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Dorado Design Memo
Date: 11/17/00
To:  Dorado Design Team

Cc:  
From:  Nicole Tervalon
RE:  Vehicle Power Budget Update (includes November sea trials)

The following data is from one of the missions run during the November sea trials.  It is a relatively representative mission from a power consumption standpoint, but if you would like to see the same calculations carried out on some of the other data sets from November, please contact me and I will show you which Matlab scripts were used.

This data complements the previous Vehicle Power Budget memo sent out on 19 October 2000.

In-water power budget:

November sea trials (data file 2000.308.04)

The vehicle tested during this test was modified from previous versions to remove the micro in the tailcone and move the direct control of the actuators and thruster into the main vehicle computer.  Additional data streams were also incorporated in the new vehicle, including the new capability to measure thruster current.  The mission was a straight and level flight at 10 meters.

Vehicle configuration:  nose + tail + 67 inch seawater filled parallel midbody

Components included in vehicle: All the components listed below in the ‘on-paper’ power buget

Length of mission:  415 s

Average battery voltage:  20.7 V

Average current draw:  9.04 A

Resulting average power consumption:  187 W

Propeller speed as measured by the tachometer: 286 rpm

New data collected from this mission includes

Thruster average power consumption (from thruster current measurement):  151 W

Elevator approximate power consumption (from duty cycle measurements):  2.9 W

Rudder approximate power consumption (from duty cycle measurements):  2.4 W

Resulting average ‘hotel’ load for the system (tot – prop – rud – elev):  30.7 W

The elevator and rudder duty cycles were determined by 

1. estimating the angular travel rate of the actuators

2. calculating the angular distance each actuator traveled between time steps based on commanded actuator position

3. determining the time it would take for each actuator to travel the calculated angular distance

4. comparing that to the time between time steps

The approximate level flight duty cycles for the elevator and rudder were:

Elevator: ~14%

Rudder: ~10%

Note that these numbers are appropriate only for the currently configured control system and are expected to change as the control system changes.

Possible causes for errors in these numbers are:

1. inaccuracies in the angular travel rate of the rudder and elevator

2. the fact that I’m using the commanded actuator position instead of the actual actuator position (this is done because the measured position is sampled 5 times slower than the commanded position and after comparing the two measurements side by side, they are very very similar over the majority of missions except for a time lag)

3. the ramp-up and ramp-down of the actuator power consumption as each command is responded to is not taken into consideration 

Comparison with on-paper power budget:

Based on the on-paper estimates (from last memo, included below for reference), the resulting comparisons are that the hotel load on the vehicle is about 7 W below paper estimates, the actuators are operating at about 50 W less than estimated, and the thruster is operating about 2 W higher than estimated.  The large difference in the actuator power consumption has to do with the assumption for the on-paper estimates that the actuators were operating at a 100% duty cycle, which has been shown to be no where near measured duty cycles.

On-paper power budget:

The following numbers include all the components incorporated in the vehicle as of November 2000.  The nominal power consumption figures were obtained primarily from the specification sheets for each of the components.  The efficiency of the power switching board was factored into the power budget by adding up all the control sphere components and multiplying by 0.9.  Also please note that the RF modem was not included in the total for the control sphere because it is only used when the vehicle is on the surface and not during a mission.
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Total Current

Components

Nominal

Power (W)

A @ 24 V

Control Sphere

18.42

0.77

CPU

1.1 A @ 5 V

5.5

Hard disk (3.2Gb)

500 mA @ 5V

2.5

Quad serial boards (2)

80 mA @ 5V (each)

0.8

MM-SES board

115 mA @ 5 V

0.575

GPS receiver board

120 mA @ 5 V

0.6

Crossbow

275 mA @ 24 V

6.6

RF Modem

650 mA @ 12 V

7.8

 (not included because not used during mission)

Power switching board

~ 90 % efficient?

Battery Monitor

0.501

0.021

Kiethley Metrabytes (2)

0.25 mA @ 12 V

0.006

Current Pick

0.005 Ohm resistor

0.495

Tailcone

220.08

9.17

STP-100 (2)

70 mA @ 24 V (each)

3.36

SV203 & amp

70 mA @ 24 V

1.68

80C196 & LPW

360 mA @ 24 V

8.64

Actuators (2)

1.2 A @ 24 V (each)

57.6

 (assuming both actuators @ 100% duty cycle)

Motor

~6.2 A @ 24 V @ 3 knots

148.8

 (worst case power consumption estimate)

Sensors

4.572

0.007

Pressure sensor

14 mA @ 12 V

0.168

Conductivity sensor

12 mA @ 12 V

0.144

Temperature sensor

25 mA @ 12 V

0.3

CTD pump

270 @ 12 V

3.24

Altimeter

60 mA @ 12 V

0.72

Total

Total

Power (W)

Current (A)

243.6

9.95
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				Power Requirements				Total Current

		Components		Nominal		Power (W)		A @ 24 V

		Control Sphere				18.42		0.77

		CPU		1.1 A @ 5 V		5.5

		Hard disk (3.2Gb)		500 mA @ 5V		2.5

		Quad serial boards (2)		80 mA @ 5V (each)		0.8

		MM-SES board		115 mA @ 5 V		0.575

		GPS receiver board		120 mA @ 5 V		0.6

		Crossbow		275 mA @ 24 V		6.6

		RF Modem		650 mA @ 12 V		7.8		(not included because not used during mission)

		Power switching board		~ 90 % efficient?

		Battery Monitor				0.501		0.021

		Kiethley Metrabytes (2)		0.25 mA @ 12 V		0.006

		Current Pick		0.005 Ohm resistor		0.495

		Tailcone				220.08		9.17

		STP-100 (2)		70 mA @ 24 V (each)		3.36

		SV203 & amp		70 mA @ 24 V		1.68

		80C196 & LPW		360 mA @ 24 V		8.64

		Actuators (2)		1.2 A @ 24 V (each)		57.6		(assuming both actuators @ 100% duty cycle)

		Motor		~6.2 A @ 24 V @ 3 knots		148.8		(worst case power consumption estimate)

		Sensors				4.572		0.007

		Pressure sensor		14 mA @ 12 V		0.168

		Conductivity sensor		12 mA @ 12 V		0.144

		Temperature sensor		25 mA @ 12 V		0.3

		CTD pump		270 @ 12 V		3.24

		Altimeter		60 mA @ 12 V		0.72

						Total		Total

						Power (W)		Current (A)

						243.6		9.95
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