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[bookmark: _Toc268068059][bookmark: _Toc268071237][bookmark: _Toc285617902]

1 [bookmark: _Toc146784332]General
1.1 [bookmark: _Toc263166977][bookmark: _Toc268068060][bookmark: _Toc268071239][bookmark: _Toc285617903][bookmark: _Toc84488148][bookmark: _Toc146784333]Ocean Observatories Initiative (OOI) Overview
[bookmark: _Toc74578724][bookmark: _Toc75252178][bookmark: _Toc268068061][bookmark: _Toc268071244][bookmark: _Toc285617904]Most oceanographic instruments on the seafloor have no connections with the surface, so they run on batteries and store their own data. A cabled observatory like MARS removes those restrictions, allowing scientists to design new types of oceanographic equipment and study the ocean in new ways. MARS System shall provide electrical power and data connections for new research instruments in the deep-sea. That’s the vision behind the Monterey Accelerated Research System (MARS).

[bookmark: _Toc75252179][bookmark: _Toc74578725]The system consists of a 52-km (32-mile) undersea cable that carries data and power to a “science node” 891 meters (2,923 feet) below the surface of Monterey Bay at North 36° 42.7481’ N, 122° 11.2139’ W. Up to eight different science instruments can be attached to the MARS using ROV-mateable connector ports. For each of the 8 ports, System shall provide switched 375VDC power, Gigabit Ethernet and precision timing. Additional experiments can be daisy-chained. 

1.2 [bookmark: _Toc268243533][bookmark: _Toc268682567][bookmark: _Toc268684167][bookmark: _Toc268685452][bookmark: _Toc268068062][bookmark: _Toc268071249][bookmark: _Toc285617905][bookmark: _Toc146784334]Document Scope and Purpose
[bookmark: _Toc268071246]This document contains the requirements for the MARS Low Voltage Power System. 

1.3 [bookmark: _Toc268243535][bookmark: _Toc268682569][bookmark: _Toc268684169][bookmark: _Toc268685454][bookmark: _Toc268068065][bookmark: _Toc268071261][bookmark: _Toc285617908][bookmark: _Toc146784335]Definitions
[bookmark: _Toc268068066][bookmark: _Toc268071262][bookmark: _Toc285617909]

1.3.1 [bookmark: _Toc146784336]Acronyms

· [bookmark: _Toc268071267]MBARI 		Monterey Bay Aquarium Research Institute
· MARS		Monterey Accelerated Research System
· UW 		University of Washington
· APL 		Applied Physics Laboratory
· NSF 		National Science Foundation
· OOI 		Oceans Observatories Initiative
· RCA		Regional Cabled Array
· RSN		Regional Scale Nodes
· ROV 		Remotely operated vehicle
· PBOF		Pressure balanced oil-filled
· LVPS		Low Voltage Power System
· PMACS		Power Monitoring and Control System
· MVPS		Medium Voltage Power Supply
· MVC		Medium Voltage Converter
· GFM		Ground Fault Monitoring
[image: apl_logo_blue_small][image: ] 
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3 [bookmark: _Toc146784337]Requirements
3.1 [bookmark: _Hlk74913067][bookmark: _Toc146784338]Shore Medium Voltage Power Supply Control & Monitoring

	Req’t #
	Requirement Description
	Test Procedure Steps

	MP1
	Shore Medium Voltage Power Supply shall provide 1500VDC (nominal)
	2.6.2 – 2.6.5

	MP2
	The System shall provide the ability to remotely enable and disable the MVPS
	2.6.2

	MP3
	The System shall measure MVPS output voltage and current
	2.6.3 – 2.6.6

	MP4
	The System shall display MVPS output voltage and current measurements
	

	MP5
	The System shall record MVPS output voltage and current measurements at a rate of at least 1Hz
	















3.2 [bookmark: _Hlk74913040][bookmark: _Toc146784339]Medium Voltage Converter Monitoring

	Req’t #
	Requirement Description
	Test Procedure Steps

	MC1
	J-Box Medium Voltage Converter shall provide two (2) isolated 375VDC (nominal) outputs for loads up to 4A/1500W each
	2.7.2 – 2.7.5

	MC2
	The two MVC outputs shall be isolated from each other
	

	MC3
	System shall measure MVC input voltage and current  for two 375VDC outputs
	

	MC4
	System shall transmit the MVC voltage and current measurement data for two 375VDC outputs to the Node Controller in the LVPS housing
	

	MC5
	System shall display MVC input voltage and current measurements for two 375VDC outputs
	

	MC6
	System shall record MVC input voltage and current measurements for two 375VDC outputs at a rate of at least 1Hz
	

	MC7
	System shall reference the two MVC 375VDC outputs to +/-187VDC, relative to sea water potential
	
























3.3 [bookmark: _Toc146784340]Input Protection

	Req’t #
	Requirement Description
	Test Procedure Steps

	IP1
	LVPS shall have reverse voltage protection
	

	IP2
	LVPS shall have over voltage protection (+10%)
	







3.4 [bookmark: _Toc146784341]Ground Fault Monitoring and Detection

	Req’t #
	Requirement Description
	Test Procedure Steps

	GF1
	System shall measure seawater Ground Fault Current on the +/-187VDC power circuits
	2.4.7, 2.4.8

	GF2
	System shall display seawater Ground Fault Current on the +/-187VDC power circuits
	

	GF3
	System shall record seawater Ground Fault Current on the +/-187VDC power circuits
	

	GF4
	System shall provide an alarm if the seawater Ground Fault Current exceeds a User Selectable level
	2.4.9














3.5 [bookmark: _Toc146784342]Hotel Power

	Req’t #
	Requirement Description
	Test Procedure Steps

	HP1
	System shall provide unswitched 5VDC power to two (2) loads

	Qty
	
	Current

	1
	MBARI 1PPS Distribution
	0.1A	Comment by Author: The PPS output will be driving the LEDs of 8 optoisolators, so I think that 100 mA would be sufficient.

	1
	Spare
	0.9A	Comment by Author: You’ve chosen a 5 W converter, so we’ll just make it add up to 1 A.




	2.3.3, 2.3.6, 2.3.7

	HP2
	System shall measure 5VDC Bus Current
	2.3.9, 2.3.10

	HP3
	System shall display 5VDC Bus Current
	

	HP4
	System shall record 5VDC Bus Current at a rate of at least 1Hz
	

	HP5
	System shall provide switched 24VDC power to four (4) loads

	Qty
	
	Current

	2
	Cisco IE3300 Router
	1.2A

	1
	Meinberg SyncBox N2X
	0.44A	Comment by Author: The Meinberg N2X manual lists the max power as 10 W. I think the listed 0.22 A current is at the nominal 48 V input. Since we’ll be running it at 24 V, we need to double the current to 0.44 A.

	1	Comment by Author: There has been discussion of adding a second media converter/port server with switched power.
	Moxa IMC-101G 	
Digi Portserver TS4 
(combined)	
	0.16A
0.25A



	2.3.4, 2.3.8

	HP6
	System shall measure 24VDC Current of the individual switched circuits
	

	HP7
	System shall display 24VDC Bus Current of the individual switched circuits
	

	HP8
	System shall record 24VDC Bus Current of the individual switched circuits at a rate of at least 1Hz
	

	HP9
	System shall provide unswitched 24VDC power to three (3) loads

	Qty
	
	Current

	1
	MBARI MVC Monitor
	?

	2
	Spare
	



	2.3.5





	HP10
	System shall measure 24VDC Bus Current
	2.3.11, 2.3.12

	HP11
	System shall display 24VDC Bus Current
	

	HP12
	System shall record 24VDC Bus Current at a rate of at least 1Hz
	

	HP13
	System shall provide 1 (one) unswitched, isolated 24VDC circuit to the MVC housing and monitoring electronics

	Qty
	
	Current

	1
	MBARI MVC Serial Monitor 
	?

	2
	Shaeffer K1846 MVC
Logic Boards
	?



	

	HP14
	System shall measure the isolated 24VDC Bus Current
	

	HP15
	System shall display the isolated 24VDC Bus Current
	

	HP16
	System shall record  the isolated 24VDC Bus Current at a rate of at least 1Hz
	

	HP17

	Hotel Power Board input power shall be able to be supplied by either the Left or Right MVC
	




















3.6 Science Instrument Power

	Req’t #
	Requirement Description
	Test Procedure Steps

	IP1
	System shall provide switched 375VDC power supply to 8 external Science Instrument Ports
	2.5.3, 2.5.4

	IP2
	System shall provide full MVC current capacity of 375VDC of up to 4A to any individual Science Instrument Port (Note 1, below)
	2.5.5 – 2.5.13

	IP3
	System shall measure 375VDC load current monitoring to 8 Science Instrument Ports
	2.5.5 – 2.5.13

	IP4
	System shall provide the ability to fully galvanically isolate the 375VDC power supply circuitry from the Science Connectors 
	2.5.14 – 2.5.22

	IP5
	System shall not allow the mechanical isolation relays to be closed after or opened before the solid- state switches (solid-state FETs will switch the load current)
	

	IP6
	System shall provide User Adjustable Over-Current Protection to 8 Science Instrument Ports
	2.5.24

	IP7
	System shall provide In-Rush Current Time Trip to 8 Science Instrument Ports
	2.5.25





















3.7 [bookmark: _Toc146784343]Engineering Sensors

	Req’t #
	Requirement Description
	Test Procedure Steps

	ES1
	System shall provide temperature measurement, display and recording in the following locations: 
· Each printed circuit board (IGB, HPB, 2 x IPB)
· FETs on IGB
· 4 unassigned temp sensor inputs
       (IPB heatsinks?)
	

	ES2
	System shall display temperature readings at the specified locations
	

	ES3
	System shall record temperature reading at the specified locations at a rate of at least 1Hz
	

	ES4
	System shall measure humidity in the pressure vessel
	2.4.5

	ES5
	System shall display humidity in the pressure vessel
	

	ES6
	System shall provide an over-humidity alarm when the relative humidity exceeds TBD%	Comment by Author: Need to specify over-humidity alarm set point.
	

	ES7
	[bookmark: _Hlk141198089]System shall record humidity in the pressure vessel at a rate of at least 1Hz
	

	ES8
	System shall measure barometric pressure in the pressure vessel
	

	ES9
	System shall display barometric pressure in the pressure vessel
	

	ES10
	System shall record  barometric pressure in the pressure vessel at a rate of at least 1Hz
	

	ES118
	System shall provide Over Temperature alarm and shutdown	Comment by Author: What about an over-humidity alarm? Please provide this as well.
	






















[bookmark: _Toc98775919]

3.8 [bookmark: _Toc146269686][bookmark: _Toc146784344]User Interface	Comment by Author: This should be section 3, not 2.	Comment by Author: These are continuations of the "Requirements", so I think they are still part of section 2.

	Req’t #
	Requirement Description
	Test Procedure Step(s)

	UI1
	System shall provide a graphical user interface (GUI) that provides controls of the system functions and displays of the monitoring data
	

	UI2
	The GUI shall allow switching the solid-state power switches for 8 external Science Instrument loads
	

	UI3
	The GUI shall allow switching the solid-state power switches for 3 internal hotel loads
	

	UI4
	The GUI shall allow switching the mechanical isolation relays for 8 external Science Instrument loads
	

	UI5
	The GUI shall ask for confirmation of commands before actuating switches
	

	UI6
	The GUI shall allow the user to enter the Adjustable Over-Current Trip levels
	

	UI7
	The GUI shall display the external Science Port load currents
	

	
	The GUI shall display the internal voltage bus currents
	

	UI8
	The GUI shall issue & record alarms, TBD
	

	UI9
	The GUI shall display temperature, pressure and humidity data
	

	UI10
	The GUI shall display the ground fault current on the +/-187VDC busses
	

	UI11
	The GUI shall display the input and output voltage and current of MVC-R & MVC-L
	





























3.9 [bookmark: _Toc146269688][bookmark: _Toc98775920][bookmark: _Toc146784345]Data Archiving

	Req’t #
	Requirement Description
	Test Procedure Step(s)

	DA1
	System shall include a data archive on shore with all the monitor data
	

	DA2
	The data archive shall record and store all data with a sample rate of 1 sample per second.
	

	DA3
	The data archive shall provide a method to display and/or plot any user selected data over any time period from the archive
	

	DA4
	The data archive shall include an event log with the times when commands are issued
	











v





Notes:
1. The Science Instrument Ports will be powered by 2 Instrument Power Boards (IPB). Each IPB will have 4 Science Instrument Ports that provide power from one of the two Medium Voltage Converters with a nominal capacity of 1500W/4A each. Each of the 2 IPBs will be able to supply up to the full MVC capacity to 1-4 connected Science Instrument Ports. One of the MVC converters will also provide power to the Hotel Loads so the IPB associated with that MVC will only be able to provide power up to 1500W/4A minus the total hotel load (approximately 100W).
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