MOOS Power System Design Notes

Buoy and System Wiring

1. 
Peak and Typical Currents


Peak (worst case) currents at 48V: 150W array is 3A; 720W turbine is 15A



Worst case bus current: 1 array plus 1 turbine = 3A + 15A = 18A 



Worst case battery current, assume 1 string open, 18A / 3 strings = 6A/string


Typ (normal charging) currents at 48V: 150W array, 150 W turbine



Typ bus current is 3A + 3A = 6A



Typ battery current, assume all strings working, 6A / 4 strings = 1.5A/string

2.
Battery Box Wiring


4 battery strings with 4 ea 12V batts to give 48V (nom) per string.


2 batteries per battery box, so 2 battery boxes per string.


Two options on wiring:



1) 1 cable from PwrCan to each box (MTM 1 approach)




Series wiring arrangements are inside PwrCan




Boxes and cables can all be identical




4 (maybe 6) AWG#18 to each batt





#18... 6.4 mohm/ft; 2 in parallel 3.2 mohm






x 12 ft round trip = 38 mohm







x 6A max = 0.23V (0.5% of 48V)







x 1.5A typ = 57mV (0.12% of 48V)



2) 1 cable from PwrCan to Box 1, then jumper cable from Box1 to Box2




Series wiring is inside boxes; 




Box 1 vs Box 2 probably unique (not swappable) to prevent misplugging.




Shorter effective wiring run... close to half the length of Option 1...




...puts losses at half as well.




1 extra box connector per battery string, total 12 on buoy...




...only uses half of Pwr Can 8/32 pie connector.

Go with 8 individually wired boxes (like MTM1) based on simplicity, commonality, less connectors...

...4 wires and 4 jumper wires is a future option to free up PwrCan endcap connector space.

3.
Cable Lengths – as measured on Parking Lot Buoy, 8 Dec 03


3.1 Solar Array to Power Can

Run from array J-Box to array frame at hinge side; fix to frame exiting downward at point where frame is cutout to avoid tower crossmember.  Loop (and armor) downward leaving slack for hinge swing, then to underside of payload shelf behind crossbar.  


N and S arrays:


Jbox to frame

2 ft



Frame to tower (loop)
2



Across tower

3



Down to power can
2 






9 ft


W array has extra run across tower, 3 ft longer


E array has no run across tower, 3 ft shorter.


Order all array cables 12 ft.


3.2 Power Can to Battery Boxes



Can to shelf crossbar

2 ft



Crossbar to thick leg

3 ft



Shelf to deck


5 ft



Deck level crossbar to box
2 ft







12 ft


4 of 8 boxes are 1 ft closer (deck level crossbar)


Order all cables 12 ft.


3.3 Turbine to Safety Switch (worst case, switch next to Pwr Can)



Mast 




2 ft



Top level, center to corner (2+2)

4 ft



Top corner to Power Can

4 ft







9 ft

3.4 Safety Switch to Pwr Can (worst case, switch on top shelf/roof)

Top crossbar, middle to corner

2 ft

Top corner to Pwr Can


4 ft





6 ft

3.5 Pwr Can to Load Sinks

Pwr Can to shelf crossbar

2 ft

Shelf crossbar to thick leg

3 ft

Thick leg to deck level


5 ft

Offset to stuffing tube


1 ft

Stuffing tube



4 ft

Offset to bridle



1 ft

Bridle leg to load sink endcap

1 ft 








17 ft

4. Load Sink and Filter Board

4.1 
Worst case load 720W + 150W = 870W

Holding bus to float voltage of 54V ( 16.1 A

Oversize load sink by 10-15% at 100% PWM duty, say 18-20 A

54V/18A = 3 ohms, use 3 or 3.3 ohm resistor.

Trace C40 diversion load controller, 150 Hz PWM

4.2 Caps for filter

Goal is to supply high freq edges to load sink; batteries will supply low freq and DC.

Use 820 uF @ 63 WVDC electrolytic from Conv/GF board… 

2.5A ripple rating, 18mm dia x 25.4 mm h

Approx fit on 5” x 2.5” IBC board is 18-20 caps

Two banks of 9-10 caps ea, one per load sink, say 8200 uF each

Energy storage @ 60V:  0.5 x C x V**2 = 0.5 x 8200u x 60**2 = 15 J


Under 18A load… dV/dt = i/C = 18A/8200uF = 2.2 V/msec

4.3
Soft start for cap filter


Limit charge current to 2.5A per section… dt = (dV x C) / I = (54V x 8200uF) / 2.5A








= 175 msec








output dV/dt = 54/.175 = 310 V/sec


Use IRF1010


Cgd’ = 10x Cgd = 10x Ciss = 10 x (3.2 nF) = 33 nF


Imiller = Icgd = Cgd x dV/dt = 33nF x 310 V/sec = 10uA


Rg has 54V in, 4 V (plateau) out… 50V/10uA = 5 Meg, too high!


Can we use 1 Meg?  5x faster ramp… 53 msec… 5x larger current, 12.5 A


Trying Rg = 1 Meg


Ig = 50V/1 Meg = 50uA


Pg = 50uA x 50V = 2.5mW

