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[bookmark: _Toc399919320]System Level Description
The Medium Voltage Converter Board resides in the swFOCE Central Node. It serves primarily to switch power to the individual swFOCE chambers but it has many secondary functions including:

1. Voltage and current monitoring of the high voltage 375Vdc.
2. Voltage and current monitoring of the individual swFOCE chamber bus voltages.
3. Ground fault monitoring for seawater shorts on the swFOCE chamber bus voltages.
4. Various safety and environmental functions for the Central Node housing itself.
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[bookmark: _Toc399919547]Figure 1: Location of the Central Node in the swFOCE Experiment




[image: ]
[bookmark: _Toc399919548]Figure 2: Block Diagram of the Medium Voltage Converter Board
[bookmark: _Toc399919321]Functional Description

[bookmark: _Toc399919322]High Voltage Section (pp. 1, 2, 4, 6)
	
Upon application of the high voltage DC power from the shore station, the +375Vdc is applied directly to the Medium Voltage Converter Board and the three Vicor DC-DC converters immediately. The input +375Vdc travels through an inrush limiting circuit (page 4) during initial power up, however. An inrush delay circuit on the MV board activates a high voltage relay bypassing the inrush limiting resistor after a preset time. This time is determined prior to deployment and is set by R79. The range is 250msec to 1200msec.

The voltage level and current supplied by the +375Vdc is directly monitored and measured by an ADC (page 1). The voltage is measured on channel 0 of U4 and has a scaling factor of y(volts) = 141.8x (volt/volt) - 0.96. The current is measured on channel 1 of U4 and has a scaling factor of y(amps) = 1.67x(amps/volt). 

Confirmation of the +375Vdc is provided by a TTL level digital signal (375V_READY) and is read directly by the PIC and also applied directly to an onboard LED (D1). A separate panel mount LED illuminates in the presence of +375Vdc. This is meant as a reminder to any divers in the area that high voltage is present.

Although the +375Vdc is applied directly to the three Vicor DC-DC converters upon initial power up, only the Micro 375V:24Vd converter is powered on by default. The two Maxi 375V:48V converters are by default powered down. These two converters can be powered on individually by applying a high TTL level on the VICOR_01_CONT and VICOR_02_CONT signals (page 6). State feedback of the Vicor modules is available on the two TTL level digital signals, VICOR_01_STATE and VICOR_02_STATE (page 4). 

The temperatures of the individual Vicor modules as well as the heatsink are monitored by type J thermocouples and measured by an onboard ADC (pp. 1,2). The scaling for the temperature (in degC) is y(degC) = 33.33x (degC/volt).

There are two cooling fans in the Central Node which can be activated upon the user's discretion. They are positioned to remove heat from the two Vicor Maxi 375V:48V DC-DC converters (page 2). Applying a high TTL level to FAN_01_CONT and FAN_02_CONT turns on the fans. State feedback of the fans can be measured by FAN_01_STATE and FAN_02_STATE.


[bookmark: _Toc399919323]swFOCE Chambers Load switching Section (pp. 3, 4)

Upon initial power up, an inrush delay circuit for the incoming +375Vdc activates a high voltage relay; it also fires the 48Vdc delay circuit. This circuit disables the ability to power up the swFOCE chambers during initial power up. The delay is determined prior to deployment and is set by resistors R85 and R87 (page 4). It is currently set for 1000msec.

Once the delay has passed, the user can activate the individual swFOCE chambers by use of the NODE_01_CONT and NODE_02_CONT signals. Applying a high to these lines activates the individual swFOCE chambers. However, there is a user option to add in one additional safety line, 48V_ACT. This is a TTL level signal which prevents the node control signals from working.  This gives the user the ability to power up the Vicor modules, verify their operation, and then power on the swFOCE chambers. However, this signal may be bypassed with a jumper on JP21 2-3 (page 4).

State feedback of the individual swFOCE chambers is provided by NODE_01_STATE and NODE_02_STATE. Each node also has panel mounted green LEDs which serve to remind any divers in the area that the swFOCE chambers are powered up (page 4).

The voltage supplied to and current used by the individual swFOCE chambers is monitored and measured by isolated ADCs (page 3). The voltage has a scaling factor of y(volts) = 20.0x (volt/volt) and the current has a scaling factor of y(amps) = 4.17x(amps/volt).


[bookmark: _Toc399919324]Ground Fault Detection Section (p. 7)

The MV board provides ground fault testing for seawater shorts on the power and return lines to the individual swFOCE chambers (page 7). There are four active high TTL level digital activation signals: 48V_01_GF, 48V_01_RET_GF, 48V_02_GF, 48V_02_RET_GF. Each of these signals tests the conductivity of the associated line with respect to the seawater return. The output of this circuit is a 0 to +5Vdc analog signal which is measured by the ADC, U69 (page 8). This is a level shifted bipolar signal with 2.5Vdc indicating no short. 0 to 2.5Vdc indicates a short on the return lines, while 2.5Vdc to 5.0Vdc indicates a short on the positive rails. A built in current limiter keeps the conduction level to the seawater return to 1ma.

There are two test channels, TEST_GF and TEST_RET_GF, which allow calibration and verification of the ground fault circuitry.


[bookmark: _Toc399919325]Environmental Sensors Section (p.8)

The MV board contains basic environmental sensors for the Central Node housing. The ambient internal temperature and humidity are monitored and measured by the ADC, U69. The scaling for the temperature is y(degC) = -2.43x^3 + 20x^2 -74.19x + 123.32 (degC/volt) and the humidity is y(%RH) = 37.5x - 37.7 (%RH/volt). Two water presence detectors monitor for leaks in the housing. The digital signals are H2O_SENSE_01 and H2O_SENSE_02; a high on either indicates the presence of seawater within the housing.


[bookmark: _Toc399919326]Low Voltage DC Section (p. 5)

The voltage level and current consumption from +24Vdc from the Vicor DC-DC Converter is monitored and measured by the ADC U46. The voltage scaling is y(volts) = 10x (volt/volt) and the current is y(amps) = 1.11x(amps/volt). 

The voltage level and current consumption of the board level 3.3Vdc logic power is also monitored and measured by the ADC U46. The voltage scaling is y(volts) = 1.2x (volt/volt) and the current is y(amps) = 1.33x(amps/volt).

An auxiliary adjustable DC supply is available for other devices within the Central Node housing. The LM317K, U51, can supply up to 1.5 amps be adjusted from 7.0Vdc to 24Vdc.



[bookmark: _Toc399919327]External Communications Section (p. 6)

Communication to the MV board is done with Ethernet, via a Lantronix Matchport, a dual serial server. A third serial port allows for debugging. 

The onboard microcontroller is the PIC24FJ256GA106. 




[bookmark: _Toc399919328]A Note on Grounds and Return Lines
The MV board contains a number of ground planes due to the isolation required by certain circuits and for ground fault isolation. When referencing the schematic, it can be seen that it is clearly labeled, but it is still easy to overlook. The tables of test connectors in the appendix contain a column which indicates the ground (return) reference for each signal.
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[bookmark: _Toc399919330]PIC Outputs

FAN_01_CONT
This is an active high TTL level digital signal which turns on a cooling fan for use with Vicor module #1. (pp. 2,6)

FAN_02_CONT
This is an active high TTL level digital signal which turns on a cooling fan for use with Vicor module #2. (pp. 2,6)

VICOR_01_CONT
This is an active low TTL level digital signal which turns on the Vicor module #1.

VICOR_02_CONT
This is an active low TTL level digital signal which turns on the Vicor module #2.

NODE_01_CONT
This is an active high TTL level digital signal which turns on swFOCE chamber #1.

NODE_02_CONT
This is an active high TTL level digital signal which turns on swFOCE chamber #2.

48V_ACT
This is an active high TTL level signal which is an optional safety signal for Node activation. 

"TEST_LED" 
This is a TTL level digital signal which drives an unused board mounted LED. 

48V_01_GF
This is an active high TTL level digital signal which is used to test the swFOCE chamber #1's 48V bus for seawater shorts.

48V_01_RET_GF
This is an active high TTL level digital signal which is used to test the swFOCE chambers #1's 48V return line for seawater shorts.

 48V_02_GF
This is an active high TTL level digital signal which is used to test the swFOCE chamber #2's 48V bus for seawater shorts.

48V_02_RET_GF
This is an active high TTL level digital signal which is used to test the swFOCE chambers #2's 48V return line for seawater shorts.

TEST_GF
This is an active high TTL level digital signal which is used to test the ground fault circuitry.

TEST_RET_GF
This is an active high TTL level digital signal which is used to test the ground fault circuitry.

ADC_01_CS
This is an active low TTL level digital signal which is the chip select for the low voltage (24v/3.3v) load monitoring.

ADC_02_CS
This is an active low TTL level digital signal which is the chip select for the environmental sensors.

ISO_ADC_CS
This is an active low TTL level digital signal which is the chip select for the input 375V load monitoring ADC.

ADC_48_01_CS
This is an active low TTL level digital signal which is the chip select for the swFOCE chamber #1's load monitoring ADC.

ADC_48_02_CS
This is an active low TTL level digital signal which is the chip select for the swFOCE chamber #2's load monitoring ADC.

XPORT_INT
This is an active high TTL level digital signal which is used to reset the Lantronix Matchport Ethernet-to-serial server.


[bookmark: _Toc399919331]PIC Inputs

FAN_01_STATE
This is a TTL level signal which indicates the state of cooling fan #1. High indicates the fan is on, low is off.

FAN_02_STATE
This is a TTL level signal which indicates the state of cooling fan #2. High indicates the fan is on, low is off.

VICOR_01_STATE
This is a TTL level signal which indicates the state of the Vicor module #1. High indicates the module is on, low is off. 

VICOR_02_STATE
This is a TTL level signal which indicates the state of the Vicor module #2. High indicates the module is on, low is off.

NODE_01_STATE
This is a TTL level signal which indicates the state of the swFOCE chamber #1. High indicates the chamber is on, low is off.

NODE_02_STATE
This is a TTL level signal which indicates the state of the swFOCE chamber #2. High indicates the chamber is on, low is off.

48V_READY
This is a TTL level signal which indicates both delay circuits have fired and that it is safe to energize the Vicor modules. High indicates it safe, low it is still in the delay period.

375V_READY
This is a TTL level signal that indicates the 375Vdc is present. High indicates the presence of 375Vdc, low it is not.

H2O_SENSE_01
This is a TTL level signal that indicates the presence of water in the housing. High indicates water detected, low is normal operation.

H2O_SENSE_02
This is a TTL level signal that indicates the presence of water in the housing. High indicates water detected, low is normal operation.


[bookmark: _Toc399919332]Analog Signals

[bookmark: _Toc399919333]375Vdc Isolated Signals [Page 1,2, Gnd = GND_IN,  CS = SPI_ISO_CS]

375V_VOLT (U4 channel 0)
This is an analog signal that represents the incoming +375Vdc.  The measurement range is 0 to 5A and the ADC range is 0 to +3.0Vdc. 
The defining equation is Y (volts) = 141.8x (volt/volt) - 0.96. 

375V_CURR (U4 channel 1)
This is an analog signal that represents the current consumption of the +375V line. The measurement range is 0 to 425Vdc and the ADC range is 0 to +3.0Vdc. 
The defining equation is Y (amps) = 1.67x (amp/volt)

VICOR_TEMP_01 (U4 channel 2)
This is an analog signal that represents the temperature of the Vicor 375V:48V Maxi module #1 which feeds the swFOCE Experimental chamber. The measurement range is 0 to 90 degrees Celsius and the ADC range is 0 to +3.0Vdc. 
The defining equation is Y (degC) = 33.33x (degC/volt).

VICOR_TEMP_02 (U4 channel 3)
This is an analog signal that represents the temperature of the Vicor 375V:48V Maxi module #2 which feeds the swFOCE Control chamber. The measurement range is 0 to 90 degrees Celsius and the ADC range is 0 to +3.0Vdc. 
The defining equation is Y (degC) = 33.33x (degC/volt).



VICOR_TEMP_03 (U4 channel 4)
This is an analog signal that represents the temperature of the Vicor 375V:24V Micro module. The measurement range is 0 to 90 degrees Celsius and the ADC range is 0 to +3.0Vdc. 
The defining equation is Y (degC) = 33.33x (degC/volt).


HEATSINK_TEMP (U4 channel 5)
This is an analog signal that represents the temperature of the heatsink of the Central Node. The measurement range is 0 to 90 degrees Celsius and the ADC range is 0 +3.0Vdc. 
The defining equation is Y (degC) = 33.33x (degC/volt).

U4 channels 6 & 7 are spares and currently have zero ohm jumpers to ground attached to them. They both should read zero volts.

[bookmark: _Toc399919334]48V Node #1 Voltage/Current Monitor [Page 3, Gnd = GND_NODE_01, CS = ADC_48_01_CS]

48V_01_CURR (U24 channel 0)
This is an analog signal that represents the current consumption of the swFOCE Experimental chamber.  The measurement range is 0 to 12.5 amps and the ADC range is 0 to +3.0Vdc. 
The defining equation is Y (amps) = 4.17x (amp/volt).

48V_01_VOLT (U24 channel 1)
This is an analog signal that represents the voltage level of the swFOCE Experimental chamber bus voltage. The measurement range is 0 to 60 volts and the ADC range is 0 to +3.0Vdc. 
The defining equation is Y (amps) = 20.0x (volt/volt).

U24 channels 2 & 3 are spares and currently have zero ohm jumpers to ground attached to them. They both should read zero volts.


[bookmark: _Toc399919335]48V Node #2 Voltage/Current Monitor [Page 3, Gnd = GND_NODE_02, CS = ADC_48_02_CS]

48V_02_CURR (U30 channel 0)
This is an analog signal that represents the current consumption of the swFOCE Control chamber.  The measurement range is 0 to 12.5 amps and the ADC range is 0 to +3.0Vdc. 
The defining equation is Y (amps) = 4.17x (amp/volt).

48V_02_VOLT (U30 channel 1)
This is an analog signal that represents the current consumption of the swFOCE Control chamber.  The measurement range is 0 to 12.5 amps and the ADC range is 0 to +3.0Vdc. 
The defining equation is Y (amps) = 4.17x (amp/volt).

U30 channels 2 & 3 are spares and currently have zero ohm jumpers to ground attached to them. They both should read zero volts.



[bookmark: _Toc399919336]Low Voltage Voltage/Current Monitor [Page 5, Gnd = GND, CS = ADC_01_CS]

24V_CURR (U46 channel 0)
This is an analog signal that represents the current consumption of the +24Vdc used on the MV board. The measurement range is 0 to 3.125 amps and the ADC range is 0 to +3.0Vdc. 
The defining equation is Y (volts) = 1.11x (amp/volt).

24V_VOLT (U46 channel 1)
This is an analog signal that represents the voltage level of the +24Vdc used on the MV board. The measurement range is 0 to 30Vdc and the ADC range is 0 to +3.0Vdc.
The defining equation is Y (volts) = 10x (volt/volt).

3.3V_CURR (U46 channel 2)
This is an analog signal that represents the current consumption of the +3.3Vdc used on the MV board. The measurement range is 0 to 4 amps and the ADC range is 0 to +3.0Vdc. 
The defining equation is Y (volts) = 1.33x (amp/volt).

3.3V_VOLT (U46 channel 3)
This is an analog signal that represents the voltage level of the +3.3Vdc used on the MV board. The measurement range is 0 to 3.6Vdc and the ADC range is 0 to +3.0Vdc.
The defining equation is Y (volts) = 1.20x (volt/volt).


[bookmark: _Toc399919337]Environmental Sensors Monitor [Page 8, Gnd = GND, CS = ADC_02_CS]

AMB_HUM (U69 channel 0)
This is an analog signal that represents the ambient humidity level within the Central Node housing. The measurement range is 0 to 100 percent relative humidity (%RH) and the ADC range is 0 to +5.0Vdc. 
The defining equation is Y (%RH) = 37.5x (%RH/volt) - 37.7

AMB_TEMP (U69 channel 1)
This is an analog signal that represents the ambient temperature within the Central Node housing. The measurement range is -40 degC to +80 degC and the ADC range is 0 to +5.0Vdc.
The defining equation is Y (degC) = -2.43x^3 + 20x^2 -74.19x + 123.32 (degC/volt)

GF_CURR (U69 channel 2)
This is an analog signal that represents a potential conduction path between the seawater ground and the bus voltages and return lines that feed the swFOCE chambers. This is a bipolar signal centered around 2.5Vdc. Signals lower than 2.5Vdc represent a conduction path to the return line while those between 2.5Vdc and 5.0Vdc represent a conduction path to the positive rails.The measurement range is -1ma to +1ma and the ADC range is 0 to +5Vdc. 
The defining equation is Y (ma) = 0.4x (ma/volt) -1.







[bookmark: _Toc399919338]Appendices

The MV board has the majority of its signals on discrete test points or test connectors. The various dc voltages are found on test points while analog and digital signals are found on 0.1" pitch test connectors. These are listed in tables 01 through 12. 


	TP#
	Color
	Signal
	Page

	TP1
	Red
	375V_INT
	1

	TP2
	Brown
	GND_IN
	1

	TP3
	Yellow
	3.3V_IN
	1

	TP4
	Yellow
	3.3V_ND_1
	3

	TP5
	Green
	GND_NODE_1
	3

	TP6
	Yellow
	3.3V_ND_2
	3

	TP7
	Green
	GND_NODE_2
	3

	TP8
	Orange
	48V_NODE_1
	4

	TP9
	Green
	GND_NODE_1
	4

	TP10
	Orange
	48V_NODE_2
	4

	TP11
	Green
	GND_NODE_2
	4

	TP12
	Orange
	24V
	5

	TP13
	Black
	GND
	5

	TP14
	Black
	GND
	5

	TP15
	Yellow
	3.3V
	5

	TP16
	White
	V_ADJ
	5

	TP17
	Blue
	+5V_ISO
	7

	TP18
	Purple
	-5V_ISO
	7

	TP19
	Grey
	GND_ISO
	7

	TP20
	Blue
	+5V
	7

	TP21
	Purple
	-5V
	7

	TP22
	Black
	GND
	7

	TP23
	Orange
	VOLT_GF
	7

	TP24
	Green
	GND_GF
	7


[bookmark: _Toc399919552]Table 1: List of Test Points











	J6
	Signal
	Return

	1
	375V_VOLT
	GND_IN

	2
	375V_CURR
	GND_IN

	3
	VICOR_TEMP_01
	GND_IN

	4
	VICOR_TEMP_02
	GND_IN

	5
	VICOR_TEMP_03
	GND_IN

	6
	HEATSINK_TEMP
	GND_IN

	7
	Spare
	GND_IN

	8
	Spare
	GND_IN

	9
	GND_IN
	 

	10
	GND_IN
	 


[bookmark: _Toc399919553]Table 2: Test Connector, J6

	J15
	Signal
	Return

	1
	48V_01_CURR
	GND_NODE_1

	2
	48V_01_VOLT
	GND_NODE_1

	3
	Spare
	GND_NODE_1

	4
	Spare
	GND_NODE_1

	5
	GND_NODE_1
	 

	6
	GND_NODE_1
	 


[bookmark: _Toc399919554]Table 3: Test Connector, J15

	J17
	Signal
	Return

	1
	48V_02_CURR
	GND_NODE_2

	2
	48V_02_VOLT
	GND_NODE_2

	3
	Spare
	GND_NODE_2

	4
	Spare
	GND_NODE_2

	5
	GND_NODE_2
	 

	6
	GND_NODE_2
	 


[bookmark: _Toc399919555]Table 4: Test Connector, J17

	J24
	Signal
	Return

	1
	Inrush Delay Ref
	GND

	2
	Inrush Delay    
	GND

	3
	Inrush Delay Out
	GND

	4
	48V Delay Ref
	GND

	5
	48V Delay  
	GND

	6
	48V Delay Out
	GND

	7
	GND
	 

	8
	GND
	 


[bookmark: _Toc399919556]Table 5: Test Connector, J24

	J28
	Signal
	Return

	1
	24V_CURR
	GND

	2
	24V_VOLT
	GND

	3
	3.3V_CURR
	GND

	4
	3.3V_VOLT
	GND

	5
	GND
	 

	6
	GND
	 


[bookmark: _Toc399919557]Table 6: Test Connector, J28

	J30
	Signal
	Return

	1
	Spare
	GND

	2
	Spare
	GND

	3
	Spare
	GND

	4
	Spare
	GND

	5
	Spare
	GND

	6
	Spare
	GND

	7
	Spare
	GND

	8
	Spare
	GND

	9
	GND
	 

	10
	GND
	 


[bookmark: _Toc399919558]Table 7: Test Connector, J30

	J32
	Signal
	Return

	1
	FAN_01_STATE
	GND

	2
	FAN_02_STATE
	GND

	3
	VICOR_01_STATE
	GND

	4
	VICOR_02_STATE
	GND

	5
	NODE_01_STATE
	GND

	6
	NODE_02_STATE
	GND

	7
	48V_READY
	GND

	8
	375V_READY
	GND

	9
	GND
	 

	10
	GND
	 


[bookmark: _Toc399919559]Table 8: Test Connector, J32







	J35
	Signal
	Return

	1
	FAN_01_CONT
	GND

	2
	FAN_02_CONT
	GND

	3
	VICOR_01_CONT
	GND

	4
	VICOR_02_CONT
	GND

	5
	NODE_01_CONT
	GND

	6
	NODE_02_CONT
	GND

	7
	48V_ACT
	GND

	8
	H2O_SENSE_01
	GND

	9
	H2O_SENSE_02
	GND

	10
	GND
	 


[bookmark: _Toc399919560]Table 9: Test Connector, J35

	J37
	Signal
	Return

	1
	SPI_MOSI
	GND

	2
	SPI_MISO
	GND

	3
	SPI_SCLK
	GND

	4
	ADC_48V_02_CS
	GND

	5
	ADC_48V_01_CS
	GND

	6
	ISO_ADC_CS
	GND

	7
	ADC_02_CS
	GND

	8
	ADC_01_CS
	GND

	9
	GND
	 

	10
	GND
	 


[bookmark: _Toc399919561]Table 10: Test Connector, J37

	J39
	Signal
	Return

	1
	GF_1
	GND_IS0

	2
	GND_IS0
	 

	3
	GF_2
	GND  

	4
	GF_3
	GND  

	5
	GF_4
	GND  

	6
	GF_5
	GND  

	7
	GF_6
	GND  

	8
	GF_7
	GND  

	9
	GF_8
	GND  

	10
	GND  
	 


[bookmark: _Toc399919562]Table 11: Test Connector, J39



	J43
	Signal
	Return

	1
	AMB_HUM
	GND

	2
	AMB_TEMP
	GND

	3
	GF_CURR
	GND

	4
	Spare
	GND

	5
	GND
	 

	6
	GND
	 


[bookmark: _Toc399919563]Table 12: Test Connector, J43
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