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System Level Description

The Gateway Node (GN) serves two primary purposes in the swFOCE experiment: it collects data from all of the instrumentation and acts as the main computer in the control loop. The GN interfaces to a maximum of up to four Sensor Nodes (SN). It provides 48Vdc and communicates via serial comms. The GN has a BeagleBone (BB) computer module onboard and it handles all decision making in swFOCE; it is the central computer in the control loop.


Function Description

BeagleBone
The GN Carrier board interfaces to a BeagleBone computer board. The BB uses a TI AM3358 720MHz ARM Cortex-A8 based microprocessor. It has an Ethernet interface, USB port, microSD card slot, analog inputs, (4) serial ports and (2) 46-pin expansion headers. The GN Carrier board also has a BB suggested EEPROM in the event a board ID is required.

DC-DC Conversion
The GN has a single 250W 48V:48V Vicor Maxi; it is used primarily to electrically isolate the SNs from the rest of the system. The Vicor Maxi is mounted off board and 48V is brought onto the GN Carrier board. The 48V is split among the four SNs and is used to create logic power on the GN Carrier board.

Load Paths
For the prototype board, there are two families of electromechanical relays that are being evaluated for the final design. Therefore, there are two pairs of load paths: one pair (1&2) utilizing an onboard DK family of relays and one pair (3&4) utilizing an off board chassis relay. Each load path can provide up to 6A to each SN. A current sense amplifier (LT1787) is used to measure the current delivered to each SN. A proportional voltage output is sent through a first order low pass filter prior to being sent to an analog in port on the BeagleBone (BB) module.

Load Paths 1&2
The DK series relays from Panasonic PEWA are pc mounted dual coil latching 2 Form C relays; they are internally wired in such a way that high side switching to the coils is required. Individual on and off signals from the BB drive a dual P-channel mosfet for coil activations. Relay state feedback is also provided to the BB.

Load Paths 3&4
The SP series relays from Panasonic PEWA are chassis mounted dual coil latching 2 Form C relays; they can be activated using low side switching. Individual on and off signals from the Beaglebone drive a dual N-channel mosfet for coil activation. Relay state feedback is also provided to the BB.  



PIC and Serial Communication
The four available serial ports from BB are being used to communicate with the SNs. Separate one-channel transceivers are used in the event of a failure only affecting one channel.

Analog Signals
The BB has seven analog inputs; the signals need to be scaled to 1.8V max. The resolution of the onboard ADC is 12 bits. The measured analog signals are the four SN output currents, the input 48Vdc, and the measured ground fault current. 

Ground Faulting
The GN Carrier board has the ability to check for ground faults on the +48Vdc line and Return that go to the SNs. Digital signals from the BB test the positive and negative rails of the 48Vdc against a seawater reference return. The analog signal GF_CURR will register a fault in either direction. There is also a test channel that places a known intentional short to ground on an isolated voltage source in order to test and calibrate the GF circuitry.

Environmental Sensors
The GN Carrier board will eventually be housed in a PVC housing and placed underwater, therefore standard sensors are included. These include ambient temperature, humidity, and a water presence detection circuit. There is also a thermocouple conditioning circuit for monitoring the temperature of the Vicor Mini module (type K).
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Figure One: Possible Gateway Node to Sensor Node configuration on Shallow Water FOCE














	BeagleBone P8 Expansion Signals

	Pin
	Proc
	BB Name
	Signal Name
	Pin
	Proc
	BB Name
	Signal Name

	1
	 
	GND
	Gnd
	2
	 
	GND
	Gnd

	3
	R9
	GPIO1_6
	 
	4
	T9
	GPIO1_7
	 

	5
	R8
	GPIO1_2
	 
	6
	T8
	GPIO1_3
	 

	7
	R7
	TIMER4
	 
	8
	T7
	TIMER7
	 

	9
	T6
	TIMER6
	 
	10
	U6
	TIMER6
	 

	11
	R12
	GPIO1_13
	 
	12
	T12
	GPIO1_12
	 

	13
	T10
	EHRPWM2B
	 
	14
	T11
	GPIO0_26
	 

	15
	U13
	GPIO1_15
	 
	16
	V13
	GPIO1_14
	 

	17
	U12
	GPIO0_27
	 
	18
	V12
	GPIO2_1
	 

	19
	U10
	EHRPWM2A
	 
	20
	V9
	GPIO1_31
	ENVR_ALARM

	21
	U9
	GPIO1_30
	EEPROM_WP
	22
	V8
	GPIO1_5
	H2O_ALARM

	23
	U8
	GPIO1_4
	48V_RET_GF
	24
	V7
	GPIO1_1
	TEST_RET_GF

	25
	U7
	GPIO1_0
	48_GF
	26
	V6
	GPIO1_29
	TEST_GF

	27
	U5
	GPIO2_22
	NODE_1_STATE
	28
	V5
	GPIO2_24
	NODE_3_STATE

	29
	R5
	GPIO2_23
	NODE_2_STATE
	30
	R6
	GPIO2_25
	NODE_4_STATE

	31
	V4
	UART5_CTSN
	 
	32
	T5
	UART5_RTSN
	 

	33
	V3
	UART4_RTSN
	 
	34
	U4
	UART3_RTSN
	 

	35
	V2
	UART4_CTSN
	 
	36
	U3
	UART3_CTSN
	 

	37
	U1
	UART5_TXD
	UART_5_TTL_TXD
	38
	U2
	UART5_RXD
	UART_5_TTL_RXD

	39
	T3
	GPIO2_12
	NODE_4_ON
	40
	T4
	GPIO2_13
	NODE_4_OFF

	41
	T1 
	GPIO2_10
	NODE_3_ON
	42
	T2
	GPIO2_11
	NODE_3_OFF

	43
	R3
	GPIO2_8
	NODE_2_ON
	44
	R4
	GPIO2_9
	NODE_2_OFF

	45
	R1 
	GPIO2_6
	NODE_1_ON
	46
	R2
	GPIO2_7
	NODE_1_OFF






















	BeagleBone P9 Expansion Signals

	Pin
	Proc
	BB Name
	Signal Name
	Pin
	Proc
	BB Name
	Signal Name

	1
	 
	GND
	Gnd
	2
	 
	GND
	Gnd

	3
	 
	VDD_3V3EXP
	3.3V_EXP
	4
	 
	VDD_3V3EXP
	3.3V_EXP

	5
	 
	VDD_5V
	5V_BB
	6
	 
	VDD_5V
	5V_BB

	7
	 
	SYS_5V
	5V_SYS
	8
	 
	SYS_5V
	5V_SYS

	9
	 
	PWR_BUT*
	 
	10
	A10
	SYS_RESETn
	 

	11
	T17
	UART4_RXD
	UART_4_TTL_RXD
	12
	U18
	GPIO1_28
	 

	13
	U17
	UART4_TXD
	UART_4_TTL_TXD
	14
	U14
	EHRPWM1A
	 

	15
	R13
	GPIO1_16
	 
	16
	T14
	EHRPWM1B
	 

	17
	A16
	I2C1_SCL
	 
	18
	B16
	I2C1_SDA
	 

	19
	D17
	I2C2_SCL
	I2C2_SCL
	20
	D18
	I2C2_SDA
	I2C2_SDA

	21
	B17
	UART2_TXD
	UART_2_TTL_TXD
	22
	A17
	UART2_RXD
	UART_2_TTL_RXD

	23
	V14
	GPIO1_17
	 
	24
	D15
	UART1_TXD
	UART_1_TTL_TXD

	25
	A14
	GPIO3_21
	 
	26
	D16
	UART1_RXD
	UART_1_TTL_RXD

	27
	C13
	GPIO3_19
	 
	28
	C12
	SPI1_CS0
	SPI1_CS0

	29
	B13
	SPI1_DO
	SPI1_MOSI
	30
	D12
	SPI1_DI
	SPI1_MISO

	31
	A13
	SPI1_SCLK
	SPI1_SCLK
	32
	 
	VDD_ADC
	 

	33
	C8
	AIN4
	GF_CURR
	34
	 
	GNDA_ADC
	 

	35
	A5
	AIN6
	 
	36
	A5
	AIN5
	48V_MON

	37
	B7
	AIN2
	NODE_3_CURR
	38
	A7
	AIN3
	NODE_4_CURR

	39
	B6
	AIN0
	NODE_1_CURR
	40
	C7
	AIN1
	NODE_3_CURR

	41
	D14
	CLKOUT2
	 
	42
	C18
	SPI1_CS1
	SPI1_CS1

	43
	GND
	GND
	Gnd
	44
	 
	GND
	Gnd

	45
	GND
	GND
	Gnd
	46
	 
	GND
	Gnd






















	Ref #
	Color
	Signal 
	Value

	TP1
	Red
	Vin_Pos
	48V

	TP2
	Black
	Vin_Neg
	Ground

	TP3
	Black
	Vin_Neg
	Ground

	TP4
	Black
	Vin_Neg
	Ground

	TP5
	Black
	Vin_Neg
	Ground

	TP6
	Yellow
	Vref_1.8V
	1.8V

	TP7
	Orange
	5V_BB
	5V

	TP8
	Orange
	5V_INT
	5V

	TP9
	Yellow
	3.3V_INT
	3.3V

	TP10
	Blue
	 
	+/- 0.2V

	TP11
	White
	 
	+/- 0.2V

	TP12
	Purple
	 
	 

	TP13
	Green
	 
	+/- 0.2V

	TP14
	Green
	 
	 

	TP15
	Blue
	 
	 

	TP16
	White
	 
	 

	TP17
	White
	 
	2.5V

	TP18
	Purple
	 
	 

	TP19
	Orange
	+5V_ISO
	5V

	TP20
	Yellow
	-5V_ISO
	-5V

	TP21
	Brown
	GND_ISO
	Ground

	TP22
	Orange
	5V_GF
	5V

	TP23
	Yellow
	-5V 
	-5V

	TP24
	Black
	Ground
	Ground






















	Name
	Signal Type
	Dir (w/r to BB)
	BB Expan Signal
	BB Expan Port
	Active (Outputs)

	NODE_1_OFF
	Digital
	Out
	GPIO2_7
	P8-46
	Low Pulse

	NODE_1_ON
	Digital
	Out
	GPIO2_6
	P8-45
	Low Pulse

	NODE_1_STATE
	Digital
	In
	GPIO2_22
	P8-27
	 

	NODE_1_CURR
	Analog
	In
	AIN0
	P9-39
	 

	NODE_2_OFF
	Digital
	Out
	GPIO2_9
	P8-44
	Low Pulse

	NODE_2_ON
	Digital
	Out
	GPIO2_8
	P8-43
	Low Pulse

	NODE_2_STATE
	Digital
	In
	GPIO2_23
	P8-29
	 

	NODE_2_CURR
	Analog
	In
	AIN1
	P9-40
	 

	NODE_3_OFF
	Digital
	Out
	GPIO2_11
	P8-42
	High Pulse

	NODE_3_ON
	Digital
	Out
	GPIO2_10
	P8-41
	High Pulse

	NODE_3_STATE
	Digital
	In
	GPIO2_24
	P8-28
	 

	NODE_3_CURR
	Analog
	In
	AIN2
	P9-37
	 

	NODE_4_OFF
	Digital
	Out
	GPIO2_13
	P8-40
	High Pulse

	NODE_4_ON
	Digital
	Out
	GPIO2_12
	P8-39
	High Pulse

	NODE_4_STATE
	Digital
	In
	GPIO2_25
	P8-30
	 

	NODE_4_CURR
	Analog
	In
	AIN3
	P9-38
	 

	UART_1_TTL_TXD
	Digital
	Out
	UART1_TXD
	P9-24
	 

	UART_1_TTL_RXD
	Digital
	In
	UART1_RXD
	P9-26
	 

	UART_2_TTL_TXD
	Digital
	Out
	UART2_TXD
	P9-21
	 

	UART_2_TTL_RXD
	Digital
	In
	UART2_RXD
	P9-22
	 

	UART_4_TTL_TXD
	Digital
	Out
	UART4_TXD
	P9-13
	 

	UART_4_TTL_RXD
	Digital
	In
	UART4_RXD
	P9-11
	 

	UART_5_TTL_TXD
	Digital
	Out
	UART5_TXD
	P8-37
	 

	UART_5_TTL_RXD
	Digital
	In
	UART5_RXD
	P8-38
	 

	48V_RET_GF
	Digital
	Out
	GPIO1_4
	P8-23
	High SS

	48V_GF
	Digital
	Out
	GPIO1_0
	P8-25
	High SS

	TEST_RET_GF
	Digital
	Out
	GPIO1_1
	P8-24
	High SS

	TEST_GF
	Digital
	Out
	GPIO1_29
	P8-26
	High SS

	GF_CURR
	Analog
	In
	AIN4
	P9-33
	 

	H2O_ALARM
	Digital
	In
	GPIO1_5
	P8-22
	 

	48V_MON
	Analog
	In
	AIN5
	P9-36
	 

	ENVR_ALARM
	Digital
	In
	GPIO1_31
	P8-20
	 

	EEPROM_WP
	Digital
	Out
	GPIO1_30
	P8-21
	High SS
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Analog Signals
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