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1. SUMMARY

During the feasibity study for the construction of the SPMT were evaluated the different options

of design the MMT Telescope and the Magellan Telescope and as result were obtained references
for the mechanical design, for the control architecture and the network infrastinecof the
telescope.

This document describes the conceptual des{gh PrePDR stagepf the telescope and its
subsystems t@show about the level of detail of the design unsitage Thisstage gives us the
information in orderto see wich requierements are needed for futudesignand interfases

Hereis included the resudtof an structural analysis and a modal analysis for the structure of the
telescope to have reference values for the next stages of project.

2. SPMT GENERAL REQUIREMENTS
2.1 General specifications

Then are listed the general requirements and specifications provided by 1A UA8Mhere the
code under parentheses (P1, P1.2 etc.) means the priority scale for each requirement.

Development

- SPMT project shall construct a new 6-f telescope at SPMP1)(A.8)
- SPMT shall be suitable for general science projects (A.8)

- SPMT shall use the existing #n5orimary mirror owned by INAOE and .\(A.8)
- Telescope must be operational on a short time 8¢BIL.2)(A.8)

- SPMT should be operational on a short time sq#e3)

- SPMT shall minimize risks by following existing and proven reference designs (e.g., the
MMT and Magellan) where appropriate and possil#e8)

- The SPMT primary mirror shall be manufactured and polished to the same optical
specifications as the MMT and Magellan primar{és8)

- The SPMT design and development shall explicitly consider operations and operation
costs.(A.8)

- The development of SPMhall take place in Mexico, by Mexican institutions and
companies, where appropriate and possil{i.8)

- The concept should allow the use of the f/5 instrumerise: Binospec, MMIRS,

MEGACAM,MAESTR4d&ctospec and HectochellB1)(A.8)
- Ability to usemultiple instruments in one night (more than 2) (P1.5)
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- Risk mitigation:
- Construction time (P1.1)
- Financial costs for development and operation (P1)
- Technical Feasibility (P1)
- Scientific efficiency (P1.5)

2.2 General site characteristics

The Sitecharacteristics in dethiare described on the documef@ite and Geotechnical Study for
SPMTGEN/SYEN/OOGR (A.5). Tables 2.1 to 2.3 shows the main site characteristics to be
considered during the telescope structure mechanical concept development.

Latitude oMc NHQ nné
Longitude MMP C HGDPQ
Elevation 2830 m (over sea level)
Average Temperature - 1.5°C
Atmospheric Pressure 542 mm Hg
Wind Speed 8.5 m/s
Photometric Nights 57%
Spectroscopic Nights 80%
Sky brightness B= 22 mag/arcséc
Optical Turbulencéseeing) 0.5 arcsecat 15 m
Atmospheric water vapor 2.5 mm HO
Relative Humidity 54%
Atmospheric inversion layer height 1000 m (over sea level)

Table2-1 General characteristics OAN, SPM

Thesurvival limits characteristiare described on the docume@®PMT High Level Requierements
(A.8).
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Temperature -25°C to 3%C(A.8)

Humidity 100%(A 8)

Maximum wind 120 Km/h (about 700 N/A) (A.8)
Snowloads 400 kg/nt

Aceleration Horizontal acc0.4 g, vertical 0.2 ¢A.8)
Electric storms (A.8)

Hail storms (A.8)

Table2-2 Survival conditions OAN, SPM

3. OPTICAL DESIGN GENERAL DESCRIPTION
ForSPM Telescopihree optical configuratios areconsidered:

- f/5 Cassegrain
- f/5 Nasmyth
- /11 Nasmyth

The following figure showthe three opticalkconfigurations
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Figure3-1 SPMT optical configuration
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3.1 f/5 Cassegrain

The configuration of SPMT should hause the instruments from the MMT, Hectochelle,
Hectospe@nd the Magellan Clay instruments likd&8inospedgMMIRS andMegacam.All the
instruments mentioned will be the first light instruments for the SPMd accomplishthe
specification mentioned on 2.1

3.2 /5 Nasmyth

The design of SPMiave wider fieldaprox. 1 meter in SPMTdue to a longer distance between
the primaty mirror and the Elevation axi$his allow to mount bigger instruments and alsew
wide field spectroscopy instruments on the Nasmygtatform, also to accomplish the
specification of th ability to use more han one instrumen per niggtre3-2.

The /11 will be implemented too, for new instrument aplicatipiasd to use instruments with
more field scalefigure3-2

To implement the optical configurations on the mechanical design of the telescopetste,
after evaluation is possible to implement the three focal ratios in one secorwdagwithout any
change on the secondary spider.

Figure 3-2 and Figure 3-3 shownthe front and lateral views of the telescope tlerdocal ratios
implemented.
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Figure3-3 SPMTateral viewwith f/5 Cassegraingreen) and f/5 Nasmyth (purple) f/11 (purple)
This solution has several benefits in terms oft@®l mechanical implementation:

- The Secondary Mirror Cage and the spider are the same for three focal configurations (f/5
MMT, f/5 Nasmythand /11, reducing cost on the spider and the secondary mirror and
the same positioning system.
- It allows ingallation of ahexapod if isneeded wider movements than the vane ends
allow.
- Using vane end configurationudng the engineering activities fora ¥ ¢ OKIF y3S 2y f &
necessary to dismount the f/5 Cassegraimd Nasmyth configurations, and the tertiary
mirror.
- The software, the actuators and the wiring harness are the same for all configurations,
reducing the cost, maintenance and the commissionimgsduring KS aF0aé¢ OKI y 3§
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3.3 f/11 Nasmyth

f/11 secondary mirror can remain installed during the f/5 modgration reducing risk; only
during the f/11 usete f/5 mirrors must be removeHBigure3-4.

A Y

| e =

Figure3-4 /5 MMT, f/5 Nasmyth and f/11 installed on the cage

‘i%’»\q |
i\ f

Figure3-5 .f/5 MMT, f/5 Nasmyth and /11 installed on the cage

In the sameway we will implement the four vane Secondappsitioningsystem instead of the
hexapod system (Steward Platform) to reduce cost. The use of hexapod positioning system can be
only implemented suing two h@&pod systems, one for the f/5°s and another for the f/lilcase

that the Hexapod is provided, can be considered the chdraye vane end to hexapod desidpuit

these cases are being analyzed.
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For the PrePDR design is considered the /5 Cassegrainrafatiure chapters of this document

is described.

4. SAN PEDRO MARTIR TELESCOPE GENERAL CHARACTERISTICS
4.1 Product Tree

! |

|

eorscss
ST

s
FMTTLAN

8
FUTTLAC

4.2 Telescope structure mass Budget (A.7)
The following table shows the estimated mass budget for S

Figure4-1 Product Tree

Component Reference Estimated Figure
weight
| (kg)
Primary mirror Active supportsand | 8780 (TBC

(M1)

force optimization for
the MMT primary
mirror
(1998)
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Primary Mirror SPMTTLPM-100- | 21748.56
Cell Structure 000

Fans and coolers 1680 (TBC
(56)

Nozzles pattern | SPMTTLPM-300- 152.29

000
Loadspreaders, | SPMTTLPM-200- 1011.17 ~ o :
pucks and 000 iy ¥ '32 ‘ ﬁ’;*
flexible spring o
supports
Hardpoints 480 (TBC)

system (steward
platform) (6
actuators)
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Floating support 8436 (TBC
actuators (70
double, 30 single

Cassegrain MMTO217 706
rotator

Azimuth SPMTTLAZ000- | 106879.13
Assembly 000

Nasmyth Rotator| SPMTTL-NROOO- | 3178.41
(2) 000
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Elevation System SPMTTLELO00- | 38032.56
000

Telescope Tube | SPMTITLTUO000- | 10168.10
000

Tertiary Mirror SPMTTLTEOOO- 1277.67

Structure 000 (TBD)

Secondary mirror] SPMTTLSC000 5112.45

assembly 000
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Secondary SPMTTL-SS000- 365.64

Structure 000

Secondary Mirrorl SOMTTLSG000- 649.22

Gregorian 000

Structure

Tertiary mirror 400(TBD)

Nasmyth rotator 400

bearings Rothe

Erde 110 diam

1450 mm (2)

Counterweights 2000(TBD)

Rotators power 300

traction system

3)

Wiring harness, 500

pipes and hoses

Cassegrai and 3(4000) 2 Nasmyth
Nasmyth 4(1000) 1 Cassegrain

instruments max.

load capacity

4 Folded Cassegrain (TBD)

Table4-1 SAMT massudget (A.7)

4.3 General kinematic and mechanic considerations

The following table shows thgeneral kinematic consideratiomssumefrom SPMT.

Characteristic

Value

Azimuthturn

2559TBC)

Elevation

FromO to 90 °(Horizon to Zenith) (TBC)
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Elevation Speed 0.8°/{TBC)

Elevation acceleration

0.1° /$(TBC)

Azimuthspeed

2°/5(TBC)

Azimuthacceleration

0.05 °/$(TBC)

Structure first primary mode

Above 10 HZBC)

Elevation Motion

Preloaded friction driveBC)

Elevationpreloadforce (estimated)

1662kg (two SystemsjTBC)

Elevation motor torque (estimated)

233.36Nm (two systems)TBC)

AzimuthMotion

Preloaded friction drive

Elevation Bearings

Hydrostatic bearinge€SKF4 radial (225x290 mm,
r=3223.76 mmand 4 supports lateralAxial stiffness 6.8
10°, radial 0.9x 1GTBC)

Azimuth preloadforce (estimated)

3644 kg tivo SystemsjTBC)

Azimuthmotor torque (estimated)

516.26Nm (two systems)TBC)

AzimuthBearings

Hydrostatic bearing€SKFp axial (225x290 mmand 4
radial (225x290 mm r= 2085 mnoh the center above
the pier. Axial stiffness 0.98 x10radial 6.8 x10

Elevationpositionmeasurement

Dual type with tape encoder and encoder mounted dir
on the motor (resolution Jum)

Azimuthpositionmeasurement

Dual type with tape encoder and encoder mounted dir
on the motor(1 pum)

Tertiary mirror movement

Preloaded friction drive

Tertiary position measurement

Dual type with tape encoder and encoder mounted dir
on the motor(1 pm)
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Tertiary preloadforce (estimated)

110 kg

Tertiarymotor torque (2) (estimated)

20 Nm

Nasmyth Rotators movement (2)

Preloaded friction drive

Nasmyth rotators bearing®)

Rotek 5000 Cross roller heavy duty Slewing ring %3

Nasmyth rotatos position

Dual type with tape encoder and encoder mounted dir

(estimated)

measuremeni2) on the motor (1um)
Nasmyth rotatos preload force 2178kg
(estimated)(2)

Nasmyh rotators motor torque (2) 325.41Nm

Cassegrain Rotator movement

Preloaded friction drive

Cassegrain rotator bearings

Rotek 5000 Cross rel heavy duty Slewing ring R8E3

Cassegrain rotator position

Dual type with tape encoder and encoder mounted dir

(estimated)

measurement on the motor (1um)
Cassegrain rotator preload force 2398kg
(estimated) (2)

Cassegrain rotator motor torque (2) 342.23Nm

Secondary mirropositioning

Four vanes system with two actuators per vane

Vane stroke

Axial 50.8 mm, radial 25.4 mm

Seconday mirror resonanfrequency
(estimated)

Above8 Hz(TBC)

Table4-2 SPMT kinematiand mechanigeneral characteristiceesume

The values shown on thEable4-2 are developed on the next chapters.
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5. SAN PEDRO MARTIR TELESCOPE MECHANICAL DESIGN DESCRIPTION

—
y-- = =

Figure5-2 Left mirrorsidein isometric vew. RightCass Instrumentsometric view.
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5.1 Alt-azimuth movement

SPMT is an ahzimuthtelescopeithe coordinate system will be an altitugzimuthwith the local
horizon as a fundamentalgohe. This planealivides the skynto upperand lowerhemispheres. The
pole of the upper hemispgre is the zenitl{.Figure5-3 SPMT zenith position

Figure5-3 SPMT zenith position

The altazimuth coordinates are respectively, elevation or altitude, measured from the horizon,
and the azimuth, measad eastward from the north. e star elevation position measured from
the zerith point is the zenith angle. The transformation fraaguatorial coordinaes into alt
azimuth ones is:
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