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ABSTRACT

A Camera Barrel, located in the OSIRIS imager/spectrograph for the Gran Telescopio Canarias (GTC), is described in
this article. The barrel design has been developed by the Institute for Astronomy of the University of Mexico (/4-
UNAM), in collaboration with the Institute for Astrophysics of Canarias (I4C), Spain. The barrel is being manufactured
by the Engineering Center for Industrial Development (CIDESI) at Queretaro, Mexico. The Camera Barrel includes a set
of eight lenses (three doublets and two singlets), with their respective supports and cells, as well as two subsystems: the
Focusing Unit, which is a mechanism that modifies the first doublet relative position; and the Passive Displacement Unit
(PDU), which uses the third doublet as thermal compensator to maintain the camera focal length and image quality when
the ambient temperature changes.

This article includes a brief description of the scientific instrument; describes the design criteria related with performance
justification; and summarizes the specifications related with misalignment errors and generated stresses. The Camera
Barrel components are described and analytical calculations, FEA simulations and error budgets are also included.
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1. INTRODUCTION

OSIRIS is an imaging system and a low-resolution long-slit and multi-object spectrograph for the GTC, covering the
optical wavelength range 0.365-1.0 um with a field of view of 8.53’x 8.67° and 8.53’x5’ in direct imaging and low-
resolution spectroscopy respectively. OSIRIS represents a new generation of instrumental observing techniques for large
telescopes, which includes concepts like tunable filters and charge shuffling modes, among others (see Fig. 1). OSIRIS
shall be installed on Day One at the Nasmyth-B GTC focus station, although it is designed to work at the Cassegrain
focus as well. OSIRIS shall be directly attached to the mechanical rotator without any additional support.

Fig. 1. General view of OSIRIS without its thermal envelope
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Figure 2 shows the optical components and nomenclature of the OSIRIS Camera Unit. This Camera Unit is functionally
separated in two parts: a Cryostat Window and a Camera Barrel. In particular, the Camera Barrel (CB) holding the optics
consists of two main subunits: Barrel #1 with the cell for the first doublet (D7) and a Focus Unit that axially moves this
cell for focusing the camera; and a second stage, Barrel #2, with cells for the remaining doublets (D2 and D3) and a pair
of single lenses (S/ and S2).
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Fig. 2. OSIRIS Camera Unit: optics, elements, nomenclature and main barrel subunits

The final camera lens (S3) also has power but, as it serves as the cryostat window, it is mounted to the cryostat itself,
without a common interface with the CB and is not a functional part. The OSIRIS shutter passes through the CB between
lenses D2 and S/ but, being attached directly to the OSIRIS Support Structure, it is not part of the Camera Unit and,
besides, the required envelopes and proper interfaces, it is also not a subject of the CB design.

2. SPECIFICATIONS AND REQUIREMENTS

The design criteria, parameters and indicators were proposed from the mechanical requirements following the CB
specifications established for OSIRIS instrument error budget.

Design Criteria:
= The temperature limit of operation is —6 to 30 °C.
= The CB performance under thermal variations and gravity deflections, both critical, shall be fully considered
during all design stages.
*  The machining temperature will be considered to differ from the design temperature.

= The CTE of the cells and of the radial support (RS) for the lenses should be as close as possible to the CTE of
the lens glasses.

=  The CB weight should be as low as possible below 47 kg following specifications.

= The design guidelines reflect directly from the compressive and tensile stresses in lenses together with their
bulk displacements and rotations relative to the optical axis.

Parameters:
= Stress: Tresca criteria and maximum principal stresses.
= The lenses vertex movements and rotations relative to the optical axis.

Indicators
= Stress: the maximum permissible stress on the optical aperture of camera lenses shall be less than 3.4 MPa. All
the barrel optical components shall satisfy the yield stresses.
=  Lenses Nominal Position shall be maintained within their specified tolerances.



3. CAMERA BARREL GENERAL DESCRIPTION

The fully assembled CB as in the present design is shown in Figure 3. It is conceived as a modular design to provide an
easier assembly and disassembly process. There are four basic subassemblies in the CB, two external interfaces (shutter
and instrument support structure) and two mechanisms (a Focusing Unit and a Passive Thermal Compensating unit). The
barrel first stage called (B/C1) contains the cell of the first doublet D/ and the Focusing Unit, FU. The second stage of
the barrel contains the cells for the rest of the lenses (B2C1, B2C2 and B2C3) and the Passive Thermal Compensator,
PTC, it also includes the interfaces with the shutter and with the OSIRIS support structure. As mentioned before, the
final camera lens (S3) is also the cryostat window and, as the shutter, is not a part of the CB design.
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Fig. 3. Camera Barrel assembly

Every lens DI, D2, D3, SI and S2 is contained by its own individual cell. Each of these lenses can be accessed without
disassembling the entire CB. The CB is assembled by bolts and nuts; the repeatability of this process is achieved with the
aid of dowel pins. The CB satisfies the dimensional requirements of the OSIRIS support structure interface and fits inside
the very tight envelope limits, and does not severely exceeds the volume actually filled by the optics itself (see Fig. 4).

Fig. 4. The CB design fits just within its tight dimensional envelope limits
(the maximum length is 0.25 m)



The concept of the Radial Support of the lenses is shown in Figure 5. It consists of a ring with damping wharfs
machinated as a single solid piece. Each RS ring seats and fits directly on the lens cell, with the great advantage of not
requiring further calibration. The axial position of each lens is referenced by Sharp Edge mechanical tops. In order to
release most of the stress induced by thermal differential expansions, O-rings are used between the contact surfaces with
the restrictive separators (see Fig. 6), which screw into the cell with a specific controlled torque. The residual stresses on
each lens were analyzed by means of FEA software guaranteeing to remain well below the specified levels.

Fig. 5. Example of a lens radial support ring Fig. 6. The B2C2 cell, holding singlet Si, as an example of cell components.
Shown are the cell, the Radial Support ring, the lens, an O-ring and the separators.
All other lens cells in the OSIRIS CB have the same concept and components.

4. BARREL 1 AND THE FOCUS UNIT

The BICI cell supports and restricts the first camera doublet using exactly the same elements described before and in
Figure 6. The FU works with a step motor and a helical gears system that moves the BI/C/ cell, back and forth, along the
optical axis (see Fig. 7). The system is preloaded to avoid all mechanical backlashes, especially in the screws.
Nevertheless, the error budget allows for these misalignments. The translation of the D1 cell does not present any
rotation along all the focusing run; this is possible because of guidelines and an axial bearing system. The position of D/
is continuously registered with a linear position encoder. B/C1 is directly coupled to B2CI by 6 bolts and nuts.
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Fig. 7. First barrel stage (barrel #1) with the B/CI cell and the FU




5. CAMERA BARREL 2™° STAGE: BARREL 2

The second stage of the barrel, hooks on from the shutter and OSIRIS support structure interface, and contains four cells;
a pair for the doublet lenses and a pair for the singlet lenses together with a Passive Thermal Compensator (P7C)
mechanism. The shutter interface function allows access of the OSIRIS shutter but, more importantly, it is also the
interface to the supporting structure of the instrument. Because of this, the strength requirement prompted us to use high
stiffness steel to machinate it (see Fig. 8).
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Fig. 8. The barrel 2 cells holding doublet lens D2 and S/. The interface with the shutter and the
instrument support structure. This element is to be made off high-stiffness steel to hook up both
camera barrel stages to the OSIRIS supporting structure

The third cell of barrel#2, B2C3, contains three important components: the cells for D3 and S2, and the PTC system (see
Fig.2). The PTC surrounds the D3 cell and it is designed to passively compensate the optics thermal effects on plate-
scale variations (image motion) and image quality at least within the full operational range of temperatures®. Passive
athermalization is obtained mounting a large-CTE copolymer spacer between D3 and S2 to vary their separation at a rate
of 13£1 pm/°C'. The mechanical properties of the copolymer shall be certified by a Metrological Laboratory’. The joints
between the PTC and the mechanical references in the S2 cell should be as stable as possible to meet the athermalization
requirements. Prior to the critical design review, the final dimensions of the PTC will be adjusted to match the expected
thermal behavior of the actual camera optics (glasses and metals).

Fig. 9. The assembled B2C3 cells and a view of the PTC system



9. CONCLUSIONS

The optomechanical design for the Camera Barrel of the instrument OSIRIS has been fruitful for the Institute for
Astronomy UNAM. The techniques applied during the development of this project proved its efficiency allowing us to
reach specifications and fulfill requirements for scientific research.

The main design parameters were dimensional tolerances, position and the stress induced to each of the optical
components of the CB which were quantified using FEA and analytical calculations. The criterion of the birefringence
stress was the most difficult value to achieve.
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