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1 INTRODUCTION 
This Specification Document contains the functional and performance requirements for the design, 

analysis and fabrication of the Rotating Enclosure (Dome) for the Large Synoptic Survey Telescope (LSST). 

For this document, “Rotating Enclosure” and “Dome” are synonymous. The main purpose of the Dome is 

to protect the telescope from the environment. It must also:  

 Provide a clear optical path for observing that can smoothly follow the motions of the telescope 

as it acquires and tracks fields on the sky. 

 Minimize the effects of stray and scattered exterior light on the light level within the dome 

interior. 

 Provide controlled ventilation and flushing of the dome interior with external ambient air during 

night operation to minimize the thermal effects on image quality 

 Facilitate maintenance of both the telescope and the Dome itself.   

 Provide a controlled thermal environment during the day for preconditioning and testing. 

 Be light tight during the daytime to enable testing and calibration of the telescope’s optical 

system. 

 Provide for in-situ repair and maintenance of its key components. 

Since the Dome operates at non-trivial velocities while the telescope is observing smooth operation is 

paramount. 

The Dome will be designed to reside on an insulated cylindrical concrete lower enclosure. This cylinder is 

~30 meters in diameter and ~13 meters tall. The lower enclosure will be provided through the separate 

observatory facility contract.  Design details of the interface will be negotiated with the vendor. 

The rotation of the Dome is completely independent from the motion of the telescope (non-co-rotating). 

As a result of the squat aspect ratio of the LSST telescope there would be minimal benefit to a co-rotating 

telescope and Dome. The telescope is as wide as it is tall. This aspect ratio is the result of the telescope’s 

compact three mirror optical system. Freeing the Dome and the telescope azimuth rotations facilitates 

maintenance, calibration and thermal control.  

The “rotating enclosure” includes not only all the rotating components, but also its drive system with 

capacitor energy storage, brake system, slip ring system and locking mechanism. It also includes the 

control and interlock systems. Since the dome azimuth drives operate continuously during observing, they 

are attached to the lower enclosure where they can be glycol/water cooled to prevent escaping heat from 

degrading the image quality. The Dome also includes the track system on which its bogies ride. The 
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separation between the facility and the rotating enclosure is defined as the top of the concrete lower 

enclosure on which the bogie track and drive units are installed.  

The Dome supports testing and calibration of the telescope and its camera via a large calibration screen 

(Dome flat). The ~10 meter diameter passive screen is not part of this effort, but it is supported by the 

Dome and defined in LTS-126. 

1.1 BACKGROUND 
The Large Synoptic Survey Telescope (LSST) is a large (8.4 meter) wide-field (3.5 degree) survey telescope, 

which will be located on the summit of Cerro Pachón in Chile. The survey mission requires the telescope 

to have a short slew, settling and active optics convergence time of 5 seconds for a 3.5 degree change of 

field of view on the sky.  

It would require an unrealistically large amount of power to enable the Dome to match the azimuth 

motions of the telescope. This difficulty is overcome by utilizing a Dome clear aperture slit width which is 

oversized, relative to the telescopes field of view, by approximately 1 meter. This allows the Dome to 

crawl to the next observing location while the present exposure is underway. Consequently, for most field 

of view changes the Dome will not need to slew between images; Document-2580. 

Since the telescope optical system cannot include a fast steering mirror, the observatory has stringent 

vibration limitations. Dome motion produces a vibration potential both acoustically and through 

propagation down the lower enclosure and up the telescope pier. Since Dome motions produce a 

vibration hazard, and power requirements dictate Dome motion during observing, smooth low vibration 

operation of the Dome is required.  

The LSST observatory has also been designed to reduce vibration production and propagation. The lower 

enclosure is a concrete cylinder rather than the more common steel structure. This eliminates the 

variation in load path as a function of Dome azimuth angle which normally produces a “bounding” effect 

during azimuth motions. There are also no direct structural paths from the lower enclosure into the 

telescope pier. 

As a result of its wide field of view the LSST telescope is very susceptible to stray light and requires a 

significant amount of stray light baffling. The Dome constitutes one of the most important stray light 

baffles of the overall LSST system. The numerous vents have the conflicting requirements of 

simultaneously providing ample airflow and substantial scattered light attenuation. The Dome light/wind 

screen provides the first light baffle around the optical path, and must also actively follow the observing 

light path and limit the clear aperture.  

As a result of its high power consumption produced by its rapid cadence, the LSST produces substantial 

heat. If this heat was allowed to escape into the enclosure it would degrade image quality. Consequently, 

all major heat sources are required to be glycol/water cooled. The coolant is provided by the LSST facility. 
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This cooling requirement precludes the use of drives rotating with the enclosure. They must be attached 

to the lower enclosure where they can be actively cooled. 

The Dome must also facilitate telescope maintenance and the removal of its optical assemblies. This 

requirement is met by providing a crane with a specific range of travel both horizontally and vertically. A 

large access door opposite the aperture slit is also required to allow installation/removal of the optical 

systems.   

1.2 SCOPE  
This document is intended to govern the design and fabrication of the LSST Rotating Enclosure (Dome). It 

provides the delivered system performance requirements needed for the LSST to fulfill its survey mission.  

This document also provides the requirements for interfacing, packing/shipping, site assembly and 

installation, testing and maintenance for the LSST Dome. 

1.2.1 INCLUDED IN SCOPE 

The following items are specifically included in the scope of the Rotating Enclosure (Dome). 

 Fixed Dome components: 

o Azimuth bearing track 

o Grout of azimuth bearing track 

o Thermally controlled, fixed azimuth drive system components including motors, drives 

and controls up to the attachments on the concrete of the lower enclosure  

o Thermally controlled DC capacitor bank system inside telescope pier and power/control 

cabling to drive units 

o Fixed azimuth encoder system and components up to and including their attachments on 

the concrete of the lower enclosure 

o Fixed components of the braking system 

o Fixed slip ring system components 

o Fixed components of the azimuth locking system 

o Dome Control System (DCS) with wireless industrial Ethernet communications to Dome 

o Azimuth tachometer for independent velocity measurement 

o 2x Lighting wireless controls for the Dome interior 

o All associated mounting hardware for the components above 

 Rotating Dome components: 

o Main structure with siding and insulation 

o Aperture shutter with drive and locking mechanisms 

o Light/wind screen with drive and locking mechanisms 

o Light/wind screen tachometer for independent velocity measurement 

o Rear access doors with drive and locking mechanisms 

o Overhead bridge crane 
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o Vents with actuated louvers and fixed light baffles 

o HVAC ducting with booster fans and diffusers 

o Azimuth Vertical Restraint Bearing system (bogies) with removable shielding 

o Azimuth Radial Restraint Bearing system (bogies) with removable shielding 

o Passive seismic restraints 

o Moving components of brakes system 

o Moving components of drive system 

o Moving slip ring components 

o Elevated main Dome platform for servicing light/wind screen 

o Access walkways on both sides of light/wind screen 

o Platform on top exterior of Dome for accessing exterior of upper aperture shutter 

o 2x OSHA compliant ladders with hatches to access top exterior platform 

o 2x OSHA compliant ladder systems for accessing all internal elevated platforms 

o OSHA compliant safety rails around all elevated platforms and walkways 

o Accommodations for installation of LSST supplied rails in flooring of rear access doors for 

operating M1M3 removal cart 

o 2x Lighting systems for the Dome interior 

o Lightning protection system with ground shoes  

o Approved portable davit crane for personnel rescue off of ladder systems 

o Portable crane for raising and lowering tools and equipment to and from the Dome 

maintenance platform 

o Appropriate safety tie off points for personnel during access of remote areas of the Dome 

o Removable hoist for replacement or repair of light/wind screen (LWS) drives 

o Minor ladders/platforms connecting from the telescope maintenance platform to the 

Dome ladders. 

o All cabling, connectors and fittings, electronics, controls and mechanisms required to 

operate all the above components rotating with the Dome.  

o Structure and interfaces for supporting the Calibration screen. 

o All associated mounting hardware for the components above 

 Maintenance, testing and operation: 

o All the equipment required to integrate, maintain, test and operate the Dome are 

included in the scope 

o Written manuals for operation, maintenance and tests of all the Domes components 

o All plans, specifications and procedures required to fabricate assembly, integrate and test 

the Dome    

o Packing and shipping of components  

1.2.2 NOT INCLUDED IN SCOPE 

The following items are specifically NOT included in the scope of the Rotating Enclosure (Dome). 

 Steel reinforced, insulated, cylindrical, concrete lower enclosure 
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 Fixed platforms and stairs inside lower enclosure, except the minor ladders/platforms to the 

Dome ladders as described above. 

 Utility piping and cabling from the facility to connections in the lower enclosure and telescope 

pier 

 Glycol/water chiller, pumps and plumbing used to supply coolant to the azimuth drive system 

 Rails for M1M3 mirror cart (however, the floor of the rear access door must accommodate these 

rails and the M1M3 mirror cell assembly cart that rides on them) 

 Calibration Screen 

 Earth connections from ground shoes on top of lower enclosure to facility ground mesh. 

1.3 RELATED DOCUMENTS 

1.3.1 COMPLIANCE DOCUMENTS 

In addition to the requirements and specifications contained herein this document, Contractor shall also 

be required to comply with the requirements and specifications contained in the following documents as 

it pertains to the completion of the Work: 

 Summit Support Facility Electrical Requirements    LTS-52 

 LSST Summit Environmental Conditions     LTS-54 

 LSST Summit Electrical and Control System Standards   LTS-96 

 LSST Summit Control Panel Manufacturing Guidelines   LTS-98 

 LSST Summit Safety Interlock System     LTS-99 

 Platform Lift to Dome Interface Drawing     LTS-100 

 Lower Enclosure to Dome Interface Drawing    LTS-101 

 Telescope Mount Assembly to Dome Interface Drawing   LTS-105  

 Calibration Screen to Dome Interface Drawing    LTS-126 

 TCS to Dome Interface Control Document    LTS-158 

 Dome Capacitor Bank Design Requirements    LTS-165 

 Dome to Man-Lift Interface Drawing     LTS-167 

 Dome to Interlock System Interface Control Document   LTS-174 

 Dome Bridge Crane Coverage Interface Document   LTS-183 

 Control Software Development Best Practices    LTS-224 

1.3.2 SUPPORTING DOCUMENTS 

The LSST Project Office (LSST PO) has produced a number of documents that the Contractor may find 

informational or useful during the course of undertaking the work. These documents include: 

 LSST Safety Policy       LPM-18 

 Utilizing the Enclosure’s “Full” Slit Width to Reduce ..Requirements Doc-2580 

 Rotating Enclosure (Dome) Baseline Design Document   Doc-11245 

 DC Capacitor Bank Baseline Design Document    Doc-12077 

 Seismic Design Accelerations for the LSST Telescope   Doc-13227 



Rotating Enclosure Specifications Document                LTS-97 Latest Revision 12/13/2018 

6 

 

 LSST Seismic Design Accelerations     Doc-13228 

 Seismic Analysis of the LSST Telescope     Doc-13381 

 Dome Safety Hazard Analysis      Doc-16290 

1.4 SPECIFICATION AND DISCUSSION 
Listed in the following sections below are the requirements for the LSST Dome. 

 

Specific requirements are listed in sections preceded by the heading “Specification”. Sections preceded 

by “Discussion” are not specific requirements. Rather, this information is included as supporting 

documentation to provide the Contractor with background information. Sections which contain neither a 

“Specification” nor “Discussion” are included for additional background information or completeness. 

2 DOME PERFORMANCE REQUIREMENTS 
All the pointing and tracking requirements specified in this document refer to the orientation of the clear 

aperture relative to the Dome’s azimuth and elevation axes. The clear aperture is produced by the 

combination of the slit opening and the light wind screen. The azimuth angle of the aperture is determined 

by the azimuth orientation of the Dome. The elevation angle of the clear aperture is determined by the 

position of the light/wind screen.  

Throughout this document, Dome Azimuth motions refer to motion provided by the Azimuth Drive System 

which rotates the Dome around a vertically oriented centerline. Dome Elevation motions refer specifically 

to motion of the clear aperture of the wind/light screen about the telescope elevation axis, and do not 

correspond to motion of the Dome structure itself.  

The ranges for position, velocity, acceleration and jerk, defined in this section are the operational ranges. 

2.1 POINTING REQUIREMENTS 
The requirements below define the pointing range and accuracy. The requirements are for simultaneous 

motions in both axes. The azimuth requirements apply to the rotation of the Dome. The elevation 

requirements apply to the motion of the light/wind screen. 

2.1.1 POINTING RANGE IN AZIMUTH 

Specification: The Dome must have continuous and unlimited range of positive and negative azimuth 

pointing. Azimuth travel limit switches and hard stops which would limit this motion are neither required 

nor allowed. 

Discussion: The requirement of continuous motion precludes the use of an azimuth cable chain/wrap and 

requires a slip ring system. Although the azimuth motion does not have travel limits, it does have velocity, 

acceleration and jerk limits. 
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2.1.2 POINTING RANGE IN ELEVATION 

Specification: The Dome light/wind screen shall be capable of pointing from the telescope zenith angles 

of 3.5 to 70 degrees, which is equivalent to the Telescope elevation angles of 86.5 to 20 degrees. This 

range shall be reachable without overriding any limit switches. Although the requirement is only to point 

down to 70 degrees zenith angle (20 degrees elevation angle), the goal is to point down to 75 degrees 

zenith angle (15 degrees elevation angle). 

Discussion: For maintenance purposes the telescope mount assembly has a pointing range from zenith to 

horizon pointing. The Dome’s smaller range reflects the operational range of the telescope of 3.5 to 70 

degrees zenith angle. The total elevation motion of the light/wind screen must be larger than the Dome’s 

pointing range to accommodate the limit switches and hard stops.  

2.1.3 ABSOLUTE POINTING ACCURACY 

Specification: The absolute pointing accuracy of the Dome on the sky in both azimuth and elevation shall 

be better than +/-0.25 degrees. 

Discussion: The 0.25 degrees pointing accuracy was chosen to be within 100 mm of buffer distance in the 

clear aperture requirements. For the specific orientation of the azimuth parked position, the azimuth 

accuracy will need to be sufficient to engage the locking mechanisms. 

2.1.4 POINTING REPEATABILITY 

Specification: The Dome shall achieve a pointing repeatability within the value of 0.10 degrees for any 

motion within the pointing range.  

Discussion: The pointing repeatability shall be demonstrated using multiple different azimuth and 

elevation motion paths to include the effects of hysteresis. These demonstrations shall be determined in 

collaboration with the LSST PO.  

2.2 SLEWING REQUIREMENTS 
Specification: The Dome shall meet its azimuth axis and elevation axis slew and settle requirements, 

provided below, simultaneously. Settling is met when all the pointing requirements are met. This shall be 

measured during the 1.0 second buffer time following the slew and settle time allocation. The Contractor 

shall determine the motion profile utilized to meet this specification; however, jerk, acceleration and 

velocities used must be consistent with the maximum and minimum slew rate limits. 

Discussion: The total slew, settle and convergence budget for the Telescope and Dome is 5.0 seconds. A 

1.0 Second "buffer" time has been allocated after the Telescope and Dome have slewed and settled for 

the active optics of the telescope to settle. This leaves 4.0 seconds available for the Dome to slew and 

settle. The actual telescope utilizes 2 seconds to slew and 2 seconds to settle. However, the telescope 

must settle to the µm level while the Dome must only settle to the mm level. Consequently, negligible 

time allotment is expected for the Dome to settle.  
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2.2.1 SLEW AND SETTLE FOR AN AZIMUTH OFFSET 

Specification: The Dome shall be able to produce a 3.0 degree azimuth axis motion and settle within 4.0 

seconds.  

Discussion: The telescope utilizes a baseline 3.5 degree on the sky slew. As a result of spherical geometry 

as the elevation angle increases from horizon pointing the required azimuth motions to match the sky 

motions increase by 1 / cosine (elevation angle). At an elevation angle of 60 degrees twice the azimuth 

motion is required to match an on sky motion. By utilizing an oversized slit width, and not requiring the 

Dome azimuth motions match the Telescope’s on sky motions, the azimuth slewing requirements were 

significantly reduced.  

2.2.2 SLEW AND SETTLE FOR AN ELEVATION OFFSET 

Specification: The Dome shall be able to produce a 3.5 degree elevation axis motion (light/wind screen) 

and settle within 4.0 seconds.   

2.2.3 SLEW RATE LIMITS 

The azimuth motion refers to the rotation of the Dome about the vertical axis. The elevation motion refers 

to the motion of the light/wind screen about the telescope elevation axis. 

2.2.3.1 MAXIMUM SLEW RATE  

Specification: The Dome shall not exceed the following requirements. If these requirements are exceeded 

the Dome shall be automatically stopped per the velocity, acceleration and jerk limit requirements: 

 Azimuth velocity: ±2.25 degrees/s 

 Azimuth acceleration: ±1.125 degrees/s2 

 Azimuth jerk:  ±4.5 degrees/s3 

 Elevation velocity: ±2.625 degrees/s 

 Elevation acceleration:  ±1.31 degrees/s2 

 Elevation jerk:  ±5.25 degrees/s3 

2.2.3.2 MINIMUM SLEW RATE  

Specification: The Dome motion shall be capable of achieving these minimum limits: 

 Azimuth velocity: ±1.50 degrees/s 

 Azimuth acceleration: ±0.75 degrees/s2 

 Azimuth jerk:  ±3.00 degrees/s3 

 Elevation velocity: ±1.75 degrees/s 

 Elevation acceleration:  ±0.875 degrees/s2 

 Elevation jerk:  ±3.50 degrees/s3 

2.2.4 LONG SLEW 

Long slews only occur infrequently and produce minimal effect on the cadence. If these requirements are 

shown to be overly restrictive they will be reconsidered. 
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2.2.4.1 LONG AZIMUTH SLEW 

Specification: The Dome shall be able to maintain the minimum velocity requirements in azimuth for long 

slews of up to 180 degrees.  

Discussion: The capacitor bank system needs to have sufficient capacity to support this motion. 

2.2.4.2 LONG ELEVATION SLEW 

Specification: The Dome light/wind screen shall be able to maintain the minimum elevation velocity 

requirement over the entire elevation range. This shall be measured after accelerating from one software 

position limit and until deceleration for the opposite software position limit. It shall meet this requirement 

in both directions. 

2.2.5 MOTION PROFILE 

Specification: In both axes, the Dome shall move directly and smoothly from its current position to its 

new position. The motion profile shall be within the slew rate requirements. 

Discussion: The actual slew and settle motion profile used in operation will be determined by the LSST PO 

and implemented through the Dome Control System (DCS). The Contractor is required to provide the 

motion profile used for performance verification.  

2.2.6 DUTY CYCLE 

Specification: The Dome shall be designed to be able to operate every night for its design life. On average, 

the Dome will operate continuously 12 hours a night, every night. In general, the duty cycle during daytime 

maintenance will be negligible. This requirement of a 50% duty cycle shall be specifically applied to the 

azimuth drive system and the light/wind screen drive system. 

For azimuth, a typical Dome night time operation cycle consists of approximately 34 seconds of azimuth 

crawling followed by a 3.0 degree slew and settle over 4 seconds. For elevation, a typical light/wind screen 

operation cycle consists of approximately 34 seconds of elevation tracking followed by a 3.5 degree slew 

and settle over 4 seconds. 

2.3 AZIMUTH CRAWLING REQUIREMENTS 
Crawling is the near constant velocity motion of the Dome’s clear aperture in azimuth occurring during 

the 34 seconds of exposure to reposition the clear aperture, which is oversized relative to the optical path, 

see Document-2580. This repositioning, during the exposure, places the oversized clear aperture in an 

optimum location relative to the optical path for the next exposure. A typical crawl speed is 0.2 degrees 

per second.   

2.3.1 CRAWLING RANGE 

Specification: The Dome shall be able to crawl continuously in azimuth in either direction over in its entire 

range.  
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2.3.2 CRAWLING VELOCITY 

Specification: In both directions, the Dome shall be able to crawl about the azimuth axis at any velocity 

between its minimum velocity requirement of +1.5 and -1.5 degrees per second continuously for 34 

seconds.  The drive system shall be capable of providing the maximum crawl rate for an indefinite period. 

2.3.3 CRAWLING ACCURACY 

Specification: The Dome shall be able to continuously meet the absolute pointing accuracy requirements 

for 34 seconds, for any Dome crawl about the azimuth axis, within the velocity requirements. 

2.4 TRACKING REQUIREMENTS 
The dome needs to be able to track sidereal objects in azimuth and elevation in order to track with the 

telescope mount.  

2.4.1 TRACKING RANGE   

Specification: The dome shall be able to track in azimuth over its full range and in elevation over the 

elevation angular range of 20 deg to 86.5deg. Although the requirement is only to point down to 70 

degrees zenith angle (20 degrees elevation angle), the goal is to point down to 75 degrees zenith angle 

(15 degrees elevation angle). 

2.4.2 TRACKING VELOCITY   

Specification: The Dome shall be able to track about the azimuth axis at a velocity of between +220 and -

220 arc sec/second. The Dome shall be able to track about the elevation axis at a velocity of between 

+220.0 and -220.0 arc sec/second. 

3 DOME DESIGN REQUIREMENTS 

3.1 GENERAL REQUIREMENTS 

3.1.1 ALT-AZ DOME DESIGN 

Specification: The Dome shall be an altitude over azimuth (alt-az) design. The azimuth motion shall be 

provided by the rotation of the Dome about the vertical gravity vector. The elevation motion shall be 

defined by the motion of telescope’s field of view about the elevation axis of the Telescope Mount 

Assembly as shown in drawing LTS-105. The elevation direction of the aperture is produced by motion of 

the Dome’s light/wind screen. 

Discussion: This does not require that the light/wind wind screen center of rotation be on the telescope’s 

elevation axis. 

3.1.2 NON CO-ROTATING DESIGN 

Specification: The rotation of the Dome shall be completely independent of the telescopes azimuth or 

elevation position.  
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3.1.3 TOTAL MOVING MASS AND INERTIA REQUIREMENT 

Specification: The total moving mass of the Dome, including the 5.5 metric ton calibration screen, shall 

not exceed 606 metric tons. The total inertial shall not exceed 1.2e8 Kg*m^2 The Dome moving mass 

includes all items in section 1.2.1 included in scope. The values for mass and inertia provided in this 

document are for reference only. The official values are provided in LTS-101, sheet 11. 

Discussion: Since the total maximum moving mass is 606 metric tons, and the LSST PO provided calibration 

screen mass is 5.5 tons (LTS-126), the Dome contractor provided items rotating with the dome shall not 

exceed 600.5 metric tons. 

The Dome mass budget specifically includes: 

 All structures and siding  

 All bolted joints 

 All cabling and ducting 

 All platforms, ladders, walkways and safety rails 

 All components of the bogies that move with the Dome 

 Bi-parting shutter 

 Light/wind screen 

 Rear access doors 

 Overhead/Bridge crane 

 Vents with louvers and light baffles 

 HVAC ducting with booster fans and diffusers 

 Moving components of brakes system 

 Moving components of drive system 

 Moving components of slip rings 

 Paint 

 Insulation 

 All cabling, electronics, controls and mechanisms required to operate all the above items 

 Lighting 

 Calibration screen 

3.1.4 TOTAL FIXED MASS REQUIREMENT 

Specification: The total fixed mass of the Dome components attached to the lower enclosure shall not 

exceed 86 metric tons. Dome fixed mass includes all items in “Fixed Dome Components.” The exception 

is the capacitor bank, which is housed inside the telescope pier and is not included in this mass. All items 

listed under “Rotating Dome Components” are not included in this mass budget. The values for mass and 

inertia provided in this document are for reference only. The official values are provided in LTS-101, sheet 

11. 

Mass may be freely reallocated from the moving mass to the fixed mass, but not vice versa. 
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Discussion: The fixed mass includes all stationary components of the azimuth drive, brake and azimuth 

track. This specifically includes the azimuth bearing track and the grout required to mount this track. The 

masses of remote equipment, electrical cabinets, etc., which are not attached to the Dome or lower 

enclosure are not included in this mass budget.  

3.1.5 LIFETIME REQUIREMENTS 

Specification: The Dome shall have a design lifetime of 50 years.  

Discussion: The design life of the Dome is equivalent to the design life of the rest of the facility. The design 

life of the actual telescope is only 30 years. This incongruently ensures that the telescope’s functional life 

will not be limited by the life of its supporting facility. 

3.1.6 RELIABILITY REQUIREMENTS 

Specification: The Dome shall be highly reliable with regard to the structural, mechanical, electrical and 

control systems, which are all critical for its basic functionality.   

Discussion: Specific reliability factors for major systems will be developed by in conjunction with the LSST 

PO, and shall be incorporated into the overall Dome design and component specification. The survey 

mission of LSST imposes a higher than normal demand for continuous operation. The remote nature of 

the site also puts a premium on having robust systems that are highly reliable, and that can be easily and 

quickly repaired and maintained. The maintenance section provides more specifics on maintainability. 

3.1.7 FATIGUE AND WEAR 

Specification: All assemblies, subassemblies, components, parts, and mechanical systems shall be 

designed to meet or exceed the Dome lifetime defined in the “Lifetime Requirements” section. Contractor 

shall identify any and all items not likely to exceed the design lifetime, and their application and use shall 

be subject to approval by LSST PO. 

Discussion: Friction and wear components not expected to provide reliable performance over the design 

lifetime shall be easily replaceable under the requirements of the “Scheduled maintenance and General 

maintenance” section. Per the spares section, an appropriate number of spares shall be provided by the 

Contractor to meet the telescope’s design life.  

3.1.8 COMMONALITY OF DESIGN 

Specification: The Contractor shall utilize identical equipment and designs throughout the Dome, where 

possible. This specifically requires that all azimuth bogies be identical and interchangeable, all Azimuth 

drive units be identical and interchangeable, and all LWS drive units and rollers be identical and 

interchangeable. 

Discussion: The purpose of this is to lower costs associated with design effort, consumables and 

maintenance. 
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3.1.9 COMMON OFF THE SHELF COMPONENTS 

Specification: To the extent possible, components and subsystems that are common off the shelf (COTS) 

or previously designed, built, and tested by Contractor or by the LSST PO shall be used to minimize cost, 

mitigate risk and optimize the ability to maintain and procure consumable parts. Only components and 

materials in active production and with no announced end of manufacturing shall be considered COTS. 

3.1.10 OBSTRUCTION TO VENTILATION 

Specification: Obstructions to natural air flow (wind) perpendicular to the gravitational axis shall be 

minimized. This specifically requires that all obstruction of airflow through the vents must be approved 

by the LSST PO. Some obstructions to vent air flow are inevitable to accommodate structure, HVAC ducting 

and the calibration screen. All obstructions shown in the Rotating Enclosure baseline design document 

shall be considered as preapproved.  

Discussion: Providing natural air flow through the Dome allows for rapid thermal equalization of the 

telescope with the ambient air temperature and is essential for operation of the LSST telescope.   

3.1.11 EQUIPMENT VENTING REQUIREMENTS 

Specification: All assemblies, subassemblies, parts and components of the Dome shall be vented as 

needed to accommodate the changes in atmospheric pressure when transporting from sea level to the 

observatory site to ensure that they are not damaged. 

3.1.12 DE-RATING REQUIREMENTS 

Specification: Any equipment designed to operate at normal atmospheric air pressures and incorporating 

air cooling shall be de-rated for the reduced air density at the Site. The derating shall be by the 

manufacturer's recommendation. If no manufacturer's recommendation is available, the derating shall be 

proportional to the air density variation between the site and sea level, which requires a derating to 74% 

of its normal value. 

3.1.13 LIGHT SOURCES AVOIDANCE 

Specification: With the exception of the required lighting, no equipment shall be allowed anywhere in the 

Dome that emits optical or near infrared (300 nm to 1,500 nm) light. Any unavoidable sources shall 

incorporate appropriate metallic shielding.  LEDs will only be allowed where they are an integral part of a 

necessary piece of equipment, and any light emitted shall be contained by metallic shielding. 

Discussion: Requiring metallic shielding reduces the possibility of light transmission outside of the visible 

spectrum. 

3.1.14 COMPONENT LABELING 

Specification: All components shall be clearly and permanently labeled with a unique name. This is in 

addition to transportation labeling requirements. To avoid duplicate labeling, the actual labeling shall be 

determined in conjunction with LSST P0.   
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3.1.15 COLLISION AVOIDANCE 

Specification: All components that move relative to the Dome structure shall be designed such that they 

shall not collide with the Dome structure, components fixed to the facility or to each other. This specifically 

implies that the operation of the shutter, light wind screen, rear access door, bridge crane and all vents 

shall be independent of each other and independent of the Dome’s azimuth angle. They shall be incapable 

of collisions and shall not rely on interlocks to avoid collisions. The only exception to the above 

requirements shall be for interfacing with the vertical reciprocating platform lift. This operation shall rely 

on interlocks.   

3.1.16 COMPONENT ENTRAPMENT 

Specification: All components moving relative to the Dome structure shall be entrapped such that they 

shall not escape from their intended paths during survival level environmental and seismic events. This 

requires that the shutter, rear access doors and light/wind screen have physical hard stops that limit their 

travel to their intended ranges. Limit switches by themselves are not considered adequate. This also 

requires that gravitational forces shall not be considered adequate for maintaining the moving 

components in place. All moving components shall have restraints to prevent the component from leaving 

its track. Each light/wind screen panel shall have restraints on both sides. Each shutter and rear access 

door shall have restraints on both the bottom and top of each guide system. 

3.1.17 DOME PARKED POSITION 

Specification: The Dome shall be designed with a parked position which is defined as the azimuth 

orientation of the Dome which orients the Rear Access Doors (RAD) with the facility’s platform lift (vertical 

reciprocating conveyor), as defined in LTS-100. In this position the clear aperture is opposite the platform 

lift. In this position, the lower enclosure HVAC ducts are aligned with the Dome HVAC ducts. The fixed 

ladders from the telescope maintenance platform are also aligned with the Dome ladder. 

Discussion: Since it aligns both the overhead bridge crane (OBC) and the Rear Access Door with the 

telescope maintenance platform of the lower enclosure, the Dome’s parked position provides the 

optimum orientation for Telescope and Dome maintenance, calibration, testing and repairs. When it is 

not observing the Dome is normally stowed in this parked position. Consequently, there are many 

requirements throughout this documents which reference this parked position. Note: There is a separate 

and unrelated parked position for the overhead bridge crane. 

3.1.18 DOME COMMUNICATIONS 

Specification: All communications to and from the rotating Dome shall be through wireless industrial 

Ethernet.  The Dome vendor shall supply everything required to receive and transmit to and from the 

rotating Dome. LSST PO will provide the wireless industrial Ethernet infrastructure in the facility to 

communicate with the Dome. 

Discussion:  In the event of wireless communication failure, the Dome can still be moved to its parked 

position since the azimuth drives do not use the wireless communication. In the parked position the 

emergency DCS onboard control panel can then be used to directly secure the Dome. 
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3.2 CLEAR APERTURE 
Specification: The Dome shall provide a clear (unvignetted) optical path from the Dome’s exterior to the 

telescope-to-Dome’s envelope and along the optical path. This path shall remain clear throughout the 

azimuth and elevation ranges. This requirement is met by providing a rectangular opening through the 

Shutter with a clear width of 11.0+/-0.1 meters and a height through the LWS of 10.0+/-0.1 meters as 

measured perpendicular to the optical axis as defined in LTS-105.  

Discussion: The 11.0 meter width requirement is based on an 8.4 meter primary mirror with a +/-1.75 

degree field of view, approximately 17 meter distance from the primary mirror to the clear aperture, a 

0.25 meter clearance and 1 meter to accommodate Dome crawl. The 1 meter of accommodation for Dome 

crawl is equivalent to 4 degrees of azimuth rotation. The height is only 10.0 meters since it does not need 

to accommodate Dome crawl. Since the actual optical path is both circular and expanding as it travels 

outward significant intrusion into the corners of the clear aperture as described above may be permissible. 

However, the appropriateness of these intrusions must be verified by the LSST PO.    

Since the clear aperture expands along it path from the elevation axis, some reduction in overall clear 

apertures size internally to the shutter may be tolerable, however any reduction in these dimensions 

requires LSST PO approval. 

3.3 ENVIRONMENTAL REQUIREMENTS 
Specification:  Except where specifically stated otherwise in this document, the Dome shall be designed 

to survive and function properly under the environmental conditions defined in LTS-54.  

Per LTS-54, there are two separate conditions that the Dome shall be designed in compliance with:  

 The Site Survival Conditions which represent the extreme environmental conditions that the 

Dome must be able to withstand. The Dome will not be required to operate, however, the 

Dome shutters, vents and rear access doors shall remain secure, the Dome shall not be 

damaged, and the Dome shall not rotate in the Site Survival Conditions. Sliding of the bogie 

wheels on the azimuth track, which is limited by friction, shall not be considered a violation 

of this requirement, however the azimuth locking mechanism shall be able to prevent this 

motion. 

 The Site Operational Conditions which include the nominal and marginal conditions 

representing the range of environmental conditions expected during nighttime hours when 

the LSST Observatory will be in use. The Dome and all of its subsystems shall remain fully 

operational and shall meet all technical specifications in this document throughout the 

normal range of conditions. For marginal conditions, the Dome and all of its subsystems shall 

remain fully operational; however, meeting performance requirements such as pointing 

accuracy is not required. 
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Discussion: Since the Dome must be secured if the wind speed exceeds the marginal wind conditions, the 

Dome shutter and vent louvers have higher wind speed requirements.  

3.3.1 ENVIRONMENTAL ASPECT OF DOME DESIGN 

Specification: The Dome shape shall be consistent with the climatic conditions at the site. This requires 

that horizontal surfaces that collect snow or ice, and joints that require complex seals or flashing, be 

minimized or avoided. 

3.4 VIBRATION REQUIREMENTS 
Specification: The Dome shall be designed to minimize vibrations generated from its azimuth motion, the 

light/wind screen motion or wind excitation. This includes both vibrations transmitted through the lower 

enclosure and transmitted acoustically. Specific vibration limitations and mitigations for the drive and 

bearing systems will be developed in conjunction with the LSST PO, and shall be incorporated into the 

overall Dome design and component specification.  

 
Discussion: The LSST telescope has substantial susceptibility to vibration induced image degradation. This 

is a result of both its design, which precludes the use of a fast steering mirror, and the necessity of moving 

the Dome while imaging.   

3.4.1 SMOOTHNESS OF MECHANISMS OPERATION (VIBRATIONS) 

Specification: A primary factor in the design of all mechanisms that operate during observing shall be 

smoothness of operation. This specifically includes the Dome drives that provide the azimuth motions and 

the light/wind screen drives that provide the elevation motion.  

Mechanisms that do not operate during observing or only operate sporadically do not need to follow this 

requirement. This specifically includes the Dome shutter drives, the rear access door drives, the overhead 

bridge crane and the louvers. 

3.4.2 SMOOTHNESS OF AZIMUTH AND ELEVATION MOTIONS (VIBRATIONS) 

Specification: A primary factor in the design of dome shall be the smoothness of motion during azimuth 

and elevation motions. This is besides the smoothness of the drive mechanisms. Both bearing and track 

systems shall be configured to mitigate vibrations. 

3.5 LIGHT TIGHTNESS AND STRAY LIGHT REQUIREMENTS 
There are two modes of light tightness and stray light attenuation requirements: daytime and during 

observing.  

This section is provided for general guidelines. Similar, specific requirements for the various components 

are located throughout this document. Low reflectivity, flat black coatings are also required throughout 

this document. These coatings shall have no more than 10% reflectivity for optical or near infrared (300 

nm to 1,500 nm) light. Specialized optical coatings are not required. Anodizing and standard industrial 

coating with colors and flatteners chosen to reduce the scattered and stray light are sufficient. 
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3.5.1 LIGHT ATTENUATION REQUIREMENTS DURING OBSERVING 

Specification: During observing, other than the clear aperture, no direct light paths are allowed into the 

interior of the Dome. This specifically requires light shields to fill the gap between the LWS and the Dome 

skin. All openings shall require scattering from at least two surfaces to pass light into the Dome. All 

surfaces that have the potential to reflect or scatter light into the Dome shall be coated with a low 

reflectivity, flat black coating agreed upon between LSST and the Contractor. This coating shall have no 

more than 10% reflectivity for optical or near infrared (300 nm to 1,500 nm) light. 

Discussion: During observing the above requirements are intended to reduce the scattered and stray light 

to negligible levels relative to the light entering the clear aperture. The telescope has an extensive light 

baffling system to attenuate the stray light entering through the aperture. However, the telescope cannot 

attenuate stray light from other directions, which mandates the Dome stray light requirements. 

3.5.2 LIGHT ATTENUATION REQUIREMENTS DURING DAYTIME  

Specification: During the daytime when the shutter, rear access door and all the vents are closed the 

Dome shall be light tight. This requirement can be met by the weatherproof seals required in the exterior 

surface section, but may also include additional light seals on the interior side of the dome as needed.  

Discussion: The nighttime observing time allocation requires that substantial daytime optical calibration 

and testing be done. The data quality of the daytime optical testing and calibration requires nighttime 

equivalent low light conditions. 

3.5.3 STRAY LIGHT AND DOME SLIT 

Specification: All surfaces and equipment inside the Dome slit with the potential to reflect or scatter light 

into the Dome shall have a low reflectivity, flat black coating agreed upon between LSST and the 

Contractor. The surfaces with the potential to reflect or scatter light will be jointly reviewed and agreed 

upon by the Contractor and LSST. This coating shall have no more than 10% reflectivity for optical or near 

infrared (300 nm to 1,500 nm) light. 

Discussion: Further stray light coating requirements for the light/wind screen and the aperture shutter 

are provided in their sections. The Dome slit is the entire opening exposed by the shutter doors. 

3.6  STRUCTURAL REQUIREMENTS 

3.6.1 LOADING REQUIREMENTS 

Specification: The structure of the Dome shall be designed to withstand the dynamic, static, 

environmental and maintenance loading. The individual load cases shall be combined together based on 

the international building code and with load factors agreed upon by LSST PO.  

3.6.2 NATURAL FREQUENCY REQUIREMENTS 

Specification: The global natural frequencies of the Dome shall be at least 2.0 Hz. 
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Discussion: The natural frequencies of the Dome affect the ability of the Dome to meet its various dynamic 

requirements. 

3.6.3 WIND LOADING REQUIREMENT 

Specification: The Dome exterior shall withstand the survival level wind velocity per LTS-54 without 

damage. The Dome interior shall withstand the marginal wind velocity per LTS-54 without damage. 

Discussion: The wind operational requirements for the various components are distributed throughout 

this document. The interior wind speed requirement is fairly conservative. Analysis has demonstrated that 

the interior wind speed is generally half the exterior speed when all the vents are open. The vents are 

generally closed during high winds.  

3.6.4 SEISMIC REQUIREMENTS 

Specification: The Dome shall be designed and analyzed according to the Chilean Seismic Codes, which 

shall take precedent over the requirements in this document. These codes are provided as references in 

Document-13228, which also provides the recommended seismic peak spectral accelerations (PSA). In 

general, the Chilean Seismic Codes are based on 500 year return event, which is equivalent to the LSST 

survival level event.  

Discussion: Document-13227 and Document-13381 provide methodology for determining the PSA for 

different return periods, and for converting a PSA into a PSD (power spectral density). PSDs are more 

useful in finite element analysis of a structure.   

As a result of its high natural frequencies and low damping, the Chilean Seismic Codes could not be directly 

applied to the LSST Telescope Mount Assembly (TMA). The TMA will experience accelerations close to the 

maximum single degree resonator acceleration (SDR). As a result of its much lower natural frequencies, 

the Dome will experience accelerations close to the much lower Peak Ground Accelerations (PGA).  

Document-13227, Document-13228 and Document-13381 where developed for the design of the TMA 

and not the Dome. These documents are provided for general reference, and for providing the 

methodology for determining the design accelerations as a function of return period as required below.  

The Dome is more similar to a building than the TMA, which is why the Chilean Seismic Codes can be 

directly applied and why it takes precedent over the requirements in this document. The Chilean codes 

recommend utilizing a return period of 10 times the design life of an assembly for the equivalent of a 

survival level event. Consequently, since the Dome has a 50 year design life it is required to withstand a 

500 year event without catastrophic failure.  

Chilean seismic codes also recommend: 

 Not combining the effects of the orthogonal accelerations (the two horizontal directions and the 

vertical direction). 



Rotating Enclosure Specifications Document                LTS-97 Latest Revision 12/13/2018 

19 

 

 Vertical acceleration assumed to be 2/3 of the horizontal accelerations. 

 Time domain analysis not to be utilized.  

3.6.4.1 SEISMIC SURVIVAL EVENT 

Specification: The Dome shall be designed to survive a 500 year return seismic event without catastrophic 

failure. The 500 year return seismic event, which has a 10% chance of occurring over the 50 year life of 

the Dome, is referred to as a survival level event. Catastrophic failure shall be defined as fracture or 

rupture that allows any element to separate or fall, or produces the possibility of personnel injury. 

Discussion: Per Document-13227, the recommended design accelerations for the survival level event (500 

year return period) are horizontal peak ground acceleration (PGA) of 0.51 G, and the maximum single 

degree resonator acceleration (SDR) of 1.38 G. The vertical accelerations are determined using the 

common assumption that vertical accelerations are 2/3 of the horizontal accelerations.  

3.6.4.2 SEISMIC RECOVERABLE EVENT 

Specification: The Dome shall be designed to survive a 250 year return seismic event without permanent 

damage. The 250 year return seismic event, which has a 20% chance of occurring over the 50 year life of 

the Dome, is referred to as a Recoverable Level Event. Permanent damage is defined as any yielding of 

primary structure, damage that exceeds 2% of the Dome total cost or damage that requires more than 6 

months to repair. 

Discussion: Per Document-13227, the recommended design accelerations for the recoverable level event 

(250 year return period) are horizontal peak ground acceleration (PGA) of 0.43 G, and the maximum single 

degree resonator acceleration (SDR) of 1.16 G. The vertical accelerations are determined using the 

common assumption that vertical accelerations are 2/3 of the horizontal accelerations. 

3.6.4.3 SEISMIC OPERABLE EVENT 

Specification: The Dome shall be designed to survive a 50 year return seismic event without any 

damage. The 50 year return seismic event will likely occur during the life of the Dome and is referred to 

as an Operable Level Event.  

Discussion: Per Document-13227, the recommended design accelerations for the operational level 

event (50 year return period) are horizontal peak ground acceleration (PGA) of 0.29 G, and the 

maximum single degree resonator acceleration (SDR) of 0.78 G. The vertical accelerations are 

determined using the common assumption that vertical accelerations are 2/3 of the horizontal 

accelerations. 

3.6.4.4 SEISMIC MAINTENANCE EVENT 

Specification: All temporary Dome configurations and maintenance equipment shall be designed to 

withstand a seismic acceleration of 0.20 G in any direction without significant damage. This requirement 

shall not apply to very short term configurations that utilize a minimal amount of time (less than < 1 hour) 

such as the time used to lower an item from the main Dome platform to the floor.  
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Discussion: For example, this requires that with one bogie under repair the Dome can survive seismic 

maintenance accelerations without damage. 

3.6.4.5 DOME TO LOWER ENCLOSURE SEISMIC RESTRAINTS 

Specification: The overall moving Dome shall meet the component entrapment requirement of the 

general requirements section. This mandates the drive system incorporate seismic restraints to prevent 

any relative motion between components from seismic accelerations. This specifically requires that the 

azimuth bearing system (bogies) not allow any significant upward or overturning motion of the Dome 

during a seismic event. These restraints also prevent this motion during high winds. Sliding of the bogie 

wheels tangentially on the track (causing Dome rotation) is allowed if the azimuth lock pins are not 

engaged at the time of the event.  

Discussion: Besides the threat of the Dome escaping its track system, relative motions produce impacts 

which result in high accelerations and subsequent damage. 

3.6.5 STRUCTURAL DESIGN  

3.6.5.1 STRUCTURAL STRESS 

Specification: Stresses in all members shall be maintained within safe working values for all possible 

combinations of fabrication, erection, operation, and survival conditions. Dead loads, live loads, 

temperature effects, wind effects, and seismic loads shall be combined per an LSST PO approved standard 

(IBC or equivalent) when determining the critical cases for maximum stresses, buckling loads and 

deflections. Unless otherwise stated in this document or other requirements documents, the safe working 

load shall be the calculated as the failure load divided by the factors of safety. Material properties from a 

common industrial reference (ASTM, ASM, etc.) and approved by the LSST PO shall be utilized.  

Discussion: The factors of safety required below are minimum values and the Contractor is free to utilize 

greater values when warranted. 

3.6.5.2 STRUCTURAL YIELD FACTOR OF SAFETY 

Specification: Unless specified otherwise by the LSST PO, a minimum Factor of Safety of 1.5 in yield under 

any combination of operational and environmental loading shall be used during the course of the Work.  

3.6.5.3 STRUCTURAL ULTIMATE AND BUCKLING FACTOR OF SAFETY 

Specification: Unless specified otherwise by LSST PO, a minimum Factor of Safety of 2.0 for ultimate failure 

and buckling under any combination of operational and environmental loading shall be used during the 

course of the Work.  

3.6.6 FASTENERS STANDARDS  

Specification: Except when approved by the LSST PO, all bolts, nuts, screws, and other fasteners shall be 

medium strength, coarse thread (class 8.8 or grade 5) and conform to ASTM, ASME/ANSI, DIN, ISO or SAE 

standards. Only new bolts, washers, nuts and other fastening hardware shall be used. All fastening 

hardware shall have a zinc, cadmium, or galvanized corrosion resistant coating except as specified by LSST 
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PO in stray light sensitive locations which will have a black coating. All bolts shall be properly lubricated 

at the time of installation. Dry, rusty, or otherwise contaminated fastening hardware will not be allowed. 

The Dome shall use metric fasteners. The exception is for incorporating purchased items in which may be 

utilized fasteners consistent with their designs.   

3.7 MECHANISM REQUIREMENTS 

3.7.1 BASIC REQUIREMENTS 

Specification: At a minimum, the contractor shall provide all the mechanisms required for: 

 Rotation and braking for the Dome azimuth motion 

 Opening, closing and locking the shutters 

 Opening, closing and locking the rear access doors 

 Moving, braking and locking the light/wind screen 

 Opening and closing the vent louvers 

 A fully functional overhead bridge crane  

 Any other mechanisms required by the Dome shall also be provided by the contractor 

3.7.2 ACCESSIBILITY 

Specification: All of the mechanisms shall be accessible from the interior of the Dome, for inspection and 

maintenance. Special purpose catwalks, ladders, platforms or other accommodations shall be provided in 

the Dome design for this purpose. An exception to this requirement is the vent louver actuators which 

shall be accessed by the manlift of the fixed lower enclosure. The louver actuators must be easily 

accessible from the inside of the Dome. 

The vent louvers actuators adjacent to the calibration screen may only be accessible from a scissors lift 

on the telescope maintenance platform.  They may also require the calibration screen be in its 

maintenance configuration, per LTS-126. 

Discussion: Any components that are shown to be impractical to install internally may be installed on the 

exterior if they are properly weather protected and their locations are approved by LSST PO.  

3.8 AZIMUTH DRIVE AND BEARING "BOGIE" SYSTEMS (ADBS)  
Specification: A Drive and bearing system (bogies) shall be provided that is consistent with the Dome’s 

slew rate, crawling, pointing, duty cycle, design life, environment, vibration and all other requirements in 

this document.  
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Discussion: The drive and bearing system requirements provided in this section only refer to the system 

which provides rotational motion of the Dome (rotating enclosure) about the azimuth axis. Requirements 

for the aperture shutter, light/wind screen and rear access doors are located in their respective sections 

and under the mechanism section. 

3.8.1 ADBS DRIVE UNIT NUMBER, DESIGN ENVELOPE AND LOCATIONS  

Specification:  The drive units shall be mounted on the inside wall of the fixed lower enclosure near its 

top flare. They shall not be attached to the rotating enclosure. Five units shall be provided and they shall 

be equally spaced, within 1 degree. The units shall be installed in the locations defined in drawing LTS-

101. The units shall reside within the design envelope for these drive unit also defined in LTS-101. The 

lower enclosure ring wall does not have any provisions for supporting the drive units. Either the drive 

units shall be supported off of the azimuth track or specific mounting provisions shall be requested by the 

contractor early in the design process. 

Discussion: The drive assemblies must be thermally controlled through the facilities glycol/water cooling 

system. Consequently, the drive assemblies must be stationary and attached to the lower enclosure.  

Since the Dome drive system operates during imaging, smooth operation is paramount. Utilizing a prime 

(5) number of drive systems reduces harmonics.  

Other drive unit arrangements and design envelopes will be considered. However, since they will require 

modifications to the lower enclosure design a waiver to this requirement must be obtained from the LSST 

PO to ensure the necessary lower enclosure modifications are incorporated. 

3.8.2 ADBS DRIVE SYSTEM MAINTAINABILITY 

Specification: The drive and bearing systems shall be configured to facilitate repairs and maintenance. 

The drive units shall be removable and replaceable as complete assemblies utilizing the overhead bridge 

crane. This requires that these items can be removed and replaced without removal or disassembly of 

unrelated structures, components or payloads. Components of the azimuth gear, slip ring are considered 

related components and their partial removal is acceptable. 

The bridge crane coverage requirements of LTS-183 are minimum values. It is the responsibility of the 

Dome contractor to ensure that the coverage of the crane is adequate to remove these drives. 

The azimuth bogies shall be specifically designed to be repairable and maintainable in place. This 

specifically requires the bogies be designed to allow bearing or wheel replacement without removal of 

the entire bogie assembly. Components of the azimuth gear, slip ring are considered related components 

and their partial removal is acceptable. 

All equipment and procedures required for unit replacement and in place servicing and repairs shall be 

provided by the contractor. 
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Discussion: Requiring both unit replacement and in place repairs of the drive units provides flexibility in 

the difficult maintenance of these large units.  

3.8.3  ADBS DRIVE SYSTEM COMPOSITION 

Specification: Unless otherwise stated, the drive system shall be provided with all necessary operational 

equipment. At a minimum this will include the electrical motors, motor controls, gearing (if applicable), 

position encoders with reader, DC capacitor banks and slip rings with followers (contact slides). The 

Contractor is required to specify, provide and install the encoder system and the slip ring system. 

Discussion: The drive system electrical power is provided by a capacitor bank which is inherently DC 

consequently; the rest of the drive system is also inherently DC. 

3.8.4 ADBS OPERATION WITH A DRIVE SYSTEM FAILURE 

Specification: The ADBS shall remain operational in the event of a single drive unit failure. A means of 

drive disengagement shall be provided which can be achieved according to the General Maintenance 

requirements. During this configuration the Dome shall be able to crawl at a velocity of 0.4 

degrees/second. 

Discussion: Dome operation with an inoperative drive unit will minimize down time by allowing the facility 

to continue observing. 

3.8.5 ADBS BOGIES DISTRIBUTION AND LOCATIONS  

Specification:  The bogies (support wheels) shall be mounted under the base of the rotating Dome, shall 

move with the dome and shall ride on a rigid circular track mounted on the top of the lower enclosure 

ring wall. Each column, and the end of each arch girder of the Dome structure shall have a direct load path 

to a bogie. All bogies shall be identical. The radial restraint bearing system may utilize the bogies, or be 

independent. 

Discussion: This configuration allows for a maximum stiffness and resulting smooth rotational motion. 

3.8.6 ADBS BOGIES WHEEL DESIGN  

3.8.6.1 ADBS BOGIES WHEEL SIZE (DIAMETER AND WIDTH) 

Specification:  The bogies wheels shall be sized to limit the contact stress to meet the requirements of 

ADBS AZIMUTH TRACK DURABILITY in Section 3.8.8.2.  

Discussion: The LSST Dome’s duty cycle is significantly more demanding than any other large telescope 

dome. Consequently, the bogies must be designed for low contact stress to avoid track and wheel damage. 

3.8.6.2 ADBS BOGIES WHEEL SHAPE 

Specification:  The bogies wheels shall be conical such that there is no inherent sliding of the wheels 

while rolling around the circular track. The outer rolling contact surface of the bogie wheels shall have a 

minimum surface profile of 0.5 mm / m in both the radial and tangential directions. The outer rolling 
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contact surface must also run true to the central bearing bore(s) to within 0.25 mm TIR. The average 

surface finish of the outer rolling contact surface must be 3 micrometers or better. 

Discussion: The LSST Dome’s duty cycle is significantly more demanding than any other large telescope 

dome. Consequently, the bogies must be designed to eliminate any inherent sliding. A smooth running 

Azimuth mechanism is imperative to prevent unwanted vibrations from feeding into the optical system. 

3.8.6.3 ADBS BOGIES WHEEL CONTACT SURFACE DESIGN 

Specification:  The bogies wheels (or the track) shall be crowned, tapered or slightly convex in the 

direction of the line of contact to eliminate the stress concentration at the outer edges.  

Discussion: The addition of a crown, etc can eliminate the stress increase at the end of the wheel to track 

line contact. 

3.8.6.4 ADBS BOGIES WHEEL ALIGNMENT 

Specification:  The rotational axis of every bogies wheel shall be canted such that it coincides with the 

dome rotational axis and the azimuth track surface.  

Discussion: This allows the wheels to roll in a circular path without slipping. If the wheel axis is parallel to 

the rolling surface, the wheel will tend to follow a straight line. 

3.8.7 ADBS BOGIES STEERING ADJUSTMENT   

Specification: The bogies (support wheels) shall allow for manual steering adjustment range of +/- 30 

milliradians with a resolution of 1.0 milliradian about the vertical axis.  About a tangential axis at the center 

of the wheel, the bogies shall have a camber adjustment range of +/- 30 milliradians with a resolution of 

2 milliradians. This can be met with a self steering capacity if it meets these minimal requirements. 

Discussion: These requirements keep the bogie wheels tracking properly during slews (avoiding stick/slip 

behavior), and evenly distributes loads across the contact patch width. Smooth, quiet bogie operation is 

important during telescope exposure. 

3.8.8 ADBS AZIMUTH TRACK  

Specification: The azimuth track shall provide both the vertical and radial support for the Dome. The 

vertical support refers to both the gravitational load and the seismic restraints. 

3.8.8.1 ADBS AZIMUTH TRACK CONFIGURATION 

Specification: The track on which the bogie wheels ride shall be mounted on the top of the lower 

enclosure ring wall and secured through the embedded anchors as provided in drawing LTS-101. These 

anchors will be provided with the facility. Space between the track and the top of the lower enclosure pier 

shall be filled with a low expansion concrete epoxy grout. The contractor shall provide and install the 

supporting track and grout. The grout shall have similar or greater stiffness and strength as the concrete.  
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Discussion: This configuration ensures smooth operation. Other track arrangements will be considered. 

However, since they will likely require modifications to the lower enclosure design, a waiver to this 

requirement will be required to ensure the necessary lower enclosure modifications are incorporated. 

3.8.8.2 ADBS AZIMUTH TRACK DURABILITY 

Specification: The track shall be designed to meet the Dome’s design life under normal operational 

conditions without fatigue, spalling or excessive corrosion. The corrosion requirement precludes the use 

of plain carbon steel. They must also withstand the seismic recoverable event without yielding and the 

seismic survival event without catastrophic failure.  

3.8.8.3 ADBS AZIMUTH TRACK SMOOTHNESS 

Specification: To ensure smooth and low vibration during rotation of the Dome, each bogie track surface 

on the Azimuth track segments must maintain a minimum surface profile of 1 mm / m in both the radial 

and tangential directions. After the segments have been completely installed on the concrete pier of the 

Lower Enclosure, each segment must align vertically within 0.25 mm of the neighboring segment at the 

segment splice interface along the bogie track surface. The maximum tangential gap that is allowed at 

each segment splice interface along the bogie track surface is 0.25 mm. The completed track shall not 

deviate more than +/- 4 mm in height overall. Bogie track surface average roughness shall be 3 

micrometers or better. 

3.8.8.4 ADBS AZIMUTH TRACK SEGMENT JOINTS  

Specification: The Dome shall meet all its requirements when the bogie wheels are traversing across the 

bearing track segment joints. Track splices shall not be perpendicular to the track centerline. 

Discussion: As a result of the transportation limitation (Puclaro tunnel diameter, LTS-54) and the large 

diameter of the track, this track will need to be shipped in multiple segments. The joints connecting these 

segments have been problematic at other telescope facilities. Angling of track splices allows some 

mitigation of the vertical step across the splice, promoting smoother operation. 

3.8.9 ADBS DRIVE SYSTEM REGENERATIVE BRAKING  

Specification: The drive motors shall utilize regenerative braking when decelerating under normal 

operations. The resulting energy shall be absorbed by the capacitor bank. The DC capacitor banks shall be 

supplied by the dome contractor and located on the mid level floor of the telescope pier, LTS-101. The 

requirements for the capacitor bank are in document LTS-165.  

Discussion: The drive system must have the maximum practical efficiency to minimize the production of 

heat. The regenerative braking and capacitor bank system reduces thermally induced image degradation 

and reduces the utility line load to acceptable levels. The telescope mount assembly utilizes a similar 

capacitor bank system.   

3.8.10 ADBS DRIVE SYSTEM POWER OFF BRAKING  

Specification: Besides the regenerative braking used during normal decelerating, the drive system shall 
have power off emergency braking. This braking system shall be able to stop motion without power and 
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shall automatically engage if power is interrupted. These brakes may be either integral to the drive 
motors or a separate system. These brakes also function as parking brakes. The braking system 

deceleration shall not damage the Dome. The azimuth brake system shall be configured such that a 
component can be replaced while the Dome still holds position. The brake system shall prevent motion 
during survival level events and with wind or seismic forces from any direction. 
 

3.8.11 ADBS BRAKING DECELERATION LIMITS  

Specification:  The braking deceleration maximum and minimum limit values are identical to the slewing 

acceleration limits. These limits apply to regenerative braking only. 
Discussion: The slewing acceleration limits are provided in the Dome performance requirements 
section. 

3.8.12 ADBS LOCKING MECHANISM   

Specification: Besides the regenerating braking used during decelerating and the power off braking, the 

Dome azimuth shall have a locking mechanism. This system shall locate the Dome in azimuth with 

sufficient accuracy to meet the platform lift interfacing requirements. This system shall be able to secure 

the Dome from rotation for the survival level events. This locking mechanism shall be motor driven and 

manually switch operated. This manual switch shall be able to accommodate a lock out tag out device. 

Discussion: The interlocks will prevent opening the rear access doors without first engaging the locking 

mechanism. 

3.8.13 ADBS DRIVE SYSTEM AND BRIDGE CRANE COMPATIBILITY  

Specification: The drive system shall be compatible with the operation of the bridge crane during 

telescope maintenance. This requires that the drive system shall provide smooth, consistent and precise 

operation with the crane in any position.  

Discussion: A lock-out system will normally prevent operation of the azimuth drive system when the crane 

is not in its stowed position.   

3.8.14 ADBS DRIVE SYSTEM THERMAL CONTROL  

Specification: The ADBS shall utilize the glycol/water provided by the facility to control the temperature 

of all drive system heat sources. At a minimum, these sources include the drive units, VFDs and the 

capacitor bank. Mixing valves and bypass lines needed for temperature control of the individual drive 

units shall be provided by the Dome contractor. Valved and capped supply and return piping will be 

provided by the facility up to the DC capacitor banks and drive units. This piping will terminate within 

three meters of the units, and it is the responsibility of the dome contactor to connect to this piping.  

Discussion:  The observatory facility will supply the 40% glycol-60% water coolant with a temperature at 

least 5 °C below ambient for all operating conditions. The LSST PO will provide all chillers, pumps and 

plumbing required to provide the glycol/water coolant to all fixed drive system heat sources.  
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As a result of the high cadence of the LSST, the Dome’s drive system operates continuously during 

telescope operations. Consequently, if thermal control is not provided, thermally induced image 

degradation will result. 

3.8.14.1 ADBS SURFACE TEMPERATURE 

Specification: Unless otherwise stated, the temperature for all heat producing components shall be 

measured at their external surfaces and actively maintained to within +1 °C to -4 °C of ambient by the 

Dome’s glycol/water thermal control. This requirement specifically applies to the following: 

 Azimuth Drive Units 

 VFDs 

 Capacitor Bank 

3.8.14.2 ADBS INSULATION 

Specification: Insulation surrounding heat generating equipment shall be of a non-deteriorating type 

consistent with the operation, design life and environmental conditions of the Site. Insulation shall be 

modular, easily removable and easily replaceable. The insulation shall be fireproof. The insulation shall be 

at least R = 0.7 K·m²/W (4 h·ft²·°F/Btu). 

3.8.14.3 ADBS COOLING SYSTEM CONFIGURATION 

Specification: Unless otherwise stated or approved by the LSST PO, each of these heat sources shall be 

individually thermally controlled. This requires the heat sources have temperature sensors. To minimize 

the effect of one thermal control system on the others, the thermal control shall be provided by mixing 

valves and not throttle valves. The mixing valve bypasses shall be designed to have head losses similar to 

their respective heat exchangers. Separate supply and return plumbing shall be provided, and no heat 

source may be discharged into the supply plumbing.  

Discussion: When thermal control is provided by a throttle valve the flow to the other components is 

affected, which makes it difficult to control multiple components simultaneously.   

3.8.14.4 ADBS COOLING SYSTEM CONDENSATION CATCHMENTS AND DRAIN LINES 

Specification: For all thermally controlled heat sources condensation catchments and drain lines shall be 

provided by the contractors. All drain lines shall empty to the bottom floor of the interior of the telescope 

pier. This specifically requires catchments and drain lines for the fixed drives, VFDs and DC capacitor 

banks. The recommended drain line routing for these items is provided in LTS-101. 

Discussion: The entire bottom floor of the telescope pier is designed to be one catchment. This is 

necessary to contain any possible coolant leak to the telescope. 

3.8.15 ADBS SOFTWARE, LIMIT SWITCHES AND HARD STOPS TRAVEL LIMITS 

Specification: Since the Dome must allow continuous and unlimited rotation in azimuth, no travel limiting 

hard stops or limit switches are required or allowed. 
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3.8.16 ADBS SOFTWARE AND POWER OFF VELOCITY LIMITS 

Specification: In both directions, and in the following order, adjustable software limits, fixed software 

limits and power off limits shall restrict the maximum velocity to the prescribed limits. The inputs for the 

software limits shall be the Dome encoders, while the inputs for the power off limits shall be the 

independent tachometer. The software limits shall interact with the Dome Control System and the power 

off limits shall interact directly with the motor controller. 

3.8.16.1 ADBS ADJUSTABLE SOFTWARE VELOCITY LIMITS 

Specification: The first velocity limit encountered with increasing velocity shall be the adjustable software 

limits. These limits shall be adjustable to less than or equal to the fixed limits. These limits shall not remove 

power from the drives; they shall only prevent further increase in the velocity.   

3.8.16.2 ADBS FIXED SOFTWARE VELOCITY LIMITS 

Specification: The second velocity limit encountered with increasing velocity shall be the fixed software 

limits. These limits shall be set to the maximum slew velocity. These limits shall not remove power from 

the drives; they shall only prevent further increase in the velocity.   

3.8.16.3 ADBS POWER OFF VELOCITY LIMITS 

Specification: The last velocity limit encountered with increasing velocity shall be the power off limit. 

These limits shall be 5-10% over the fixed software limit. They shall use the independent tachometer as 

inputs. They shall directly remove power from the drives and engage the power off brakes. Automatic 

restart shall not be possible and instead an engineering procedure shall then be required to recover. 

3.8.17 ADBS SOFTWARE ACCELERATION AND JERK LIMITS 

Specification: In both directions and in the following order, adjustable software limits and fixed software 

limits shall restrict the maximum accelerations and jerk to safe limits. The inputs for these software limits 

shall be the tape encoders, and these limits shall be enforced by the Dome control system (DCS). 

3.8.17.1 ADBS ADJUSTABLE SOFTWARE ACCELERATION AND JERK LIMITS 

Specification: The first set of accelerations and jerk limits encountered with increasing magnitude shall 

be the adjustable software limits which interface with the Dome Control System (DCS). These limits shall 

be adjustable to less than or equal to the fixed limits.  These limits shall not remove power from the drive; 

they shall only prevent further increase in the accelerations and jerk. 

3.8.17.2 ADBS FIXED SOFTWARE ACCELERATION AND JERK LIMITS 

Specification: The second set of accelerations and jerk velocity limit encountered with increasing velocity 

shall be the fixed software limits which interface with the Dome control system. These limits shall be set 

to the maximum slew values. These limits shall not remove power from the drives; they shall only prevent 

further increase in the accelerations and jerk. 
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3.8.18 ADBS ENCODER SYSTEMS 

3.8.18.1 ADBS ENCODER SYSTEM ABSOLUTE POSITION 

Specification: The Dome azimuth encoder system shall be based on a solution allowing determination of 

absolute position. Relative position systems and any system requiring motion of the dome during 

initialization shall be considered inadequate.  Systems that rely on home switches shall not be 

considered absolute positioning. 

3.8.18.2 ADBS  ENCODER READOUT HEADS 

Specification: The Dome azimuth encoder system shall provide at least three independent readout 

heads with capacity of discarding readings from any malfunctioning unit. If using a bar code system, the 

labels can be common to all readout heads, and the bar code readers shall be installed within the 

shortest distance of the label’s surface. 

3.8.18.3 ADBS ENCODER SYSTEM RANGE 

Specification: The encoder systems must be able to determine position through the entire range of 

motion. 

3.8.18.4 ADBS ENCODER SYSTEM RESOLUTION 

Specification: The encoder system measured position shall have a resolution derived from the 

requirements of the DCS to achieve the required dynamic performance, or a minimum of 0.01 degrees 

whichever is less. 

Discussion: Depending on drive stiffness and other technical considerations, the ADBS encoder system 

can be used by the DCS in lieu of tachometers and motor encoders; therefore a higher resolution may 

be required to derive velocity, acceleration, and jerk. However, a separate tachometer system is still 

required for the ADBS power off velocity limits. 

3.8.19 ADBS REMOVABLE COVERS 

Specification: The Dome track and bogies system shall be covered to prevent unintended access. These 

covers shall be easily removable to facilitate repairs and maintenance.  

3.9 APERTURE SHUTTER (ApS) 
Specification: The Dome shall be provided with aperture shutters that, when closed, seal the entire clear 

aperture over its elevation range, and protect the light/wind screen.  

3.9.1 ApS CLEAR APERTURE 

Specification: When fully open, the aperture shutter shall produce an 11.0 +0.05 meter wide clear 

aperture continuous over the operational elevation range. 

Discussion: The 11.0 meter wide clear aperture is slightly oversized relative to the optical path. This 

significantly reduces the dynamic requirements of the Dome since it does not have to closely follow the 
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telescope’s azimuth motion, Document-2580. The oversized aperture also aids in the installation of the 

oversized components through the clear aperture.   

3.9.2 ApS STRAY LIGHT AND COATING 

Specification: In addition to the Dome’s general requirements for stray light and coating, all surfaces of 

the aperture shutters that are adjacent to the optical path or have the potential to reflect or scatter light 

into the Dome shall be have a low reflectivity, flat black coating agreed upon by the Contractor and LSST. 

This coating shall have no more than 10% reflectivity for optical or near infrared (300 nm to 1,500 nm) 

light. Internal surface of the shutter shall be coated according to the requirements for internal surfaces. 

External surfaces of the shutter shall be coated according to the requirements for external surfaces.  

Discussion: This does not require specialized optical coatings. Only standard industrial coatings (paint) 

with colors, finishes etc chosen to reduce light reflectivity and scattering.   

3.9.3 ApS CONFIGURATION 

Specification: The aperture shutter shall be composed of motorized bi-parting shutters that open and 

close horizontally. 

Discussion: Vertically opening shutters are subject to unnecessary gravitational acceleration risks and 

tend to be mechanically complex. Calotte Domes produce unnecessary ventilation restrictions and 

prevent the use of the slit for transporting large items into the Dome by crane. Since the shutter drive 

system is not operated frequently or during observing, there are no special requirements in regard to 

drive system regeneration, braking or thermal control. 

3.9.4 ApS DESIGN ENVELOPE 

The aperture shutter does not have an individual design envelope. It must meet all the requirements of 

the interfacing section for all elevation/azimuth orientations and for all configurations. 

3.9.5 ApS WIND PERMEABILITY 

Specification: When closed the shutter shall be weather-tight. No vents or partial permeability is required 

or allowed. In accordance with specified acceptable seal leakage, the shutter seals may leak by up to 650 

L/s when exterior wind speed is 20m/s. 

3.9.6 ApS WEATHER TIGHTNESS 

Specification: The shutters shall meet all the requirements for exterior surfaces.  When closed, the 

shutters shall be weather tight with the Dome and with themselves. No water is allowed to pass through 

the seals. A separate, redundant, gutter system running the full length of the intersection between the 

bi-parting leaves shall be provided to capture any unanticipated leakage. 

Discussion: Domes have a history of being difficult to seal. Often the worst leakage comes through the 

seal between the shutters. We attempt to mitigate this leakage by capturing it with a separate gutter 

mounted beneath the seal which is redundant to the seal. The gutter may be mounted to one shutter in 
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a configuration such that when closed, the gutter is positioned directly under the interface between the 

shutters. 

3.9.7 ApS LIGHT TIGHTNESS 

Specification: When closed, the shutters shall be light tight with the Dome and with themselves. If the 

weather tight seals are not light tight separate light seals shall be provided. 

3.9.8 ApS ICE AND SNOW MEASURES 

Specification: Besides the Dome’s general requirements, the shutter design shall take extra care to 

prevent snow, ice and rain from falling into the enclosure when the doors are opened. This shall include 

raised or overlapping seals, a labyrinth above the seals and interface heating. The specific measures 

adopted shall be determined in conjunction with the LSST PO. 

Discussion: The preference method for heating the interface is electrical strip heaters (heater tape). 

3.9.9 ApS OPERATION, SPEED AND ENVIRONMENT DESIGN LEVEL 

Specification: The shutters shall have a motorized drive system which is capable of opening or closing the 

shutter in less than 90 seconds, under marginal environmental conditions of LTS-54, but with an increased 

wind speed of 1.5x the marginal value. The aperture shutter shall be designed to survive the survival level 

environmental conditions. 

Discussion: When the wind speed exceeds the marginal conditions it is the responsibility of the shutter to 

close and protect the rest of the telescope systems. Consequently, it must operate at a higher wind speed.  

3.9.10 ApS DRIVE SYSTEM REDUNDANCY  

Specification: There shall be an alternative method of closing the shutter within 20 minutes if there is a 

failure in the shutter drive system. The specific method shall be developed in conjunction with LSST PO.  

3.9.11 ApS CONTROL 

Specification: The shutter shall be controlled by the Dome Control System (DCS).  

3.9.12 ApS STATUS 

Specification: The DCS shall publish the shutter status. This shall include fully opened, fully closed, its 

position along its path and the status of its locking mechanisms. These shall be determined by 

independent sensors. 

3.9.13 ApS LOCKING MECHANISMS 

Specification: The shutters shall have motorized locking mechanisms to restrain them in both the fully 

open and fully closed positions. These locking mechanisms shall be operated from the DCS. They shall 

report their status of locked or unlocked to the DCS. They shall be able to restrain the relative motion of 

the shutter in survival level events (wind or seismic).  
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Discussion: It the responsibility of the contractor to design locking mechanism system that can meet the 

weather tight requirements. This may require multiple locks on both shutters, and locks between the 

shutter doors.  

3.9.14 ApS LIMIT SWITCHES AND HARD STOPS TRAVEL LIMITS 

Specification: It is the responsibility of the contractor to provide a failsafe system of limit switches and 

hard stops to ensure the safe operations of the aperture shutter. At a minimum this shall include electrical 

limit switches and shock absorbing hard stops. 

Discussion: As a result of its much lower speed, the aperture shutter does not require the extensive 

systems of limits as the azimuth or elevation drive systems.  

3.9.15 ApS MANUAL POWER DISCONNECT SWITCH 

Specification: The ApS shall have a lockable manual power disconnect switch accessible from the 

telescope maintenance platform and located adjacent to the Dome access ladders. It shall completely 

deenergized the ApS manually. This switch shall prevent the operation of the ApS by any means. The 

status of that switch shall be reported to the Dome Control System. This manual switch shall be able to 

accommodate a lock out tag out device. 

3.10 LIGHT/WIND SCREEN (LWS) 
The purpose of the light/wind screen is to block stray light from entering the slit and to mitigate the effects 

of wind. The light/wind screen follows the telescope’s elevation angle. The LSST cannot operate 

successfully without the stray light mitigation provided by the wind/light screen. Consequently, it must be 

safe, reliable, low maintenance and robust. Its height and precarious location above the telescope makes 

maintenance access difficult. It will operate continuously during observing, tracking with the telescope. 

In the azimuth (horizontal) direction the clear aperture opening thru the screen is oversized relative to 

the optical path to provide for Dome crawl as described in document 2580. The light wind screen has 

access requirements in the platform, ladders and stairs section. 

3.10.1 LWS CLEAR APERTURE 

Specification: The light/wind screen shall provide a rectangular clear aperture of at least 11.0 meters in 

the horizontal direction and at least 10.0 meters in the elevation direction. These dimensions shall be 

measured perpendicular to the optical axis and be met for all operational elevation angles about the 

telescope elevation axis defined in LTS-105. 

Discussion: Although a rectangular clear aperture is assumed, significant obscuration in the corners is 

tolerable and variances will be considered if requested. Since the clear aperture expands along its path 

from the elevation axis, some reduction in overall clear apertures size internally to the shutter may be 

tolerable, however any reduction in these dimensions will require LSST PO approval. 
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3.10.2 LWS STRAY LIGHT AND COATING 

Specification: Except as specified elsewhere, all surfaces of the light/wind screen shall have a low 

reflectivity, flat black coating agreed upon by the Contractor and LSST. This coating shall have no more 

than 10% reflectivity for optical or near infrared (300 nm to 1,500 nm) light. Only surfaces that have no 

reflected/scattered light potential, or are impractical to coat such as rollers, may be avoided. The outer 

most surfaces that face directly toward the sky shall be coated with a highly reflective coating to reduce 

super cooling per the requirements for external surfaces. 

Internal surfaces of the light wind screen, which are required for moderate permeability to air flow, and 

that can reflect/scatter light are specifically required to have a low reflectivity coating. 

Discussion: The main purpose of the light/wind screen is to attenuate stray light. Consequently, all 

surfaces, both internal and external, are assumed to have reflected/scattered light potential, except those 

facing directly outward. Specialized optical coatings are not required. Standard industrial coatings (paint) 

with colors, finishes etc, chosen to reduce light reflectivity and scattering are sufficient. 

3.10.3 LWS CONFIGURATION 

Specification: The light/wind screen configuration shall be multiple overlapping rigid panels. These panels 

shall stack on the top and bottom of the light/wind screen, above and below the clear aperture, to allow 

for the full operation elevation range.  

Discussion: The baseline light/wind screen design was adopted from the Gemini Telescope’s Dome design 

to the extent possible. Design details are available from the LSST PO. The Gemini telescope screen only 

provides coverage below the clear aperture. This coverage is provided by a three-panel design. Since the 

LSST requires coverage above and below the clear aperture, it is recommended that a six panel design be 

used.  

3.10.4 LWS DESIGN ENVELOPE 

Specification: The light/wind screen does not have an individual design envelope. It shall meet all the 

requirements of the interfacing section for all elevation/azimuth orientations and for all configurations. 

3.10.5 LWS WIND PERMEABILITY 

Specification: The light/wind screen shall be semi permeable to wind. This requirement shall be met by 

designing the light/wind screen with light baffling air way passages. This requirement shall be assumed to 

be met if the minimal cross sectional area of each passage when combined together is between 10% and 

15% of the area within the light/wind screens outer boundary. 

Discussion: As a result of its high natural frequency the telescope has a low susceptibility to wind induced 

vibrations. Consequently, a superior balance between Dome seeing and wind shake is achieved by 

allowing some wind permeability through the light/wind screen.   
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3.10.6 LWS LIGHT TIGHTNESS 

Specification: Outside the clear aperture, the light/wind screen shall meet the requirements of light 

tightness and stray light. This requires that there are no direct light paths in the slit either through or 

around the light/wind screen. All indirect paths shall encounter at least two reflections to bypass the 

light/wind screen and these reflecting surfaces shall be coated with a low reflectivity (low-emissivity), flat 

black coating agreed upon by the Contractor and LSST. This coating shall have no more than 10% 

reflectivity for optical or near infrared (300 nm to 1,500 nm) light. 

Discussion: Specialized optical coatings are not required. Standard industrial coatings (paint) with colors, 

finishes etc chosen to reduce light reflectivity and scattering are sufficient. 

3.10.7 LWS OPERATION, SPEED AND ENVIRONMENT DESIGN LEVEL 

Specification: The light/wind screen shall meet the elevation motion requirements under the marginal 

level environmental conditions defined in LTS-54. 

Discussion: During survival level wind conditions, the aperture shutter and vents will be closed. 

Consequently, the light/wind screen does not need to be designed to survive these wind speeds. 

3.10.8 LWS DRIVE SYSTEM MOTOR BRAKING  

Specification: The drive motors shall utilize motorized braking when decelerating under normal 

operations.  

Discussion: Using motor braking retains the power off braking for redundancy. It also reduces the wearing 

of power off brake system.  

3.10.9 LWS POWER OFF BRAKING  

Specification: Besides the motor braking used during decelerating, The power off braking system 

deceleration shall not damage the Light Wind-screen. 

 
Discussion: As a result of the extra hazards involved in unintended elevation axis motions, the LWS is also 

required to have a manual locking mechanism used for maintenance as described elsewhere. 

3.10.10 LWS NORMAL OPERATIONAL BRAKING DECELERATION LIMITS  

 
 
Specification: The braking deceleration limits are identical to the slewing acceleration limits. These 
limits apply to motor braking only. 

3.10.11 LWS LOCATION OF DRIVE SYSTEM AND OTHER HEAT SOURCES 

Specification: All drive system components and any other heat producing components shall only be 

attached to the upper panels and shall be as far from the aperture as practical. This requires that the 

drives shall not be attached to the lowest half of the lowest panel above the clear aperture. This 
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requirement mandates that the drive system operates on the upper panels (above the clear aperture), 

and that the lower panels (below the clear aperture) are supported and driven by the upper panels.  

Discussion: Heat escaping from the components that crosses the optical path degrades the image quality. 

Since hot air rises, if the heat source is above the clear aperture then it is unlikely that its escaping heat 

will cross the optical path. Heat from the drives will be dispersed passively under the upper LWS panels 

during operation. 

Since the heat produced is principally a function of the windscreen moving mass and the wind screen 

motions, a specific allowable maximum escaping heat was not specified. However, the LWS drive systems 

and other heat sources must meet the requirements of the COMPONENT HEAT DISSIPATION and POWER 

CONSUMPTION sections. 

3.10.12 LWS DRIVE ASSEMBLY REPLACEMENT 

Specification: The light wind screen shall be configured to allow the replacement of a drive system 

assembly as a complete unit from the Main Dome Platform. The design of the screen shall provide a 

method for positioning a drive in the necessary replacement location, above the Main Dome Platform, 

even with a drive system inoperative. 

Discussion: An option is to provide a system that can lower the lower panels to their stowed position, 

disconnect them per the special access configuration and drive the upper panels to the drive replacement 

configuration. 

3.10.13 LWS SLIT SPECIAL ACCESS CONFIGURATION 

Specification: The light wind screen shall have a special slit access configuration. In this configuration all 

the panels normally below the aperture shall be stored at their lowest normal positions, and all the panels 

normally above the aperture are stowed at their highest normal position. Changing to or from this 

configuration shall not require trained personnel more than 2 hours. Any overriding of stops, limits or 

other safety device shall require the approval of LSST PO. 

Discussion: The purpose of this configuration is to provide crane access through the slit for items that are 

too large or heavy to use the other accesses. In the baseline design which is available from the LSST PO, 

this configuration is achieved by driving the clear aperture to its lowest position, disconnecting the lower 

panel set from the upper panel set and then driving the upper panels to their highest position. The 

disconnection of the panel groups is achievable by ladder or manlift from within the Dome.  

3.10.14 LWS MATERIAL AND LUBRICATION 

Specification: Since the light/wind screen is located above the telescope and it is imperative to keep the 

telescope’s optics clean, the light/wind screen shall be constructed from materials that do not flake, shed 

or otherwise deposit material on the telescope over the design lifetime of the system. Any lubrication 

systems shall be sealed to prevent oil or grease from migrating onto optical surfaces. 
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3.10.15 LWS STORAGE ORIENTATION TOWARD MAIN PLATFORM 

Specification: The light/wind screen panels above the clear aperture shall stack over the main Dome 

platform when the clear aperture is in its top position.  

Discussion: The main purpose of the Main Dome Platform is to provide inspection and maintenance for 

the upper sections of the LWS.  

3.10.16 LWS MANUAL POWER DISCONNECT SWITCH 

Specification: The light/wind screen shall have a lockable manual power disconnect switch accessible from 

the telescope maintenance platform and located adjacent to the Dome access ladders. It shall completely 

deenergized the LWS manually. This switch shall prevent the operation of the LWS by any means. The 

status of that switch shall be reported to the Dome Control System. This manual switch shall be able to 

accommodate a lock out tag out device. 

3.10.17 LWS CONTROL 

Specification: The light/wind screen shall be controlled by the Dome Control System (DCS).  

3.10.18 LWS STATUS 

Specification: The DCS shall publish the light/wind screen status. This shall include the elevation angle.  

3.10.19 LWS LOCKING MECHANISMS  

Specification: Each panel of the light/wind screen that is above the clear aperture (upper panels) shall 

have a manually operated locking mechanism. Two locking mechanisms on opposite sides shall secure 

each panel. These mechanisms shall lock each panel into place in its highest position. These locking 

mechanisms shall be adequate to safely hold the panel in place during maintenance of the drive, brake 

and bearing systems. These mechanisms are required to be interlock to prevent operation of the LWS 

drives when they the locks are engaged. These mechanisms shall be able to accommodate a lock out tag 

out device. 

Discussion: During significant maintenance, the lower panels would likely be stowed in the special access 

configuration. Consequently, they do not require locking mechanisms.   

3.10.20 LWS SOFTWARE, LIMIT SWITCHES AND HARD STOPS TRAVEL LIMITS 

Specification: It is the responsibility of the contractor to provide a failsafe system of limit switches and 

hard stops to ensure the safe operations of the light/wind screen. At a minimum this shall include all the 

items required in this section. 

Discussion: Since following the light path in elevation angle requires the light/wind screen moves against 

gravity; its motion is potentially hazardous.   

Excess range will be required, beyond the operational pointing limits, to activate the limit switches and 

compress the hard stops. The clear aperture will not require this extra range.   
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The ranges for position, velocity, acceleration and jerk, defined in the Dome Performance Requirements 

Section, are the operational ranges. 

3.10.20.1 LWS LIMIT HIERARCHY AND INTERACTION 

Specification: Besides the software, in both directions (up and down), and in the following order, 

directional limit switches, power off limit switches and finally hard stops shall restrict the travel to safe 

limits. Except for the hard stops, each limit shall be configured so that no damage will occur if it is driven 

past. Each limit shall engage as soon as practical after passing the previous limit. Except where otherwise 

specified the spacing between the limits shall be sufficient to prevent them from interfering with each 

other.  

3.10.20.2 LWS STOPPING ACCELERATIONS 

 
 
Specification: All limits and the hard stops shall apply decelerations that do not damage the Light 
Windscreen. 

3.10.20.3 LWS LIMIT SWITCHES AND HARD STOP DESIGN VELOCITY 

Specification: Except where otherwise specified, each safety limit shall be designed with the assumption 

that the limit is approached with the axis rotating at a velocity of at least the maximum operational 

velocity. The exception shall be the fixed directional limits, which have separate velocity assumptions.  

3.10.20.4 LWS ADJUSTABLE SOFTWARE TRAVEL RANGE 

Specification: The adjustable software ranges shall be adjustable from the EUI to less than or equal to the 

operational ranges of motion. Only an operator with appropriate authorization shall be able to modify 

these values. 

This requirement mandates that the motion stop within the travel ranges, and within the accuracy 

requirements, while following the motion profile requirements. 

Discussion: Since they are aided by gravity, uncontrolled elevation axis (light/wind screen) motions are 

potentially hazardous. The adjustable software ranges for the elevation axis will likely be set near the 

operational limits of the elevation axis. They will only be modified if it is determined that the operational 

range is hazardous. A separate engineering range will be used to reach the extreme ranges during 

maintenance.  

Different than the limit switches and hard stops, the software ranges apply before the actual limit of the 

range is reached to stop the motion near the limit. Note: This action is similar to an automobile stopping 

before a STOP sign at an intersection.  

3.10.20.5 LWS ENGINEERING RANGE OF TRAVEL 

Specification: A separate engineering range of travel shall be provided that allows motions beyond the 

operational ranges.  The engineering software range or motion shall be adjustable from the Engineering 

User Interface (EUI) to less than or equal to the maximum physical range of motion. Only an operator with 
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appropriate authorization shall be able to utilize this range or modify these values. The engineering range 

has the same motion profile requirements as the operational range.  

Discussion: The principal purpose of this range is to test the limit switches. 

3.10.20.6 LWS LIMIT SWITCH CONFIGURATION 

Specification: All limit switches shall be independent physical, electrical switches. Limit switches shall not 

utilize the encoders as inputs. The power off limit switches shall interact with the LWS motor drives via 

the safety interlock systems and bypassing the Dome Control Systems (DCS). They shall engage the power 

off brakes.  

3.10.20.7 LWS DIRECTIONAL TRAVEL LIMIT SWITCHES 

Specification: The first limit encountered beyond the operational range shall be the directional travel limit 

switch. This limit switch shall not remove power from the drives; it shall only prevent further motion in 

the limiting direction and apply motor braking within the slew deceleration limits. The light/wind screen 

can then be driven back into its normal motion range. In regard to spacing between these limit switches 

and the power off travel limits, these switches may assume that the axis is moving at the greatly reduced 

speed. 

3.10.20.8 LWS POWER OFF TRAVEL LIMIT SWITCHES 

Specification: The second limit switch encountered after the directional limit switch shall be the power 

off limit switch. These limit switches shall be intermediate between the directional limit switches and the 

hard stops. They shall engage the power off brakes and directly remove power from the drives. Automatic 

reset shall not be possible and an engineering procedure shall then be required to recover.  

3.10.20.9 LWS HARD STOPS TRAVEL LIMITS 

Specification: The motions of each segment of the light/wind screen shall be physically limited by energy 

absorbing shock absorbers commonly referred to as "hard stops, dampers or snubbers." These devices 

shall limit the deceleration to safe levels by absorbing the kinetic energy through mechanical springs, 

hydraulic dampers and/or air charged bladders. These hard stops shall not be sacrificial and shall be 

reusable after performing. It is the responsibility of the contractor to ensure the hard stops configuration 

and capacities are sufficient to safely stop the motion of the light/wind screen without damage.  

Discussion: The purpose of the shock absorbers is to limit the motion of the light/wind screen in the event 

of inadequate braking, and prevent damage. The lower segments of the light/wind screen may also rest 

on these hard stops during the stacking motion required for the lower elevation ranges.  

3.10.21 LWS ADJUSTABLE SOFTWARE VELOCITY RANGES 

Specification: In both directions adjustable software ranges shall restrict the maximum velocity to the 

operational limits. The inputs for the software limits shall be the encoders. Only an operator with 

appropriate authorization shall be able to modify these values. 
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Discussion: The adjustable software velocity ranges will likely be set near the operational limits. They will 

only be modified if it is determined that the operational range is hazardous. 

3.10.22 LWS POWER OFF VELOCITY LIMITS 

Specification: The last velocity limit encountered with increasing velocity shall be the power off limit. 

These limits shall be 5-10% over the operational ranges. They shall use the independent tachometer as 

inputs. They shall engage the power off brakes and directly remove power from the drives. An engineering 

procedure shall then be required to recover. 

3.10.23 LWS ADJUSTABLE SOFTWARE ACCELERATION AND JERK LIMITS 

Specification:  In both directions adjustable software limits shall restrict the maximum accelerations and 

jerk to the operational ranges. The inputs for these software ranges shall be the tape encoders, and 

interface with the Dome control system (DCS). These ranges shall be adjustable to less than or equal to 

the maximum operational ranges. These limits shall not remove power from the drive; they shall restrict 

the demand accelerations and jerks. Only an operator with appropriate authorization shall be able to 

modify these values. 

Discussion: The adjustable software ranges will likely be set near the operational limits. They will only be 

modified if it is determined that the operational range is hazardous. 

3.10.24 LWS NATURAL FREQUENCY 

Specification:  All natural frequencies of the light wind screen panels shall be at least 4Hz. 

Discussion: The purpose of this requirement is to prevent excessive wind induced vibration which can 

propagate to the telescope and reduce the image quality. 

3.10.25 LWS PANEL COMPLIANCE WITH DOME STRUCTURE 

Specification:  The light wind screen panels shall have adequate compliance laterally, perpendicular to 

the dome slit, to accommodate dome structure flexure resulting from fabrication tolerances, and survival 

level seismic events and wind. 

3.10.26 LWS PANEL CAPTIVITY 

Specification:  The light wind screen panel rollers shall be designed such that they will remain captive on 

their guiderails for survival level wind or seismic events. 

3.10.27 LWS ROLLER AND GUIDE SYSTEM 

Specification:  The LWS roller and guide system shall be designed to meet the Dome design life, and the 

rollers shall be designed to fail before the guide system. This specifically requires that the contact stress 

be compatible with the Dome design life. 

3.10.28 LWS LOWER PANEL SUPPORT 

Specification: Any components used to attach the lower panel set to the upper panel set shall have at 

least a safety factor of 4 relative to the Dome design life.  
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Discussion: Failure of components supporting the lower panels could be catastrophic. 

3.10.29 LWS DRIVE UNIT SYNCHRONIZATION 

Specification: The drive units shall be mechanically or electrically synchronized to prevent binding and 

uneven load distribution. 

3.10.30 LWS ENCODER SYSTEMS 

3.10.30.1 LWS ENCODER SYSTEM ABSOLUTE POSITION 

Specification: The Dome LWS encoder system shall be based on a solution allowing determination of 

absolute position. Relative position systems and any system requiring motion during initialization shall 

be considered inadequate.  Systems that rely on home switches shall not be considered absolute 

positioning. 

3.10.30.2 LWS  ENCODER READOUT HEADS 

Specification: The Dome LWS encoder system shall provide at least three independent readout heads 

with capacity of discarding readings from any malfunctioning unit. If using a bar code system, the labels 

can be common to all readout heads, and the bar code readers shall be installed within the shortest 

distance of the label’s surface. 

3.10.30.3 LWS ENCODER SYSTEM RANGE 

Specification: The encoder systems must be able to determine position through the entire range of 

motion. 

3.10.30.4 LWS ENCODER SYSTEM RESOLUTION 

Specification: The encoder system measured position shall have a resolution derived from the 

requirements of the DCS to achieve the required dynamic performance, or a minimum of 0.01 degrees 

whichever is less. 

Discussion: Depending on drive stiffness and other technical considerations, the LWS encoder system 

can be used by the DCS in lieu of tachometers and motor encoders; therefore a higher resolution may 

be required to derive velocity, acceleration, and jerk. However, a separate tachometer system is still 

required for the LWS power off velocity limits. 

3.11 REAR ACCESS DOORS (RAD) 
Transporting the major optical systems from the telescope to the support facility is accomplished through 

the platform lift (vertical reciprocating conveyor). The platform lift runs up the outside of the lower 

enclosure that supports the Dome. The rear access doors are required to transport these optical systems 

from inside the Dome to the platform lift. Consequently, many of the requirements for these doors are 

located in the interfaces section, and LTS-100.  
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3.11.1 RAD CLEAR ACCESS 

Specification: These doors shall provide a clear access through the doorway as defined in drawing LTS-

100.  

3.11.2 RAD COATINGS 

Specification: The portions of the rear access doors that are exposed to the weather when the doors are 

closed shall be coated to the requirements of exterior surfaces. The surfaces of the doors that are 

protected when the doors are closed shall be coated to the requirements of interior surfaces. 

3.11.3 RAD CONFIGURATION 

Specification: The rear access doors shall be composed of motorized doors that open and close 

horizontally, collinearly and tangentially to the radial direction to the azimuth axis. 

Discussion: Vertically opening doors produce unnecessary gravitational acceleration risks. The 

requirements for co-linearity and tangential travel allow interfacing with the platform lift.  

3.11.4 RAD DESIGN ENVELOPE 

Specification: The doors do not have an individual design envelope. Their configuration must meet all the 

requirements of the interfacing sections for all elevation/azimuth orientations and for all configurations. 

3.11.5 RAD WIND PERMEABILITY 

Specification: When closed, and with their vents closed, the doors shall be impervious to wind. The doors 

shall also have louvered light baffling vents with a total area of at least 30 square meters to provide 

controlled natural ventilation.  

Discussion: Natural ventilation in this direction is very limited. Consequently louvered light baffling vents 

must be incorporated into the door design. 

3.11.6 RAD WEATHER TIGHTNESS 

Specification: When the doors are closed, they shall meet all the requirements for external surfaces.  

When they are open, there are no specific requirements for weather tightness. 

3.11.7 RAD LIGHT TIGHTNESS 

Specification: When closed, the doors shall be light tight with the Dome and with themselves. If the 

weather tight seals are not light tight separate light seals shall be provided. 

3.11.8 RAD OPERATION, SPEED AND ENVIRONMENT 

Specification: The doors shall have a motorized drive system which is capable of fully opening or fully 

closing the doors in less than 90 seconds, under marginal environmental conditions of LTS-54, but with an 

increased wind speed of 1.5x the marginal value.  

Discussion: Maintenance operations are typically scheduled during periods of adverse weather when 

observing is not possible and winds are higher than normal.  
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3.11.9 RAD CONTROL 

Specification: The doors shall be locally controlled through an adjacent control panel. They shall not be 

controlled through the Dome control system (DCS). The controls shall be interlocked to prevent operation 

of the RAD unless the lift is in its topmost position, and the louvers on the rear doors are shut. The Dome 

shall provide the mechanisms to sense the presence of the platform lift at its top level. The platform lift 

will have its own control panel. 

3.11.10 RAD STATUS 

Specification: Although the doors are locally operated, the DCS shall publish the door status. This shall 

include fully opened or fully closed and the status of its locking mechanisms.  

3.11.11 RAD LOCKING MECHANISMS 

Specification: The doors shall have motorized locking mechanisms to restrain them in both the fully open 

or fully shut position. These locking mechanisms shall be operated through the local control panel. They 

shall report their status of locked or unlocked to the DCS. They shall be able to restrain the relative motion 

of the door in survival level events (wind or seismic).  

3.11.12 RAD LIMIT SWITCHES AND HARD STOPS TRAVEL LIMITS 

Specification: It is the responsibility of the contractor to provide a failsafe system of limit switches and 

hard stops to ensure the safe operations of the rear access door. At a minimum this shall include electrical 

limit switches and shock absorbing hard stops. 

Discussion: As a result of its much lower speed, the rear access door does not require the extensive 

systems of limits as the azimuth or elevation drive systems (LWS).  

3.11.13 RAD FLOORING 

Specification: The floor of the rear access doors shall cover all the area between the telescope 

maintenance platform interface and the platform lift interface, and shall be at least as wide as the 

doorway.  

Discussion: There are further requirements for the RAD floor in the interfacing section. 

3.11.13.1 RAD FLOORING M1M3 CART RAIL ACCOMODATION 

Specification: The door floor shall be able to securely accommodate the embedded M1M3 cart rails. The 

top of these rails shall be flush with the RAD floor within +/- 5 mm. These rails will be supplied by LSST 

and will require an LSST specified method of bolting and grouting to secure. The dimensions of the troughs 

required to accept the rails, along with the center line distance between the two rails is defined in drawing 

LTS-100.  

3.11.13.2 RAD FLOORING DESIGN REQUIREMENT 

The floor of the rear access doors shall be built to the heavy manufacturing requirements of the 

International Building Code. In addition, the floor shall be capable of simultaneously supporting two 20 

ton point loads one on each rail anywhere along length of the rails. The floor shall also be able to 
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simultaneously support at least two 2.5 metric ton point loads corresponding to two of the 4 tires of the 

camera support assembly on its cart, or M2 mirror cell assembly on its cart.   

Discussion:  As a result of its large mass of approximately 65 tons, the M1M3 mirror cell assembly must 

ride on steel wheels and rails, while the much lighter M2 mirror cell assembly and camera support 

assembly ride on pneumatic or solid elastomeric tires. 

3.12 LOUVERED LIGHT BAFFLING VENTS (LLBV) 
During observing the seeing environment inside the Dome is mainly governed by natural wind flow 

through the Dome vents. Since wind also degrades the image quality by vibrating the telescope (wind 

shake), the air flow through the vents must be regulated to produce a balance between these two effects. 

During the daytime the vents must also facilitate thermal control and provide light tightness for optical 

testing. 

3.12.1 LLBV VENT CAPACITY 

Specification: The Dome shall provide adequate vent capacity as determined by either method A or 

method B below.  

Method A: As demonstrated through computational fluid dynamics (CFD), the vent opening shall allow a 

minimum of 75 air changes (Dome volume equivalent) per hour with a 5 meter/second horizontal wind 

incident on, and normal to the front or back of the Dome (directly at or directly opposite the aperture). A 

minimum of 125 air changes (Dome volume equivalent) per hour shall be achievable with a 5 

meter/second horizontal wind incident on and normal to either side of the Dome (+/- 90 degrees from 

the center of the aperture).  

Method B: The combined area of the vents shall be at least 500 square meters and they shall be in a 

distributed configuration approved by LSST PO.  

Discussion: As a result of its cadence and the prevailing wind directions, the telescope is predominantly 

oriented nominally perpendicular to the wind direction. Consequently, ventilation is more important in 

the Dome sides.  The LSST PO has performed CFD and has verified Method B, which is consistent with the 

Dome baseline design. 

3.12.2 LLBV STRAY LIGHT AND COATING  

Specification: The vents shall have light baffling consistent with the requirements of the stray light 

attenuation requirements section. These light baffles shall use a single sinusoidal profile with the entrance 

and trailing edges horizontal. The entrance and trailing edges shall be the lowest points in the profile. All 

internal surfaces of the Dome vents that are in contact with the wind or have the potential to reflect or 

scatter light into the Dome shall have a low reflectivity, flat black coating. This includes the inside of the 

vent shutters, the inside of the vent frame (top, bottom and sides) and all surfaces of the sinusoidal optical 

baffles. This coating shall have no more than 10% reflectivity for optical or near infrared (300 nm to 1,500 

nm) light. 
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Discussion: The single sinusoidal profile provides the least impediment to wind flow while still providing 

light baffling. The horizontal leading and trailing edges force the wind to flow horizontally inside the 

enclosure, which improves image quality. Specialized optical coatings are not required. Standard industrial 

coatings (paints) with colors, finishes etc. chosen to reduce light reflectivity and scattering are sufficient. 

3.12.3 LLBV WEATHER TIGHTNESS 

Specification: When the louvers are closed, they shall meet all the requirements for external surfaces.  

When they are open, there are no specific requirements for weather tightness. 

3.12.4 LLVB LIGHT TIGHTNESS 

Specification: When closed, the louvers shall be light tight with the Dome and with themselves. If the 

weather tight seals are not light tight separate light seals shall be provided. 

3.12.5 LLBV OPERATION, SPEED AND ENVIRONMENT DESIGN LEVEL 

Specification: Each louver shall have a motorized drive system which is capable of fully opening or fully 

closing the louver in less than 30 seconds, under normal or marginal environmental conditions of LTS-54, 

but with an increased wind speed of 1.5 times the marginal value. Each Light Baffle shall be divided into 

two or more hinged parties (added via CR-0134).  

Discussion: When the wind speed exceeds the marginal conditions the louvers must still be able to shut 

and protect the rest of the telescope systems. Consequently, it must operate at a higher wind speed.  

3.12.6 LLBV MECHANISM LOCATION AND MANLIFT ACCESS 

Specification: The louvers drive systems, bearings, sensors and all other mechanisms shall be located 

inside the Dome (on the inside of the louvers) so that they are protected from the environment when the 

louvers are closed. All mechanisms shall be accessible for maintenance from inside the Dome using the 

lower enclosure manlift, or a scissors lift on the telescope maintenance platform. LTS-167 defines the 

envelope of operation available from the Manlift. The calibration screen can be adjusted to its 

maintenance position to access these mechanisms, LTS-126.  Each Light Baffle shall be locked by a specific 

safety device (added via CR-0134).  

Discussion:  It is important that the louver operating mechanism be completely accessible from within the 

Dome via the man lift because there will be no access available from the Dome exterior. 

3.12.7 LLBV CONTROL 

Specification: Each louver shall be independently controlled by the DCS. Each louver shall have at least 

five equal incremental positions to allow control over the volume of air flow during observing. The Close 

position of the Light Baffle shall be controlled by the DCS (added via CR-0134). 

3.12.8 LLBV STATUS 

Specification: The louvers and Light Baffle shall have independent sensors capable of determining their 

positions (modified via CR-0134). This requires that the sensors determine the fully open, fully shut and 
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the intermediate positions. The DCS shall publish the status from these sensors, and be reported in 

addition to the status of the command signal sent to their drive mechanism.  

3.12.9 LLBV LIMIT SWITCHES AND HARD STOPS TRAVEL LIMITS 

Specification: It is the responsibility of the contractor to provide a failsafe system of limit switches and 

hard stops to ensure the safe operations of the louvered light baffling vents.  

Discussion: As a result of their low speed, remote location and small mass an extensive systems of limits 

is not expected.  

3.13 OVERHEAD BRIDGE CRANE (OBC) 
Specification: The contractor shall provide an overhead bridge and trolley type crane attached to the 

Dome. It shall ride on a pair of horizontal support beams that run along the sides of the aperture from the 

Dome shutter to the rear access door.  

Discussion: The bridge moves along the horizontal support beams. The trolley moves across the bridge to 

provide motion in the perpendicular direction. The hoist is supported off of the trolley. Requirements for 

the small auxiliary crane for the main Dome platform are located in the main Dome platform section. A 

20 ton top running double girder crane from American Crane & Equipment Corp was baselined. 

3.13.1 OBC TASK 

Specification: The crane must be compatible with the removal of the camera support assembly and the 

M2 mirror cell assembly. These tasks are accomplished with the telescope in the horizon pointing 

orientation. It must also be compatible with lifting for general repairs and maintenance. These tasks 

dictate the following specifications. 

3.13.1.1 OBC COVERAGE 

Specification: The crane shall be able to move horizontally in both directions; along the elevation axis and 

perpendicular to it (slit direction). In the slit direction, it shall run the entire length of the Dome and only 

be limited by the required structure and interference with the light/wind screen. It shall at least meet the 

hook coverage requirements of document LTS-183. The motion shall be limited by hardstops. 

3.13.1.2 OBC HOOK HEIGHT AND CABLE REACH 

Specification: At its maximum height the crane hook shall clear at least 15.0 meters above the telescope 

maintenance platform of the lower enclosure, see drawing LTS-183.  It shall have at least 30.0 meters of 

hook travel (modified via CR-0142). 

3.13.2 OBC CAPACITY 

Specification: The crane shall have at least an 18 metric tons (20 US tons) capacity over its full range of 

hook, trolley and bridge travel. 
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3.13.3 OBC SPEED CONTROL 

Specification: The bridge, trolley and hoist shall have independent, continuously variable, open loop 

speed control with a minimum of 1000 increments. The maximum speed of the bridge shall between 5 

and 30 meter/minute. The maximum trolley speed shall be between 3 and 15 meters/minute. The hoist 

maximum speed shall be between 1.0 and 3.0 m/min. The hoist shall be equipped with load readout on 

the controls.  

Discussion: Smooth, precise, low speed operation of the bridge crane is critically important during Camera 

Support Assembly and M2 maintenance operations. It is the preference that a standard crane be supplied; 

however, the LSST operations only require relatively slow speeds.  

3.13.4 OBC CONTROLLER  

Specification: The controller shall be a portably wireless, hand held or belly box type with individual 

controls for movement of bridge, trolley and hoist. Controls shall include individual adjustment of variable 

speed control for bridge, trolley and hoist. Control system shall include a read-out with ability to see crane 

status and hook load. Two controller units shall be provided (primary and backup unit). The controller 

shall also control the locking mechanisms, if applicable. This controller shall also be able to turn the power 

on or off the OBC and itself. This controller shall operate off of rechargeable batteries. 

3.13.5 OBC SAFETY FEATURES 

Specification: The bridge crane shall include the following safety features: emergency stop, controlled 

deceleration, power off braking, acceleration/deceleration curve functions, and integrated input power 

monitoring and stow position indicator. The crane shall be designed in concert with the light/wind screen 

such that they cannot collide for any combination of light/wind screen and crane position. Fall protection 

shall be provided for personnel performing maintenance activities on the crane.  

Discussion: The stowed position indicator indicates that the hoist is in its top position and the bridge crane 

is in its stowed position. This prevents interference with the crane and the telescope. 

3.13.6 OBC MAINTENANCE FEATURES 

Specification: The Dome design shall provide access to all areas of the crane requiring maintenance. The 

design shall include access to the bridge and trolley when the crane is in the parked position. The Dome 

and crane shall be configured such that all maintenance to the bridge and trolley can be conducted in the 

parked position. Appropriate fall protection provisions shall be provided. 

3.13.7 OBC LOCAL SUPPORT 

Specification: The OBC shall be supplied by a company with support in Chile. 

Discussion: This close proximity support is needed for prompt servicing and repairs. 

3.13.8 OBC PARKED POSITION 

Specification: The crane’s bridge parked position shall be at the location farthest from the clear aperture 

(closest location to rear access doors/underneath the Main Dome Platform). 
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3.13.9 OBC LOCKING MECHANISM 

Specification: Either drive system friction or motorized locking mechanism shall secure the bridge in its 

parked position, and secure the trolley from motion during Dome operational accelerations and 

maintenance level seismic events. If locking mechanisms are required they shall be operated from the 

crane controller. If the inherent resistance of the drive mechanisms is sufficient to prevent motion this 

shall be considered adequate. 

3.13.10 OBC MANUAL POWER DISCONNECT SWITCH 

Specification: The OBC shall have a lockable manual power disconnect switch accessible from the 

telescope maintenance platform and located adjacent to the Dome access ladders. It shall completely 

deenergized the OBC. This switch shall prevent the operation of the OBC by any means. The status of that 

switch shall be reported to the Dome Control System. This manual switch shall be able to accommodate 

a lock out tag out device. 

3.13.11 OBC INTERFERENCE 

Specification: The crane with its hoist in its highest position shall be clear of the telescope for any 

orientation of the telescope or the crane. This requirement is met by designing the crane such that it does 

not penetrate the telescopes design envelope, Document LTS-105. It shall also be clear of the light/wind 

screen regardless of LWS configuration. 

3.13.12 OBC UTILITY HATCH COMPATIBILITY 

Specification: The crane shall be able to lift and lower loads through the utility hatch in the observing floor 

of the lower enclosure, document LTS-183.  

Discussion: The bridge crane is not required to have sufficient hook travel to reach the ground floor. Lifting 

from the ground floor to the observatory floor will be accomplished through the aid of slings, etc. There 

is also a utility hatch system through the telescope and the pier floors. If the crane meets all other 

requirements in this document it will provide sufficient access through these hatches.  

3.14 EXTERIOR SURFACE 
The Dome exterior requirements apply to all exterior surfaces including the main skin, the shutters, the 

Rear Access Doors and the vent louvers.  

3.14.1 EXTERIOR SURFACE PANELS (SIDING) 

Specification: The exposed exterior surfaces of the Dome shall be formed of suitable weather-resistant 

panels (siding) securely fastened to the supporting structure. The panels may be metal, fiberglass, or other 

durable material adequately stiffened by ribs, sandwich structure or other means to resist the survival 

environmental conditions.  

3.14.2 EXTERIOR SURFACE FINISHES 

Specification: The exterior exposed surfaces of the Dome shall have a highly reflective, white or silver 

finish that is either integral to the manufacture of the panels or applied as a coating. These surfaces shall 
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have a design life consistent with the Dome’s design life. The specific exterior surface finish must be 

approved by LSST. 

Discussion: White titanium dioxide paint or reflective aluminized surfaces are traditionally utilized to 

provide the reflective finish. The reflective exterior finish reduces the daytime absorption of solar 

radiation, which is required for effective operation of the HVAC system. This reduced daytime radiative 

heat absorption also reduces the night time heat release which degrades the seeing conditions. The 

reflective coating also reduces the nighttime super cooling of the Dome surface produced by radiative 

coupling to the night sky. Super cooling produces surface temperatures that are less than the ambient air 

temperature. This temperature difference produces image degrading convection. 

Heat escaping from the service and operation building has significantly less effect on the optical 

performance of the telescope. The lower enclosure has external insulation to prevent heat absorption 

and release. Consequently, this coating requirement was not applied to the rest of the facility. 

3.14.3 EXTERIOR SURFACE JOINTS 

Specification: All fixed external joints shall be adequately sealed against infiltration of dust and moisture 

under survival level environmental conditions. These seals will utilize both a mechanical means of closure 

(interlocking, overlapping, formed gasket, or other) as well as appropriate sealants. 

3.14.4 EXTERIOR MOVING INTERFACE SEALS 

Specification: All moving interfaces shall have weather-tight seals adequate to prevent infiltration of dust 

and moisture under Survival level environmental conditions. At a minimum, weather-tight and light tight 

seals shall be provided between:  

 The Dome and Lower Enclosure 

 The shutters and the Dome 

 The interface between shutters 

 The rear access doors and the Dome 

 The interface between the rear access doors 

 The roof access hatches and the Dome 

 The louvers against each other and the Dome.  

The seals for the shutters, rear access door, roof access hatch, louvers need only seal when they are 

closed. All these seals shall be contact seals except the Dome to lower enclosure seal which may be a 

labyrinth seal to prevent excessive drag.  
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Discussion: Domes have a history of being difficult to seal. Often the worst leakage comes through the 

seal between the shutter doors. Consequently, there are further requirements for the Aperture Shutter 

door seals in the aperture shutter section. Besides the specific requirements in this document, it is the 

responsibility of the contractor to meet the weather tight requirements. 

3.14.5 DOME SEAL AIR LEAKAGE 

Specification: The total cumulative air leakage rate from all Dome seals when closed shall be less than 

23900 L/s.  This requirement shall be met when exterior wind speed is 20 m/s from any direction. 

Discussion: The Dome leakage rate was used in the design of the HVAC system. Rates above this will 

degrade HVAC performance. 

3.14.6 EXTERIOR SURFACE INSULATION 

Specification: All exterior surfaces of the Dome shall have continuous insulation that is either integral to 

the panel or is applied to the inside surface. At a minimum, these surfaces include the exterior panels 

(siding), the aperture shutter, the rear access door and the louvers of the Dome vents. The insulation shall 

be fireproof. The minimum average thermal resistance value of the insulation shall be 3.5 m2 K/W (R-20). 

Discussion: The Dome insulation value was used in the design of the HVAC system. Rates below this will 

degrade HVAC performance. Since the 3.5 m2 K/W (R-20) is an average requirement, to account for 

thermal bridging, etc. insulation with values greater than 3.5 m2 K/W (R-20) will be needed. 

3.15 DOME INTERIOR SURFACE 
Specification: Except where specified elsewhere in this document, all interior surfaces of the Dome shall 

have a medium reflectivity, flat coating consistent with the design life of the telescope and shall be 

approved by LSST. These coatings shall have approximately 50% reflectivity for optical or near infrared 

(300 nm to 1,500 nm) light. The actual color will be chosen by LSST from the commonly available options. 

Discussion:  Most likely, a medium gray, which is a balance between stray light mitigation and providing 

ample lighting for maintenance and repairs, will be chosen. 

3.16 PLATFORMS, LADDERS AND STAIRS 

3.16.1 GENERAL DESIGN REQUIREMENTS 

The following general requirements apply to all platforms stairs and ladders. The requirements for the 

flooring through the rear access doors are defined in the RAD section. 

3.16.1.1  PERSONNEL ACCESS 

Specification: The Contractor shall provide all platforms, stairs, ladders, and other means of personnel 

access on the Dome. They shall all meet OSHA safety standards. The layout and design of all of these items 

shall be approved by LSST PO.  
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Discussion:  To receive LSST PO approval, all platforms, ladders and stairs must be easily accessible and 

provide ergonomically acceptable personnel access. Flooring, stairs and ladders that move with the Dome 

are considered components of the Dome. Fixed flooring and stairs that are only used to access the Dome 

ladders shall also be considered components of the Dome. 

3.16.1.2 PERSONNEL RESCUE ACCESS 

Specification: There shall be a method to lower an injured and / or unconscious person from all ladder 

systems through the use of an approved personnel rescue davit crane. This crane shall only be used for 

personnel rescue and shall not be used for raising or lowering equipment or other industrial activities. 

This crane shall be portable and deployable by a maximum of 2 people, and shall be located on the Dome 

Maintenance Platform. This item shall meet OSHA standards. 

Discussion:  Since the purpose of this item is to meet OSHA standards, the item used must also meet OSHA 

standards. 

3.16.1.3 FLOORING DESIGN STANDARDS 

Specification: All flooring, unless specified otherwise, shall meet the most up-to-date International 

Building Code (IBC) for light manufacturing floors.  

Discussion: The flooring through the rear access doors has a higher load rating. Since the codes are only 

updated sporadically and not annually, the Dome contactor shall use whatever version of this standard is 

most up to date at the time of the design. 

3.16.1.4  PERFORATED FLOORS 

Specification: Unless specified elsewhere or approved by the LSST PO, to facilitate air circulation, all 

platforms and stairs shall be perforated or grated.  

Discussion: The flooring through the rear access doors is not perforated. 

3.16.1.5  COATING FOR NON PERFORATED FLOORS 

Specification: Floors that are not perforated shall be coated with non-skid surfaces that are durable and 

suitable for personnel access. The coatings shall comply with a common industrial standard and be 

approved by LSST PO. 

Discussion: It is the preference of the LSST PO that the Contractor use common industrial standards that 

they have experience with rather than for the LSST PO to dictate specific standards. 

3.16.1.6  FALL PROTECTION 

Specification: Railings, toe-kick panels (toe plates), and other personnel fall protection barriers shall be 

provided as required. All platforms, walkways and stairs shall have safety rails. All ladders shall have fall 

protection. Railing shall be extended around the ladders to facilitate transitions at the ladders 

intermediate platforms and the Dome’s main platform. These items shall meet OSHA standards.  
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3.16.2 MAIN DOME PLATFORM (MDP) 

Specification: The Dome shall provide a main Dome platform for maintenance and inspection of the 

light/wind screen when it is in its highest position. The main purpose of this platform is to provide access 

to the three upper panels of light/wind screen along with their rollers, drives etc. The lower three panels 

can be accessed when the light/wind screen is in its lowest position. This platform shall also provide access 

to the light/wind screen side access stairs/walkway and the top exterior platform.   

3.16.2.1 MDP COVERAGE 

Specification: The Main Dome Platform shall be at least 13 meters wide and at least 6 meters deep. The 

width shall be parallel to the elevation axis and centered along the Dome’s plane of symmetry. The depth 

shall be oriented relative to the light/wind screen panels so that all the drive and roller components are 

accessible.  

3.16.2.2 MDP HEIGHT 

Specification: The main Dome platform shall be at a height such that the bottom of the lowest light/wind 

screen panel is between 1.0 and 2.5 meters above the main Dome platform floor when the panel is in its 

top position.    

3.16.2.3 MDP LADDER ACCESS 

Specification:  Two access ladder systems shall be available from the stationary telescope maintenance 

platform in the lower enclosure to the main Dome platform. These ladders shall be accessible from the 

telescope maintenance platform when the Dome is in its parked position and shall not require the use of 

any temporary ladders, platforms or scaffolding. The two ladder systems shall be on opposite sides of the 

platform and Dome.  

Discussion: Meeting the requirement that all ladders meet OSHA standards mandates the stairs be in 

three non collinear sections with two intermediate platforms and that fall protection be provided. 

3.16.2.4 MDP MANLIFT ACCESS 

Specification:  The MDP shall be configured such that it can be accessed from the manlift. This is in 

addition to the ladder access. 

3.16.2.5 MDP SMALL AUXILIARY CRANE 

Specification:  The main Dome platform shall be supplied with a small davit type auxiliary crane adequate 

for maintenance and repairs of the light/wind screen. This crane shall be capable of reaching the telescope 

maintenance platform of the lower enclosure. The location, capacity and operation of this crane will be 

determined in conjunction with LSST PO.  

Discussion: This is a separate item from the personnel rescue crane. 

3.16.3 LIGHT/WIND SCREEN SIDE ACCESS STAIRS/WALKWAYS 

Specification: Access to both sides of the light/wind screen assembly shall be provided by a series of stairs 

and walkways. These shall be accessed directly from the main Dome platform.  
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Discussion: The purpose of these walkways it to provide maintenance and inspection access to the upper 

half of the light/wind screen drives, roller and tracks. The lower half is better accessed from a man lift.  

3.16.3.1  ACCESS TO THE SIDE ACCESS STAIRS/WALKWAYS 

Specification: Access to both of the side access stairs/walkways shall be provided directly from the main 

Dome platform. Either a platform or a stairway shall be connected directly to the main Dome platform. 

3.16.3.2  EXTENT OF THE SIDE ACCESS STAIRS/WALKWAYS 

Specification: The side access stairs walkways shall extend to at least the center of the clear aperture 

when the light/wind screen is at the 45 degree elevation angle.  

3.16.3.3  FALL PROTECTION FOR THE SIDE ACCESS STAIRS/WALKWAYS 

Specification: Fall protection shall be provided for the side access stairs/walkways. This fall protection 

shall be determined with collaboration with LSST PO safety personnel during the hazard analysis reviews. 

3.16.4 TOP EXTERIOR PLATFORM (TEP) 

Specification: A platform shall be provided on the top exterior of the Dome. The platform shall be located 

adjacent to the top most edge of the aperture shutter. 

Discussion: The purpose of this platform is to provide access to the drives, rollers, latches etc. of the 

aperture shutter. It will also be used to inspect the seal between the aperture shutters. 

3.16.4.1  ACCESS TO TEP 

Specification: Access to the top exterior platform shall be provided by two sets of stairs or ladders leading 

from the main Dome platform. These two accesses shall be on opposite sides of the platform. They shall 

have weather-tight hatches. The hatches shall open by sliding and not swinging. 

Discussion: Since the hatches are exposed to strong winds swinging hatches would be hazardous. 

3.16.4.2 COVERAGE  OF THE TEP 

Specification: At a minimum, the top exterior platform shall extend to the outer edge of both aperture 

shutters when they are in the fully open position. The platform shall be further extended if necessary to 

provide access to any mechanisms of the aperture shutters; however, it shall not be required or allowed 

to extend past the exterior vertical walls of the enclosure.  

3.16.4.3  FALL PROTECTION FOR THE TEP 

Specification: Fall protection shall be provided for the full length of the top exterior platform. This fall 

protection shall be appropriate for excursions from the platform on either of the long sides. Regardless of 

this fall protection, the platforms shall meet all OSHA requirements. This specifically requires safety rails. 

Fall protection shall be determined in collaboration with LSST PO safety personnel. 

3.17 THERMAL CONTROL  
There are two separate thermal control states of the Dome. During the daytime the interior of the Dome 

(and lower enclosure) is maintained at a temperature slightly below the expected temperature at the 
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beginning of the night’s observing. During nighttime observing the image degrading effects of thermal 

convection are mitigated by controlling the production and dissipation of heat and providing for natural 

ventilation (Dome flushing). The Dome requirements in this section are needed to maintain these two 

thermal states. 

Daytime thermal control requires an insulated and sealed Dome exterior, a high reflectivity Dome exterior 

coating, and interaction with the lower enclosure Heating, Ventilating and Air Conditioning (HVAC) 

system. When the Dome is in the parked position the four HVAC ducts of the lower enclosure are aligned 

with the four ducts of the Dome as defined in LTS-101. Each duct system also contains booster fans to 

overcome the pressure loss through the ducting system. 

During observing the balance between wind shake and Dome flushing is maintained by actively controlling 

the louvers in the louvered light baffling vents, which are covered in their own section. Heat is removed 

from the azimuth drives by the facility glycol/water system, which requires the unusual configuration of 

fixing the drives to the lower enclosure. All other components are chosen to minimize the production of 

heat and are positioned such that escaping heat does not enter the light path. 

Requirements for thermal control of the azimuth drive units are in the azimuth drive and bearing system 

section. The requirements for the Dome exterior sealing and insulation, which are integral to the thermal 

control, are provided in the exterior surface section. 

During times of low wind velocity a downdraft system aids in ventilation, however, this system has no 

effect on the design of the Dome. No components of this downdraft system are included in the scope of 

the dome. 

3.17.1 HEATING, VENTILATING AND AIR CONDITIONING (HVAC) 

HVAC for the Dome is provided by the facility. It is only the responsibility of the contractor to provide the 

ducting and fans required to transport the conditioned air to the top of the Dome and disperse it.  

3.17.1.1 LOWER ENCLOSURE TO DOME DUCTING ALIGNMENT 

Specification: Four ducting systems shall be provided between the lower enclosure HVAC ducts and the 

Dome. The Dome ducts shall overlap the lower enclosure duct by at least 20 mm in the horizontal 

directions and shall be within 20 +/-5 mm in the vertical direction. No physical contact is required or 

allowed between the two ducting systems. 

3.17.1.2  DUCT SIZING 

Specification: The ducts shall be sized to produce quiet, low pressure loss flow. This requirement is met 

by retaining duct cross sectional area at least as large as the lower enclosure duct interface, document 

LTS-101.   

3.17.1.3   DUCTING EXHAUST DISPERSION 

Specification: Each of the four ducting systems shall branch into at least two distribution ducts positioned 

near the Domes interior surface. Each branch shall have multiple exhaust diffusers to uniformly distribute 
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the air. The bottom of each diffuser shall be within 1 meter of the top interior surface. Each diffuser shall 

have a balance adjuster to evenly distribute the flow. These adjusters shall be manually operated. The 

diffusers shall be entirely accessible utilizing the Man-Lift. 

Discussion:  The purpose of the diffusers is to ensure adequate mixing of upper Dome air. After the initial 

adjustment of the diffusers, recurring adjustment is not anticipated.  

3.17.1.4  LOWER ENCLOSURE TO DOME OPERATIONAL ORIENTATION 

Specification: The Dome vent system is only required to meet its performance requirements when the 

Dome is in its parked position. It is however required to operate at any azimuth orientation.  

Discussion:  The Dome HVAC system only operates during daytime when the telescope is not observing, 

and it is normally in its parked position. When the Dome is not in its parked position operation of the vent 

fans will still produce some air distribution. 

3.17.1.5  DUCTING FANS 

Specification: Each of the four ducts shall have a fan or fans which produce at least enough pressure 

increase to overcome the pressure loss from the Dome ducting system. This requires that the fan or fans 

maintain at least the flow rate provided by the facility HVAC system of 8611 liters/sec (31,000 m3/h) 

through each duct (modified via CR-0133). The fans shall be operated through the DCS. 

Discussion:  The facility HVAC system discharges to the Dome interface with sufficient velocity and flow 

rate to provide adequate circulation for both the Dome and lower enclosure. Requiring the Dome ducting 

system to possess its own fan system eliminates the need for a seal between the lower enclosure and 

Dome ducts. It also provides some air flow when the ducts are not aligned.  

3.17.1.6  DUCTING GRILLS 

Specification: Each intake port of the ducting system shall have a grill or screen to prevent the intake of 

foreign objects. The grill/screen spacing shall be no greater than 15mm. For the exhaust ports the 

adjustable louvers shall be considered adequate. 

Discussion:  Filtration is provided by the facility HVAC system and none is required for the Dome. 

3.17.1.7 DUCTING AND FANS VIBRATION AND ACOUSTIC STANDARDS 

Specification: All Dome Contractor supplied HVAC components shall be isolated and/or dampened to 

meet Class E (unisolated optical research system) as defined in Table 40 Equipment Vibration Criteria and 

Curve A in Figure 39 Building Vibration Criteria for Vibration Measured on Building Structure in Chapter 

47 of 2003 ASHRAE Application Handbook. An equivalent European or Chilean standard may be 

substituted after approval from the LSST PO. 

Discussion:  During the daytime the telescope will undergo extensive optical calibrations while the HVAC 

system is operational. 
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3.17.2 COMPONENT HEAT DISSIPATION 

Specification: All components of the Dome shall be selected so that they create and dissipate minimal 

heat. This requirement only applies to components such as the light/wind screen and azimuth drives that 

operate during observing. For components that are not operated or do not produce any heat during 

observing, such as the shutter and rear access door drives, this requirement does not apply. 

3.17.3 POWER CONSUMPTION 

Specification: Other than for their own controls, Dome components shall not require continuous electrical 

power consumption. They shall only consume power when they are performing their actual tasks.  

Discussion:  An example is the power off brakes. Although the brakes must engage when power is 

withdrawn, they cannot continuously consume electrical power when they are engaged, as would be 

required by an electrical solenoid.  

This is normally accomplished by a spring closed, pneumatically open system. A de-energized open value 

releases the pneumatic pressure engaging the brakes. The only continuous power that is required keeps 

the valve closed.  

3.18 DOME CONTROL SYSTEM (DCS) 
Specification: The Dome shall include a Dome control system (DCS) that incorporates all electronics, servo 

control, algorithms and software necessary to safely operate the Dome systems through either 

connection to the Telescope Control System (TCS) or through a stand-alone Engineering User Interface 

(EUI) for maintenance and diagnostic purposes. 

3.18.1 DCS BASIC FUNCTION 

Specification: At a minimum the DCS shall control (start and stop) the azimuth and elevation position, 

velocity and acceleration, open and shut the shutter, individually open and shut the louvers, and provide 

the status of all the above.  

Discussion: The crane and rear access doors are not operated by this system. 

3.18.2 DCS EMERGENCY ON BOARD CONTROL PANEL 

Specification: An emergency on-board control panel shall be attached to the rotating Dome. This control 

panel shall be able to close the shutter and the louvers. It shall be located where in can be most readily 

accessed when the Dome is in its parked position. 

Discussion: The purpose of this control panel is to secure the Dome in the event of loss of wireless 

communications. 

3.18.3 DCS CONTROLLER 

Specification: Besides the normal operation during observing, the DCS controller shall run the Engineering 

User Interface software and shall also implement the interface with the LSST communications 

infrastructure. The controller computer(s) shall be a rack-mounted IBM-PC compatible hardware platform 
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running Linux OS. The controller shall not consume more than 50% of its processing capability. The system 

shall not consume more than 50% of its hard disk capacity. 

Discussion: This computer is expected to be located in the facility computer room. On site LSST will 

provide the network infrastructure (Ethernet link with a minimum bandwidth of 100 Mb/s). The 

Contractor will provide the means to connect the controller to the network. 

3.18.4 DCS WIRELESS COMMUNICATIONS 

Specification: All controls communications between the fixed lower enclosure and the rotating Dome shall 

be accomplished through wireless supplied by the Dome vendor. Industrial grade wireless Ethernet shall 

be used. 

3.18.5 DCS INTERLOCKS 

Specification: The control system shall be compatible with the global interlock system according to LTS-

174. This only requires the DCS be able to receive and display the interlock status.  

Discussion: The DCS needs to display when the interlocks are preventing operation. 

3.18.6 DCS LOCAL OPERATION  

Specification: The Dome control system shall include a local operation mode for azimuth motions (Dome 

drives) and elevation motions (light/wind screen motions) for pointing, slewing and crawling. It shall also 

allow for the operation of all other Dome equipment (except equipment exempt elsewhere in this 

document). Equipment requiring this local control specifically includes the shutter doors, and louver 

vents. The rear access doors are only operated locally. The local mode shall also report the values for all 

sensors associated with the above. For local control the Dome control system shall include a manual 

control station conveniently located at the telescope maintenance platform. Control requirements of the 

cranes are provided in their sections. While in local mode, control of the Dome from the control room or 

any other location shall be disabled except monitoring capabilities. 

Discussion: Local operation implies that the Dome can be controlled from within the Dome, for 

maintenance and testing, and not from the control room. 

3.18.6.1 DCS LOCAL OPERATION PERFORMANCE LIMITS 

Specification: The local control station shall be configured to the same azimuth and elevation 

accelerations and velocities as the slewing limits.  

Discussion: For safety reasons, during local operation the telescope is limited to only 10% of its slewing 

limits. However, the Dome motions are already greatly reduced relative to the telescope.   

3.18.7 DCS REMOTE OPERATION 

Specification: The Dome control system shall be remotely accessible and controllable (e.g. using Remote 

Desktop, VNC or equivalent from a remote computer). Remote control implies that the Dome can be 

operated from the control room or an equivalent remote facility. 
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3.18.8 DCS OPERATION MODES 

3.18.8.1 DCS OBSERVING MODE 

Specification: During normal operations while observing, the Dome control system shall be connected to 

and driven by the Telescope control system (TCS) according to LTS-158. 

Discussion: The control system controls all the automatic procedures. 

3.18.8.2 DCS ENGINEERING MODE 

Specification: An engineering mode shall be provided for maintenance and engineering tests. Engineering 

mode shall provide for all operations available during observing mode. Under engineering mode the DCS 

should be capable of exceeding the adjustable software limit but at velocity and acceleration limits only 

10% of their normal values. 

Discussion: An example of an engineering operation is to open an individual louvered vent a specific 

amount.  

3.18.9 DCS READINESS  

Specification: The DCS shall be operational and ready to receive and act upon commands within 5 minutes 

of a cold, power-off start of its hardware. The DCS shall recover all static information required to operate 

after a restart or reboot. This information shall include, but is not limited to configuration parameters 

such as zero points and lookup tables. 

3.18.10 DCS CONNECTION TO THE TCS 

Specification: The Dome control system software shall be compatible with the LSST Communications 

infrastructure based on the Data Distribution Service (DDS) standard to communicate with the TCS 

following the interface document LTS-158. 

Discussion: The LSST PO will provide to the Contractor a reference implementation of the agreed 

interface. The implementation will include tools to simplify the integration of the LSST communications 

infrastructure on the controller. The LSST Control System is based on a distributed concurrent 

architecture, comprised of many processors, sensors and devices making an interconnected network. 

Coordination of the elements is achieved by the exchange of messages through the system interfaces. In 

this architecture, the principle of control is Supervisory Control with time critical loops closed at the local 

level, and with non time critical elements acting as “set-point” computation elements. 

The control system necessitates a communications layer that provides an efficient and reliable way of 

exchanging messages between the different systems and components of the LSST complex. The messages 

consist of control information that needs to be predictably delivered and status information utilized to 

monitor system performance. 

The communications layer is built on industry standard software known generically as communications 

middleware. The Data Distribution Service (DDS) (http://www.omg.org) has been selected as the standard 
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for LSST. Using this standard it is possible to exchange messages in a command/response or 

publish/subscribe model, according to the required functionality. 

3.18.11 DCS SYSTEM INTERFACES 

Specification: The Dome Control System shall incorporate all the necessary interfaces for 

communications, and anything else required to successfully operate the systems in any of the observing 

or engineering modes defined in this document. The naming convention shall be consistent throughout 

the software (commands, telemetry and events) to simplify maintenance. The DCS shall execute all valid 

requests sent through its interface without need of reboot or re-initialization, unless the request demands 

such an operation. 

3.18.12 DCS CONTROL COMMANDS 

Specification: The DCS shall include all the commands in the command interface in the DCS to TCS 

Interface Control Document (LTS-158). 

3.18.13 DCS TELEMETRY 

Specification: The DCS shall publish all the telemetry organized in topics as described in the TCS to Dome 

Interface Control Document (LTS-158). 

Discussion: The final telemetry list will be defined in cooperation with LSST and appended in LTS-158. 

 

3.18.14 DCS EVENTS 

Specification: The DCS shall publish events associated with significant changes in the controller status as 

described in the DCS to TCS Interface Control Document (LTS-158). 

Discussion: It is expected that the commands, telemetry and event list will be updated with the Contractor 

during the design of the Dome. Significant events include state changes, errors, reaching limits, out-of-

range, etc. 

3.18.15 DCS TIME 

Specification: The DCS shall utilize the time provided by the LSST summit network using Precision Time 

Protocol (PTP) IEEE 1588-2008 or later. The systems do not need to be directly synchronized with each 

other; instead they are using the same master clock. 

3.18.16 DCS UPDATE FREQUENCY 

Specification: The DCS system update frequency shall be a minimum of 20 Hz. 

3.18.17 DCS MOTION CONTROL 

3.18.17.1 DCS POSITIONING COMMAND 

Specification: The DCS shall handle position, velocity and time commands sent from the TCS, with 

accuracy needed to meet the motion requirements when under TCS control. 



Rotating Enclosure Specifications Document                LTS-97 Latest Revision 12/13/2018 

59 

 

3.18.17.2 DCS POSITIONING TOLERANCES 

Specification: The DCS shall continuously determine and report if it is within the tolerances for the 

position and velocity for all azimuth (Dome drive) and elevation (light/wind screen) motions for slewing, 

tracking and crawling motions. The tolerances for position and velocity shall be user-configurable 

parameters to within the precision of the relative encoders. The default tolerances shall be defined by the 

specifications for the Dome drive systems specifications.  

Discussion: In regard to the Dome motion requirements, error allocations within the DCS are not specified. 

The distribution of the total allowable error between all the contributing effects including control system 

error, vibration, bearing, encoders etc. is the responsibility of the Contractor. The cumulative effect must 

not exceed the overall requirements. Any error arising from the TCS is the responsibility of the LSST PO. 

3.18.17.3 DCS MOTION PROFILE  

Specification: When slewing, the DCS shall use a motion profile that keeps position, velocity, acceleration 

and jerk within the operational ranges and meets the slew and settling time requirements.  These 

requirements shall be met for both axes and for accelerating, decelerating and braking.  

Discussion: For testing purposes, when not under TCS control, the DCS needs to be able to generate its 

own trajectory.  

3.18.17.4 DCS MOTION NEAR A RANGE OF TRAVEL SOFTWARE RANGE 

Specification: As the light/wind screen reaches a limit of travel software range, the motion controllers 

shall be commanded to decelerate and stop within the required tolerances. 

3.18.17.5 DCS ADJUSTABLE RATE OF MOTION SOFTWARE RANGES 

Specification: For both axes the maximum demand rotational velocity, acceleration and jerk shall have 

software ranges adjustable from the EUI. Only an operator with appropriate authorization shall be able to 

modify these values. Separate ranges shall be provided for the observing and engineering modes. These 

software ranges shall be adjustable but shall not exceed the operational ranges. When slewing, the DCS 

shall not be required to meet the pointing or tracking requirements. 

Discussion: The power off braking deceleration which will likely be an inherent property of the braking 

system and need not be modifiable through the DCS. 

3.18.17.6 DCS VELOCITY ERROR CHECK 

Specification: The DCS shall generate a fault if the magnitude of the velocity error (demand velocity – 

present velocity) exceeds a configurable value. 

3.18.17.7 DCS POSITIONING  

Specification: The DCS shall provide commands for and produce motions of the Dome to any location 

within its software allowable travel or offset motions from the current position for all axes. The DCS shall 

move the Dome to the new position utilizing the most time-efficient motion profile, while remaining 

within its motion limits. 
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3.18.17.8 DCS AZIMUTH PREDEFINED POSITIONS 

Specification:  The DCS shall support a command to move to a predefined position from a list of such 

predefined positions.  The DCS shall be able to accommodate at least 6 predefined positions. This list shall 

include at least the ‘parked’ position. 

3.18.17.9 DCS MOTION STOP 

Specification:  Per LTS-158, the DCS shall support a command to stop any motion on demand. 

3.18.18 DCS TELEMETRY BUFFER 

Specification: The DCS shall be able to buffer five minutes of telemetry locally in accordance with the 

telemetry persistence requirements.  

Discussion: This requirement will be satisfied by the configuration of the communications infrastructure. 

The Contractor only needs to provide enough memory in the controller to buffer the data. 

3.18.19 DCS FAULTS 

Specification:  The DCS shall stop any motion affected by a fault condition (system fault condition or 

application exception).   

3.18.20 DCS ENGINEERING USER INTERFACE 

Specification: The DCS shall include an Engineering User Interface (EUI) that provides the features 

summarized below. The engineering display shall support the exercise of all the functionality of the DCS 

and provide access to the reading of all the DCS sensors. The engineering display shall be used during 

factory assembly and testing to operate the DCS. It shall be used to test the conformance to the DCS-TCS 

interface ICD. 

Discussion: Although the EUI will be used for all the above purposes, its main function is to operate the 

Dome during maintenance and servicing. 

3.18.20.1 DCS SOFTWARE IMPLEMENTATION 

Specification: The implementation of the EUI software shall be based on LabVIEW graphic programming 

language and framework. The EUI is not required to use the LSST communications infrastructure to 

communicate internally with the Dome systems. However, as mentioned before, all software objects shall 

be consistently named. If available, the 64-bit version of LabVIEW and Linux shall be used. All LabVIEW 

licenses shall be registered to AURA.  

Discussion: Low level code (such as PLC code) is not included here. 

3.18.20.2 DCS SOFTWARE SOURCE CODE DELIVERY 

Specification: The contractor shall deliver all source code with the control system software including all 

tools to recompile. 

Discussion:  This includes low-level code (such as PLC code). 
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3.18.20.3 DCS STATUS AND SENSING SYSTEM REPORTING 

Specification: The EUI shall provide a summary of the Dome control system status and the output of all 

sensors. At a minimum, the interface shall provide access to the configuration and calibration parameters 

of the control system, to provide for commands to each of the components of the Dome, to provide 

standard tests for maintenance of the system and to provide monitoring capabilities of the telemetry 

published by the Dome control system. 

3.18.20.4 DCS INFORMATION DISPLAY 

Specification: The Engineering User Interface (EUI) shall provide a summary of the performance of the 

Dome. At a minimum, the Engineering User Interface shall display (values and plot) the position, velocity 

and acceleration of the Dome, the power consumption and provide statistical tools to compare the 

components performances.  

3.18.20.5 DCS TELEMETRY LOGGING  

Specification: The DCS shall be able to log locally at least all items listed in DCS STATUS AND SENSING 

INFORMATION for testing purposes and have enough storage space for at least 2 days of telemetry 

archiving. 

Discussion: During normal operation, all Dome telemetry will be logged by LSST in the engineering facility 

database.  

3.18.20.6 DCS ENGINEERING AND MAINTENANCE POSITIONING  

Specification: The EUI shall provide commands for and produce motions of the Dome to any location 

within its software allowable travel or offset motions from the current position for both the elevation and 

azimuth axis. The DCS shall move the telescope to the new position through the most time efficient 

motion profile, while remaining within its motion limits. 

3.18.20.7 DCS SOFTWARE RANGE CHANGE 

Specification: The EUI shall display all software ranges. In engineering mode only, the user shall be able 

to change the adjustable ranges from the EUI. However, the EUI shall restrict these values to the 

operational ranges, and require special authorized personnel access to modify them. Engineering ranges 

can be set beyond the operational ranges but within the physical limits. 

3.18.20.8 DCS POWER UP/REBOOT 

Specification: The EUI shall provide a way to reboot the system and to turn it on/off remotely. The reboot 

of the system shall be optimized for rapid execution. Whenever the system is powered up or rebooted it 

shall begin in a static (no motion) state and remain so until it is specifically commanded otherwise. After 

a power up/reboot, a 10 second motion delay shall occur concurrently with an audible alarm inside the 

Dome before any motion is allowed. 

Discussion: The Dome is expected to be turned on permanently during normal operation. In case of power 

loss, the system is expected to be able to restart automatically following the controller states defined in 

LTS-158. 
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3.18.21 DCS STATUS AND SENSING INFORMATION  

Specification: The DCS shall monitor all sensors installed on the Dome per the Status and Sensing System 

Section. The DCS shall report the current status and change of status of the control systems and the 

sensors. At a minimum, the following information shall be reported continuously through the required 

LSST communications system: 

 Position of the azimuth and LWS as determined by their servo controllers 

 Position of the azimuth and LWS as determined by their absolute encoders 

 Velocity of the azimuth and LWS as determined by their servo controllers 

 Velocity of the azimuth and LWS as determined by their tachometers 

 Acceleration of the azimuth and LWS as determined by their servo controller 

 State of all limit switches (software and electrical) 

 Output current for each motor as determined by its servo controller 

 Position or state of all auxiliary devices, such as bridge crane, brakes, locking mechanisms etc. 

 Position of the rear access doors 

 Position of the aperture shutter 

 States of all Dome systems 

 Status of all locking mechanisms 

 Status of the azimuth and LWS parking brakes 

 Status of e-stops 

 Status of interlocks 

 Status of all motions 

 Demand position of all motions 

 In position status of all motions 

 Position of each louver of the louvered vents 

 Faults, warnings, or errors within the servo controller 

 Power supply output parameters or status 
 

Definitions: 
State:   a value representing the functional capabilities of a device or sensor 
Status:   the present value associated with a monitored parameter 
Faults:   a spontaneous event generated by a malfunctioning device. 
Warning:  the report of a parameter or action going out of predefined limits 
Errors:   an erroneous result on a requested action on a device 

3.18.22 DCS CONTROL AND MONITORING OF THERMAL CONTROL SYSTEMS 

Specification: The DCS shall monitor and report the temperature of all significant heat sources of the 

Dome. A significant heat source is any source that can release over 100 watts of heat, on average, during 

nighttime operations. The accuracy of these measurements shall be within +/-0.1C. This specifically 

includes each azimuth and elevation drive. For all actively cooled components and where overheating can 

occur, thermal sensors shall be secured between the insulation and the component, and monitored as a 

status signal to the DCS. The insulation shall be fireproof. Mixing valves that regulate the individual 

thermal control systems shall be locally controlled. 
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Discussion: The mixing valve utilizes a very simple control system which regulates the mixing valve based 

on the item’s temperature. Other than the monitoring of the heat sources, LSST PO will provide a separate 

system for monitoring the distributed temperatures of the Dome. 

3.18.23 DCS SOFTWARE MANUALS AND DOCUMENTATION 

Specification: All manuals and documentation needed to support configuration, deployment, operation 

and safety measures of the control system shall be delivered. Where applicable, software shall be 

documented to enable debugging. The source code shall be delivered with the control system software 

including all tools to recompile and to verify binary equivalence. 

3.18.24 DCS BEST SOFTWARE PRACTICES  

Specification: The DCS shall conform to the LSST software requirements as specified in document LTS-

224, “Control Software Development Best Practices.” 

3.19 ELECTRICAL REQUIREMENTS   
Specification: The Dome shall meet the electrical requirements, LTS-96 and LTS-98 documents. The Dome 

shall meet the electrical outlet requirements of LTS-52.  

Discussion: The objective of these standards is to support efficient operations and minimize the dispersion 

of final design elements across the summit support facility and the base facility. 

3.19.1 ELECTRICAL POWER 

Specification: Power shall be provided at each major Dome subsystem location. The site will provide 

380Y/220 V (3Ø “Y” connection, grounded neutral), 50Hz (Chilean standard) UPS (uninterrupted power 

supply) power to critical components. The Dome and all of its components shall be designed to operate 

under site power.  

Discussion:  A local backup generator will be available on site to provide enough power for operation in 

case of power grid failure.  

3.19.2 SLIP RING ASSEMBLY (SRA) 

Specification: The contractor shall provide and install the entire slip ring assembly. This includes both the 

fixed and moving portions. All electrical power used on the rotating portion of the Dome shall be 

transferred through the slip ring assembly. The slip rings shall be electrically connected to the dedicated 

electrical panel provided by the LSST PO. The location of this panel is provided in LTS-101. 

3.19.2.1 SRA SPARE CAPACITY 

Specification: At a minimum, slip ring assembly shall be designed with at least 100% spare capacity.  

Discussion: The excess capacity allows for both future expansion and the ability to operate the Dome if 

individual slip rings become inoperable.  
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3.19.2.2 SRA FOLLOWERS 

Specification: The slip ring system shall utilize two identical twin follower assemblies (trolleys) at least 

135 degrees apart. Four independent follower assemblies may be used instead if they are at least 70 

degrees apart. 

Discussion: Dual twin followers allow the system to continue to function when a brush encounters an 

imperfection in the slip ring. Spacing them apart minimizes resistance variation as a function of azimuth 

angle.  

3.19.2.3 SRA GROUNDING 

Specification: Grounding for the electrical systems in the rotating Dome shall be distributed through the 

slip ring system along with the electrical power.  

Discussion: There are separate requirements for lightning protection grounding in the lightning protection 

section. 

3.19.2.4 SRA LIGHTING AND POWER FEED SEPARATION 

Specification: The slip ring shall deliver power to the dome via two independent sets of three-phase bars. 

One set shall feed all lighting and control circuits, and the other shall feed all the remaining equipment.  

Discussion: The set of three-phase bars dedicated to feeding motion producing equipment will be tied to 

the facility global interlock system to accomplish emergency stop functionality. Lighting and control 

functions will not be affected as the second set of three-phase bars will be connected directly to the facility 

electrical supply 

3.19.2.5 SRA TEMPORARY BYPASS 

Specification: The contractor shall provide at least four equally spaced dedicated power receptacles 

attached to the rotating dome, and a power reel to be attached to the lower enclosure to allow for 

operating the shutter and vent louvers in the event of damage to the slip ring. The length of the power 

cord shall be at least 20 meters, which is sufficient to reach at least one of these dedicated power 

receptacles. The power reel will be installed by the LSST PO. 

Because damage to the slip ring could involve a short between its copper bars, the bypass mechanism 

shall include means to disconnect the slip ring from the power distribution system within the rotating 

dome. 

Discussion: This allows for closing the Shutter doors, vent louvers, etc. in the case of a slip ring failure 

which can occur during a lightning strike.  

3.19.3 ELECTRICAL POWER REMOVAL AND RESTORATION 

Specification: The Dome and all of its components shall be designed to allow removal and restoration of 

power without requirements on its other components, assemblies and/or subsystems. 
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3.19.4 ELECTRICAL OVER CURRENT PROTECTION  

Specification: All electronic/electrical equipment must have over-current protection (e.g. thermal 

breakers, fuses, lightning arresters, ground-fault interrupts, surge protection, etc. as required). Fuses and 

breakers shall be easily accessible for replacement. All electronic/electrical equipment shall have a main 

line circuit breaker or power switch. When available, over current protection shall be provided according 

to the component manufacturer's specifications. 

3.19.5 ELECTRICAL CONNECTORS  

Specification: All the cabling required for the operation of the Dome shall be continuous without using 

intermediate connectors. Connectors shall only be provided where required for installation, maintenance 

or repairs. All connectors shall meet the specifications of LTS-96 and LTS-98. The Contractor shall provide 

only new, high-quality, heavy duty (rough-service) electrical connectors consistent with high reliability 

operation and EMC constraints. Connectors shall be capable of being rapidly disconnected for service of 

all subassemblies. Connectors shall be sized so that within a localized assembly and/or subsystem 

incorrect connection is not possible. Only if absolutely necessary and approved by LSST PO, will connectors 

be custom keyed. Proper and appropriate strain relief shall be provided to ensure reliability and to 

minimize effect of cabling loads on the Dome.  

3.19.6 ELECTRICAL CABLING AND TUBING  

Specification:  Power and signal cables shall be shielded from low and high-frequency interference. 

Whenever possible, power and signal wires shall be routed separately. The cabling design shall avoid 

ground loops. All cables which go through cable extension/retraction systems shall resist cork-screwing, 

and be capable of withstanding multiple reverse bends over the full specified lifetime of the telescope 

(i.e., continuous flexing). The jacketing material shall be resistant to oil and abrasion, and remain flexible 

through the survival temperatures as listed in LTS-54 (Modified via CR-0122). All utilities shall be strain 

relieved at all disconnects and end points. 

Shielded cables and armored fiber optic cables must also meet the above requirements. Cables designated 

for power must also meet the specifications for voltage and amperage capacities as per the latest U.S. 

National Electric Code NFPA 70. 

Discussion: Since the codes are only updated sporadically and not annually, the Dome contactor shall use 

whatever version of this standard is most up to date at the time of the design. 

3.19.7 RACK SPACE  

Specification: Adequate rack space shall be determined early in the design process for Contractor-

supplied electronics. Contractor shall supply all required electronics.  

Discussion:  There is a substantial quantity of rack space inside the telescope pier for the Dome 

Contractor’s utilization.  
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3.19.8 ELECTRICAL OUTLETS 

Specification: Contractor shall supply at least eight general purpose electrical outlets, per LTS-52, on the 

Dome for powering tools and equipment during engineering and maintenance operations: 

 Two of these shall be on the top exterior platform on opposite sides and must be compatible with 

the exposed environment.  

 Two of these shall be on the main Dome platform.  

 One shall be on each of the two side access stairs/walkways. 

 The locations of the other two outlets are TBD.  

The capacity and location of all these outlets shall be determined with consultations with the LSST PO 

during the design phases of the project. 

3.19.9 ONBOARD UPS 

Specification: The Dome shall have an onboard Uninterrupted Power Supply (UPS) with sufficient capacity 

to operate all computers and communications equipment rotating with the Dome for at least one hour.    

Discussion:  To protect the facility UPS from lightning, raw power is provided to the slip rings that supply 

power to the rotating Dome. This raw power is backed up by a stand by generator. 

3.19.10 ELECTRICAL PANEL LOCATIONS 

Specification: The main power distribution and control panels (including the wireless receiver) that rotate 

with the Dome shall be located such that they can be accessed from the telescope maintenance platform 

with the Dome in its parked position. All other electrical panels that rotate with the Dome also shall be 

located where they can be accessed from the telescope maintenance platform, but may require rotation 

of the Dome.  

3.20 CABLES, UTILITIES AND SERVICE 
For this document “utilities” refers to all electrical wires, fiber optics, air line and glycol/water plumbing.   

3.20.1 ROUTING OF UTILITIES  

Specification: Contractor shall provide all routing for all utilities attached to the Dome and required for 

operation of the Dome. All fixed routing will be provided by LSST except for the cabling from the DC 

capacitor banks to the azimuth drives. 

3.20.2 SUPPLY OF UTILITIES  

Specification: All utility lines required for operation of the Dome shall be supplied by the Contractor. The 

Dome contractor shall provide the cabling up to the power panel located on the Dome floor as indicated 

on drawing LTS-101. 
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3.20.3 CABLE WAYS  

Specification: The Contractor shall provide all necessary cable carriers, ways, conduits, and other devices 

to support, direct, and organize the routing of utilities to the required locations of the Dome. The design 

of these devices shall provide for a neat and orderly distribution of utilities. Carriers and ways shall be 

based upon Common off the Shelf (COTS) equipment. Where cable carriers and ways are used they shall 

have removable dividers and shelves installed to maintain the relationships between cables and hoses. 

Cable carriers shall be made of self lubricating materials, and be capable of all required bend radii and 

movements. 

The design and layout of these devices shall be subject to approval by LSST. At a minimum, the Contractor 

shall provide cable carriers, way, and conduits to the following locations: 

 Top exterior platform  

 Main platform 

 Bi-parting shutters 

 Light/wind screen 

 Rear door 

 Each louvered light baffling vent 

 Bridge crane 

 Lighting fixtures 
 

3.20.4 COOLING LINES 

Specification: The Dome Contractor shall provide the cooling lines and connections to the glycol/water 

cooling lines provided by LSST to the immediate vicinity of the fixed drives and DC capacitor bank. All rigid 

coolant lines shall be insulated with standard fire proof piping insulation approved by the LSST PO. All 

flexible lines carrying liquids, coolants or oils shall have shut off valves and unions at each end for 

maintenance.  

Discussion: This requirement applies to the contractor supplied coolant lines for the azimuth drive units. 

Since the Dome is not limited in rotational travel in azimuth, and it does not include a cable wrap, it is not 

practical to supply the Dome (rotating enclosure) with glycol/water. Consequently no cooling lines are 

allowed on the rotating enclosure.  

3.20.5 PIPING JOINTS 

Specification: All piping joints shall be welded or soldered and not threaded except when specifically 

approved by LSST PO. These piping joints specifically include all glycol/water and compressed air joints. 

All joint welding shall be performed according to an LSST PO approved common industrial standard. 

Threaded joints are allowable at both ends of all flexible and rigid pipes to facilitate installation and 

replacement.  

Discussion: Threaded joints present an unnecessary leak hazard. Glycol/water will be used to cool the 

drive units. Compressed air may be incorporated into the braking system, etc. 
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3.20.6 PIPING CLEANLINESS 

Specification: All piping shall be thoroughly cleaned, purged with dry nitrogen, and capped at each 

termination prior to shipping, then again following assembly of the Dome at the facility. This piping 

specifically includes all glycol/water and compressed air lines.  

3.20.7 PIPING LABELING 

Specification: All piping shall be clearly and permanently labeled. At a minimum, this labeling shall be on 

the rigid piping at both ends of every flexible section. This specifically includes that the supply and return 

lines to the drive units be so labeled. If piping is insulated, the labeling shall be on the exterior of the 

insulation. 

Discussion: Labeling at the ends of flexible sections reduces the chances of hoses being cross connected. 

3.21 STATUS AND SENSING SYSTEM  
Specification: The Dome Contractor shall provide telemetry from all sensors installed on the Dome. The 

sensors shall monitor power supplies' output parameters. All sensor signals shall be provided to the Dome 

control system. All sensors shall be provided with their required readout electronics, software, and 

adjustment equipment as required. The type, capacity and location of each sensor shall be chosen via 

consultation with the LSST PO during the design phase of the contract. All signals sent from the rotating 

Dome shall be transmitted wirelessly and reported to the EUI as specified in the controls section. All 

signals from components fixed to the lower enclosure and sent to the DCS shall be transmitted using the 

wired Ethernet infrastructure.  

Discussion: After delivery of the Dome, the LSST PO will supply and install additional sensors. The 

Contractor will need to consult with the LSST PO to ensure mounting and cable routing is feasible for these 

sensors, which will include: 

 Thermal sensors 

 Anemometers 

 Accelerometers 

3.22  INTERLOCKS AND SAFETY REQUIREMENTS  
Specification: The Dome shall include a safety interlock system to prevent potential injury to personnel 

or equipment caused by the movement of any of the Dome components. The Dome’s interlock system 

shall be compatible with the LSST telescope global interlock system requirements specified in the LSST 

Summit Safety Interlock System (LTS-99) and with the Dome to Interlock System Interface Control 

Document (LTS-174). 

3.22.1 PERSONNEL AND EQUIPMENT SAFETY  

Specification: The Dome shall include brakes, dampened hard stops, locking mechanisms, emergency 

stops, safety interlocks and any other mechanisms necessary to ensure protection of personnel and 

components during normal operation and maintenance. 
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3.22.2 SAFETY INTERLOCK CONTROLLER 

Specification: The Dome shall provide a safety interlock controller as defined in LTS-174 to implement the 

personnel related Dome safety interlocks. 

3.22.3 SAFETY TIE POINTS  

Specification: The Dome shall include safety rated fall protection tie points on the Dome as required for 

maintenance. All tie points shall be installed in locations chosen in consultation with LSST safety 

personnel. All tie points shall meet OSHA standards.  

Discussion: Some tie point locations are specified in various sections of this document. This requirement 

is in addition to those specific locations.  

3.22.4 SAFETY STANDARDS 

Specification: The Dome shall be designed to OSHA and Chilean safety standards. 

Discussion: OSHA safety standards and Chilean safety standards are very similar. If the Dome is designed 

to OSHA safety standards then it will likely meet all the Chilean safety standards. 

3.23  LIGHTING  
Specification: The Dome shall provide two levels of lighting (high intensity and mid-intensity), which shall 

be independently operated. The lighting intensity and distribution shall be determined in conjunction with 

the LSST PO. Although only one type of lighting will likely used at a time, nothing shall prevent the use of 

any combination of the lighting systems. 

Discussion: Fluorescent light can glow after utilization which affects the telescopes’ image quality. A third 

low intensity lighting system is provided by the facility contract which only illuminates the walkways of 

the lower enclosure. 

3.23.1 HIGH INTENSITY LIGHTING  

Specification: High intensity overhead lighting shall be provided for illumination of the entire telescope, 

upper most floors of the lower enclosure and the dome interior. This lighting shall be adequate for major 

maintenance and repairs of the telescope and the interior of the dome. The high intensity lighting shall 

also be provided for the main Dome platform. The high intensity lighting shall provide adequate 

illumination for maintenance on the LWS, LLBV, the interior of the RAD and the interior of the ApS. The 

main Dome platform lighting shall be on a separate switch. The level of illumination shall be compatible 

with OSHA regulations for work spaces. To reduce afterglow only LED, Pulse Start Metal Halide, or 

Tungsten Halogen lights shall be used. 

Discussion: This lighting system will not be used on a daily basis; therefore power efficiency is secondary 

to the afterglow requirement. 
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3.23.2 MID INTENSITY LIGHTING  

Specification:  Mid level lighting shall be provided to illuminate for general purpose safe access to the 

telescope and upper most floor of the lower enclosure. To prevent afterglow and excessive heat only LED 

lighting shall be used. The LED power supplies shall be located in a panel accessible with the Dome in the 

parked position. 

Discussion: This lighting will be used for most daytime operations. Placing the LED power supplies in the 

location specified not only ensures their accessibility but also ensures that they are located away from the 

calibration screen and the Dome slit where their heat can degrade the image quality. 

3.23.3 LIGHTING CONTROL  

Specification:  The Contractor shall provide the light switches for high and mid level intensity lighting. 

These switches shall be wireless and shall be located on the fixed enclosure near the dome floor main 

entrance.  In addition, a second set of wired switches located on the rotating dome shall be provided. 

3.24 LIGHTNING PROTECTION  
Specification: Lightning arrestors distributed over the exterior surface of the Dome shall be used 

according to NFPA 780 “Standard for the Installation of the Lightning Protection Systems” and other 

applicable regulations. The Dome lightning protection shall be connected to the facility ground via 

grounding shoes located underneath the Dome azimuth ring. 

Discussion: LSST will provide the connection between the grounding shoes and the facility ground. Since 

the codes are only updated sporadically and not annually, the Dome contactor shall use whatever version 

of this standard is most up to date at the time of the design. 

3.25 FIRE ALARMS  
Fire alarms will be provided with the summit support facility. No extensions of the fire alarms system to 

the dome are required. 

4 DOME INTERFACING REQUIREMENTS 

4.1 LOWER ENCLOSURE INTERFACING REQUIREMENTS 
Specification: The Dome shall be supported on the lower enclosure. The Dome interfaces with the lower 

enclosure through the azimuth support track, drive units and slip rings. The mechanical interface between 

the azimuth support track and the lower enclosure is defined in LTS-101.   

4.1.1 DOME DESIGN MAXIMUM LOAD RATING 

Specification: The concrete Lower Enclosure Pier has been designed to support bogie vertical and radial 

loads shown on LTS-101. It is therefore required that the actual Dome not exceed these loads (sheet11).   
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4.1.2 AZIMUTH TRACK ANCHORS 

Specification: Anchor bolts for the Azimuth Track will be supplied and installed under the facility contract. 

They will be positioned as shown on LTS-101. The Azimuth Track provided by the Dome vendor shall be 

compatible with these anchors. Utilization of other anchor bolt configurations or mounting methods must 

be identified early in the design process and shall require a change order to ensure that the changes are 

incorporated into the facility. 

Discussion: The Azimuth Track used for the baseline model is shown on LTS-101. The actual track shall be 

supplied and installed by the Dome Vendor. In the baseline design, the Azimuth Track includes brackets 

for mounting the 5 stationary Azimuth Drive Units at locations shown on LTS-101. Mounting of the 

Azimuth Drive Units to the track is not a requirement, but any alternative mounting scheme must be 

determined early in the design process and submitted for approval by the LSST PO. Some mounting 

schemes may be incompatible with the facility design. 

4.1.3 AZIMUTH TRACK GROUTING 

Specification: Grouting of the Azimuth Track is the responsibility of the Dome Vendor. The grout used 

shall be Non-shrink, 100% solids, Epoxy Grout with strength properties at least as great as the concrete 

and with a compatible Coefficient of Thermal Expansion (CTE). 

If necessary, the grout thickness and/or Top of Track elevation may be varied from the dimensions shown 

on LTS-101.  

Discussion: The lower enclosure is a fixed, cylindrical, steel reinforced concrete structure that surrounds 

the telescope pier, provides interior building space and transfers to loads of the rotating enclosure (Dome) 

to the ground. The requirements for the lower enclosure are defined in the Summit Support Facility Design 

Requirements Documents. 

4.2 EXTERIOR INTERFACING REQUIREMENTS 
There is no specific maximum envelope for the exterior of the Dome. However, the Dome may not 

protrude below the top of the concrete lower enclosure without the permission of the LSST PO. A small 

amount of protrusion is inevitable to provide for a Dome to lower enclosure seal. The seal will need to be 

developed in conjunction with the lower enclosure design. The Dome shall also not interfere with the 

lower enclosure and platform lift, LTS-100 and LTS-101 

4.2.1 PARKED POSITION INTERFACE 

Specification: When in the parked position, the exterior of the Dome shall meet the platform lift (vertical 

reciprocating lift) interfacing requirements defined by LTS-100.  LTS-100 also shows the raised position of 

the lift and its allowable maximum roof height. When in the raised position, the Platform Lift elevation is 

flush with the Telescope Maintenance Platform elevation.  It is required that the floor of the Dome rear 

access doors also flush out with this elevation, as shown on LTS-100.  
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4.2.2 REAR ACCESS INTERFACE 

Specification: The Dome rear access doors and their supporting structure shall interface with the platform 

lift roof, as defined on LTS-100 and provide a clear path for the roof as it transits from lowered to fully 

raised position. As shown on LTS-100, the Dome must clear the platform lift roof, when lowered, at all 

azimuth angles.  

4.3 INTERIOR INTERFACING REQUIREMENTS 
The Dome’s interior interfaces with the telescope’s envelope, the HVAC ducts, Dome Maintenance 

Platform access ladders, the Calibration Screen, the lower enclosure’s maintenance platform and the 

manlift.  

4.3.1 TELESCOPE DESIGN ENVELOPE 

Specification: The Dome shall not intrude into the envelope defined by the dimensions defined by the 

Telescope Mount to Dome Interface Drawing LTS-105. This requirement shall be met for any:  

 Location of the Dome crane when the crane’s hook is at its maximum height.  

 Position of the light/wind screen.  

 Position of the shutter.  

 Position of the rear access doors.  

 Vent louver opening status. 

4.3.2 HVAC DUCTS  

Specification: When in the parked position, the Dome shall interface with the HVAC ducts of the lower 

enclosure defined in LTS-101, while meeting the requirements of the Heating, Ventilating and Air 

Conditioning section. This interface calls for alignment of the Dome duct risers with those coming from 

the Fixed Enclosure. There shall be no physical contact between the two. An air gap between the two, as 

shown on document LTS-101, shall be maintained.  

4.3.3 CALIBRATION SCREEN 

Specification: The Dome shall provide the support and be compatible with the calibration screen as 

defined in LTS-126. This implies that the Dome not penetrate the calibration screen envelope or obscure 

the telescope’s view of the calibration screen.  

4.3.4 TELESCOPE MAINTENANCE PLATFORM 

Specification: The Dome shall be compatible with the telescope maintenance platform of the lower 

enclosure. The design and dimensions of this platform are defined in LTS-100. This interface includes track 

troughs to accommodate temporary track inserts necessary to bridge between the Dome floor at the Rear 

Access Doors (RAD) and the Telescope Maintenance Platform. 

Discussion: There are further requirements for the RAD floor in the RAD section. 
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4.3.4.1 TRACK HORIZONTAL ALIGNMENT 

Specification: The centerline of the M1M3 mirror cart tracks shall align horizontally within +/- 5 mm of 

the centerlines of the tracks on the telescope maintenance platform when the Dome is in its parked 

position.  

4.3.4.2 FLOOR VERTICAL ALIGNMENT 

Specification: The RAD floor height shall be adjustable to accommodate at least +/-20 mm variation in 

elevation of the telescope maintenance platform from its position as defined in LTS-100. After adjustment, 

the elevation of the RAD floor shall be within +/- 5 mm vertically of the telescope maintenance platform 

at their transition. This vertical tolerance shall be achieved after accommodating at least +/-20 mm 

variation in elevation of the telescope maintenance platform from its position as defined in LTS-100. 

4.3.4.3 HORIZONTAL CLEARANCE TO TELESCOPE MAINTENANCE PLATFORM 

Specification: The horizontal gap between the door floor and the telescope maintenance platform floor 

shall be 10 +/-5 mm for the full width of the doorway. The door floor is the floor through the RAD. 

4.3.5 LOWER ENCLOSURE MANLIFT 

Specification: The Dome must not interfere with the manlift of the lower enclosure when the manlift is in 

its parked position. The envelope of the manlift is shown in drawing LTS-167.  Structure and equipment 

configuration within the Dome shall minimize obstruction of the man lift’s boom from reaching its full 

operating range. 

Discussion:  Anticipated servicing of the louver actuation mechanism is only available via the man lift for 

most of the vents. Consequently, there are further requirements for manlift access in the Louvered Light 

Baffling Vents (LLBV) section  

4.3.6 DOME LADDERS 

Specification: The Dome vendor shall supply any fixed ladders or platforms that are required to access 

the ladders attached to the rotating Dome. 

Discussion: Clearing the Dome HVAC ducts will likely require a portion of fixed ladders and minor 

platforms for the transition from the fixed to rotating portions. 

4.3.7 DOME POWER CONNECTION 

Specification: The Dome shall provide the cabling up to the Slip Ring Main Electrical Disconnect located 

on the Dome floor as indicated on drawing LTS-101. 

4.4 PLATFORM LIFT INTERFACING REQUIREMENTS 
The principal purpose of the platform lift (vertical reciprocating conveyor) is to vertically transport the 

three large optical assemblies from the main floor of the support facility up to the telescope floor. These 

three optical assemblies include the M1M3 mirror cell assembly, M2 mirror cell assembly and camera 

support assembly. Each of these assemblies is transported on its own custom wheeled cart. Covers are 
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utilized over all optical surfaces during transportation. The platform lift also has an intermediate position 

at the lower enclosure’s ground level, and may be used for other large loads. 

The purpose of this section is to provide the interfaces required for the Dome to interact with the platform 

lift. These interactions are necessary to facilitate the transition of the optical assemblies from the 

telescope to the facility.  

Specification: The rear access doors (RAD) shall be compatible with operation of the platform lift when 

the Dome is in its parked position. When the Dome is in its parked position, the rear access doors shall be 

capable of fully opening and fully closing regardless of the position of the platform lift. It shall also be 

compatible with the platform lift and its roof regardless of the Domes azimuth angle when the platform 

lift is in its lowered position. The interface details of the platform lift are defined LTS-100.  

Discussion:  The rear access doors do not physically contact or interact with the platform lift. Compatibility 

with the platform lift implies that they do not collide with the lift or its lift-off roof.  Interlocks will normally 

prevent the operation of the RAD unless the Dome is in its parked position and the platform lift is in its 

top position. These design requirements reduce the collision potential between the doors and the 

platform lift.  

The height of the platform lift floor will be adjusted to match the height of the rear access doorway, which 

in turn is adjusted to match the height of the telescope maintenance platform of the lower enclosure.   

4.4.1 HORIZONTAL CLEARANCE TO PLATFORM LIFT 

Specification: When the Dome is in its parked position, the horizontal gap between the door floor and the 

floor of the platform lift shall consistent with LTS-100 for the full width of the doorway.    

4.4.2 DOORWAY CLEARANCE TO PLATFORM LIFT 

Specification: The interior height requirement between the platform lift floor and its lift off roof is equal 

to the clear height requirement of the RAD doorway. The clear width requirement for the platform lift is 

also equal to the clear width requirement of the RAD doorway.   

4.5 CAPACITOR BANK INTERFACE 
Specification: The capacitor bank shall be located on the intermediate floor of the telescope pier and 

adjacent to the outer wall. The Dome shall not utilize more than three of the six available locations shown. 

There is ample load and volume availability at this location. The specifics of this interface will be 

determined in conjunction with the Dome vendor. 
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5 DOME FABRICATION REQUIREMENTS  

5.1 MATERIALS AND WORKMANSHIP  

5.1.1 MATERIAL QUALITY  

Specification: All materials used shall be new, of high grade commercial quality, and fulfilling the 

requirements of a standard commercial specification. They shall be consistent with all requirements in 

this document, including life cycle, reliability, design life and maintainability. They shall be sound and free 

from defects, both internal and external, such as cracks, laminations, inclusions, blow holes or porosity. 

Substitution of other materials, equipment, or designs not specified on submitted drawings will only be 

permitted where it can be shown that such items are at least equal in quality and properties to the ones 

originally specified. Substitution (to obtain improved performance or reduced cost) is subject to written 

approval by LSST. 

5.1.2 WORKMANSHIP  

Specification: Workmanship shall be of a high grade of commercial practice and adequate to achieve the 

accuracies and surface finishes called for on all drawings and in the specifications. All manufacturing 

processes, such as plating, welding or heat treatment, shall be specified and performed in such a manner 

as to achieve the strength and properties required without introducing any material defects such as 

hydrogen embrittlement, excessive grain growth, or residual stress concentrations. 

5.1.3 EDGES AND ENDS FINISHES  

Specification: All metal edges shall be free of burrs and sharp corners. No sharp edges that might 

constitute a hazard to personnel or equipment (cabling) shall remain on the finished components of the 

Assembly. The edges and ends of all plates, tubes, and fabricated sections shall be finished using an LSST 

PO approved standard. 

5.1.4 STRUCTURAL STEEL  

Specification: The Dome structure shall be fabricated from common structural steels (A36, A588, A572, 

etc.), fulfilling the requirements of the US or European structural steel standards. Material certification is 

required for all materials used in structural areas. Contractor shall submit evidence to the LSST PO that 

the material mills have complied with the requirements contained in this document and/or the 

specifications established by Contractor’s design. All structural steel to be used in the construction of the 

work shall be examined and tested at the mills in accordance with the requirements established by the 

material specifications. Reports of all mill tests, including analyses and physical tests, shall be supplied to 

the LSST PO. These reports shall include material certification sheets for all structural steel components. 

An effective means of identification of the material from the time it is shipped from the mill to the time it 

is erected at the Site shall be maintained.  

Where the construction specifications require materials, products, processes, equipment, etc. to be 

installed or applied in accordance with manufacturers’ instructions, directions, or specifications etc. they 

shall be construed to mean that said application by the manufacturer of the material concerned is for use 
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under conditions similar to those at the site. Such instructions shall be submitted to the LSST PO for review 

before any fabrication has begun. 

Discussion: Meeting the seismic requirements will likely require the use of higher strength and more 

costly structural steel (A572 grade 60) rather than the lower strength and less costly steel (A36) for some 

structural components. It is also recommended, but not required, that standard commercially available 

shapes be utilized. 

5.2 FASTENERS 
Specification: Assembly and tightening of all bolted connections shall be performed in conformance with 

a common industrial standard approved by the LSST PO. For more information see Fastener Specifications 

under Structural Requirements.  

Discussion: It is the preference of the LSST PO that the Contractor use common industrial standards that 

they have experience with rather than for LSST to dictate specific standards. 

5.3 WELDING  

5.3.1 WELDING STANDARD  

Specification: Welding shall be performed in accordance with a common industrial standard approved by 

the LSST PO. 

Discussion: It is the preference of the LSST PO that the Contractor use common industrial standards that 

they have experience with rather than for LSST to dictate specific standards. 

5.3.2 WELDING EQUIPMENT 

Specification: The welding plant shall be of modern design and of adequate capacity to provide the 

required current to each welding point without significant fluctuation and to provide a continuous, full 

thickness weld, or as specified on the construction specifications. 

5.3.3 WELDING TOLERANCES  

Specification: Suitable allowances for contraction and expansion during welding shall be made in the 

lengths of the steel parts prior to welding, so that the final machined lengths are correct within the 

accepted tolerances. 

5.3.4 WELDING PREPARATION  

Specification: All structural members shall be accurately cut and fitted, securely fixed, and jigged or 

braced before welding to hold and maintain the parts to the drawing dimensions. The surfaces to be 

welded shall be dry, clean and free from loose scale, grease or unsuitable protective paints or coatings. 

The welding procedures shall be such that distortion and lock-in stresses are minimized. Tack welds, 

temporary stiffeners, tie bars, controlled peening, pre-heating, and stress relieving during welding may 

be used for this purpose. 
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5.3.5 WELDING OPERATORS  

Specification: All welding operators employed in the work shall have passed a recognized qualification 

test for the appropriate class of work that they perform. Welding procedures shall be approved by LSST 

before the work is started. Trial welds to demonstrate the soundness of any proposed welding method 

and the competence of operators may be requested by the LSST PO prior to welding. 

5.3.6 WELDING INSPECTION  

Specification: All welding shall be subject to rigorous examination, per a standard approved by the LSST 

PO, as to filler or rod material, size, profile, weld cleanliness and freedom from pinholes and surface 

cracks.  

Discussion: Inspection criteria will be defined in cooperation with the LSST PO. 

5.3.7 WELDING LEAKAGE TESTS  

Specification: Where welded components are to be used for sumps or collection pathways for fluid 

containment, leakage tests shall be required and verified. 

5.3.8 WELDING REPAIRS  

Specification: Repairs to rejected welds shall be made using a procedure that is acceptable to the LSST 

PO. Repaired welds shall be re-examined in the same manner as the original weld. 

5.4 STRESS RELIEVING 
Specification: Any fabrication processing that imparts substantial stress into a component requires stress 

relieving. This includes all structural welds, which shall be stress relieved after welding, and/or prior to 

final machining unless approved by the LSST PO. Shop drawings shall include heat treatment specifications 

for all parts requiring heat treating. Temperature-time charts and records of heating, quenching 

treatments, material tests, etc., shall be kept and identified with the parts and submitted to the LSST PO 

as required for approval. Manufacturing processes such as forging that require substantial yielding shall 

require stress relieving. 

Discussion: Stress relieving after typical machining (milling and drilling) is not required. However, the 

azimuth track and LWS guide rails shall be stress relieved as necessary to ensure stability over their 

lifetimes. 

5.5 SURFACE FINISHES, COATINGS AND PAINTING  
Specification: All materials used in the construction of the Dome that are subject to corrosion shall have 

surface treatments that are consistent with the 50-year design life of the Dome. All surface treatments 

shall be performed in accordance with a common industrial standard approved by the LSST PO. Any 

components that are impractical to coat, such as rails, shall be fabricated from a material with sufficient 

inherent corrosion resistance such as A588. 

Discussion: It is the preference of the LSST PO that the Contractor use common industrial standards that 

they have experience with rather than for LSST to dictate specific standards. 
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5.5.1 SURFACE FINISHES SELECTION  

Specification: High-emissivity coatings and low-emissivity coatings shall be used where specified 

throughout this document. 

Discussion: Surface finishes selection has to be approved by the LSST PO as suiting the location and 

function of each member. These finishes shall not adversely affect the functioning of the Dome, nor 

require additional maintenance during the life of the telescope. 

5.5.2 SURFACE FINISHES QUALITY  

Specification: All metallic surfaces, other than mating machined surfaces, shall be painted or otherwise 

permanently protected against atmospheric corrosion. All exterior surfaces of the Dome shall be finished 

with a highly durable paint or an equivalent coating approved by the LSST PO. All structural steel not 

exposed to view shall be at a minimum primed with an inorganic zinc coating. 

Discussion: All parts of the Dome shall be finished so as to promote cleanliness and to avoid contamination 

of any mirror surface or instrument. It is of prime importance that all protective coatings are of high quality 

and long life due to the high cost of recoating and the resulting interference with operation. The LSST PO 

reserves the right to inspect all surface preparation for each individual coating prior to application. 

5.5.3 SURFACE FINISHES DURABILITY  

Specification: All finishes shall be durable against atmospheric and sun exposure, airborne dust impact, 

personnel access on and around the structure, and any other expected wear conditions.  

6 DOME PACKING AND SHIPPING REQUIREMENTS  

6.1 PACKING PREPARATION  
Specification: It is the responsibility of the Dome Contractor to provide adequate packaging for all 

materials and equipment to protect them from damage in transit and storage. It is the Contractor’s 

responsibility to ensure that all packaging is adequate for the marine environment. Due attention shall be 

paid to protection of bearing surfaces and other exposed critical surfaces to prevent damage. Special care 

shall be taken with electrical and electronic components, which shall be packed with a dehumidifying 

agent to effectively deal with condensation. 

6.2 PACKING IDENTIFICATION  
Specification: Proper identification of parts and adequate provision for slinging and handling of 

equipment without damage shall be made. All packaging, packing materials, slinging, and handling 

equipment design shall be approved for use by the LSST PO. 

Discussion: If a component is packaged for shipping its permanent label may be inaccessible.  
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6.3 PACKING DISASSEMBLY  
Specification: After completion of Factory testing at the Contractor’s facility, the Dome shall be 

disassembled into a minimum number of parts and subassemblies required for shipping and reassembly. 

The sizes and weights of the resulting assemblies must not exceed the maximum truck load sizes and 

weights on the road (and Puclaro tunnel) to the site as described in LTS-54. Contractor shall design the 

structural components of the Dome, and disassemble them, in such a way as to meet these restrictions.  

7 DOME SITE ASSEMBLY AND INSTALLATION REQUIREMENTS  

7.1 COMPONENT REQUIREMENTS FOR ON SITE ASSEMBLY  
Specification: All major subassemblies shall include lifting provisions to allow proper handling during 

assembly and subsequent possible removal. All components of the Dome shall be designed to allow for 

straightforward handling and installation.  

7.2 ON SITE ASSEMBLY PROCEDURES 
Specification: It is the responsibility of the Dome Contractor to provide the onsite assembly procedures.  

Discussion: On site testing procedure will be determined in collaboration between the Dome Contractor 

and the LSST PO. 

7.3 HANDLING ON SITE  
Specification: Except where stated elsewhere in this document, all lifting and handling equipment, tools, 

jig, and other items required for site assembly shall be provided by the Contractor.  

7.4 INSTALLATION PERSONNEL  
Specification: The Dome shall be assembled by an installation team provided by the contractor and under 

supervision of the Contractor. If any Dome assembly procedure requires specially trained personnel the 

Contractor shall provide them.  

8 DOME MAINTENANCE REQUIREMENTS  
Specification: The Dome shall be designed to facilitate maintenance and the replacement of the major 

ADBS and LWS drive components. The Dome shall be designed to minimize required maintenance, and 

shall be configured such that all necessary maintenance operations can be easily carried out without risk 

to personnel, the Dome or the telescope. 

8.1 ADEQUATE ENCLOSED SPACE FOR ENGINEERING AND MAINTENANCE  
Specification: The Dome shall provide adequate enclosed (interior) space for engineering and 

maintenance on the telescope, camera and itself, see LTS-183 and LTS-167. 
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8.2 SCHEDULED PREVENTIVE MAINTENANCE AND GENERAL MAINTENANCE  
Specification: All scheduled preventive maintenance shall be specified and provided with final 

documentation. The time intervals for each type of maintenance shall be provided. Unless approved by 

the LSST PO, all components shall be designed such that the intervals for all maintenance are one year or 

greater. Each scheduled preventive maintenance and general maintenance activity shall be designed to 

take no longer than eight hours (a normal daytime shift) by two trained technicians. 

Discussion: General maintenance encompasses activities that are required occasionally, but not at specific 

intervals, such as cleaning. This requirement is intended to allow for all maintenance to be accomplished 

during a normal work day. 

8.3 CORRECTIVE MAINTENANCE 
Specification: The Dome shall be designed such that all components that are subject to failure can be 

readily replaced. All equipment and procedures required for this replacement shall be provided with the 

Dome. The list of components at a minimum shall include, but is not limited to: 

 Azimuth (Dome) drives, brakes, encoders and latches, gears, rollers 

 Elevation (light/wind screen) drives, bearings, brakes, encoders, shock absorbers, chain segments, 
rollers, limit switches and locking mechanisms 

 Bi-parting shutter drives, bearings, encoders, limit switches and locking mechanisms 

 Rear door drives, encoders, bearings, limit switches and locking mechanisms 

 All bogie components 

 Radial Bearing System (Lateral Restraint)  

 Az track and LWS guiderail  sections 

 Braking surfaces, solenoids 

 Louver drives and mechanisms 

 Azimuth gear rack 
Any corrective maintenance (repair) procedure that requires two experienced technicians more than a 
single 10 hour day shall require LSST PO approval. 

8.4 MODULAR DESIGN  
Specification: Wherever possible, Contractor’s subsystems shall be organized into modules for ease of 

mounting/dismounting and servicing, particularly any components that have critical alignments or 

adjustment that would be easier to achieve in a separate work area and rather than when installed on the 

Dome. 

8.5 MAINTENANCE DOCUMENTATION  
Specification: Written instructions for the removal, installation, servicing, alignment, and adjustment of 

each component shall be provided by Contractor for all Dome subsystems. All maintenance procedures 

shall be approved by the LSST PO. 
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8.6 MAINTENANCE EQUIPMENT  
Specification: The Contractor shall provide all special tools and equipment necessary for initial set-up, 

maintenance, and servicing operations required throughout the design lifetime of the Dome. This 

excludes common hand tools such as wrenches, sockets, etc. Custom stands, sights and instruments 

necessary for initial set-up of the system, debugging, and regular maintenance shall be delivered as special 

tooling and equipment. Any special handling fixtures, such as spreader bars required for handling Dome 

components, shall be deliverable with the Dome. Special tools shall be marked with an appropriate part 

number. Contractor shall provide all alignment and adjustment tools, including software routines for all 

mechanical, electrical and software components of the Dome. 

At a minimum the Contractor shall provide all the following maintenance equipment.  

 All equipment required to repair a bogie 

 All equipment required to replace an azimuth drive unit assembly  

 All equipment required to replace an azimuth drive rack or equivalent section 

 All equipment required to replace an elevation (light/wind screen) drive unit assembly 

 All equipment required to replace a LWS drive chain or equivalent segment  

 All equipment required to replace a Rear Access Door (RAD) drive unit assembly 

 All equipment required to replace RAD drive rack or equivalent section 

 All equipment required to replace an aperture shutter Door (ApS) drive unit assembly 

 All equipment required to replace ApS drive chain or equivalent section 

 All equipment required to replace a louver drive unit  

8.7 SPARES AND CONSUMABLES  
Specification: Except for electronics, adequate spares to meet 50 years of service shall be provided for all 

components and modules that are not expected to survive the 50 year life. Adequate spares for 15 years 

of service life shall be provided for all electronics. Servicing instructions shall include inspections of such 

equipment to evaluate conditions on a periodic basis. A list of all components that are not expected to 

meet the 50 year life shall be provided along with their predicted life time.  

At least one spare shall be provided for all major components that could fail during the DOME's lifetime. 

At a minimum this requires that one complete assembly of each of the following shall be provided: 

 ADBS drive assembly with motor 

 ADBS bogie assembly 

 ADBS brake assembly 

 ADBS locking mechanism 

 ADBS azimuth encoder head 

 ADBS rack segment (if applicable) 

 LWS elevation drive assembly with motor 

 LWS bogie/roller assembly 
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 LWS brake assembly 

 LWS encoder head 

 LWS shock absorber(s) 

 LWS locking mechanism 

 RAD drive unit assembly 

 RAD bogie/roller 

 RAD locking mechanism  

 ApS drive unit assembly with motor 

 ApS drive mechanism components 

 ApS bogie/roller 

 ApS locking mechanism 

 Complete LLBV drive system and mechanism 

 Each type of motor controller utilized 

 Critical Electronics 

9 CODES AND STANDARDS  
Specification: Standardized codes and regulations shall form a partial basis of compliance for design and 

construction. The most current released edition available shall be used. In the case of conflict between a 

standard and this document, this document shall prevail. Example standards to be used include: 

 International Building Code 

 AISC American Institute of Steel Construction AISC Manual of Steel Construction, 9th ed. AISC 

Specification for the Design, Fabrication, And Erection of Structural Steel for Buildings 

 AWS American Welding Society AWS D1.1-92 “Structural Welding Code – Steel” 

 ASTM American Society for Testing and Materials 

 ANSI American National Standards Institute 

 SSPC Steel Structures Painting Council, Good Painting Practice, Steel Structure Painting 

 U.S. Occupancy Safety and Health Administration (OSHA) 

 Environmental Protection Agency (EPA)  

 National Fire Protection Association (NFPA): National Electric Code 

 International Code Council (ICC): International Building Code, Fire Code 

 Chilean Standards from “Normas de Chile” 

 
Only US, European or Chilean Standards may be utilized. It is the responsibility of the Contractor to 

determine the most appropriate standard for each application; however each standard chosen shall be 

approved by LSST. The Contractor shall submit copies of the standards referenced when requested by 

LSST. 
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Discussion: It is the preference of the LSST PO that the Contractor use common industrial standards that 

they have experience with rather than for LSST to dictate specific standards. 

10 QUALITY ASSURANCE 
Included in each major numbered specification listed in this document is a requirement verification 

method. These verification methods specify the minimum standards of verification required by the LSST 

PO to ensure that the individual requirements and specifications are met. All verification activities shall 

be the responsibility of the Contractor. The Contractor shall be solely responsible for providing any and 

all test equipment, analyses, inspections, personnel, and other means necessary to verify that the 

specifications and requirements have been met. 

All equipment and standards used in acceptance testing shall be calibrated and traceable to established 

standards to ensure accuracy and integrity of testing. These tests shall be satisfactorily performed to 

demonstrate compliance with the stated requirements in this specification prior to the Assembly 

acceptance. All the test results shall be summarized in a verification document. 

The following methods shall be used to verify the design and performances of the Dome: 

 Inspection (I): simple examination to provide evidence that the requirements met. 

 Analysis (A): verification by mathematical models, simulations or engineering/scientific 

principles to provide evidence that requirements are met. 

 Test (T): determination by measurement of the properties or performances that the 

requirements are met. 

 Demonstration (D): verification through actual operation of the system to demonstrate that the 

requirements are met. 

The Contractor shall be responsible for performance of all verifications shown in the verification matrix to 

verify conformance to the requirements.  

All analyses, test results (with calibration records) and other verification reports shall be provided to the 

LSST PO in written report electronic (MS Word or Excel) format. All reports shall include Title, Author, Date 

and Revision Number. 
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2 DOME PERFORMANCE REQUIREMENTS NA

2.1 POINTING REQUIREMENTS NA

2.1.1 POINTING RANGE IN AZIMUTH x  x

2.1.2 POINTING RANGE IN ELEVATION x  x

2.1.3 ABSOLUTE POINTING ACCURACY x x

2.1.4 POINTING REPEATABILITY x x x

2.2 SLEWING REQUIREMENTS x x x

2.2.1 SLEW AND SETTLE TIME FOR AN AZIMUTH OFFSET x x x

2.2.2 SLEW AND SETTLE TIME FOR AN ELEVATION OFFSET x x x

2.2.3 SLEW RATE LIMITS x x x

2.2.3.1 MAXIMUM SLEW RATE x x x

2.2.3.2 MINIMUM SLEW RATE x x x

2.2.4 LONG SLEW x x x

2.2.4.1 LONG AZIMUTH SLEW x x x

2.2.4.2 LONG ELEVATION SLEW x x x

2.2.5 MOTION PROFILE x x x

2.2.6 DUTY CYCLE x

2.3 AZIMUTH CRAWLING REQUIREMENTS NA

2.3.1 CRAWLING RANGE x x

2.3.2 CRAWLING VELOCITY x x

2.3.3 CRAWLING ACCURACY x x x

2.4 TRACKING REQUIREMENTS NA

2.4.1 TRACKING RANGE x x x

2.4.2 TRACKING VELOCITY x x x

3 DOME DESIGN REQUIREMENTS NA

3.1 GENERAL REQUIREMENTS NA

3.1.1 ALT-AZ DOME DESIGN x

3.1.2 NON CO-ROTATING DESIGN x

3.1.3 TOTAL MOVING MASS AND INERTIA REQUIREMENT x x

3.1.4 TOTAL FIXED MASS REQUIREMENT x x

3.1.5 LIFETIME REQUIREMENTS x

3.1.6 RELIABILITY REQUIREMENTS x

3.1.7 FATIGUE AND WEAR x

3.1.8 COMMONALITY OF DESIGN x x

3.1.9 COMMON OFF THE SHELF COMPONENTS x x

3.1.10 OBSTRUCTION TO VENTILATION x x

3.1.11 EQUIPMENT VENTING REQUIREMENTS x x

3.1.12 DE-RATING REQUIREMENTS x x

3.1.13 LIGHT SOURCES AVOIDANCE x  

3.1.14 COMPONENT LABELING x

LSST DOME VERIFICATION MATRIX REQUIREMENTS
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3.1.15 COLLISION AVOIDANCE x

3.1.16 COMPONENT ENTRAPMENT x

3.1.17 DOME PARKED POSITION x

3.1.18 DOME COMMUNICATIONS x

3.2 CLEAR APERTURE x x

3.3 ENVIRONMENTAL REQUIREMENTS x

3.3.1 ENVIRONMENTAL ASPECT OF DOME DESIGN x

3.4 VIBRATION REQUIREMENTS x

3.4.1 SMOOTHNESS OF MECHANISMS OPERATION (VIBRATIONS) x x x

3.4.2 SMOOTHNESS OF AZIMUTH AND ELEVATION MOTIONS (VIBRATIONS) x x x

3.5 LIGHT TIGHTNESS AND STRAY LIGHT REQUIREMENTS NA

3.5.1 LIGHT ATTENUATION DURING OBSERVING x x x

3.5.2 LIGHT ATTENUATION DURING DAYTIME x x x

3.5.3 STRAY LIGHT AND DOME SLIT x x x

3.6 STRUCTURAL REQUIREMENTS NA

3.6.1 LOADING REQUIREMENTS x

3.6.2 NATURAL FREQUENCY REQUIREMENT x

3.6.3 WIND LOADING REQUIREMENT x

3.6.4 SEISMIC REQUIREMENTS x

3.6.4.1 SEISMIC SURVIVAL EVENT x

3.6.4.2 SEISMIC RECOVERABLE EVENT x

3.6.4.3 SEISMIC OPERABLE EVENT x

3.6.4.4 SEISMIC MAINTENANCE EVENT x

3.6.4.5 DOME TO LOWER ENCLOSURE SEISMIC RESTRAINTS x x

3.6.5 STRUCTURAL DESIGN x  

3.6.5.1 STRUCTURAL STRESS x

3.6.5.2 STRUCTURAL YIELD FACTOR OF SAFETY x

3.6.5.3 STRUCTURAL ULTIMATE AND BUKCLING FACTOR OF SAFETY x

3.6.6 FASTENERS STANDARDS x x

3.7 MECHANISM REQUIREMENTS NA

3.7.1 BASIC REQUIREMENTS x x

3.7.2 ACCESSIBILITY x

3.8 AZIMUTH DRIVE AND BEARING SYSTEMS x x

3.8.1 ADBS DRIVE UNIT NUMBER, DESIGN ENVELOPE AND LOCATIONS x x

3.8.2 ADBS DRIVE SYSTEM MAINTAINABILITY x x x

3.8.3 ADBS DRIVE SYSTEM COMPOSITION x x

3.8.4 ADBS OPERATION WITH A DRIVE SYSTEM FAILURE x x x

3.8.5 ADBS BOGIES DISTRIBUTION AND LOCATIONS x x

3.8.6 ADBS BOGIES WHEEL DESIGN NA

3.8.6.1 ADBS BOGIES WHEEL SIZE (DIAMETER AND WIDTH) x x

3.8.6.2 ADBS BOGIES WHEEL SHAPE x x

LSST DOME VERIFICATION MATRIX REQUIREMENTS
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3.8.6.3 ADBS BOGIES WHEEL CONTACT SURFACE DESIGN x x

3.8.6.4 ADBS BOGIES WHEEL ALIGMENT x x

3.8.7 ADBS BOGIES STEERING ADJUSTMENT x x

3.8.8 ADBS AZIMUTH TRACK x x

3.8.8.1 ADBS AZIMUTH TRACK CONFIGURATION x x

3.8.8.2 ADBS AZIMUTH TRACK DURABILITY x x

3.8.8.3 ADBS AZIMUTH TRACK SMOOTHNESS x x

3.8.8.4 ADBS AZIMUTH TRACK SEGMENT JOINTS x x

3.8.9 ADBS DRIVE SYSTEM REGENERATIVE BRAKING x x

3.8.10 ADBS DRIVE SYSTEM POWER OFF BRAKING x x

3.8.11 ADBS BRAKING DECELERATION LIMITS x x

3.8.12 ADBS LOCKING MECHANISM x x x

3.8.13 ADBS DRIVE SYSTEM AND BRIDGE CRANE COMPATIBILITY x x

3.8.14 ADBS DRIVE SYSTEM THERMAL CONTROL x x x

3.8.14.1 ADBS SURFACE TEMPERATURE x x x

3.8.14.2 ADBS INSULATION x x

3.8.14.3 ADBS COOLING SYSTEM CONFIGURATION x x

3.8.14.4 ADBS COOLING SYSTEM CONDENSATION CATCHMENTS AND DRAIN LINES x x

3.8.15 ADBS SOFTWARE, LIMIT SWITCHES AND HARD STOPS TRAVEL LIMITS x x

3.8.16 ADBS SOFTWARE AND POWER OFF VELOCITY LIMITS x x x

3.8.16.1 ADBS ADJUSTABLE SOFTWARE VELOCITY LIMITS x x

3.8.16.2 ADBS FIXED SOFTWARE VELOCITY LIMITS x x

3.8.16.3 ADBS POWER OFF VELOCITY LIMITS x x

3.8.17 ADBS SOFTWARE ACCELERATION AND JERK LIMITS x x x

3.8.17.1 ADBS ADJUSTABLE SOFTWARE ACCELERATION AND JERK LIMITS x x x

3.8.17.2 ADBS FIXED SOFTWARE ACCELERATION AND JERK LIMITS x x x

3.8.18 ADBS ENCODER SYSTEMS NA

3.8.18.1 ADBS ENCODER SYSTEM ABSOLUTE POSITION x x x

3.8.18.2 ADBS ENCODER READOUT HEADS x x x

3.8.18.3 ADBS ENCODER SYSTEM RANGE x x x

3.8.18.4 ADBS ENCODER SYSTEM RESOLUTION x x x

3.8.19 ADBS REMOVABLE COVERS x x

3.9 APERTURE SHUTTER (APS) x x

3.9.1 ApS CLEAR APERTURE x x x

3.9.2 ApS STRAY LIGHT AND COATING x x

3.9.3 ApS CONFIGURATION x x

3.9.4 ApS DESIGN ENVELOPE NA

3.9.5 ApS WIND PERMEABILITY x x

3.9.6 ApS WEATHER TIGHTNESS x x

3.9.7 ApS LIGHT TIGHTNESS x x

3.9.8 ApS ICE AND SNOW MEASURES x

LSST DOME VERIFICATION MATRIX REQUIREMENTS
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3.9.9 ApS OPERATION, SPEED AND ENVIRONMENT DESIGN LEVEL x x x

3.9.10 ApS DRIVE SYSTEM REDUNDANCY x x x

3.9.11 ApS CONTROL x x

3.9.12 ApS STATUS x x

3.9.13 ApS LOCKING MECHANISMS x x x

3.9.14 ApS LIMIT SWITCHES AND HARD STOPS TRAVEL LIMITS x x

3.9.15 ApS MANUAL POWER DISCONNECT SWITCH x x

3.10 LIGHT/WIND SCREEN (LWS) NA

3.10.1 LWS CLEAR APERTURE x x x

3.10.2 LWS STRAY LIGHT AND COATING x x

3.10.3 LWS CONFIGURATION x x

3.10.4 LWS DESIGN ENVELOPE x

3.10.5 LWS WIND PERMEABILITY x x

3.10.6 LWS LIGHT TIGHTNESS x x

3.10.7 LWS OPERATION, SPEED AND ENVIRONMENT DESIGN LEVEL x

3.10.8 LWS DRIVE SYSTEM MOTOR BRAKING x x

3.10.9 LWS POWER OFF BRAKING  x x

3.10.10 LWS NORMAL OPERATIONAL BRAKING DECELERATION LIMITS x x x

3.10.11 LWS LOCATION OF DRIVE SYSTEM AND OTHER HEAT SOURCES x  

3.10.12 LWS DRIVE ASSEMBLY REPLACEMENT x x

3.10.13 LWS SLIT SPECIAL ACCESS CONFIGURATION x x x

3.10.14 LWS MATERIAL AND LUBRICATION x x x

3.10.15 LWS STORAGE ORIENTATION TOWARD MAIN PLATFORM x x x

3.10.16 LWS MANUAL POWER DISCONNECT SWITCH x  x

3.10.17 LWS CONTROL x x

3.10.18 LWS STATUS x

3.10.19 LWS LOCKING MECHANISMS x x x

3.10.20 LWS SOFTWARE, LIMIT SWITCHES AND HARD STOPS TRAVEL LIMITS x x x

3.10.20.1 LWS LIMIT HIERARCHY AND INTERACTION x x x

3.10.20.2 LWS STOPPING ACCELERATIONS x x x

3.10.20.3 LWS LIMIT SWITCHES AND HARD STOP DESIGN VELOCITY x x x

3.10.20.4 LWS ADJUSTABLE TRAVEL RANGE x x x

3.10.20.5 LWS ENGINEERING RANGE OF TRAVEL x x x

3.10.20.6 LWS LIMIT SWITCH CONFIGURATION x x x

3.10.20.7 LWS DIRECTIONAL TRAVEL LIMIT SWITCHES x x x

3.10.20.8 LWS POWER OFF TRAVEL LIMIT SWITCHES x x x

3.10.20.9 LWS HARD STOPS TRAVEL LIMITS x x x

3.10.21 LWS ADJUSTABLE SOFTWARE VELOCITY RANGES x x x

3.10.22 LWS POWER OFF VELOCITY LIMITS x x x

3.10.23 LWS ADJUSTABLE SOFTWARE ACCELERATION AND JERK LIMITS x x x

3.10.24 LWS NATURAL FREQUENCY x
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3.10.25 LWS PANEL COMPLIANCE WITH DOME STRUCTURE x

3.10.26 LWS PANEL CAPTIVITY x x

3.10.27 LWS ROLLER AND GUIDE SYSTEM x

3.10.28 LWS LOWER PANEL SUPPORT x

3.10.29 LWS DRIVE UNIT SYNCHRONIZATION x x

3.10.30 LWS ENCODER SYSTEMS NA

3.10.30.1 LWS ENCODER SYSTEM ABSOLUTE POSITION x x x

3.10.30.2 LWS ENCODER READOUT HEADS x x x

3.10.30.3 LWS ENCODER SYSTEM RANGE x x x

3.10.30.4 LWS ENCODER SYSTEM RESOLUTION x x x

3.11 REAR ACCESS DOORS (RAD) NA

3.11.1 RAD CLEAR ACCESS x x

3.11.2 RAD COATINGS x  

3.11.3 RAD CONFIGURATION x x

3.11.4 RAD DESIGN ENVELOPE x

3.11.5 RAD WIND PERMEABILITY x x

3.11.6 RAD WEATHER TIGHTNESS x x

3.11.7 RAD LIGHT TIGHTNESS x x

3.11.8 RAD OPERATION, SPEED AND ENVIRONMENT x x x

3.11.9 RAD CONTROL x x

3.11.10 RAD STATUS x x

3.11.11 RAD LOCKING MECHANISMS x x x

3.11.12 RAD LIMIT SWITCHES AND HARD STOPS TRAVEL LIMITS x x x

3.11.13 RAD FLOORING x

3.11.13.1 RAD FLOORING M1M3 CART RAIL ACCOMODATION x x

3.11.13.2 RAD FLOORING DESIGN REQUIREMENT x

3.12 LOUVERED  LIGHT BAFFLING VENTS (LLBV) NA

3.12.1 LLBV VENT CAPACITY x

3.12.2 LLBV STRAY LIGHT AND COATING x x

3.12.3 LLBV WEATHER TIGHTNESS x x

3.12.4 LLBV LIGHT TIGHTNESS x x

3.12.5 LLBV OPERATION, SPEED AND ENVIRONMENT x x x

3.12.6 LLBV MECHANISM LOCATION AND MANLIFT ACCESS x x x

3.12.7 LLBV CONTROL x x

3.12.8 LLBV STATUS x x

3.12.9 LLBV LIMIT SWITCHES AND HARD-STOPS TRAVEL LIMITS x x x

3.13 OVERHEAD BRIDGE CRANE (OBC) x x x

3.13.1 OBC TASK x

3.13.1.1 OBC COVERAGE x x x

3.13.1.2 OBC HOOK HEIGHT AND CABLE REACH x x x

3.13.2 OBC CAPACITY x
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3.13.3 OBC SPEED CONTROL x x

3.13.4 OBC CONTROLLER x x x

3.13.5 OBC SAFETY FEATURES x x x

3.13.6 OBC MAINTENANCE FEATURES x x x

3.13.7 OBC LOCAL SUPPORT x

3.13.8 OBC PARKED POSITION x x

3.13.9 OBC LOCKING MECHANISM x x x

3.13.10 OBC MANUAL POWER DISCONNECT SWITCH x x x

3.13.11 OBC INTERFERENCE x x

3.13.12 OBC UTILITY HATCH COMPATIBILITY x x

3.14 EXTERIOR SURFACE NA

3.14.1 EXTERIOR SURFACE PANELS (SIDING) x x  

3.14.2 EXTERIOR SURFACE FINISHES x x x

3.14.3 EXTERIOR SURFACE JOINTS x x

3.14.4 EXTERIOR MOVING INTERFACE SEALS x x x x

3.14.5 DOME SEAL AIR LEAKAGE x

3.14.6 EXTERIOR SURFACE INSULATION x x

3.15 DOME INTERIOR SURFACE x x

3.16 PLATFORMS, LADDERS AND STAIRS NA

3.16.1 GENERAL DESIGN REQUIREMENTS NA

3.16.1.1 PERSONNEL ACCESS x x

3.16.1.2 PERSONNEL RESCUE ACCESS x x

3.16.1.3 FLOORING DESIGN STANDARDS x x

3.16.1.4 PERFORATED FLOORS x x

3.16.1.5 COATING FOR NON PERFORATED FLOORS x x

3.16.1.6 FALL PROTECTION x x x x

3.16.2 MAIN DOME PLATFORM x x

3.16.2.1 MDP COVERAGE x x

3.16.2.2 MDP HEIGHT x x

3.16.2.3 MDP LADDER ACCESS x x

3.16.2.4 MDP MANLIFT ACCESS x x

3.16.2.5 MDP SMALL AUXILIARY CRANE x x

3.16.3 LIGHT/WIND SCREEN SIDE ACCESS x x x x

3.16.3.1 ACCESS TO THE SIDE ACCESS STAIRS/WALKWAYS x x

3.16.3.2 EXTENT OF THE SIDE ACCESS STAIRS/WALKWAYS x x

3.16.3.3 FALL PROTECTION FOR THE SIDE ACCESS, STAIRS/WALKWAYS x x x x

3.16.4 TOP EXTERIOR PLATFORM x x

3.16.4.1 ACCESS TO TEP x x

3.16.4.2 COVERAGE OF THE TEP x x x x

3.16.4.3 FALL PROTECTION FOR THE TEP x x x x

3.17 THERMAL CONTROL NA
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3.17.1 HEATING, VENTILATING AND AIR CONDITIONING NA  

3.17.1.1 LOWER ENCLOSURE TO DOME DUCTING ALIGNMENT x x

3.17.1.2 DUCT SIZING x x

3.17.1.3 DUCTING EXHAUST DISPERSION x x

3.17.1.4 LOWER ENCLOSURE TO DOME OPERATIONAL ORIENTATION x x

3.17.1.5 DUCTING FANS x x x

3.17.1.6 DUCTING GRILLS x x

3.17.1.7 DUCTING AND FANS VIBRATION AND ACOUSTIC STANDARDS x

3.17.2 COMPONENT HEAT DISSIPATION x x

3.17.3 POWER CONSUMPTION x x

3.18 DOME CONTROL SYSTEM x x x x

3.18.1 DCS BASIC FUNCTION x

3.18.2 DCS EMERGENCY ON BOARD CONTROL PANEL x

3.18.3 DCS CONTROLLER x x

3.18.4 DCS WIRELESS COMMUNICATIONS x x

3.18.5 DCS INTERLOCKS x

3.18.6 DCS LOCAL OPERATION x x x

3.18.6.1 DCS LOCAL OPERATION PERFORMANCE LIMITS x

3.18.7 DCS REMOTE OPERATION x x x

3.18.8 DCS OPERATION MODES NA

3.18.8.1 DCS OBSERVING MODE x x x

3.18.8.2 DCS ENGINEERING MODE x x x

3.18.9 DCS READINESS x x x

3.18.10 DCS CONNECTION TO THE TCS x x x

3.18.11 DCS SYSTEM INTERFACES x x

3.18.12 DCS CONTROL COMMANDS x x

3.18.13 DCS TELEMETRY x x

3.18.14 DCS EVENTS x x

3.18.15 DCS TIME x x x

3.18.16 DCS UPDATE FREQUENCY x x

3.18.17 DCS MOTION CONTROL NA

3.18.17.1 DCS POSITIONING COMMAND x x x

3.18.17.2 DCS POSITIONING TOLERANCES x x x

3.18.17.3 DCS MOTION PROFILE x x x

3.18.17.4 DCS MOTION NEAR A RANGE OF TRAVEL SOFTWARE RANGE x x x

3.18.17.5 DCS ADJUSTABLE RATE OF MOTION SOFTWARE RANGES x x x

3.18.17.6 DCS VELOCITY ERROR CHECK x x x

3.18.17.7 DCS POSITIONING x x x

3.18.17.8 DCS AZIMUTH PREDEFINED POSITIONS x x x

3.18.17.9 DCS MOTION STOP x x

3.18.18 DCS TELEMETRY BUFFER x x
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3.18.19 DCS FAULTS x x

3.18.20 DCS ENGINEERING USER INTERFACE x x

3.18.20.1 DCS SOFTWARE IMPLEMENTATION x x

3.18.20.2 DCS SOFTWARE SOURCE CODE DELIVERY x

3.18.20.3 DCS STATUS AND SENSING SYSTEM REPORTING x x

3.18.20.4 DCS INFORMATION DISPLAY x x

3.18.20.5 DCS TELEMETRY LOGGING x x

3.18.20.6 DCS ENGINEERING AND MAINTENANCE POSITIONING x x

3.18.20.7 DCS SOFTWARE RANGE CHANGE x x x

3.18.20.8 DCS POWER UP/REBOOT x x x

3.18.21 DCS STATUS AND SENSING INFORMATION x x

3.18.22 DCS CONTROL AND MONITORING OF THERMAL CONTROL x x x

3.18.23 DCS SOFTWARE MANUALS AND DOCUMENTATION x x

3.18.24 DCS SOFTWARE BEST PRACTICES x x

3.19 ELECTRICAL REQUIREMENTS x x

3.19.1 ELECTRICAL POWER x x

3.19.2 SLIP RING ASSEMBLY (SRA) x x x

3.19.2.1 SRA SPARE CAPACITY x x

3.19.2.2 SRA FOLLOWERS x x

3.19.2.3 SRA GROUNDING x x

3.19.2.4 SRA LIGHTING AND POWER FEED SEPARATION x x

3.19.2.5 SRA TEMPORARY BYPASS x x x

3.19.3 ELECTRICAL POWER REMOVAL AND RESTORATION x x

3.19.4 ELECTRICAL OVER CURRENT PROTECTION x x

3.19.5 ELECTRICAL CONNECTORS x x

3.19.6 ELECTRICAL CABLING AND TUBING x x

3.19.7 RACK SPACE x x

3.19.8 ELECTRICAL OUTLETS x x

3.19.9 ONBOARD UPS x x

3.19.10 ELECTRICAL PANEL LOCATIONS x x

3.20 CABLES, UTILITIES AND SERVICE NA

3.20.1 ROUTING OF UTILITIES x x

3.20.2 SUPPLY OF UTILITIES x x

3.20.3 CABLE WAYS x x

3.20.4 COOLING LINES x x

3.20.5 PIPING JOINTS x x

3.20.6 PIPING CLEANLINESS x x

3.20.7 PIPING LABELING x x

3.21 STATUS AND SENSING SYSTEM x x

3.22 INTERLOCKS AND SAFETY REQUIREMENTS x x x x

3.22.1 PERSONNEL AND EQUIPMENT SAFETY x x x x
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3.22.2 SAFETY INTERLOCK CONTROLLER x x x

3.22.3 SAFETY TIE POINTS x x x x

3.22.4 SAFETY STANDARDS x

3.23 LIGHTING x x x

3.23.1 HIGH INTENSITY LIGHTING x x x

3.23.2 MID INTENSITY LIGHTING x x x

3.24 LIGHTNING PROTECTION x x

4 DOME INTERFACING REQUIREMENTS

4.1 LOWER ENCLOSURE x x x

4.1.1 DOME DESIGN MAXIMUM LOAD RATING x x x

4.1.2 AZIMUTH TRACK ANCHORS x x x

4.1.3 AZIMUTH TRACK GROUTING x x x

4.2 EXTERIOR INTERFACING NA

4.2.1 PARKED POSITION INTERFACE x x x

4.2.2 REAR ACCESS INTERFACE x x x

4.3 INTERIOR INTERFACING NA

4.3.1 TELESCOPE DESIGN ENVELOPE x x

4.3.2 HVAC DUCTS x x

4.3.3 CALIBRATION SCREEN x x x

4.3.4 TELESCOPE MAINTENANCE PLATFORM x x

4.3.4.1 TRACK HORIZONTAL ALIGNMENT x x x

4.3.4.2 FLOOR VERTICAL ALIGNMENT x x x

4.3.4.3

HORIZONTAL CLEARANCE TO TELESCOPE MAINTENANCE 

PLATFORM x x x

4.3.5 LOWER ENCLOSURE MANLIFT x x

4.3.6 DOME LADDERS x x

4.3.7 DOME POWER CONNECTION x x

4.4 PLATFORM LIFT INTERFACING REQUIREMENTS x x x

4.4.1 HORIZONTAL CLEARANCE TO PLATFORM LIFT x x x

4.4.2 DOORWAY CLEARANCE TO PLATFORM LIFT x x x

4.5 CAPACITOR BANK INTERFACE x x

5 DOME FABRICATION REQUIREMENTS NA

5.1 MATERIALS AND WORKMANSHIP NA

5.1.1 MATERIAL QUALITY x x

5.1.2 WORKMANSHIP x x

5.1.3 EDGES AND ENDS FINISHES x

5.1.4 STRUCTURAL STEEL x x

5.2 FASTENERS x x
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5.3 WELDING NA

5.3.1 WELDING STANDARD x

5.3.2 WELDING EQUIPMENT x

5.3.3 WELDING TOLERANCES x x

5.3.4 WELDING PREPARATION x

5.3.5 WELDING OPERATORS x

5.3.6 WELDING INSPECTION x x

5.3.7 WELDING LEAKAGE TESTS x x

5.3.8 WELDING REPAIRS x

5.4 STRESS RELIEVING x x

5.5 SURFACE FINISHES, COATINGS AND PAINTING x x

5.5.1 SURFACE FINISHES SELECTION x x

5.5.2 SURFACE FINISHES QUALITY x x

5.5.3 SURFACE FINISHES DURABILITY x x

6 DOME PACKING AND SHIPPING REQUIREMENTS NA

6.1 PACKING PREPARATION x x

6.2 PACKING IDENTIFICATION x x

6.3 PACKING DISASSEMBLY x x

7

DOME SITE ASSEMBLY AND INSTALLATION 

REQUIREMENTS NA

7.1 COMPONENT REQUIREMENTS FOR ON SITE ASSEMBLY x x x

7.2 ON SITE ASSEMBLY PROCEDURES x x

7.3 HANDLING ON SITE x

7.4 INSTALLATION PERSONNEL x

8 DOME MAINTENANCE REQUIREMENTS x  

8.1 ADEQUATE ENCLOSED SPACE x x x

8.2

SCHEDULED PREVENTATIVE MAINTENANCE AND 

GENERAL MAINTENANCE x x x

8.3 CORRECTIVE MAINTENANCE x x

8.4 MODULAR DESIGN x x

8.5 MAINTENANCE DOCUMENTATION x  

8.6 MAINTENANCE EQUIPMENT x x

8.7 SPARES AND CONSUMABLES x x

9 CODES AND STANDARDS x
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