Notes for Load Controller design

Ground Fault Sensing

--------------------

* Use a 4.096 V voltage reference for the PIC 10-bit A/D converters. The 16F876A can accept an external reference. We have to use an external reference because the DC-DC converter supplying the isolated PIC is only regulated to 15%, i.e. its output can be 4.25 to 5.75 V, but the voltages we're reading are absolute and not ratiometric.

* Use a MAX4081 High Side Current Sense amplifier to sense the ground fault current. The 4081 can sense bidirectional currents, with the output voltage at zero current set by an external reference. We want that reference to be half of the A/D reference, Vref, which we can provide with a resistive divider from Vref.

* Limit ground fault current to 1 mA, in case there's a hard, low-impedance fault to seawater. We want the 4081 output to swing 2 V above or below Vref/2 (i.e. 2.048 V) at 1 mA of ground fault current.

* If we use the 4081 with 5V/V gain, we need to drop 2/5 = 0.4 V at 1 mA, which requires a current sense resistor of 400 Ohms. For sensing load current, we need to drop 0.4V at 2.5A (max) which is 160mOhm. 

* This is a weird result that we are noting: the Rs+ input we determined needs to be at least 2.7V above ground for this part to function properly. Otherwise the 4081 will not output a voltage. When the Vcc is 7.0v, Rs+ must be greater than 4.4v.

* We must have series resistors on each MOSFET relay in case two relays get activated at the same time, and, say, the +28 V line gets connected to the -12 V line. The resulting current can't destroy other circuits or endanger people, and the two resistors in series have to withstand 60 V without burning up. These resistors should limit the maximum current flow to, say, 8 mA and will have to be selected and stuffed according to the voltage on each monitored line. For instance, the 28V line will need a 28/0.008 = 3.5 kOhm resistor rated at 0.008 x 28 = 0.224 Watts (use 0.5 W). 
For the comms lines I am assuming a maximum voltage of 15v, to limit current to 8mA that gives us R=15/0.008 = 1.875 kOhm. The power rating should be 0.008^2 x 1875 = 0.12 Watts (use 0.2 Watt).

* The current-limiting resistor for the LM4040 zener voltage reference is determined by the equation Rs = (Vs-Vz)/ (Il+Iz), where Vz is the reference voltage (4.096), Vs is the source voltage (5v +/- 10% = 4.5v), Il is the current into the PIC, and Iz is the current through the LM4040. Although the recommend operating current, Iz, for the LM4040 is 12 mA, we don’t want to use this much power from our isolated +5v supply so we will spec the resistor for Iz at 500uA. For Il is 150 uA, that give us Rs = (4.5-4.096)/ (150uA + 500uA) = 621 Ohms.

* The resistors in series with the LEDs of the GV3M-61B optocouplers were sized such that there would be a 7.5 mA current through the LED (which has a 1.15 V drop). Thus the resistor must drop 3.85 V @ 7.5 mA. The closest resistance is 511 Ohms.

* Another issue is what to do about non-isolated Ethernet signals which we don’t bring out a ground wire for on our load controller board. Without the ground it is impossible to determine if there is a fault on those lines.

* Maybe change D13 from a 4001 to a 4002 – check PIV (peak inverse voltage) rating.

* Add a 100 Ohm resistor in series with the 485 common line, pin 3 J7, to limit maximum current.

* Still need:

· Mechanism to address units - use eeprom to store address

· Temp sensor on DC-DC

Proto Board notes

1. LS1, 4 pole comm. relay is misdrawn on the schematic

2. U7, signal ‘Load Current’ was connected to A4 (pin6) which is not an analog input. The fix is to connect ‘Load Current’ to A5 (pin 7, AN4).

3. U11, pin C0, added a 100 kOhm pull-down resistor to ground, this indicates to the PIC that it is the master.

4. U7, pin C0, added 100 kOhm pull-up resistor to +5v ISO, this indicates to the PIC that it is the slave.

5. R16, changed value from 100k to 10k, original value was too high, FET would not turn on.

6. The 5V COM ISO needs to be connected to the –OUTPUT pin of U3, otherwise there is no reference to ground when reading the voltage (from the voltage divider).

7. The pins on U9 and U13 (HCPL-0931 digital optocouplers) require protection against being driven in the wrong direction. We added 10k current limiting resistors in series to pins 2, 3, 6, 7.

8. Too much current is being drawn, about 20 mA beyond what was expected. This 20 mA can be accounted for by (1) 11mA running through R12 and (2)4.4 mA through R21. Fix: (1)replace all LEDs with much lower power LEDs or eliminate altogether (or use a light detect circuit to regulate?), looks like 1mA surface mount diodes are available. (2) will try to replace R21 with a 40 kOhm resistor (value found in PIC datasheet), may try higher value if that is successful.

9. Need to cut trace to pin3 of U13, output should not be tied to ground

10. 

