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[bookmark: _Toc6801392][bookmark: _Ref174431496][bookmark: _Toc405801616]
Description
0. [bookmark: _Toc6801393][bookmark: _Toc405801617]Purpose
This ICD covers the maintenance requirements of and procedures for the equipment supplied by the ALMA Phasing Project.   It also provides the expected costs of the maintenance activity.  
0. [bookmark: _Toc6801394][bookmark: _Toc405801618]Scope
The ALMA Phasing Project is identified in the following document: [AD 01].  This document provides a general overview of the system for the benefit of those who need to maintain it.  It also includes or references plans and procedures for maintenance of all the equipment supplied to ALMA by the ALMA Phasing Project.  Finally, costs associated with maintenance are provided.
[bookmark: _Toc405801619]Applicable Document, Reference Documents, Acronyms and Definitions

Applicable documents are necessary for the understanding of this document.  In some cases, they provide additional requirements which are to be incorporated into the ICD.  Reference documents are supplemental and simply provide further reference for various topics. In most cases, the acronyms used in this document are consistent with ALMA defined acronyms, however additional acronyms have also been listed which are outside the scope of ALMA definitions. No distinction is made between these two uses.

[bookmark: _Toc405801620]Applicable Documents
The following documents, of the exact issue shown, form part of this document. In the event of conflict between the documents listed here and this document, this document shall take precedence.

	Number
	Document Title

	Reference


	[AD 01]
	ALMA Product Assurance 
Requirements 
	ALMA-80.11.00.00-001-C-GEN 


	[AD 02] 
	ALMA 64-Antenna Correlator 
Safety Hazard and Risk Analysis 
Report 
	ALMA-60.00.00.00-057-A-REP 

	[AD 03] 
	ALMA Safety Manual 
	ALMA-10.08.00.00-011-C-MAN

	[AD 04] 
	Electrostatic Discharge Control Program 
	OPER-00.00.00.00-0021-A-PRO

	[AD 05]
	
	

	[AD 06]
	
	

	[AD 07]
	
	


Table 2‑1.  Applicable Documents for this document
[bookmark: _Toc405801621]Reference Documents

	Number
	Document Title

	Reference


	[RD 01]
	APP Project Plan
	ALMA Phasing Project, latest release

	[RD 02]
	iMaser™ 3000, Installation, Operation & Maintenance User Manual, Issue 1.7, 28-May-2010
	T4S-MAN-0012, available from www.T4Science.com

	[RD 02]
	64-Antenna Correlator Maintenance Manual
	ALMA-60.00.00.00-070-B-MAN

	[RD 03]
	GPS Receiver User Manual
	CD Part Number 098-00116-000 Rev. C available from Symmetricom and supplied with data sheets

	[RD 04]
	MK6 Recorder User Manual
	

	[RD 05]
	Interface Control Document Between ALMA Phasing Project And ALMA Computing
	ALMA-05.11.00.49-0004-B-ICD

	[RD 06]
	ALMA Phasing Project Hydrogen Maser Maintenance Plan
	ALMA-05.11.21.01-0004-A-PLA

	[RD-07]
	APP Optical Fiber Link maintenance manual
	ALMA-05.11.40.01-0001-A-xxx (TBD

	[RD-08]
	APP Correlator Upgrades Maintenance Manual
	ALMA-05.11.30.05-0001-A-MAN

	[RD-09]
	Mark6 Maintenance
	Mark6 Memo Series


Table 2‑2.  Reference Documents for this document

[bookmark: _Toc405801622]Abbreviations and Acronyms

	AC
	Alternating Current

	AD
	Applicable Document

	ALMA
	Atacama Large Millimeter Array radio telescope

	AOS
	Array Operations Site

	APP 
	ALMA Phasing Project

	APS
	ALMA Phasing System

	ATX 
	Advanced Technology eXtended (standard for Personal Computers)

	BE
	Back End

	CAI
	Correlator Antenna Input

	CIC
	Correlator Interface Card

	CRG
	Central Reference Generator LRU

	CVR
	Central Variable Reference LRU

	CVRR
	Central Variable Reference Rack

	DLO
	Digital Local Oscillator

	GPS
	Global Positioning Service

	HMR
	Hydrogen Maser Rack

	ICD
	Interface Control Document

	IPT
	Integrated Product Team

	LLCR
	Line Length Corrector Rack

	LO
	Local Oscillator

	LRU
	Line Replaceable Unit

	LVDS
	Low Voltage Differential Signal

	M&C
	Monitor and Control

	MFS
	Master Frequency Standard LRU

	ML
	Master Laser LRU

	NRAO
	National Radio Astronomy Observatory

	PAI
	Preliminary Acceptance In-House

	PAS
	Provisional Acceptance On-Site

	PDU
	Power Distribution Unit

	PIC
	Phasing Interface Card

	PLOTS
	Photonic LO Test Stand

	PPS
	Pulse Per Second

	PRDR
	Photonic Reference Distribution Rack

	PRR
	Photonic Reference Rack

	RF
	Radio Frequency

	RFI
	Radio Frequency Interference

	SASR
	Sub Array Switch Rack

	TE
	Timing Event (a 48-msec timing tick which is the heartbeat of the ALMA control system)

	TSM
	Temperature Sensor Module

	UPS
	Uninterruptable Power Supply

	VDIF
	VLBI Data Interchange Format

	VEX
	VLBI EXperiment

	VLBI
	Very Long Baseline Interferometry

	
	



[bookmark: _Toc405801623]Definitions
None so far…

[bookmark: _Toc405801624]ALMAPhasing System Description

The purpose of this section is to provide an description of the ALMA Phasing System (APS) and its various components.  

[bookmark: _Toc405801625]System Overview
The purpose of the APS is to enable ALMA to be part of larger telescope using an observing technique called Very Long Baseline Interferometry (VLBI).  A larger telescope provides the users with higher resolution images of astronomical objects.  VLBI is a technique for combining signals from multiple radio telescopes to make an interferometer with very long baselines.   Since it is physically impossible to interconnect the telescopes with cable, signals from the telescope are recorded and correlated at a special correlator with the capability to play back recordings from multiple telescopes.  Recorders have very limited bandwidth.  Therefore, in cases where a telescope consists of multiple antennas (an interferometer like ALMA for instance), the signals from the multiple antennas must be combined to look as if they come from a single antenna before recording.  This involves “phasing” the antennas so that signals from all antennas are in phase and then “summing” the antennas, i.e., adding the signals from all the antennas together.  

A block diagram of the additions to ALMA that are necessary to make it a VLBI telescope are shown in Figure 3‑1.  The blocks that are shaded in blue represent additions to the ALMA system for the purpose of enabling ALMA to participate in VLBI observations.  Each of the block is described in a dedicated section.

[bookmark: _Toc405801626]H-Maser

The H-Maser or “hydrogen maser” is the time standard that replaced the Rubidium time standard.  It is shown in the block diagram near the top left of the Figure 3‑1.  A photo of the H-Maser is shown in Figure 3‑2.  The reason that the Rubudium standard had to be replaced is that it is not stable enough over time.  Recall that the signals from the various telescopes are not connected by cables.  If they were, we could have one Central LO and all the data samples would be coherent with one another.  Since all the telescopes have different LOs, they must be as stable in time as possible with respect to each other.  The H-Maser is the most stable frequency standard in existence for the time intervals useful to VLBI.  It uses the intrinsic properties of the hydrogen atom to derive a frequency reference.  Its stability is specified at 2.10-15 in 1000 seconds.  This stability is comparable to 1 second in 63,376,176 years!  For further information, see http://en.wikipedia.org/wiki/Hydrogen_maser



[image: ]
[bookmark: _Ref397695469][bookmark: _Toc405801632]Figure 3‑1.  Block Diagram of the ALMA Phasing System.
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[bookmark: _Ref397697561][bookmark: _Toc405801633]Figure 3‑2.  Photo of the H-Maser
[bookmark: _Toc405801627]Phasing Interface Card

There are eight Phasing Interface Cards (PIC) in the APS.  A photo of one of the cards is shown in Figure 3‑3.  The purpose of these cards is to format the summed data for recording.  The formatting consists grouping the data into packets and adding time tags, serial numbers and other pieces of useful information to each packet.  A second layer of formatting is also provided; it turns the data stream into a standard 10 Gb Ethernet data stream.  Additional detail can be found in [RD-05].  As can be seen in Figure 3‑3, the design of the card is fairly complex.  It actually consists of three cards.  The largest card is an NRAO custom design and contains the standard correlator microprocessor system and clock circuitry, buffers for the input data and provisions for mounting a daughter card.  This card makes the PIC look like any other control card in the system (e.g., LTA, SCC) to the CCC and Engineering Port computers and makes it possible to re-use a great deal of code.  The large daughter card is a standard off-the-shelf CASPER ROACH2 board manufactured by Digicom.  It contains a large FPGA (under the fan) which does all of the data formatting.  It also contains a Power PC (PPC) which runs a small linux operating system.  The PPC’s main task is to load the FPGA personality after the ROACH2 board is powered up.  The PPC may be accessed via the site network.  It is possible to monitor the ROACH2 board via a custom interface which is accessible via login or Python scripts.  There is a daughter card mounted on the ROACH2 called the SFP+ card.  Its function is to connect the FPGA to an optical fiber for transmission of 10 GbE frames.  A 10GbE transceiver, which translates the 10GbE signal from electrical to optical is housed in the card cage of the SFP+ card.


[image: ]
[bookmark: _Ref397697928][bookmark: _Toc405801634]Figure 3‑3.  Photo of a PIC.

[bookmark: _Toc405801628]Fiber Mux and Fiber Demux

The purpose of the Fiber Mux and Fiber Demux is to concentrate all the data produced by the APS onto one optical fiber.  The two units are identical.  A photo of the unts is shown in 
[image: ]
[bookmark: _Toc405801635]Figure 3‑4.  Photo of the Fiber Mux and Fiber Demux.


[bookmark: _Toc405801629]Module-level maintenance procedures

APP has produced a hierarchy of maintenance manuals.  This manual covers system-level maintenance procedures while module level manuals detail procedures specific to individual modules.   Module-level maintenance manuals include [RD-06],  [RD-07], [RD-08] and [RD-09].  
[bookmark: _Toc405801630]System-level maintenance procedures

System-level maintenance is detailed in the following paragraphs.

APP will provide a system level test in which test data is generated in the Correlator, transmitted through the OFL and recorded in the recorders, exercising all components in the system.  The recorded data is then analyzed for correctness.  This procedure is in development at this time and will be added to this manual in a future revision.

ALMA produces a prodigious amount of monitor data (see http://monitordata.osf.alma.cl/).  APP intends to supply a list of items to inspect and expected value ranges.  The monitoring of the data for the Maser should occur weekly.  Other APP equipment will likely be powered down most of the time.  It should be monitored weekly when powered up.

[bookmark: _Toc405801631]Expected Maintenance Costs

This section considers costs associated with the maintenance of APP-provided modules.  These costs can be both in dollars and in time.  The only item which will incur a dollar cost is the Maser maintenance contract.  This is detailed in [RD-06], section 3.  Costs associated with personnel time include the following:
· H-Maser: inspect logs  (0.2 hrs/wk)
· Correlator Upgrades:  run self-test before VLBI experiments (2 hrs/yr)
· All interconnect optical fibers: before VLBI experiments, inspect fibers using fiber inspection probe and clean if necessary (5 hrs/yr)
· OFL: Clean internal fibers every 6 months (2 hrs/yr)
· Recorders: run self-test before VLBI experiments (included in Correlator Upgrades self-test).

Note that some time are in hrs/wk and others in hrs/yr.  These times assume one VLBI session per year.  All APP equipment except the H-Maser is required only for VLBI experiments.  It should be powered down most of the time, minimizing the risk of damage from power transients and SEUs.  It should be powered up about 2 weeks before a VLBI experiment and tested at that time to allow time to recover from any failures.  Note that above, we say to inspect fibers before VLBI experiments while the [RD-07] specifies every 6 months.  The six month interval would apply if VLBI experiments occur more than once per year.
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