	  [image: image3.png]



	Safety System Functions with the LLF (Draft)
	Page

7 of 7



	[image: image1.png]





Next Generation Adaptive Optics System
Safety System Functions with the Laser Launch Facility
(Draft)

June 05, 2009
VersionV1.0
Prepared By Jason Chin

Revision History

	Revision 
	Date
	Author (s)
	Reason for revision / remarks

	1.0
	June 05, 2009
	JC 
	Initial release


TABLE OF CONTENTS

2Revision History


3TABLE OF CONTENTS


4Introduction


51.1
Referenced Documents


51.2
Acronyms and Abbreviations


62
Laser Safety System Documents


63
Launch Facility Configuration


64
Personnel and Equipment Safety


64.1
Operational Mode


64.2
Alignment, Maintenance and Troubleshooting Modes


74.3
Telescope Re-Configuration Mode


75
LLF Shutters


1 
Introduction
As part of the Next Generation Adaptive Optics (NGAO) System, a Safety System (SS) will be provided to safe guard personnel and equipment.  The NGAO System will include Class 4 laser(s) and a Laser Launch Facility which directs and formats the beams out of the lasers and propagates them onto the sky.  The laser beams are hazardous to personnel and equipment if not operated properly.  The safety system will provide proper safety interlocks to ensure the laser beams are operating within safety guidelines.  The safety system will be a Programmable Logic Controller that will interface to multiple subsystems.  These interfaces provide sensor feedback to the safety system as well as allowing the safety system to provide status to these subsystems.  This document specifies the safety functions of the Laser Launch Facility.  These functions will be implemented as part of the Safety System Design.

2 References

2.1 Referenced Documents

Documents referenced in the requirements are listed in Table 1.  Copies of these documents may be obtained from the source listed in the table.

	Ref. #
	Document #
	Revision or Effective Date
	Source
	Title

	1
	TBD
	TBD
	WMKO
	NGAO Safety System Requirement

	2
	Laser System Interface Signals.xls
	1.0
	WMKO
	NGAO Laser System Interface Signals

	3
	KAON TBD
	TBD
	WMKO
	NGAO Safety System Preliminary Design


Table 1:  Reference Document.
2.2 Acronyms and Abbreviations

Table 2 defines the acronyms and abbreviations used in this document.

	Acronym/Abbreviation
	Definition

	BTO
	Beam Transfer Optics

	LLF
	Laser Launch Facility

	NGAO
	Next Generation Adaptive Optics System

	SS
	Safety System

	TBD
	To Be Determined

	WMKO
	W.M.K. Observatory


Table 2:  Acronyms and Abbreviations.
3 Laser Safety System Documents
Additional information regarding the Laser Safety System can be found on KAON TBD Laser Safety System Requirements and KAON TBD Laser Safety System Preliminary Design.  Specific signal formats information can be found in document NGAO Laser System Interface Signals.
4 Launch Facility Configuration
The Laser Launch Facility (LLF) is composed of four major subsystems, the switchyard which receives the laser beams, the beam transfer optics that transport the beams from the elevation ring area to the f/15 module, the beam generation system which creates the asterism and formats the beams, and the launch telescope which launches the beams onto the sky (Figure 1).
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Figure 1:  Laser Launch Facility

Because of the hazards of the laser beam to personnel, the entire beam patch is sealed except at the output of the launch telescope.  The beam is also hazardous to equipment if the beam strays from its nominal path.  The safety system’s primary function for the LLF is to ensure personnel and equipment are safe during normal operations as well as during maintenance or troubleshooting.
5 Personnel and Equipment Safety

Addressing personnel and equipment safety of the LLF will depend on the mode of laser operations.  
5.1 Operational Mode
During normal operations, the entire beam trained will be sealed and light tight.  The safety system will ensure all access covers in the LLF beam train are closed.  Any opened access covers will result in the close of the laser system shutter.
Within the LLF, power and position sensors will be located throughout the beam path.  The safety system will interlock these sensors to ensure the beam stays on its beam path.  If for some reason the sensors do not register the beam, the laser shutter will be closed to prevent damage of equipment due to a strayed laser beam.  Motion control devices in the LLF will include hard limit switches and software limits will assist in prevention of stray beams.
5.2 Alignment, Maintenance and Troubleshooting Modes
During these modes, personnel may be required to breach the beam train..  The location of the breach will depend on where access is needed.  At each access location, an indicator and control panel will be provided to the operator.  The indicators will provide status on the beam within the beam train.  An example is a red indicator for high power, a yellow indicator for low power, and a green indicator for no power.  These indicators will be on momentary upon activation to prevent stray light in the dome.  An additional control is provided to disable the opening of the shutter from the laser.  This will prevent accidental beam radiation while personnel are operating in the beam path.  As a final interlock, the safety system will include mode switches at the safety controller path to disable the permissive for the laser shutter.
It is also expected that components in the LLF will be taken out of service.  An example of this is recoating of optical components.  During such procedures, the LLF system will be put into safe mode where no laser light can enter the LLF.
5.3 Telescope Re-Configuration Mode

During telescope reconfigurations, the f/15 module, which receives the laser beam from the BTO, will not be available.  An interlock will be provided to prevent the beam from reaching secondary socket unless a termination surface is available in place of the f/15 module.
6 LLF Shutters
Proper termination surfaces or shutters are necessary to ensure safe operations.  In the LLF, there is expected to be two layers of shutters in addition to the shutter in the laser system.  One set of shutters will be subsequent to beam diagnostics in the Beam Generation System.  Currently, there is plan for seven shutters.  This location for shutters is selected to allow the laser beam to maintain its relative position through the BTO while the telescope is move.  This compensation will remove the expected flexure of the telescope trusses as it moves between zenith and horizon.  
A larger shutter will be implemented prior to the entry into the launch telescope.  This shutter will terminate all seven beams in the asterism.  A shutter at this location will allow operations of the entire LLF without light exiting the launch telescope.  This is extremely useful during integration of the LLF.  Diagnostics located throughout the LLF will be able to operate with the beams terminated at this location.
Each shutter will include limit switches to ensure proper operation.  The sensing of these limit switches will be done by the safety system.  If a shutter is not in an expected position, the shutter will automatically close.  Each shutter will be chosen to be fail-safe where the beams will terminate if no power is applied.
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