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ABSTRACT
NFPA 921 defines arc mapping as “the systematic evaluation of the electrical circuit configuration, spatial
relationship of the circuit components, and identification of electrical arc sites to assist in the identification of the
area of origin and analysis of the fire’s spread.” Chapter 18 of NFPA 921, “Origin Determination”, lists arc mapping
as one of the information sources to be used in the determination of the origin of a fire. As used in this context, one
typically thinks of using arc mapping within the context of a building or structure. However, when evaluating
electrical/mechanical appliances as a potential origin/ignition source for a fire, arc mapping can also prove to be a
very valuable tool. This paper will address how arc mapping can be used to confirm/refute an appliance as the
potential origin of a fire and how to refine a point of origin within an appliance to better evaluate potential ignition
sources/ignition scenarios.

INTRODUCTION
Many types of appliances are commonly found at fire scenes. These can range from lamps,
entertainment systems, cooking appliances and laundry appliances at residential fires, to larger, more
specialized appliances at commercial and industrial fires. Most of the appliances that you will encounter
at a fire scene have some amount of electrical controls and components. Evaluating the electrical wiring
and components within these appliances, otherwise known as arc mapping, can be a valuable tool in the
your toolbox and can provide objective evidence in support of your determination of both the origin and
cause of the fire.
ARC MAPPING BASICS
Arc mapping is the process of locating and identifying instances of electrical activity within a fire
scene. This is typically applied to the fire scene as a whole and is used to assist in identifying an area of
origin for a fire loss. This technique can also be used on a smaller scale, locating and identifying instances
of electrical activity within an appliance to either refute or confirm the appliance as the origin and/or
cause of a fire loss.
A detailed examination of an appliance’s electrical wiring and components would typically not be
appropriate to be conducted at the fire scene due to concerns regarding spoliation of evidence. However,
an evaluation of the electrical circuit that provides the electrical power to the appliance would be
appropriate for the scene examination and should be a necessary part of the scene documentation. The
evaluation of the electrical circuit should include examining the wiring for evidence of electrical activity
(and documenting any such activity), confirming the location, type and status of overcurrent protection
(fuses or circuit breakers) and also determining if there may be other appliances or devices on this circuit.
Finding evidence of electrical activity on the circuit that feeds the appliance in question confirms that
there was electrical power available to the appliance at the time of the fire. This of course assumes that it
has been confirmed that the appliance was indeed connected to the electrical circuit. Remember to never
assume the appliance was plugged in without confirming it! If the appliance was not plugged in or was
not connected to an active and energized electrical circuit, then there is no way for a failure of the
appliance to have caused the fire.
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The following examples illustrate this point. In the first instance a portable air conditioner was suspected
of being the cause of a house fire. An examination of the air conditioner’s plug assembly showed heat
deformation on the side of the plug that faced the receptacle, while there was no heat deformation on the
side of the plug that faced the room (see Figures 1 and 2). If the air conditioner had been plugged in, the
side of the plug facing the receptacle would have been protected and should have shown no heat damage,
while the side of the plug facing the room would have been exposed to the fire and should have shown
heat damage. Based on this, the condition of the plug was inconsistent with the air conditioner having
been plugged in at the time of the fire. Therefore, the air conditioner could not have been the cause of the
fire.
The second example involves an electric clothes dryer that was alleged to be the cause of a house fire. An
evaluation of the house wiring found evidence of electrical activity on the branch circuit wiring to the
dryer, near the ceiling above the location of the dryer (see Figure 3). Per the principles of arc mapping,
the electrical faulting on the branch circuit wiring was hopefully sufficient to cause the protective device
to activate, thus de-energizing the circuit. Using this principle, finding evidence of electrical activity a
significant distance outside the appliance makes it improbable that the fire originated within the dryer. A
subsequent laboratory examination of the dryer confirmed a lack of electrical activity within the dryer,
thus eliminating the dryer as the cause of the fire.
One note of caution relates to internal fuses within appliances. If you find that an internal fuse has not
opened, do not assume that the appliance can be eliminated as the cause of the fire. Depending on the
rating of the fuse, you may encounter an issue of coordination of protection. If the rating of the fuse is
comparable to the rating of the branch circuit protection it is possible in the instance of a short circuit that
the branch circuit protection will open first. Be sure to conduct a thorough evaluation of the appliance.
Conversely, do not assume that because you find the fuse is open that the fire started internal to the
appliance. Fuses can open due to an electrical overload or as a result of thermal exposure. An ohmmeter
measurement of the fuse cannot determine what caused the fuse to open. This will require a visual
examination of the fusible element (see Figure 4). A fuse that opens due to an electrical overload will
have very different and distinct visual indicators compared to a fuse that opens due to exposure to the heat
of the fire.
APPLIANCE EXAMINATION AND EVALUATION
Once you have determined that there is an electrical appliance within your area of origin, a
comprehensive evaluation of the appliance can provide objective evidence to either confirm or refute that
the appliance had some involvement in the causation of the fire. The evaluation will utilize the basics of
arc mapping and will involve identifying instances of electrical activity within the appliance and noting
both the physical location within the appliance and the location in context of the appliance’s circuit.
Several practical examples will help illustrate this point.
A dehumidifier was suspected of being the cause of a residential fire loss. A laboratory examination of the
dehumidifier found no evidence of any electrical activity within the cabinet of the appliance. The power
cord for the dehumidifier was traced towards the plug end, where all that remained of the hot and ground
blades were the crimp connections to the power cord. The neutral blade was intact. In fact, the neutral
blade was connected to the remains of an extension cord receptacle (see Figure 5). The missing hot and
ground blades were evidence of an electrical failure at the plug/extension cord junction. This also
confirmed that the circuit to the dehumidifier was energized. However, the absence of electrical activity
within the dehumidifier cabinet indicated that there was no longer any electrical power to the appliance by
the time the fire reached the dehumidifier. This evidence provided objective proof that the dehumidifier
was not the origin of the fire and also provided proof that the most probable cause of the fire was an
electrical failure at the extension cord/power cord junction.
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A second example was an over-the-range microwave oven that was suspected of being the cause of a fire.
An initial visual examination of the microwave oven found fire exposure to the underside of the cabinet.
This is typically an indication of a fire from the cooktop attacking the microwave oven. Upon examining
the electrical wiring within the microwave oven cabinet, evidence of electrical activity was found on the
wiring to the lights that illuminate the cooktop (see Figures 6 through 8). These lights are located on the
bottom of the microwave oven. The fact that electrical activity was found on these conductors confirmed
that the lights were energized at the time of the fire. This wiring is located beneath the cooking
compartment and would typically not be damaged by a fire that originated within the microwave oven’s
cooking compartment, the control panel or the ventilation compartment. The most logical explanation for
electrical activity at this location would be a fire below the microwave oven (most typically the cooktop)
attacking the underside of the microwave oven and causing the energized conductors to short circuit. This
again provided objective evidence that confirmed that the microwave oven was not the cause of the fire.
Now let’s consider several examples of the use of arc mapping to confirm the appliance was indeed the
origin of the fire and how the evidence obtained as a result of arc mapping can assist in determining the
cause of the fire.
A dehumidifier was suspected of being the cause of a fire loss. A laboratory examination of the appliance
noted several instances of electrical activity within the cabinet of the appliance (see Figures 9 and 10).
The location of the electrical activity and the sequencing of the activity were such that it could not be
explained as being the result of exposure to an external fire. Therefore, this electrical activity was enough
to establish that the appliance was indeed the origin of the fire. One instance of electrical faulting was on
the power cord, between its entry into the cabinet and the control box located on the upper side of the
cabinet. The second instance of electrical activity was at the top of the compressor. A review of the circuit
wiring indicated that the power came into the control box from the power cord and from there went on to
the compressor. Applying the basics of arc mapping that the faulting furthest from the power source
typically occurs first, indicated that the activity on the power cord had to have occurred after the activity
at the compressor. This confirmed that the cause of the fire was located at or near the top of the
compressor.
A second example involves an appliance with a small internal motor. An examination of the appliance
found evidence of electrical faulting on the windings of the motor and no other instances of electrical
activity within the appliance (see Figure 11). The location of the motor within the appliance was such that
an external fire would have affected other wiring before attacking the motor. This evidence confirms that
the fire originated due to a failure within the motor.
Lastly, let’s use an over-the-range microwave oven to illustrate how arc mapping can assist in
determining a potential cause for a fire. In a typical over-the-range microwave oven, the control panel is
located to the right of the cooking compartment. There is ventilation equipment and potentially power
filtering above the cooking compartment. Door safety switches are typically located on the right side of
the door frame, near the control panel. A thorough examination of the appliance will identify sites of
possible electrical activity. This activity can provide insight as to possible causes of the fire. For example,
if evidence of electrical activity is found on the primary leads to the high voltage transformer, this
confirms that the magnetron was energized. This could indicate a possible cooking related fire. Do the fire
patterns suggest an origin within the cooking compartment? If not, might the fact that the magnetron was
energized indicate a possible printed circuit board issue that caused the magnetron to power on without
someone actually starting a cooking cycle? Electrical activity at or near the door switches could be an
indication of a possible switch failure. Closer examination of the switches would be necessary to confirm
if there had been a failure of the switch. Conversely, a lack of electrical activity in the area of the door
switches and the control panel would indicate that one must examine other parts of the circuit for a
possible cause of the fire.
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Figure 1 - View showing lack of heat deformation on room side of air conditioner plug

Figure 2 - View showing heat deformation on receptacle side of air conditioner plug
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Figure 3 - View showing location of electrical faulting on branch circuit to dryer

Figure 4 - View of fuse that opened due to electrical overload
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Figure 5 - View showing plug end of dehumidifier power cord
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Figure 6 - View showing fire damage to underside of microwave oven

Figure 7 - View of lamp showing location of electrical faulting
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Figure 8 - Close-up view showing electrical faulting on lamp circuit
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Figure 9 - View showing evidence of electrical faulting at top of compressor

Figure 10 - View showing electrical faulting on power cord within cabinet
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Figure 11 - View showing evidence of electrical faulting on motor winding

CONCLUSION
As fire investigation continues to progress to being a more science based process, any process or
technique that moves us from decisions based on subjective factors to decisions based on objective
evidence is a step in the right direction. Just as arc mapping can be a very powerful, useful and objective
tool at the fire scene, it can also be a very valuable resource during a laboratory examination. A
comprehensive evaluation of an appliance’s internal electrical wiring can provide objective evidence to
confirm or refute an appliance’s role in the cause of a fire. However, one must keep in mind that decisions
regarding the cause of a fire cannot be made in a vacuum. While arc mapping can provide information to
support one’s opinion regarding the cause of a fire, do not rely solely on this information. Make sure that
your arc mapping data is consistent with all your other facts and information.
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