioning calibration of the NAI axis (See picture 

below). 
 

 
 
 
 
 
Angular positioning of the NAI rotation. Stroke +/- 3 deg. 
 

 

Accuracy :   11.97 arcsec x 4.85 = 58.05 µm/m 

Repeat    :       4.3  arcsec x 4.85 =  20.86 µm/m 

Repeat↑  :      1.28 arcsec x 4.85 = 6.2 µm/m 

Repeat↓  :      1.46 arcsec x 4.85 = 7.08 µm/m 

 

. 
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Temperature recording during the above mentioned test.  
 

 
 
 
 
 
MIM (Minimum Incremental Motion) measurements. 
 
 

  
                         Forward direction                                                   Backward direction 
     MIM = 0.216 arc sec x 4.85 = 1.05 µm/m.           MIM = 0.22 arc sec x 4.85 = 1.07 µm/m.   
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Determination of the center of rotation: 
 
Determination of the center of rotation of the NAI stage, using a PIC reference sphere and a 
capacitive sensor system from the Lion company (see picture below). We come back later on 
to this equipment with the measurements of the NTH spindle. 
 
 

 
 
The distance (height) between the top plate of the hexapod and the center of rotation of the 
NAI stage ≈ 142.857 mm, with NHZ at 5.4916 mm*1 
 
 
 
Conclusion and remarks:  
 
The NAI is performing quite well, except a few small spots at -0.9, 0.9 and 1.5 deg.  
Regarding the, in my opinion, difficulty to assemble and adjust the 4-independent guiding’s 
of the rotary stage, the PAMU did a good job. 
 
*1I had no time to double check this value, while at the end the stage stopped working. The 
lack of correct tightening of the link between motor and reducer seems to be the reason 
(factory assembly error). 
In the meantime, this problem is probably solved, a future measurement campaign will 
confirm this value. 
 
 
 
 
 
 
 

Reference sphere Sensor 1 

Sensor 3 
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Part 3) hexapod from Symetrie (NHY movement only) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Measurement setup of the angular deviation measurement RYy (See picture below). 
 

 
 
 
 
 
 
 
 

Laser source 

Interferometer 
Plain mirror 
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Angular deviation measurement RYy (roll). Stroke +/- 10 mm. 

 
 
 
 
Temperature recording during the above mentioned test.  
 

 
 
 
 
 

Accuracy :  11.83 µm/m 

Repeat     :  4.38   µm/m 

Repeat↑  :   3.49   µm/m 

Repeat↓  :   2.21   µm/m 
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Angular deviation measurement RYz (yaw). Stroke +/- 10 mm. 

 
 
 
Temperature recording during the above mentioned test.  
 

 
 
 
 
 
 

Accuracy :  13.08 µm/m 

Repeat     :  6.08   µm/m 

Repeat↑  :   3.59   µm/m 

Repeat↓  :   4.74   µm/m 
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Linear deviation (straightness) measurement TYX. Stroke +/- 10 mm. 

 
 
 
Temperature recording during the above mentioned test. No air-conditioning. 
 

 
 
 
 
 
 

Accuracy :  3.09   µm 

Repeat     :  0.93   µm 

Repeat↑  :   0.41   µm 

Repeat↓  :   0.46   µm 
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Linear deviation (straightness) measurement TYZ. Stroke +/- 10 mm. 

 
 
 
Temperature recording during the above mentioned test.  
 

 
 
 
 

Accuracy :  0.89   µm 

Repeat     :  0.72   µm 

Repeat↑  :   0.63   µm 

Repeat↓  :   0.28   µm 
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Conclusion and remarks: 
 
 
The results of the measurements are more or less in spec. 
An electrical problem occurs from time to time in one of the legs, preventing the  
hexapod to move. This could be a bad contact in the slipring.  
 
 
 
 
 

Part 4) NTH (Air spindle from LAB) 
 
 

Spindle + slipring 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Stator air-spindle 

Rotor air-spindle 

Slipring 
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Measurement setup for the axial, radial and tilt measurements (See pictures below). 

 

 
 
 

 

Probe nest Dual Master-Ball 

Lion elite series cabinet 

 

Sensor 1 

Sensor 4 

 

Sensor 3 

 
Sensor 2 

 

Sensor 5 
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- The (static) measurement was performed in 3 bidirectional cycles, from 0 to 360 deg, 
every 2 deg. No drift compensation.  

 

- A dual Master-Ball (25.4mm) target was mounted on the rotor, used as reference 
surface for the measurement, and aligned at the center of the spindle. The master ball 
roundness is <25nm and it is considered negligible. The upper master ball is at sample 
height, ≈142.857 mm. 
 

-  The measurement has been performed with a low resolution (80mV/µm) capacitive 
sensor set from Lion Precision, composed of 5 sensors conditioned by a CPL290 
driver and mounted on a probe nest (i.e appendix for the datasheets). 

 
 
 
 
 
The results of the measurement done at the PEL on 4/2017 are written in Red. 
 
 

 
Axial error: 201 nm 
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Radial error in X: 3.052 µm 
 
 
 
 

 
Radial error in Y: 2.956 µm 
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Tilt error in X: 9.965 µm/m 
 
 
 
 
 

 
Tilt error in Y: 8.82 µm/m 
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Temperature recording during the above mentioned test. Time duration is 5 hours. 
 

 
 
 
 
Measurements done at the PEL @ 4/2017 
 
The (static) measurement was performed in 3 bidirectional cycles, from 0 to 360 deg, every 2 
deg, with only the motorized air-bearing, no NY stage, hexapod, NAI stage and slipring. 
With drift compensation. 
 
 

 
Axial error: 91 nm 
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Radial error in X: 0.381 µm 
 
 
 
 

 
Radial error in Y: 0.223 µm 
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RYz stability measurements. 
 

  
 
 

Temperature recording during the above mentioned test.  
 

 
 
 
 
 

Accuracy = 4.79 µm/m 

over 1 hours. Both NTH 

and hexapod motors are 

switched on. 
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Temperature recording during the above mentioned test.  
 

 
 
 
 
 
 

Accuracy = 0.91 µm/m 

over 1 hours. Hexapod 

motors are switched on.          

NTH switched off, no air. 
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Temperature recording during the above mentioned test.  
 

 
 
 
 
 
 

Accuracy = 1.62 µm/m 

over 1 hours. Both NTH 

and hexapod motors are 

switched on. After 

intervention of MJC. 
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Conclusion and remarks: 
 
-The difference between the axial and radial errors resulting from the measurements done 
at ID31 and the measurements done at the PEL on 4/2017 are inexplicable. The radial error 
is almost multiplied by 10. 

If we look at the Cartesian plots of the measurement done at ID31      , 
we remark the unusual shape of these graphs, they looks like if there is something 
preventing the spindle to rotate freely (pushing or pulling the spindle and degrading its 
stiffness). Could this be the slipring, slipring synchronisation or a cable issue?   
 
 
-The NTH spindle position where the NY axis and the nhy axis from the hexapod are parallel   
≈ +82.45 degree. 
 

The procedure to determinate the position of the NTH spindle where the nhy axis from the 
hexapod and the NY axis are parallel, was not finished. At the last moment the NY stage 
became too instable and started to enter in resonance, each time it passed the 1.8 mm 
position. I was not able to finalize the measurement. The value I found was about +82.45 
degree, but I can’t guaranty this value. A future measurement campaign will confirm the 
right value. 
 
 
-The RYz stability measurements shows that the NTH spindle generates quitte a lot of noise. 
This is manly due to the pid of the spindle, also the important distance between the encoder 
of the spindle and the optics at sample position will not help. 
By putting a very aggressive pid, JMC could devide the noice by 3, but then other problems 
occurred, preventing the spindle to rotate smoothly. 
Due to the poor performance of the spindle we decided that dynamic measurements had to 
wait till the NTH works correctly. 
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Results: 
 

stroke = +/- 4.7 mm Specificatio between()

accuracy (µm) repeatability (µm) repeatability↑(µm) repeatability↓(µm) MIM (nm)*1 MIM (nm)*2

Linear positioning TYY 2,827 1,195 (0.02) 0,688 0,588 150 50(5)

Linear deviation  TYX 0,979 (0.02) 0,331 0,322 0,25

Linear deviation  TYZ 0,793 (0.01) 0,418 0,213 0,285

accuracy (µrad) repeatability (µrad) repeatability↑(µrad) repeatability↓(µrad)

4,11 3,04 1,86 2,04

9,85 (1.7) 3,73 3,31 3,53

6,11 3,07 2,14 3,03

stroke = +/- 3 deg 

accuracy (µrad) repeatability (µrad) repeatability↑(µrad) repeatability↓(µrad) MIM (µrad)

Angular position RY 57,456 20,64 (5) 6,144 7,008 1

stroke = +/- 10 mm 

accuracy (µm) repeatability (µm) repeatability↑(µm) repeatability↓(µm)

Linear deviation  TYX 3,024 0,933 0,414 0,46

Linear deviation  TYZ 0,887 0,716 0,626 0,276

accuracy (µrad) repeatability (µrad) repeatability↑(µrad) repeatability↓(µrad)

11,83 (1.7) 4,38 3,49 2,21

13,08 (1.7) 6,08 3,59 4,74

NTH (RZ)

Axial error 0,2 µm (0.01)

Radial error 3,004 µm (0.02)

Tilt error 9,39 µrad (1.7)

*1 Hexapod and NTH actif.

All measurements done with a load of 15 kg, exept the NTH axial, radial and tilt measurements.

Specification (). Out of spec in red.

Hexapod (nhy axis)

Angular deviation  RYy 

(roll)

Angular deviation  RYz 

(yaw)

Results of the measurement campaign on the ID31 µ-station, from 18/12/2018 till 28/02/2019

*2 No Hexapod and no NTH (no air) .

Over 1 hour, with hexapod and NTH (RZ). 4,79 µrad.

Over 1 hour, NO hexapod and NO NTH (no air). 0,91 µrad.

Over 1 hour, with hexapod and NTH (RZ). After intervention of JMC. 1,62 µrad. 

NAI (craddle)

Y translation:ny 

Angular deviation  RYx 

(pitch)

Angular deviation  RYy 

(roll)

Angular deviation  RYz 

(yaw)* 2

Stability RYz (Yaw)
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Appendix 

 

-Motor (pid) settings:  

For the Motion controller configurations. We have to refer to P. got or M.J. Clement 

 

 
-NTH position @ 0 and 53 deg: 
 

  
 

 

NTH @ 0 deg 

 

 

NTH @ 53 deg 
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-Specifications of the Keysight Dynamic Calibrator  
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-Specification of the capacitive probes c7-c from Lion. 
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-Calibration chart of the 1 inch dual master ball from PIC, no.764. 
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-Specifications of the RBR XR-420 temperature data logger. 
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All the obtained measurement results can be consulted at the PEL. 
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