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1 
Introduction
As part of the Next Generation Adaptive Optics System (NGAO), a Laser Safety System is needed to ensure the laser facility operates safety and in accordance with regulatory standards for operating a laser.  These standards include the American National Standards Institute (ANSI) Z136.1 Safe Use of Lasers and Z136.6 Safe Use of Lasers Outdoors.  The standards are to ensure safety for internal personnel and equipment, as well as external assets such as aircrafts and space vehicles.

Similar systems were developed for the K1 and K2 laser systems.  The NGAO design will leverage the technology and knowledge gain from these two systems.  This document provides the preliminary design for the NGAO Laser Safety System.
2 References

2.1 Referenced Documents

Documents referenced 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
	KAON 511
	0.3
	WMKO
	NGAO System Design Manual

	2
	KAON 153
	1.0
	WMKO
	Coordination and Use of Laser beacons for Adaptive Optics on Mauna Kea

	3
	KAON 562
	1.0
	WMKO
	NGAO Design Changes

	4
	LTCS Web Pages
	-
	WMKO Intranet
	http://www/TWiki/bin/view/Main/LaserTrafficControlSystem

	5
	KAON 525
	1.0
	WMKO
	K1 LGSAO Safety System Preliminary Design Report

	6
	ANSI Z136.1
	
	ANSI
	Safe Use of Lasers

	7
	ANSI Z136.6
	
	ANSI
	Safe Use of Lasers Outdoors


Table 1:  Reference Document
2.2 Acronyms and Abbreviations

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

	Acronym/Abbreviation
	Definition

	FOV
	Field of View

	GUI
	Graphical User Interface

	K1 
	Keck 1 

	K2
	Keck 2 

	KAON
	Keck Adaptive Optics Note

	LGS
	Laser Guide Star

	LSS
	Laser Safety System

	LTCS
	Laser Traffic Control System

	NGAO
	Next Generation Adaptive Optics System

	NGS
	Natural Guide Star

	WMKO
	W.M.K. Observatory


Table 2:  Acronyms and Abbreviations
3 Requirements

The major function of the NGAO Laser Safety System (LSS) is to ensure NGAO laser operations are safe for personnel and equipment.  The guidance for ensuring safe operations is provided by the American National Standards Institute’s Z136.1 Safe User of Lasers and Z136.6 Safe Use of Laser Outdoors standards.  The LSS requirements flow down from the application of these documents.  In addition, the LSS will ensure the Mauna Kea Working Group policies are enforced for non-ontamination of astronomical observations on the summit.

The current requirements for the Laser Safety System can be found in KAON TBD.  The requirements are likely to change as laser and other subsystem designs are firmed up.
4 Design Selection Methodology
The design of the NGAO LSS is based on existing designs for the Keck 2 and Keck 1 systems.  In Keck 2, Modicon Programmable Logic Controller (PLC) System is used for laser control and laser safety.  PLCs are used for their reliability as well as ease of programming.  The Keck 2 system is comprised of two PLCs with one acting as a master and the other working as a slave.  The master resides in the laser room on the dome floor and the slave resides in the AO electronics vault.  The split system was to provide input/outputs near signal origination.  The master unit supported the laser room and the slave unit supported the laser table on the elevation ring.
Unlike the K2 laser design, the K1 laser is situated on the Right Nasmyth Platform.  Keck 1 also used a PLC design for its safety system; but from a different manufacturer.  Keck 1 chose the Allen Bradley SLC500 since it was an established unit used for the Interferometer AutoFill System.  Since the laser and the Laser Service Enclosure (LSE) are on the Right Nasmyth Platform, the PLC also resides in the LSE.  A minimal set of I/Os do interface with units on the f/15 module.  Because of the strategically located PLC, only a single unit was required.  The Keck 1 design is shown below:
Xxx

For the NGAO design, the major factor for the design was a system that can support multiple laser and beam subsystems in multiple locations.  Cost was also a major consideration.  To reduce cost, the NGAO with leverage off Keck 1’s design with a dual node approach similar to Keck 2’s design.  The two nodes will be located in the K2 AO Electronics Vault and K2 Computer Room.  K2 AO e-vault is chosen for its proximity to the laser and f/15 locations.  The advantage of the vault is that it will be temperature controlled.  The K2 Computer Room is chosen for similar reasons.  It will interface with subsystems off the telescope and it will provide easier accessibility for operations personnel.
5 Design

5.1 Design Functions
The LSS design can be primary flowed down from the requirements to a subset of interfaces to subsystems.  Figure 1 shows the subsystems the LSS will interface with to provide safe operations.  The LSS:

· Receives shutter permissive from the Laser Traffic Control System

· Receives shutter permissive from the Aircraft Detection System

· Receives shutter permissive from the Laser Clearinghouse System

· Receives shutter permissive from the Drive and Control System

· Receives and provide status to the Facility Infrastructure

· Communicates with the Laser Control and Sequencer

· Receives status and commands Laser 1, 2, and 3 to shut down if necessary.

· Receives and provide status to the Launch Facility.

· Receives and provide status to the Laser Service Enclosures 1 and 2
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Figure 1:  Safety System Interfaces

5.2 System Physical Layout
Figure 2  shows the layout of the LSS and the subsystems it communicates with and their locations.  The LSS PLC controller will be located in the K2 computer room.  The AB controller will communicate with the AO node via a Remote I/O Link .  The Remote I/O Link is a two wire system that can operate at lengths up to 10,000 ft and 110 Kb of data.  It is Allen Bradley standard to provide high-speed remote communication between and SLC processor and AB operator interface and control devices.  Once set up, it is transparent to the user as though the PLC controller and distributed nodes operate as a single unit.

The K2 computer room node will communicate with Laser Interface System Server.  In addition to laser sequencing, the LIS is the point of interface for other software subsystems such as LCH, LTCS, DCS and AO.  This node will also have a hardware interface with the facility E-stop and spotters for aircraft detection.
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Figure 2:  Safety System Layout
The AO e-vault node will support any safety related electronics required in the AO and Laser Facility System.  The design will support three 25 watts laser and two separate laser service enclosures.  Each laser interface will provide status and control for its shutter and controls for shutdown.  Each laser enclosure will provide status on environmental data such as door, temperature and hatch openings.  In return, the LSS will provide status for personnel prior to entry into the enclosures as well containing hazardous radiation for personnel.  Emergency stops will also be provided at each of the enclosures and the f/15 location.  At the f/15 location, the LSS will provide similar features as the LSE and controlling the fast or final shutter.
5.3 Mechanical 
5.3.1 Layout

The layout of the K2 computer room node is shown in Figure …   The physical layout is for the unit to be mounted into a 19” Electronics Rack.  This node will provide system status, key tag-out, mode and bypass switches for daily operations.  Because this node is located in the K2 computer, mass, power and heat dissipation does not need to be highly regulated. 
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Figure 3:  Computer Room Node Layout
The layout of the AO node  is shown in Figure …   The physical layout is for the unit to be mounted into a 19” Electronics Rack in the AO e-vault.  This node will provide the interfaces to the lasers, LSEs, AOF, and Launch Facility.  Because this node is located in AO e-vault, the mass, power and heat dissipation is not as crucial as it would be on the telescope elevation ring.  However, keeping it small in volume would be advantageous considering all the equipment that will have to be in the AO e-vault.
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Figure 4:  AO Electronics Vault Node Layout
5.3.2 Volume

The volume of the computer room node is estimated to be 19”W x 24”H x 12”D, based on the K1 LSS design.  The AO e-vault volume is estimated to be 19”W x 36”H x 12”D.  The sizing of this unit allows it to fit within a standard 19” electronics rack.

5.3.3 Mass
As mentioned earlier, the mass of the computer room node is estimated to be 15Kg.  The AO e-vault node is estimated to be 25 Kg based on the unit delivered for K1.
5.4 Electrical
5.4.1 Electrical Power
The power required by each of the two nodes is estimated to take 500W maximum.  This is based on the design of the K1 LSS.
5.4.2 Heat Dissipation

The heat generated by each unit is estimated to be 500W maximum.  This is not a critical item for the CR node; but it needs to be accounted for in the AOV node in the cooling capacity of the AO e-vault.
5.4.3 Programmable Logic Controller

The AB SLC500 is an established PLC controller in industries and has been used at Keck for two other systems.  The life expectancy for the SLC500 is at least another decade according to AB website.  At least 3 personnel at Keck has experience with programming and troubleshooting of the SLC500 system.  Keck has a software development environment as well as an operational platform for maintenance and troubleshooting of the SLC500.
5.5 Software/Firmwire

There are two aspects to the software.  The first is the ladder logic code that operates on the PLC providing controls of the safety system.  This code controls the interlock and permissive of devices based on sensor input.  The code will be similar to the existing Keck 1 LSS code.  Some changes are expected based on the new laser interface and an additional LSE; but the fundamental interlocks should be similar.
The second part of software is the interface drivers between the LSS with the LIS.  In Keck 1, the interface goes through the Ethernet network.  This network has some disadvantages as it goes through the network switches and terminal servers causing some uncertainty in the timing.  The multiple layers of software drivers created some problems in K1.  For NGAO, the layers of software drivers will be eliminated.  The LIS will run the AB driver at the LIS to serially communicate with the LSS.  The software that runs with this interface such as alarm handlers and sequencers are not part of the LSS.
5.6 Operational Modes

To assist in the operation of the system, interlocks may be required to be bypassed for alignment purposes.  An example for this is the bypass of interlocks allowing propagation of the beam on the dome wall or bypassing of power verification during alignments.  Additional operations modes may include the prevention of light out of certain part of the subsystem.  An example of this is the forcing shutters to be closed because the f/15 module that receives the laser beam is out of the telescope.  These modes must be accounted for normal operations.  To assist with these requests, a set of switches in the K2 computer room will be available for the users.  The switches are defined below:
	1
	Fast Shutter Bypass
	Allows opening of the fast shutter for alignment purposes in the dome.

	2
	Laser alignment bypass
	Bypasses power interlocks during alignment 

	3
	Beam Transfer Beam Tag Out
	Forces the laser shutter to be closed due to missing components


Table 3:  Operational Modes
5.7 Controls

5.7.1 Engineering Controls

5.7.1.1 Sensor Interlocks
The safety system protects personnel and equipment via a series of interlocks programmed in the PLC.   The interlocks will be fed by sensors internal to the safety system or from external subsystems.  These interlocks determine operational parameters.  For example, the fast shutter permissive transitions into the enabled state based on the state of sensors or inputs from other subsystems.  Permissives do not control the device; but allows control of it.  The fast shutter permissive is goes to the enabled state if the following is true:  Keyswitch is enabled, LTCS permissive enabled, aircraft detection related sensors not triggered, DCS permissive enabled, operator (Observing Assistant) enabled, no faults in the system.  The interlocking of the devices is shown in next figure.
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Figure 5:  Interlocks

5.7.1.2 Laser Status Indicators

Laser status indicators shall be provided at entry point to hazardous zones.  The indicators will be represented in the following tables.  The indicators will be momentary to minimize light contamination in the dome.
	1
	Laser Status Green
	Acceptable to enter, no hazardous radiation

	2
	Laser Status Yellow
	Acceptable to enter, hazardous radiation contained

	3
	Laser Status Red
	Do not enter, hazardous radiation


Table 4:  Laser Status Indicator Definition

5.7.1.3 Safety Equipment

Safety Equipment shall be provided such as infrared viewers, goggles and fire extinguishers for personnel.  Goggles will be rated based on the completion of the hazard analysis.  Clean Guard fire extinguishers will be used to minimize contamination of optics.
5.7.2 Administrative and Procedural Controls

Administrative and procedural controls shall be provided to ensure the system will be operated safety.  Procedural controls include alignment procedures that will be provided by the subsystems.  Each subsystem alignment process will be verified for safety by the Laser Safety Officer.  The following is a list of alignments that will be provided by their respective subsystems:

· Laser Alignment

· Optical Switchyard Alignment

· Beam Transfer Optics Alignment

· Launch Facility Alignment

Other procedural and administrative controls include keep out zones during alignment and confine areas for trained personnel only, such as the laser service enclosures.
5.8 Interfaces

5.8.1 Mechanical

Components of the LSS will be mounted mechanically in the AO Electronics Vault and K2 Computer Room.  The PLC assembly panels will be designed so they can mount directly into 19” standard electronics racks.

5.8.2 Electrical

5.8.2.1 Laser System
The safety system will have an interface with each laser system to control the laser and receive status from the laser.  The expected interface is shown in the following table.  A “1” is denoted as a galvanic closure from the laser and a “0” is denoted as a galvanic open from the laser.  Table 5 shows the signals for each laser.
	#
	Signal
	Type
	Description

	1
	Emission ON
	Input
	1 if the Laser Unit is generating laser light

	2
	Safety Status
	Input
	0 if an internal safety fault is present

	3
	Emergency Shutdown
	Output
	0 to stop any light generation

	4
	Output shutter closed
	Input
	1 is the output shutter is closed

	5
	Output shutter fault
	Input
	0 if there is a fault in the output shutter

	6
	Output shutter command
	Output
	1 to open the output shutter


Table 5:  Laser Interface

5.8.2.2 Laser Service Enclosure
The safety system will have an interface with each laser service enclosure.  The laser service enclosure shall provide environmental data such as door openings for personnel safety and equipment safety.  Table x shows signals for each laser enclosure.
	#
	Signal
	Type
	Description

	1
	E-Stop Activated
	Input
	Switch Closed = Not Activated

	2
	SS Reset Activated
	Input
	Switch Closed = Reset

	3
	Door Status
	Input
	Switch Closed = Door Closed

	4
	Laser1 Cabinet Status
	Input
	Switch Closed = Cabinet Closed

	5
	Laser2 Cabinet Status
	Input
	Switch Closed = Cabinet Closed

	6
	Fire Alarm 
	Input
	Switch Closed = No Alarm

	7
	Humidity Alarm 
	Input
	Switch Closed = No Alarm

	8
	Room Temperature Alarm 
	Input
	Switch Closed = No Alarm

	9
	Glycol In Temperature Alarm 
	Input
	Switch Closed = No Alarm

	10
	Laser1 Glycol Flow Alarm 
	Input
	Switch Closed = No Alarm

	11
	Laser2 Glycol Flow Alarm 
	Input
	Switch Closed = No Alarm

	12
	Request for Status
	Input
	Switch Closed = Request

	13
	Environmental System Status
	Input
	Switch Closed = Not Faulted

	14
	Door Lock Command
	Output
	24VDC = Unlock

	15
	Door Lock Status Blue
	Output
	24VDC = LED ON Unlocked

	16
	Audible Alarm
	Output
	24VDC = Alarm

	17
	Status Green
	Output
	24VDC = LED ON

	18
	Status Yellow
	Output
	24VDC = LED ON

	19
	Status Red
	Output
	24VDC = LED ON

	20
	Shunt Trip
	Output
	24VDC = LED ON


Table 6:  Laser Service Enclosure Interface

5.8.2.3 Laser Interface System
The LSS will interface with the LIS via the Keck network on the summit.  The connection to the network shall be standard CAT5 cabling to the nearest network switch in the immediate area.  For the node in the AO Electronics vault, it will connect to network in the vault.  For the node in the K2 computer room, it will connect to the network switch in the computer room.

The information and commands exchanged with the LIS is described in Appendix X.  This is the basis of the ICD between the LSS and the LIS.
5.8.2.4 Launch Facility


The LSS will interface with the Launch Facility by providing status of the laser beam and environmental data.   The interface will be both digital and analog I/Os. 

	#
	Signal
	Type
	Description

	1
	Beam Position X
	Input
	Calibration for 5VDC center

	2
	Beam Position Y
	Input
	Calibration for 5VDC center

	3
	Beam Power
	Input
	Calibration; 10VDC max power

	4
	LF Cover Status
	Input
	Switch Closed = Cabinet Closed

	5
	LF E-Stop Activated
	Input
	Switch Closed = Not Activated

	6
	Humidity Alarm
	Input
	Switch Closed = No Alarm

	7
	Temperature Alarm
	Input
	Switch Closed = Not Activated

	8
	Launch Facility IN Position
	Input
	Switch Closed = In Position

	9
	Fast Shutter Closed
	Input
	Switch Closed = Shutter NOT Closed

	10
	Fast Shutter Opened
	Input
	Switch Closed = Shutter NOT Opened

	11
	LF Environmental System Status
	Input
	Switch Closed = Not Faulted

	12
	LF Request for Status
	Input
	Switch Closed = Request

	13
	LF Status Green
	Output
	24VDC = LED ON

	14
	LF Status Yellow
	Output
	24VDC = LED ON

	15
	LF Status Red
	Output
	24VDC = LED ON


Table 7:  Launch Facility Interface
5.8.2.5 Facility System

The LSS will connect to the facility E-Stop system.  The interface shall be a galvanic contact.   The contact shall be normally closed to denote no E-Stop.  The signal shall go into the computer room node from the AAA.  The LSS shall also provide status for indicators for personnel going into the dome.  This requirement may or may not be necessary based on how the laser system shall be operated.
	#
	Signal
	Type
	Description

	1
	Facility E-Stop Activated
	Input
	Calibration for 5VDC center

	2
	Dome Status Green
	Output
	24VDC = LED ON

	3
	Dome Status Yellow
	Output
	24VDC = LED ON

	4
	Dome Status Red
	Output
	24VDC = LED ON


Table 8:  Facility Interface
5.8.2.6 Aircraft Detection System

The LSS shall communicate with the Aircraft Detection System via the Opto-Electronics Incorporated Processor.  This existing processor that is currently operating with the existing laser system will provide 2 contact relays to the safety system.  One will represent the health of the boresight camera by detecting NTSC video sync and the other will represent if an object is detected by the boresight camera.  The relays are normally closed.  If there is no video sync or an object is detected, the relay will be opened.  In additional to the boresight camera system, the safety system will receive the following signals from the spotters.
	#
	Signal
	Type
	Description

	1
	Boresight Camera/Processor Detection
	Input
	24VDC = No Detection

	2
	Boresight Camera/Processor Operating
	Input
	24VDC = Operating

	3
	East Spotter Connected
	Input
	24VDC = Connected

	4
	East Spotter Activated
	Input
	24VDC = No Detection

	5
	West Spotter Connected
	Input
	24VDC = Connected

	6
	West Spotter Activated
	Input
	24VDC = No Detection


Table 9:  Aircraft Detection Interface

It is unknown at this point whether an all-sky camera (ASCAM) will be provided.  If so, the input will be an I/O point via the operations software from the Laser Interface System.  The ASCAM system may replace spotters if it is approved by the FAA.

5.8.2.7 Adaptive Optics Facility

The LSS shall communicate with the Adaptive Optics Facility to protect equipment.  The LSS will monitor the environment such as temperature and glycol flow.  The following table outlines the signals between the LSS and AOF.

	#
	Signal
	Type
	Description

	1
	AOF Temperature Alarm
	Input
	Switch Closed = No Alarm

	2
	AOF Glycol Temperature Alarm
	Input
	Switch Closed = No Alarm

	3
	AOF Glycol Flow Alarm
	Input
	Switch Closed = No Alarm

	4
	AOF Shunt Trip
	Output
	Switch Closed = Activation


5.8.3 Software

The LSS shall interface with the software through 16 bit words.  The following table shows the data that will be transferred between the LSS and the LIS software.  The data is used by the Laser User Tools such as the alarm handler and Laser Propagation Guis.  The format and word number is located in the Appendix X. ICD.
	#
	Signal
	Type
	Description

	1
	Drive and Control Permissive
	Input
	1=Permissive

	2
	Observing Assistant Permissive
	Input
	1=Permissive

	3
	Laser Traffic Control System Permissive
	Input
	1=Permissive

	4
	Laser Clearinghouse Permissive
	Input
	1=Permissive

	5
	ASCAM Permissive
	Input
	1=Permissive

	6
	Laser E-Stop Command
	Input
	1=Activate E-STOP

	7
	Open Laser Shutter Command
	Input
	Rising Edge = Open; 0 =Close

	8
	Open Fast Shutter Command
	Input
	Rising Edge = Open; 0 =Close

	9
	Reset SS Fault Status
	Input
	Rising Edge = Clear

	10
	SS Heartbeat Interface Fault Latch
	Input
	1= Latched

	11
	Facility E-Stop Activated Latch
	Output
	1= Latched

	12
	Laser E-Stop Activated Latch
	Output
	1= Latched

	13
	Programmable Logic Controller Fault
	Output
	1= Latched

	14
	LSE1 Smoke Alarm Activated Latch
	Output
	1= Latched

	15
	LSE1 Laser1 Glycol Flow Low Latch
	Output
	1= Latched

	16
	LSE1 Laser2 Glycol Flow Low Latch
	Output
	1= Latched

	17
	LSE1 Glycol In Temp Alarm Latch
	Output
	1= Latched

	18
	LSE1 Room Temp Alarm Latch
	Output
	1= Latched

	19
	LSE1 Humidity Alarm Latch
	Output
	1= Latched

	20
	LSE1 Beam Interlock Fault Latch
	Output
	1= Latched

	21
	LSE2 Smoke Alarm Activated Latch
	Output
	1= Latched

	22
	LSE2 Laser3 Glycol Flow Low Latch
	Output
	1= Latched

	23
	LSE2 Laser4 Glycol Flow Low Latch
	Output
	1= Latched

	24
	LSE2 Glycol In Temp Alarm Latch
	Output
	1= Latched

	25
	LSE2 Room Temp Alarm Latch
	Output
	1= Latched

	26
	LSE2 Humidity Alarm Latch
	Output
	1= Latched

	27
	LSE2 Beam Interlock Fault Latch
	Output
	1= Latched

	28
	East Spotter Activated Latch
	Output
	1= Latched

	29
	West Spotter Activated Latch
	Output
	1= Latched

	30
	East Spotter Disconnected Latch
	Output
	1= Latched

	31
	West Spotter Disconnected Latch
	Output
	1= Latched

	32
	DCS Permissive Dropped while Propagating Latch
	Output
	1= Latched

	33
	LTCS Permissive Dropped while Propagating Latch
	Output
	1= Latched

	34
	OA Permissive Dropped while Propagating Latch
	Output
	1= Latched

	35
	LCH Permissive Dropped while Propagating Latch
	Output
	1= Latched

	36
	ASCAM Permissive Dropped while Propagating Latch
	Output
	1= Latched

	37
	Laser1 Safety Status Failed Latch
	Output
	1= Latched

	38
	Laser1 Output Shutter Fault Latch
	Output
	1= Latched

	39
	Laser2 Safety Status Failed Latch
	Output
	1= Latched

	40
	Laser2 Output Shutter Fault Latch
	Output
	1= Latched

	41
	Laser3 Safety Status Failed Latch
	Output
	1= Latched

	42
	Laser3 Output Shutter Fault Latch
	Output
	1= Latched

	43
	Laser4 Safety Status Failed Latch
	Output
	1= Latched

	44
	Laser4 Output Shutter Fault Latch
	Output
	1= Latched

	45
	LF Fast Shutter Faulted Latch
	Output
	1= Latched

	46
	LF Beam Misalignment Fault Latch
	Output
	1= Latched

	47
	LF Beam Power Low Fault Latch
	Output
	1= Latched

	48
	LF Beam Interlock Fault Latch
	Output
	1= Latched

	49
	LF Humidity Alarm Latch
	Output
	1= Latched

	50
	LF Temperature Alarm Latch
	Output
	1= Latched

	51
	LF Final Shutter Permissive
	Output
	1=Permissive

	52
	LF Fast Shutter Status
	Output
	1=Open

	53
	Propagating On Sky
	Output
	1=On Sky Propagation

	54
	AOF Temperature Alarm Latch
	Output
	1= Latched

	55
	AOF Glycol Temperature Alarm Latch
	Output
	1= Latched

	56
	AOF Glycol Flow Alarm Latch
	Output
	1= Latched


Table 10:  Software Interface I/Os
5.8.3.1 Propagation Permissives
The propagation permissives from Laser Clearinghouse, LTCS, DCS, ASCAM, OA will be provided through the Laser Interface Server.  These items are included in the table xxx above.

5.8.3.2 Heartbeat Interface

In addition to the status and commands between the LSS and the LIS, a heartbeat interface shall be established.  If communications between the LSS and LIS is stopped for a period, the LSS will automatically go into safe mode.  Safe mode will automatically close the laser and final output shutters.  Normal operations does not commenced until communications are established and the heartbeat fault is cleared.

5.9 Software Configuration Management

The PLC code will be CVS per software standards.  Copies of the code shall reside in xxx area and maintained by the Software Operations Group.

6 Documentation

Most of the operations documentation will be identical such as LTCS, FAA, and Laser Clearinghouse.  The changes from a single beam represented by a cylinder to seven beams represented in a cone will not change current operations.
Applications for the FAA, and Laser Clearing house will be modified to account for the 7 beams.

The following procedures and data will be provided in DDR:

· Technical Drawings

· Interlock Test Procedure

· Safety Audit Checklist
· Hazard Analysis

· Spares Recommendation

The following documentation will be provided prior to laser operations:

· Standard Operational Procedure

7 Deliverables

The following chart shows the deliverables for the LSS.
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Figure 6: Safety System Deliverables
8 Development and Testing
The following provides a methodology on how the safety system will be developed and tested.  More detail plans shall be provided in the DDR.  The PLC code is developed on an Allen Bradley development platform called RsLogix500.  The software runs on a standard PC.  In addition to the programming platform, the RSLogix500 environment also provides an emulation mode as though the ladder logic is running on a SLC500 processor communicating to external devices.  All this can be done without any additional AB hardware.  Without additional hardware, all interlocking sequences shall be verified.  This phase of development and test is considered Phase 1 of FSD.

In Phase 2, the AB controller assembly and associated nodes will be fabricated.  The ladder logic will then be downloaded on the PLC and run.  The RSLogix500 provides a view of the inner workings of the PLC.  Any fault such as arithmetic and watchdog are provided to the user.  Prior to any further development of sensors or controls, the RSLogix500 software can emulate these functions to test for functionality.  Interlocking and sequences should have been completed in the previous phase.  This phase verifies the program is running properly on the PLC without any errors.  The communications with LIS will also be verified during this phase.
In Phase 3, the devices that the safety system communicates with will be fabricated and connected.  The LSS will test the interfaces per the ICD.  Each I/O point will be verified and interlock logics will be verified.  This phase assumes the system will be operating in a laboratory environment prior to summit installation.  Completion of this phase will conclude the FSD phase of the LSS.  Documentation on design compliance will be provided.

In the Integration and Test Phase, the system and associated electronics will be moved to the summit.  This phase will conclude with re-verification of the tests completed in Phase 3 of FSD and results compared against documented results.
9 Requirements Compliance Verification

The following table shows the LSS requirements compliance.  Not all compliance will be met during the PDR phase.
	
	Requirement
	Subsystem
	Design Compliance

	 
	General Instrument Requirements
	Overall
	In Compliance

	 
	Mechanical Interface
	Mechanical
	In Compliance

	 
	Software Interface
	Software
	In Compliance

	 
	Electrical Interface
	Electrical
	In Compliance

	 
	Software Configuration Maintenance
	Software
	In Compliance

	 
	Laser Clearinghouse; Laser Beam Geometry
	Optical
	Working on it.

	 
	Laser Clearinghouse Permissive
	Overall
	In Compliance

	 
	Laser Clearinghouse Permissive Interface
	Software
	In Compliance

	FR-LS-27
	Laser Clearinghouse Operations Procedure
	Documentation
	Provide during FSD

	 
	FAA notificaton; Laser Beam Geometry
	Optical
	Provide during FSD

	FR-LS-26
	FAA Operations Procedure
	Documentation
	Provide during FSD

	 
	Aircraft Permissive with Narrow Field Camera
	Overall
	In Compliance

	 
	Aircraft Permissive with Narrow Field Camera Interface.
	Electrical
	In Compliance

	FR-LS-16
	Aircraft Permissive with Wide Field Camera
	Overall
	In Compliance

	 
	Wide Field Camera Interface
	Software
	In Compliance

	 
	Spotters Permissive
	Overall
	In Compliance

	 
	Safety System Status
	Software
	In Compliance

	 
	Heat Dissipation
	Mechanical
	In Compliance

	 
	Mass Constraint
	Mechanical
	In Compliance

	 
	Volume Constraint
	Mechanical
	In Compliance

	FR-LS-1
	Electrical Power Capacity
	Electrical
	In Compliance

	 
	Maintenance and Alignment Modes
	Overall
	In Compliance

	FR-LS-1
	Laser Radiation Exposure
	Overall
	In Compliance

	FR-LS-2
	Status Indicators
	Overall
	In Compliance

	FR-LS-3
	Control Measures
	Overall
	In Compliance

	FR-LS-4
	Laser Emergency Stop
	Overall
	In Compliance

	FR-LS-5
	Facility Emergency Stop
	Overall
	In Compliance

	FR-LS-18
	Laser Interface
	Electrical
	In Compliance

	FR-LS-6
	Laser Status
	Overall
	In Compliance

	FR-LS-7
	Laser Commands
	Overall
	In Compliance

	FR-LS-9
	Software Control Commands
	Software
	In Compliance

	FR-LS-10
	Fail-safe Shutter
	Overall
	In Compliance

	FR-LS-11
	Final Shutter Permissive
	Overall
	In Compliance

	FR-LS-12
	Fire Alarm System
	Overall
	In Compliance

	FR-LS-13
	Particulate Alarm
	Overall
	Not planned.

	FR-LS-14
	Temperature Alarm(s)
	Overall
	In Compliance

	FR-LS-15
	Humidity Alarm(s)
	Overall
	In Compliance

	FR-LS-30
	Interlock Test Procedure
	Documentation
	Provide during FSD

	FR-LS-31
	Safety Audit Procedure
	Documentation
	Provide during FSD

	FR-LS-32
	Hazard Analysis
	Documentation
	Provide during DDR

	FR-LS-33
	Hazard Labelling and Warning Signs
	Documentation
	Provide during FSD

	 
	Standard Operations Procedure
	Documentation
	Provide during FSD

	FR-LS-36
	Spares Recommendation
	Documentation
	Provide during FSD


Table 11:  Compliance Status

10 Risk Assessment and Reduction Plan

Based on the risk guidelines of KAON xxx, the risks associated with the laser safety system as a whole is low.  The following table shows individual risks within LSS, their ranking and mitigation plans if necessary.

	
	Risk
	Ranking
	Mitigation

	1
	Communications with the LSI not functioning
	Low
	This risk is based on the fact the distributed control system is not determined at this time.  The fall back position is to use a Unix IOC type interface similar to what is done in K1 Laser; however, the interface will be a private network instead of going through an open network.

	2
	Growth of I/O points due to multiple laser systems or enclosures
	Low
	The LSS is designed to be scaled; however, the volume, weight, heat load will increase with larger electronics to accommodate additional subsystem interface.


11 Management
11.1 Budget

The effort estimate for the LSS is 2000 hours of labor and $30,000 for procurements.
	Item
	DDR
	FSD
	I&T
	Handover
	Total

	Electrical Engineer
	160
	160
	160
	80
	560

	Electrical Technician
	120
	300
	400
	80
	900

	Software Engineer
	60
	120
	120
	40
	340

	Mechanical Technician
	 
	60
	60
	 
	120

	Laser Safety Officer
	20
	20
	20
	20
	80

	Total
	360
	660
	760
	220
	2000


Table 12:  LSS Effort Estimates (Hour)
	Part
	Cost

	Processor
	 $   6,000 

	Chassis
	 $   3,000 

	Communications Interface
	 $   3,000 

	Analog Interface
	 $   3,000 

	Temperature Interface
	 $   3,000 

	Digital Interface
	 $   4,000 

	Power Supplies
	 $   3,000 

	Associated Hardware
	 $   5,000 

	Safety equipment (goggles, etc..)
	$   5,000

	Total
	 $ 35,000 


Table 13:  Procurements

11.2 Budget Reduction Possibilities
The distributed design of the LSS can be reduced to controller assembly at the AO Electronics Vault.  The disadvantages are accessibility onto the telescope and added equipment in the vault.  The cost savings will be $15,000 for parts.
11.3 Schedule

12 Plans for the next Phase

The following effort is planned for the Detailed Design Phase:

· Completed designs and fabrication drawings

· Software keywords definition

· Completed Interface Control Document

· Implementation and test plans

· Operational and Maintenance Plans

· Handover Plans

· Spares Recommendation

· Retirement of risks

· Budget and Schedule
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