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1. Fixed Length
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3. High Current
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(1902)
Ayrton

C+DL
|
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Arcs in Air, Carbon Electrodes and a few mm Air Gap

V. =A+BL+

A, B, C, and D are Constants

A = Anode & Cathode Voltage Drop
B = Voltage Gradient

L = Air Gap Length
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(1906)
Stemmetz

A, C, and D are Constants
A = Anode & Cathode Voltage Drop
L = Air Gap Length

v g, 130L+0. 33)

0.5
|

Arc Length of 1in (25.4mm) & Carbon Electrodes

C.P. Steinmetz, Electric Power into Light, Section VI. The Arc, Transactions of
American Institute of Electrical Engineers , 1906, p. 802



(1923)
Nottingham

Varc — 275 T I 0.67

A and B are Constants
A = Anode & Cathode Voltage Drop
n = Exponent Varies with Electrode Material

Fixed Arc Length of 10mm & Copper Electrodes

W.B. Nottingham, "A New Equation for the Static Characteristic of the Normal Electric
Arc", Transactions of American Institute of Electrical Engineers , 1923, p. 302.
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Summary

Early Work T Limited Test Results

Lower Current Values

Non-Consistent Test Approach

Too Many Variables and Unknown

Different Research Needs and Environment
Inconclusive and Not Clearly Understood

Empirical Constants are Not Constants i Depends on Electrode
Materials, Gap Length, Gas Specifics, etc.

It is Difficult to Determine Accurately the Constants
Electrode Drops: Copper (23.5V); Steel (26.5V); Tungsten (36V)

To o To Do Do Do Do Do I

8/3/2008 Dr. P.K. Sen, P.E. 9



(1978)
Hall, Myers and Vilcheck
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Trolley Systems, 300V DC, 300A 1T 2,400A, Electrode Gap = 3/1671 6in

P. M. Hal I , K. Myers, and S. W. Vilcheck, ﬁArciéw
Proceedings of the Fifty WVU Conference on Coal Mine Electrotechnology, Morgantown, WV, 1978.




(1991)
Stokes and Oppenlander
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A.D. Stokes and W.T. Oppenlander, "Electric Arcs in Open Air", J. of Physics D:
: Applied Physics , 1991, pp. 26-35.
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Minimum Arc Voltage for Horizontal Arcs (500 mm gap)
Stokes and Oppenlander Data Presented on Linear Scales
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(1991)
Stokes and Oppenlander
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A.D. Stokes and W.T. Oppenlander, "Electric Arcs in Open Air", J. of Physics D.
Applied Physics , 1991, pp. 26-35.




(1991)
Stokes and Oppenlander

Transition Level : 1, (A) =10 + 0.2 z
z, = Gap Length In mm

V,.=(20+0.534z )i 2%
20+0.534z,

arc I 0.88
arc

R

Above Transition Level

A.D. Stokes and W.T. Oppenlander, "Electric Arcs in Open Air", J. of Physics D:
Applied Physics , 1991, pp. 26-35.




AW

(1993) Paukert

Electrode Gap (mm)

Arc Voltage (V)

Arc Resi s

AN

1 13.04 |, 0-098 13.04 | 0902
5 14.13 | 021 14.13 | 0838
10 16.68 | 0163 16.68 | 0836
20 20.11 | 01% 20.11 | 0810
50 28.35 | 0194 28.35 | 0-805
100 34.18 | 024 34.18 | 0759
200 52.63 | 0264 52.63 | 0735

tance

Up to 300kA; DC and AC; Vertical and Horizontal, Seven Researchers;

Electrode Gap: 1-200mm

J. Paukert, The Arc Voltage and Arc Resistance of LV Fault Arcs", Proceedings

of the 7th International Symposium on Switching Arc Phenomena , 1993, pp. 49-51.
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Summary

A Arc Resistance is Non-Linear

A It Depends on a Number of Variables:
I Gap Length
I Electrode Materials
I Arc Current Magnitude

I Electrode Configurations
I Others?

A Needs Additional (Controlled) Testing
A Possibly New Arc Resistance Equation!
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Arc Energy
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Energy = i(t)°R,_dt

Energy = Izrc (dc) IQarc qj:
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Arc Energy

Spherical Energy Density
at a Distance ndo from the Arc Source

d \ Incident Energy
@ — I:uc IQarc qi
N 4 d?

Arc Source
Arc Energy (Eao)= lacRacd
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Brain Tinkeri!

Calculations
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Arc Resistance vs. Arc Current
(5 mm Electrode Gap)
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Preliminary Observations

Arc Resistance is Non-

Linear and Varies with the A Eratrode Gapy
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Arc Resistance (Ohms)
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Preliminary Observations

A Arc Resistance Varies
with the Arc Gap N eneniiy o Eloctrod G
Length M

A Arc Resistance
Increases with the Arc
Gap Length

Stokes & Oppenlander = Paukert

(Ohms)
o °

Stokes & Oppenlander = Paukert

rc Resistance
o o

<
0.06

A As the Arc Gap Lengths ~
Increases the |
Discrepancies between =~ & 7 7 wcwewpw
the Models becomes
More
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Arc Resistance (Ohms)

Arc Resistance vs. Electrode Gap
Sensitivity to Arc Current
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Preliminary Observations

A Arc Resistance for a
Given Arcing e T
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Arc Resistance vs. Electrode Gap
Sensitivity to Arc Current
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Arc Resistance (Ohms)

Arc Resistance vs. Electrode Gap
Sensitivity to Arc Current
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Arc Resistance vs. Electrode Gap
Arc Current Comparison
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Preliminary Observations

A Considerable
Difference Between

Arc Resistan EIthp

Res
Arc Cur tCmp

the Two Models (By —

a Factor of 1.5) .
APaukertos M = . ———

Higher than the "= —— .

Stokes and N s

Oppenl anderos
Model
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Spherical Energy Density

Assumptions: a””"d()sf’\
Fault Current = 10 kA p
Fault Duration = 0.2 s (12 Cycles) s

Gap Length = 50mm (1.97in)
Distance from the Arc = 24in (° 61cm)

20+0.534z
R, (Stokes and Oppenlander) = R, = om
=0.014 W
_ _ (10,000)* (0.014)(0.2)
Incident Energy (Open Air) = 4 (61)

Incident Energy

) =6J/cm?® U 1.44Cal/lcm?
Iarc Rarc Cn
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uestions?

A What happened if the Current
IS Doubled?

A What happened if the Timeis  |ncldent Ene rgy

Halved?

A What happened if we Use 1 R
Paukertos Resi stz 25 arcch:
A What happened if the Arc is 4" d

Directed in a Box of 24in x 24in
Square instead of Open Air?
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Parting Thoughts!!

A Uncertainties and Unknown Behavior
A Needs More Research

A Definitely Needs More Actual Test Results
Under Controlled Environment

A Actual Case Studies to Determine the Incident
Energy Level

A Taking into Account All the Variables and
Perform Sensitivity Analysis to Determine the
Effects (Statistical Design of Experiments)

A More Attention and Continued Research
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T hanks for the
invitation.
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