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Development Testing at Sandia National Laboratories 

is a complete package of services. We take an inclusive 

approach to your project and are ready to offer start-to- 

finish services or a specific test project. At Sandia, we’re 

D E V E L O P M E N T  

Our scope of service includes: 

Defining project goals and 
data requirements 

Projecting costs and schedule 
commitments 

Designing and developing 
instrumentation 

Fabricating instrumentation 

Coordinating and conducting 
field tests 

Performing laboratory 
environment tests 

Delivering processed data 

Performing project followup and 

on-going services 

committed to meeting your requirements for cost, sched- 

T E S T I N G  A T  § A N D I A  

ule, and performance. In so doing, we will carry out your 

project goals with honest evaluations, realistic expecta- 

tions, and respect for the health and safety of personnel 

and the environment. We’re proud of the world-class 

facilities and staff at Sandia. And while the scope and 

scale of Wertise we offer may in some cases be found 

only at Sandia, we never lose sight of your need for 

esponsiveness and exceptional sererice. 
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DISCLAIMER 

This report was prepared as an account of work sponsored by an agency of the 
United States Government Neither the United States Government nor any agency 
thereof, nor any of their employtes, makes any warranty, expnss or implied, or 
assumes any legal liabiiity or responsibility for the atcuracyt.completeness, or use- 
fulness of any information, apparatus, product, or process disclosed, or represents 
that its use would not infringe privately owned rights. Reference herein to any spe- 
cific commercial product, process, or KNicc by trade name, trademark, manufac- 
turer, or otherwise does not necessarily constitute or imply its endorsement. retom- 
mendation. or favoring by the United States Government or any agency thereof. 
The views and opinions of authors expmed herein do not neassarily state or 
reflect those of the United Statu Government or any agency thereof. .. 
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DISCLAIMER 

Portions of this document may be illegible 
electronic image products. Images are 
produced from the best available original 
document. 
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R O C K E T  L A U N C H  A N D  R A N G E  O P E R A T I O N S  

KAUAI TEST FACILITY 

Resources at the Kauai Test Facility 

(KTF) are available to assemble, 
test: / launch, track, and recover in- 

strumented rockets, rocket payloads, 

and aircraft payloads. Located in 

Hawaii on the west side of the 

island of Kauai, within the U.S. 

Navy Pacific Missile Range Facility, 

KAUAI TEST FACILITY. the KTF provides a high-quality, 

integrated source for conducting a 

wide range of test operations to 

support research and development 

testing of materials, components, 

and advanced reentry vehicle tech- 

nologies. The facility also offers 

receiving, recording, and quick- 

look playback of radio-telemetered 

test data. In addition, resources are 

available for optical tracking and 

photometric coverage of test 

objects and experiments. 

The KTF is  an ideal setting for a 

broad spectrum of operations: 

Observation by the Air Force Maui 
Optical Station on Mt. Haleakala, 
10,000 feet above sea level 

Suborbital coexperiments with 
launches from Vandenberg 
Air Force Base, or with orbiting 
objects as they approach the 
Continental United States 

ICBM- type launch simulations with 
less costly vehicles using shorter 
trajectories targeted to areas in 
the Kwajalein Atoll regions - Comparatively inexpensive scien- 
tific experiments on phenomena 
occurring in the upper atmosphere 
and in space over the mid-Pacific 

High-velocity water impact and 
underwater trajectory experiments 

Multiple and simultaneous 
launches that meet experimental 
and mission requirements 

Extensive radar tracking and 
telemetry receiving and recording 
support 

World-wide communications 
through the DoD facilities at the 
Pacific Missile Range Facility 

INSTRUMENTED ROCKET 
BEING READIED FOR LAUNCH. 
4T KAUAI TEST FACILITY. 



ROCKET SYSTEMS 

Sandia uses a broad spectrum of 

rocket systems to meet its prime 

mission for DOE. This capability i s  

available to others for use in test 

activities of national interest. Typi- 

cal rocket system design and analy- 

sis could include: 

Telemetry 

Radio command c.ontrol 

Safing, arming, and sequencing 

Payload attitude control 

Mechanical elements 

Guidance and control systems 
development 

Payload recovery systems 
development and qualification 

* Arming, fusing, and firing systems 
qualification 

Special projects of interest to the 
space community 

Aeroballistic analysis and 
simulation 

Guidance and control development, 
simulation, and testing 

Mechanical and electrical 
systems design, integration, 
and qualification testing 

Prelaunch control and monitoring 

System design, inbegration, 
Prelaunch and inflight ground 
control and monitoring 

and qualification 

NIGHT LAUNCH AT f f iUAI  
TEST FACILITY. 

Mission planning 

Instrumentation 

Documentation 

Control and data systems 

Trajectory formulation and 
simulation 

Environmental testing and 
qualification 

Motion simulation 

Mass properties measurement 
and dynamic balancing 

VERTICALLY LAUNCHED SYSTEMS 

The Strategic Target System 

(STARS) missile is a fully guided, 

three-stage system. It is capable 

of delivering test objects weighing 

up to 750 Ib to the vicinity of 

Kwajalein Atoll at ICBM reentry 

velocities, or of lofting instrument 

payloads to altitudes of nearly 

1,000 miles in the vicinity of the 

I NOSE FAIRING SPRINC 
SEPARATION SYSTEM 

2 VIDEOCAMERAS 
3 TARGET CANISTER 

5 THRUST NOZZLE 
6 PNEUMATICS 

4 GYROS 

7 STROBE LIGHTS 
8 DESPIN SYSTEM 
9 SEPARATION PLANE 

10 RETROREFLECTOR 
ARRAY 

Component and subsystem testing 

Material characterization and 

Hawaiian Islands. 

STARS uses a ring-laser gyro 

testing inertial measurement unit and thrust 



R O C K E T  L A U N C H  A N D  R A N G E  O P E R A T I O N S  

vector control on all three stages 

operating under the control of a 

multiprocessor guidance and 

navigation computer. A unique, 

shared-memory simulation facil- 

ity allows interactive operation of 

guidance and navigation systems 

and validation of all software and 

systems before flight scheduling. 

A four-stage variation of the 

missile can place a 370-Ib satel- 

lite in a 270-nautical-mile polar 

orbit. The Kauai Test Facility i s  

the only location equipped io 

launch the STARS missile. 

Sandia often uses custom-built, 

high-performance motors for upper 

stages. These systems are used for 

sounding rocket applications and 

can carry payloads of up to 1,000 

Ib to apogee altitudes of several 

hundred miles. They are also used 

in a reentry vehicle carrier mode 

where one stage is  fired upward 

and one or two stages are fired 

downward to provide required 

reentry conditions. Since 1957, 

Sandia has launched more than 

1,500 rail-launched rockets from 

17 worldwide locations. 

RAIL- LAUNCHED SYSTEMS 

Sandia's rail-launched systems 

operate off adiustable launchers 

with the rocket vehicles supported 

on rails that provide the initial 

guidance. Upper stages may be 

pointed before ignition and guided 

during their propulsive phase to 

optimize time-space positionl. 

Single-and multistage rockets are 

used. Where feasible, surplus mili 

tary motors with proven reliability 

are employed to limit costs. 'To 

enhance reliability and capability, 

e 

THE KAUM TEST 
FACILITY OFFERS 
EXTENSIVE W A R  
TRACKINS AND 
TELEMETRY 
RECEIVING AND 
RECORDING 
SUPPORT. 



SpeciaZ features offered by the 

Tonopah Test Range include: 

Test and security facilities 

e 
P 

for storage and testing of 

. L ,  units containing special 
x. 

~ 

\ 
.-. nuclear &teriaZ 

Flexible selection - -_  of target . - ~ 

5 ,  

areas and flight profiles made 

possibZe by/mobile instruments 

I .  

I 

I '  
I 

Co-use of NeZZis Bombing 

and @nne.jl Range 
/' 

-- 
E ,  

1 5' 
Rapid turnaround of test_ .: - 

,;/ 

\ . -  I 
I 

schedules in the event of 
'Ll - 

cancellations 

Storage vaults for classified 

information levels including 

SRD and SCI 



T O N O P A H  TEST R A N G E  

The Tonopah Test Range, covering 

525 square miles, is a permanent 

outdoor testing facility with unique 

capabilities for gathering data from 

a variety of test vehicles. The Range 

is well -equipped with precision 

tracking radars, optical trackers, 

telemetry receiving and recording 

stations, a central computer com- 

plex, and combined landline/RF 

communications systems. 

DROP TEST OVER TONOPAH. RANGE OPERATIONS 

The Tonopah Test Range has unique 

capabilities in the testing of low- 

level, supersonic delivery techniques 

and i s  the only location where units 

containing special nuclear material 

can be routinely tested. The ability 

to soft- recover full artillery shells 

provides an invaluable development 

aid for artillery-fired atomic projec- 

tile programs. 

DATA SYSTEMS 

The extensive radar tracking system 

feeds into the central computer for 

raw data storage and reformatting. 

Quick-look trajectory listings and 

plotting are available with short 

turnaround. Three C- band and 

three X- band radar tracking net- 

works have skin- track and beacon- 

track capabilities for tracking air- 

borne test vehicles, wind and radio- 

sonde-carrying balloons for atmo- 

spheric data, and ground test re- 

covery vehicles. Also available i s  a 

unique Range system that combines 

the radar, optical tracking system, 

and telemetry antennas for acquisi- 

tion and camera focusing. 

TELEMETRY AND COMMUNlCAilON.5 

Two fixed and three mobile ground 

stations can receive, record, and 

provide realtime evaluation and 

post-test analysis of telemetry data. 

Closed-circuit TV and target trajec- 

tory data are transmitted to the 

operations center and other sites 

through fiber optics, microwave, 

and hardwire links. A secure data 

link between the Range and Sandia 

handles electronic messages. 

OPTICAL MEASUREMENTS 

A sophisticated optical tracking 

network can produce high-speed, 

high-resolution, time-space-posi- 

tion information. The centerpiece of 

the network consists 

of eight mobile 

cinetheodolites. 

, 1 
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Using X-rays, ultrasonics, 

acoustics, eddy currents, lasers, 

and dye penetrants, Sandia 

non-destructive testing engin- 

eers can evaluate the quality of 

structures and materials with- 

out altering or degrading them. 

Sandia physicists and engineers 

have advanced the art of nonde- 

structive testing, making notable 

achievements in the fields of film- 

less realtime radiography, 

computer-aided ultrasonics, and 

computer-aided tomography. 

Typical applications of 

nondestructive testing include: 

Analysis of material 
properties 

Location and character- 
ization of flaws within 
materials and joints 

Internal operation of 
complex mechanisms 

Integriv of bonds between 
materials 

ULTRASONICS 

When an ultrasonic signal 

between 50 kHz and 1 GHz is 

injected into a test obiect, 

perturbations to the signal are 

recorded to form an image that 

can reveal flaws, cracks, 

thickness, and inconsistencies. 



. .  _ _ ~  - . 
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~ ~ _ f  ~ 

&&P& TOMOQMPHY 

In this procedure, highly colli- 

mated beams of X-rays are passed 

through an object from many dif- 
ferent angles and recorded. Data 

i s  then reconstructed to provide a 

density image or slice of the obiect. 

, ,  . 4 

NOS 

AcousTlc EMISSION 

The characteristics and timing of 

acoustic waves generated by 

materials under stress can give 

information on growing cracks 

or the location of flaws. These 

tests also record the acoustic 

waves from a physical event 

such as gas flow or mechanical 

movement. 

HOLOGRAPHIC INTERFEROMETRY 

Holometry measures motions 

on the order of one wave- 

length of coherent light used 

(0.6 microns for the HeNe 

laser). Unlike classical inter- 

ferometry, holometry uses a 

hologram of the test object for 

a reference. This allows the 

technique to be applied to 

almost any complex, diffusely 

scattering obiect. 

11 





M O B I L E  A N D  R E M O T E  R A N G E S  

Throughout the United States, and and second integrals of engineering 

often worldwide, Sandia uses its 

mobile capability to acquire data 

and provide field support. Sandia 

maintains a fleet of mobile instrument 

stations ready for deployment to 

Sandia, DOE, DoD, test unit integra- 

tion sites, and other remote locations. 

These completely equipped units 

are capable of advanced telemetry 

receiving, recording, and analysis. 

units versus time, and power- 

spectral density and shock spectra. 

In addition, two self-contained 

computer-controlled mobile laser 

trackers are used to provide high- 

accuracy tracking and range infor- 

mation of high-speed field test 

events. 

Highly specialized equipment in 

one trailer is designed to acquire, 

A DHC.6 TWIN OTTER Tests that may be supported by reduce, and analyze 72 channels 

To my mobile units include: of hardwire structural data and 200 

thermocouple channels. Selected 

trailers are TEMPEST certified. 

A VARIETY OF RESEARCH 

MISSIONS, Environmental and qualifica- 
tion tests 

Strategic and tactical missile 
launches 

Bornbdrops 

Earth and water penetration 

Weapon and carrier compatibility 
exercises 

Realtime and post-test data is 

typically transmitted to the trailer SWIA NATIONAL 
LABORATORIES DESIGNED 
AND BUILT THE MOBILE 

where the data can be displayed as 

LASER TRACKER. engineering units versus time, first 
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---. , - I m- m---- i ROCKET SLED TRACK FACILITY 

Techniques and instrumentation 

capabilities set Sandia's rocket 

sled testing apart from any other 

similar test facility. Two test 

tracks can subject test items to 

high-velocity impact, aero- 

dynamic acceleration, and 

erosion environmerits. 

2,000-FT TRACK 

This track is typically used to study 

severe impact transportation acci- 

dents of nuclear materials shipping 

containers and missile impacts into 

components of nuclear power 

reactor containment structures. A 

20- by40 -ft ground plane sled is 

used to investigate tornado injection 

forces in wind fields up to 300 mph. 

1 0,000 - FT TRACK 

Sleds with pnehatic ejectors are 

used to loft test items into ballistic 

trajectories. A igh degree of test 
precision i s  possible 1 because test 

items are acce erated on the track. 

ejection altitude are closely con- 

trolled to place itemson accurafe trajec- 

tories. Comput B rs in laser trackers 

Sled velocity, 1 jection position, and 

I 



E N V l  R O N  M E N T A L  T E S T 1  N G 

array of test environments, 
__ -.. - - 

many of which replicate extreme 

conditions. High or loov 

temperatures, water impact, 

explosion, high speed, sudden 

stops, and violent vibrations just 

begin to describe the conditions 

to which equipment or materials 

can be subjected. Much of the 

i test apparatus was designed and 

I 
1 I .. . . . - 

built here and can be found only 

15 
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LARGE CENTRIFUGE FACILITY 

INDOOR CENTRIFUGE 

This 29-ft-radius centrifuge is the 

largest in the United States with a 

1.6-miIlioi g-lb dynamic capacity. 

It can accelerate 16,000 lb to 

IO0 g's, or lighter loads to nearly 

300 g's. Typical payloads for the 

indoor centrifuge are satellite 

systems, reentry vehicles, geotechnic 

loads, rocket Components, sensing 

devices, and weapon components. 

THIS 29-m-wIus OUTDOOR CENTRIFUGE 
CENTRIFUGE HAS THE 
LARGEST DYNAMIC LOAD 
CAPACITY OF ANY SUCH 
MACHINE IN THE U.S. 

Used primarily for oversized or 

hazardous loads, this 35-ft-radius 

centrifuge has a dynamic capacity 

of 450,000 g-lb. Smaller test loads 

can be released from the arm at 

moderate velocities. Typical appli- 

cations are explosive payloads, 

oversized items, load ejection, 

rocket motor ignition, and payload 

release for impact testing. 

VIBRAFUGE 

A modified electrodynamic shaker 

mounted on the 29-ft centrifuge 

arm permits combined vibration 

and acceleration testing. Items 

weighing up to 50 Ib can be 

vibrated while undergoing 50 g's 
BURN TEST AT LURANCE 
CANYON. 

of acceleration. Vibration axis can 

be coincident with or orthogonal to 

the acceleration vector. 

CENTRIFUGE AND SPINNER TESTING 

In this state-of-the-art facility, 

Sandia performs functional and 

structural testing of items that are 

subjected to inertial forces. Using 

centrifuges or spinners, this facility 

offers a full range of testing capa- 

bilities for classified, explosive, or 

other hazardous items. Tests can 

be conducted under extremes 

in temperatures. 

E N V I R O N M E N T A L  T E S T I N G  

THERMAL FACILITIES 

CLIMATIC TESTING 

This facility reproduces the operating 

environment of any locale, creating 

any combination of temperature, 

altitude, humidity, saltfog, and long- 

term cycling. 

RADIANT HEAT FACILIIY 

This general purpose thermal test 

facility provides either controlled 

temperatures (up to 2,200"C) or 

programmed heat fluxes (up to 500 

W/cm2). The tests performed here 

can determine failure levels, 

demonstrate system integrity, or 

verify thermal models. Simulated fire 

tests provide simultaneous control of 

both temperature and heat flux. 

Adjacent to the facility is the 

Cylindrical Boiling facility (CYBL). The 

CYBL simulates a full-scale nuclear 

reactor vessel for studying advanced 

safetv conceDts. 



LURANCE CANYON BURN SITE 

At this facility, we can simulate the 

WATER IMPACT FACILITY 

Highly controlled water entry 

combined environments (-65 to 

+250 O F ) ,  and acoustic. 

effects of fires resulting from trans- 

portation and handling accidents. For 

example, open pool fire tests (up to 

9 by 18m) can be used to simulate 

liquid fuel fires. Our unique, wind- 

shielded, 3 by 3-m pool fire test 

facilty is designed to comply with air 

quality regulations. Rocket propellant 

fires or tests with units containing 

explosives can also be conducted. 

experiments are carried out on 

a man-made lake measuring 120 

by 188 by 50 ft  deep. Full-scale 

objects can be released from a 

300 -ft tower to free fall into the 

lake, or objects can be accel- 

erated using a rocket pull-down 

technique. Gas guns are also used 

to launch scale models into the 

lake. High-speed motion picture 

Equipment includes electro- 

dynamic and electrohydraulic 

shakers with various forces 

ranging up to 40,000 Ib. 
Complete digital control, signal 

conditioning, data aquisition, 

and analysis systems can be 

configured to meet almost any 

test requirement. 

SEQUENCE OF PHOTOS THERMAL MEASUREMENTS 

AND PROPERTIES 

Because test requirements constantly 

push the limits of speed and accu- 

FROM A HIGH-SPEED 
MOTION PICTURE CAMERA 
RECORDING DATA AT THE 
WATER IMPACT FACILITY. 

racy in thermal measurements, 

transducer-response models are 

developed to estimate or compen- 

sate errors. To provide input data 

for thermal analysis, we can 

measure thermal conductivity, 

thermal diffusiviiy, and specific heat. 

cameras record data from above 

and below the surface. Trailing 

hardwire or memory modules 

collect on-board data. 

VIBRATION AND ACOUSTIC TESTING 

Vibration tests can determine failure 

levels, prove system integrity, and 

verify theoretical models. Common 

tests performed are random vibra- 

tion, shock on shakers, seismic 

simulation, sinusoidal vibration, 

MASS PROPERTIES LABORATORY 

Using sophisticated equipment, 

Sandia can determine the mass 

properties information of a 

wide variety of structures and 

shapes. This information is 

essential for predicting and 

controlling the dynamic motion 

of a body. Some of the 

equipment used measures 

center of gravity, dynamic 

balance, moment of inertia, 

and weight. 



E N V I R O N M E N T A L  TESTING 1 

THUNDER RANGE EXPLOSIVE 

FACILITY 

Thunder Range i s  a collection of 

several Firing sites where experi- 

ments using up to 4,000 Ib of 

explosive can be detonated. In 

addition, six explosively powered 

shock tubes ranging from 2 to 

19 ft in diameter are available. 

The largest test firing site can 

safely accommodate fragment- 

ation at ranges to 3,500 ft. Typical 

tests are bomb or war-head 

development, fusing and pene- 

tration studies, and simulations 

of nuclear effects such as blast 

and impulse. instrumentation 

includes multichannel pulse X-ray, 

ultra-high-speed cameras, and 

electronic signal and recording 

that share a common timing and 

triggering system. 

GUN SITE FACILITY 

Specialized knowledge and 

techniques, combined with 

a large inventory of gas 

and propellant guns ranging 

in size from .I 7 caliber to 

8-inch howitzers , can be 

used for test experiments. 

SANDIA NATIONAL 
LABORATORIES NEW 
ACOUSTIC TEST FACILITY. 

Static rocket motor test firings 

of up to 100,000 Ib of thrust 

can also be conducted. The site 

features indoor and outdoor ranges 

with a capability of subsonic to 

6,000 -f/s velocities. Custom design 

of guns, launchers, propellant, 

SABOTS, and projectiles are 

available. 

AERIAL CABLE FACILITY 

This 4,800 - ft cable i s  suspended 

between two mountains 600 ft 

above the ground. Used to test 

air-to-ground ordnance, other uses 

have evolved. Nuclear shipping 

material containers are accelerated 

from the cables to hit special 

targets in severe accident scenarios. 

Cables can be used as tramways 

for target trolleys. 

FORCE AND PRESSURE TESTING 

The major task of this unit is to test 

the structural integrity of systems, 

assemblies, and electrical com- 

ponents. Two servo -controlled 

hydraulic machines are capable of 

up to 220,000 Ib of force, temper- 

atures from -200 to +600 OF, 16 

channels of real-time data display, 

and 1 million cycles per day. Also 

available i s  multiaxis testing which 

features four independently con- 

trolled actuators capable of load, 

stroke, and torque functions. 

Pressure test vessels allow up to 

16,000 psi of working pressure, 

with objects up to 180 inches long 

and 40 inches in diameter, and 

provide feedthroughs for 25 

channels of data acquisition. 



The Experimental Mechanics 

Department provides structural 

dynamics expertise. We 

integrate design, testing, and 

analysis to achieve product 

realization, and we provide an 

experimental basis for defining 

and verifying analytical models. 

Typical applications include: 

Transportation containers 

Nuclear fuel casks 

Pyrotechnic actuators 

Semiconductor chip 
manufacturing machines 

Advanced optics control and 

Weapon components 

Active vibration isolation' 



E X P E  R I  M E N T A L  M E C  H A N  I C s  

ENVIRONMENTS ENGINEERING 

Our engineers analyze shock and 

vibration data to define your 

environmental testing requirements 

and interpret your post-test data. 

MODAL TESTING OF MODAL AND STRUCTURAL 
SEMICONDUCTOR CHIP 
MANUFACTURING 

DYNAMICS TESTING 

MACHINES. Unlike tests performed to simulate 

environments, modal and struc- 

tural dynamics tests are diagnostic 

in nature and are designed to: 

Correlate finite element models 
with modal test data 

Develop analytical models from 
test data 

Reconstruct externally applied 
forces from response data 

Diagnose vibration on sensitive 
instruments and machinery 

MODAL TESTING AT A 100- 
METER- TALL VERTICAL WIND 
TURBINE. 

SMART STRUCTURES AND MATERIALS 

In this laboratory, we run tests to 

develop performance-enhanced 

structures and materials-materials 

that are enhanced through sensing, 

actuation, and computer processing 

and control. Tests are designed to: 

Demonstrate solutions for 
controls-structure interaction 
problems 

Develop system identification 
techniques for structural analysis 
and damage detection 

Evaluate performance of flexible 
manipulators, polyelectrolytic 
gels, and electrorheological 
fluids 

DOE/DoD ENVIRONMENTAL 

DATA BANK 

By using the data bank to define the 

test requirements for your products, 

we are able to: 

' Define normal environments such 
as acceleration, acoustic, electro- 
magnetic and nuclear radiation, 
thermal, shock, and vibration 

Define abnormal environments 
such as impact, fire, immersion, 
and lightning 

Define environments on various 
transport and delivery platforms 
such as truck, train, ship, airplane, 
and missile 

MECHANICAL SHOCK TESTING 

By using drop-table shock machines, 

air guns, air-bearing ramps, and 

horizontal actuators, we provide 

laboratory-controlled shock 

simulation capability. We specialize 

in nonexplosive simulation of 

pyrotechnic shock. 



TEST L TYPES 
Electromagnetic '&, Ra$iption 

d \  

J\ (3- 
EMES -25 VJm, 
1 0 MHz. to68 GHz 

HPMF - Up to 200 V/m, 
500 MHz to 18 GHz 

Mode-Stirred Chamber 

=?zF--- 
I\- 

Up to 400 V/m, 2 to 18 GHz 

Electromagnetic Pulse 

EMES - 5 to 300 kV/m, 
5 ns risetime 

Direct Drive 

11 kW, 1 to 100 MHz 

2 kW, 10 kHz to 220 MHz 

Waveforms: CW, pulsed, 
damped sines, etc. 

Shielded Cable 

Ground Plane - 5 to 200 MHz 

Mode-Stirred Chamber 

200 MHz to 18 GHz 
Electrostatic Discharge 

Severe human model 

Fast rise time 

Lightning Simulation 

Direct Strike: 200 kA 

Multiple-stroke capability 

Continuing current 
between strokes 

Nearby: >320 A/m 

Triggered Lightning (Natural) 

Analytical and Computational 

Modeling 



ELECTR 0 MAG N ET1 C A N A L Y  S I S A N  D TEST1 N G 

By analytical and experimental 

means, electromagnetic (EM) 

testing at Sandia determines 

whether equipment can meet 

specifications for: 

Exposure to EM radiation 

Nuclear EM impulse 

Electrostatic discharge 

Direct-strike and nearby 
lightning 

Working closely with Sandia EM test 

engineers, analysis will provide 

you with: 

Overall test strategies to ensure 
that measurements are meaningful 
and relevant 

Quantitative estimates of the 
magnitudes of the fields, currents, 
and voltages anticipated 

Real-time guidance during the test 

Post-test data analysis to identify 
and understand the significant 
coupling mechanisms involved 

Conclusions and recommendations 

Independent analysis for testing 
that is either impractical or 
impossible 

SANDIA NATIONAL 
LABORATORIES LIgHTNmG 
SIMULATION FACILITY. 

All facilities are automated under 

computer control.and have 

extensive data acquisition and 

processing capabili6. Special 

models for unique systems or EM 

environments can be developed. 

One of the greatest strengths of 

EM testing at Sandia is a state-of- 

the-art facility with everything 

needed for most EM tests available 

in one place. But if your project 

cannot be transported to Sandia, 

the self-contained, fully equipped 

Sandia Transportable Triggered 

Lightning Instrumentation Facility 

can be moved to your location 

for testing. 



These images of a seventy -foot- 

24 

diameter stack of explosives being 

detonated were made using an ultra- 

high-speed camera designed and built 

by Sandids Photometries and Optics 

Department. This  unique portable 

camera was running at 105,000 

frames per second. T h e  exposures 

shown here were taken at  65.8, 58.2, 

and 107.8 microseconds from a 

camera bunker 3,200 feet from the 

charge container. Sandia’s 

Photometrics staff has fielded these 

and similar cameras under extreme 

conditions at many remote sites- from 

AZaska, for recording ice penetrator 

tests, to White  Sands, where bunker 

temperatures reached 120 O F .  



PHOTOMETRICS A N D  O P T I C S  

The Photometrics team i s  a single 

source for optical instrumentation 

support in all areas of research 

and development testing. Special- 

ized knowledge plus a large 

inventory of unique optical equip- 

ment make it possible to respond 

to requests for visual recording in 

lab and field environments. 

High-speed cameras available 

at Sandia cover speeds from 

pulsed mode to 40,000 frames 

per second. Framing rates for 

rotating- mirror high -speed 

cameras range from 50,000 to 

26,000,000 frames per second. 

High-speed video cameras 

recording up to 1,000 frames 

per second provide immediate 

playback of test events. We 

can support customers' tests in 

our own high-speed labs. 

The Photometrics staff is 

experienced in designing and 

operating complex optical and 

infrared imaging systems, 

radiometers, and a broad 

range of optical-detection 

systems. 

@ 

Among the many advanced optical 

tools available are: 

High-speed and 
ultra-high-speed cameras 

Radiometers 

Densitometers 

Sensitometers 

Spectrometers 'e 

.:-.", 
Interferometers 7 a ,  

Telescopes <.. 

Low-light imaging devices 

n 
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U 
SOLAR -BLIND IMAGIh'G RADIO- 
METER OPTICAL SYSTEM LAYOUT. 
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T E S T  D A T A  A N A L Y S I S  

The Test Data Analysis Departments 

play an important supportive role 

on any development testing project 

-the extraction of information from 

raw data. The departments maintain 

four centers of expertise: 

Optical data reduction 

Telemetry playback 

Signal processing 

Computing facilities 

The departments offer broad capa- 

bilties in all areas of test data reduct- 

ion, whether acquired by direct 

observation, instrumentation, 

telemetry, or other means. 

SANDIA HAS A STATEvOF- OPTICAL DATA REDUCTION 
THEeART COMPUTING 
FACILITY. 

Still and motion picture film in a 

variety of formats can be digitized to 

locate important events for analysis. 

Optical soffware supports a wide 

range of data - reduction capabilities: 

Time and space position data 
from cinetheodolite cameras or 
camera arrays 

Tracking telescope film data 

TELEMETRY DATA REDUCTION 

For reduction and analysis, data 

can be obtained by telemetry from 

remote or on- board systems. The 

wide array of equipment available 

features a variety of analog-to- 

digital conversion capabilities that 

can sample and digitize FM data 

at a variety of rates. Telemetry soft- 

ware at Sandia provides a variety 

of data analysis capabilities: 

Transformation of data from 
raw form into calibrated 
engineering units 

Libraries of signal processing 
techniques to process data 
through algorithms designed to 
maximize signal and noise 
reduction 

Secondary processing of 
telemetry data for integration 
into other data 

Custom software, written and 
quality certified for specialized 
analysis 

Single fixed-frame camera in 
16,35, and 70mm formats 

PRECISIONMEASUREMENT OF 
HIGH-SPEED PHOTOGRAPHIC 
FILMCANCjIVETHECUSTOMER 
A DETAILED ANALYSIS OF A 
TEST ITEM. 

Streak camera with sample rates 
of 1 OOO/second and higher in 
35,70, and 140mm formats 
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