South Bay Cable diagram:
Part number: SB48323
[image: ]
Here are some relevant notes for power/voltage loss calculations for the cable:
1. [bookmark: _GoBack]From conversation with Gary Brown, 12/12/13, 13 AWG conductor current limit is 7 A
2. As of October 2013 the maximum power draw of the vehicle was 8A @ 400 VDC, the calculations for those values with Ventana Falmat cable are:



Thus the most power we have seen used at the vehicle is <2700W
3. The minimum voltage for the Vicors is 250V
4. The Vicor maximum input voltage is 425V, this is what limits the maximum voltage on the topside. 
a. The only transient voltage suppression diodes are rated for working voltage of 420V with a minimum breakdown voltage of 470V

5. The Vicor minimum input voltage is 250V
a. The only concern this creates is the current rating of the traces on the carrier boards, but the 3A rated traces are sufficient, as even at 250V and 600W the maximum input current is 2.5A
6. The South Bay cable has 6 13 AWG conductors, with a resistance of 2.44 Ohms/1000ft or 8.01 Ohms/km for each conductor. Three conductors in parallel would have 8.01/3 Ohms/km = 2.67 Ohms/km. The total resistance is then the length of the cable (1.7 km) multiplied by 2 (to include the return trip) multiplied by the equivalent resistance:
2.67 ohms/km * 1.7 km*2 = 9.07 Ohms
Note: this does not account for extra copper which results from helical winding.
7. The table below calculates the high end of power that could reach the vehicle- actually the maximum is higher but with a current of 15 A (max is probably 21 A):


This results in 4200 Watts at the vehicle, and is still in the bounds of what the topside power supply can source and what the Vicors can operate from.  This is 1.5 kW more than our current maximum. 
8. A more reasonable estimate of the losses and vehicle voltage is given in the following table:


This provides a little safety on the high side of the Vicor input, and still provides about 500 W more than we are using at our maximum now.
9. Notes: what is left to add to these calculations:
a. Confirmation in writing of max current for each conductor
b. What is lay angle of cable
10. From Paul McGill
“Here's how much power you can deliver at 425 V topside, minimum of 275 V at the vehicle, 20 degree lay angle, 1.7 km cable length.

[image: C:\Users\alana\AppData\Local\Temp\Screen Shot 2013-12-12 at 12Dec13 11.39.34 AM.png]

Your South Bay cable can deliver 5342 W with the assumptions stated above. A good way to compare one cable to another is to calculate the wattacity of the cables, as I describe in the paper.”
Microsoft_Excel_97-2003_Worksheet2.xls
+24V Epod

		+24V

		Lights 1& 2		DSPL Multi-SeaLite				2.00		24.00		3.20		76.80		153.60

		Lights 3&4		DSPL LED lights?				2.00

		DVL		linquest Navquest 600				1.00		24.00		0.20		4.80		4.80

		Tilt motor		MBARI stock				1.00		24.00		3.00		72.00		72.00

		Manipulator		ECA ARM-5E				1.00		24.00		5.00		120.00		120.00

		Rotate motor 2		same as tilt				1.00		24.00		3.00		72.00		72.00

		Rotate motor 3		same as tilt				1.00		24.00		3.00		72.00		72.00

														0.00		0.00		24V Power Sum		494.40

		5V Vicor		5V supply

		Science Port						2.00		24.00		2.00		48.00		96.00

		Bottom Side Cntlr		Wago stack				1.00		24.00		0.20		4.80		4.80

		HD Cam		Sony HDR-SR12				1.00		24.00		0.30		7.20		7.20

		Color Pencil Cam		Insite Tritech Nova				2.00		24.00		0.18		4.20		8.40

		Sonar		Imagenex 881A				1.00		24.00		0.20		4.80		4.80

		B&W Camera		Insite Tritech IT-1000				1.00		24.00		0.15		3.60		3.60

																		24V Power Sum		124.80

		0.2





Power Budget - Feb 2013

		load		Man./Model		qnty		voltage (Volts)		current (Amps)		power (watts)		Total power				Watts		duty cycle (% ON)		Notes

		+5V

		Heading		PSN ForceField TCM		1.00		5.00		0.12		0.60		0.60								less than 20 mA typical

		Fiber Mux		Focal 20907		1.00		5.00		1.00		5.00		5.00								<5Watts typical on each end

		Serial Expansion		Focal 907-SER		1.00		5.00		1.50		7.50		7.50								0.75A typ, 1.5A max

		Rattler		Rattler		1.00		5.00		0.12		0.60		0.60		5V Power Sum		13.70

		+12V

		CTD		FSI micro-CTD		1.00		12.00		0.12		1.44		1.44						100

		Payload				1.00		12.00		0.00		0.00		0.00

												0.00		0.00		12V Power Sum		1.44

		+24V

		Color Pencil Cam		Insite Tritech Nova		2.00		24.00		0.18		4.20		8.40

		Sonar		Imagenex 881A		1.00		24.00		0.20		4.80		4.80						100		Power listed as <5W

		B&W Camera		Insite Tritech IT-1000		1.00		24.00		0.15		3.60		3.60								15-30V in, 150 mA typical

		Lights 1& 2		DSPL Multi-SeaLite		2.00		24.00		3.20		76.80		153.60								Check the current draw on bench

		Lights 3&4		DSPL LED lights?		2.00

		DVL		linquest Navquest 600		1.00		24.00		0.20		4.80		4.80								Rowe

		Tilt motor		MBARI stock		1.00		24.00		1.00		24.00		24.00

		Manipulator		ECA ARM-5E		1.00		24.00		5.00		120.00		120.00								5A max

		Bottom Side Cntlr		Wago stack		1.00		24.00		0.20		4.80		4.80								measured 2/6/13

		HD Cam		Sony HDR-SR12		1.00		24.00		0.30		7.20		7.20								TOTAL GUESS

		Rotate motor 2		same as tilt		1.00		24.00		1.00		24.00		24.00

		Rotate motor 3		same as tilt		1.00		24.00		1.00		24.00		24.00

		Science Port				2.00		24.00		1.00		24.00		48.00

												0.00		0.00		24V Power Sum		427.20

		+48V

		Thrusters		Cleveland Mtr		6.00		48.00		11.45		549.60		3297.60								Max is 600W

		Motor Controllers		Elmo Whistle		6.00		48.00		0.05		2.50		14.98								Chad 24V 80mA

																48V Power Sum		3312.58

		Total Power												3754.92

		Total Power- PreConverter										At 85% eff		4318.15

		Max Power at Vehicle				4941.44		Watts		Based on Ventana tether

		Max current in cable (@300V)				16.4714666667		Amps		But tether only 16 A rated

														sum=		278.40

														diff=		148.80

														Iwago @ 24V		6.2





Power Budget -Design Phase

		load		Man./Model		qnty		voltage (Volts)		current (Amps)		power (watts)		Total power				Watts				duty cycle (% ON)		Notes

		Heading		PSN ForceField TCM		1.00		5.00		0.12		0.60		0.60										less than 20 mA typical

		Fiber Mux		Focal 20907		1.00		5.00		1.00		5.00		5.00										<5Watts typical on each end

																5V Power Sum		5.60

		CTD		FSI micro-CTD		1.00		12.00		0.12		1.44		1.44								100

		Color Pencil Cam		Insite Tritech Nova		1.00		12.00		0.18		2.10		2.10										Can be run at 24V as well, current listed is typ.

		Camcorder		Sony HDR-SR12		1.00		12.00		0.50		6.00		6.00										Camera runs 8.4V, 4.9W

		Payload				1.00		12.00		0.00		0.00		0.00

																12V Power Sum		9.54

		Sonar		Imagenex 881A		1.00		24.00		0.20		4.80		4.80								100		Power listed as <5W

		B&W Camera		Insite Tritech IT-1000		1.00		24.00		0.15		3.60		3.60										15-30V in, 150 mA typical

		Lights		DSPL Multi-SeaLite		2.00		24.00		2.00		80.00		160.00										Check the current draw on bench

		Tilt motor		MBARI stock		1.00		24.00		2.00		48.00		48.00

		Manipulator		Seabotix 3Jaw Grabber		1.00		24.00		1.00		24.00		24.00										CHECK ON THIS

		Bottom Side Cntlr		Wago- Coupler 750-315		1.00		24.00		0.35		8.40		8.40

		Analog I/O		Wago -		1.00		24.00		0.50		12.00		12.00										TOTAL GUESS

		Payload				1.00		24.00		0.00		0.00		0.00

																24V Power Sum		260.80

		Thrusters		Cleveland Mtr		6.00		48.00		12.50		450.00		2700.00										Max is 600W

		Motor Controllers		Elmo Whistle		6.00		48.00		0.05		2.50		14.98										Chad 24V 80mA

		Payload				1.00		48.00		0.00		0.00		0.00

																48V Power Sum		2714.98

																Payload		0.00		Watt

		Total Power												2990.92

		Total Power- PreConverter										At 85% eff		3439.55

		Power desired pre-converter								load +33%				4574.61





Power Budget -Design Phase

		Heading		Heading		Heading		Heading		Heading

		Fiber Mux		Fiber Mux		Fiber Mux		Fiber Mux		Fiber Mux

		CTD		CTD		CTD		CTD		CTD

		Color Pencil Cam		Color Pencil Cam		Color Pencil Cam		Color Pencil Cam		Color Pencil Cam

		Camcorder		Camcorder		Camcorder		Camcorder		Camcorder

		Payload		Payload		Payload		Payload		Payload

		Sonar		Sonar		Sonar		Sonar		Sonar

		B&W Camera		B&W Camera		B&W Camera		B&W Camera		B&W Camera

		Lights		Lights		Lights		Lights		Lights

		Tilt motor		Tilt motor		Tilt motor		Tilt motor		Tilt motor

		Manipulator		Manipulator		Manipulator		Manipulator		Manipulator

		Bottom Side Cntlr		Bottom Side Cntlr		Bottom Side Cntlr		Bottom Side Cntlr		Bottom Side Cntlr

		Analog I/O		Analog I/O		Analog I/O		Analog I/O		Analog I/O

		Payload		Payload		Payload		Payload		Payload

		Thrusters		Thrusters		Thrusters		Thrusters		Thrusters

		Motor Controllers		Motor Controllers		Motor Controllers		Motor Controllers		Motor Controllers
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TetherCalcsJan2012

		ventana cable 5x12AWG, 2.0 Ohm/1000ft =										10 kW 500V Power supply

				6.56167979		Ohm/km						LONG TETHER

												Voltage at surface		425.0		V

		south bay 18 awg = 6.5 ohms/1000ft= 21 Ohms/km										Max Current for Ventana Cable		16.0		A

		southbay 14 awg = 3.2 Ohms/1000ft = 10.5 Ohms/km										Length of Ventana Cable		1.1		km

												Resistance of 2 pair 12 AWG		3.3		Ohm/km

		2 pair 18 AWG resistance=				10.5		Ohms/km				Total resistance for Ventana Cable		7.3		Ohms

		2 pair 14 awg resistance =				5.25		Ohms/km				Voltage drop for Ventana Cable at 16 A		116.2		V

												Voltage at vehicle		308.8		V

												Max Power at Vehicle		4941.4		Watts

												Power at Vehicle post converter		4200.2		Watts

												Excess Payload		1210.2		Watts

												Power topside at power supply		6800.0		Watts

												flying tether length		50.0		m

												18 awg flying tether total resistance		0.5		Ohms

												14 awg flyign tether total resistance		0.3		Ohms

												Voltage drop with 18 awg tether @ 16A		8.4		V

												Voltage drop with 14 awg tether @ 16A		4.2		V

												Voltage at vehicle- Ventana +18 awg		300.4		V

												Voltage at vehicle- Ventana +14 awg		304.6		V

												Power drop through 18 awg tether		134.4		W

												Power drop through 14 awg tether		67.2		W





Tether Calcs

																		6.6kW 1-phase Power

																		LONG TETHER						LONG TETHER NO POWER LIMITS

		if need 375V on bottom at 9 A, with 1100m of cable. 
Assuming 500V on top we could drop 125V over 2200m round trip. 
R= 125V/9A = 13.8 ohms/2200m->0.006 ohm/m-> 6 ohm/km																Power at Vehicle with 33% unused		5850.0		W								max current in 14AWG conductor		8		A

														o				Voltage at surface		425.0		V		Voltage at surface		425.0		V		Imax 2 conductor pairs		16		A

																		Max Current for Ventana Cable		16.0		A		Current to achieve desired power		20		A		Voltage drop for 2.2 km tether		188.32		V

																		Voltage at vehicle		299.0		V		Volage at vehicle		267.56		V		Voltage at Veh using Imax		236.7		V

																		Power at Vehicle		4784.8		W		Power at vehicle		5351.2		W

						Min Voltage @veh		275.0		V								drop in tether		2015.2		W		Power at vehicle post- conv.		4548.52		W

																		Power at vehicle post converter		4067.1		W		Payload		1557.60		W		max power		6800

																		Payload		1076.14		W		Power require at top		8500		W		min power@ Imax		4400

																		power @ topside		6800.00		W

								ventana cable 5x12AWG, 2.0 Ohm/1000ft =										Min Voltage @veh		275.0		V																								CORTLAND

										6.56167979		Ohm/km						Max Voltage drop in cable (2 way)		150.0		V																								Tether length		1700.0		m

																		Max Current @veh		21.3		A																								11 AWG conductor resistance		5.1		Ohms/km

								south bay 18 awg = 6.5 ohms/1000ft= 21 Ohms/km										Max resistance (2-way)		7.1		Ohms/length																								2 pair 13 AWG		2.6		Ohms/km

								southbay 14 awg = 3.2 Ohms/1000ft = 10.5 Ohms/km										Max Resistance  per km		4.7		Ohms/km																								total resistance for round trip		8.7		Ohms

																		12 AWG conductor resistance		6.6		Ohms/km

								2 pair 18 AWG resistance=				10.5		Ohms/km				2 pair 12 AWG		3.3		Ohms/km																								Max Safe Current for 13 AWG		?		A

								2 pair 14 awg resistance =				5.25		Ohms/km				Voltage drop for Ventana Cable		153.5		Volts for 2.2km																								topside voltage		425		V

																		total resistance for Ventana Cable		7.9		Ohms																								ave current		10.0		A

																		flying tether length		50.0		m																								drop in cable @ Isafe		87		V

																		18 awg flying tether total resistance		0.5		Ohms																								Voltage @ veh		338		V

																		14 awg flyign tether total resistance		0.3		Ohms																								power @veh given topside voltage/Isafe		3383		Watts

																		votlage at vehicle with 18 awg flying tether		290.6		Volts																								power after converters		2876		Watts

																		power at vehicle with 18 awg flying tether		4650.4		W																								pay load		-115		Watts

																		reserve payload		961.9		W

																		votlage at vehicle with 14 awg flying tether		294.8		V

																		power at vehicle with 14 awg flying tether		4717.6		W

																		SHORT TETHER												2 14 AWG pairs

																		Tether length		1500.0		m

																		14 AWG conductor resistance		10.7		Ohms/km				??												SOUTH BAY								South Bay

																		2 pair 14 AWG		5.4		Ohms/km				Tether length		1700.0		m								Long Tether								13 AWG-> 2.44 Ohms/1000ft								1000ft =		304.8m

																		Max Safe Current for 14 AWG		8.0		A				14 AWG conductor resistance		10.5		Ohms/km								Tether length		1700.0		m				13 AWG->8.01 Ohms/km

																		topside voltage		425		V				2 pair 14 AWG		5.3		Ohms/km								13 AWG conductor resistance		8.0		Ohms/km				3, 13 AWG in paralell = 2.623 Ohms/km

																		safe cable current		16.0		A				Max Safe Current for 14 AWG		8.0		A								3 pair 13 AWG		2.7		Ohms/km

																		drop in cable @ Isafe		257		V				topside voltage		425		V								total resistance for round trip		9.7		Ohms

																		Voltage @ veh		168		V				safe cable current		8.0		A																Cortland

																		power @veh given topside voltage/Isafe		2691		Watts				drop in cable @ Isafe		143		V								Max Safe Current for 13 AWG		7.0		A				~11 AWG->				5.1 Ohms/ks

		Cable loss																power after converters		2288		Watts				Voltage @ veh		282		V								topside voltage		425		V				2x 11AWG				2.55 ohms/km

		Length (m)		Wire AWG		Wire resistance 
ohm/km		Total round 
trip resistance		Operating
Current		Voltage drop		Voltage @ 
vehicle (assume
500V at surface)				pay load		-703		Watts				power @veh given topside voltage/Isafe		2258		Watts								ave current		15.0		A

		1100		10		3.3		7.2		9		64.7		435.3												power after converters		1919		Watts								drop in cable @ Isafe		145		V

		1100		16		13.2		29.0		9		260.8		239.2												pay load		-1072		Watts								Voltage @ veh		280		V

		1100		14		8.3		18.2		9		164.0		336.0																								power @veh given topside voltage/Isafe		4200		Watts

		1100		12		5.2		11.5		9		103.1		396.9																								power after converters		3570		Watts

																																						pay load		579		Watts

																												2.44		ohms/1000ft

																		Cable resistance		8.282

																		Conductors Pairs		2								1000		0.3048		km

																		Equiv Resistance		4.141

																		Current Est		9.3

																		Vdrop		84.72486

																		Vveh		415.27514

																		Current at that drop		8.4281471797





Shunt Calcs

		

		Two Tether Calcs

		Tether length		1100.0		m		Resistance sh		40.018		Power desired @ veh		5850		W		Power

		Voltage at surface		550.0		V		Max Power shunt		4513.5938827528		Current		13.7647058824		A

		Min Voltage @veh		300.0		V						Power post-Vicor		4972.5		W

												Reserve Payload		1981.584		W

		Max Voltage drop in cable (2 way)		250.0		V						Voltage topside		587.0105882353		V

		Max Current @veh		16.0		A						Ptopside		8080.0280968858		W

		Voltage @Veh		425.0		V

		Max Power @Veh		6800.0		W		based on max current

												Psuppmax		6600

		14 AWG conductor resistance		10.7		Ohms/km								6534

		2 pair 14 AWG		5.4		Ohms/km

		Total tether resistance		11.8		Ohms		TWO WAY

		Max Safe Current for one 14 AWG pair		8.0		A





Graph

		load		Man./Model		qnty		voltage (Volts)		current (Amps)		power (watts)		Total power

		Heading		PSN ForceField TCM		1		5		0.12		0.6		0.6

		Fiber Mux		Focal 20907		1		5		1		5		5

		CTD		FSI micro-CTD		1		12		0.12		1.44		1.44

		Color Pencil Cam		Insite Tritech Nova		1		12		0.175		2.1		2.1

		Camcorder		Sony HDR-SR12		1		12		0.5		6		6

		Payload				1		12		3		36		36

		Sonar		Imagenex 881A		1		24		0.2		4.8		4.8

		B&W Camera		Insite Tritech IT-1000		1		24		0.15		3.6		3.6

		Lights		DSPL Multi-SeaLite		2		24		2		48		96

		Tilt motor		MBARI stock		1		24		2		48		48

		Manipulator		Seabotix 3Jaw Grabber		1		24		1		24		24

		Bottom Side Cntlr		Wago- Coupler 750-315		1		24		0.35		8.4		8.4

		Analog I/O		Wago -		1		24		0.5		12		12

		Payload				1		24		2.5		60		60

		Thrusters		Cleveland Mtr		6		48		12.5		500		3000

		Motor Controllers		Elmo Whistle		6		48		0.052		2.496		14.976

		Total Power												3322.916

		Total Power										At 85% eff		3821.3534





Graph
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SOUTH BAY

Long Tether

Tether length 1700.0m

13 AWG conductor resistance 8.0Ohms/km

3 pair 13 AWG  2.7Ohms/km

total resistance for round trip 9.7Ohms

Max Safe Current for 13 AWG 7.0A

topside voltage 420V

ave current 10.0A

drop in cable @ Isafe 97V

Voltage @ veh 323V

power @veh given topside voltage/Isafe 3233Watts

power after converters 2748Watts


Microsoft_Excel_97-2003_Worksheet3.xls
+24V Epod

		+24V

		Lights 1& 2		DSPL Multi-SeaLite				2.00		24.00		3.20		76.80		153.60

		Lights 3&4		DSPL LED lights?				2.00

		DVL		linquest Navquest 600				1.00		24.00		0.20		4.80		4.80

		Tilt motor		MBARI stock				1.00		24.00		3.00		72.00		72.00

		Manipulator		ECA ARM-5E				1.00		24.00		5.00		120.00		120.00

		Rotate motor 2		same as tilt				1.00		24.00		3.00		72.00		72.00

		Rotate motor 3		same as tilt				1.00		24.00		3.00		72.00		72.00

														0.00		0.00		24V Power Sum		494.40

		5V Vicor		5V supply

		Science Port						2.00		24.00		2.00		48.00		96.00

		Bottom Side Cntlr		Wago stack				1.00		24.00		0.20		4.80		4.80

		HD Cam		Sony HDR-SR12				1.00		24.00		0.30		7.20		7.20

		Color Pencil Cam		Insite Tritech Nova				2.00		24.00		0.18		4.20		8.40

		Sonar		Imagenex 881A				1.00		24.00		0.20		4.80		4.80

		B&W Camera		Insite Tritech IT-1000				1.00		24.00		0.15		3.60		3.60

																		24V Power Sum		124.80

		0.2





Power Budget - Feb 2013

		load		Man./Model		qnty		voltage (Volts)		current (Amps)		power (watts)		Total power				Watts		duty cycle (% ON)		Notes

		+5V

		Heading		PSN ForceField TCM		1.00		5.00		0.12		0.60		0.60								less than 20 mA typical

		Fiber Mux		Focal 20907		1.00		5.00		1.00		5.00		5.00								<5Watts typical on each end

		Serial Expansion		Focal 907-SER		1.00		5.00		1.50		7.50		7.50								0.75A typ, 1.5A max

		Rattler		Rattler		1.00		5.00		0.12		0.60		0.60		5V Power Sum		13.70

		+12V

		CTD		FSI micro-CTD		1.00		12.00		0.12		1.44		1.44						100

		Payload				1.00		12.00		0.00		0.00		0.00

												0.00		0.00		12V Power Sum		1.44

		+24V

		Color Pencil Cam		Insite Tritech Nova		2.00		24.00		0.18		4.20		8.40

		Sonar		Imagenex 881A		1.00		24.00		0.20		4.80		4.80						100		Power listed as <5W

		B&W Camera		Insite Tritech IT-1000		1.00		24.00		0.15		3.60		3.60								15-30V in, 150 mA typical

		Lights 1& 2		DSPL Multi-SeaLite		2.00		24.00		3.20		76.80		153.60								Check the current draw on bench

		Lights 3&4		DSPL LED lights?		2.00

		DVL		linquest Navquest 600		1.00		24.00		0.20		4.80		4.80								Rowe

		Tilt motor		MBARI stock		1.00		24.00		1.00		24.00		24.00

		Manipulator		ECA ARM-5E		1.00		24.00		5.00		120.00		120.00								5A max

		Bottom Side Cntlr		Wago stack		1.00		24.00		0.20		4.80		4.80								measured 2/6/13

		HD Cam		Sony HDR-SR12		1.00		24.00		0.30		7.20		7.20								TOTAL GUESS

		Rotate motor 2		same as tilt		1.00		24.00		1.00		24.00		24.00

		Rotate motor 3		same as tilt		1.00		24.00		1.00		24.00		24.00

		Science Port				2.00		24.00		1.00		24.00		48.00

												0.00		0.00		24V Power Sum		427.20

		+48V

		Thrusters		Cleveland Mtr		6.00		48.00		11.45		549.60		3297.60								Max is 600W

		Motor Controllers		Elmo Whistle		6.00		48.00		0.05		2.50		14.98								Chad 24V 80mA

																48V Power Sum		3312.58

		Total Power												3754.92

		Total Power- PreConverter										At 85% eff		4318.15

		Max Power at Vehicle				4941.44		Watts		Based on Ventana tether

		Max current in cable (@300V)				16.4714666667		Amps		But tether only 16 A rated

														sum=		278.40

														diff=		148.80

														Iwago @ 24V		6.2





Power Budget -Design Phase

		load		Man./Model		qnty		voltage (Volts)		current (Amps)		power (watts)		Total power				Watts				duty cycle (% ON)		Notes

		Heading		PSN ForceField TCM		1.00		5.00		0.12		0.60		0.60										less than 20 mA typical

		Fiber Mux		Focal 20907		1.00		5.00		1.00		5.00		5.00										<5Watts typical on each end

																5V Power Sum		5.60

		CTD		FSI micro-CTD		1.00		12.00		0.12		1.44		1.44								100

		Color Pencil Cam		Insite Tritech Nova		1.00		12.00		0.18		2.10		2.10										Can be run at 24V as well, current listed is typ.

		Camcorder		Sony HDR-SR12		1.00		12.00		0.50		6.00		6.00										Camera runs 8.4V, 4.9W

		Payload				1.00		12.00		0.00		0.00		0.00

																12V Power Sum		9.54

		Sonar		Imagenex 881A		1.00		24.00		0.20		4.80		4.80								100		Power listed as <5W

		B&W Camera		Insite Tritech IT-1000		1.00		24.00		0.15		3.60		3.60										15-30V in, 150 mA typical

		Lights		DSPL Multi-SeaLite		2.00		24.00		2.00		80.00		160.00										Check the current draw on bench

		Tilt motor		MBARI stock		1.00		24.00		2.00		48.00		48.00

		Manipulator		Seabotix 3Jaw Grabber		1.00		24.00		1.00		24.00		24.00										CHECK ON THIS

		Bottom Side Cntlr		Wago- Coupler 750-315		1.00		24.00		0.35		8.40		8.40

		Analog I/O		Wago -		1.00		24.00		0.50		12.00		12.00										TOTAL GUESS

		Payload				1.00		24.00		0.00		0.00		0.00

																24V Power Sum		260.80

		Thrusters		Cleveland Mtr		6.00		48.00		12.50		450.00		2700.00										Max is 600W

		Motor Controllers		Elmo Whistle		6.00		48.00		0.05		2.50		14.98										Chad 24V 80mA

		Payload				1.00		48.00		0.00		0.00		0.00

																48V Power Sum		2714.98

																Payload		0.00		Watt

		Total Power												2990.92

		Total Power- PreConverter										At 85% eff		3439.55

		Power desired pre-converter								load +33%				4574.61





Power Budget -Design Phase

		Heading		Heading		Heading		Heading		Heading

		Fiber Mux		Fiber Mux		Fiber Mux		Fiber Mux		Fiber Mux

		CTD		CTD		CTD		CTD		CTD

		Color Pencil Cam		Color Pencil Cam		Color Pencil Cam		Color Pencil Cam		Color Pencil Cam

		Camcorder		Camcorder		Camcorder		Camcorder		Camcorder

		Payload		Payload		Payload		Payload		Payload

		Sonar		Sonar		Sonar		Sonar		Sonar

		B&W Camera		B&W Camera		B&W Camera		B&W Camera		B&W Camera

		Lights		Lights		Lights		Lights		Lights

		Tilt motor		Tilt motor		Tilt motor		Tilt motor		Tilt motor

		Manipulator		Manipulator		Manipulator		Manipulator		Manipulator

		Bottom Side Cntlr		Bottom Side Cntlr		Bottom Side Cntlr		Bottom Side Cntlr		Bottom Side Cntlr

		Analog I/O		Analog I/O		Analog I/O		Analog I/O		Analog I/O

		Payload		Payload		Payload		Payload		Payload

		Thrusters		Thrusters		Thrusters		Thrusters		Thrusters

		Motor Controllers		Motor Controllers		Motor Controllers		Motor Controllers		Motor Controllers
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TetherCalcsJan2012

		ventana cable 5x12AWG, 2.0 Ohm/1000ft =										10 kW 500V Power supply

				6.56167979		Ohm/km						LONG TETHER

												Voltage at surface		425.0		V

		south bay 18 awg = 6.5 ohms/1000ft= 21 Ohms/km										Max Current for Ventana Cable		16.0		A

		southbay 14 awg = 3.2 Ohms/1000ft = 10.5 Ohms/km										Length of Ventana Cable		1.1		km

												Resistance of 2 pair 12 AWG		3.3		Ohm/km

		2 pair 18 AWG resistance=				10.5		Ohms/km				Total resistance for Ventana Cable		7.3		Ohms

		2 pair 14 awg resistance =				5.25		Ohms/km				Voltage drop for Ventana Cable at 16 A		116.2		V

												Voltage at vehicle		308.8		V

												Max Power at Vehicle		4941.4		Watts

												Power at Vehicle post converter		4200.2		Watts

												Excess Payload		1210.2		Watts

												Power topside at power supply		6800.0		Watts

												flying tether length		50.0		m

												18 awg flying tether total resistance		0.5		Ohms

												14 awg flyign tether total resistance		0.3		Ohms

												Voltage drop with 18 awg tether @ 16A		8.4		V

												Voltage drop with 14 awg tether @ 16A		4.2		V

												Voltage at vehicle- Ventana +18 awg		300.4		V

												Voltage at vehicle- Ventana +14 awg		304.6		V

												Power drop through 18 awg tether		134.4		W

												Power drop through 14 awg tether		67.2		W





Tether Calcs

																		6.6kW 1-phase Power

																		LONG TETHER						LONG TETHER NO POWER LIMITS

		if need 375V on bottom at 9 A, with 1100m of cable. 
Assuming 500V on top we could drop 125V over 2200m round trip. 
R= 125V/9A = 13.8 ohms/2200m->0.006 ohm/m-> 6 ohm/km																Power at Vehicle with 33% unused		5850.0		W								max current in 14AWG conductor		8		A

														o				Voltage at surface		425.0		V		Voltage at surface		425.0		V		Imax 2 conductor pairs		16		A

																		Max Current for Ventana Cable		16.0		A		Current to achieve desired power		20		A		Voltage drop for 2.2 km tether		188.32		V

																		Voltage at vehicle		299.0		V		Volage at vehicle		267.56		V		Voltage at Veh using Imax		236.7		V

																		Power at Vehicle		4784.8		W		Power at vehicle		5351.2		W

						Min Voltage @veh		275.0		V								drop in tether		2015.2		W		Power at vehicle post- conv.		4548.52		W

																		Power at vehicle post converter		4067.1		W		Payload		1557.60		W		max power		6800

																		Payload		1076.14		W		Power require at top		8500		W		min power@ Imax		4400

																		power @ topside		6800.00		W

								ventana cable 5x12AWG, 2.0 Ohm/1000ft =										Min Voltage @veh		275.0		V																								CORTLAND

										6.56167979		Ohm/km						Max Voltage drop in cable (2 way)		150.0		V																								Tether length		1700.0		m

																		Max Current @veh		21.3		A																								11 AWG conductor resistance		5.1		Ohms/km

								south bay 18 awg = 6.5 ohms/1000ft= 21 Ohms/km										Max resistance (2-way)		7.1		Ohms/length																								2 pair 13 AWG		2.6		Ohms/km

								southbay 14 awg = 3.2 Ohms/1000ft = 10.5 Ohms/km										Max Resistance  per km		4.7		Ohms/km				FALMAT-OLD VENTANA Tether																				total resistance for round trip		8.7		Ohms

																		12 AWG conductor resistance		6.6		Ohms/km				12 AWG conductor resistance		6.6		Ohms/km

								2 pair 18 AWG resistance=				10.5		Ohms/km				2 pair 12 AWG		3.3		Ohms/km				2 pair 12 AWG		3.3		Ohms/km																Max Safe Current for 13 AWG		?		A

								2 pair 14 awg resistance =				5.25		Ohms/km				Voltage drop for Ventana Cable		153.5		Volts for 2.2km				total resistance for Ventana Cable		7.9		Ohms																topside voltage		425		V

																		total resistance for Ventana Cable		7.9		Ohms				Max safe current		16		Amps																ave current		10.0		A

																		flying tether length		50.0		m				topside voltage		400		volts																drop in cable @ Isafe		87		V

																		18 awg flying tether total resistance		0.5		Ohms				current draw		8.0		Amps																Voltage @ veh		338		V

																		14 awg flyign tether total resistance		0.3		Ohms				Voltage @veh		337.024		volts																power @veh given topside voltage/Isafe		3383		Watts

																		votlage at vehicle with 18 awg flying tether		290.6		Volts				power @veh		2696.192		watts																power after converters		2876		Watts

																		power at vehicle with 18 awg flying tether		4650.4		W																								pay load		-115		Watts

																		reserve payload		961.9		W

																		votlage at vehicle with 14 awg flying tether		294.8		V

																		power at vehicle with 14 awg flying tether		4717.6		W

																														2 14 AWG pairs

																		SHORT TETHER

																		Tether length		1500.0		m				??

																		14 AWG conductor resistance		10.7		Ohms/km				Tether length		1700.0		m								SOUTH BAY								South Bay

																		2 pair 14 AWG		5.4		Ohms/km				14 AWG conductor resistance		10.5		Ohms/km								Long Tether								13 AWG-> 2.44 Ohms/1000ft								1000ft =		304.8m

																		Max Safe Current for 14 AWG		8.0		A				2 pair 14 AWG		5.3		Ohms/km								Tether length		1700.0		m				13 AWG->8.01 Ohms/km

																		topside voltage		425		V				Max Safe Current for 14 AWG		8.0		A								13 AWG conductor resistance		8.0		Ohms/km				3, 13 AWG in paralell = 2.623 Ohms/km

																		safe cable current		16.0		A				topside voltage		425		V								3 pair 13 AWG		2.7		Ohms/km

																		drop in cable @ Isafe		257		V				safe cable current		8.0		A								total resistance for round trip		9.7		Ohms

																		Voltage @ veh		168		V				drop in cable @ Isafe		143		V																Cortland

																		power @veh given topside voltage/Isafe		2691		Watts				Voltage @ veh		282		V								Max Safe Current for 13 AWG		7.0		A				~11 AWG->				5.1 Ohms/ks

		Cable loss																power after converters		2288		Watts				power @veh given topside voltage/Isafe		2258		Watts								topside voltage		420		V				2x 11AWG				2.55 ohms/km

		Length (m)		Wire AWG		Wire resistance 
ohm/km		Total round 
trip resistance		Operating
Current		Voltage drop		Voltage @ 
vehicle (assume
500V at surface)				pay load		-703		Watts				power after converters		1919		Watts								ave current		10.0		A

		1100		10		3.3		7.2		9		64.7		435.3												pay load		-1072		Watts								drop in cable @ Isafe		97		V

		1100		16		13.2		29.0		9		260.8		239.2																								Voltage @ veh		323		V

		1100		14		8.3		18.2		9		164.0		336.0																								power @veh given topside voltage/Isafe		3233		Watts

		1100		12		5.2		11.5		9		103.1		396.9																								power after converters		2748		Watts

																												2.44		ohms/1000ft								pay load		-243		Watts

																		Cable resistance		8.282								1000		0.3048

																		Conductors Pairs		2												km

																		Equiv Resistance		4.141

																		Current Est		9.3

																		Vdrop		84.72486

																		Vveh		415.27514

																		Current at that drop		8.4281471797





Shunt Calcs

		

		Two Tether Calcs

		Tether length		1100.0		m		Resistance sh		40.018		Power desired @ veh		5850		W		Power

		Voltage at surface		550.0		V		Max Power shunt		4513.5938827528		Current		13.7647058824		A

		Min Voltage @veh		300.0		V						Power post-Vicor		4972.5		W

												Reserve Payload		1981.584		W

		Max Voltage drop in cable (2 way)		250.0		V						Voltage topside		587.0105882353		V

		Max Current @veh		16.0		A						Ptopside		8080.0280968858		W

		Voltage @Veh		425.0		V

		Max Power @Veh		6800.0		W		based on max current

												Psuppmax		6600

		14 AWG conductor resistance		10.7		Ohms/km								6534

		2 pair 14 AWG		5.4		Ohms/km

		Total tether resistance		11.8		Ohms		TWO WAY

		Max Safe Current for one 14 AWG pair		8.0		A





Graph

		load		Man./Model		qnty		voltage (Volts)		current (Amps)		power (watts)		Total power

		Heading		PSN ForceField TCM		1		5		0.12		0.6		0.6

		Fiber Mux		Focal 20907		1		5		1		5		5

		CTD		FSI micro-CTD		1		12		0.12		1.44		1.44

		Color Pencil Cam		Insite Tritech Nova		1		12		0.175		2.1		2.1

		Camcorder		Sony HDR-SR12		1		12		0.5		6		6

		Payload				1		12		3		36		36

		Sonar		Imagenex 881A		1		24		0.2		4.8		4.8

		B&W Camera		Insite Tritech IT-1000		1		24		0.15		3.6		3.6

		Lights		DSPL Multi-SeaLite		2		24		2		48		96

		Tilt motor		MBARI stock		1		24		2		48		48

		Manipulator		Seabotix 3Jaw Grabber		1		24		1		24		24

		Bottom Side Cntlr		Wago- Coupler 750-315		1		24		0.35		8.4		8.4

		Analog I/O		Wago -		1		24		0.5		12		12

		Payload				1		24		2.5		60		60

		Thrusters		Cleveland Mtr		6		48		12.5		500		3000

		Motor Controllers		Elmo Whistle		6		48		0.052		2.496		14.976

		Total Power												3322.916

		Total Power										At 85% eff		3821.3534
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FALMAT-OLD VENTANA Tether

12 AWG conductor resistance 6.6Ohms/km

2 pair 12 AWG 3.3Ohms/km

total resistance for Ventana Cable 7.9Ohms

Max safe current 16Amps

topside voltage 400volts

current draw 8.0Amps

Voltage @veh 337.024volts

power @veh 2696.192watts


Microsoft_Excel_97-2003_Worksheet1.xls
+24V Epod

		+24V

		Lights 1& 2		DSPL Multi-SeaLite				2.00		24.00		3.20		76.80		153.60

		Lights 3&4		DSPL LED lights?				2.00

		DVL		linquest Navquest 600				1.00		24.00		0.20		4.80		4.80

		Tilt motor		MBARI stock				1.00		24.00		3.00		72.00		72.00

		Manipulator		ECA ARM-5E				1.00		24.00		5.00		120.00		120.00

		Rotate motor 2		same as tilt				1.00		24.00		3.00		72.00		72.00

		Rotate motor 3		same as tilt				1.00		24.00		3.00		72.00		72.00

														0.00		0.00		24V Power Sum		494.40

		5V Vicor		5V supply

		Science Port						2.00		24.00		2.00		48.00		96.00

		Bottom Side Cntlr		Wago stack				1.00		24.00		0.20		4.80		4.80

		HD Cam		Sony HDR-SR12				1.00		24.00		0.30		7.20		7.20

		Color Pencil Cam		Insite Tritech Nova				2.00		24.00		0.18		4.20		8.40

		Sonar		Imagenex 881A				1.00		24.00		0.20		4.80		4.80

		B&W Camera		Insite Tritech IT-1000				1.00		24.00		0.15		3.60		3.60

																		24V Power Sum		124.80

		0.2





Power Budget - Feb 2013

		load		Man./Model		qnty		voltage (Volts)		current (Amps)		power (watts)		Total power				Watts		duty cycle (% ON)		Notes

		+5V

		Heading		PSN ForceField TCM		1.00		5.00		0.12		0.60		0.60								less than 20 mA typical

		Fiber Mux		Focal 20907		1.00		5.00		1.00		5.00		5.00								<5Watts typical on each end

		Serial Expansion		Focal 907-SER		1.00		5.00		1.50		7.50		7.50								0.75A typ, 1.5A max

		Rattler		Rattler		1.00		5.00		0.12		0.60		0.60		5V Power Sum		13.70

		+12V

		CTD		FSI micro-CTD		1.00		12.00		0.12		1.44		1.44						100

		Payload				1.00		12.00		0.00		0.00		0.00

												0.00		0.00		12V Power Sum		1.44

		+24V

		Color Pencil Cam		Insite Tritech Nova		2.00		24.00		0.18		4.20		8.40

		Sonar		Imagenex 881A		1.00		24.00		0.20		4.80		4.80						100		Power listed as <5W

		B&W Camera		Insite Tritech IT-1000		1.00		24.00		0.15		3.60		3.60								15-30V in, 150 mA typical

		Lights 1& 2		DSPL Multi-SeaLite		2.00		24.00		3.20		76.80		153.60								Check the current draw on bench

		Lights 3&4		DSPL LED lights?		2.00

		DVL		linquest Navquest 600		1.00		24.00		0.20		4.80		4.80								Rowe

		Tilt motor		MBARI stock		1.00		24.00		1.00		24.00		24.00

		Manipulator		ECA ARM-5E		1.00		24.00		5.00		120.00		120.00								5A max

		Bottom Side Cntlr		Wago stack		1.00		24.00		0.20		4.80		4.80								measured 2/6/13

		HD Cam		Sony HDR-SR12		1.00		24.00		0.30		7.20		7.20								TOTAL GUESS

		Rotate motor 2		same as tilt		1.00		24.00		1.00		24.00		24.00

		Rotate motor 3		same as tilt		1.00		24.00		1.00		24.00		24.00

		Science Port				2.00		24.00		1.00		24.00		48.00

												0.00		0.00		24V Power Sum		427.20

		+48V

		Thrusters		Cleveland Mtr		6.00		48.00		11.45		549.60		3297.60								Max is 600W

		Motor Controllers		Elmo Whistle		6.00		48.00		0.05		2.50		14.98								Chad 24V 80mA

																48V Power Sum		3312.58

		Total Power												3754.92

		Total Power- PreConverter										At 85% eff		4318.15

		Max Power at Vehicle				4941.44		Watts		Based on Ventana tether

		Max current in cable (@300V)				16.4714666667		Amps		But tether only 16 A rated

														sum=		278.40

														diff=		148.80

														Iwago @ 24V		6.2





Power Budget -Design Phase

		load		Man./Model		qnty		voltage (Volts)		current (Amps)		power (watts)		Total power				Watts				duty cycle (% ON)		Notes

		Heading		PSN ForceField TCM		1.00		5.00		0.12		0.60		0.60										less than 20 mA typical

		Fiber Mux		Focal 20907		1.00		5.00		1.00		5.00		5.00										<5Watts typical on each end

																5V Power Sum		5.60

		CTD		FSI micro-CTD		1.00		12.00		0.12		1.44		1.44								100

		Color Pencil Cam		Insite Tritech Nova		1.00		12.00		0.18		2.10		2.10										Can be run at 24V as well, current listed is typ.

		Camcorder		Sony HDR-SR12		1.00		12.00		0.50		6.00		6.00										Camera runs 8.4V, 4.9W

		Payload				1.00		12.00		0.00		0.00		0.00

																12V Power Sum		9.54

		Sonar		Imagenex 881A		1.00		24.00		0.20		4.80		4.80								100		Power listed as <5W

		B&W Camera		Insite Tritech IT-1000		1.00		24.00		0.15		3.60		3.60										15-30V in, 150 mA typical

		Lights		DSPL Multi-SeaLite		2.00		24.00		2.00		80.00		160.00										Check the current draw on bench

		Tilt motor		MBARI stock		1.00		24.00		2.00		48.00		48.00

		Manipulator		Seabotix 3Jaw Grabber		1.00		24.00		1.00		24.00		24.00										CHECK ON THIS

		Bottom Side Cntlr		Wago- Coupler 750-315		1.00		24.00		0.35		8.40		8.40

		Analog I/O		Wago -		1.00		24.00		0.50		12.00		12.00										TOTAL GUESS

		Payload				1.00		24.00		0.00		0.00		0.00

																24V Power Sum		260.80

		Thrusters		Cleveland Mtr		6.00		48.00		12.50		450.00		2700.00										Max is 600W

		Motor Controllers		Elmo Whistle		6.00		48.00		0.05		2.50		14.98										Chad 24V 80mA

		Payload				1.00		48.00		0.00		0.00		0.00

																48V Power Sum		2714.98

																Payload		0.00		Watt

		Total Power												2990.92

		Total Power- PreConverter										At 85% eff		3439.55

		Power desired pre-converter								load +33%				4574.61





Power Budget -Design Phase

		Heading		Heading		Heading		Heading		Heading

		Fiber Mux		Fiber Mux		Fiber Mux		Fiber Mux		Fiber Mux

		CTD		CTD		CTD		CTD		CTD

		Color Pencil Cam		Color Pencil Cam		Color Pencil Cam		Color Pencil Cam		Color Pencil Cam

		Camcorder		Camcorder		Camcorder		Camcorder		Camcorder

		Payload		Payload		Payload		Payload		Payload

		Sonar		Sonar		Sonar		Sonar		Sonar

		B&W Camera		B&W Camera		B&W Camera		B&W Camera		B&W Camera

		Lights		Lights		Lights		Lights		Lights

		Tilt motor		Tilt motor		Tilt motor		Tilt motor		Tilt motor

		Manipulator		Manipulator		Manipulator		Manipulator		Manipulator

		Bottom Side Cntlr		Bottom Side Cntlr		Bottom Side Cntlr		Bottom Side Cntlr		Bottom Side Cntlr

		Analog I/O		Analog I/O		Analog I/O		Analog I/O		Analog I/O

		Payload		Payload		Payload		Payload		Payload

		Thrusters		Thrusters		Thrusters		Thrusters		Thrusters

		Motor Controllers		Motor Controllers		Motor Controllers		Motor Controllers		Motor Controllers
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TetherCalcsJan2012

		ventana cable 5x12AWG, 2.0 Ohm/1000ft =										10 kW 500V Power supply

				6.56167979		Ohm/km						LONG TETHER

												Voltage at surface		425.0		V

		south bay 18 awg = 6.5 ohms/1000ft= 21 Ohms/km										Max Current for Ventana Cable		16.0		A

		southbay 14 awg = 3.2 Ohms/1000ft = 10.5 Ohms/km										Length of Ventana Cable		1.1		km

												Resistance of 2 pair 12 AWG		3.3		Ohm/km

		2 pair 18 AWG resistance=				10.5		Ohms/km				Total resistance for Ventana Cable		7.3		Ohms

		2 pair 14 awg resistance =				5.25		Ohms/km				Voltage drop for Ventana Cable at 16 A		116.2		V

												Voltage at vehicle		308.8		V

												Max Power at Vehicle		4941.4		Watts

												Power at Vehicle post converter		4200.2		Watts

												Excess Payload		1210.2		Watts

												Power topside at power supply		6800.0		Watts

												flying tether length		50.0		m

												18 awg flying tether total resistance		0.5		Ohms

												14 awg flyign tether total resistance		0.3		Ohms

												Voltage drop with 18 awg tether @ 16A		8.4		V

												Voltage drop with 14 awg tether @ 16A		4.2		V

												Voltage at vehicle- Ventana +18 awg		300.4		V

												Voltage at vehicle- Ventana +14 awg		304.6		V

												Power drop through 18 awg tether		134.4		W

												Power drop through 14 awg tether		67.2		W





Tether Calcs

																		6.6kW 1-phase Power

																		LONG TETHER						LONG TETHER NO POWER LIMITS

		if need 375V on bottom at 9 A, with 1100m of cable. 
Assuming 500V on top we could drop 125V over 2200m round trip. 
R= 125V/9A = 13.8 ohms/2200m->0.006 ohm/m-> 6 ohm/km																Power at Vehicle with 33% unused		5850.0		W								max current in 14AWG conductor		8		A

														o				Voltage at surface		425.0		V		Voltage at surface		425.0		V		Imax 2 conductor pairs		16		A

																		Max Current for Ventana Cable		16.0		A		Current to achieve desired power		20		A		Voltage drop for 2.2 km tether		188.32		V

																		Voltage at vehicle		299.0		V		Volage at vehicle		267.56		V		Voltage at Veh using Imax		236.7		V

																		Power at Vehicle		4784.8		W		Power at vehicle		5351.2		W

						Min Voltage @veh		275.0		V								drop in tether		2015.2		W		Power at vehicle post- conv.		4548.52		W

																		Power at vehicle post converter		4067.1		W		Payload		1557.60		W		max power		6800

																		Payload		1076.14		W		Power require at top		8500		W		min power@ Imax		4400

																		power @ topside		6800.00		W

								ventana cable 5x12AWG, 2.0 Ohm/1000ft =										Min Voltage @veh		275.0		V																								CORTLAND

										6.56167979		Ohm/km						Max Voltage drop in cable (2 way)		150.0		V																								Tether length		1700.0		m

																		Max Current @veh		21.3		A																								11 AWG conductor resistance		5.1		Ohms/km

								south bay 18 awg = 6.5 ohms/1000ft= 21 Ohms/km										Max resistance (2-way)		7.1		Ohms/length																								2 pair 13 AWG		2.6		Ohms/km

								southbay 14 awg = 3.2 Ohms/1000ft = 10.5 Ohms/km										Max Resistance  per km		4.7		Ohms/km				FALMAT-OLD VENTANA Tether																				total resistance for round trip		8.7		Ohms

																		12 AWG conductor resistance		6.6		Ohms/km				12 AWG conductor resistance		6.6		Ohms/km

								2 pair 18 AWG resistance=				10.5		Ohms/km				2 pair 12 AWG		3.3		Ohms/km				2 pair 12 AWG		3.3		Ohms/km																Max Safe Current for 13 AWG		?		A

								2 pair 14 awg resistance =				5.25		Ohms/km				Voltage drop for Ventana Cable		153.5		Volts for 2.2km				total resistance for Ventana Cable		7.9		Ohms																topside voltage		425		V

																		total resistance for Ventana Cable		7.9		Ohms				Max safe current		16		Amps																ave current		10.0		A

																		flying tether length		50.0		m				topside voltage		400		volts																drop in cable @ Isafe		87		V

																		18 awg flying tether total resistance		0.5		Ohms				current draw		8.0		Amps																Voltage @ veh		338		V

																		14 awg flyign tether total resistance		0.3		Ohms				Voltage @veh		337.024		volts																power @veh given topside voltage/Isafe		3383		Watts

																		votlage at vehicle with 18 awg flying tether		290.6		Volts				power @veh		2696.192		watts																power after converters		2876		Watts

																		power at vehicle with 18 awg flying tether		4650.4		W																								pay load		-115		Watts

																		reserve payload		961.9		W

																		votlage at vehicle with 14 awg flying tether		294.8		V

																		power at vehicle with 14 awg flying tether		4717.6		W

																														2 14 AWG pairs

																		SHORT TETHER

																		Tether length		1500.0		m				??

																		14 AWG conductor resistance		10.7		Ohms/km				Tether length		1700.0		m								SOUTH BAY								South Bay

																		2 pair 14 AWG		5.4		Ohms/km				14 AWG conductor resistance		10.5		Ohms/km								Long Tether								13 AWG-> 2.44 Ohms/1000ft								1000ft =		304.8m

																		Max Safe Current for 14 AWG		8.0		A				2 pair 14 AWG		5.3		Ohms/km								Tether length		1700.0		m				13 AWG->8.01 Ohms/km

																		topside voltage		425		V				Max Safe Current for 14 AWG		8.0		A								13 AWG conductor resistance		8.0		Ohms/km				3, 13 AWG in paralell = 2.623 Ohms/km

																		safe cable current		16.0		A				topside voltage		425		V								3 pair 13 AWG		2.7		Ohms/km

																		drop in cable @ Isafe		257		V				safe cable current		8.0		A								total resistance for round trip		9.7		Ohms

																		Voltage @ veh		168		V				drop in cable @ Isafe		143		V																Cortland

																		power @veh given topside voltage/Isafe		2691		Watts				Voltage @ veh		282		V								Max Safe Current for 13 AWG		7.0		A				~11 AWG->				5.1 Ohms/ks

		Cable loss																power after converters		2288		Watts				power @veh given topside voltage/Isafe		2258		Watts								topside voltage		425		V				2x 11AWG				2.55 ohms/km

		Length (m)		Wire AWG		Wire resistance 
ohm/km		Total round 
trip resistance		Operating
Current		Voltage drop		Voltage @ 
vehicle (assume
500V at surface)				pay load		-703		Watts				power after converters		1919		Watts								ave current		15.0		A

		1100		10		3.3		7.2		9		64.7		435.3												pay load		-1072		Watts								drop in cable @ Isafe		145		V

		1100		16		13.2		29.0		9		260.8		239.2																								Voltage @ veh		280		V

		1100		14		8.3		18.2		9		164.0		336.0																								power @veh given topside voltage/Isafe		4200		Watts

		1100		12		5.2		11.5		9		103.1		396.9																								power after converters		3570		Watts

																												2.44		ohms/1000ft								pay load		579		Watts

																		Cable resistance		8.282								1000		0.3048

																		Conductors Pairs		2												km

																		Equiv Resistance		4.141

																		Current Est		9.3

																		Vdrop		84.72486

																		Vveh		415.27514

																		Current at that drop		8.4281471797





Shunt Calcs

		

		Two Tether Calcs

		Tether length		1100.0		m		Resistance sh		40.018		Power desired @ veh		5850		W		Power

		Voltage at surface		550.0		V		Max Power shunt		4513.5938827528		Current		13.7647058824		A

		Min Voltage @veh		300.0		V						Power post-Vicor		4972.5		W

												Reserve Payload		1981.584		W

		Max Voltage drop in cable (2 way)		250.0		V						Voltage topside		587.0105882353		V

		Max Current @veh		16.0		A						Ptopside		8080.0280968858		W

		Voltage @Veh		425.0		V

		Max Power @Veh		6800.0		W		based on max current

												Psuppmax		6600

		14 AWG conductor resistance		10.7		Ohms/km								6534

		2 pair 14 AWG		5.4		Ohms/km

		Total tether resistance		11.8		Ohms		TWO WAY

		Max Safe Current for one 14 AWG pair		8.0		A





Graph

		load		Man./Model		qnty		voltage (Volts)		current (Amps)		power (watts)		Total power

		Heading		PSN ForceField TCM		1		5		0.12		0.6		0.6

		Fiber Mux		Focal 20907		1		5		1		5		5

		CTD		FSI micro-CTD		1		12		0.12		1.44		1.44

		Color Pencil Cam		Insite Tritech Nova		1		12		0.175		2.1		2.1

		Camcorder		Sony HDR-SR12		1		12		0.5		6		6

		Payload				1		12		3		36		36

		Sonar		Imagenex 881A		1		24		0.2		4.8		4.8

		B&W Camera		Insite Tritech IT-1000		1		24		0.15		3.6		3.6

		Lights		DSPL Multi-SeaLite		2		24		2		48		96

		Tilt motor		MBARI stock		1		24		2		48		48

		Manipulator		Seabotix 3Jaw Grabber		1		24		1		24		24

		Bottom Side Cntlr		Wago- Coupler 750-315		1		24		0.35		8.4		8.4

		Analog I/O		Wago -		1		24		0.5		12		12

		Payload				1		24		2.5		60		60

		Thrusters		Cleveland Mtr		6		48		12.5		500		3000

		Motor Controllers		Elmo Whistle		6		48		0.052		2.496		14.976

		Total Power												3322.916

		Total Power										At 85% eff		3821.3534





Graph
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SOUTH BAY

Long Tether

Tether length 1700.0m

13 AWG conductor resistance 8.0Ohms/km

3 pair 13 AWG  2.7Ohms/km

total resistance for round trip 9.7Ohms

Max Safe Current for 13 AWG 7.0A

topside voltage 425V

ave current 15.0A

drop in cable @ Isafe 145V

Voltage @ veh 280V

power @veh given topside voltage/Isafe 4200Watts

power after converters 3570Watts


