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1 SCOPE 

This document provides a description of the Design proposed by IDOM for the Telescope Structure of 
the Maunakea Spectroscopic Explorer (MSE). The work has been developed under contract no. 2016-
15-002 with the Canada France Hawaii Telescope Corporation. 
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2 APPLICABLE AND REFER ENCE 
DOCUMENTS  

2.1 APPLICABLE DOCUMENTS  

 Title  Reference Iss. Date 

AD1 Telescope Structure Requirements 
Document 05.00.00.001.REQ A 2016/06/01 

AD2 
Site-Specific Seismic Hazard Assessment of 
Proposed Thirty Meter Telescope Site, 
Mauna Kea, Hawaii 

33167857  2010/02/04 

AD3 MSE Design Phase and Review Guidelines 02.00.00.001.SPE A 2015/06/22 
AD4  MSE Interface N2 diagram    

     
     

2.2 REFERENCE DOCUMENTS  

 Title  Reference Iss. Date 

RD 1 Structural Analysis Report 20238-TRE-006 1 March 2nd, 
2017 

RD 2 Mechanisms Analysis Report 20238-TRE-007 1 March 2nd, 
2017 

RD 3 Control Analysis Report 20238-TRE-008 1 March 2nd, 
2017 

RD 4 Error Budget 20238-TRE-009 1 March 2nd, 
2017 

RD 5 Draft Safety Plan 20238-PLA-010 1 March 2nd, 
2017 

RD 6 Draft Software Architectural Document 20238-TRE-011 1 March 2nd, 
2017 

RD 7 Draft Operations Concept of the Telescope 20238-TRE-012 1 March 2nd, 
2017 

RD 8 Design and Construction Plan 20238-PLA-013 1 March 2nd, 
2017 

RD 9 Risk Register 20238-LIS-014 1 March 2nd, 
2017 

RD 10 Cost Estimate 20238-TRE-006 1 March 2nd, 
2017 

RD 11 Compliance Matrix 20238-LIS-006 1 March 2nd, 
2017 

RD 12 CFD Analysis 20238-TRE-006 1 March 2nd, 
2017 
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RD 13  

 

Mauna Kea Spectroscopic Explorer Pre-
Conceptual Design Study. Dynamic Structures 
Ltd April 2016. Revision 2.0 

 2 2016/04/22 

RD 14 �´�$�7�6�7���7�H�O�H�V�F�R�S�H���0�R�X�Q�W���² Telescope or 
�0�D�F�K�L�Q�H���7�R�R�O�µ�����3�D�X�O���-�H�I�I�H�U�V���H�W���D�O�� 

Proc. of SPIE 
84443T-1  2012 

RD 15 
�´�7�K�H���D�]�L�P�X�W�K���D�[�L�V���P�H�F�K�D�Q�L�V�P�V���I�R�U���W�K�H���$�7�6�7��
�W�H�O�H�V�F�R�S�H���P�R�X�Q�W���D�V�V�H�P�Q�E�O�\�µ�����+�D�Q�V���.�l�U�F�K�H�U���H�W��
al. 

Proc. of SPIE 
84440A-1  2012 

RD 16 
�´�3�H�U�I�R�U�P�D�Q�F�H���9�H�U�L�I�L�F�D�W�L�R�Q���R�I���W�K�H���'�.�,�6�7��
�0�R�X�Q�W���D�Q�G���&�R�X�G�p���/�D�E�R�U�D�W�R�U�\�µ�����2�O�L�Y�H�U���'�U�H�\�H�U��
et al. 

Proc. of SPIE 
91452A-1  2014 

RD 17 
�´�'�.�,�6�7���7�H�O�H�V�F�R�S�H���0�R�X�Q�W���)�D�F�W�R�U�\���7�H�V�W�L�Q�J��
�2�Y�H�U�Y�L�H�Z���D�Q�G���/�H�V�V�R�Q�V���/�H�D�U�Q�H�G�µ�����3�D�X�O���-�H�I�I�H�U�V��
et al.  

Proc. of SPIE 
99061E-01  2016 
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3 EXECUTIVE SUMMARY   

The design for the MSE Telescope Structure is conditioned by the given optical prescription with an 
altitude axis set far from the M1 vertex. The high stiffness required and the low mass allowed on the 
telescope structure are also specific design drivers. 
 
After an initial trade-off between different telescope concepts performed together with the MSE Project 
Team, the design proposed by IDOM is a yoke type telescope in which the tube is solved with an 
innovative structure based on well proven solutions. 
 
The proposed Altitude Structure has an unusually high stiffness-to-weight ratio which allows complying 
with all the requirements with a lightweight solution,  

- the Top End support structure provides a direct load path between the TEA and the Elevation 
Ring minimizing the M1 obscuration by using 80mm wide elements, which could be even 
reduced by using carbon fiber reinforced plastic (CFRP) reinforcements 

- the Elevation Ring is implemented with a double layer space frame with a large relative stiffness 
and transparent to incoming air to enhance the aerothermal performance 

- the M1 Cell is solved by means of an isogrid welded structure which provides stiff interface 
points for the M1 units and a very good access for maintenance. 

 
The Azimuth Structure consists of two pillars (lattice towers supporting the altitude trunnions) 
supporting each one of the Altitude Trunnions and transferring the load to three points on the Telescope 
Pier perimeter. The Azimuth Floor and some additional bracing joins the two pillars into a single 
structure. 
 
Mechanisms are solved by means of commercially available solutions disposed in a way to provide a 
clear and statically determinate (isostatic) load path, including self-aligning features enhancing their 
robustness against structural misalignments. 
 
In this sense, the design proposed for the Azimuth Mechanism considers establishing a central bearing 
to bear the radial loads, while the only vertical loads are supported on the Azimuth Track. This concept,  

- provides a cleaner load distribution,  
- simplifies the azimuth track fabrication and alignment processes,  
- improves the runout on the encoder system reducing the encoder error  
- allows the implementation of a simple 2D base isolation system to reduce the accelerations on 

hosted units 
 
After performing a trade-off for the drive and bearing system, IDOM proposes to use hydrostatic 
bearings and direct drives to support and guide the azimuth and altitude structures. The use of antifriction 
bearings or friction drives is proposed to be discarded. The main reason for this selection is ensuring that 
the jitter requirement is met. 
 
The Azimuth Mechanism is mainly composed of a set of hydrostatic bearings supporting axial loads and 
a central bearing supporting radial loads, a set of synchronous linear motors operating on a magnets track, 
hydraulic brakes, an encoder system, limits switches and an end stop and a cable wrap. 
 
The transfer of the reactions from the central bearing is proposed to be made by means of a dedicated 
structure directly connected to the concrete wall of the pier. In these conditions the removal of the top 
slab of the pier is recommended as, 
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- access for maintenance to the azimuth mechanism is easier 
- the trusses which support the central bearing would be more direct 
- the removal of the concrete slab would lead to a weight reduction of about 140ton 
- the system eigenvalues would increase due to the mass reduction 
- the structural integrity of the pier improves if the slab is removed 

The Altitude Mechanism is built around the Altitude Trunnions which provide a bearing surface for 
the Hydrostatic Bearing System and a frame for the frameless torque motor used as the Drive System. 
Other components allocated in these trunnions are hydraulic brakes, locking pins, an encoder system, 
limit switches, an end stop and a cable wrap. 
 
A remarkable feature implemented on the design is the high frequency over-constraint (HFOC) strategy 
on the axial support of the Altitude Structure, which allows bearing axial loads on both ends of the 
structure improving the dynamic performance and the strength in case of a seismic event. 
 
To study the Control System, the operational concept and scenarios have been analyzed.  This has been 
done taking into account the different lifecycle phases of the system, including in addition to operational 
and maintenance scenarios, the necessary scenarios during the development and implementation phases. 
In this sense, in addition to the control system specified in the requirements, The Telescope Safety System 
and Mount Control System, IDOM has detected new needs and proposes two additional systems. A 
Development and Acceptance control system acting as a TCS and/or OSS emulator, and a simulation 
mode for the MCS, to be used for early software development and verification, without the necessity of 
the real hardware. 
 
The Mechanical and Electrical Equipment, includes the Oil Supply System (integral part of the 
Hydrostatic Bearing System), the Cooling System (distribution headers and cooling lines), the 
Compressed Air System and the Electrical System (distribution cabinets, cables and specific lighting in 
dark areas not properly illuminated by the Dome lighting system). 
 
Through the document specific commercial equipment is mentioned. The purpose of the initial choice 
of commercial components in this document is merely illustrative of the feasibility (in terms of 
availability) of the proposed design. The design does not rely, anyway, on any of these components, which 
could be replaced by an alternative fro�P�� �D�� �G�L�I�I�H�U�H�Q�W�� �V�X�S�S�O�L�H�U�� �V�K�R�X�O�G�� �W�K�D�W�� �E�H�� �0�6�(�� �3�U�R�M�H�F�W�� �7�H�D�P�·�V��
preference at later stages of the project. 
 
From an analytical point of view, the proposed design is supported by, 

- a detailed Structural Analysis which includes several Finite Element Analyses including among 
others a non-linear time series analysis to determine the integrity of the telescope and hosted 
units during seismic events as assembled on the telescope pier with the seismic isolation system 
and a concrete pier integrity analysis. 

- a Mechanical Analysis justifying the selection of the main mechanical components and 
including a Finite Element Analysis of the most significant mechanism parts. 

- a Control System Analysis considering the structural properties of the structure, mechanisms, 
disturbances (as the wind buffeting, non-linear friction, cogging and torque ripple) and control 
system loops to determine the expected tracking error and jitter associated to the control system 

- a preliminary Error Budget summarizing the estimated main contributions to the pointing and 
tracking error and to the jitter. 

- a CFD Analysis including a comparative analysis of the aerothermal performance of the two 
telescope configurations considered and a more detail analysis of the selected option. 
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This document is organized as follows. 
 
Chapter 4 lists and explains the design drivers identified by IDOM during the design process. 
 
Chapter 5 justifies the selection of the proposed telescope configuration, including a trade-off between a 
classical yoke solution (typical of the 8-10m class telescopes) and a rocking chair solution (now being 
considered on the extremely large telescopes). 
 
The following chapters describe the main systems of the Telescope Structure. Chapter 6 describes the 
structural system, chapter 7 the mechanisms, chapter 8 the mechanical and electrical equipment and 
chapter 9 the control system. 
 
Chapter 10 explains, in reply to a specific request on the statement of work, that there is no specific 
technology in the design requiring a validation plan. 
 
Chapter 11 describes the proposed interfaces for hosted units and for the observatory building. 
 
And finally, chapter 12 summarizes the Mass Budget. 
 
The design described in this document is supported by the following documents, 
 

- 20238-TRE-006, Structural Analysis Report. 
- 20238-TRE-007, Mechanisms Analysis Report. 
- 20238-TRE-008, Control Analysis Report. 
- 20238-TRE-009, Error Budget. 
- 20238-PLA-010, Draft Safety Plan. 
- 20238-TRE-011, Draft Software Architectural Document. 
- 20238-TRE-012, Draft Operations Concept of the Telescope. 
- 20238-PLA-013, Design and Construction Plan. Including the proposed schedule. 
- 20238-LIS-014, Risk Register. 
- 20238-TRE-016, Cost Estimate. 
- 20238-LIS-017, Compliance Matrix. 
- 20238-TRE-018, CFD Analysis. 

 
and in the following set of engineering and interface drawings,  
 

- 20238-DWG-G-STR.0.00-001, Product Tree 
- 20238-DWG-G-STR.0.00-002, Systems Identification 
- 20238-DWG-G-STR.0.00-003, Overall Dimensions 
- 20238-DWG-G-STR.0.00-004, Coordinate Systems 
- 20238-DWG-G-STR.0.00-005, Motion Requirements 
- 20238-DWG-G-STR.0.00-006, Optical Layout 
- 20238-DWG-G-STR.0.00-007, Allowable Volumes 
- 20238-DWG-G-STR.0.00-008, Erection Sequence 
 
- 20238-DWG-E-STR.1.00-001, Azimuth Mechanism 
- 20238-DWG-E-STR.1.03-001, Azimuth Variable Speed Drive 
- 20238-DWG-E-STR.2.00-001, Azimuth Structure 
- 20238-DWG-E-STR.3.00-001, Altitude Mechanism 
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- 20238-DWG-E-STR.4.00-001, Altitude Structure 
- 20238-DWG-E-STR.5.00-001, M&E Equipment  Identification  
- 20238-DWG-E-STR.5.00-002, Electrical System Single Line Drawing 
- 20238-DWG-E-STR.5.00-003, Oil Supply System Schematic 
- 20238-DWG-E-STR.6.00-001, Access Equipment 
 
- 20238-DWG-I-STR.0.00-001, Building Interface 
- 20238-DWG-I-STR.0.00-002, Top End Assembly Interface 
- 20238-DWG-I-STR.0.00-003, M1 Unit Interface 
- 20238-DWG-I-STR.0.00-004, Spectrographs Interface 

 

In order to provide a general overview of the proposed Telescope Structure, the next pages include a set 
of engineering charts. 
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