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PART 1

CLASSIFIED
(Unclassified Titles)

EFFECT OF EQUIPMENT MASS ON THE SHOCK MOTIONS OF DECKS
E. A. Thornton, Naval Ship Research and Development Center, Portsmouth,
Virginia

CORRELATION OF A RESULTANT VELOCITY CHANGE TO AN UNDERWATER
EXPLOSION FORCING-FUNCTION
W. F. Peete, Jr., Naval Undersea Research and Development Center, Pasadena,
California

PREDICTION OF THE TRANSIENT RESPONSE OF A CYLINDRICAL ELASTIC
SHELL TO SPHERICAL UNDERWATER SHOCK WAVES BY THE ACOUSTIC
WAVE-SHELL INTERACTION THEORY

H. Huang and Y. F. Wang, Naval Ship Research and Development Laboratory,
" Annapolis, Maryland

STRUCTURAL EVALUATION OF SHIPBOARD WEAPON SYSTEMS--NSRDC
PARTICIPATION IN OPERATION PRAIRIE FLAT
L. R. Hill, Jr., Naval Ship Research and Development Center, Washington, D. C.

THE RESPONSE OF WHIP ANTENNAS TO AIR BLAST
W. E. Gilbert, Naval Ship Research and Development Cenfer, Washington, D. C.

THE EFFECT OF LIQUIDS ON THE DYNAMIC MOTIONS OF IMMERSED SOLIDS
R. J. Fritz, General Electric Company, Schenectady, New York

SHOCK LOADING AND RESPONSE OF HELICOPTER STRUCTURES DUE TO
WEAPON BLAST
. P. A, Cox, W. E. Baker, S. Silverman, and P. S. Westine, Southwest Research
Institute, San Antonio, Texas

THE kESPONSE OF LONG WIRE ROPE ANTENNAS TO AIR BLAST
| W. R. Conley, Naval Ship Research and Development Center, Washington, D. C.

*BUILDING BLOCK APPROACH TO MULTI-MASS THREE DIMENSIONAL SHOCK
AND VIBRATION ANALYSIS OF SHIPBOARD EQUIPMENT (D-DAM)
M. R. Kulina and J. P. Wilson, Curtiss-Wright Corporation, Wood-Ridge,
New Jersey

PART 2
Shock

AN EXPERIMENTAL APPROACH TO UNbERSTANDlNG SHOCK RESPONSE
M. W. Oleson, Naval Research Laboratory, Washington, D. C.

EXRLOSIVE SHOCK
° _ W. H. Roberts, Martin Marietta Corporation, Orlando, Florida

MODAL VELOCITY AS A CRITERION OF SHOCK SEVERITY
H. A. Gaberson, Naval Civil Engineering Laboratory, Pt. Hueneme, California,
and R. H. Chalmers, Naval Electronics Laboratory Center, San Diego,
California

*This paper not preéented at Symposium.
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THE SIMULTANEOUS APPLICATION OF TRANSIENT AND STEADY STATE
DYNAMIC EXCITATIONS IN A COMBINED ENVIRONMENT TEST FACILITY
SIMULATING SHIPBOARD ENVIRONMENTS

T. B. Jones, Jr., Hughes Aircra.ft Company, Fullerton, Ca.lifornia

*PERIODIC SHOCK EXCITATION OF ELASTIC STRUCTURES .
D. Krajcinovic, Ingersoll-Rand Research Inc., Princeton, New Jersey, and
G. Herrmann, Northwestern University, Evanston, Illinois

SHOCK ANALYSIS OF FLUID SYSTEMS USING ACOUSTIC IMPEDANCE AND THE
FOURIER TRANSFORM: APPLICATION TO WATERHAMMER PHENOMENA
A. A, Winquist, Norton AFB, San Bernardino, California, and R. C. Binder,
University of Southern California, Los Angeles, California

DRAG ON FREE FLIGHT CYLINDERS IN A BLAST WAVE
S. B. Mellsen, Defense Research Establishment Suffield, Alberta, Canada -

ANALYTICAL AND EXPERIMENTAL RESULTS OF LATTICE TYPE STRUCTURES
SUBJECTED TO A BLAST LOADING .
R. Geminder, Mechanics Research, Inc., Los Angeles, Ca.lifornia

LATERAL RESPONSE OF SLIGHTLY CURVED COLUMNS UNDER LONGITUDINAL
PULQE LOAD
T. L. Anderson, University of Idaho, Moscow, Idaho, and M. L Moody,
University of Colorado, Denver, Colorado

RESPONSES OF AIRCRAFT STRUCTURES SUBJECTED TO BLAST LOADING
N. M. Isada, R. K. Koegler and D. O. Bliven, Cornell Aeronautical Laboratory,
Inc., Buffalo, New York

PREDICTION OF BLAST-VALVE RESPONSE USING MODELS
R. G. McCoy, G. Nevrincean and E. F. Witt, Bell Telephone Laboratories,
Whippany, New Jersey

*TESTING THE RESPONSE OF GAS TURBINES TO AIR BLAST
) J. C. Muirhead, R. Naylor and C. G. Coffey, Defense Research Establishment
Suffield, Alberta, Canada

TRANSIENT WAVEFORM CONTROL OF ELECTROMAGNETIC VIBRATION TEST
EQUIPMENT
J. D. Favour and J. M. LeBrun, The Boeing Company, Seattle, Washington,
and J. P. Young, NASA Goddard Space Flight Center, Greenbelt, Maryland

AN IMPROVED ELECTRODYNAMIC SHAKER SHOCK TECHNIQUE
J. R. Moser and D. Garner, Texas Instruments Inc., Dallas, Texas

PROTUBERANCE EFFECTS ON LIMITER-EQUIPPED HARD LANDING
PAYLOADS
J. L. McCarty and J. T. Howlett, NASA Langley Research Center, Hampton,
Virginia

IMPACT TESTS OF NUCLEAR FUEL MATRICES USING A VACUUM TUBE
LAUNCHER
H. W. Nunez, Sandia Corporation, Albuquerque, New Mexico

DEVELOPMENT OF 100,000 G TEST FACILITY ,
R. L. Bell, Endevco Corporation, Pasadena, California

*This paper not presented at Symposium.



*ON THE INTERPRETATION AND APPLICATION OF SHOCK TEST RESULTS IN
ENGINEERING DESIGNS
Chi-Hung Mok, General Electric Company, Philadelphia, Pennsylvania

METHODS QF COMPUTING STRUCTURAL RESPONSE OF HELICOPTERS TO
WEAPONS’ MUZZLE AND BREECH BLAST
W. E. Baker, S. Silverman, P. A. Cox, Jr., and D. Young, Southwest Research
Institute, San Antonio, Texas

SHOCK TESTING FOR EQUIPMENT IN PROTECTIVE STRUCTURES
M. M. Dembo and C. C. Huang, U. S. Army Engineer Division, Huntsville,
Alabama

PART 3
Vibration

ANALYSIS OF RANDOM RESPONSES FOR CALCULATION OF f‘ATIGUE DAMAGE
C. C. Osgood, RCA Astro-Electronics Division, Princeton, New Jersey

VIBRATION TRENDS ANALYSIS
A. Y. Edelberg, The Boeing Company, Washington, D. C.

THE RADIATION RESISTANCE OF CYLINDRICAL SHELLS EXHIBITING
AXISYMMETRIC MODE SHAPES
C. J. Runkle, Chemstrand Research Center, Durham, North Carolina, and
F. D. Hart, North Carolina State University, Raleigh, North Carolina

MODEL SENSITIVITY STUDY OF A CONICAL REENTRY VEHICLE TO
AERODYNAMICALLY INDUCED ACOUSTIC LOADING
L. E. Chaump and J. K. Merchant, General Electric Company, Philadelphia,
Pennsylvania

ACOUSTIC RESPONSE OF A SPACECRAFT SOLAR PANEL USING NORMAL MODE
METHOD
A. Stroeve, TRW Systems Group, Redondo Beach, California

COMPUTER PROGRAMS FOR PREDICTION OF STRUCTURAL VIBRATIONS DUE TO
FLUCTUATING PRESSURE ENVIRONMENTS
T. N. Lee and W. L. Swanson, Chrysler Corporation Space Division, Huntsville,
Alabama

MODAL DENSITIES OF SPHERICAL SHELLS
H. Kunieda, NASA Ames Research Center, Moffett Field, California

PREDICTION OF INTERFACE RANDOM AND TRANSIENT ENVIRONMENTS THROUGH
THE USE OF MECHANICAL IMPEDANCE CONCEPTS
G. K. Jones and F. J. On, NASA Goddard Space Flight Center, Greenbelt, Maryland

*FACTORS OF SAFETY FOR UNMANNED SPACECRAFT STRUCTURES
S. M. Kaplan, General Electric Company, Philadelphia, Pennsylvania

*RESPONSE OF RECTANGULAR PLATES TO MOVING LOADS BY A FINITE
ELEMENT PROCEDURE

S. K. Damle, University of Baroda, Baroda, India, and L. J. Feeser,
University of Colorado, Boulder, Colorado

*This paper not presented at Symposium.
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*VIBRATORY RESPONSE OF PRINTED CIRCUIT BOARDS
N. M. Isada, State University of New York, Buffalo, New York, and J. C. Shear,

Eastman Kodak Company, Rochester, New York

*NONLINEAR PARAMETRIC RESPONSE OF PLATES UNDER RANDOM LOADS
T. P. Shyu and J. H. Somerset, Syracuse University, Syracuse, New York

*VIBRATION OF CELLULAR CYLINDRICAL SHELLS
M. C. Patel, Brown Engineering Company, Huntsville, Alabama, and S. 1. Hayek,
Pennsylvania State University, University Park, Pennsylvania .

* ANALYSIS OF SINUSOIDAL AND RANDOM VIBRATION ENERGIES
J. N. Tait, Naval Air Development Center, Johnsville, Pennsylvania

APOLLO LUNAR MODULE VIBRATIONS DURING FLIGHT AND GROUND

TESTS
W. D. Dorland and J. D. Johnston, Jr., NASA Manned Spacecraft Center,

Houston, Texas

STRUCTURAL QUALIFICATION OF THE ORBITING ASTRONOMICAL OBSERVATORY
W. B. Keegan, NASA Goddard Space Flight Center, Greenbelt, Maryland

THE ENVIRONMENTAL TESTING OF EXPLOSIVE STORES IN THE UNITED

KINGDOM _
C. Higham, Ordnance Board, London England, and D. A. E. Carter,

Environmental Test Center, Foulness, England

A UNIQUE MODEL, SUSPENSION, AND EXCITATION SYSTEM FOR LAUNCH
VEHICLE DYNAMICS STUDIES
J. Pearson and B. J. Gambucci, NASA Ames Research Center, Moffett Field,

California

LOAD APPLICATION AND CONTROL SYSTEMS UTILIZED TO SIMULATE
COMBINED LOADS ENVIRONMENT FOR SATURN V - APOLLO SPACECRAFT
G. D. Shipway, Wyle Laboratories, Norco, California -~

IMPEDANCE SIMULATION VIBRATION TEST FIXTURES FOR SPACECRAFT TESTS
T. D. Scharton, Bolt Beranek and Newman Inc., Van Nuys, California .

VIBRATION ANALYSIS OF AN INERTIAL REFERENCE UNIT
B. M. Ishino, Autonetics, Anaheim, California

*PULSED-RANDOM VIBRATION TESTING
H. L. Stewart, McDonnell Aircraft Company, St. Louis, Missouri

*AXIAL RESPONSE OF A HIGH-SPEED, GAS-LUBRICATED, ROTOR-BEARING

ASSEMBLY TO SHOCK AND VIBRATION
P. R. Spencer and P. W. Curwen, Mechanical Technology, Inc., Latham,
New York, and H. B. Tryon, NASA Lewis Research Center, Cleveland, Ohio

MULTI-ENVIRONMENT TEST SYSTEM FOR SEQUENTIAL TIMERS
V. G. Ames, U. S. Army Frankford Arsenal, Philadelphia, Pennsylv:‘mia

*ON THE SELF EXCITED VIBRATIONS OF A CIRCULAR CYLINDER IN UNIFORM
FLOW
D. W. Sallet, University of Maryland, College Park, Maryland

*This paper not presented at Symposium.
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PART 4

Q_mamics

FURTHER COMPARISONS OF CONSISTENT MASS MATRIX SCHEMES.
R. M. Mains, Washington University, St. Louis, Missouri

SHOCK SPECTRA FOR STATISTICALLY MODELLED STRUCTURES
R. H. Lyon, Bolt Beranek and Newman Inc., Cambridge, Massachusetts

REVIEW OF MODAL SYNTHESIS TECHNIQUES AND A NEW APPROACH
S. Hou, Bellcomm, Inc., Washington, D. C. )

ROTATING ELEMENTS IN THE DIRECT STIFFNESS METHOD OF DYNAMIC
ANALYSIS WITH EXTENSIONS TO COMPUTER GRAPHICS
M. E. Novak, The Boeing Company, Vertol Division, Philadelphia, Pennsylvania

DYNAMIC RESPONSE OF BEAMS TO MOVING PRESSURE LOADS AS RELATED TO
TRACKED AIR CUSHION VEHICLES
J. F. Wilson, Duke University, Durham, North Carolina

*THE DESIGN OF A STRUCTURAL MEMBER ANALYSTS PROGRAM FOR AN
INTERACTIVE COMPUTER SYSTEM v
W. D. Pilkey, University of Virginia, Charlottesville, Virginia, and R. Nielsen
and M. Steier, COM/CODE Corporation, Washington, D. C.

*DYNAMIC RESPONSE OF A SINGLE-DEGREE-OF-FREEDOM ELASTIC-PLASTIC
SYSTEM SUBJECTED TO A HALF SINE PULSE
M. Wohltmann, Martin Marietta Corporation, Orlando, Florida

*PROPAGATION OF YIELDING IN A BILINEAR HYSTERETIC BEAM AND
DISTRIBUTED FOUNDATION UNDER DYNAMIC PULSE LOADING
J. R. Mays, University of Colorado, Denver, Colorado

PLASTIC MODELS FOR DYNAMIC STRUCTURAL ANALYSIS
W. A. Elliott, Chevrolet Division, GMC, Detroit, Michigan

FATIGUE DESIGN OF ELECTRONIC EQUIPMENT
L. W. Root, Collins Radio Company, Cedar Rapids, Iowa

MODEL STUDIES TO DETERMINE LOW-FREQUENCY NOISE REDUCTION OF
SPACECRAFT
A. W. Mueller, NASA Langley Research Center, Hampton, Virginia

*COMBUSTION INSTABILITY TESTS OF THE SATURN IB FIRST STAGE
W. S. Parker, Chrysler Corporation, New Orleans, Louisiana '

DYNAMIC ANALYSIS OF A HIGH-SPEED LINKLESS AMMUNITION CONVEYOR
SYSTEM )
C. B. Basye and B. R. Scheller, Emerson Electric Company, St. Louis, Missouri

STRESS WAVES IN MULTILAYERED CYLINDERS AND CONICAL FRUSTUMS
J. C. 8. Yang and A, E. Seigel, Naval Ordnance Laboratory, Silver Spring,
Maryland ’

CAVITY EFFECT ON PANEL FLUTTER - JUST HOW SIGNIFICANT ?

N. H. Zimmerman and C. E. Lemley, McDonnell Aircraft Company, St. Louis,
Missouri

*This paper not presented at Symposium.
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AN EIGENVALUE PROBLEM SOLUTION OF A THREE-DIMENSIONAL PIPING

SYSTEM
P. Bezler, Brookhaven National Laboratory, Upton, New York, a.nd J. R. Curreri,

Polytechmc Institute of Brooklyn, Brooklyn, New York

DESIGN MODEL BASED ON OBSERVED MODES OF VIBRATION OF AUSTRALIAN

CSIRO 210-FT RADIO TELESCOPE
J. A. Macinante, CSIRO, National Standards Laboratory, Sydney, Australia

UPPER AND LOWER BOUNDS TO TORSIONAL FREQUENCIES OF NONUNIFORM
SHAFTS AND APPLICATIONS TO MISSILES
N. Rubinstein, V. G. Sigillito and J. T. Stadter, Applied Physics Laboratory, JHU,
Silver Spring, Maryland

*DETERMINATION OF DYNAMIC LOADS AND RESPONSE OF A SPACE VEHICLE
USING FLIGHT DATA
S. Hou, Bellcomm, Inc., Washington, D. C.

*STIFFNESS MATRIX OF A BEAM-COLUMN INCLUDING SHEAR DEFORMATION
H. Saunders, General Electric Company, Philadelphia, Pennsylvania

*LIQUID-STRUCTURE COUPLING IN CURVED PIPES
~ L. C, Davidson and J. E. Smith, Naval Ship Research and Development
Laboratory, Annapolis, Maryland

*DISTRIBUTION OF EIGENVALUES IN CONICAL SHELLS
D. K. Miller and F. D. Hart, North Carolina State University, Raleigh,
North Carolina

*DYNAMIC RESPONSE OF STRUCTURAL SHIELD TO A TRAVELING PRESSURE
PULSE
A. M. Rodriguez and P. N. Mathur, Aerospace Corporation, San Bernardino,
California

*ANALYSIS OF THE RELATIVE MOTION OF THE PEM MOD-IV TETHERED
CANISTER AND THE ATLAS BOOSTER
T. L. Alley, Aerospace Corporation, Sarl Bernardino, California

PART 5

Damping a.nd Isolation

REDUCTION OF VIBRATIONS IN AEROSPACE STRUCTURES BY ADDITIVE
DAMPING
D. L G. Jones and J. P. Henderson, Air Force Materials Laboratory, Wright-
Patterson AFB, Ohio, and A. D. Nashif, University of Dayton, Dayton, Ohio

VIBRATION ISOLATION WITH NONLINEAR DAMPING
J. E. Ruzicka and T. F. Derby, Barry Controls, Watertown, Massachusetts

THE CONTROL OF VIBRATIONS WITH VISCOELASTIC MATERIALS
P. Grootenhuis, Imperial College of Science and Technology, London, England

SONIC FATIGUE RESISTANCE OF STRUCTURES INCORPORATING A CONSTRAINED
VISCOELASTIC CORE
M. D. Lamoree and W. L. LaBarge, Lockheed-California Company, Burbank,
California

*This paper not presented at Symposium.



EXPERIMENTS ON INELASTIC DAMPING OF SPACE VEHICLE DUCTS
G. E. Bowie, W. A. Compton and J. V. Long, Solar Division of International
Harvester Company, San Diego, California

TRANSVERSE VIBRATIONS OF LAMINATED PLATES WITH VISCOELASTIC LAYER

DAMPING
F. Abdulhadi, IBM Corporation, Rochester, Minnesota

COMPARISON OF THE GEIGER THICK PLATE TEST AND THE VIBRATING
COMPOSITE BEAM TEST FOR THE EVALUATION OF THE EFFECTIVENESS

OF VIBRATION DAMPING MATERIALS
D. R. Blenner, Lord Manufacturing Company, Erie, Pennsylvania, and
T. J. Dudek, General Tire and Rubber Company, Akron, Ohio

AN AEROSPACE ENERGY ABSORBER APPLIED TO HIGHWAY SAFETY
W. E. Woolam, Southwest Resear(;h Institute, San Antonio, Texas

*DETERMINATION OF THE COMPLEX MOBILITY AND IMPEDANCE MATRICES
FOR DAMPED LUMPED PARAMETER LINEAR DYNAMIC SYSTEMS
J. J. Engblom, Hughes Aircraft Company, Culver City, California

‘WAGGING TAIL’ VIBRATION ABSORBER
R. G. Barclay and P. W. Humphrey, NASA Goddard Space Flight Center,
Greenbelt, Maryland

A SIMPLE DEVICE FOR ATTENUATION OF LONGITUDINAL ELASTIC STRESS

WAVES
J. P. O’Neill and C. J. Tirman, TRW Systems Group, Redondo Beach, California

ANALYSIS OF SHOCK MITIGATION FOR GLASS SUBMERSIBLES
J. C. S. Yang, Naval Ordnance Laboratory, Silver Spring, Maryland

REDUCTION IN VIBRATION OF THE CH-47C HELICOPTER USING A VARIABLE
TUNING VIBRATION ABSORBER
J. J. O’Leary, The Boeing Company, Philadelphia, Pennsylvania

RESPONSE AND OPTIMIZATION OF AN ISOLATION SYSTEM WITH RELAXATION
TYPE DAMPING
T. F. Derby and P. C. Calcaterra, Barry Controls, Watertown, Massachusetts

THE RESPONSE OF MECHANICAL SHOCK ISOLATION ELEMENTS TO HIGH RATE

INPUT LOADING
R. L. Eshleman and P. N. Rao, IIT Research Institute, Chicago, Nlinois

RATIONAL ANALYSIS OF A TWO-DEGREE-OF-FREEDOM FLEXURE-TORSION
SYSTEM FOR REDUCTION OF CERTAIN TYPES OF FLUTTER

M. J. Klelp, North American Rockwell Corporation, Los Angeles, California,

and R, C. Binder, University of Southern California Los Angeles, California

DESIGN AND DEVELOPMENT OF A SHOCK ISOLATION EVALUATION SYSTEM
FOR HIGH RATE INPUT LOADING
P. N. Rao and K. E. Hofer, IIT Research Institute, Chicago, Nlinois

*A STUDY OF AMPLITUDE FREQUENCY PLOTS WITH NONLINEAR DAMPING
G, F. Brammeier, Brown Engineering Company, Huntsville, Alabama

*This paper not presented at Symposium.



VIBRATIONS OF MULTICORE SANDWICH BEAMS .
' V. P. Roske, Jr., Air Force Missile Development Center, Holloman AFB,
New Mexico, and C. W. Bert, University of Oklahoma, Norman, Oklahoma

*THE USE OF POLYURETHANE FOAM FOR SHOCK AND VIBRATION ISOLATION
OF AVIONICS COMPONENTS
W. E. Arthur and T. Carrell, North American Rockwell Corporation, Los
Angeles, California, and J. Nirschl, U.”S. Army Electronics Command,
Ft. Monmouth, New Jersey

*THE ANALYTIC MODELING OF OPEN-CELL FOAMS AS SHOCK AND VIBRATION

ELEMENTS
T. Liber, IIT Research Institute, Chicago, Illinois, and H. Epstein, University
of Minnesota, Minneapolis, Minnesota
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Instrumentation and Data Analysis
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OF SIGNAL AND NOISE
P. K. Stein, Arizona State University, Tempe, Arizona
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S. A. Clevenson, D. J. Martin and A. C. Dibble, NASA Langley Research Center,
Hampton, Virginia

MEASUREMENT OF THE TOTAL STRUCTURAL MOBILITY MATRIX
J. E. Smith, Naval Ship Research and Development Laboratory, Annapolis,
Maryland

*DEVELOPMENT OF A SMALL TRANSMITTER FOR HIGH INTENSITY SHOCK
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E. L. Kirkley, Radiation Inc., Melbourne, Florida
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TRANSPORTATION

SIMULATION OF DYNAMIC LOADS ON EJECTED MISSILES

Clifford R. Perry

The Boeing Company
Aerospace Division
Seattle, Wagshington

Missiles carried by today's high speed aircraft are subject to severe
dynsmic enviromments during ejection. These enviromments are a result
of the ejection velocities required to successfully clear the parent
aircraft pylons, other missiles being carried and the weapons bay it-
self. Tests must be conducted to verify predicted styuctural dynamic
responses and ejection forces produced during missile launch.

The successful accomplisbment of these test obJectives presents scme
interesting laboratory challenges. This paper discusses the test
techniques used to produce the environments for measuring the vel-
ocities, strain, translation, pitch rates, gas pressures, accelera-
tions, and dynamic structural modes. The structural design of the
missile ejection bed and the design of an arrest mechanism which
would arrest the missile at less than the ejection 'g' load vith no
damage to the missile itself were accomplished.

At The Boeing Cdmpany, the reaction structure and the arresting mech-
anisms were built and the tests were completed. A total of 40 simul-

ated ejections and arrests were done. FPhotos, high speed movies, and

a discussion of the data and test events will be presented.

The design, development, and successful pro-
duction of a missile requires verification of
many design assumptions, parameters and calcul-
ations. Many of these verifications need to be
accomplished at & time before final decisions
are made and production begins. It was during
the early phases of a missile program whem the
Boeing Engineering Test Labs were given the
requirements to plan and conduct a test pro-
gram to measure the dynamic respomses of &
missile during the first six inches of travel
after an explosive actuated ejection. The
environmental parameters affecting the -launch
were to be simulated. The missile was to be of
production configuration. The missile "carry"
configuration was to be simulated. The missile
ejectors were to be mounted to a structure
which would simulate actual attachment to the
pydon and aircraft wing. The reaction struc-
ture to which the ejectors were to be mounted
vas to be designed to represent "worst case
conditions”, that is, simulate a very stiff
reaction structure. The missile would be
ejected vertically downward from the simulated
wing and from a 45° launch position from a

simulated pylon. Low temperature conditicns
representing high altitude launches and high
temperatures representing aerodynamic heat con-
diticms were to be simulated. Aerodynamic air
loads and aircraft meneuver "G" loads were to
be similated. Safety standard operation pro-
cedures were to be written. Breadboard fire
control systems were required. Safety pre-
cautions were to be paramount throughout the
program.

With these requirements speciriéd in a formal

_Test Procedure Sheet, the test responsibility

was given to the Dynamic Enviromments Group of
the Engineering Test Labs. The various engin-
eering approaches to the problems, the test
simulation designs, and subsequent tests are
discussed herein.

THE MISSILE

The missile to be ejected was a production
configuration missile. The missile airframe
contained all bulkheads and secondary struc-
ture. Production type electronic section



FIGURE 1 - A MISSILE IS INSTALLED IN THE FIXTURE FOR A SIMULATED LAUNCH

ecantiugs and control section forgings were used.

Simlated ccmponents were used with approx-
imately the same mass and stiffness as the
actual components. The sway braces, attachment
lugs and ejector contact points on the missile
were production configuration. A prototype
tail cone was installed. A full inert motor
case was used.

Earlier tests had been conducted on the test
missile to determine mode shapes, frequencies,
and damping factors for the "static" free
flight condition.

EXTERNAL LOADS

The aerodynamic loads could affect the missile
dynamic characteristics and ejection flight
path. For example, if the loads were large
enough, the missile could "twist" or slip off
the pad provided for the ejection piston foot
before the end of the desired piston stroke.
Therefore, careful consideration was given to
the proper application of the loads to assure
correct simulation. The simulated aerodynamic

loads were designed to act on the missile
during the first 6 inches of travel.

The simulated air loads were applied to the
missile through the use of preloaded shock
cord. The selection of shock cord with the
desired mechanical properties, i.=. losd-
deflection, size, number of strands, and
initial preload, provided an acceptable simui-
ation of the loads. The loads were applied to
the missile through hooks designed to be re-
leased by lanyards after the prescribed dis-
tances were traveled. Each load was produced
by individual hydraulic jacks attached to the
reaction structure.

SIMULATED WING STRUCTURE

A reaction structure to simulate the wing was
designed. Several ideas were considered but
calculations showed that they were not stiff
enough to react the force and maintain small
deflections to accurately read the total force
output from the ejector with force gages in-
stalled between the ejector and simulated wing.



FIGURE 2 - THB LOADS SIMULATED DURING
THE SIMULATED MISSILE LAUNCH

Also to satisfy the "worst case" condition
requirement, every pound of force generated by
the ejector should be imparted to the missile
instead of using energy to deflect the reaction
structure. Therefore, a mass loaded structure
with a short load path between the force and
reaction force was designed. The force from
the ejector was designed to be in direct line
with four 10 inch channels back to back. These
channels were continuously welded to two one
inch thick steel plates. Thirty six thousand
pounds of lead blocks were then placed on the
channels. This mass-stiffness structure main-
tained deflections within the required limits.

MISSILE ARRESTING SYSTEM

The missile arresting system was the most
interesting facet of the test fixture design.
Many ideas were evaluated in several "brain
storming" sessions. The missile was required
to be arrested with a maximum of 10 psi on the
skin surface. The arrest deceleration was re-
quired not to exceed 10 G's. An arresting
distance of about 24 inches would be required
to satisfy these conditions. Water tanks were
considered. Many ejections were required.

The turn-around time between launches was
important. Sawdust, woodchips, popcorn,
styrofoam spaghetti, air cushions and sand pits
were considered. After many calculations, none
of the systems seemed to satisfy the arresting
requirements. Yielding stainless straps were
considered. Electrically actuated brake
systems were considered. The actuation of these
systems was too slow. The entire sequence of
events, ejection free flight, and arrest was
less than 70 milliseconds. A satisfactory
arresting system with high reliability was not
yet designed. Why not approach the problem in
a simple manner? The problem: stop a ane ton

missile with a high velocity by controlled
deceleration and without rebound. Why not
solve the problem by absorbing the energy with
strands of shock cord and a mechanical lock
system to prevent return motion when the down-
ward velocity was zero? Such a system was
designed. A nylon net with the proper area to
satisfy the missile surface area pressure was
suspended between two horizontal pipes. Three
pipes were then welded to each of the two hori-
zontal pipes. Two spring loaded latching
"dogs" were installed on each of the six ver-
tical pipes. The force required to stop the
missile was calculated. Elongation curves
were plotted to select the proper length and
number .of shock cords necessary to stop the
missile in the prescribed distance. The only
reaction at impact would be the mass-accelera-
tion loading of the moving parts and the pre-
load on the shock cord. The sharp initial
impact would be mechanically filtered by 2
inches of felt padding and the nylon webbing.

The arresting system would work for the verti-
cal launches but how could the system be used
for the 45° launches? A velocity "direction
changer" was designed. The ejection path of
the missile in a 45° ejection was calculated.

A steel "plow" was designed to be tangential

to the missile motion after 6 inches of travel.
The "direction changer” was designed with a
parabolic curve to deflect the missile into a
vertical path. No impact would be experienced
by the missile as it theoretically would travel
tangential to the plow and "slowly" be deflected
downward by the curved portion of the plow.

The radius of the curve was designed large
enough to 1limit the "G" load during direction
change to an allowaeble 1limit. The only un-
wanted result would be a small rotational
motion created by the firctional force between
the "direction changer" and the missile. How-
ever, this would be of no significance to the

FIGURE 3 - EACH EXTERNAL LOAD WAS
INDEPENDENTLY APPLIED TO THE MISSILE
BY USE OF HYDRAULIC SYSTEMS



FIGURE 4 - THE REACTION STRUCTURE,

data since no contact was made to the missile
during the first 6 inches of travel as required.

THERMAL ENVIRONMENTS

An insulated box was built around the ejector.
LN was piped into the box and distributed by
holes drilled in a coil of copper tubing.
Thermocouples were used to control the LNy flow
for temperature control. The same system was
used for the "hot" condition except that
radiant heat exchangers were used to convert
the LNy into a "hot" gas. Thermocouples were
used to control the radiant heat input to the
LN> heat exchanger.

INSTRUMENTATION

During some of the missile ejections, load cells
were installed between the ejector and the
reaction fixture. This data was used to deter-
mine the effect of various ejector cartridges
and temperatures on the resultant force exper-
ienced by the simulated aircraft wing. Accel-
erometers were placed at each end and at the

THE 36,000 LBS. OF LEAD,
AND THE ARRESTING MECHANISM CAN BE SEEN IN THIS PHOTO. (NOTE
"DOGS" ON EACH OF THE VERTICAL ARRESTING MECHANISM STRUCTURE. )

center of the missile. This data showed the
frequencies of the free flight modes and the
maximum accelerations experienced by the missile
during leunch. Strain gages were installed on
the missile in critical areas., The missile
was statically loed calibrated prior to the
dynamic missile launch. The bending woments
developed in the missile during the ejection
were calculated from this data. Pressure trans
ducers were installed in the gas pressure
chambers of the ejector. Cartridge performance
curves provided by the vendor were verified.
Flectrical deflection indicators were installed
at each end of the missile in two axes. The
data from these were used to calculate the dis-
placement history and rotational translation
during launch. High speed motion pictures were
taken with grids positioned behind the missile.
The motion pictures were used as a redundant
method of calculating the pitch rate of the
missile and for observing the overall test
events. Computer programs were used for data
reduction of the dynamic data obtained with
the instrumentation.



