EFFECT OF A NEUTRAL-TO-GROUND SHORT ON A GFI CIRCUIT.

Text and accompanying figures copyright 2008 Bill Jeffrey and TrailManorOwners.com

This article discusses the mysterious situation in which a camper trips the Ground Fault Interrupter (GFI) in a home or campground, even when all the appliances in the camper are turned off. The situation is even more mysterious when the owner turns off the main circuit breaker in the camper, ensuring that no current enters the camper at all, and the GFI still trips.

A GFI works by measuring the outgoing current in the hot wire of a circuit, measuring the return current in the neutral wire of the same circuit, and confirming that they are equal (as they should be). If the two currents are equal, the GFI takes no action. However, if an appliance develops an electrical leakage path, some of the current leaks out of the intended circuit and directly to ground, potentially through you. The current that leaks out of the normal path does not return through the neutral wire, so the GFI, sensing the difference between the outgoing current and the return current in the neutral, opens the circuit to protect you.

The web has some very detailed explanations of how a GFI works, which won’t be repeated here. One good one is http://personal.cha.bellsouth.net/j/o/johngd/files/rv/gfi.pdf  Like most, though, this article covers only a hot-to-ground leakage path. I will describe a different kind of fault – neutral-to-ground leakage. This is the source of the mysterious GFI trips mentioned above.

Figure 1 shows a normal operating situation for a single circuit in a house or campground. Electric power comes into a home through the service entrance at left. From there, current goes out to the various appliances through the hot wire (black), and returns from the appliances in the neutral (white) wire. The safety ground wire (green or bare copper) normally carries no current at all – its purpose is to provide protection if the hot wire in an appliance comes in contact with the appliance case, which would form a hazardous fault. It is worth noting that the neutral wire and the ground wire are connected together (“bonded”) at the service entrance, and only at the service entrance. This is mandated by the National Electrical Code, which governs construction of all buildings in the US and most of the rest of the world.

Continuing in Figure 1, a GFI is installed in the circuit, and a camper is plugged in beyond the GFI. When an appliance such as the water heater in the camper is turned on, current flows out through the hot wire and returns through the neutral wire. Since the two currents are equal, the GFI is happy and all is well.

In Figure 2, the situation has changed. A leakage path has developed between the neutral side of the water heater and the metal case of the water heater. The outgoing current still flows through the black wire, but the return current now has two possible return paths. One is through the neutral wire, the other is through the ground wire and back to the bonding point. Since both paths work, the current divides itself between the two. The result is that the return current through the GFI is less than the outgoing current, and the GFI, sensing the difference, trips.

In this case, it is easy to see that if you turn off the switch to the water heater, there will be no outgoing current, and no return current. Since both currents are zero, and since the GFI looks only for a difference in current, the GFI does not trip

Incidentally, I have used the water heater as an example of an “appliance”. However, neutral-to-ground shorts are not limited to water heaters. The fault could occur in any AC-powered appliance, such as the refrigerator, air conditioner, or the converter. It could also occur in a plug-in appliance such as a microwave or hair dryer.

In Figure 3, we have added another device on the same circuit, a TV set in the camper. In this figure, the water heater in the camper has been turned off, but the leakage path in Figure 2 is still present. Once again, power to the TV set goes out through the hot wire, and begins to return through the neutral wire. But again, there are two possible return paths – the intended one through the neutral wire, and the longer but still good path through the leakage fault in the water heater, and back along the ground wire. Once again, the GFI sees that the return current in the neutral is less than the outgoing current in the hot wire, and trips. 

Now the mystery deepens. The camper owner experiments a bit, and discovers that if he turns off the TV, the GFI no longer trips. He concludes – incorrectly – that the fault is in the TV, and rushes off to replace it. And when he puts the new one in, the GFI begins to trip again. “How can this be?”, he asks. And of course, the diagram shows the answer. The TV doesn’t cause the fault. Its return current simply exploits the fault in the water heater, which tricks the GFI into tripping.

Before leaving Figure 3, it is worth noting that the TV doesn’t have to be in the camper to cause the fault. It could be plugged into an outlet in the house, as long as that outlet is on the same circuit.

Figure 4 takes the mystery (and its explanation) one step further. In this case, we have the camper plugged into the end of the circuit as before. Again, the water heater has a neutral-to-ground leakage fault, and the water heater is turned off. But in this diagram,  the TV has been moved to an outlet that is ahead of the GFI. As before, the current flows out to the TV through the hot wire. And once again the return current divides, with part of it returning through the intended neutral, and part of it flowing out to the camper, through the leakage in the water heater, and back through the ground wire. In this case, the GFI sees a slightly different situation than before. Now the GFI sees zero current in the hot wire, and a non-zero current in the neutral wire. Since the only thing a GFI looks for is a difference, and since it sees a difference, it trips. Now the owner is really mystified. He can turn off power to the entire camper by turning off the camper’s main circuit breaker, so he is sure that there is no current anywhere in the camper. And he knows that there is no other power being drawn anywhere after the GFI, even in the house. And yet the GFI still trips.

Conclusion. A neutral-to-ground short will reliably and repeatedly trip a GFI in any of the above situations. A common manifestation occurs when the electric water heater is turned on before the tank is filled with water. The heating element overheats and melts almost immediately, splattering drops of molten metal around. Any drops which form a short from ground to the electrically hot stub of the now-missing element immediately burn off. But any drops which form a bridge between the electrically cold (neutral) stub of the element and ground, settle in place. The definitive test for this fault is to disconnect the neutral (white) wire from the water heater, and see if the GFI stops tripping.

Because this situation is not commonly discussed in articles and tutorials, it is poorly understood, and many hours of effort and discussion are wasted in trying to determine how the more common hot-to-ground fault could cause the observed behavior. It can’t.

Questions, including requests for permission to extract from or reprint this article, may be addressed to the author at trailmanorowners.com.

