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APPENDIX A

2ND-ORDER CURRENT IMPULSE CIRCUIT

A lightning impulse combination generator available at the University of the

Witwatersrand (Melaia, 1993), may be configured for current mode only (refer to

Figure A1).

Vs

+
_ Cc

S RmRc (spark gap) Lr i(t)

DUT

Figure A1: 2nd-order impulse circuit (combination generator in current mode)

In the charging loop a dc voltage source Vs charges the charging capacitor Cc via

series resistor Rc.  In the discharging loop, Cc is discharged via switch S into

resistor Rm, inductor Lr and the device-under-test (DUT).

The waveform parameters (e.g. 8/20 µs) are defined under short-circuit

conditions i.e. DUT replaced by a shunt.  Therefore the discharging loop

comprises a 2nd-order RLC circuit described by:
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For an under-damped circuit, α < ωn and:
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For a critically damped circuit, α = ωn and:
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For an over-damped circuit, α > ωn and:
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By plotting the resulting equations (A2, A3 and A4) in Microsoft Excel (or similar

package), α and ωn are adjusted through a number of iterations until the 0.1, 0.9

and 0.5 criteria are met satisfactorily by one of the equations.
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APPENDIX B

DERIVING Rsys & Lsys

Consider the combination generator in current mode, as per Appendix A, but

where Rm and Lr have been replaced by a shunt, and the device-under-test (DUT)

has also been replaced by a shunt.  The resulting circuit is shown in Figure B1,

where Rsys and Lsys are the lumped system resistance and inductance respectively

in the discharging loop.

Vs

+
_ Cc

S RsysRc (spark gap) Lsys

i(t)

Figure B1: Impulse generator (Figure A1) with Rm, Lr and DUT replaced by
shunts

The discharging loop comprises an under-damped 2nd-order RLC circuit,

producing a waveform shown in Figure B2 and described by:
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Figure B2: Under-damped current waveform

Because Cc is known, Rsys and Lsys may be calculated once values for α and ωd

have been derived from the recorded waveform.  Yet in practice the exact origin

of the waveform on the oscilloscope trace is seldom known (also due to noise),

hence the absolute values of t1, t2, t3 and t4 are unknown.  But their relative

positions e.g. t2 – t1 can easily be deduced from the recorded waveform, using

the oscilloscope cursor function, provided the waveform is sufficiently under-

damped such that the peaks and zeros are easily discernible.  Similarly the ratio

i(t1) : i(t3) can easily be deduced and calculated using the oscilloscope cursor

function.

Therefore, according to equation (B1), i(t) = 0 when sin(ωdt) = 0 i.e. when ωdt = 0,

π, 2π, … etc., and from Figure B2, ωdt2 = π and ωdt4 = 2π.  Therefore:

24 ttd −
= πω (B2)

Also from Figure B2 and equation (B1):
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and
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Dividing equation (B3) by (B4), and solving for α yields:

( )
( )
13

13

31

sin)(
sin)(

ln

tt
tti
tti

d

d

−










=
ω
ω

α (B5)

But the peaks of the curve in Figure B2 occur when the derivative of equation

(B1) is zero, as follows:
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This holds when tan(ωdt) = ωd/α yielding ωdt = tan-1(ωd/α), π + tan-1(ωd/α), … etc.

Therefore from Figure B2, ωdt1 = tan-1(ωd/α) and ωdt3 = π + tan-1(ωd/α) = π + ωdt1.

Hence:
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and equation (B5) reduces to:
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Therefore once ωd and α have been calculated from the recorded waveform as

per equations (B2) and (B6), ωn, Rsys and Lsys may be calculated.
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APPENDIX C

Rstray & Lstray DATA PER CAPACITOR CONFIGURATION

See overleaf.
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Table C1: Rstray & Lstray data per capacitor configuration



76

APPENDIX D

LOW RESISTANCE SHUNTS – MORE CONSIDERATIONS

Low resistance shunts may be constructed to achieve very low inductance, using

an alternative conductor to Nichrome e.g. Copper, Aluminium or Iron; these

shunts would typically be thin but broad to keep the inductance as low as

possible – refer to Figure D1.

Ashunt

l shunt

Figure D1: Low resistance shunt geometry

However Copper, Aluminium and Iron are wholly unsuitable conductors for the

purposes of the very low inductance shunts i.e. lshunt is excessive in all cases to

achieve the associated resistance values required in this work.  This is due to

resistivity ρ that is too low, and a higher component mass m that is required to

compensate for relatively high temperature coefficient αT.  Whilst Nichrome is

superior in this regard i.e. lshunt is much smaller in all cases, it is also unsuitable

for the purposes of very low inductance shunts.

Graphite

A more appropriate material would allow a small component mass m such that its

dimensions, particularly length lshunt, are small.  This would require high resistivity

ρ, as well as low temperature coefficient αT and/or high heat capacity c.  An

example of such material is graphite with the following properties:
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αT = -0.0005 °C-1 (Giancoli, 1984); c = 709 J/kg.°C (Counterman, 1997a);

ρ = 3e-5 to 60e-5  Ω.m (Giancoli, 1984); Ρ = 2260 kg/m3 (Counterman, 1997b).

Assuming a maximum permissible ∆R/R0 of 5%, Table D1 shows the resultant

∆Tmax and hence the required graphite component mass per Cc.  Table D2 shows

the shunt lengths for each of the very low inductance components required.

Table D1: Required (minimum) m for graphite
Cc

(µF)
Vs,max

(kV)
∆Tmax

(°C)
m

(kg)

8.47 20 0.024

33.93 20 0.096

136.0 10

100.0

0.096

Table D2: Required lshunt and Ashunt for graphite
R

(Ω)
lshunt

(m)
Ashunt

(mm2)

0.035 0.05 – 0.22 853.3 – 190.8

0.335 0.15 – 0.69 275.8 – 61.7

0.487 0.19 – 0.83 228.8 – 51.2

0.650 0.21 – 0.96 198.0 – 44.3

Certainly these lshunt values are workable, particularly the lower ones per range,

although the performance of the graphite under high impulse current would need

to be explored.

Immersion in high heat capacity fluid

An alternative solution is to reduce the length of the shunt, without reducing its

(thermal) mass, by immersing it in a non-conducting tube1 of distilled water or

any other very low (electrical) conductivity fluid with high heat capacity – refer to

Figure D2.

As before, closure of spark gap S will result in the energy stored in capacitor Cc

dissipating as heat energy in Rm under short-circuit conditions.  The worst case

occurs for Vs,max:

                                                          
1 Square tubing would be more applicable but cylindrical tubing is more commonly available.
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maxmax
2
max,2

1 TcmTcmVC ffsc ∆+∆= (D1)

where m is the mass (kg) and c is the heat capacity (J/kg.°C) of the shunt, mf is

the mass (kg) and cf is the heat capacity (J/kg.°C) of the fluid, and ∆Tmax is the

maximum temperature change (°C) of the component.

Ashunt

l shunt

Very low (electrical)
conductivity - high heat

capacity fluid

Non-co
nductin

g tubeShunt

Figure D2: Shunt in very low (electrical) conductivity / high heat capacity fluid

Equation (D1) does not account for dynamic heat flow – the fluid temperature will

not rise quickly due to its low thermal conductivity compared to the metallic shunt.

This may be improved by increasing the shunt vs. fluid contact area i.e. by using

a number of uniformly-spaced parallel strands of wire e.g. Nichrome resistance

wire – refer to Figure D3.   Each strand is enclosed by an imaginary cylinder of

sufficient fluid volume (diameter df) to limit the increase in temperature of the

strand and imaginary cylinder to ∆Tmax.
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It is assumed that any fluid beyond the imaginary cylinder has no influence in

limiting ∆Tmax due to the relatively low thermal conductivity of the fluid.  This yields

a minimum strand spacing as and hence inner diameter Dt of the tube.

Very low (electrical)
conductivity - high heat

capacity fluid

Dt

ds

as

df

Figure D3: Tube cross-section with uniformly
spaced wire strands in fluid

Therefore rearranging equation (D1) and substituting for mass yields:
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where Ρf is the fluid density (kg/m3), Ρ is the conductor density (kg/m3), ls is the

strand length (m), ds is the strand diameter (m), and s is the number of strands.

Unless the resistance of the shunt is required to be very low i.e. R < 0.01 Ω, the

available Nichrome wire is best used. The first step is to define the maximum

allowable ls such that the shunt can fit comfortably between the terminals.  Then

for each reel, assume maximum ls and calculate the number of strands s to yield

the required R.  Round s down to the nearest integer and calculate the actual

(reduced) ls per reel.  Choose the reel yielding ls closest to the maximum

allowable value, whilst ensuring that s is suitably high i.e. s ≥ 4 to ensure effective
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heat transfer and low inductance.  Then choose a suitable fluid, and substitute for

the various variables in equation (D2) to yield Dt.

Example 1: Require R = 0.035 Ω.  Terminal spacing is approximately 0.1 m; this

defines the maximum allowable ls.  Choosing distilled water2, and bearing in mind

that the water must not be allowed to boil, conservatively choose ∆Tmax = 75 °C.

Table D3 shows the results per Nichrome wire reel, including Dt as per equation

(D2).

Table D3: Example 1: Results per Nichrome wire reel

REEL
ds

(mm)
R’

(Ω/m) s
ls

(m)
Dt

(mm)

1 1.1 0.51 1 0.069 20.1

2 0.914 0.714 2 0.098 23.7

3 0.9 0.79 2 0.089 25.0

4 1.219 0.924 2 0.076 27.0

5 0.813 0.947 2 0.074 27.3

6 1.219 0.98 2 0.071 27.8

7 0.71 1.292 3 0.081 31.9

8 0.914 1.68 4 0.083 36.4

9 0.56 2.004 5 0.087 39.8

10 0.45 3.187 9 0.099 50.2

11 0.4 3.95 11 0.097 55.9

12 0.315 14.1 40 0.099 105.6

13 0.213 14.39 41 0.100 106.6

14 0.193 36.5 104 0.100 169.9

R = 0.035 Ω is achieved for all reels.  Typically reels 8 to 11 would be suitable i.e.

s ≥ 4, with reel 10 the optimum choice because ls is maximised; thereafter s

becomes too large to be practicable.

Example 2: Require R = 0.650 Ω.  Again terminal spacing is approximately 0.1 m;

this defines the maximum allowable ls.  Choosing distilled water, and bearing in

mind that the water must not be allowed to boil, conservatively choose

                                                          
2 Water: Ρf = 1000 kg/m3 (Giancoli, 1984); cf = 4180 J/kg.°C (Counterman, 1997a).

Nichrome: Ρ = 7800 kg/m3 i.e. assumed same as Iron (Giancoli, 1984); c ≈ 447 J/kg.°C i.e.
assumed average of Iron (450), Nickel (444) and Chrome (449) (Counterman, 1997a).
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∆Tmax = 75 °C.  Table D4 shows the results per Nichrome wire reel, including Dt as

per equation (D2).

Table D4: Example 2: Results per Nichrome wire reel

REEL
ds

(mm)
R’

(Ω/m) s
ls

(m)
Dt

(mm)

10 0.45 3.187 0 - -

11 0.4 3.95 0 - -

12 0.315 14.1 2 0.092 24.5

13 0.213 14.39 2 0.090 24.7

14 0.193 36.5 5 0.089 39.4

R = 0.650 Ω cannot be achieved for reels 1 to 11.  Only reel 14 is suitable

because s ≥ 4.

The above considerations would need to be explored further.
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APPENDIX E

s & ls CALCULATIONS FOR SIX COMPONENTS

Component 1: 8/20 µµµµs (Cc = 8.47 µF, R = 0.607, L = 4.2 µH)

Choose lowest s, then lowest ls; refer to Table E1 where optimum selection is

shown in bold.  Experimentation led to doubling up of s and ls to effect a loosely

packed solenoid to increase inductance.

Table E1:  Component 1: Nichrome reel data sorted by s then ls

REEL
ds

(mm)
R’

(Ω/m) s
ls

(mm)

1 1.1 0.51 2 2.380

2 0.914 0.714 3 2.550

3 0.9 0.79 3 2.305

4 1.219 0.924 3 1.971

5 1.219 0.98 3 1.858

6 0.813 0.947 4 2.564

7 0.71 1.292 5 2.349

8 0.914 1.68 5 1.807

9 0.56 2.004 8 2.423

10 0.45 3.187 12 2.286

11 0.4 3.95 15 2.305

12 0.315 14.1 34 1.464

13 0.213 14.39 51 2.151

14 0.193 36.5 89 1.480
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Component 2: 8/20 µµµµs (Cc = 33.93 µF, R = 0.149, L = 0.3 µH)

Choose lowest ls for even-numbered s; refer to Table E2 where optimum

selection is shown in bold.  Effect anti-parallel strand loops to minimise

inductance.

Table E2:  Component 2: Nichrome reel data sorted by ls

REEL
ds

(mm)
R’

(Ω/m)
ls

(mm) s

12 0.315 14.1 1.458 138

14 0.193 36.5 1.474 361

8 0.914 1.68 1.508 17

6 1.219 0.98 1.520 10

4 1.219 0.924 1.613 10

13 0.213 14.39 2.133 206

10 0.45 3.187 2.151 46

11 0.4 3.95 2.188 58

7 0.71 1.292 2.191 19

5 0.813 0.947 2.203 14

9 0.56 2.004 2.231 30

3 0.9 0.79 2.263 12

2 0.914 0.714 2.296 11

1 1.1 0.51 2.337 8
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Component 3: 8/20 µµµµs (Cc = 136.0 µF, R = 0.035, L = 0 µH)

Choose lowest ls for even-numbered s, but avoid high s because numerous thin

strands of wire are not workable; refer to Table E3 where optimum selection is

shown in bold.  Note that odd s is not viewed as critical because it is quite high.

Effect anti-parallel strand loops to minimise inductance.

Table E3:  Component 3: Nichrome reel data sorted by ls

REEL
ds

(mm)
R’

(Ω/m)
ls

(mm) s

6 1.219 0.98 0.643 21

12 0.315 14.1 0.651 306

8 0.914 1.68 0.661 37

14 0.193 36.5 0.661 804

4 1.219 0.924 0.682 21

13 0.213 14.39 0.953 457

10 0.45 3.187 0.960 102

11 0.4 3.95 0.972 128

9 0.56 2.004 0.973 65

7 0.71 1.292 0.975 42

5 0.813 0.947 0.982 31

3 0.9 0.79 0.987 26

1 1.1 0.51 1.000 17

2 0.914 0.714 1.008 24



85

Component 4: 4/70 µµµµs (Cc = 8.47 µF, R = 10.479, L = 15.3 µH)

Choose lowest s, then lowest ls; refer to Table E4 where optimum selection is

shown in bold.  Effect loosely packed solenoid to increase inductance.

Table E4:  Component 4: Nichrome reel data sorted by s then ls

REEL
ds

(mm)
R’

(Ω/m) s
ls

(mm)

8 0.914 1.68 1 6.238

6 1.219 0.98 1 10.693

5 0.813 0.947 1 11.065

4 1.219 0.924 1 11.341

3 0.9 0.79 1 13.265

2 0.914 0.714 1 14.676

1 1.1 0.51 1 20.547

9 0.56 2.004 2 10.458

7 0.71 1.292 2 16.221

10 0.45 3.187 3 9.864

11 0.4 3.95 4 10.612

12 0.315 14.1 9 6.689

13 0.213 14.39 13 9.467

14 0.193 36.5 22 6.316
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Component 5: 4/70 µµµµs (Cc = 33.93 µF, R = 2.613, L = 3.0 µH)

Choose lowest ls but avoid high s; refer to Table E5 where optimum selection is

shown in bold.  Effect bifilar winding to reduce inductance.

Table E5:  Component 5: Nichrome reel data sorted by ls

REEL
ds

(mm)
R’

(Ω/m)
ls

(mm) s

12 0.315 14.1 6.116 33

8 0.914 1.68 6.221 4

14 0.193 36.5 6.228 87

6 1.219 0.98 7.999 3

4 1.219 0.924 8.484 3

13 0.213 14.39 8.898 49

10 0.45 3.187 9.019 11

9 0.56 2.004 9.127 7

11 0.4 3.95 9.261 14

3 0.9 0.79 9.923 3

7 0.71 1.292 10.112 5

1 1.1 0.51 10.247 2

2 0.914 0.714 10.979 3

5 0.813 0.947 11.037 4
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Component 6: 4/70 µµµµs (Cc = 102.3 µF, R = 0.863, L = 0.2 µH)

Choose lowest ls for even-numbered s, but avoid high s because numerous thin

strands of wire are not workable; refer to Table E6 where optimum selection is

shown in bold.  Effect anti-parallel strand loops to minimise inductance.

Table E6:  Component 6: Nichrome reel data sorted by ls

REEL
ds

(mm)
R’

(Ω/m)
ls

(mm) s

12 0.315 14.1 3.060 50

14 0.193 36.5 3.074 130

8 0.914 1.68 3.082 6

6 1.219 0.98 3.522 4

4 1.219 0.924 3.736 4

13 0.213 14.39 4.438 74

5 0.813 0.947 4.556 5

11 0.4 3.95 4.588 21

10 0.45 3.187 4.603 17

7 0.71 1.292 4.676 7

9 0.56 2.004 4.737 11

2 0.914 0.714 4.835 4

1 1.1 0.51 5.076 3

3 0.9 0.79 5.462 5
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APPENDIX F

QUANTIFICATION OF I  vs. Vs PER COMPONENT

See overleaf.



89

Table F1: Quantification of I  vs. Vs for components 1, 2, 4, 5 & 6
COMPONENT 1: 8/20 us

Cc = 8.47 uF
Impulse Vs I I/Vs Twg

No. (kV) (kA) (kA/kV) (us)
1 3.014 2.000 0.6636 12.77
2 6.000 4.040 0.6733 12.59
3 9.000 6.080 0.6756 12.54
4 12.010 8.240 0.6861 12.35
5 15.010 10.320 0.6875 12.33
6 18.000 12.400 0.6889 12.30
7 19.500 13.400 0.6872 12.33

AVERAGE 12.46
STD DEV 0.18

COMPONENT 2: 8/20 us
Cc = 33.93 uF

Impulse Vs I I/Vs Twg
No. (kV) (kA) (kA/kV) (us)
1 6.010 16.000 2.6622 12.74
2 8.010 21.600 2.6966 12.58
3 10.000 26.800 2.6800 12.66
4 12.020 32.400 2.6955 12.59
5 14.010 37.600 2.6838 12.64
6 16.010 43.200 2.6983 12.57
7 18.010 48.800 2.7096 12.52
8 19.560 53.000 2.7096 12.52

AVERAGE 12.60
STD DEV 0.08

I vs. Vs y = 0.6862x
R2 = 0.9998
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COMPONENT 4: 4/70 us
Cc = 8.47 uF

Impulse Vs I I/Vs Twg
No. (kV) (kA) (kA/kV) (us)
1 1.072 0.092 0.0858 98.74
2 4.026 0.352 0.0874 96.92
3 5.020 0.444 0.0884 95.81
4 5.060 0.446 0.0881 96.14
5 8.010 0.704 0.0879 96.42
6 10.020 0.888 0.0886 95.62
7 12.020 1.060 0.0882 96.09
8 14.000 1.236 0.0883 95.98
9 16.060 1.410 0.0878 96.52

10 18.000 1.570 0.0872 97.15
11 19.510 1.710 0.0876 96.68
12 19.730 1.750 0.0887 95.54

AVERAGE 96.47
STD DEV 0.87

COMPONENT 5: 4/70 us
Cc = 33.93 uF

Impulse Vs I I/Vs Twg
No. (kV) (kA) (kA/kV) (us)
1 1.129 0.386 0.3419 99.24
2 2.049 0.708 0.3455 98.20
3 4.100 1.430 0.3488 97.28
4 6.010 2.110 0.3511 96.64
5 8.060 2.830 0.3511 96.63
6 10.030 3.540 0.3529 96.14
7 12.060 4.220 0.3499 96.97
8 14.080 4.980 0.3537 95.93
9 16.020 5.660 0.3533 96.04

10 18.080 6.380 0.3529 96.15
11 19.010 6.700 0.3524 96.27

AVERAGE 96.86
STD DEV 1.03

COMPONENT 6: 5/72 us
Cc = 102.30 uF

Impulse Vs I I/Vs Twg
No. (kV) (kA) (kA/kV) (us)
1 1.029 1.028 0.9990 102.40
2 2.013 2.030 1.0084 101.44
3 3.036 3.090 1.0178 100.51
4 4.026 4.100 1.0184 100.45
5 5.010 5.140 1.0259 99.71
6 6.020 6.220 1.0332 99.01
7 7.030 7.240 1.0299 99.33
8 8.050 8.280 1.0286 99.46
9 9.050 9.320 1.0298 99.34

10 9.990 10.360 1.0370 98.65
AVERAGE 100.03
STD DEV 1.17

I vs. Vs y = 0.088x
R2 = 0.9999
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APPENDIX G

BENCHMARK SAMPLE TEST SHEET

See overleaf.
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Table G1: Test sheet for reduced benchmark sample

Wave- I Cc I/Vs Twg Vs Qg Gap Vs I I/Vs File Comments
form (kA) (uF) (kA/kV) (us) (kV) (mC) groups (kV) (kA) (kA/kV)

1 8/20 us 2 8.47 0.6862 12.35 2.9 25 1+1+1+1 3.0 2.0 0.6569 TEK1a,b,c,d None, clipped, overshot, clipped
2 8/20 us 5 8.47 0.6862 12.35 7.3 62 2+2 7.0 4.7 0.6743 TEK2a,b
3 8/20 us 8 8.47 0.6862 12.35 11.7 99 4 11.0 7.4 0.6764 TEK3 Clipped
4 8/20 us 11 8.47 0.6862 12.35 16.0 136 4 15.1 10.2 0.6781 TEK4
5 8/20 us 13 8.47 0.6862 12.35 18.9 161 4 19.1 13.0 0.6806 TEK5
6 8/20 us 14 33.93 2.6993 12.57 5.2 176 2+2 5.2 13.4 2.5769 TEK6a,b
7 8/20 us 24 33.93 2.6993 12.57 8.9 302 2+2 8.8 23.2 2.6364 TEK7a,b
8 8/20 us 34 33.93 2.6993 12.57 12.6 427 4 12.5 32.8 2.6240 TEK8
9 8/20 us 44 33.93 2.6993 12.57 16.3 553 4 16.1 42.6 2.6460 TEK9

10 8/20 us 53 33.93 2.6993 12.57 19.6 666 4 19.7 52.6 2.6701 TEK10
46 4/70 us 0.4 8.47 0.0880 96.30 4.5 39 1+1+1+1 4.5 0.4 0.0889 TEK46a,b,c,d Clipped, overshot, overshot, clipped
47 4/70 us 0.7 8.47 0.0880 96.30 8.0 67 2+2 8.0 0.7 0.0875 TEK47a,b Clipped, clipped
48 4/70 us 1.0 8.47 0.0880 96.30 11.4 96 4 11.4 1.0 0.0877 TEK48 Clipped
49 4/70 us 1.3 8.47 0.0880 96.30 14.8 125 4 14.8 1.3 0.0878 - Clipped
50 4/70 us 1.7 8.47 0.0880 96.30 19.3 164 4 19.3 1.7 0.0881 TEK50 Clipped
51 4/70 us 2 33.93 0.3525 96.26 5.7 193 2+2 5.7 2.0 0.3509 TEK51a,b None, overshot
52 4/70 us 3 33.93 0.3525 96.26 8.5 289 2+2 8.5 3.0 0.3529 TEK52a,b None, clipped
53 4/70 us 4 33.93 0.3525 96.26 11.3 385 4 11.3 4.0 0.3540 TEK53 ?
54 4/70 us 5 33.93 0.3525 96.26 14.2 481 4 14.2 5.0 0.3521 TEK54 None
55 4/70 us 6 33.93 0.3525 96.26 17.0 578 4 17.0 6.0 0.3529 TEK55 Overshot
56 5/72 us 7 102.30 1.0305 99.27 6.9 705 2+2 6.9 7.0 1.0145 TEK56a,b
57 5/72 us 8 102.30 1.0305 99.27 7.8 794 2+2 7.8 8.0 1.0256 TEK57a,b
58 5/72 us 9 102.30 1.0305 99.27 8.7 893 2+2 8.7 8.9 1.0230 TEK58a,b
59 5/72 us 10 102.30 1.0305 99.27 9.7 993 2+2 9.7 9.9 1.0206 TEK59a,b
60 5/72 us 10.3 102.30 1.0305 99.27 10.0 1023 4 10.0 10.2 1.0200 TEK60

Sample

PRACTICALIDEAL
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APPENDIX H

GAP ETCHING MEASUREMENT DATA

See overleaf.
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Table H1: Gap etching data (8/20 µs, 2.0 to 13.0 kA)
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Table H2: Gap etching data (8/20 µs, 13.4 to 52.6 kA)
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Table H3: Gap etching data (4/70 µs, 0.4 to 1.7 kA)
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Table H4: Gap etching data (4/70 µs, 2.0 to 6.0 kA)
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Table H5: Gap etching data (5/72 µs, 7.0 to 10.2 kA)
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