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The Bus Monitor board located on the Low Voltage Power supply node for MARS has two types of functions. The first is to measure the incoming 400VDC line voltage and current as well as the 48VDC voltage and current for the external loads.

The second function checks for fault conditions between these two circuits to seawater ground. This is done by closing a switch between a line and seawater ground to check for any possible current flow. Any current flow passes through a 2.49kΩ resistor where a voltage of up to 2.49 volts may then be realized across it. This flow is restricted to 1mA to prevent any potential wiring damage.

If a voltage swing from 0 is detected, a fault on the corresponding line can then be said to have been found. For example, if we have just closed the 400COM switch to ground and a current flows through the loop, then the path must have originated via the 400V line. See Figure 1 for an example of a 400V line fault. The current path flows from the 400V line through Rfault, via the SWGND, through the 2.49k resistor, the current limiter, then the PLA143 switch to 400COM. We can now be satisfy ourselves that if there exists a fault on the 400V bus to seawater, then it can be detected by providing a link from 400COM to seawater.
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Figure 1, 400V fault circuit
By serially closing switches for the 400V, 400COM, 48V, and 48COM, ground fault testing is performed for the LV system. Resolution for this circuit is better than 50uA with a top limit of 1mA. Depending upon the severity of the fault, the load may need to be shut down. The operator can make this determination. 
During final assembly a previously undocumented second loop was found. The External Load Control board references the 400COM and 48COM to system ground through resistors so that the FET drivers fully open and close the output FET switches. This causes PMACs to register a current flow for a circuit that has no fault. 
Figures two through five show the four fault-to-seawater combinations and Table 1 gives the current values for three simulated resistances. Looking at the table we can see that there are three states for four fault conditions. The 48COM and 400COM states are indistinguishable because they are tied to each other via common ground with ~25Ω. (Each is tied via eight parallel 100Ω resistors to common)
PMACS software can be changed to reflect this reality. The process should be made invisible to the user by closing the four switches sequentially and then making a fault judgement. It was known that for any line there were 8 possible lines where the fault could occur. This is still the case with the 400V and 48V, but there are now 16 possible locations for the 48 and 400 COM lines.
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95.3k 930u 930u 0 930u

499k 680u 680u 0 680u

1M 300u 300u 0 300u

400C

95.3k 375u 0 990u 0

499k 75u 0 450u 0

1M 35u 0 270u 0

48V

95.3k 0 460u 930u 460u

499k 0 100u 400u 100u

1M 0 50u 220u 50u

48C

95.3k 370u 0 990u 0

499k 70u 0 460u 0

1M 35u 0 270u 0

default value in PMACS was ~9u

Current Reading


Table 1, Current Values vs. Fault Conditions

Two methods have been mentioned to correct this. The first is solely in PMACS. It can continue querying the server as normal with a command to close a particular switch and then store up the returned results until a series has been completed before displaying any analysis. The second is for PMACS to poll the server once and allow it to sequentially close the switches and return a set of data for the run, which PMACS then sorts to determine if and where a fault is occurring. Either of these methods will work and be invisible to the user. Both will need approximately 30 seconds to complete a cycle. 
Figure 6 shows the setup time before the A/D will be able to read a correct value for a ground fault.
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Figure 2, 400V Fault Condition
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Figure 3, 400COM Fault Condition
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Figure 4, 48V Fault Condition
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Figure 5, 48COM Fault Condition
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Figure 6, Ground Fault Setup Timing
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						Current Reading

		Fault		400V		48C		48V		400C		400V

				95.3k		930u		930u		0		930u

						Current Reading

		Fault		400V		48C		48V		400C		400V

				95.3k		930u		930u		0		930u

				499k		680u		680u		0		680u

				1M		300u		300u		0		300u

				400C

				95.3k		375u		0		990u		0

				499k		75u		0		450u		0

				1M		35u		0		270u		0

				48V

				95.3k		0		460u		930u		460u

				499k		0		100u		400u		100u

				1M		0		50u		220u		50u

				48C

				95.3k		370u		0		990u		0

				499k		70u		0		460u		0

				1M		35u		0		270u		0

						default value in PMACS was ~9u






