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Determination of Fire Origin in Appliance Fires

Presented by Michael Wald - Electrical Engineer

A significant number of residential fires in this country are ignited by normal household appliances.  Excluding operator error, ( leaving food on a hot burner, using gasoline in a kerosene heater, etc) there are two basic ways that these fires get started.  The first is when a heat producing appliance, such as a toaster or dryer, produces temperatures capable of igniting combustible materials that are likely to be near the product.  This would include temperatures generated not only under failure conditions, like as a result of a broken thermostat or other component, but also under normal operating conditions.  A good example is certain models of toaster oven.  These models have a knob which you depress to start the toasting cycle.  What you may not realize is that if this knob is continually depressed, the toaster does not shut off at the end of the cycle; it just keeps on toasting.  We are involved in several cases right now where someone has come into the kitchen, placed a large item, such as a bag of groceries or a purse, in front of the toaster oven and walked away.  If the item placed in front of the toaster oven ends up resting on the toast lever, you will get a fire in about 5 to 20 minutes, depending on the item.  While some of you might consider this operator error, keep in mind that there is no need to design the switch this way.  You can use dials, you can guard the switch, or you could use a reset circuit and easily avoid this hazard.  Thus, this becomes a design deficiency issue and a basis for subrogation action.  Other examples of fires that originate in heat producing appliances which represent possibilities for subrogation are failures due to improper selection of components (wrong rating, wrong type of device), lack of back-up protection from a control component failure (thermal cut-outs, hi-temp limit switches), and lack of adequate protection for critical components (vibration problems, moisture seals, protective covers).  Determination of these causes require testing of the components, and/or operational analysis of exemplar units in order to determine the particular failure modes.

The second basic way that an appliance will start a fire is when a failure results in resistance heating and/or arcing, which then ignites the materials of which the appliance is made.  Poor connections, due to either bad soldering, bad crimping, or improperly tightened screws, are common examples of how a manufacturing deficiency can cause a fire in an appliance.  When current flows through a poor connection, some of the electrical energy in the circuit is consumed trying to overcome the resistance of the connection.  This energy loss produces heat.  The heat may be sufficient in and of itself to ignite nearby combustibles (400 plus degrees Fahrenheit), but more likely it causes the insulation on nearby wiring to melt, eventually resulting in a short circuit and an arcing event.  Arcing produces temperatures in the thousands of degrees and can ignite almost anything that is combustible, presuming the arcing continues for a long enough time.  The main reason that these types of failures produce fires in appliances is because the components in most common appliances are only designed to carry currents of a few amperes.  They use small gauge wiring and light-duty devices.  However, when a failure occurs, the typical residential circuit supplying a duplex receptacle can deliver as much as 40 amperes for many, many seconds before the circuit breaker responds and removes power.  This is because the circuit breaker or fuse is rated to protect the larger, solid copper conductors in the walls, not the small stranded conductors and low current components of most appliances.  Thus, a failure in the appliance can draw current levels that will significantly overheat and damage the components, thereby igniting combustible materials in the appliance, before the power can be removed from the circuit. 

One of the more valuable tools you can use in determining whether an appliance was the cause of a fire, even if you do not know what the failure mode may have been, is the information obtained by examining the damage pattern on the electrical wiring.  The location of the damage on a length of energized conductor is a reliable indicator of where the fire was first present, whether the conductor was part of the cause or not.  This is due to the fact that when a fire attacks energized wiring, the insulation melts and the conductors contact each other.  When this occurs, a large amount of current flows through this short circuit, if only for a brief period of time, and causes damage to the conductor.  This damage can often be seen with the naked eye.  On smaller capacity circuits (15-20 amps), with solid copper conductors, this damage may only appear as a small chunk of missing copper on the side of the conductor (an arc bite) or, if the circuit breaker or fuse opens quickly, maybe just some surface bubbling on the conductor.  On larger capacity circuits (30-50 amps) the damage can actually sever the conductor and leave behind large beads of copper.

The supply cords of appliances are particularly good at demonstrating exactly where the fire first attacked the cord.  This is because these cords are comprised of many small strands of wire.  When the insulation melts and the conductors contact each other, all the current flows through only those few strands on the outside of the conductor that are contacting each other.  It is much easier for the current to sever and melt those small strands than to damage the large solid copper conductors of permanent wiring.  In addition, each time a strand is severed, the current is interrupted.  This delays the response of the fuse or circuit breaker since these devices operate in response to a fairly constant current level.  Thus, the circuit stays energized longer and you can get even more damage to the conductors.  This results in a level of damage which is much easier to find than on solid conductors and makes identification of the locations where fire attacked the cord relatively simple.  Since there may be several areas on a cord that are damaged, it is important to keep in mind that the area of failure that is the furthest downstream (furthest away from the plug) is where the fire first attacked the cord.

Armed with this information, you can go a long way in determining whether a fire originated inside or outside of many common appliances.  Where is the farthest downstream electrical damage? If it is inside the appliance, you can be pretty certain the fire started inside the appliance.  If it is outside the appliance, this does not eliminate a failure of the appliance as the cause of the fire, but you must now correlate the location of the damage to where a fire originating in the appliance would have escaped to attack the cord.  Since it is also possible for cords to be shielded from attack if they are routed behind other appliances or cabinets it is very helpful to position as many of the remaining items as possible from the fire origin area in their original locations in order to accurately assess why the fire attacked certain locations on cords first.  Now examine as many of the cords as possible that are in the general area of fire origin to help in supporting or refuting any alleged causes of the fire.  The damage pattern on these cords, even the ones that are not connected to the device that is suspected as the cause, can provide valuable support information about where the fire first developed.

Once you have the information to suspect that an appliance is the cause of a fire, as I am sure you have been told many times, it is important to save as many of the other devices in the origin area as possible.  However, it is also very important to save the supply cords to these devices, particularly from the suspected device.  These cords are often fractured and fall into the fire debris, but they should be relatively easy to find.  The information on these cords can be of great help in supporting an alleged failure within the appliance as the cause of the fire particularly, since failed components in an appliance are often destroyed by the fire.  Having clear evidence, like the electrical damage locations on the cord and components of the appliance, can go a long way to supporting a subrogation claim.  It is also a common defense position to claim that a fire originating at appliances was caused by a cord failure and that the cord was damaged due to user abuse.  By examining the cord damage, this argument can be defused.

About the presenter - Michael Wald is an electrical engineer specializing in the analysis of electrical equipment failures which cause fires and personal injuries.  He has a Bachelor or Science Degree from Cornell University and Masters of Science degree from George Washington University.  He is an independent engineering consultant, currently living outside Annapolis, Maryland, and regularly provides on-site inspection and laboratory analysis of alleged appliance fires all over the eastern region of the U.S.
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