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DISCUSSION AND STATUS OF FACTORS FOR RELATING ARCPRO COMPUTED
 INCIDENT ENERGY VALUES FOR SINGLE ARCS IN AIR
TO  INCIDENT ENERGY VALUES COMPARABLE TO THOSE MEASURED FROM  ARC TESTS ON 3 VERTICAL ELECTRODES IN THE IEEE 1584 STANDARD DEVELOPMENT
This is an update on the considerations related to and development of factors to relate Arcpro single-phase in-air incident energies to 3-phase in-air and in-box incident energies comparable to those measured in IEEE 1584 tests with 3 vertical electrodes in a flat plane.  

It is extremely important to note that as of the time of writing, the developers of Arcpro continue to believe that there is not sufficiently accurate or comprehensive test data available to support the inclusion of computations for incident energy from of 3-phase and in-box arcs, particularly for voltages above 13.8 kV, in a scientific physics-based model of incident arc energy.  The following discussion and illustration of factors are based on the state-of-the-art  industry information that is well known to have deficiencies and limitations, not on tests performed to verify the Arcpro model. 
Arcpro 2.01 and earlier versions were developed, and have been verified with laboratory tests at Kinectrics HCL laboratories,  for computing incident radiated and convected energies at various distances from single arcs in air and between two vertical in-line electrodes (with all of the assumptions provided in the Arcpro Users Manual).
Arcpro 2.01 does not model incident energy from 3-phase arcs nor from arc in-box conditions.

Testing for the development of the IEEE 1584 Standard concentrated on 3-phase arcs in air and 3-phase arcs “in box”.  IEEE 1584 tests were not done for single arcs in air.  IEEE 1584 tests were performed at 13.8kV and lower with 3-phase supplies and with small electrode gaps less than 6” and currents up to 40kA.  IEEE 1584 includes equations that were developed based on curve fits to this experimental data.   There was considerable variation in the test data points.  Papers by Stokes and Sweeting point out some concerns with the IEEE 1584 measured data.
To perform arc hazards for voltages above 13.8kV for 3-phase and in-box situations, the developers of Arcpro are not aware of any body of test data upon which computations can be based or verified.  IEEE 1584 offers the “Lee equation” for this purpose, however this is highly conservative, as the equation assumes that the entire arc energy is delivered by thermal radiation, which is not the case. 
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Based on the same IEEE 1584 test data and some earlier papers by Neal, Bingham and Doughty with all of their limitations, factors have been computed which when employed result in  a reasonable match between the Arcpro single arc in-air computations and the test data for 3-phase arcs in air and in-box, upon which the IEEE 1584 standard equations are based.  As there was variation in the test data, there is variation in the factors.  These factors are presented in the Table below, and represent comparisons to test points representing between the average and maximum values. The recorded line arcing currents were used as the current input to Arcpro. 
Please note that such factors have not been built into the Arcpro program as the developers do not believe there is sufficient accurate scientific data to justify incorporating this information in an engineering and physics based model.

Please also note that these factors represent the IEEE 1584 test data which was for only one configuration of 3 electrodes.  In the field, arcs will evolve from many other electrode configurations that may not be well represented by this data.

Factors which when Multiplied by Arcpro Single-Arc Incident Energies

 Produce Incident Energies in the Range of Those Measured in the IEEE 1584 Tests with 3 Vertical Electrodes in a Flat Plane at Voltages of 13.8 kV and Below
	Voltage
	<1kV


	=>1 kV  to 13.8kV


	Current
	<=10kA
	>10kA to 30kA

	<=10kA
	>10kA to 40kA


	Arc Length
	=<1”
	>1” to 1.5”
	=<1”
	>1” to 1.5”
	=<1”
	>1” to 6”
	=<1”
	>1” to 6”

	Open
	6.5
	3
	4.5
	2
	4
	2
	2.5
	2

	In-Box
	10
	10
	6
	4.5
	5.5
	3.5
	4
	3.5


Beyond the ranges specified above, there are no test results in the current IEEE 1584 database.

These factors will be subject to development and modification as further test data becomes available.
Note, one very significant concern with the IEEE 1584 data brought to light in this comparison is that measured 3-phase total arc energy was at times as much as 10 times higher than the total arc energy possible with a single phase arc of the same current and gap distance.  This brings into question the accuracy of the energy computation during the IEEE 1584 tests and/or the actual length of the arc in the tests.  Of more concern however is that in some cases where the liberated total arc energy was much greater than for an equivalent single phase arc, the incident arc energy measured was actually less than that measured in a much lower energy single- phase test.  If the total arc energy was actually much higher there is an expectation that the incident energy should also have been higher.  This raises the concern that the IEEE 1584 tests under-measured, and hence the factors in the table (particularly in the right-most columns), under-estimate the available incident energy.   
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Along with all of the assumptions in the Arcpro User’s Manual it is important to note that Arcpro considers radiated and convected thermal energy at a distance from a single arc.  Motion of the arc may bring the arc much closer to the worker than the location of the electrodes.  This motion must be accounted for in the application. The comparisons of Arcpro and the 3-phase IEEE 1584 data were done considering that the distance to the electrodes specified in the IEEE1584 was equivalent to the distance to the arc. This is considered a reasonable assumption, for the vertical configuration of electrodes used in the IEEE 1584, as the arc would likely be directed downward and not toward the calorimeters.  Other electrode configurations could cause the arc to be directed at the calorimeters, bringing the arc much closer to the calorimeters than the electrodes. 

Also Arcpro considers the length of the arc as opposed to the spacing between the electrodes.  The two  distances were generally equivalent for the relatively short-gap and short-duration arcs considered in the verification testing,  but the arc, particularly at higher voltages, may be much longer than the space between electrodes.  This factor should also be considered in application.
Note that no additional margins for arc motion or arc length have been applied to the above table.

If you have any additional questions please feel free to contact Kinectrics Inc.   

Stephen Cress
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