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Test report — p station ID31

Date: 26.03.2019
From: H-P van der Kleij

Subject: p 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
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Instrumentation:

1) Laser interferometer system from Agilent for linear, angular and
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 ustation (see picture below)




Specifications of the ID31 u station

Motion stroke repeatability MIM Axial error Radial error tilt error
Ny (TY) +/-5 mm 0,02 pm 0,005 pum
NAI (Theta Y) +/- 3 deg 5 um/m 2 um/m
NTH (spindle RZ) infinit 2 um/m 0,5um/m 0,01 um 0,5 um 1,7 um/m
nhx, nhy and nhz (hexapod) +/-10 mm 0,01 um 0,003 um
nhrx, nhry and nhrz (hexapod) +/- 3 deg NA 1,7 um/m
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As mentioned above we will treat four items of the ID31 u 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

NY, Mahr guidings
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).




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

Linear Error Plot - Y-Axis.

Accuracy : 2.83 um
Repeat : 1.2 um
RepeatT : 0.69 pm

Repeatl : 0.59 pm

1,50
2
Machine Position in mm
2501 T T T T T T T T T 1
4,70 3,76 2,82 1,88 94 0,0 94 1,88 2,82 3,76 4,70
Numerical Analysis: 1SO 230-2 1997 2,06 | |Machine Name: ID 31 TY Environment Data: Metric
Algebraic Sign Convention Acquisition date: 18/12/2018 17:36:21
Raw Accuracy: 2,827um Current date: 01/04/2019 09:23:19 Min Max Mean
Raw Accuracy:T 2,792um File Name: tyy_nobacl_401 points_final_0
Raw Accuracy:d 2,741um Operator: HPvdK Air T 24,01 24,07 24,05
Raw Repeat: 1,195um Location: ID31 AirP 74598 747,05 746,36
Raw Repeat:T ,68842um Serial No: na AirH 27,0 27,0 27,0
Raw Repeat:d ,58828um [Comments: MT1T
Mean Rev.ErL.(B): -A7296pm Linear positioning measurement TYY. 3 MT2T 2413 24,15 24,14
Mean bidirpos.dev(M):  2,360um bidir cycles of 405 points. Total stroke: MT3T 2361 2361 2361
9.825 mm. Measurement stroke:9.4 mm.
Measured at sample hight. No backlash Expansion Coefficient: 11,7 PPM/°C
routine . Loaded with 15kg . 200200 stepsi|
mm. Avaraging: 1 sec. With hex and RZ.
New setup.

Temperature recording during the above mentioned test.

T RER Data (=
-
Setup Retrievedata File Loggerfunctions Configuration Calibration functions  Micro-5alinometer  Exit About

x-y Plot Reset Zoomln ZoomQOut
ALL T1 T4 b B

|— Data from file: C\Users\oppel\Desktop'\RB_ID31\TYY_401_last.hex 2019/Feb/2517:01:50
- ————




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

Linear Error Plot - Y-Axis

Ervor in pm

Accuracy : 4.47 um
Repeat : 2.86 um s
RepeatT : 0.91 um *

Repeat! : 0.47 um

4|
Machine Position in mm
S T T T T T T T T T 1
5 4 3 2,00 -1.00 0.0 1,00 2,00 3,00 4,00 5,00
Numerical Analysis: 1SO 230-2 1997 2,06 | [Machine Name: ID 31 TY Environment Data: Metric
Algebraic Sign Convention Acquisition date: 23/04/2018 09:27:20
Raw Accuracy: 4,473um Current date: 01/04/2019 09:53:21 Min Max Mean
Raw Accuracy:T 2,960um File Hame: tyy_multi_02.lin
Raw Accuracyi+ 2,205um Operator: HPvdK AIrT 211 21,25 2117
Raw Repeat: 2,857um Location: PAMU AirP 74323 7435 743,33
Ravs Repeat:T ,91M75pm Serial No: na AirH 38,0 43,0 41,99
Raws Repeat:d AB97pm [comments: MT1T 2089 21,12 21,0
Mean Rev.Err.(B): 2,016pm Linear positioning measurement TYY. 3 MT2T 20,91 21,0 20,95
Mean bidir.pos.dev.(M): 2,344pm bidir cycles of 21 points. Total stroke: MT3T 2143 21,51 21,47
10.42 mm. Measurement stroke:10 mm
Measured at sample hight. multi backlash | |Expansion Coefficient: 11,7 PPM/°C
0.1 mm. hexapod disconnected. 200100
steps/ mm

Stability and MIM:

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




IM (Minimum Incremental Motion) measurements.

Linoar Eror Pt ¥.Axis
- Limoar Erro Pot - vaAxis
errorin s
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.y "
o0/ "
20/ s
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O imangt
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merial Bnstyais 150 2502 1997 205 | [Wachine Namer 031 T P e ey PR Py B e e -
[Agobraic San Gonvenion e lion ot TBAD2018 1442:40 e L e T BN 142052
Accuracy:T 1,423um Cu date: 01/04/2019 09:38:23 M Max Mear Raw Accuracy:T 1,480pm Current date: 01/04/2018 08:33:00 Max Mean
Sys.DevPOS(ERT 1423um & respos_150Nm_WIthhex_rziin y5.DevPos (EXT 1a80um Fike Narme: rasaeq, 150am,_withhex,_r1lin
HPvAK Air T 2389 239 23,80 (Operator: HPvIK AT 289 2389 2389
Cosanon, 1031 Wb daes  swar gam S Ml ik ok
Men  sre  re S 1 rAAE "
i T Fyvkeell i
I — T e et of the posifomming WRT  2e0r  oa0s  2aor
osoon Tkonot o mamasrthe | [WisT 3363 saes  snes roveavion Taben s o migsiaaime | [WT3T  Fom1  aes  emr
Sorche. Forwara threcton. 10 ecremments e chomard e 10 mesemen

of 150nm. Loaded with 15 kg. Averaging: 1| | Expansion Coefficient: 11,7 PRMIPC

of 150nm. Loaded with 14 kg, Averaging: 1
sec. With hex and RZ.

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

Linear Error Piot - Y-Axis

22|

550 )
1

Wumerical Analysis: 150 230-2 1997 200 | [machine Name: 1031 v Environment Data: Metric

[Aigebraic Sign Convention Acquisition date: 1771212018 10:05:40

Raw Accuracy: 57767um Currant dato: 01/04/2019 00:36:58 win Max  Mean

Sys.DovPos(E)T 57767m Filo Name: respos_50nm_02.in
Operator: HPVAK AT 2435 2436 2436
Location: 1D 31 AP 75047 75059 75052
erial to: 1 AW 3300 38 30
Comments: w1 T
Moasuroment of tho positionning WI2T 2418 2419 2419
resolution. Taken at the middie of the WIST 2343 2343 2383
stroke. Forward direction. 10 Incraments
of 5 ed with 15 kg. No hexapod, | | Expansion Coefficient: 11,7 PPMAC
Mo RZ. Averaging:1 sec.

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

Linear Errer Plot - Y-Axis

Error in pm

36|

09|

27|

-36.

5.

Humerical Analysis: 15O 230-2 1997 2,00 | |Machine Name: D31 TY Environment Data: Metric
[Algebraic Sian Convention [Acauisition date: 181212018 11:23:35
46

Raw Accuracy:T A44931um Current date: 01/04/2019 09:3.

Min Max Mean
Sys.Dev.Pos.(ExT A44931um File Name: resnea_50nm_final.lin
Operator: AT 2402 2402 2402
Location: 10 31 AP 75012 75027 750,22
serial No: 1 ArH 200 280 200
[comments: M T
Measurement of the positionning MT2T 2413 2413 2413
resolution. Taken at the middié of the MT3T 2382 2362 2362

stroke. Backward direction. 10 Increments
of 50nm. Loaded with 15 kg. No hexapod, | | Expansion Coefficient: 11,7 PPMIPC
Mo RZ. Averaging:1 sec. N final

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

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



TYY stability measurements.

Linear Error Plot - Y-Axis Accura cy = 1.64 1wm over

Errorin pm

10 hours, all motors on.

-40_|
-80_|
1,20 |
1,60_|
21, 1
1 3600
Humerical Analysis: 1SO 230-2 1997 2,06 | [Machine Name: 1D 31 TY Environment Data: Metric
Algebraic Sign Convention Acquisition date: 14/12/2018 15:07:55
Raw Accuracy: 1,635um Current date: 01/04/2019 14:35:17 Min Max Mean
Raw Accuracy:T 1,635um File Name: tyy_stab_10 h_02.lin(Mod)
Mean bidir.pos.dev.(M): ,81762um Operator: HPVAK AIr T 24,48 24,66 24,51
Location: 1D31 Air P 74108 749,73 74529
Serial No: na AirH 20,0 33,0 24,56
Comments: MT1T
Linear positioning stability TYY. 10 hours. | |MT2T 24,21 2445 24,25
MT3T 2383 24,09 23,88
Expansion Coefficient: 11,7 PRM/°C

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

.
T RBR Data (E= R

Setup  Retrieve data File Logger functions  Configuration  Calibration functions  Micro-Salinometer  Exit About

018/De 4 00:0 g per d 0 018/De
x-y Plot Reset Zoomin ZoomOut

ALL T1 b B

Data from file: C:\Users\oppel\Desktop\RB_ID3I\TYY_stab_10h_withtube_01.hex 2019/Feb/26 10:33:57




Linear Error Plot - Y-Axis

Accuracy = 0.2 um over 1 Errorimum
hours, hexapod is
switched off and the NTH
motor is switched on.

2|
16_|
20 d
1 3600
Numerical Analysis: 1SO 230-2 1997 2,0 | [Machine Name: ID 31 TY Environment Data: Metric
Algebraic Sign Convention Acquisition date: 18/12/2018 11:45:47
Raw Accuracy:T A97T4pm Current date: 01/04/2019 14:38:47 Min Max Mean
File Name: tyy_stab_1 h_nohex_final_01.1
Operator: HPvdK Air T 23,96 24,01 23,90
Location: 1D31 AIrp 74854 7499 749,29
Serial No: na AirH 25,0 27,0 26,72
Comments: MT1T
Linear positioning stability TYY. 1 hour. No | |MT2T 24,1 24,16 24,13
hex. New Setup. Starting up the RZ. MT3T 2361 23,62 23,62
Expansion Coefficient: 11,7 PPMC

Temperature recording during the above mentioned test.

) i . —

Setup Retrieve data  File Loggerfunctions Configuration  Calibration functions  Micre-Salinometer  Exit About

x-y Plot : Reset Zoomin | ZoomOQut
ALL T1 T4 b i

Data from file: C\Users\oppel\Desktop\RE_ID31\ignition rz.hex 2019/Feb/26 08:40:29



Errorin pm

Linear Error Plot - Y-Axis

Numerical Analysis: 1SO 230-2 1997 2,0
Algebraic Sign Convention

Raw Accuracy: T ,14338um

Machine Name: ID 31 TY

Acquisition date: 18/12/2018 09:21:49
Current date: 01/04/2019 14:41:21

File Name: tyy_stab_1 h_norz_final_01.lin
HPvdK

Location: ID31

Serial No: na

Comments:

Linear positioning stability TYY. 1 hour. No
RZ. New setup. Final.

Environment Data: Metric
Min Max

AIr T 2401 2402
AP 75107 751,72
AirH 28,0 28,0
MT1T

WMT2T 2414 2416
MT3T 2362 2362

Expansion Coefficient: 11,7 PPM/C

Mean

24,01
751,41
28,0

2415
23,62

Temperature recording during the above mentioned test.

R RBR Data

Setup Retrieve data  File

Loggerfunctions Configuration  Calibration functions  Micro-Salinometer  Exit

Accuracy = 0.14 um over
1 hours, NTH is switched
off and the hexapod

motors are switched on.

x-y Plot
ALL T1

" |Data from file: C\Users\oppel\Desktop\RB_ID31\tyy_stab_norz_Lh.hex 2019/Feby/26 10:30:24
. S

Reset

Zoomln ZoomQOut

10



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.

Straightness Plot: YK LEGEND:

Accuracy : 0.98 um Error in um

80|

Repeat : 0.33 um

Repeat? : 0.32 um as]

120 |

Repeatl : 0.25 pm

Machine Position in mm

EN

r T T T T T T T T T 1
450 360 270 1,80 -90 0.0 190 1,80 2,70 3,60 4,50

Numerical Analysis: Standard: USER 3,0c [ |Machine Name: 1D 31 TY i Data: Metric
Raw [X isition date: 2:34
Raw Accuracy:T 0,977675um | |current date: 01/0412019 15:37:36 Min Max Mean
Raw Accuracy:d 0,940857um | |File Name: linear deviation _tyx_401_poin
Raw Repeat: 0,330549um | |Operator: HPvAK AIrT 2448 24,49 24,49
Raw Repeat:T 0,322174pm | |Location: 1D31 Airp 746,31 746,96 746,71
Raw Repeat:d 0,249852um | |serial No: na AirH 21.0 22,0 21,82
Comments: MT1 T
Linear deviation TYX. 401 points, 3 bidir MT2T 2424 24,25 24,25

cycles. No backlash routine. All motors. MT3T 24,16 24,18 2417
activated. Averaging 1 sec.

11



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

0 RBR Data =
Setup  Retrieve data  File Logger functions  Configuration  Calibration functions  Micro-5alinometer  Exit About
-
D00
0.0500/d
R g e R S R O N S A b e P T e
4.8000
e = = o o o e e o o e e e e e
o o e e e N L EEEE T ==
4.3000
-
deq = 4 3
0 09 readings per d 0 g8
0194Ja | 00:0 per d 0 [19/Ja 0
09:48:00 0
-y Plot Reset Zoomin | ZoomOut

ALL T1 b 3

Data from file: C:\Users\oppel\Desktop\RB_ID31\TYX_401_poits_02.hex 2019/Feb/25 17:06:38

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

Straightness Plot: TYX

Accuracy : 4.51 um

Errorin pm

Repeat : 3.98 um
. RepeatT : 0.53 um

: Repeat! : 0.64 um

0,0 ]

4|
s Machine Position in mm
5 4 E) 2 “ 00 1 2 3 4 5

Humerical Analysis: Standard: USER 3,0a | |Machine Name: ID 31 TY Environment Data: Metric

Raw Accuracy: 4,512um Acquisition date: 26/0412018 10:21:35

Raw Accuracy:T 2,073um Current date: 01/04/2019 15:55:36 Win Max Mean

Raw Accuracy:d 1,067um File Name: linear deviation _tyx_01.str

Raw Repeat: 3,076pm Operator: HPvaK Air T 21,36 21,41 2139

Raw Repeat:T 0,52511um Location: PAMU Airp 74352 74366 7436

Raw Repeat:$ 0,641946um | | Serial No: na AirH 43,0 440 4397
Comments: MT1T 21,33 21,35 2135
Linear deviation TYX.With backiash MT2T 2115 21,18 2117
routine.+ rbr. noicy. MT3T 2121 21,28 2125

12



Linear deviation TYZ. Stroke +/- 4.5 mm.

Accuracy : 0.79 um
Repeat : 0.42 um
RepeatT : 0.21 pm

Repeatl : 0.29 pm

-40_|

-50_

Errorin pm

Straightness Plot: YZ

o: Forward Data Point
x: Reverse Data Point

TEGEND:

Machine Position in mm

4,50

-3,60

270 1,80

00 190 180 270

360 450

Numerical Analysis: Standard: USER 3,06

Machine Name: ID 31 TY

activated. Averaging 1 sec.

Environment Data: Metric

Raw Accuracy: 0,79297pm |Acquisition date: 09/01/2019 13:49:42
w X " Current date: :39: Min Max Mean
Raw Accuracy:d 0,694654um | |File Name: linear deviation _tyz_401_poin
Raw Repeat: 0417943um | |operator: HPvdK Air T 2457 2461 24,59
Raw Repeat:T 0,213141um | |Location: ID31 Air P 742,56 74320 742,83
Raw Repeat-d. 0,285407pm | |seriaiNo: na AirH 24,0 240 4,
[Comments: MT1T
Linear deviation TYZ. 401 points, 3 bidir MT2T 244 2444 24,42
cycles. No backlash routine. All motors MT3T 2432 2436 24,34

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

~ K S

Calibration functions  Micro-Salinometer

Exit
-
41500
0.0500d [ ]
e o = T =t
4.9500
it 8 1 s 9
= Al P Y S g A bl it
e e R o
4.4500
deq = 4 >
a 0 ] adings p d 0 |
0194Janf09 00:0 4 per d 0 019f{Janf09
1 b (0
xv Plot Reset Zoomln ZoomOQut
ALL T b 6

 |Data from file: ChUsers\oppel\Desktop'\RB_ID31\TYZ_401_points_01.hex 2019/Feb/25 16:55:56

13



Linear deviationTYX of the NY translation. Stroke +/- 5 mm.

Done at the PAMU @ 4/2018, with hexapod and NTH motors switched off.

Straightness Plot: TYZ

Errorin pm

0,0

% x
2|F Ty ¥ N
LS X
* x FaE S X
Y Xy /
L SR .
Y X EETE . xr ¥ ¥
“Erty«
6]
-8
10 Machine Position in mm
T T T T T T T T T T 1
5 4,00 -3,00 -2,00 -1,00 0.0 1,00 2,00 3,00 4,00 5,00

LEGEND:

0: Forward Data Points|

x: Reverse Data Points|

Reverse Mean

Humerical Analysis: Standard: USER 3,00 | |Machine Name: ID 31 TY

Environment Data:

Raw Accuracy: 9,612um Acquisition date: 25/0412018 17:10:35

Raw Accuracy:T 4,287um Current date: 01/04/2019 15:57:09 Min

Raw Accuracy:d 3,198um File Name: linear deviation _tyz_03.str(M

Raw Repeat 7.567um Operator: HPvdK Air T 21,34

Raw Repeat:T 1,601um Location: PAMU Air P 740,07

Raw Repeat:+ 0,764851um | |serial No: na AirH 45,0
Comments: MT1T 2136
Linear deviation TYZWith backlash MT2T 21,16
routine. MT3T 2119

Metric
Max

21,38

Angular deviation:

Accuracy: 9.61 um
Repeat : 7.57 um
RepeatT : 1.6 pm

Repeatl : 0.76 um

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

14



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

Accuracy :

Repeat

4.11 um/m

: 3.04 um/m

RepeatT : 1.86 um/m

Repeatl : 3.04 um/m

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

Errorin pmim

Angular Error Plot - Y-Axis

Error in ym/m

Angular Error Plot - Y-Axis

Machine Position in mm

T
380 270 1,80

T T T T T T 1
-90 0,0 90

Numerical Analysis:
Raws Accuracy:
Rawr Accuracy:T
Raw Accuracy-d
Raw Repeat

Raw Repeat:T
Raw Repeat:d
Mean bidir.pos.dev(M):

1S0 2302 1997 2,06

2,56um/m

Machine Name: ID 31 TY

Acquisition date: 181212012 16:57:44.

Current date: 21/12/2012 15:49:45

File Name: rot_yx_pitch_01.ang

Operator: HPvdK

Location: ID31

Serial No: na

Comments:

Measurement of the angular deviatioRYx

(pitch). 3 bidir cycles of 41 points. Stroke:
5, 4.5 mm. With hex and RZ.

Environment Data: Metric

TEGEND:

o: Forward Data Point:
x: Reverse Data Point:

Overall Mean

ER

EN

0 Machine Position in mm
450 360 270 180 -0 00 80 1,80 270 360

Numerical Analysis: 1SO 230-2 1997 2,0c

Raw Accuracy: 9,85umim
Raw Accuracy:T 9,85umim
Raw Accuracyid 8,70umim
Raw Repeat: 3,73umim
Raw Repeat:T 3,13umim
Raw Repeat: 3,53umim

Machine Name: ID 31 TY

Acquisition date: 20/12/2018 11:06:44
Current date: 01/04/2019 16:07:43
File Name: rot_yy_roll_01.ang

Comments:

Measurement of the angular deviatioRYy
(roll). 5 bidir cycles of 121 points. Stroke:
-4.5, 4.5 mm. With hex and RZ.

Environment Data: Metric

Accuracy : 9.85 um/m

Repeat : 3.73 um/m
RepeatT : 3.13 um/m

Repeat! : 3.53 um/m

15



Temperature recording during the above mentioned test.

Setup Retrieve data  File

x-y Plot
ALL T1

Logger functions  Configuration

Calibration functions  Micro-5alinometer  Exit

About

Reset

Zoomin

ZoomOut

|— Data from file: C\Users\oppel\Desktop'\RE_ID31\ryy_1.5h_final_01.hex 2019/Feb/26 08:32:55
- —————————m

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

Accuracy :

Repeat
RepeatT :

Repeat! :

6.11 pm/m
: 3.07 um/m
2.14 um/m

3.03 um/m

Error in pmim

Angular Efror Plot - Y-Axis

TEGEND:

0: Forward Data Points|
x: Reverse Data Pointsl

Machine Position in mm

Sl T T T
450 360 270 -1,80

-90 0.0 90 180 270

360 450

Numerical Analysis: 1SO 230-2 1997 2,06

Raw Accuracy: 6,11pmim
Raw Accuracy:T 5,86um/m
Raw Accuracy:+ 6,06um/m
Raw Repeat: 3,07um/m
Raw Repeat:T 2,14um/m
Raw Repeat:} 3,03um/m

Machine Name: ID 31 TY
|Acquisition date: 18/12/2018 15:19:11
Current date: 01/04/2019 16:08:12
File Name: rot_yz_yaw_01.ang
Operator: HPvdk

of the angular
[ (yaw). 3 bidir cycles of 41 points. Stroke:
-4.5,4.5mm. With hex and RZ.

Environment Data: Metric

16



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. | 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 | am right a cover is foreseen.

B —

Part 2) NAI (tilt around Y axis)

ANNHIQ|@) »
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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.

Erreur en secondes

Angular Error Plot - X-Axis

TEGENDE:

o: Passes Aller
x: Passes Retou

Moyenne globale

Position en degrés

1,80 240 3

Analyse numérique: 1SO 230-2 1997 2,06
Préc. brute: 1,97

préc. brute:T 11,075
préc. brute:l 11,315
Rép. brute: 4,30s.
Rép. brute:T 1,28s.
Rép. brute:d 1,46s.
Mean bidirpos.dev(M):  10,66s.

Nom machine: ID 31 TY
Date d’acquisition: 18/01/2019 16:50:41
Date actuelle: 09/04/2019 22:21:30
Fichier: rot_pos_nai_02.ang

Opérateur: HPvdK

Posit; ID31

N° série: na

[Comment.:

Measurement of the angular position of th
nai axis . 3 bidir cycles of 81 points
stroke: -3, 3 mm. With TY , hexapod and
RZ. Avaraging: 1 sec. Loaded with 15 kg..

Données environ.: Métrique

Accuracy : 11.97 arcsec x 4.85 = 58.05 um/m

Repeat
RepeatT :

Repeat! :

4.3 arcsec x 4.85 = 20.86 um/m
1.28 arcsec x 4.85 =6.2 um/m

1.46 arcsec x 4.85 =7.08 um/m
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Temperature recording during the above mentioned test.

Setup Retrieve data  File Loggerfunctions  Configuration  Calibration functions  Micro-5alinometer  Exit
4.3000 ]
e
0.0500/d (1] i [t W
4.3000
|- L o o N e S I I ] T O oy =] N ! e
g00o0
deiq = 4 3
a 0 b adings p d 0 g
019/Ja 3 00:00 per d 0 019/Ja B
6:54:50 43:40
x-y Plot Reset Zoomln ZoomQut
ALL T1 b i

About

Data from file: C\Users\oppel\Desktop\RB_ID31'\nai-pos_02.hex 2019/Feb/25 16:36:31

MIM (Minimum Incremental Motion) measurements.

Angular Error Plot - Y.Axis

Erreur en secondes

1,20

00|

-0

1,20,

1 220

4

[Analyse numérique: 150 230-2 1997 200 | [Nom machine: nai_ustation Données environ.: Métrique
65,

Sys.Dev.Ros.(E)T 21 Date d'acquisition: 2210112019 15:52:05
Date actuelle: 00/04/2019 22:28:22 Min. Max. Moy.
Fichier: respos_nal_furad.ang
Opérateur: HPvdK Tair 24,62 24,62 24,62
Posit: D31 Pair 73558 73571 7356
N° série: na Hair 210 21,0 2,0
Comment TMT1
Measurement of the angular positionning TMT2 24,03 24,03 24,03
resolution. Taken at the middie of the T3 238 239 239

stroke. Forward direction. 10 Increments.
o1 1 urad. Loaded with 15kg. With
shielding.

Angular Error Plot - Y-Axis
Erreur en secondes
1,60
1,20
80|
A0_|
0,0ty
S g
~a0_|
-80_|
.20,
1,60
2.
1 220
[analyse numérique: 150 23021997 2,00 | [Nom macnine: nai_ustation Données environ.: Métrique
Sys.Dev.Pos.(E:T 5. Date d'acquisition: 22/01/2019 13:31:38
Date actuelle: 08/04/2018 22:30:35 Min. Max. Moy
Fichier: resneg_nai_turad.ang
Opérateur: HPvaK Tar 2465 2468 X
Posit: D31 P air 737,86 738,19 738,03
N* série: na H air 210 22,0 2nmn
Comment.: T
Measurement of the angular positionning | |TMT2 2404 2405 2404
resolution. Taken at the middle of the. TMT3 239 23,9 239
stroke. Backrward direction. 10

Increments of 1 urad, Loaded with 15kg.
With shieiding.

Forward direction
MIM = 0.216 arc sec x 4.85 = 1.05 pm/m.

Backward direction
MIM =0.22 arc sec x 4.85 =1.07 um/m.
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Determination of the center of rotation:

Determination of the center of rotation of the NAIl 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 NAl 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.

*11 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.
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Part 3) hexapod from Symetrie (NHY movement only)

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

21



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

Efreur en um/m

Angular Error Plot - Y-Axis

Accuracy : 11.83 um/m

LEGENDE:

0: Passes Aller
x: Passes Retou

Vv e Repeat : 4.38 um/m
RepeatT : 3.49 um/m
Repeatl : 2.21 pm/m

Analyse numérique: 1S0 230-2 1997 2,00

Préc. brute: 11,83um/m
préc. brute:T 10,57pmim
Préc. brute:d. 11,24pmim
Rép. brute: 4,38pmim
Rép. brute:T 3,49umim
Rép. brute:d 2,21pmim
Mean bidir.pos.dev.(M): 9,66umim

Nom machine: ID 31 NHY

Date d'acquisition: 17/01/2019 14:16:25
Date actuelle: 10/04/2019 23:23:18
Fichier: rot_hity_yy_roll_02.ang
Opérateur: HPvdK

of the angular
[(roll) of the nity axis (hexapod. 3 bidir
cycles of 81 points. Stroke: -10, 10 mm.
With TY and RZ. Avaraging: 1 sec. 15 kg of
load.

Données environ.: Métrique:

Temperature recording during the above mentioned test.

Setup Retrievedata File Logger functions Configuration  Calibration functions  Micro-5alinometer  Exit About
a
4.9500
0.0500/d ol L
4.4500
bl A i o e oY e g el i I e i | 0 S o o o P O s e
9500 I
-
deg = 4 3
A 1 4.43 readings per d 0 A
019/)a 10:00:44 per d 0 119/.Ja
1:18:10 I
xy Plot Reset Zoomln ZoomOQut
AlLL T1 b i

* |Data from file: C\Users\oppel\Desktop\RB_ID31\rotryy_hexapod 81_points 02.hex

2019/Feb/26 10:16:44
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Angular deviation measurement RYz (yaw). Stroke +/- 10 mm.

Erreur en pmim

Accuracy : 13.08 um/m
Repeat : 6.08 pum/m o
RepeatT : 3.59 pum/m

Repeat! : 4.74 um/m

Angular Error Plot - Y-Axis

LEGENDE:

o: Passes Aller
x: Passes Retoul
Moyenne Aller

Moyenne Reiour|

Position machine en mm

] 8 10

Analyse numérique: 1SO 230-2 1997 2,00

Nom machine: ID 31 NHY

Préc. brute: 13,08umim Date d'acquisition: 16/01/2019 17:53:58
Préc. brute:T 13,08pumim Date actuelle: 10/04/2019 23:24:49
Préc. brutezl 11,20pm/m Fichier: rot_hity_yz_yaw_01.ang

Rép. brute: 6,08pm/m Opérateur. HPvdK

Rép. brute:t 3,59um/m Posit.: ID31

Rép. brute:d 4,74pmim N° série: na

Mean bidirpos.dev.(M):  9,86pm/m Comment.:

of the angular
(yaw) of the hity axis (hexapod. 3 bidir
cycles of 81 points. Stroke: 10, 10 mm.
With TY and RZ. Avaraging: 1 sec. 15 kg of
load.

Données environ.: Métrique

Temperature recording during the above mentioned test.

ﬂER Data

Setup Retrievedata File Logger functions Configuration Calibration functions  Micro-Salinometer  Exit About
a
4.0000 [ 2= mESoESE [ |
] R 1 = = -t 1]
i £ P =
0.0200/d s =
] = T i A e = A it S N
e il i 0 e Y 2 N Yy i
5000
I
1 I 7 I EEEYEE R ] —
= ot =
AL
-
deq = 4 »
anne 0 81 readings per d 1
0194Ja b 00:00:38 per d 019 G
§:00 5:48:50
x-y Plot Reset Zoomln ZoomQut
ALL T1 T

Data from file: C\Users\oppel\Desktop\RE_ID31\rotryz_hexapod_81_points_01.hex 2019/Feby/26 10:12:08
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Linear deviation (straightness) measurement TYX. Stroke +/- 10 mm.

Accuracy : 3.09 um

Straightness Plot: Yx LEGENDE:

Erreur en um
o: Passes Aller

Repeat : 0.93 pum

RepeatT : 0.41 um

Repeatl : 0.46 um

1,60_|
Position machine en mm
-2 T T T T T T T T T T 1
40 8 5 4 2 00 2 a 6 8 10
Analyse numérique: Norme: UTIL 3,0a Nom machine: ID 31 NHY Données environ.: Métrique
Préc. brute: 3,0850m Date d'acquisition: 15/01/2019 14:14:37
Préc. brute:T 2.4150m Date actuelle: 10/04/2019 23:29:47 Min. Max. Moy.
Préc. brute:d 2,642pm Fichier: linear deviation _tyx(h1ty)_81_po
Rép. brute: 0,032002um | |Opérateur: HPvdK Tair 2406 2407 2407
Rép. bru 0,413895um | [Posit: 1D31 Pair 748,15 748,54 74838
Rép. bru 0,460267um | [N série: na Hair 240 240 240
Jeu inv. moy.(B): 0,468056um | (Comment.: TMT1
Jeu inv. max.: 0,794371um | |Linear deviation TYX (h1ty). 81 points, 3 TMT2 2389 239 239
Pente (Pt Fin): 157035, 4pminp | bidir cycles. No backlash routine. All TMT3 2387 2387 2387
motors activated. 1 sec averaging. 15 kg
load.

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

T ReR Dats e

| Setup | Retrieve deta File Logger functions Cenfiguration  Calibration functions  Micro-Salinometer  Exit About
-
4.4600
0.0200/d
B Nt
HH - B e B e o e )
4.2600 [ ]
1 g O . o e g = | D P oty ol e e e o P el P S P S e
o i e N e R S oy sl e P e 1 - 1 O s W e el ot | e N s o e Nl
A.0600
-
deq = 4 3
a E 1 g readings perd 0 gb
[019/Ja 00:00:36 per d 0 0194J)a
A | 09:50
x-y Plot Reset Zoomln ZoomOQut

ALL T1 b B

Data from file: C\Users\oppel\DesktopiRB_ID31\recTVX_hexapod_81_points_01.hex 2019/Feb/26 10:09:13
)
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Linear deviation (straightness) measurement TYZ. Stroke +/- 10 mm.

Accuracy : 0.89 um

80|

Erreur en m

Repeat

: 0.72 pm

Straightness Plot: Yx

LEGENDE:

o: Passes Aller
x: Passes Retou

RepeatT : 0.63 um

Repeat! : 0.28 um

. Position machine en mm

-0 8 K 4 2 0,0 2 4 6 8 10

Analyse numérique: Norme: UTIL 3,0c Nom machine: ID 31 NHY Données environ.: Métrique

Préc. brute: 0,885612um | |Date d'acq n: 1610112019 10:55:40

Préc. brute:T 0,853005um | |Date actuelle: 101042019 23:30:56 Min. Max. Moy.
Préc. bruterd 0,782362um | |Fichier: linear deviation _tyz(nity)_81_poi

Rép. brute: 0,716143pm 6 HPvdK Tair 2364 2365 2365
Rép. brute:t 0,625975um | |Posit: 1D31 P air 74508 74550 74541
Rép. bruterd 0.275773um | |N° série: na H air 20 20 230
Jeu inv. moy.(B): 0,026241pm | |Comment.: TMTY

Jeu inv. max. 0,253814um | |Linear deviation TYZ (n1ty). 81 points, 3 TMT2 2362 2363 2363
Pente (Pt Fin): -1310,98umim | |bidir cycles. No backlash routine. All TMT3 2359 2359 2359

motors activated. 1 sec averaging. 15 kg
load.

Temperature recording during the above mentioned test.

Setup Retrievedata File Loggerfunctions Configuration  Calibration functions  Micro-Salinometer  Exit About
4.0000
0.02004d
T o e, e M e e e i iy e e e L B e s L =
8000 [
= = = e g B
= o e = = ]
e - 4 [ -] e = T Pt =, —— s :: =S ™
e P R I o i e e E A T T T e e
G000
-
deq = 4 4
a £ 1 4 cadings per d 0
0194Ja b 00:00:34 per d 0 019/]a b
00:20 4 1
x-y Plot Reset Zoomln ZoomOut
ALL T1 b i

Data from file: C:\Users\oppel\Desktop\RB_ID31\recTYZ _hexapod 81_points 03.hex 2019/Feb/26 10:05:16
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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
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Measurement setup for the axial, radial and tilt measurements (See pictures below).
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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/um) 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.

FICHIER {ERREUR AXIALE) ‘ ERREUR RADIALE DE ROTATION X-Y | Tt | ERREUR RADIALE FIXE X-Y | ERREUR RADIALE FIXE X2-Y2

ERREUR RADIALE SANS FONDAMENTALE ERREUR RADIALE SANS FONDAMENTALE

— 0.15-

50 100 150 200 250 300 350 400
Angle [?]

ERREUR RADIALE SANS FONDAMENTALE

v

Erreur totale

Erreur fondamentale

Erreur asynchrone

Erreur résiduelle

0.076

0.136
0.064

Hm

Hm

Hm

Axial error: 201 nm
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FICHIER | ERREUR AXIALE | ERREUR RADIALE DE ROTATION XY | TILT (CERREUR RADIALE FD(E XV} ERREUR RADIALE FIXE X2-Y2 |

ERREUR RADIALE SANS FONDAMENTALE _\a

Radial error in X: 3.052 um

FICHIER | ERREUR AWIALE | ERREUR RADIALE DE ROTATION XY | TILT | ERREUR RADIALE FIXE X2-Y2 |

ERREUR RADIALE SANS FONDAMENTALE E

“ G |

2.889

Radial errorin Y: 2.956 um
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FICHIER | ERREUR AXIALE I ERREUR RADIALE DE ROTATION X-Y |® ERREUR RADIALE FIXE X-Y I ERREUR RADIALE FIXE X2-Y2 I

Tilt error in X: 9.965 um/m

FICHER | ERREUR AXIALE | ERREUR RADIALE DE ROTATION X-Y |® ERREUR RADIALE FIXE XY | ERREUR RADIALE FIXE X2-Y2 |

[

Tilt errorin Y: 8.82 um/m
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Temperature recording during the above mentioned test. Time duration is 5 hours.

Setup Retrieve data File Loggerfunctions Configuration Calibration functions  Micro-5alinometer  Exit
a
4.9500
0.0500¢d I -
bbb el B TIR Dl Mot | J EFLD, WL wul
el T st et & F fll T .
00
aly T it A
5 w7 [ Y I T, 3% f e AP
R LT L WA acra P, s T
o el 4 e " L il
g T L o, i *-
00 B i l B T a0 o e il
-
deq 4
) 1 dings p 0
1 ebf0G 00 per d 0 I
15:00
x-y Plot Reset Zoomin ZoomOut
ALL T1 T4 b 8

Measurements done at the PEL @ 4/2017

About

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.

m@mmu&m‘mﬂfw| TALT | ERREUR RADIALE FIXE X-Y | ERRELR RADWALE FIXE X272 |

ra

-_ 232!}
4—2 310

;.;ﬁ\w-r T

[T ";‘f'f'#ﬁ'
| “':‘_F_ o ."—
JRRE: =g

Axial error: 91 nm

angie [#]
ERREUR RADIMLE TOTALE v
Ersurtetale  CO.09L) =
Errait fondsmintale 0.031 =
[Erreur asynchesne 0.043 =
Erreur résiduniie 0.044 -
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Radial error in X: 0.381 um

” 7 _"&JE
: H%
| 7
IR ==A5eonetess
X *,
N, b
N o .
I

ERRELIR RADIALE SANS FONDAMENTALE

2071

0.142

0.111

-]

Radial error in Y: 0.223 um




RYz stability measurements.

Angular Error Plot - Y-Axis. TEGEND:
Error in pm/m
0: Forward Data Points]

. s Deio i Accuracy = 4.79 pm/m
over 1 hours. Both NTH
and hexapod motors are

switched on.

4|
EX 1
1 3500
Numerical Analysis: 1SO 230-2 1997 2,0 | |Machine Name: ID 31 TY Environment Data: Metric
Raw Accuracy:T 4,79um/m Acquisition date: 1811212018 15:43:33

[Current date: 01/04/2019 16:29:20

File Name: stab_ryz_01.ang

HPVAK

Location: 1D31

serial No: na

Comments:

Measurement of the angular stability RYz
[(yaw) over 1 hours. With hex and RZ.

Temperature recording during the above mentioned test.

T RER Data o= 2

Setup Retrieve data  File Logger functions Configuration  Calibration functions  Micro-5alinometer  Exit About
-
00
0.05004d
0500 e e e e B e o e o oy e O B e e
= = S N S e e A e Y e M e i =S B el

>y Plot 1 Reset ZoomIn | ZoomOut
ALL T1 T4 b i

* |Data from file: C\Users\oppel\Desktop\RB_ID31'\5tab_Rtz 1h.hex 2019/Feb/26 10:42:19
= — =
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Angular Error Plot - Y-Axis. LEGEND:

Error in pmim

Accuracy = 0.91 pm/m
over 1 hours. Hexapod

motors are switched on.
NTH switched off, no air.

-60
-80|
A, .
1 1800
Numerical Analysis: 1SO 230-2 1997 2,0c | |Machine Name: ID 31 TY Environment Data: Metric
Raw Accuracy: 0,91umim isition date: 23/01/2019 13:23:55
Raw Accuracy:T 0,91um/m Current date: 01/04/2019 16:33:00

File Name: Stab-ryz_no_air_02.ang

Location: D31
Serial No: na
C

of the angular stability RYzZ
(yaw) . All motors activated. 15 kg of load.
1 hour. Rz no air.

Temperature recording during the above mentioned test.

5 RER Data llEE!Il!l

Setup  Retrieve data  File Logger functions  Configuration  Calibration functions  Micro-Salinometer  Exit About
-

4.8000

T T T = T T T L — | - __

0.0500;d EEERE S T 1 0 s s e e e P R o i o
000
8000

(e 4 »

| adings per d D
19/.)a 00:00 per d 0 019
0 |
x-y Plot Reset Zoomln ZoomOQut
ALL T1 T4 b B

|— Data from file: C:\Users\oppel\Desktop\RE_ID31\TVz_stab_lh_withtube_no air_02.hex

2019/Feb/26 10:51:10
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Angular Error Plot - Y-Axis
Error in pm/m

Accuracy = 1.62 pm/m

a2 S over 1 hours. Both NTH
and hexapod motors are

switched on. After
intervention of MJC.

1,60
21, |
1 3600
Humerical Analysis: 1SO 230-2 1997 2,0c | |Machine Name: ID 31 TY Environment Data: Metric
Raw Accuracy: 1,62pmim Acquisition date: 25/01/2019 09:25:31
Raw Accuracy:T 1,62um/m Current date: 01/04/2019 16:32:08

File Name: stab-ryz_after_repair_02.ang
Operator: HPvdK

Location: ID31

Serial Ho: na

Comments:

Measurement of the angular stability RYz
{(vaw) . All motors activated. 15 kg of load.
1 hour.After repair. 1 sec avaraging.

Temperature recording during the above mentioned test.

ERDe. ecole-

Setup | Retrieve data | File Loggerfunctions Configuration Calibration functions  Micro-Salinometer  Exit About
4.7000
0.0500/d

4.2000

- i o L R S e = e e ) 5 L =

dei a4 3

anne 1 4.4 eadings per d D 4

19/Ja 00:00:44 per d 0 019{Ja
09:24:50 1 0
-y Plot Reset Zoomln ZoomOQut
ALL T1 T4 b i

Data from file: ChUsers\oppel\Desktop\RB_ID31'rYz_stab_1h_withtube_after _repairD2.hex 2019/Feb/26 10:54:29
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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 k.
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. | was not able to finalize the measurement. The value | found was about +82.45
degree, but | 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:

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

accuracy (pm)

2,827

0,979 (0.02)

0,793 (0.01)

accuracy (prad)
Angular deviation RYx

4,11
(pitch)
Angular deviation RYy 9,85(1.7)
(roll)
Angular deviation RYz 6,11
(yaw)* 2
Stability RYz (Yaw)

stroke = +/- 4.7 mm

Specificatio between()

repeatability (um)
1,195 (0.02)

0,331

0,418

repeatability (purad)

3,04

3,73

3,07

repeatability T (um)
0,688

0,322

0,213

repeatability ™ (prad)

1,86

3,31

2,14

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

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

repeatabilityl (um)
0,588 150

MIM (nm)*1

0,25

0,285

repeatability | (urad)

2,04

3,53

3,03

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

NAI (craddle)
accuracy (prad)

Angular position RY 57,456

accuracy (pm)
Linear deviation TYX 3,024

Linear deviation TYZ 0,887

accuracy (prad)
Angular deviation RYy

11,83 (1.7)
(roll)
Angular deviation RYz 13,08(1.7)
(yaw)
Axial error 0,2 um (0.01)
Radial error 3,004 um (0.02)
Tilt error 9,39 prad (1.7)

*1 Hexapod and NTH actif.

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

stroke =+/- 3 deg

stroke = +/- 10 mm

repeatability (prad)
20,64 (5)

repeatability (um)
0,933

0,716

repeatability (purad)

4,38

6,08

repeatability T (urad)
6,144

repeatability T (um)
0,414

0,626

repeatability T (prad)

3,49

3,59

repeatability (urad) MIM (prad)

7,008 1

repeatabilityJ (um)
0,46

0,276

repeatabilityJ (urad)

2,21

4,74

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

Specification (). Out of specin red.

MIM (nm)*2
50(5)



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 @ O deg

NTH @ 53 deg
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-Specifications of the Keysight Dynamic Calibrator

03 | Keyssght | 5530 Dynamic Catleraror - Cata Sheet

Specifications
Laser Characteristics

Type: Helium-Neon with automatically tuned Zeeman-split
two-frequency output

Output Power: 2 180 pW
{< 1 mW par Class Il Laser Product)

Safety Classificaticn:
Class |l Laser Product confarming to U.S. Natanal
CORH Regutations 21CFR 1040.10 and 104011

Warm-up Time: Less than 10 minutes
{4 minutes typical)

Linear Distance, Diagonal, and Velocity Measurement Specifications

Measurement Range
Up to 40 m (120 ft} with Linear Optics;
Up to 80 m (260 ft) with Long Range Dption

Vacuum Wavelength: 632.991354 nm

Wavslangth Accuracy: +0.1 ppm
(£ 0.02 ppm of measured wavelength
wavelength with factary calibration, Option AGJ)

Wayelangth Stability (typical):
short term {1 hour): = 0.002 ppm
long term (Iifetime}: + 0.02 ppm

Beam Diamatar: 6 mm {0.24 in)

Beam Centerline Spacing:
1.0 mm (044 n} (input to output aperture)

Linear Distance and Diagonal Measurement Parformance

QPTICS RESOLUTION MAXIMUM AXIS VELOCITY
55194 55198
2 KX 2 Linaar Optics 1nm +0.7 mds +1mis
Linear Distance and Diagonal Measurement Accuracy 1107664) 0.04 pin) (+ 28infs) (£ 40in/s)
Teopemlits E17488 Plana Mirro 0.50m 0.35 m £0.5mis
Range, °C [°F A i ' irror i =0.35mfs .
wloiilka i o o Optics (0.02 pin) {£20ins)  {+20infs)
0-40°[32°- 1047 + 0.4 ppm +0.1 (£ 0.02) ppm {10706A/E)"
1. FVacuum accuracy is + 0.02 ppon if the laser head is calibrated to “High Resolution” 0.25nm +018m/s +0.25 m/s
MIL-STD 456624, ‘Plana Mirtor {0.01 pin) (=7in/s) {£101in/s)
Optics (1071641

Velocity Measurement Accuracy

2 mm/s
Velocity

+ 001 ]% of displayec value

Angular Measurement Specificatians

Angle Measurement Accuracy

+0.2% of displayed value

+ 0.05 arc-secands per meter of distance traveled by tha linearly
maving optic.

Maximum Distance Between Laser Head and Reflector
Upto 15 m (S0 1)

* Reguices the 107244 Plane Mirror Reflectar. Since skignment of thesa optics
iz much more sareitive than for linear optics, linasr optics ars recommanded
far panaral use.

Angle Measurement Resolution
0.005 arc-seconds

Measurement Range
+ 10" {rotated about base of optic!
+ 207 (rotated about center of optic)

Measurement Type
Pitch and yaw
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05 | Keysight | 5530 [ynamic Calibrator - Data Shaat

Specifications

Straightnass and Parallelism Measurement Specifications

Straightness Measurement Accuracy’ Measurement Accuracy®
Overall Accuracy = Optical Reference foouracy
+ Measurament Agcuracy Shart. Rangs Opfics
Displayed Yalue

1. This is analegous to the traditional straightedge and indicator

rrethed of measuring straightaess, where Optical Refersnce Temperaturs 0-10pum 10 - 1,900 um

Accuracy corresponds te the straightedoe accuracy, and Measure- Range {0 - 400 win (400 - &0,000 I-'i”!'

mant Accuracy corraspands to tha indicstor accuracy,

0- 40°C +3.5% 1% £ 25 pm
{10 pin)
Optical Referanca Accuracy
Cptical raference inaccuracy can b elininated by using straightedge
imirror) reversal technigues. Long Range Optics:
Displayed Value

Shm Mge I]pii.ck: 9 Temperatura 0-100 pum 100 - 1,500 um
Metric units mode: = 0.75 (M) pm P {01~ 4000 iny (400D~ 0,000 in)
English units made: +0.5 (F1 pin and H A
Long Range Optics: 0-40°C + 5% +25% £25um
Metric units mode: 0,075 (M)2um {100 in)
English units mada; +0.05 (F)° win
where: 2. Meagurement Aceuracy specfications are not applicabla to
i = distance of travel of the moving gpric in maters TimehaegHiralphiness:iisseuiom et

F = distance of travel of the moving opt £ in feat

. . Straightness® Measurement Resolution
Straightness Measurement Range (O-thogonal to Axial Travel)

+ 1.5 mm (0.060 in}

Short Rerge 0.07Tum
Auial Separation (Travel) : 0.4 pin)
digt 1 L f e reflect i i
idis ancelhe waan the inter s_mmelermdt i rgflegtar, typical, with Long Range - o1 um
proper alignment, 15 - 26 °C) o]

Short Range Optics: 0.1 - 3m [4- 120 n)
Long Range Optics: 1- 30m {3 - 1001t}

3. Straightness Measurernent Resalution specifications are not
epolicabls to Timebasa Straightnass Measurements.

Squareness Measurement Accuracy
Short Range Optics: Long Range Optics:
Metric Units Made: Metric Units Mode:
+(1.0+07 W am-seconds £0.01 @ +(1.0+0.01 Myarc-secondz = 0035 @
Englesh Lnit Mode: English Units Mode:
+[1.0+0.03 Farc-seconds + 001 @ +(1.0+ 0003 F) arc-second=+ 0025 B
where:

B = calculated cut-of-square angle in arc-seconds
M =distance of travel of the moving optic in meters
F =distance of travel of the moving optic in feat
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Specifications
Environmental Compensation’ and A-quad-B Input

1. Compensation values may be manually entered by user via keyboard,

E1738A Alr Sensor? E1737A Material Temperature Sensor®
2. Refer ta the E1728A Air Sensor [ata Shest, 5989-8456 for mare 3. Refar to the E1737A Material Senser Data Sheet, 5983-8455 for more
spacifications, spacifications.
Wavelength of Light (WOL) in Air Compensation IMaterial Temperature Compensation
The E1738A Air Senser provides for the automatic display The E1737A Material Temperature Sensor provides for the
of pressure, temperature, relative humidity, and computed autarmatic display of the temperature of the davice under
WOL. test. One to three sensors may be usad.
Operating Range Operating Range
Temperature: 0-40°C(32-104 °F) Temperature: 0-40°C (32 - 104°F)
Relative Humidity:  10% - 50% Material Expansion Coefficient:
Absolute Pressure: 70 - 110 kPa {"0 - 16 psia} range; -100.0 to +100.0 ppm per °C of °F,
ally entered.
Heat Dissipation: 2 mW typical s Laba s
Canstant: 60s typical
Time Constant: 5 min typical (tamperature}
Accuracy* Accuracy*
Temperature: +0.1°C{+0.2°F} Temperature: +0.1°C{20.2°F)

Relative Humidity; +5%
Absolute Pressure: =50 Pa (+0.0C8 psi)
4. 12 month ¢calibraton interval

Heat Dissipation: 1 m\V typical Time

4, 12 month calibration interval

Shared Sensor Characteristics A-quad-B Input

Maximum Compensation Update Rate Differential Input Threshold

per 155 {combined WOL and material temperature compensation) + 0.5V minimum, + 7.0¥ maximum

Cable Lengths: Differential Input Impedance

E1739A-5m (16 ft) 100w

£1739B~10m {33 1t}

E1739C-15m (49 ft) Input Rate

E1739D~25m {82 f1) » 2 ns edge-to-edge, or < 10 MHz informatian rate

Example: at maximum speed, Aand B bath must ke < 2.5 MHz,
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-Specification of the capacitive probes c7-c from Lion.

LION

PRECISION Calibration Report for ESRF
Order ID: 17090

CALIBRATION REPORT mmﬁ:m;za’::

Calibration Due Date: 12/7/2017

e & NEAR GAP Calibration Number: 163420818130
Calibration Type=Singie-Ended
Driver Model: CPL290 l Calibration Parameters
Driver Senal  060259-01 Near Gap. 125 ym
Probe Model: C7-C :'W ﬂ Range: 250 pm
Prove Senal.  060284.01 RANGE Target: 100 - flat target
Channel 1 * Output; 1010 10 VDC
Sensitivity: Lo :]W: Sensitivity:  80.000 mV/ pm
Bandwidth: 15000Hz

See definifion of terms on the back of this sheet

Peak to Peak Resolution SBTQ nm (Spec: 100 nm) Linearity Error: 0.05% (Spec: £0.3%)
RMS Resolution: 447 nm {Spec: 10 nm) Error Band: 0.05% (Spec: £0.3%)
Bandwidth: (-3dB): 15284 Hz (Spec: +30% /-10%) % denotes out of spec condition
[ Distanceto | Distance to
Tqrge( Near Gap Output Output Converted Error
pm um Volts ym um
125,000 0.000 10.002 -0.029 0028
140625 15.624 [ 8.750 15519 -0.106
T 158250 31250 | 7505 31.182 -0.068
171.875 45.875 6252 46.845 ‘ -0.030
w7800 | e24e9 5001 | e24ez | 001
203125 78425 3751 78417 " -0.008
218.750 93750 2.501 93.742 -0.008
234375 | 100375 | 1.250 | 109.374 T 0001
250000 | 124989 | 0000 |7 izs000 | o001 |
[ 285825 | 140624 | 1250 | 140629 I 0.005
281.250 155.250 2502 156.270 ‘ 0.020
206 875 171874 | arss 171807 | 0032
312500 187.600 5,005 187.558 0.058
328125 | 203125 -6.257 [ 203.212 | 0087 |
T 343750 218.750 -7.500 218.964 [ 0.114
350,375 234.375 -8.750 234.485 0.410

9 l 246999 | -9.996 249,955 0,044

Uncertainty in Distance to Target 12.7 nm plus 12.8 nmimm of range

Environmental Conditions: Temperature: 21.9 °C  Humidity: 24 %RH
Mechanical Callbrator: 10# 120 Signal Acquisition:  ID# 192
Calibration Procedure ID:  T016-0340  Calibration Spec ID: 1207

This certificate conforms 10 ISO 10012-2003, Section 7.1.4
All Lion Predisicn calbrations are NIST traceeble
Detaled traozability nformation aveilable upon request.

Standard Callbration Report ravié
Lion Precigion 7180 dth Sweel Nerth  Oakdae, MN 55128 USA
Phore: (551) 484-6544 + Fax (651} 484.5824 « supporti) ISIEN.COM * WA, com

Technician. Mao Lee
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-Calibration chart of the 1 inch dual master ball from PIC, no.764.

Revolutions

ro/éddi ona /

nsltruments

COMPANY

Job Number

Customer Lion

Operator Adam Aspnes
Date Nov-30-2016
Time 2:00 PM
Artifact SIN 764 Inner
Artifact P/N 4900-0026

Roundness Spec 50 NM

Measurement Parameters

4

Encoder linecount 512

Input range (+V) -10Vto 10V
Probe sensitivity 100 pin V
Target multiplier 1

Lowpass cutoff 25 UPR
Highpass cutoff 1 UPR

Peak-to-peak

Roundness

upr

20

25

Measurement Components

Driver Model DMT22
Driver Serial 030566-03
Probe Model C-LvDT
Probe Serial 030642-01
Channel 0
Sensitivity High

Calibration Parameters

Procedure PI-CP-6587
Specification PI-CS-4132
DAQ Model PCI-6220
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roﬂddi ona /

n:ifrumenfd

COMPANY

Roundness

Job Number
Customer Lion
Operator Adam Aspnes
Date Nov-30-2016
Time 11:00 AM
Artifact S/IN 764 Outer
Artifact P/N 4900-0023 Measurement Components
Roundness Spec 50 NM 10 - Driver Model DMT22

94 25 +25 Driver Serial 030566-03

Probe Model C-LvDT
* Probe Serial 030642-01
Ly Channel 0
fg 61 Sensitvity High

Measurement Parameters ;z 51
Revolutions 4 e 44
Encoder linecount 512 34
Input range (£V) -“10Vto 10V 2] Calibration Parameters
Probe sensitivity 100 pin V . Procedure PI-CP-6587
Target multiplier 1 Specification PI-CS-4132
Lowpass cutoff 25 UPR 0 ’ L - : 1;5 . o o DAQ Model PCI-6220
Highpass cutoff 1 UPR upr

-Specifications of the RBR XR-420 temperature data logger.



Your Path Through the Sea

MARINE

XR-420/620 Series

Multichannel Loggers

The XR-420 and XR-620 are small, autonomous

24-bit profiling loggers with 1Hz (6Hz for the XR-
620) sampling and capacity to support up to six
sensors in the standard enclosureand up to 11 in
custom configurations. These include Conductivity,
Temperature, Depth, pH, ORP, Dissolved Oxygen,
Fluorescence, Turbidity, Transmittance, PAR, etc.in any
combination. All calibration constants are stored in
the logger and recalibration is possible by the end-
user under suitable conditions.

Conductivity, Temperature and
Depth are measured using
RBR sensors calibrated to NIST
traceable standards. Please see
the other side of this sheet for
a listing of some of the third
party sensors available for the
XR-Series logger platform.

Real time clock accuracy is
132 seconds/year. 8MB of L »
nonvolatile flash provides i '
sufficient memory for

2,400,000 readings which can be logged using one
set of high-powered 3V lithiun- cell batteries. A 2GB

memory upgrade is available,

Software

The XR-420 and XR-620 use fully integrated RBR
Windows® compatible software. The XR-620 contains
profiling software, and includes a programmable “wet-
switch”that may be assigned to any channel.

RBR Ltd

E¥

Highest accuracy

Large Memory (up to 2GB)

Up to 3 years on one battery set
High-speed Data Download
Customn Configuration

Technical

Internal Power:  QTY 4,3V CR123A cells
Communications: RS-232/485 cable, telemetry, USB
Download Speed: ~115,000 samples/minute

Clock Accuracy: 32 seconds/year

Size: 310mm x 64mm diameter

Memory: 8MByte Flash (2,400,000 samples)
2GByte option

Body Weight: 1.2kg in air, 389g in water (Delrin®)
2.5kg in air, 1.6kg in water (titanium)

Calibration: NIST traceable standards

See the Loggers for CT and CTD data sheet for full
specifications.

remper I

Range: -5'Cto35°C

Accuracy: " +0.002°C

Resolution: <0.00005"C

Time Constant:  ~3 sec (standard); option ~0.1 sec

Drift: ~0.002°C/year

Depth

Range: 10/20/50/100/200/500/740/1000/
2000/4000/6000m (dBar)

Accuracy: +0.05% full scale

Resolution: <0.0019% full scale

Time Constant: <10 msec

Drift: ~0.1%/year

Range: 0-2mS/cm (freshwater) or 0-85mS/cm
(marine)

Accuracy: +0.003 mS/cm at 35psu 15°

Drift: ~1 pS/cm/month

Resolution: ~0.01uS/cm (freshwater) and ~1uS/cm
(marine)

Time Constant:  Depends on cast rate. Cell length is
~60mm

RBR Europe Ltd

All the obtained measurement results can be consulted at the PEL.
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