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LC 39B Lightning Protection System Construction, 2009
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Atlantis and Endeavour, 2009
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Lsc - Background
ARES I-X Test Rocket, October 28 2009
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Meteorological Instrumentation
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[Sc-—— Meteorological Instrumentation

I Measurement Range Accuracy I

Wind Speed 0.0 to 60 m/s + 2% up to 25 m/s
Wind Direction 0 to 359 degrees + 2 degrees
Air Temperature -10 to 50 deg Celsius ((I)\i rsqretgra(c::(eafti)llj:)
Relative Humidity 0 to 100 % 3% (from 10 to 90% RH)
Rain Rate 0 to 19.685 inches/hour 5% Accumulation

Rain Precipitation

. 0 to 39.37 inches 5% Accumulation
Accumulation



Lsc- - Meteorological Instrumentation@

* Meteorological stations (CS CR1000):

 Battery backed up

* GILL Instruments HS WindObserver
* 0-75 m/s (0-168 mph)
* 0.01 m/s resolution
* 0-12 m/s +/- 1%; 12-25 m/s +/- 2%; 25-45 m/s +/- 3%;
45-65 m/s +/- 4%; 65-80 m/s +/- 6%
» Resolution of 1° and accuracy of +/- 2° @ 12 m/s, no
dead band

* R.M. Young 41372VC/VF with aspirated shield
« Temperature range -10 to 60°C, accuracy +/- 0.1°
* RH range 0-100%, accuracy 3%

 Optical Rain Gauge OSI ORG-815-DS
* Range 0.1 to 500 mm/hr, resolution 0.001 mm,

accuracy 5% accumulation,
10
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Partnering To Engineer the Future

How many different types of lightning?

. Thermosphere

» Upper Atmosphere, or
TLE:

blue jets, gigantic jets,
sprites, sprite halo,
elves, eftc.

» Lower Atmosphere:
cloud to cloud, cloud to
ground, ground to cloud, Stratosphere
upward, downward, ball,
spider, triggered, positive,
negative, volcanic, etc.

Mesosphere

Troposphere

15
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 Can lightning strike more than one location simultaneously?

LC39B WX SUBSYSTEM DATA

16
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Lightning Instrumentation
Requirements

ing Services Ca_rg{:_qct_, —

* =5%, error < 5 — 10 meters (Ddot & Hdot Sensors)
« Commercial Off-The-Shelf (COTS),

 Transient Recorders®,

* Digitizers™,

» Current Sensors




Lightning Instrumentation
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ESC Lightning Instrumentation

Genesis Transient Recorder, HBM (Nicolet)

* FIFO, computer data transfer,
e » Segmented Memory, no dead time
i e 20y e B » 100 Megasamples/sec,
B - Single mode fiber interface with time
propagation delay compensation,
« Comprehensive triggering capabilities:
stretch trigger option,
» Master/Slave (shared trigger bus),
= bt bt et - Automated waveform exports,

4 E!f:"‘;":::" sissiseisseses sistsssaarens N 60 channels/chassis x 8 chassis, 10 ns

Ext Trigger Out -1—(-:)——:- ;.I'_'H' \II: ‘-i-
Qualifier 1 =

. i -
Qualifier "N"  —I, S I
Ext Trigger In —'-:9‘— " . VO- Ir ‘%"/ "‘i - - "-:_P)_,—‘_J'
Channel 1 g — - J= [
* T |
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Int Trigger Line 3 = L
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cooo

20
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Lsc - Digitizer
Ruggedized 7600 Digitizer, HBM (Nicolet)

12 VDC % 20% 550 mA maximum

«+ 20 mV to £ 100 V Full Scale in 1, 2, 5 steps, 14 bits
» Temperature range: -10 °C to +70 °C

» Max Error: 1% DC to 5 MHz throughout Temp range
* Prototyped and tested at the ICLRT during the 2009,
2010, and 2011 campaigns

* (A) single-ended, isolated common input; (B) LC
Duplex, 1310 nm, 4 km typ, 12 km max; (C) Power
input; and (D) control output.

Front view 7600 GEN series
% -

H E Control PC
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ESG Digitizer
Ruggedized 7600 Digitizer,

23



Digitizer

Ruggedized 7600 Digitizer,

24



Lsc - Downconductors
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* Pearson Electronics 1330
» Usable rise-time: 250 ns




Downconductors
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Why Downconductor

Measurements?

¥

‘August 14 2011, 21:10:15.7670656 (UTC) |
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ownconductor Measurements? @

Algebraic Sum of All Downconductor Currents. August 14 2011, 21:10:15.7870656 (UTC)
Rise Time (10%-90%) 6.06 [us] Charge: 0.63 [Q]; Time Window: 20 us
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Four Stations with 3 Axis Bdot Sensors Each

« EG&G MGL-2 Bdot free field sensors,
* 100 Q, differential twinaxial output, = 300 MHz @ -3dB
 Balun to convert 100 Q differential to 50 Q, single mode,
» 23 MHz anti-aliasing filters,

*Agq = X1 02m? (Vg = Agq X dB/dt),
« Max field change of 2x10° Tesla/sec,

* Protected by a fiberglass dome,
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ESG""" Ddot Field Stations

Five Stations with 2 Ddot Sensors Each

* Ay = 1102 m2 (V,, = R x A, x dD/dt),
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Isc - Why Ddot Sensors? @

(X,¥,2)

t,=R,/c

34



Lsc—- Instrumentation

Partnering To Engineer the Future

High Speed Cameras, Vision Research v310

. Segmented memory, (12 @ 140 ms)
» 50% pre-trigger,

 Continuous recording,

 Restart after recording, FIFO,

» Triggered by the Genesis Transient
Recorder, IRIG-B Synch

« 20-36 VDC, 70 W, Battery Backup Power
with EMI filters and SPD

segments (non deterministic)

35



[ ]
Lsc High Speed Camera
Partnering To Engineer the Future

ST bl 11111




n T
&neﬂmg Services Contract B I t
Partnering To Engineer the Future a I I I p a I l I | l g e S S




Fsc..... Camp Blanding
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Fsc.... ICLRT — Camp Blanding
Rocket Triggered Lightning




ESC High Speed Cameras
Tower 1 High Speed Cameras Field of View

Bottom Camera:

Top Camera:
Tower 2

Catenary (DC7) Pad A
background

40



Isc- H igh Speed Cameras @
Tower 2 High Speed Cameras Field of View

Bottom Camera:

Top Camera:
Tower 3 (VAB background) Tower 1

41



ESC High Speed Cameras
Tower 3 High Speed Cameras Field of View

Bottom Camera:

Top Camera:
Catenary (DC3 & DC4)

Tower 2

=

&y 4

42
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LCC High Speed Camera Field of View




Fsc... How far can the
= high speed cameras see?

LC39B WX SUBSYSTEM DATA




Fsc... How far can the
= high speed cameras see?

LC39B WX SUBSYSTEM DATA
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LC39B WX SUBSYSTEM DATA
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LC39B WX SUBSYSTEM DATA




Fsc.... How far can the
high speed cameras see?

LC39B WX SUBSYSTEM DATA




How far can the
high speed cameras see?

LC39B WX SUBSYSTEM DATA




Fsc... How far can the
high speed cameras see?

LC39B WX SUBSYSTEM DATA
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LC39B WX SUBSYSTEM DATA




How can we determine
the strike location (1)?

LC39B WX SUBSYSTEM DATA




ESC “How can we determine the strike location (2)? NAsA

5 7

LC39B WX SUBSYSTEM DATA




ESC “How can we determine the strike location (2)? NAsA

: 1

LC39B WX SUBSYSTEM DATA




ESC “How can we determine the strike location (2)? NAsA
7

LC39B WX SUBSYSTEM DATA




ESC -How can we determine the strike location (2)7 @

LC39B WX SUBSYSTEM DATA




Fs:... WXSubsystem LC39B
Partnering To Engineer the Future D e p I Oy m e n t , 2 O 1 1

WX Racks installation PTCR

Two HS Cameras Active [LISS]

Tower One Meteorological Four HS Cameras Active [LISS]
Stations Active [MISS]

All Magnetic Field Measurements

Active [LISS]
Downconductors
Instrumentation Active All six HS Cameras Active [LISS]
[LISS]
Towers 2 & 3
Meteorological _ _
Stations Active LC39A Trigger Signal [LISS]
[MISS]
LCC HS Camera
\ \ll\l Added [LISS]
\ \\I

January February March June

July August

Partial DAQ Active

First Lightning Strike Triggers DAQ Meteorological Data Shown on OTV (ch. 1002) 57




Esclrect Lightning Strikes LPS Pad B

WX Subsystem CGLSS
(0}

~

‘0~ — o L o —
RS | Date =D o B S, e 3|8|
# (2011) = . = 5 v 0 — :§ S 5 v
g3 N 3 oW o 7o | © | 2 5
0L — o X S Q| © a
Q = H#
1 3/31 14:50:49.887798  -- DC4 -28.8 2 No - --
2* 3/31 14:50:49.887798 180.445 Catenary -19.3 1.5 No - --
(DC3)
1 5127 18:21:34.107026  -- Tower2  -77.6 5.89 Yes 5 -57.0
1* 5127 18:24:24 541573  -- DC8 -29.8 2.91 Yes 3 -18.2
1 5/27 18:25:47.633965 - Tower2  -26.4 4.37 No - -
& nearby
1 6/15 00:20:55.637149  -- DC8 -29.4 2.46 No - -
1 7/07 16:29:45.843432  -- Tower3 >-174.3 5.41 Yes 5 -1415
1 7/07 16:29:45.931982  -- Tower2  -74.9 5.66 No - --
& nearby

* No video available for this event.

Two downconductor currents show saturation. 58



Esclrect Lightning Strikes LPS Pad B

WX Subsystem CGLSS
(0}

)

> © O = S e |3 ©

£ za | ?8 g 8 |5| 8

— (@) = +H =
1 7/07  16:35:59.648752 -- Tower2 -67.8 478  Yes 5 -40.0
2*  7/07  16:35:59.731152  82.2 Tower 1 -474 3.9 Yes 5 -26.3
3 7/07  16:35:59.773986 42.834 Tower1 -374 146  Yes 5 -16.8
4 7/07  16:35:50.796866 22.88  Tower1 -185 1.09  Yes 3 -10.4
5  7/07  16:35:59.946027 149.161 Tower1 -381 116  Yes 5 -23.1
6  7/07  16:35:59.992795 46.768 Tower1 274 113  Yes 5 -16.6
7 7/07  16:36:00.079704 86.909 Tower1 -324  1.11 Yes 5 -19.7
8  7/07  16:36:00.145245 65541 Tower1 -176 108 No — -
1 814  21:10:15.787065 -- Tower1 -641 606  Yes 4 -34.1

8/14 21:10:15.849042 61.977  Tower 1 -17.1 1.4 No --
8/14 21:10:15.941681 92.639  Tower 1 -24.1 1.07 Yes 2 -14.2

w N



~LCG39B Lightning Flashes Summary 2011 @

Between March and August:

* The Lightning DAQ has triggered on 11 different days.
 The lightning protection system has been struck directly by 9
lightning flashes (all towers are been struck):

* 6 direct strikes to the towers

* 3 direct strikes to catenary wires or downconductors

* 6 single stroke flashes

* 3 multi-stroke flashes (max. 8RS; min. 2RS)
* There have been 3 nearby lightning strikes within the LC39B
perimeter:

* 1 strike to the perimeter fence (multi-stroke flash)

» 2 inside the perimeter (single-stroke flashes)
* How does the LC39B Lightning Instrumentation System
compares to CGLSS II1? =63%

60



E%htning Instrumentation and CGLSS @




E%htning Instrumentation and CGLSS @

Google

Frayery B2011 | Diglakslobe GeoEyve The Flufel Depatmenl ol En



E%htning Instrumentation and CGLSS @




ggi[n;ming Instrumentation and CGLSS

LZ39E LFP S Meazursd Peak Cument, k&

Furnberof occumsnces

Peak Current [k&] - Direct Strik es from karch bo August 2011

4l ! ! ! !
gnl... o AR U PSR R T R S o i
Y R S N ZoouRNNT N U e, e, SR e, i
ED:} ......... - .......... ........... -- .......... ..... & F'EE!J{CurTEHt a
: : ; ; : : Liriear Fit
0 I I i i I I | | |
10 15 20 25 30 35 40 45 S0 55 )
I I
. N

-60 -55 -50 45 40 -35 -30
Estimation of CGLS3S Peak currents campared bo LC39E measurements, 2

64



Selected Images @

Direct Strike to Tower 2, 05/27/2011 18:21:34.107026 UTC.
Frame before 15t RS Following frame




I'sc- High Speed Video Camera Frames  (£th

May 27 2011, 18:19:26.839007 UTC

LC39B WX SUBSYSTEM DATA




I's¢..High Speed Video Camera Frames

May 27 2011, 18:19:26.839007 UTC

LC39B WX SUBSYSTEM DATA
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May 27 2011, 18:19:26.839007 UTC

LC39B WX SUBSYSTEM DATA




IS¢ High Speed Video Camera Frames @

May 27 2011, 18:19:26.839007 UTC

LC39B WX SUBSYSTEM DATA




I'S¢..High Speed Video Camera Frames @

May 27 2011, 18:19:26.839007 UTC

LC39B WX SUBSYSTEM DATA




Eﬁcngh Speed Video Camera Frames

May 27 2011, 18:25:47.634489 UTC

LC39B WX SUBSYSTEM DATA
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May 27 2011, 18:25:47.634489 UTC

LC39B WX SUBSYSTEM DATA




f.Scngh Speed Video Camera Frames

May 27 2011, 18:25:47.634489 UTC

LC39B WX SuBSYSTEM DATA
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May 27 2011, 18:25:47.634489 UTC

LC39B WX SUBSYSTEM DATA
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May 27 2011, 18:25:47.634489 UTC

LC39B WX SUBSYSTEM DATA




ES(:ngh Speed Video Camera Frames

July 07 2011, 16:29:45.844060 UTC

LC39B WX SUBSYSTEM DATA




Fsc H gh Speed Video Camera Frames

July 07 2011, 16:29:45.844060 UTC

Partnering To Engineer the Future

LC39B WX SUBSYSTEM DATA.




f&:ngh Speed Video Camera Frames

July 07 2011, 16:29:45.844060 UTC

LC39B WX SUBSYSTEM DATA



EScngh Speed Video Camera Frames

July 07 2011, 16:29:45.844060 UTC

LC39B WX SUBSYSTEM DATA




&ﬁg@gtected High Speed Camera Images

LC39B WX SUBSYSTEM DATA




%ﬁjected High Speed Camera Images (Lt

LC39B WX SUBSYSTEM DATA




Eggﬁmg;!,ected High Speed Camera Images (Lt

LC39B WX SUBSYSTEM DATA




ESCS@%cted High Speed Camera Images @

LC39B WX SUBSYSTEM DATA




ESCS@%cted High Speed Camera Images @

LC39B WX SUBSYSTEM DATA




&Se%cted High Speed Camera Images

Partnering To Engineer the Future

LC39B WX SUBSYSTEM DATA




86 Advantages of the LC39B @
Lightning Instrumentation System

» System will allow us to improve lightning protection systems
by providing data to refine the striking distance method,

» System will provide ground-truth data to improve lightning
detection system peak current estimation,

86
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Questions?

LC39B WX SUBSYSTEM DATA




