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.1 Sandia Lightning Simulator
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.1 Continuing Current Source

MIL-STD-464C

COMPONENT A (First Return Stroke)

Peak Amplitude = 200kA £ 10%
Action Integral = 2x10° A2s + 20% COMPONENT D (Subsequent Return Stroke)

Peak Amplitude = 100kA +10%
Action Integral = 0.25x10° A%s + 20%

COMPONENT B (Intermediate Current)
Max. Charge Transfer = 10 Coulombs +10%
Average Amplitude = 2kA +20%

COMPONENT C (Continuing Current)
Amplitude = 200 - 8300A
Charge Transfer = 200 Coulombs +20%
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Electrical Current Waveforms




.| Coupon Tests with Continuing Current ® |

Aluminum Vertical Coupons
16 Gauge Tested with non-diverter tip
Starter wire (Starter Wire 0.010” Copper) |

Steel (bare)
16 Gauge, 12 Gauge, 10 Gauge, 7 Gauge Horizontal Coupons
Drum lid 16 Gauge Tested with non-diverter tip
Bolt Ring 12 Gauge Tested with diverter tip
Starter wire (Starter Wire 0.010” Copper)

Simulated lightning currents
300A, 400A, 500A

Continuing current durations

700ms, 880ms, 1.17s, up to 2.6s i



‘ Vertical Coupon Test Setup |




‘ Vertical Coupon Test Setup ® |

Current

Starter Wire
0.010” Cu

| Plasma Diverter Tip

Starter Wire




.| Photometric Test Setup

High Speed Cameras
° Phantom Model 1610
© 7000 Frames Per Second

Photometric &
Mirror
Coupon ;
Frontside i




»| Vertical Coupon Burnthrough Video |

Steel I
16 Gauge 200ms to Burnthrough
400A for 906ms (362 Coulombs)
Hole size = 0.571” |
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.| Horizontal Coupon Burnthrough Video |

Steel I
16 Gauge 178ms to Burnthrough
520A for 718ms (374 Coulombs)
Hole size = 0.348” |



Horizontal Coupon Post Test
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»| Coupon Data Set (Non-Diverter Electrode)

Coupon
Orientation

Coupon
Material

Material
Gauge

CCG
Measured
Time (s)

CCG
Measured
Current (A)

Charge
Transfer(C)

Hole Size
(Inches)

@

Time to
First Light
(s)

Vertical

Steel

16

1.200

312

374.4

0.601

0.5520

Vertical

Steel

12

1.191

312

371.6

0.251

1.0597

Vertical

Steel

10

1.200

312

374.4

0.018

Vertical

Steel

7

1.200

312

374.4

0.000

NO HOLE

Vertical

Steel

16

0.907

420

380.9

0.603

0.2659

Vertical

Steel

12

0.914

420

383.9

0.377

0.5617

Vertical

Steel

10

0.910

418

380.4

0.230

0.7674

Vertical

Steel

7

0.900

420

378.0

0.000

NO HOLE

Vertical

Steel

16

0.710

520

369.2

0.640

0.1477

Vertical

Steel

12

0.714

520

371.3

0.243

0.6554

Vertical

Steel

10

0.714

520

371.3

0.243

0.5533

Vertical

Steel

7

0.714

520

371.3

0.000

NO HOLE
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Plots of Hole Size and Time to First Light @

Vertical Steel Coupon Hole Size
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10 11 12 13 14 15 16

Non-Diverter Tip Steel (Gauge)

Vertical Steel Coupon Time to First Light

+ 312 A, 374 Coulombs

0.0 0.2 0.4 0.6 0.8 1.0 1.2
Non-DiverterTip  Time to First Light (seconds)

7 Gauge Steel
No Burnthrough Expected with < 400 C

12 Gauge Steel
Anomaly at 520 A
Poor Arc Attachment (Slow to Connect)

7 Gauge Steel
No Burnthrough Expected with < 400 C

12 Gauge Steel
Anomaly at 520 A
Poor Arc Attachment (Slow to Connect)
Long time to Burnthrough (0.655 s)
Burnthrough was expected at 0.35-0.40 s




of Hole Size and Time to First Light '@

CCG CCG Time to
Coupon Coupon Material | Measured | Measured Charge Hole Size First Light

Orientation Material Gauge Time(s) | Current (A) | Transfer(C) (inches) (s)
Vertical Steel 16 1.200 312 374.4 0.601 0.5520
Vertical Steel 16 0.907 420 380.9 0.603 0.2659
Vertical Steel 16 0.710 520 369.2 0.640 0.1477
Vertical Barrel Lid 16 1.191 320 381.1 0.640 0.7030
Vertical Barrel Lid 16 0.906 418 378.7 0.608 0.2414
Vertical Barrel Lid 16 0.718 518 371.9 0.613 0.2367

Vertical Coupon Hole Size Vertical Coupon Time to First Light

16 Ga. Painted vs. Unpainted 16 Ga. Painted vs. Unpainted
0.70

(V9]

® 520 A, Unpainted + X @ 520 A, Unpainted

w

0.65 X 420 A, Unpainted X X 420 A, Unpainted
o + - p

w

+ 312 A, Unpainted + 312 A, Unpainted

® X
0.60 + X @518 A, Lid-Painted ® 518 A, Lid-Painted

N B O

X 418 A, lid-Painted

w

0.55 ® X 418 A, Lid-Painted

+ 320 A, Lid-Painted + 320 A, Lid-Painted

Hole Size (In.)
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Non-Diverter Charge Transfer (C) Non-Diverter [ime to First I.lght (SecondS)

Charge Transfer (C)




22‘ LANL Lightning Ground Truth project |
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»| LANL Lightning Ground Truth project




.| LANL Lightning Ground Truth project




»| LANL Lightning Ground Truth project




| Path Forward |

Lightning Tests on 55 Gallon TRU Waste Drums
Lightning Return Stroke [30kA-200kA with 500 A continuing current (750ms)]

Drum Test Areas
Lid
Bolt Ring (Attached to drum)
Structural Rib

Tests planned for June 2019
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» Questions
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