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1 Introduction
As part of the NGAO System handover process, training will be provided to ensure the operations team will be able to operate and maintain the system.  The training is part of the preparation for the Operational Readiness Review (ORR).  The ORR is the final milestone in the project per the System Engineering Management Plan.  Prior to the ORR, a series of subsystem handovers will take place to ensure each subsystem in ready going into the ORR.  The success of these handovers is based on three criteria:

· The subsystems have been demonstrated to meet the current and planned science requirements.
· Operations personnel will be able to operate and maintain (including troubleshooting and repair) the subsystem at the level of the science requirements in the absence of the development team.
· The subsystem is well enough documented to provide the database to support future upgrades.  
Training supports the success of the second criteria.  This document provides the framework on the needed training for the Laser Guide Star Facility (LGSF).  The LGSF includes the infrastructure that supports the LGSF as well as the subsystems in the LGSF.

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
	ANSI Z136.1
	Jan 28, 2000
	ANSI
	Safe Use of Lasers

	2
	ANSI Z136.6
	Dec 22, 2005
	ANSI
	Safe Use of Lasers Outdoors

	3
	KAON 511
	0.3
	WMKO
	NGAO System Design Manual

	4
	KAON 572
	0.1
	WMKO
	Instrument Baseline Requirements Document

	5
	KAON 574
	1.0
	WMKO
	NGAO Systems Engineering Management Plan

	6
	KAON TBD
	1.0
	WMKO
	Handover Success Criteria


Table 1:  Reference Document
2.2 Acronyms and Abbreviations

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

	Acronym/Abbreviation
	Definition

	ANSI
	American National Standards Institution

	COTS
	Commercial Off-The-Shelf

	DDR
	Detailed Design Review

	FSD
	Full Scale Development

	GUI
	Graphical User Interface

	HVAC
	Heating Ventilation Air Conditioning

	ICD
	Interface Control Document

	I&T
	Integration and Test

	KAON
	Keck Adaptive Optics Note

	LGSF
	Laser Guide Star Facility

	LSE
	Laser Service Enclosure

	MSDS
	Material Safety Data Sheet

	NGAO
	Next Generation Adaptive Optics System

	OPS
	Operations Team

	ORR
	Operational Readiness Review

	PDR
	Preliminary Design Review

	PSD
	Position Sensing Diode

	TBD
	To Be Determined

	WMKO
	W.M.K. Observatory


Table 2:  Acronyms and Abbreviations
3 Laser Guide Star Facility System and Layout
The LGSF layout is shown in Figure 1 from KAON 511 NGAO System Design Manual.  The LGSF provides the function of generation of multiple Laser Guide Stars on-sky for the NGAO system.  The subsystems shown in the figure are the lasers, optical switchyard, beam transport optics, asterism generator, beam expander, launch telescope, diagnostics.  What are not shown in the figure are subsystems in support of the LGSF functions.  These subsystems include the laser enclosure/infrastructure, safety system, laser steering interface for motion control, and related software.
[image: image2.emf]
Figure 1:  LGSF Layout
4 Success Criteria/Milestones

It is unlikely operations personnel will come across every conceivable subsystem problem during the training process.  The handover phase shall provide a solid foundation for the operations team (OPS) to continue the education subsequent to the handover process.  The following are some guidelines for supporting training success:

· Completion of the four training categories in Section 5.

· OPS preparing for night time operations for 5 nights.

· OPS operating the system for 5 nights.

· OPS cognizant of all documentation, including procedures, manuals and drawings.

· OPS able to rebuild the software

5 Training Protocol
5.1 Personnel and Responsibilities
It is the responsibility of the development team to schedule and provide training of operations staff.  The operations team shall decide members to be trained.  As a minimum, the operations staff shall provide 2 personnel for redundancy.  The development team shall provide a minimum of one member to provide the training.  It is the responsibility of the trainer to provide a list of items for training.  Both the trainer and the trainee shall accept equal responsibility for acknowledging training completion.
5.2 Training Categories
Training will be broken into 4 categories.  The first category will focus on an overall system view and theory of operations.  Once this is established, the training will focus on basic understanding of the subsystem, core functions, and the interfaces.  The third level will focus on operational needs of the system; this may include all documentation and procedures.  Finally, the fourth level will focus on maintenance of the system.  Each subsystem will have its own core focus based on its technical aspects, but the four core categories shall remain consistent.

5.3 Training Phases
The following are recommendations for operational personnel to participate in the project plans to ensure a smooth transition.

· PDR: OPS shall review requirements to ensure ops concerns are addressed.  This phase shall provide OPS a sense of the type of system being developed for the telescope.

· DDR: OPS shall review designs to ensure ops concerns are addressed. OPS shall reviewed operational requirements of the system including labor, tooling and consumables.  This phase shall provide OPS with an idea of the operations and maintenance requirements of the system.
· FSD:  OPS shall examine the final design to ensure serviceability.  This phase shall train OPS on the hardware that will be installed on the telescope.

· I&T:  OPS shall participate in the integration to acquire a system overview of the components.  The more OPS can participate at this point, the less training there is to do during the next phase.  This phase will provide OPS with the functionality of the subsystems and their interfaces.

· Handover:  OPS shall participate in handovers to ensure success criteria are met.  This phase will ensure all remaining OPS training will take place.

At the completion of the handover phase, OPS assume responsibility for the system.

6 Documentation
The following is a list of documentation for review by trainer and trainee to support the four training categories.  KAON 572 Instrument Baseline Requirements provides a list of documentation that should be part of every subsystem delivery.  KAON xxx Handover Success Criteria also provides a list of suggested documentation for review during the handover process.
6.1 Overall System Design
Trainer and Trainee shall review the KAON 511 NGAO System Design Manual to have a thorough understanding of the overall design as well as individual subsystem requirements on the Contour System.  Subsystem interfaces are provided in the TBD ICDs.  
6.2 Subsystem Design

The Contour system requirements, preliminary design review documentation and detailed design review documentation should provide is good sources for understanding the design system.  In addition, each subsystem will be delivered with a user manual providing subsystem overview and design description.  The acceptance test plan will provide an excellent source of test procedures and performance specification of the system.
6.3 Operations and Maintenance
Each subsystem will be delivered with manuals providing information and procedures needed to operate and maintain the unit during its lifetime.

· Procedures for handling, assembly and disassembly of the instrument and all of its components accurately reflecting the as-built instrument.  All assembly instructions shall be clear, and include a tools list, parts lists and check list.

· Routine maintenance and inspection procedures, as well as a maintenance schedule.
· Alignment procedures

· Troubleshooting guide

· Repair procedures

· Manufacturers’ manuals and documentation for COTS components
6.4 Spares
Each subsystem will provide a description of all recommend spare parts and procedures for removal and replacement including written procedures and assembly drawings and exploded view drawings.  A recommended list of spares will be available based on the failure analysis of the system.

6.5 Software

Since software will be an integral part of every subsystem.  This section provides a list of recommended software documentation for review and training.  

· Operational and Engineering GUIs

· Software user manual

· Software design documents
· Software build and install procedures, source code, release description document

· Software acceptance testing
6.6 Safety

Because of the laser beam hazardous in the LGSF, OPS shall be trained on laser safety based on the ANSI standards Z136.1 and Z136.6.  These standards focus in the following areas:
· Beam hazards and their locations

· The proper use of protective equipment

· Emergency procedures such as shutdown of the laser

· Materials Safety Data Sheets
7 Subsystems
In addition to the training and documentation review presented in the two previous sections, the following are suggestions for training for each of the subsystems in the LGSF.
7.1 Laser Service Enclosure & Infrastructure

The following are training suggestions for this subsystem:

· Heating ventilation and air conditioning system (HVAC) of the LSE

· Infrastructure support, glycol, electrical, and pneumatic interfaces

· Nominal and range of operating conditions

· Periodic inspection and cleaning, replacement of filters, cleaning of exit window
7.2 Laser
The following are training suggestions for this subsystem:

· Interfaces with the Adaptive Optics System
· Laser dependent…TBD
7.3 Optical Switchyard

The following are training suggestions for this subsystem:

· Realignment of the optics to produce the required beams
· Periodic review of motor characteristics such as repeatability and drive currents if any

· Periodic cleaning and review of optical performance
7.4 Beam Transport Optics

The following are training suggestions for this subsystem:

· Realignment of the optics for steering the beam up the spiders of the telescope
· Review of flexure model and performance

· Measurement of position via position sensing diodes and their inputs in the Laser Steering Interface Controller
· Calibration of position sensing diodes
· Periodic review of motor characteristics such as repeatability and drive currents

· Periodic cleaning and review of optical performance

7.5 Asterism Generator

The following are training suggestions for this subsystem:

· Realignment of the optics for asterism generation

· Periodic review of motor characteristics such as repeatability and drive currents

· Periodic cleaning and review of optical performance

7.6 Beam Expander
The following are training suggestions for this subsystem:

· Realignment of the optics from asterism generator and into launch telescope

· Focus and pointing algorithms


· Periodic cleaning and review of optical performance

· Periodic review of motor characteristics such as repeatability and drive currents

7.7 Launch Telescope

The following are training suggestions for this subsystem:

· Periodic cleaning and review of optical performance

· Purging and refilling of nitrogen into launch telescope
7.8 Diagnostics
The following are training suggestions for this subsystem:

· Calibration of diagnostics

· Review of performances such as PSD, camera, and laser beam characterization.
7.9 Laser Steering Interface

The following are training suggestions for this subsystem:

· Laser pointing and compensation algorithms

· Motion control parameters for all degrees of freedom
· Motion devices characteristics

· Calibration of servo amplifiers
· Interfaces with the Adaptive Optics System
7.10 Safety System
The following are training suggestions for this subsystem:

· Primary safety hazards and concerns of the system

· Interlocks in the system including environmental ranges

· Periodic interlock test plan and audit

· Communications between the nodes in the system

· Remote interface using the development tools

· Laser operations with aircraft detection, Laser Traffic and Control System, and Laser Clearinghouse
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