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Abstract

MEGARA is the future optical Integral Field Unit (IFU) and Multi-Object Spectrograph (MOS) for the 10.4-m Gran Telescopio CANARIAS (GTC). This poster summarizes the design of the MEGARA Fiber MOS and the positioner robot prototypes built and tested. The fiber positioner of the
MOS are considered a critical part of the instrument due to the high positioning accuracy required and its micro mechanics. Therefore, a fiber positioner prototype has been manufactured for the PDR stage of the project. lts reliability and performance have been tested and
manufacturing process optimized for the mass production of the positioner.
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N\ MEGARA fiber MOS positioner prototype R

The positioner system consists of 100 identical positioners distributed on the focal station. 3.5 x 3.5 arcmin2 (on sky) area around the two
IFU bundles. The technological challenge associated to the development of the positioner system lies on the reduced size and precision
required for positioning the fibers with the fiber positioners.

Fibers arrangement at the Folded Cassegrain Focal Station

MEGARA shall provide three different modes, which corresponds with the three fiber bundles available: the Large Compact Bundle IFU
(LcB), the Small Compact Bundle IFU (SCB) and the Multi-Object Spectrograph (MOS) mode (also called the Dispersed mode).

IFU bundles 12.5%11.3 arcsec? (LCB), 8.5%6.7 arcsec” (SCB)

MOs 100 objects in 3.5x3.5 arcmin? The Fiber MOS positioner prototype includes a complete Fiber MOS positioner and the 7-fiber minibundle attached to the positioner.
Spaxel (fiber) size 0.62 arcsec (LCB & MOS), 0.42 (SCB)

Wavelength range 3650-10000 AA

Spectral resolution LCB/MOS: R=6000-18700

SCB: R=7000-21500

# of spectrographs
GTC station

1 (IFU or MOS) (650 simultaneous spectra)

Folded-Cass [spectrograph @ Nasmyth]

LCB
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Fiber positioner at natural scale 1:1
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N\ MEGARA fiber MOS FEM & Thermal analysis D

FEM and thermal analysis of the different subsystems at the focal plane have been performed to asses the design and selected materials.
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( Positioner performance tests

Geometrical tests have been carried out to determine the behavior of both rotations (R1 and R2) concluding that the positioner
prototype achieves the requirements and provides high repeatability and high positioning accuracy. The tests carried out at AVS included
Probe force tests, Geometrical tests, Zero Protocol tests, Step uniformity and resolution, Backlash, Target repeatability and Lifetime test. oner/focal m.
Materias: F14, 'S 420 and A1 7075

Thermal results: Structural results:

To perform all mentioned tests, a specific set up has been developed. Such set up consists of a focal plate used as a jig in which the
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positioner is fixed as it would be in the final focal plate, a CMM (Coordinate Measuring Machine) to get the positioning of the reference Heat emited by 2 motors ! 2 Motorshet + sraviy + sl Constrant + 8721 N i 2555
button of the positioner and a basic electronics card with specific software to easily govern the positioner movements from a PC. Moz W S Notors het  raviy s sl Constant+ 710> o s 124
A reference button has been manufactured and placed in the positioner arm in order to have a part with reference surfaces to take Mz ossew 4:Motors heat + gravity + displ. Constaint + 8T5-> Max. disp.:6.34um
reliable measurements. The used reference button dimensions are @3mm + 2.5um. Lo “:Mmmﬂmmwwmm - F : T
MEASURING CONCEPT: The probe takes the position of the reference button by measuring 6 points equally distributed around its © Diphcmem ity i diplcamens cosiedi the e -‘—'_| - “““{
diameter. These 6 measurements allow positioning the center of the button in the space. Another measurement is made with the probe C neement . ,Md el L‘njﬂmez‘” \

on the top surface of the button in order to measure its height. These 7 points are translated into geometrical points for its further data
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ATS: Max T=284K; Min T=278K Conclusions Loadcase 3 Load case 4
FEM Model: Soid and bar elements g lorger
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CAD Model

‘Adapter with different concentrated masses to represent the lens, the plate vith
actuators,electronics and rest of components,

ELECTRON ICS

FEM Model: Shell elements of type quad 4

Materials: 5t52 proposed and compared with A 7075
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Load Cases: Material justification:
Displacements comparison for St52 and AL7O7S.

+ Temperature increment: 21 degees

+ Gravity: Actuating in xial axs (Z posicve)

I gravity (2 »
direction)

* Exterior increment of temperature:

AT21: Max T=292K; Min T=271K

TI0: Max T=286.5K; Min T=276.5€ _ Reference T-283K
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+Gravity effects: Units of microns
*Temperatur esponse
Field lens and focal plat: Position tolerances $100um with respect to the nterface.
Focal plate absolute displacement: +73um
Positioner displacements: +25m worst case)
Field lens absolute displacements: +103 um and -4 ym-> 107 um >
Relative displacement between focal plate center and field lens center (conservative):

STEP UNIFORMITY Plate and actutors: 17.75626K¢, CoG(x20.mim, y=0.08mm, =64
E—

Electronics: 47.37493Kg, CoG(x=49.29mm, y=72.98mm, 1=-187.83mm)

2100um >

= 30 um +4 pm +25 um = 59
— / - 3 K THESE RESULTS VALIDATE THE PRELIMINARY DESIGN OF THE FOCAL PLATE / ADAPTER )
—_ 1 ( MEGARA fiber MOS positioner for mass production R

The design changes performed to the Fiber MOS positioner prototype presented at the PDR are related to the adaption of the design
to solve maintenance issues and the addition of improvements taking into account the handling, manufacturing and adjustment of
the mass production series of the final positioners.

TILT SKETCH

The main changes are listed bellow:

1

3 Increase of the central fiber path from @1.3mm to @3.65mm: This larger central path allows an easy fiber system handling for the
assembly and disassembly phase improving the maintenance of the positioner. The fiber unit will be assembled from the rear part of
the positioner.

= O —] s Adjustable hard stops for R1 and R2: The mechanical hard stops limiting R1 and R2 have been updated and the new design allows
A — y—r— y = - vt adjusting both hard stops at each positioner. With these adjustable hard stops, the zeros of both rotations can be adjusted identically
3 l‘.l ?:;flﬁ b oo s presd for each positioner. All positioners are interchangeable.
S - R1 preloading system simplicity: Which allows using lower torque motors due to the efficiency enhancement of the positioner.
VA
POSITIONING ACCURACY BACKLASH
CONCLUSIONS /TESTS SUMIMARY
GEOMETRICAL TESTS COATING TESTS

RIRADIUS value :23.176mm (23.21mm nominal) > OK (Position manuallyset. Not reached max. R1)
Flatness R1:3pm > OK

The mechanical behavior and the coating length
have also been validated during the prototype
testing stage. The cable length (300mm) and torsion
range were initially discussed and valdated by the
fiber manufacturer.

nominal) > Larger Positioner geometry

Flatness R2: 4 um ZMAX Defocus error £200 um.
Parallelism R1/R2 plane: 36umm > OK
Paralleism R1/ reference surface: 29 um  OK
ol R lerecesutace: 23 > 0K
Eccentricty RY/R2 center: 9 um > 0K
WA POSTIONER T requred 3 (0139 OK Postoner pis e between /445
POSTIONING ACCLRACY =
with respect to the @ worst case)
Maxvalue: 11.4 um -
Meanvalue: .4 425 m X/¥ positoning accuracy
ofstandard deviation):4 um

fulfilled 0K

case) fulfilled oK
Maxvalue: 7.6 pm =
Mean value: 5.7

ofstandard devation):2.6 um

STEP UNIFORMITY
R Difference with respect to the theorefical step (A= 11.4 )
Max value: 15.1 yum
Mean value: 7.3
olstandard deviation): 117 pm

Summary

R Difference with respect tothe theoretical step (8x= 3.6 m):

ZERO PROTOCOL TESTS Max value: 7.6 um
High repeatabilty > OK Mean value: 0.6 um
RL

Max value: 10 m
Mean value: 49 ym
ofstandard deviation):3. um

3
BACKLASH - Negligiole for both motions
TARGET REPEATABILITY
R1 Max difference with 1% measurement: 16.2 ym
2

Maxvalue: 5.1 pm
Mean value: 2.5
ofstandard deviation): 2.4 um

m
LIFETIME TESTS(10 DAYS of continous movements)
Measured difference: 22 um
No significant mechanics wear detected

The results summarized show that the positioner
requirements are fulfilled. The manufactured prototype
has been a good mock up in order to identify aspects to be
taken into account for series manufacturing verification
phase.

High repeatebility with high resolution offers high
positioning accuracy

added value solutions
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Follow us at:
http://guaix.fis.ucm.es/megara
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