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ABSTRACT

Project 6.2a was estaulished to determine the responses of a B-36
aircraft to the effects of a nuclear detonation at levels approaching
the thermal and blast limitations of the aircraft. The data obtained
were used to verify, and to modify where necessary, the theoretical
techniquds used to predict the B-36 responses. Accurate prediction
methods are essential for the determination of the maximum delivery
capabilities of the B-36.

A B-36D aircraft was instrumented and flown in the vicinity of
each of the six shots of the CASTLE sequence. Time-history input and
response measurements constituted the main instrumentation effort. For
the first five shots, the aircraft was positioned at predicted near-
limiting inputs in a simulated delivery configuration, that is, flying
away from the explosion. On Shot 6, the aircraft was headed toward the
explosion to obtain initial experimental data for this orientation.

On five of the shots, the yields of the detonations were such that
good results were obtained; the unexpected low yield of Shot 3 provided
no useful information. Shot 5 provided the highest thermal and gust
loading responses experienced by the aircraft, these being 64 per cent
and 76 per cent of the theoretical safe limits for thermal and blast,
respectively. One hundred per cent of the limiting overpressure was
attained on Shot 1 resulting in significant damage to the sheet metal
components of the aircraft. In addition to the measured data, together
with photographs and descriptions of the damage, this report contains
pertinent observations as reported by the flight crew.

Sufficient data were obtained to fulfill the specific objective of
the project. A comparison between the experimental data and theoret-
ically-predicted responses is made in the Discussion.

In addition, the data and information obtained from this experi- 0
ment should be useful to agencies exploring the problems of capabilities,
vulnerabilities, or lethalities of other aircraft with respect to the
effects of a nuclear detonation.
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FOREWORD

This report is one of the reports presenting the results of the

34 projects participating in the Military Effects Tests Program of
Operation CASTLE, which included six test detonations. For readers
interested in other pertinent test information, reference is made to
ITR-934, Summary of Weapons Effects Tests, Military Effects Program.
This summary report includes the following information of possible
general interest.

a. An over-all description of each detonation, including yield,
height of burst, ground zero location, time of detonation,
ambient atmospheric conditions at detonation, etc., for the
six shots,

b. Discussion of all project results.
c. A summary of each project, including objectives and results.
d. A complete listing of all reports covering the Military

Effects Test Program.

PREFACE

This publication is the final report of Project 6.2a, Operation
CASTLE. The data and information pertain, for the most part, to

specific exposures of a B-36D aircraft to the effects of several nuclear
detonations. Caution should be exercised in applying these data to
other types of aircraft and conditions of exposure. The theories and
equations presented here are those utilized for this particular experi-
ment and may not necessarily represent current or future thinking in
this field. For detailed application of the data, the reader is
referenced to WADC Technical Note, WCLS-55-10, entitled Data Results,
Project 6.2a, Operation CASTLE, which contains graphical representations O

of the measured data in which the minute variations of the functions
are depicted with a high degree of definition.

4: 7 8
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CHAPTER 1

OBJECTIVE

The studies conducted by Project 6.2a in Operation CASTLE are a
part of the Wright Air Development Center's (WADC) research and devel-
opment program devoted to the study of nuclear-weapon effects on air-
craft systems. This program has as its ultimate objective the estab-
lishment of operational and design criteria concerning nuclear-weapon
effects for present-day and future aircraft. The effective use of
existing aircraft is dependent on knowledge of the effects of nuclear
radiation and of thermal and blast properties of atomic explosions on
the aircraft. The destructive power of the warhead may limit the
delivery capabilities of bomber aircraft if the aircraft is to escape
serious damage. In like manner, fighters, transports, liaison, and
other aircraft may be restricted in their operations near the scene of
an. atomic detonation. A knowledge of the effects of atomic detonations
on aircraft is also useful in specifying modifications of current air-
craft, as well as in designing aircraft of the future, so that they
will be less vulnerable to atomic explosions. Thus, the capabilities
of aircraft of the United States Air Force will continue to be main- •
tained for the performance of any required mission.

The specific objective of this project was to detennine the re-
sponses of a B-36 aircraft to a nuclear detonation at response levels
approaching the thermal and blast limitations of the aircraft and, in
this manner, to assist in defining the most-powerful weapon that could
be dropped from a B-36 type aircraft and detonated without serious
danger to the aircraft.

17
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CHAPTER 2

BACKGROUND AND THEORY

2.1 BACKGROUND

The effects of a bomb detonation upon aircraft have been a matter
for consideration by military organizations since the initial use of
aircraft by the Armed Forces but not a matter of paramount importance
until the creation of new problem areas by the successful development
of nuclear and thermonuclear weapons. A thorough knowledge and under-
standing of all the parameters associated with the effects of a nuclear
detonation, as related to both parked and in-flight aircraft, are es-
sential for the proper design of current and future aircraft, as well
as for the intelligent planning of modern military tactics. One phase
of this overall problem with regard to in-flight aircraft is the effect
of a bomb explosion on the delivery aircraft. Prior to Operation IVY,
aircraft design and performance were advanced to such a state with re-
spect to the destructive power of bombs that the aircraft could escape
the danger region for any type and size of explosive load that the air-
craft could carry. The far-reaching destructive ability of high-yield
nuclear devices reduced the altitude-speed advantage of aircraft; thus,
the problem of bomb delivery assumed profound importance.

The agency responsible for the determination of nuclear-weapon
effects on aircraft systems for the Air Force is the Wright Air Devel-
opment Center of the Air Research and Development Command. As early as
1946, ADC participated in the atomic tests of Operation CROSSROADS,
where a limited amount of vertical-acceleration data were obtained. In

1948, four drone aircraft were instrumented for structural response
data and flown during Operation SANDSTONE. The principal value of these
data was the indication of the magnitude and nature of the problems in- " "
volved. In 1949, WADC contracted the Massachusetts Institute of Tech-
nology (MIT) to conduct theoretical studies concerning aircraft struc-
tural response to the loads imposed by the shock wave. With planning
based on the preliminary work of the MIT group, extensive ground and
air instrumentation programs were undertaken by WADC during Operation
GREENHOUSE in the spring of 1951. The data obtained indicated an urgent
need for additional studies and experiments, especially in the field of
response to thermal energy. The University of California at Los Angeles

F 18
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(UCLA) was contracted by %ADC to study the thermal problem. In 1952,
WADC contracted Allied Research Associates, Inc. (ARA) to correlate
the experimental effects data with the results of the studies of MIT
and UCLA. Participation in Operation IVY in the fall of 1952 provided
the first experimental data on the effects of high-yield nuclear ex--
piosions on in-flight aircraft, viz., a B-36D and a B-47B. The effects
on aircraft were studied further by the participation of both -round
and air programs in the relatively low-yield atomic tests of Operation
UPSH{OT-KNOTHOL. in the spring of 1953. The ground program was con-
cerned primarily with basic research on thermoelastic response and on
the coupling effects of the two primarj in.uts, thermal and blast; the
air program utilized the B-36D and one B-5 aircraft to obtain blast-
response data and thermal inputs.

The B-36D was flown during Operation CASTLE to obtain data on both
thermal and blast responses at innut levels approaching the design
limits of the aircraft, and is the subject of this report.

Additional background information can be obtained from reports
written by agencies that have contributed to the overall objective;
some of these reports are listed in references 1 through 5.

2.2 THEORY

In order to comprehend the usefulness of the data obtained during
CASTLE, it is necessary to consider the theoretical aspects of a
nuclear detonation and the effects on aircraft flying near the explo-
sion. Much has been written on the subject; however, it is beyond the
scope of this report to present a complete summary of the work that
has been done. Nevertheless, an attempt will be made in the following
paragraphs to present the more-important considerations. It should be
realized that procedures set forth in this chapter were the best avail-
able prior to Operation CASTLE and that some of the methods have been
superseded by more recent evaluations.

Nuclear detonations are characterized by the sudden release of
energy involving mAny different pher.omena, the most important of which,

with respect to aircraft, are nuclear and thermal radiations and an ,-
air-blast wave.

2.2.1 Nuolear Radiation

Nuclear radiation is produced in a variety of forms by a nuclear
detonation. With regard to the immediate effects on an aircraft and,
in particular, the effects on the human occupants of an aircraft, the
most-important part of the nuclear radiation is gamma-ray exposure.
Although there is considerable variation among individuals insofar as
sensitivity to nuclear radiation is concerned, it is generally accepted
that the human body can withstand a dose of 25 roentgen equivalents
without obvious injury.

An aircraft and its occupants may be contaminated by proximity
to the explosion at burst time, by envelopment in the radioactive cloud3
that rises rapidly after the explosion, or by contact -ith the radio-
active material from the atomic cloud. At rangps critical for a P-36

!i4
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with regard to thermal and blast effects of weapons in the MT yield
category, it has been showm that nuclear radiation effects, due to
proximity to the explosion at burst time, are negligible. Previous
experience and a preliminary evaluation of available data indicate
that radiation danger due to envelopment and fall-out of the cloud is
not a serious problem for the B-36 at ranges where thermal and blast
effects are limiting.

2.2.2 Thermal Radiation

The fireball produced by a nuclear explosion radiates thermal
energy in all directions. The irradiance varies with time and is char-
acterized by a fast rise to a peak value followed by a relatively slow
decrease to zero. The effective duration of the thermal irradiance
varies with the yield. For 10 MT bombs this time is approximately 15
seconds. Radiant exposure is the energy per unit area that reaches a
receiver as a result of a detonation. In equation form, considering
only specular transmittance:

-kD

Q e (2.1)
D 2e

where Q = radiant exposure on a surface normal to the radiation,
cal/sq cm,

W= total yield of source, KT,
k = atmospheric attenuation coefficient, (kilofeet)-l,
D = distance between source and receiver, kilofeet,
C = constant.
Since W is the total yield, that fraction of the total yield

that appears as thermal energy must be knowm and included in the con-
stant C. The thermal yield is accepted as being approximately a third
of the total yield, but this figure is subject to a degree of uncer-
tainty.

The equation, as given, does not include that energy received
which is due to the reflectivity of clouds, water, and the earth's
surface and to the back-scattering properties of the atmosphere. The
energy lost due to selective absorption in the infrared by water vapor
and carbon dioxide is also neglected. These effects are not negligible
hut are difficult to evaluate.

For radiant exposure predictions during CASTLE, the following
formula, a modification of equation 2.1, was used.

Q 36 (2.2)

The constants 36 and 0.008 were based upon unpublished correlation by
UCLA, ARA, and WMAC of thermal and attenuation measurements made by
UCLA and ranges determined by WADC during IVY. The constant 0.94 was
based upon an analysis by Streets and described in reference 6. 3ince
November 1954 the method utilized by WADC to predict thermal inputs is
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that derived by Chapman and Seavey and presented in reference 7.

2.2.3 Thermal Effects

The thermal effects on an aircraft can be classed as strutural
or nor ,tructural. An example of a structural effect is the reaction
of a skin-stiffener.-type panel when the outside skin surface is irrad-
iated. Temperature gradients exist between the skin and the stiffener,
and the resulting restrained expansion produces compressive stresses
in the skin and tensile stresses in the stiffener. If the effect is
severe, material failure will result, and/or permanent buckling of the
skin will destroy its aerodynamic properties.

Nonstructural effects include the burning, melting, or deform-

ing of such components as electrical wiring insulation, paint, and
articles made of Fiberglas, rubber, or fabric. The effects of radiant
' xposure upon occupants of the aircraft may also be placed in this
category. 'While these effects in themselves are usually not serious,
they might bring about serious situations. However, as a general rule,
such relatively simple steps as insulating, increasing the reflectance,
or shielding can be taken to minimize the thermal effects on nonstruc-
tural items.

The relationship between the temperature rise of thin skin and
radiant exposure is given by the equation

AT (2.3)

where A T change in temperature, degrees F,
- absorptivity coefficient,

i = incidence angle, i.e., the angle between the source-target
line and a line normal to the skin surface,

L = heat loss factor,
0 = density, lb/cu ft,

Cp= specific heat, BTU/lb/°F,

t = skin thickness, ft.
The absorptivity coefficient, that fraction of the total inci-

dent thermal caergy that is not reflected (or transmitted), is depend-
ent upon the color and degree of irregularity of the metal surface, and
the color, thickness, adhesiveness, and heat-transfer properties of the
paint or protective covering or of any coating, such as an oil film,
resulting from engine operation.

The heat-loss factor represents that part of the absorbed energy
lost by radiation, convection, and conduction, which is, therefore, in-
effective in raising the temperature of the skin. In reference 8, UCLA

reports that radiation losses are small compared to convection losses.
For CASTLE, therefore, convection was considered to have the most sig-
nificance in the heat-loss factor. The technioue of correcting for
convection losses is based upon the procedure utilized by UCLA in ref-
erences 8 and 9. This procedure considers convection losses as influ-
enced by air-flow rate or velocity of the aircraft, air density, effec-
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tive length of the thermal pha.3e as defined by the time to peak inten-
sity, chordwise position of the area in question, and thermal proper-

ties of the material. Conduction losses are those resulting from the
transfer of energy from the irradiated sheet to the supporting struc-
ture through the area of physical contact. Conducti.on losses are
intimately ass~oiated with the stresseb set up in the entire assembly,
since the temperature gradi :nts result in uneven thermal expansion.

Although the equations stating the temperature gradients and the
thermal stresses in a theoretical structure are well known, the solu-

tion of a practical problem is made difficult and laborious by many
variables and computations. Extensive analyses by UCLA, with consider-
ation of addition of flight loads to those induced by the restrained
expansion and of the decrease of allowable material stress with an
increase in temperature, have shown that the sheet-stringer type of
construction, as used on the wing, stabilizer, and fuselage of the B-36,
is less critical than permanent skin buckling of the "hat" and "waffle"
panels used on the elevator and wing trailing edges. The effects on
these bonded-metal panels were determined by experimental furnace
testing after a theoretical solution appeared impractical; in particu-
lar, it was determined that a maximum skin temperature rise of 400°F
caused definite, visible, permanent buckling of such magnitude as to
be considered marginal. By calculations, it was shown that the irra-
diant exposure required to achieve a 400OF rise in bonded-metal panels
was less than that required to induce critical stresses in sheet-
stringer panels. Therefore, the limiting thermal response factor for
the B-36D for CASTLE was a 400OF rise of skin temperature of the 0.020-
in. magnesium "hat" panels of the elevator.

2.2.4 Blast Wave

Rapid expansion of the fireball produced by a nuclear explosion
initiates a pressure wave in the surrounding atmosphere that is propa-
gated outward through space at a s eed somewhat greater than the speed
of sound. Characteristics of this wave (in free air) include a sharp
rise to its peak positive pressure (the shock front), followed by a
relatively slow decrease of pressure through the initial or ambient

, .- a negative (below ambient) minimum of approximately a third of
the peak positive value, and finally a slow return to ambient condi-
tions. The difference between the transient pressure values of the
blast wave and ambient pressure is called overpressure. For CASTLE,
peak overpressures were predicted by means of the following empirical
equation, derived primarily from data obtained during Operation UPSHOT-
KNOTHOLE:

A P 31.3 W 1(_ R -0.88 (2.)

where AP = peak overpressure, psi,
W = yield, lb TNT equivalent,
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Slant range, ft

X/- b ab)

,= air density

a = speed of sound, fps,

subscript h = altitude of the measurement,
subscript b burst altitude.

This equation is used only for overpressures less than 2 psi and
is based upon an equation developed by Hirschfelder, Littler, and
Sheard (see reference 10) for TNT charges and modified by AT and ARA
to fit a data analysis by Lampson (see reference 11).

A second important property of the blast wave is the material or
gust velocity, the wind or air movement behind the shock front. The
magnitude of the material velocity is a function of the ratio of over-
pressure to ambient pressure, and its direction is assumed to be the
same as the direction of propagation of the shock front for positive
overpressures but the opposite for negative overpressures.

Based on the Rankine-Hugoniot relation, the equation used to
predict material velocity was

w = 1.89 ah -- -7 (2.5)

where w = material velocity, fps,
ah = speed of sound, fps, at measurement altitude,

,&p = peak overpressure, psi,
ph = ambient atmospheric pressure, psi, at measurement altitude.

2.2.5 Blast Effects

The main consequences of the blast wave are the crushing effect
associated with a difference in pressure and the change in lift result-
ing from the sharp-edged gust (material velocity). Consider an air-
craft enveloped by the blast wave. The overpressure imposes a crushing
load on the external covering, or secondary structure, of the entire
aircraft, especially on those surfaces facing the shock front (where
the pressures are higher due to wave reflections). At the same time,
the moving air, or material velocity, upsets the steady-state aerod,
namic conditions by changing the direction and magnitude of the air-
stream. The resulting variations of the lift and drag forces cause
considerable bending of the wing, stabilizer, and aft fuselage as the
loads are transmitted to the center of grp'rity of the aircraft. In
this matter, the primary aircraft structure is affected by the blast
wave.

Knowledge of the effects of overpressure loading was obtained
from small-scale TNT explosions and from the parked-aircraft program
of Operation TU1MLER-SNAPPER. Consolidated Vultee Aircraft Company
performed a detailed analytical study on the overpressure effects on a
B-36 and supplemented the analysis with data obtained from exposure of
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4
a B-36 stabilizor and elevator assembly during Operation UPSHOT-
KNOTHOLE. As a result of these investigations, a critical overpressure
criteria of 0.8 psi was established for the B-36. This value was con-
sidered to be the maximum overpressure that could be absorbed by a
B-36 with a negligible amount of sheet-metal damage.

The effects of the material velocity on an aircraft are similar
to its response to the sharp-edged gusts studied during the original
design of an aircraft. Because of the material velocity, the changes
in the angle of attack or the relative airspeed of the lifting surfaces
alter the aerodynamic loads and disturb the equilibrium conditions.

- As the aircraft "rolls with the punch," the loads imposed by the mater-
ial velocity are alleviated to a certain extent by the bending of the
aircraft structure and the displacement of the entire aircraft; however,
additional stresses are created due to the inertial properties of the
wings, empennage, and fuselage. The study of the aircraft behavior
under ecnditions such as these involves a rather thorough dynamic anal-
ysis. Although the method of analysis is well known due to the sharp-
edged gust invstigations, the calculations are laborious and time-
consuming. Simplification is feasible for a study of wing deflection
only, but more thorough analyses must be made for the stabilizer and
the fuselage. Some of the factors that must be considered during an
analysis of the stabilizer or fuselage are the effects of the wing
responses on the tail; unsteady wing downwash, and fuselage flexibility.
The problem is treated in detail in references 2 and 12; a summary is
given in reference 1.

Operation IVY results indicate that for the B-36 in a "tail-to"
attitude at shock arrival, the horizontal stabilizer and aft fuselage
reactions to the material velocity are far more critical than wing
bending, thus limiting the delivery capabilities of the bomber. -

For CASTLE, the material velocity that produced limit bending
(two thirds of ultimate bending) on the horizontal stabilizer was de-
fined as the critical material velocity. The actual value of material
velocity in ft/sec required to load the stabilizer to limit cannot be
determined unless the aircraft altitude, horizontal range from groiud
zero, airspeed, gross weight, and center-of-gravity location are speci-
fied. A typical value of critical material velocity for the conditions
that existed during Shot 5 of the CASTLE series is 138 ft/sec, which
corresponds to 0.60 psi overpressure.

2.2.6 Danger Region Diagrams

' When planning the participatiop of an aircraft in an atomic test, --

it is convenient to depict the limiting parameters pertaining to any
one set of test conditions in a graphical form. In this way the crit-
ical effect is readily apparent, and changes in flight parameters which
might be made in order to realize various combinations of all the ef-
fects can be studied and determined. Such a graph is called a Danger
Region Diagram and is constructed with ground range and altitude as the
abscissa and ordinate, respectively. It shows the boundaries of regions
within which critical damage will result from the various effects of a
nuclear explosion under a given set of conditions which include type of
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aircraft, weapon yield. and aircraft flipht configuration.

Figure 2.1 is a Danger Region Diagram for a B-36D aircraft ex-
posed to an explosion of 12-MT yield with flight parameters as indica
ed. In viewing the figure, two facts should be recalled: (1) thermal
energy is propagated at the speed of light and (2) the blast wave is
propagated at a speed approximately that of the speed of sound. As a
result of this difference in propagation speeds, the therma. and blast
effects on a B-36 at near-limiting ranges are well separated in time.For the conditions of Fig. 2.1, the length of time between burst and
shock arrival is approximately 55 sec, during which Lime the aircraft
has traveled, horizontally, on the order of 30,000 ft. With this time -
difference in mind, it is apparent that Fig. 2.1 indicates that the
tempprature rise due to thermal radiation is the limiting factor for
the conditions stated. Many parameters and their results can be
studied by means of Danger Region Diagrams. For example, for the thre
f ight paths shovm on the figure, it can be observed that (1) increas-
ing the flight altitude allows the aircraft to be farther from the
critical peak overpressure boundary, thus minimizing the overpressure
effect, and (2) increasing the flight altitude shows little change
with regard to the limit allowable tail load boundary (material vel-
ocity effect).

The decisions of aircraft participation and flight path posi-tioning for the B-36D in CASTLE were based on studies of Danger Region -

Diagrams constructed for the appropriate set of conditions.

-_
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CHAPTER 3

PROCEDURE

3.1 GETERAL

The participation of the B-36 "effects" aircraft in CASTLE was the
responsibility of 'IADC who solicited the assistance of two civilian or-
ganizations, Allied Research Associates (ARA) and the University of
Dayton, and the support of the Strategic Air Command (SAC) and the Air
Materiel Co.and (',MC). A;RA analyzed data and performed the calcula-
tions required to supply predicted effects information. The University
of Dayton ivisicn of Research prov+ided aircraft instrumentation, as
well as collection, reduction, and reporting of data. SAC supplied the
flight and -round crews and provided light maintenance. AM, performed
heavy maintenance and overhaul services.

The aircraft used was the B-36D, serial number 49-2653, used pre-
viously in Operations IVY and UPSHOT-KNOTHOLE. The instrumentation
system installed and used for the previous tests was reused wherever
possible. However, program changes and experience dictated a number of
additions and revisions. In addition, time and weather had seriously
affected the strain gage installation, necessitating replacement of all - -

gages.
The instrumentation work was started in September 1953 at San

Antonio, Texas while the San Antonio Air Materiel Area (SAAMAw
forming a major overhaul on the aircraft. In October, the aircraft was
delivered to SAC at Carswell AFB for purposes of flight crew training
and further instrument installation. in conjunction with flight crew
practice missions, two instrumentation shake-down flights were made.
Early in January 1954, the aircraft was returned to SAAMA for a 100-hr
inspection, additional Technical Order compliance, painting of the en-
tire underside of the aircraft with white enamel, and preparation for
overseas movement.

On 4 Februarj 1954, the aircraft landed at Eniwetok Island, Head-
quarters of the Air Force Task Group at the Pacific Proving Grounds
(PP=) during the 1954 nuclear tests. Before the first shot, two test
flights were made as rehearsals not only for the benefit of the B-36D
crew, but also for coordination of all participating groups.

To achieve the project objective, the B-36D was instrumented to
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measure thermal inputs, thermal responses, blast inputs, zid blast re-

sponses. Thermal inputs consisted of radiant exposure an! irradiance
which defined the radiant energy received by the aircxaft. Recorded
thermal responses included temperature rises of the aircraft skin cn
the wing, fuselage, staoilizer, and elevator. The measured blast in-
puts were free-stream overpressure, and pressures on the underside of
various surfaces of the aircraft. Blast responses included st-uctural
loads imposed on the wing, fuselage, and stabilizer, and accelerations,
elevator deflection, and wina deflection. Figure 3.1 shows the general
location of the instruments on the aircraft. Additional instrumenta-
tion included peak temperature measurements by temp-tapes, as well as
still and motion-picture photography. Consolidated Engineering Corp-
oration uscillographs and Gun Sight Aiming Point (GSAP) cameras were
used as the time-history recorders. A five-man instrumentation crew
prepared and operated the recording system during each flight.

Two basic problems were involved in operation of the aircraft:
the flying of the aircraft to a point in space at a given time, and
the accurate determination of the actual aircraft flight path during
the thermal and blast phases of the detonation. The first problem was
solved by the flight crew who executed a modified radar-navigation ex-
ercise with equipment standard to a B-36. This involves flying the
aircraft, by radar, to a point in space from which a bomb might be re-
leased. Normally this exercise does not require the aircraft to be at
the release point at a predetermined time. This correlation with time
was the major modification to the standard exercise. The second prob-
lem, position determination, was attempted by the Raydist Radio Navi-
gation System. Tracking data for the B-36D were obtained during only
one test. The aircraft positions during the other tests were obtained
by an analysis of radar oscilloscope photos, data recorded by the navi-
gator, and computations based on the time of arrival of the shock front.

3.2 ThIRMAL MEASUR MENTS

One of the serious effects of a nuclear explosion upon aircraft
structures is the temperature rise resulting from the exposure to ra-
diant energy of the fireball. To determine experimentally the rela-
tionship between the radiant energy and the temperature changes, the
B-36D was instrumented for thermal measurements, both input and re-
sponse. Input measurements were time-histories of the radiant exposure
of the aircraft (cal/sq cm), and irradiance or time rate of radiant
exposure. Response measurements consisted of both time-history and
peak temperatures of various sections of the aircraft external covering
or "skin."

3.2.1 Input Measurements

Calorimeters and radiometers designed, manufactured, and cali-
brated by the U.S. Naval Radiological Defense Laboratory of San Francisco
(INRDL) were used to measure radiant exposure and irradiance, respec-
tively. Details of the construction and operation of these instruments
can be fnund in reference 13. Both instruments utilized copper-constan-
tan thermocouples in the sensing elements. Voltage outputs were of
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sufficient magnitude to permit dire-t coupling to dtArsonval type re-
cording galvanometers. Resistance networks were used to control gal-
vanometer deflections and to insure optimum damping characteristics.

Four calorimeters and two radiometers were mounted in a special
box and installed on the tail turret frame of the B-36D (Fig. 3.2).

A

Fig. 3.2 Thermal Instruments Installation in Tail Turret

Since the thermal instruments had a 900 conical field of view, care had
to be exercised to prevent indirect energy, reflected from the surface
of the aircraft, from entering the insLruments. The choice, originally
made for IVY, of the tail turret for location of the instruments for -t

tail-to exposures was best.
Angular adjustments of the box orientation with respect to the

aircraft provided an opportunity to aim the instruments at the intended
burst point for various combinations of altitude and ground range. Two
GSAP cameras, also mounted in the instrument box, exposed motion pic-
ture films which defined the field of view of the instruments at time
zero. These films were used to determine the grror in aircraft orien-

*tation, which affected the amount of thermal energy normal to the
various surfaces of the aircraft.

Between Shots 3 and 4, a fifth calorimeter was installed in the
aft lower left blister to obtain the energy received inside the Plexi-
glas blister (Fig. 3.3).

Individual circuit sensitivities for all thermal instruments
were established and checked periodically by recording the galvanometer
deflection caused by the introduction of a known voltage into the cir-
cuit.
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Fig. 3.3 Calorimeter Installation Inside Blister

Table 3.1 presents information concerning the location and in-
- ~ strumnent range of the thermal input instruments.

TABLE 3.1 Thermal Input Installations

Kstrument No. Location in Aircraft InstrumentRag

aag

Radian. Expo sure ___________

1 Tail Turret 0-50 cal/sq cm
2 Tail Turret 0-50 cal/sq cm

-3 Tail Turret 0-20 cal/sq cm
4 Tail Turret 0-10 caM/sq cm
5 Lower Left Blister 0-20 cal/sq cm
Table 3.1prese(Shots 4 and 5 only)

Irradiance

1 Tail Turret, Shot 1 only 0-50 cal/so cm/sec ..
2 Tail Turret Shots 2,03,4,5 0-10 cal/sq cm/sec
3 Tail Turret j0-0 cal/s cm/

:o4 Tail Turret 0-10 cal/sq cm/e

In addition to the thermal input measurements mentioned above,
Project 6.2a personnel prformed the service of installing and opera-
ting a Bhangmeter for the Aircraft Radiation Laboratory (ARL) of WyD).

The Bhangmeter is a yield-measuring device develcped by Edgerton,Germeshausen, and GreeTr, Inc. (EG&G). The Mark IV instrument installed
in the B-36D reoresented the latest experimental model for measurement
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of yields between 80 KT and 10 MT. By means of a Polaroid-Land camera,
the instrument recorded the time-history of the fireball light inten-
sity as sensed by a photo-electric element and indicated on the face of
an oscilloscope. The yield was calculated from a formula, the only
variable of which was the period of time between the instant of' detona-
tion and the first minimum of light intensity. The Bhangmeter operated
successfully on all six shots; the film was delivered to ARL for reduc-
tion and analysis.

3.2.2 Response Measurements

The responses of various parts of the aircraft to the thermal
energy were measured by copper-constantan thermocouples and by temp-
tapes. For the first shot, some of the thermocouples that had been
installed for IVY were reused. These measurements included two sets
of skin, stringer, and skin-under-stringer installations, one additional
skin installation, and a special plate inside the aft lower left blis-
ter. These thermocouples had been attached by inserting the wire into
a small drilled hole and peening the wire to establish mechanical fit
eand electrical contact. Shot 1 data indicated that several of these
installations were unsatisfactory because of intermittent electrical
contact. Also, a brief data analysis indicated that a better repre-
sentation of the thermal response of the aircraft might be obtained by
measurements at other locations. Accordingly, all thermocouple in-

stallations after Shot 1 consisted of 5-mil. wire welded by a capaci-
tance-discharge technique. Installations were made on the elevator, - -

stabilizer, and fuselage skins, as well as on the skin, flange, and
stiffener of a wing waffle panel, and the special plate inside the aft
lower left blister. " "

The entire underside of the aircraft had been painted with white
enamel to improve the reflecting characteristics of the skin. The
standard procedure for painting B-36's involves spraying all magnesium
surfaces with aluminized lacquer and leaving all aluminum surfaces bare.
To determine the degree of effectiveness of this new procedure, a por-
tion of the wing undersurface was cleaned of the white enamel and re-
finished with the normal aluminized lacquer. This part of the wing was
of waffle panel construction using 0.025-in. magnesium skin. With a
skin thermocouple installation, this panel was identical in all re-

* spects, except the paint, to a nearby waffle panel.
The welding procedure, in which the thermocouple wire is at-

tached to the back or non-irradiated side of the instrumented component,
is described in detail in reference 14.

The air tempera.ure inside of the aft compartment of the air-
craft was measured during Shots 1, 2, and 3. Although it was predicted
that the inside air temperature rise would b,! negligible, the measure-
ment was made primarily to relieve the apprehension of those personnel
unfamiliar with such shots. The thermocouple for the air temperature
measurement was located near the bridge connecting the aft upper
blisters. No appreciable rise in air temperature was detected; conse-
quently, the measurement was discontinued in favor of a more meaningful
response measurement.
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The d-c thermocouple signals were recorded directly by oscillo-
graphs. Resistance networks were used as required to control galvan-
ometer deflection and to insure optimum damping characteristics.
Individual circuit sensitivities were established and checked by the
same method used with the input instruments. Thermos bottles, partial-
ly filled with ice water, were used to maintain a constant temperature
at the reference junction. Table 3.2 gives the location, the material,
and the surface conditions of the thermocouple installations.

Peak temperature measurements were made by temp-tapes, tempera-
ture sensitive devices consisting of a combination of 20 sensing
elements, each of which melts at a particular temperature in the range
from 1161F to 5450F. A detailed description of temp-tapes is contained
in reference 15. Installations of temp-tapes were made on the elevator,
wing, fuselage, tail turret lower fairing, two propeller spinners, and
the special plate in the blister.

Fifty temp-tapes were applied for Shot 1, 69 for Shot 2, and 68
each for Shots 4 and 5. About half of the tapes were installed in the
elevator at ten spanwise locations, all on 0.020-in. magnesium skin
(hat panels). The tapes on the wing, fuselage, and blister plate were
located adjacent to the thermocouple installations of those components.
The tapes on the tail turret lower fairing were placed on that part of
the fairing that was approximately normal to the thermal radiation.
The propeller spinners were instrumented after Shot 1 when the spinner
paint was blistered severely.

3.3 BLAST 1ETASUREMETS

Time-history measurements of various pressures existing on or
about the aircraft during the passage of the shock wave comprised the
blast input measurements. Response measurements consisted of bending
moments, shear loads, accelerations, and deflections of the elevator,
wing, and fuselage. All measurements were recorded on oscillograms,
except for wing and fuselage deflections, which were recorded by 16-nn
motion picture cameras.

3.3.1 Pressure Measurements

The primary pressure measurement was that of free stream over-
pressure. Of secondary interest were three surface pressure measure-
ments and one differential pressure measurement. The surface pressure
measurements represent the variation of the pressures existing on
certain surfaces of the aircraft structure from the pre-shock ambient
pressure. The differential pressure is the difference in pressure
between the inside and outside of the fuselage midsection.

An accurate measurement of free stream overpressure on an air-
craft in flight is largely dependent upon the location of the trans-
ducers. It is necessary to exclude, by means of proper location, the 0
pressure variations produced by turbulent air flow over the aircraft
structure during normal flight and during the passage of the shock wave.
Furthermore, it is necessary that the surface containing the orifice or
diaphragm of the transducer be in a plane perpendicular to the shock
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front, so that pressure increases produced by shock reflections and the
dynamic pressure effects of the material velocity will be minimized.
Theoretically, if a surface is passed by a blast wave at any incidence
angle other than 900 (parallel flow), the surface will receive, besides
the static pressure, an additional pressure component caused by the re-
flection of the pressure wave from the surface and by the mass flow or
material velocity. On the B-36D aircraft, the location chosen for the
measurement of free strean overpressure was the side of the fuselage at
Station 391 in. (from the nose reference line), adjacent to the aircraft
instrument static ports.

Because of the importance of the overpressure measureycnts, four -

independent transducers were installed at fuselage Station 391 in.,
two instruments on each side. For pressures other than overpressure,
the installations were as follows: one pressure transducer on the
undersurface of the left wing near the tip at Station 1270 in. (from
the fuselage centerline), one on the undersurface of the left stabil-
izer at Station 359 in., and two located at the aft lower gun turret
door.

All pressure measurements were made with differential type
gages, with the reference side of all transducers, except one, con-
nected to airtight systems containing pressures at the ambient pre-
shock level for the particular flight altitude. This was accomplished
by venting the referencing system to the atmosphere until shortly before
detonation times, when the vent was closed by means of , solenoid valve,
thus sealing the system. by this method, the pressures snsed by the
gages represented changes from the ambient pre-shock pressure at flight
altitude. The one exception to this referencing system was one of the
two gages installed on the aft lower gun turret door. The reference
side of this transducer was left open to the interior of the gun-turret
enclosure, thereby measuring the difference in pressure between the in-
side and outside of the aircraft, which represents the crushing force
exerted upon the structure.

Two different excitation systems were employed for these pres-
sure measurements. The majo'ity of the transducers was excited by a
simple d-c system utilizing b,tteries and Consolidated Engineering
Corporation bridge balance units. The use of a sensitive recording
galvanometer limited the flat frequency response of the d-c systems to
0-60 cps. In order to reproduce some of the higher frequency components
of the shock wave, a galvanometer capable of responding to signals of
these frequencies was used, thus sacrificing the electrical sensitivity.
For this reason, electronic amplif-cation of the signal was required.
Three pressure transducers were installed to reproduce frequencies from
O to 500 cps by the use of a 3-kc carrier excitation and amplification
system (Consolidated Engineering Corporation's System "D"). The pres-
sure transducers used for these installations were also capable of the
desired frequency response. Detailed information concerning all pres-
sure measurement installations, including locations of the transducers,
is presented in Fig. 3.4.

A static calibration of all pressure gages, for both positive
and negative pressures, was performed with the transducers mounted in
place in the aircraft, by using a special air pump and a fluid manometer
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P Location Type age Exciting Flat Freq.
Systems Resp. (cps)

Fuselage Sta 391 in. Statham P-69 d-c 0-60
left side

Fuselage Sta 391 in. Statham P-96 d-c 0-60
right side

Fuselage Sta 391 in. Consolidated 3-kc 0-500
left side 3--'10

Fuselage Sta 391 in. Wiancko 3-kc 0-500
right side 3 PAD 10 _

Fuselage Sta 1287.5 in. Statham P-69 d-c 0-60
aft lower g.n turret door

Fuselage Sta 1294.5 in. Statham P-69 d-c C-60
aft lower gun turre" door

Left Wing Sta 1270 in. Wiancko 3-kc 0-500
under surface 3 PAD 1O

Left Stabilizer Sta 359 in. St'tham P-69 d-c 0-60

under surface

"3

391 1270
r a

1287.5
1294.5 -

Fig. 34 Locations of Pressure Transducers, B-36D Aircraft
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Sensitivity of the installations was established, with relation to
variables such as excitation voltage and circuit resistances changes,
by means of a resistance calibration; that is, the shunting of one arm
of the bridge with a precision resistance and the recording of the re-
suiting signal. The details of this procedure are described on page
73 of reference 16. The initial calibrations of the pressure gages
were checked by periodic apulication of calibration pressures and re-
sistance calibrations signals.

3.3.2 Bending Moment and Shear Load Yeasurements

Al) bending moment and shear load measurements utilized bonded
wire strain gates as the sensing elements. Because of difficulties
encountered by previous projects with strain gage installations sub-
jected to the rigors of overseas flight operations, brief laboratory
tests were conducted to select a process as well as process materials
for the strain gage installations. Baldwin EBDF-13D temperature- 4
compensated, bakelite gages were bonded to tihe appropriate structural
components with Armstrong's type A-6 -poxy resin cement, and moisture-
nroofed with Yinnesota Mining Company EC-847 compound and Dow Corning
silicone grease.

All strain bridge measurements were recorded on oscillographs,
with electrical circuits completed through d-c bridge balances as
shown in Fig. 3.5. The flat frequency response of all strain bridge

BRIDGE
VOLTAGE CONTROL

OUTPUT TO GALVANOETE

BATTERY \ GE1

- BALACE
-]-- CONTROL _ --

i GAGE 3 iAGE 2 "" 'i ..

Fig. 3.5 Strain Bridge Electrical Circuit Diagram

channels was 0-60 cps. Bending moment measurements were divided into
two general categories determined by the type of strain bridge install-
ation. One type of strain bridge was arraned and located to respond
to the bending of an entire structure, such as a wing, stabilizer, or
fuselage. Hereafter, this type of bridge will be referred to as a
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total bending bridge. Other strain bridges were arranged so as to
respond to the bending moment of one main structural member of the air-
craft, such as one of the spars of the stabilizer, so that the total
bending of the structure would be obtained from the mathematical com-
bination of the outputs of several of these bridges. This type of
bridge is defined as a point load bridge. All shear measurements were
accomplished using point load bridges.

Total bending bridges were installed in the left wing at Sta-
tions 1067, 604, 390, and 110 in., and in the right wing at Station
390 in. The station dimensions, measured from the fuselage centerline,
represent the intersection of the station chord line and the elastic
axis of the structure. The Ltrain gages were located so that a line
extended in a chordwise direction from front to rear spar gage install-
ations would i-ntersect the elastic axis at right angles. Total bending
bridges were installed in the fuselage at Stations 1037, 1293, and 1597
in., measured from the nose reference line. The horizontal stabilizer
was instrumented with total bending bridges at Stations 224, 153, and
62 in. on the left side, and at Station 62 in. on the right. Gages
were located in the same maner as those in the wing with reference to
a line intersecting the elastic axis at right angles. Typical total
bending installations are shown in Fig. 3.6.

Point load bridges were installed in the horizontal stabilizer
structure at Station 62 in. on the left and at Stations 62 and 144 in.
on the right. The installation at each of these locations consisted
of two bending and two shear bridges, one of each on the front spar and
rear spar, respectively; a typical installation is shown in Fig. 3.7.
Because of the critical nature of the horizontal stabilizer structure,
the additional instrumentation using point load bridges was installed
in order to provide a more complete picture of the behavior of this
component when struck by the blast wave. Figure 3.8 presents a view of
the entire aircraft with the locations of all strain bridge measurements
shown.

Because of time limitations, a calibration of the strain bridge
installations in terms of bending moment and shear was not accomplisbed
prior to the field operation; however, the results of a simple loadin7
procedure, used primarily to check strain bridge relative sensitivity
at intervals throughout the test program, were established as a prelim-
inary type of calibration. This was necessary in order to evaluate the
results obtained from the tests between each shot of the series, so

that correlation with predicted effects and, if necessary, revision of
the desired position of the aircraft for the next shot could be accom-
plished. Although these check loadings were performed under conditions
considered adverse to obtaining calibration data, the actual calibration
constants, determined after the test series had been completed, differed
from the prelimrinary constants by less than 5 per cent with one excep- -

tion, in which the difference was 8 per cent.
The calibration of the strain bridge installations in the hori-

zontal stabilizer was performed at the Consolidated Vultee Aircraft
Corporation (Convair) at Fort Worth, Texas, during the months of July
and Iugust 1954, and consisted of two independent procedures, a distri-
buted load type of calibration for the total bending bridges, and a
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point load calibration of the point load bridge installations. The
jistributed load calibration consisted of the simultanecus application
of many loads to the stabilizer structure, their locations and magni-
tudes being chosen such that ure bending about the elastic a is was
experienced by the structure. The stabilizer was stressed to 90 per
cent of limit load during the calibration process, limit load being
defined as two-thirds of the allowable load that the structures may
safely experience. A calibration of the fuselage strain bridge was
obtained during the stabilizer calibration loadings. T -e point load

bridges of the horizontal stabilizer were calibrated by the point load
method: that is, the application of single loads to the structure at
a number of points for several conditions of loading. The separation
of shear, bending moment, and torsion was achieved by a mathematical
combination of bridge outputs. This method is described in a technical
note published by the MACA, reference 17 of this report. The results
from total bending bridges located in the wing were considered of sec-
ondary interest only, and, because of the expense involved, a static
wing calibration was not performed. instead, a less accurate method
was used. This consisted of obtaining the sensitivity relationship
between bridge outn ut and wing bending moment by use of calculated
theoretical flight loads for appropriate aircraft configurations and
maneuvers.

The electrical sensitivity of all strain bridge channels was
established during the calibration by means of a resistance calibrate
signal. The use of this system related the electrical sensitivity of
each channel for every recording, to the electrical sensitivity at the

time of actual mechanical calibration of the structure. This operation
is described on page 73 of reference 16. The sensitivities of the
strain bridge transducers located in the stabilizer and fuselage were
checked periodically by the application of check loads to the tips of
the horizontal stabilizer. One of these check loadings was accompished
just after the strain bridge installations had been completed, two more
were performed at the overseas lz4 of operations, and a final loading
preceded the static calibration by a few 'w .+:. From an exarnnation of
the bridge oulputs obtained from these loadings, any signili2ant change
of transducer sensitivity would have been detected.

3.3.3 Acceleration leasurements

Two general types of acceleration measurements were made on the
3--36D aircraft. These were vertical linear acceleration at various
stations of the wing and fuselage and angular acceleration about the
center of gravity. Statham type A-!S instruments were located at Sta-
tions 1052, 576.5, and 375.5 in. in the left wing structure at the rear

spar and in the fuselage at Stations 2C8.5, 661.5, 907, 1319.5, and
1772 in. The angular accelerometer was located on the left side of the
fuselage at Station 904 in., this location approximating the center of
gravity of the aIrcraft. This transducer was a Stathw. type AA7 liquid
rotor instrument.

"Te linear accelerometers incorporated a self-contained thermo-
statically-controlled heating system for maintaining cnrrect viscosity
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Location Direction of Statham Type
Sensitivity __

SFuselage ta 208.5 in. Vertical A18-6-350

Fuselage Sta 661.5 in. Vertical A18-6-350
F-uselage Sta 904 in. Angular AA7-3-350

Fuselage left side Vertical A18-6-350
Sta 907 in. _

Fuselage right side Vertical A18-6-350
Sta 907 in.

Fuselage Sta 1319.5 in. Vertical A18-6-350

Fuselage Sta 1772 in. Vertical A18-6-350

Left Wing Sta 1052 in. Vertical A18-12-350 .

Left Wing Sta 575.5 in. Vertical A18-12-350

Left Wing Sta 375, 5 in. Vertical A18-12-350

Mote: The frequency response of all acceleration channels was
flat from 0 to 10 cps. -

"" 661.5 :

90L208.5 7
5 6.5

1319- 375.5

4j 0

1772

Fig. 3.9 Locations of Accelerometers, B-36D Aircraft
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of the silicone damping fluid. The angular instrument, lpcking a
self-contained heater, was enclosed in a special box containing heating
elements and a thermostatic control. Fig. 3.9 shows the locations of
accelerometer transducers in the 3-36D aircraft. A typical linear
accelerometer installation is shown in Fig. 3.10, and the angular ac-
celerometer with the special temperature-controlled enclosure is shown
in Fig. 3.11. Heater elements of the enclosure are attached to the
cover which is shown removed.

Fig. 3.20 Trpical Linear Accel- Fig. 3.11 Angular Accelerometer
erometer Installation Installation

The linear accelerometers were calibrated in terms of units of
gravity by subjecting them to known accelerations by means of a device
known as a Linear accelerator or "shake table." This device produces
equal forces of positive and negative accelerations for a given fre-
quency Setting. The angular accelercmeter was calibrated on a pend-
ului where knoun angular accelerations produced by the pendulum's
oscillations were related to the electrical output of the instrument.
As with the pressure and strain bridge transducers, electrical sensi-
tivity of the accelerometer circuits was established by means of a
resistance calibration signal.

Galvanometers were selected to restrict the flat frequency re-
spcnse of a1 acceleration measuren.ant channels to 0 to 10.5 cps.

3.3.4 Elevator Deflectior Measurements

Elevator deflection, the movement of Vie elevator about its
normal pivot axis, was measured by means of a special bridge type of
circuit, using a precision potentiometer mechanically coupled to the
elevator torque tube as the variable resistanc3 of the bridge. This
system was excited by direct current and recorded as a regular oscil-
lograph channel. Te resulting curve was a time-history description of
elevator deflection referenced to the normal in-flight position of the
elevator jus, prior to time zero.

The elevator deflection system was calibrated by moving the
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elevator to a position which had been accurately established and re-
cording the output from the bridge oircuit. This was accomplished for
a number of these positions in both directions from the streamlined
position of the elevator. As with other oscillographic channels, a
resistance calibration signal was used to establish the electrical -
sensitivity of the circuit.

3.3.5 7,1ing and Fuselage Deflection Measurements

Five GSAP motion picture cameras were installed in a special
housing on top of the fuselage at the wing intersection in order to
photograph deflection of the wing and fuselage. Small stub antennas
were used as reference pylons so that movements of the structures rel-

ative to the cameras could be measured accurately from the projected
film. The camera housing is shown in Fig. 3.12, and the four wing
pylons are sholn in Fig. 3.13.

Since detonation times for all shots occurred before su -ise,
it was necessary to illuminate the camera subjects in order , '-tain
satisfactory pictures. This was accomplished by using stanl- -la r
Force retractable landing lights, one of which, in the retracted pos-
ition, is visible in the foreground of Fig. 3.13. One camera was

_ _-A

Fig. 3.12 Camera Housing on Top of Fig. 3.13 Camera Target Py-
Fuselage at Wing Inter- lons, Left Wing
section

oriented to photograph the forward fuselage using the navigator's a. tro-
dome as a reference point, and two cameras were oriented to include the
vertical fin and a small portion of the horizontal stabilizer in their

-:45



F"- F - ' 
-  

' i - - _ L -. -- -- . --- r - -

fields of view. The remaining two cameras weru focused on the pylons
on the left wing. All cameras were set for-a film speed of 64 frames
sec, and the lenses used were of 76- or 35-m focal length, dependent
upon the field of view required. rJameras were calibrated for deflec-
tion by an accurate determination of the field of view and distance to
the subject.

3.4 RECORDING SYSTEM

Permanent records of the time-history data were made by means of
oscillographs and motion picture cameras. Four Consolidated Engineer-
ing Corp. 18-channel oscillographs were used: one oscillograph each
for distributed-load strains, thermal inputs and temperatures, pres-
sures and accelerations, and the stabilizer point-load strains. Excep-
tions to this distribution were made as a comp-nsetive measure in the
event of an operational failure of one oscillograph. Two oscillograph
speeds were used: the slower speed of the thermal and point-load os-
cillographs permitted continuous recording from a few seconds before
detonaticn until the subsidence of the blast effects; the higher speed
of the distributed load and pressure-acceleration oscillographs resulted
in better record definition during the blast phase at the expense of no
records during the thermal phase. The exact channel distribution in
each of the fcur oscillographs is presented in tabular form in the
Appendix.

Timing signals recorded on each oscillograph consisted of the 100
lines/sec generated within each recorder, a lO0-cps sine wave of an
electronic oscillator, a periodic pulse that occurred every 4 in. of
record length, time zero indication from a photoelectric cell "blue
box," and various special signals initiated by the control panel oper-
ator.

The F1~MG "blue box" consisted of an electronic circuit triggered
by a photocell. A high rate of change of light intensity, as well as
a high intensity, is required to energize the device. The installation
was located in the non-pressurized aft fuselage, with light admitted
through a plexiglas window. To avoid large reflection losses, the

ME light was directed normal to the window by an adjustable stainless-
steel mirror protected from the airstream by a sheet-metal fairing.
The mirror--fairing installation is showan in Fig. 3.14, the photocell
Enclosure appearing on the other side of the window.

Supplementary equipment required in conjunction with the oscillo-
graphs included bridge batteries, bridge balances, 3-kc carrier
equipment, a thermocouple calibration instrument. spare parts, and a
complete spare oscillograph.

Four 12v storage batteries were used tD excite all the d-c 4heat-
stone-bridge-type instruments through the bridge balances. The voltages
of the batteries were monitored by meters on the bridge balances and,
during the recording period, by one channel on e&ch of the four oscil-
lographs.

All the oscillographs and supplementary equipment were located in
the aft pressurized crew compartment on or near a special table con-
structed in the space normally occupied by crew bunks. Figure 3.15
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Fig. 3.14 Blue Box Mirror and Fairing Installation

presents the general arrangement of the instrumentation equipment in a
plan view sketch of the aft crew compartment. Only the major items of
equipment are shown; details of some of the equipment on the table can
be seen in the four close-up photographs presented in Fig. 3.16. The
directions from which the photos were taken are showm by arrows on Fig.
3.15. Views A, C, and D illustrate the arrangement of the oscillographs
and supplementary equipment and the desk space used to work on check
lists and forms for recording pertinent information. View B shows the
control panel station with the main control panel ir the foreground,
the camera control panel above and to the left of the main panel, two
time-delay intervalometers above and to the right of the main panel,
and the flight instrument panel in the upper right corner of the photo-
graph. This flight instrument panel was a special installation in the
aft crew compartment and will be described in detail later in this
chapter. The installation at the extreme left of the photo is the
oxygen station for the control panel operator; at the lower right hand
corner of the photo is the back side of the 3-kc carrier amplifier
system with an oscillograph magazine strapped to the top.

The flight instrumentation crew consisted of five members: an
operator for each of the four oscillographs and a control panel oper-
ator. The oscillograph operators performed the function of checking,
balancing, adjusting, and calibrating each channel of instrumentation
and of taking emergency measures,if necessary, to provide an optimum
instrumentation coverage. The control panel operator provided liaison
between the instrumentation and the aircraft crews and, by means of
the control panel, controlled the oscillograph and camera repording,
bridge batteries, pressure gage solenoids, blue box, timing signals,
and angular accelerometer heater.

The motion-picture photographic effort consisted of 50-ft reels of
16-mm film in eight GSAP cameras. In addition to the camera installa-
tions previously described, one camera was mounted inside the aft crew
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compartment and viewed the panel of flight instruments.

3.5 FLIGHT AND POSITIONING PROCDURES

The following sections describe the operational procedures involved
in the preparation and flight of the aircraft, the method of position-
ing the aircraft at a point in space. and the accumulation of general
flight data.

3.5.1 Preparatory Phase

Planning for a given shot participation began with the announce-
ment of the probable and maximum expected yields of the forthcoming
shot. Decisions as to aircraft flight altitude, airspeed, and gross
weight were made, and followed by the calculation of the nearest safe
position for the aircraft. Depending upon whether or not good data
could be expected at this position, the decisions as to aircraft par-
ticipation and position were made. These plans were submitted to the
Task Group 7.1 Commander for final approval and for coordination with
other participating units. Calculations were made to determine the
time delays used to start the two higher-speed oscillographs and the
blast-phase cameras, orientation angles of the thermal instrument box, *"

blue box mirror, Bhangmeter photo head, and an attenuation figure for
each channel of instrumentation.

Actual preparation of the aircraft and instrumentation system
was accomplished during the four days preceding the shot. Thi- work
inc.uded an operational check of each channel of instrumentatioa,
oscillographs, cameras, and all associated equipment. Final prepara-
tions consisted of loading the cameras, applying temp-tapes, and in-
serting ice into thermocouple cold junction bottles.

Assembly of the flight crew occurred approximately 7 hr before
shot time. After an inspection of personal equipment by the aircraft
commander, each crew member pre-flighted those parts of the aircraft
and equipment for which he was responsible. Discrepancies, if any,
were reported at a second crew assembly, final flight briefing was
given, and radiation film badges were distributed before boarding the
aircraft.

3.5.2 Flight Phase

Take-off was performed 4 hr and 40 min before shot time. During
the climb to the test altitude, the instrumentation system was warmed
up and preliminary checks and adjustments were made. Upon reaching the
test altitude, the aircraft was stabilized in straight-and-level, con-
stant speed flight while each strain bridge channel was balanced, each
thermocouple resistance was measured, and circuit sensitivities were
recorded. After this instrumentation work was finished, the aircraft
was flown over a predetermined path for purposes of checking and cali-
brating the Raydist tracking system.

At approximately 2 hr before shot time, the radar navigation
pattern was entered. A typical pattern, positioned for a tail-to
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exposure, is shown in Fig. 3.17. Working backwards, the extreme western
end of the pattern was located by the point 1 naut mi. (ground range)
from the intended time-zero position toward ground zero. From this
point, designated B on Fig. 3.17, the pattern was ccnstructed on an
east-west axis.

The path was entered at any point and at any time, and the pilot
flew the aircraft as closely as possible to the prescribed path under
the guidance of the radar operator, who obtained aircraft position in-
formation from the K-3 radar system. Since wind conditions varied
between shots, the proper aircraft headings on the straight legs had
to be calculated, and the optimum bank angle for the turns had to be
determined experimentally during the first few cycles around the pat-
tern. As the six points (A through F) of the path were crossed, the
times of crossing were noted and recorded. In this maLner, the average
lengths of time to travel the straight legs and to execute the turns
were obtained, and were used to predict the time required for the last
(900) turn and for the 1 naut mi. straight leg immediately preceding
time zero.

After the pattern had been traversed severpl times, the period,
or time to complete one cycle, was calculated. By computing ahead to
time zero, the number of complete cycles and, in general, the fraction
of a cycle remaining, were computed. The partial cycle was eliminated
by lengthening or shortening the straight legs of the pattern to lose '

or gain the required time. The time to fly one normal cycle was on the
order of 10 min. As a rule, after five or six cycles, the timing of
the pattern flight was accurate to a few seconds; thus about one hour
remained to achieve further proficiency and accuracy. The autopilot
was used during pattern flying in the interests of maximum c .isistency
and for the maintenance of constant altitude and, indirectly, constant
airspeed. During the straight legs of the pattern, the instrumentation
crew checked and adjusted, if necessary, the balance of the str-ain
bridge channels. During the last two cycles, each crew member executed
final precautiona-y measures, which included covering all windows with
aluminized asbestos shields, the fastening of safety belts, and the
switching of his oxygen regulator to 100 per cent oxygen.

On the last cycle, when point B was crossed, the aircraft was
rolled out of the turn and flown on a south heading. Shot detonation
occurred after 1 naut mi. of straight and level flight. The heading
was held through the thermal and blast phases and until all oscillo-
graph recording had ceased. The autopilot was disengaged shortly
before expected blast arrival to preclude the possibility of elevator
deflections due to autopilot corrections, and to allow the aircraft to
ride out the blast disturbance rather than to attempt to hold the air-
craft attitude constant. Fost-shot circuit sensitivity check procedure
was undertaken with the aircraft still at test altitude.

The pattern shown in Fig. 3.17 is representative of the paths
used on Shots 1 through 5, the only differences being relocation of the
pattern with respect to the earth's surface to accommodate the three
different ground zero locations and the various exposure ranges and
altitudes. Fig. 3.18 presents the pattern used on Shot 6; in this
instance the path consisted of turns to the right and, at detonation,
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the aircraft was headed north and toward ground zero. This heading was
held until 15 sec after the shock arrival, at which time a sharp left
turn was executed to avoid the radioactive cloud.

3.5.3 General Flight Data

Very accurate determination of the actual aircraft flight path
during the detonation was to have been accomplished by the Raydist
radio navigation system, which is explained in detail in reference 18.
The system used with the B-36D consisted of a single 100-watt trans-
mitter carried aboard the aircraft and a network of three ground sta-
tions, one master and two slave stations. The ground stations received
signals from the moving transmitter and also from a fixed transmitter
at the master station and, by a technique of phase comparison, the
two-dimensional hyperbolic coordinates of the aircraft path were deter-
mined. Using simplified mathematical procedures, the hyperbolic
coordinates were converted to rectangular coordinates. Due to opera-
tional difficulties associated with the unmanned ground stations,
Raydist tracking of the B-36D was successful only on Shot 6.

In lieu of Raydist data, the actual aircraft flight paths for
Shots 1, 2, 4., and 5 were determined by an analysis of position in-
formation obtained from three different sources, namely, the film of
the radar system camera, the aircraft navigator, and the time of
arrival of the shock front.

The first source mentioned, the radar film, is considered the
most accurate of the three: it consists of 35-mm sequenced photographs
of the radar return signals as they appeared on the face of the oscil-
loscope. From shortly before time zero until after the passage of the
blast wave, the camera shutter was open for about 3550 of each circular
radar sweep which required approximately 3 sec for one cycle. During
the remaining 50 of sweep, the camera shutter was closed, the film
transported, and the shutter reopened. The radar antenna was directed
at the area of the detonation so that almost all of the islands of the
atoll, as well as the shock front, were visible. Since the aircraft
was represented by the point at the center of the sweep, it was possilile
to determine the aircraft position by comparison of the radar photo-
graphs to charts of the area. Accuracy of these position measurements
was limited by distortion in the radar "map" and by the effect of the
forward motion of the aircraft.

The aircraft navigator, the second source of position informa-
tion, was requested to record the aircraft positions at time zero and
at shock arrival, along with other information, on a special form.
The navigator obtained the position information from the radar "dials,"
two indicators that showed the distances in miles along north-south and
east-west lines from the aircraft to a given point of strong radar
return such as a barge or a point of an island, the location of which
was well known and had been set into the radar system by the radar op-
erator. It was this method that the flight crew employed to fly the
aircraft through the racetrack pattern. However, during pattern flyin&
the radar set was adjusted to operate in "sector scan" which differed
from the full circular sweep in that only a small part, perhaps 300, of

54

i~_W ' W



the complete 3600 area was searched, and this was accomplished in a
reciprocating fashion at a much higher cyclic rate. Improved accuracy
is the advantage of the sector scan; but, if used during the detonation
to obtain oscilloscope photos, only a few islands of the atoll and a
small part of the shock front would be visible. Therefore, the ra-.ar

V operator svitched from sector scan to full sweep shortly before time
zero.

The third source of position information, the time of arrival
of the shock front, involved the calculation of the range from a form-
ula relating range to yield, and the time between the instant of
detonation and arrival of the shock front at a given receiver. This
interval of time was obtained by counting, on the oscillograph record,
the number of cycles of the 100-cps timer between time zero, as indi-
cated by the blue box, and the deflection of that oscillograph channel
first affected by the shock front.

Additional data and information of a general nature concerning
each shot and flight were obtained from check lists completed by crew
members, from the photographs of a special instrument panel and from
the measurement of the fuselage incidence angle.

The aircraft commander wrote, after each flight, a short report
containing his observations, impressions, and reactions, as well as
those of the other crew members. The navigator completed a special
form which contained the above mentioned position information, as well
as fLight times, airspeed, wind, ground speed, heading, track, and ab-
solute and pressure altitudes, all for both time zero and shock arrival
The flight engineer's form contained gross weight, center-of-gravity

* location, and fuel distribvtion information for both pre-takeoff and
time zero, engine speeds, cabin temperature and pressure altitude at
time zero, engine operating periods, and comments about the operation
of the engines and propellers during the thermal and blast phases. In
addition to the general interest value of these reports, some of these
data were recuired to define the test conditions and, in this way, to
assist in the analysis of the time-aistory oscillograph data.

The absolute altitude obtained by the navigator was read from
one of the aircraft barometric altimeters which was adjusted and cali-
brated by means of the K-3 radar system to indicate absolute altitude.
The radar accuracy was checked, in turn, at least once during each
flight by the radio altimeter.

A special instrument panel and camera were provided in the aft
crew compartment for the purpose of obtaining, automatically, a perma-
nent record of certain flight variables in the event that unusual or
emergency measures on the part of the crew might result in the loss of
important flight information. The instruments on the panel were a
clock, altimeter, airspeed meter, directional gyro, turn-and-bank
indicator, and free-air temperature gage. With necessary lighting pro-
vided by floodlamps, the panel was photographed by a GSAP motion-picture
camera for a period of about 2 min., starting approximately 5 sec before
detonation.

To define the orientation of the aircraft in the vertical plane,
the incidence angle of the fuselage was measured during each flight
shortly before time zero. This angle varied with altitude, airspeed,
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gross weight, ani the thrust of jet engines in operation. Since the
relationships between the surface angle of each thermal response
measurement location and the fuselage centerline had been established
by measurements while on the ground, it was important that the angle
between the fuselage centerline and the horizontal be determined for
each shot. This angle, plus those resulting from ground ranges and
altitude, defined the thermal radiation incidence angle at time zero
and the blast incidence angle at shock arrival. Changes in the angles
due to structural elasticity of the aircraft are not included. A ..atts
Clinometer, Mark VA, was used to measure the angle frm horizontal to
the top of the instrumentation table in the aft crew compartment, the
table being referenced to the fuselage centerline by a ground calibra-
tion.

3.6 PARTICIPATION AND PREDICTED INPUTS ANID RESPONSES

Fo." safety reasons, positioning of the B-36D was based on the pre-
dicted maximum possible yields. If a large difference existed between
maximum and probable yields, the possibility of obtaining data ap-
proaching the aircraft limitations was remote; nevertheless, participa-
tion in every shot was considered valuable, provided it did not compro-

mise the participation in a later shot that was expected to produce
more conclusive results.

For Shots 1 through 5, the aircraft was flown -.n a tail-to orien-

tation with respect to the burst point during both thermal and blast
phases, and for all five shots the exposure positions were determined
by the critical thermal response. It was predicted that, if the air-
craft were in proper position and the yield were equal to the predicted .

maximum, the elevator skin temperature would rise 400OF (the critical
thermal response) and the stabilizer, at shock arrival would be st-essed
to some value less than 100 per cent of limit allowable bending moment
(the critical blast response).

For Shot 6, the aircraft aspect was head-on or toward gro'_nd -er3.
Since this was the first attempt at experimental verification of theo-
retically predicted responses for this orientation, positi dng was
based on obtaining conservative but useful values of wing. .3tabilizer
and fuselage moments during the blast phase. To achieve the selected
position at shock arrival with head-on aspect, the aircraft posit on
during the thermal phase was at such a distance from the fireball as
to make the thermal response insignificant.

Table 3.3. pr ts oitionng an A predicted inputs an' resnse
information for each of the six shots.
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CHAPTER 4

RESULTS

Project 6.2a Participated in all six shots of the CASTLE sequence.
On four of the sho'., data pertaining to tail-to exposures were ob-
tained. It appears that sufficient data were obtained on these four
shots to permit a correlation between predicted and measured effects
within the ranges of 37 to 64 per cent of the aircraft safe thermal
limit and of 37 to 76 per cent of the safe blast limit. During Shot 6, 
the head-on aspect was explored and blast loads up to 27 per cent of
the aircraft safe limit were measured. During Shot 3., no useful data
were recorded because of the unexpected low yield.

The Shot 1 yield of about 15 MT, approximately 25 per cent greater
than the positioning yield, provided interesting resul.ts, including the
highest peak overpressure, 0.81 psi, recorded at. the B-36D during the
entire sequence. The damage to the aircraft from this relatively high
overpressure necessitated the replacement of the bomb bay doors, the
aft lower plexiglas blisters, and the radar anteni, radome. The re-
placement of these items, plus the repair of other damaged components ....
on the aircraft, required approximately 818 man-hours of labor.

The yields of Shots 2 and , were less than the predicted valaes on
which the aircraft positioning was based; as a result, the B-36D was
stressed to less than half of its safe limits during these two shots,

*. but the data were valuable in coilfirming the relationships between
lower-level inputs and responses.

"o The conditions of Shot 5 were most conducive to the attanmern of
responses approaching the safe limits of the aircraft. The yield was
predicted (12 MT) with less conservatism compared to previous shot es-
timates, since the Shot 5 device was similar to the one previously
detonated as Shot 2. This realistic yield prediction, with consequent
close-in positioning, and the fact that the actual yield was about
13.5 MT, resulted in the largest temperature rie and stabilizer bending
moment recorded, 322°F and 76 per cent of limit, respectively. The
radiant exposure at the aircraft during Shot 5, 45.9 cal/sq cm, was less
than that for Shot 1, 47.5 cal/sq cm, bul the incidence angle was
smaller, resulting in more thermal enei"gy absorbed by the underside of
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the aircraft during Shot 5. This was apparent from the extent of the
thermal damage after Shot 5. The elevator skin was permanently buckled
at four places, and a large percentage of the paint on the stabilizer
and elevator was blistered and peeled.

Although radiation monitors were carried aboard the aircraft on
all shots, cnly on Shot 5 was a reading observed. The maximum value
was 20 mr, with radiation detected over a period of about 20 sec.
After the completion of the overseas phase of the experiment, and upon
the arrival of the aircraft in the continental U.S., residual radiation,
eminating from microscopic particles imbedded in the paint and lodged
in the joints of the aircraft skin, was detected. The problems pro-
duced by this contamination are discussed in detail in Chapter 5 of
this report.

General flight information; that is, the data necessary to define
the position, orientation, and configuration of the aircraft, and also
certain atmospheric data for each shot, is presented in Table 4.1. Ab-
solute altitude was read from the aircraft barometric altimeter which
had been calibrated and checked periodically during each flight by the
K-system radar.

A comparison of the actual range figures, as given in Table 4.1,
with the intended ranges of Table 3.3 shows that the crew flew the air-
craft to the intended position at time zero with errors ranging between
600 to 1700 ft. In percentage of the horizontal range to ground zero,
these distance errors vary from 0.5 to 3.3 per cent.

Table 4.2 is a summary of the maximum values of the principal items
of instrumentation, which include the thermal and pressure inputs and
the temperature and strain responses.

For Shot 6, the only head-on exposure, the aircraft was at so
great a range at time zero that the data recorded during the thermal
phase was of no useful value.

Time-history input and response curves, photographs of the damage
to the aircraft, and observations of the flight crew, with all items

* divided into the two principal phases of the detonation, thermal and
blast, are presented in the following sections of tilis chapter. The
time-history curves represent the bulk of the data obt-ained by Project
6.2a; they are presented here primarily to convey general variations
of the functions rather than to emphasize detailed or minute variations.
All channels of time-history instrumentation, plotted on graph paper
from which fine details of the curve can be read, are available in ref-
erence 19.

The observations of the flight crew, although excluded from the
collection of scientific data, are presented in this report in the be-
lief that they may be beneficial to participants in future tests of
this nature and to Air Force personnel being trained for strategic
missions. It should be realized that the observations of human beings
are tempered by experience and emotion and, in some instances, may not
be true representations of the actual conditions; however, valuable in-
formation may be obtained from data of this nature.

4.2 THerMAL RESULTS

Significant thermal data were obtained during Shots 1, 2, 4, and
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4
5. These res ilts include time-history input and response curves, peak
temperature d ta, damage photographs; and flight crew observations.

4.2.1 Thermal Input Results

The radiant exposure and irradiance for Shots 1, 2, A, and 5 are
shown in Fig. 4.1 and 4.2, respectively. The curves represent the
average of the data available from the multiple instrumentation. All
known instrument corrections have been applied. The photographs taken -

by the GSAP cameras mounted in the box along with the thermal instru-
ments indicated angular misalignments of approximately 10, 10, 40, and
20 for Shots 1, 2, 4, and 5, respectively; corrections for these mis-
alignments are negligible. Fireball photographs taken at approximately
one-half second after detonation and used in this determination of the
aircraft orientation are shown in Fig. 4.3o

In Fig. 4.1, on which radiant exposure data are graphically pre-
sented, the curves for Shots 1, 2, and 4 are the average of the data
from calorimeters No. 1, 2, and 3 (see Table 3.1). The calibrated
recording range of calorimeters No. 1 and 2 was never exceeded, but the
range of calorimeter No. 3 was exceeded during Shots 1 and 2; however,
the values of radiant exposure read from calorimeter No. 3, with an
extended calibration, agreed well with the readings of instruments No.
1 and 2. Therefore, the data from all three instruments were considered
in the final curves. For Shot 5, the range of calorimeter No. 3 was
exceeded and the data were about 9 per cent less than the readings of
calorimeters No. 1 and 2, which agreed with each other to within t 2 per
cent; therefore, the curve for Shot 5 is the average for instruments
No. 1 and 2, only. The range of calorimeter No. 4 was exceeded to such
an extent on Shots 1, 2, 4, and 5 that the data from this instrument
were not usable. -0

The irradiance curves are the average of the data from the two
radiometers, which agreed relatively well with each other for all shots.

4.2,2 Thermal Response Results

The time-history temperature data are shown in Figs. 4.4, 4.6,
4.7, 4.8, 4.10, 4.11, 4.12, and 4.13.

Figure 4.4 presents the skin temperatures for the two instru-
mented stations of the left elevator. One should note that the ambient
temperature of the installation at Station 312 in., for a given shot,
is higher than the ambient temperature for the same shot at Station
144.5 in. The reason for this is that Station 312 in. was directly
behind the left inboard engine and was heated somewhat by the exhaust
gases and particles of oil from that engine.

That Shot 5 caused a greater thermal response than either Shot 2
or 4 is oovious from the curves, not only because the peak temperatures
of Shot 5 are the highest, but also because the time-zero temperatures

4 of Shot 5 are the lowest. A close examination of the Shot 5 curves in
Fig. 4.4 reveals that the temperature rise at Station 144.5 in. was
3220F, and the rise at Station 312 in. was 2470F. A preliminary in-
vestigation indicates that the 2470F figure is in line with the other
thermal response data, and that the 3220F value is much too high. An
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explanation of this high temperature rise is given in the following
paragraph.

The installations at the two elevator stations, 144.5 and 312
in., were similar in all respects except one - Station 312 in., being
behind the inboard reciprocating engine, was usually dark in color
1ecause of black oil thrown out by the engine and carried back to the
elevator by the slipstream. Station 144.5 in., however, was outside of
the contaminated zone and the surface remained relatively clean. As a
result of this difference in color, one would expect the temperature
rise at 312 to be higher than at 144.5. A check of the curves for Shots
2 and 4 (see Table 4.3) bears this outj however, the Shot 5 results

TABLE 4.3 - Temperature Rises of Elevator Skin

Shot 2 Shot 4 Shot 5

STATION 144.5 in. 1670F 1390F 3220 F

STATION 312 in. 1780F 147°F 247°F

appear to be contradictory. An examination of the installations after
the shot revealed that the white paint was missing in spots over the
entire elevator, and one of the larger spots was found around the
thermocouple at Station 144.5 in., as shown in Fig. 4.5; however, the

Fig. 4.5 Undersurface of Left Elevator at Thermocouple

Location, Sta. 14 .5 in., After Shot 5

white paint in the immediate area around the thermocouple at Station
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312 in. was intact. Therefore, the paint around Station 144.5 in. was
blistered during the first few seconds of the thermal phase and blown
away by the slipstream, thus presenting during the remainder of the
thermal phase the dark and bare magnesium surface which then absorbed
a greater percentage of the thermal energy, causing it to rise to a
higher temperature than its white-painted counterpart.

TABLE 4.4 - Temperature Rises of Stabilizer Skin

Shot 1 Shot 2 Shot 4 Shot 5

STATION 313 in. 2270 F 174 ° 82OF 206OF 

Figure 4.6 presents the temperature response curves for skin of
the left stabilizer at Station 313 in. for Shots 1, 2, 4, and 5; maxi-
mum temperature rises are summarized in Table 4.4. This was the only
Shot 1 thermocouple installation that was reinstrumented for subsequent
shots. The curves show that the temperature rise for Shot 1 was 21°F
greater than that for Snot 5. Calculations of the effective radiant
exposure, that is, the total radiant exposure as indicated by the cal-
orimeters multiplied by the cosine of the incidence angle, indicate
that the temperature rise of the stabilizer skin shnuld have been
greater for Shot 5 than for Shot 1. No reason or explanation for this 0
reversal has been proposed, but the effect might have been caused by

300
3 LEFT STABILIZER STA 313 IN.

0.020 IN. ALUIAINUMI
250 -0

'- 150
-- SHOT 2SHOT 2 THER1.,'1COUPLE

FAILED AT 44 SEC.

*E-4 50

0

-50 _--_

0 10 20 30 40 50

TIME (SEC)
Pig. 4.6 Stabilizer Skin Tenperature vs Time

68

0 _ W



many factors, such as different conditions in the deposit of oil from
the engine, a possible difference in response between the peened-wire
installation of Shot 1 and the welded-wire installations used on all
other shots, or the higher equivalent airspeed and the lower time-zero
temperature during Shot 5 as compared to Shot 1.

Shown in Fig. 4.7 are the temperature response curves for the
fuselage skin at Station 1898 in. fcr Shots 2, 4, and 5, where the
fuselage construction was 0.025-in. aluminum skin riveted to stringers.
This location and construction might explain why the temperature curves

appear to have more rounded peaks and a lower rate of cooling than thecurves for the 1'etibonded hat panels of the elevator (Fig. 4.4).

250
FUSELAGE STA 1898 IN.
0.025 IN. ALU1INUM

200 ____-

SHOT 5
150

00 /
a. 50 ' - .

0r

-50

0 10 20 30 40 50

TIME (SEC)

Fig. L.7 Fuselage Skin Temperature vs Time

Figures 4.8, 4.10, 4.11, and 4.22 present the temperature curves
for installations on Waffle panels of the left wing. Figure 4.9 shows
the thermocouple arrangement that was utilized during Shots 2, 4, and 5
for wing waffle panel temperature measurements. The difference between 0
the use of white enamel and aluminized lacquer can be studied by compar-
ing the temperature rises of the skins at Stations 1068 and 1106 in.
The data presented in Table 4.5, indicate that the absorptivity of the
aluminized lacquer surface was slightly higher than the white enamel
surface for Shots 2 and 5 and essentially equal for Shot 4.

The waffle panel temperature distribution curves are interesting
in that they show graphically the time lags of the temperature rises of
the three points of the waffle panel which bring about uneven expansion
of the panei as a unit and result in thermal stresses.

Figure 4.13 presents the data obtained from the special instal-
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TABLE 4.5 - Temperature Rises of Wing Waffle Panel Skin

Shot 2 1 Shot 4 Shot 5
7i

STATION 1106 in. 1 178°F 111 F 297OF
(aluminized lacquer) _ I0

STATION 1068 in. I 160OF 1 l120F I 286OF
(white enamel)

300

STATION 1106 IN. "
250 0.25 IN. MAGNESIUM-

q 200 HT

0

150 N THE OUTSIDE SURFACE OFNTE
THIS INSTALLATION WAS

PAINTED WITH ALUMINIZED100 LCQUER"

-50 .

0 10 20 30 40 50

TIME (sEC)

Fig. 4.8 Wing Skin Terperature vs Time

lation located inside the aft lower left blister for 5hots 4 and 5. A
comparison of the energies received inside the blister with those re- 4
ceived outside (Fig. 4.1) for corresponding shots indicates that 76 and
71 per cents of the energies were received inside the blister for Shots
4 and 5, respectively. With this attenuation of the Plexiglas blister
in mind, the hat panel skin temperature data can be analyzed to deter-
mine the cooling effect of the airstream over the external skin of the
aircraft, in particular, that of the elevator since the installation
was constructed from a section of an elevator hat panel and oriented
so that the thermal energy would be received at approximately the same
argle L_ that of the elevator.

The peak temperature data, as obtained from temp-tapes positioned

S70o
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Fig. 4.9 Wing Waffle Panel Thermocouple Installations
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Fig. 4.10 Shot 2 Waffle Panel Temperature Distribution vs Time
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at various locations on the aircraft, are given in Table 4.6.

4.2.3 Thermal Damage

Thermal damage to the aircraft was visible on various parts of
the aircraft skin, on certain rubber-covered components, and on one
asbeston shield. Photographs showing typical thermal damage are pre-
sented in Fig. 4.14 through Fig. 4.26.

Before Shot 1, the entire underside of the aircraft was painted
with white enamel over a protective coat of clear lacquer. After Shot
1, it was obvious that two vulnerable parts of the aircraft had been
overlooked; these were the stabilizer trailing edge fairing and two
small parts of the main landing gear doors. These parts had been
treated in the usual manner, with aluminized lacquer. The stabilizer
trailing edge fairing was made of 0.016-in. magnesium and was curved to
allow clearance for the rotational movement of the elevator. As shown
in Fig. 4.14, the lower half o- the fairing was buckled and the paint
blistered and peeled; the unc0 aged upper half was shielded from direct
radiation by the elevator. /-ilar damage occurred to the parts of the
landing gear doors (Fig. 4.15). Also during Shot 1, the black rubber
pads around the rims of the aft lower blisters were scorched by thermal
radiation (Fig. 4.16). Flat metal plates with reinforced circumfer-
ences had been fitted to the blister rims for protection of the interior
of the crew compartment, but they did not shield the rubber pads. After
Shot 1, the rubber was removed and all exposed parts of the blister
rims were painted with white enamel.

Paint damage of varying degrees was incurred during Shots 1, 2,
4, and 5. The nature of the damage appeared to be a blistering or
separation of the paint from the lacquer undercoat or metal, followed
by tearing and peeling by the airflow over the surface or by the blast
wave. One complicating factor was the oil film deposited on those por-
tions of the stabilizer and elevator directly behind the inboard re-
ciprocating engines. The amount of deposited oil varied from one flight
to another; one of the heaviest contaminations occurred during Shot 2
and is shown in Fig. 4.17. The relatively light damage to the paint on
the elevator tab during Shot 2 can also be seen in Fig. 4.17; one should
note that some of the paint blisters have been broken wnile others re-
mained intact. The most severe paint damage occurred during Shot 5.
Figure 4.18 shows the left and right stabilizer and elevator assemblies;
one should note here the light deposit of oil as compared to that for
Shot 2. A close-up of the elevator tab after Shot 5, Fig. 4.19, shows
the typical paint damage. After Shot 5, at four places on the elevator, 0
two left and two right, where almost all of the white paint was missing,
there was evidence of permanent skin buckling. The most severe buckling
occurred at a hat panel section about halfway out the right elevator; a
close-up of this area is shown in Fig. 4.20. Coincidentally, one of
the two paint-stripped areas of the left elevator was instrumented by

A thermocouples, the time-history curve of which was presented in Fig. •
4.4, and rcpresented the largest temperature rise measured on the B-36D
during CASTLE (3220F).

A small area of white paint damage on the wing flap adjacent to
a reciprocating engine is shown in Fig. 4.21. Damage to the aluminized

74



0 4-) 000000000000 1 0 0 0 '-'\ 1 0

0 \ -o l HC- -\1

r- NH N r- I H~ H~ HVric

$-44- O 0 0t 00 00 4 H ' 0 L

C -I H H H H c 'r C H

C) *D

H~ 0
0)~Q W~r~ 4 d d r 4 t 4 r . - . C) (

r-i ~ ~ ~ r-' '- - HriH H - W a '

(1) (, (Lt-.)+ w C4 ) )0 : z A a
* di ~ E: H: EC C) C) fi 5C 0 -, w H -

Cc f) f t C) ~ (r- ) a) 0CH c cH w
W *r4.4C 4-3-.-- f5

-P -P 43 4.3 ) +3 ) +3~~0p ~-g. CC S:
Ei '-rc C 0 C 0 C 0 Ir 0 0I-- rioi-i l-i r

~~~~( c~ c ...- Z- ~ C
L- xr 4) 1-1 ) C)

-X-4-)
-4 CD *o co *- c S. * o0 -* 4 .)

C) 4 r- r-I H*r - - rIH H c -4 d *;- *t-4.) 4-) 0g
E- ) (1) W 4) Q) 0) Q) ( (C N Q) (1)CNmA P - (L) (L) (N

00000000 c c ci ,0 0w0 0 0 0 000 0 0 --- i .C ZI = A .) .. +. 4- C ., Co * 0 S

HH 
*i-4 UN4 d )G) 0 f -

tv W o v o c to Cj :dc C i (

-P i H4 -H- ri-f-- H H H

00000P4 -0000000 0 0 oo 00 +

4- C) -P

43~~ ~ ~ ~ m~c ct0cd\ II tommC) oHMN O N
-P r-H H rr-q ri H

4- +) 4-' C) )H)0 +3 0 0 - L .4J0C)0 CO0- - 4.) 4.) 4-) 4- -),- ) W> > >r4.-IC))CC c)c c Q) r1, 4- r-i 4. z 0-_ _ _ _ __ _ _ _ _ 0 0 :: I *-> >> tc h' tO .U .n 4.

r4 75 - - - )W Q )4 )r- r - ( 1 - - 14 c 1



_ 00 V

Figure 4.14 Shot 1 Thermal D~amage to Trailing Edge Fairing of
Right Stabilizer[ 76
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Figure 4.15 Shot 1 Thermal Damiage to Small Section of Yhirt Landing
Gear Do~or

M0

Figure 4.16 Shot 1 Thermal Damage to Rubber Pad on Rim~ of Aft
Lower Right Blister
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Fig. 4.17 Oil Deposit And Daimaged Paint On Left
Elevator After Shot 2
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Fig. 4.19 Damaged Paint Of' Left Elevator Tab After
Shoz. 5

4Fig. 4.20 Permnanently Buckled Skin Of M, 'anel Sectiono
On Right Elevator After Shot 5
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lacquer on one propeller spinner after Shot 1 is shown in Fig. 4.22,
and similar damage after Shot 5 is given in Fig. 4.23.

Rubber-covered components adversely affected by the thermal en-
ergy were the radio antenna cover and the radome. Damage to the radio
antenna cover after Shot 2 is showm in Fig. 4.24. An overall and a
close-up view of the r;dome after Shot 5 are presented in Fig. 4.25.
Only the forward portion of the Fiberglas radome was covered with
rubber.

During Shot 5, an asbeston shield with an aluminized outside
surface was located in the aft lower right blister. That portion of
the shield which received direct or near-direct thermal radiation was
scorched and the thread that held the pieces of the shield together
was burned; photographs of both the outside (exposed) and the inside
surfaces are presented in Fig. 4.26.

4.2.4 Flight Crew Observations of the Thermal Phase

During each thermal phase, a bright red glow was seen through
the asbeston shields; the intensity was higher for Shots 1 and 5 than
for Shots 2 and 4 and was relatively low during Shot 6. Two distinct
light pulses were noted near the start of tbh thermal phases.

donsiderable smoke was generated in the aft crew compartment
during Shots 1 and 5. The smoke came through holes and gaps in the
metal guards over t'e lower blisters and through openings in the com-
partment floor. No flame was seen and the smoke generation stopped at
or near the end of the thermal phase.

During Shot 5, the flL.ght engineer saw the fire warning lights
for four of the reciprocating engines lit for about 4 sec. The fire
warning devices are thermocouple bulbs located on the lower skin panels 0

of the engine nacelles and are connected to energize a warning light if
the rate of temperature rise exceeds a critical value.

4.3 BLAST RESULTS

For the relatively slow-speed, propeller-driven aircraft such as
the B-36, the effects of the blast wave resulting from the detonation
of a nuclear weapon may very well limit. the operational capabilities of

*. the aircraft during a strategic missionj therefore, a large portion of
the data obtained by Project 6.2a was concerned with the blast phen-
omena. The results: as presented in this chapter, were obtained from
five of the six CASTLE detonations; Shot 3, being of unexpectedly low 0
yield, produced no usable blast results.

During some nuclear weapon effects investigations, the interaction
or coupling between the thermal effects and the blast effects is an
important consideration because the specimens may still be hot, and
therefore under thermal stresses, at the time of the shock arrival.
For this experiment, the coupling effect appears to be negligible. 0
This was indicated by some of the bending moment and shear measurements,
which were recorded throughout the thermal phase, and returned to am-
bient conditions, for each detonation, before the arrival of the shock
wave.
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Fig. 4.21 Shot 5 Therm'al Damage to Wing Flap Paint

Fig. 4.22 Shot 1 Thermal Damage to Altuminized Lacquer on Propeller Spinner

Fig. 4.23 Shot 5 Thermal %mage to Aluminized lacquer on Propeller Spinner
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Outside (Exposed) Surface

Inside Surface

Fig. 4.26 Shot 5 Thermal Damage To Fisbeston Shield
Located In Aft Lower Right Blister
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The Rclowing subdivisions of thi action contain the oscillo-
graphic daca, damage photographs, and. ieral observrtions of the flight
crew and other partici.pating per-onnel with respect to the results of
the aircraft being subjected to the blast wave for the CASTLE detona-
tions.

4.3.1 Blast Input Results

Blas input results include the time-history curves fcr the
free-stream ovel.pressure and for the pressure on the underside of
various parts of the aircraft. Since blast effects theory makes direct
use of free-stream overpressure for effects predictions, the main ef-
fort of the blast input instrumentation was centered on the overpressmue
measurement. The overpressure results are presented here as a composite
curve for each shot; this curve was obtaine& by averaging the output
values obtained from several independent transducers described in Cha,-
ter 3. The actual value of overpressure obtained from any one of the
transducers did not vary from the corresponding average ,alue by more
than five per cent. Overpressure measurements are presented in Table
4.7.

TABLE 4.7 - Overpressure Measurement Tnformation

Shot Ambient Air Shock Arrival Peak Free Duration of the 0

No" *Pres6. at Flight From Zero Stream Positive Phase1 Altizude Time Overpressure

1i4.14 psi 54.01 see 0.81 psi 20X8 see

2 3.52 psi 62.61 sec 0.56 psi 17.42 sec

4 3.46 psi 68.64 sec 0.42 psi 14.68 sec

. 5 3.00 psi 57.40 sec 0.60 psi 19.13 sec

6 4.14 psi 79.03 sec 0.22 psi 4.84 sec

Shock arrival time, referenced to detoaation time, was measured
at Fuselage Station 391 in. The objective of the overpressure measure-
ments by this project was to obtain an accurate value of peak overpras.
sure, rather than to define the exact shape of the pressure curve, and
instrumentation components were selected on this basis. The ideal
shock wave pressurL iL represented as a sharp saw-tooth form; however,
in practice, the sharp peak of this pressure is not well defined when
measured by instrumentation such as utilized by Project 6.2a. For pur-
poses of this presentation, the peak overpressure siall be defined as
the highest average overpressure shown by the response curve after the
first high frequency oscillations have subsided. This peak usually
occurs about 0.5 sec after the blast arrival.

The free-stream overpressure curves are presented in Fig. 4.27.
The important features of the overpressure measurement so far as Project
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6.2a was concerned are contained in the positive phase portion of the
surve. For this reason, no attempt was made to obtain a complete time-
history of the pressure variation which would have included the negative
phpse. A direct comparison of the initial portion of the pressure curve
as recorded by four different types of transducers is presented in Fig.
4.28. These curves are typical of all shots and are presented without
fairing or smoothing in order to show actual transducer response to the
input received.

The variation of pressures on the undersurfac6 of the left stab-
ilizer and left wing are presented in Figs. 4.29 and 4.30, respectively.
For convenience, the time scales of the curves have been started at
zero. The corresponding time from detonation is shown in Table 4.8.

TABLE 4.8 - Shock Arrival Times

Shot No. 1 2 4 5 6

Shock arrival
at Left Stab., 53.875 62.465 68.498 57.250 79.100
Sec after zero

Shock arrival
at Left Wing, 53.940 62.537 68.580 57.323 79.067
Sec after zero

The reversal of times of arrival for Shot 6 occu:'ed because of
the head-on orientation of the aircraft.

As expected, the surface pressures are higher than the over-
pressures because of reflections and dynamic effects of the shock wave.
This is also true of the surface and differential pressures of the aft
lower fuselage, as shown in Fig. 4.31. From these curves it can be
observed that the differential pressure decreased rapidly compared to
the surface pressure; thus, the crushing force of the overpressure upon
the unpressurized fuselage section is of short duration. Shock arrival
times for the fuselage surface and differential pressure in3tallations
are: Shot 1, 53.918 sec; Shot 2, 62.510 sec; Shot 4, 68.540 sec; Shot
5, 57.300 sec; and Shot 6, 79.070 sec.

As an example, the rise characteristics of the four different
surface pressure curves are presented with an expanded time scale in
Fig. 4.32. These curves are typical of all shots.

4.3.2 Blast Response Results 0

Prior to Operation CASTLE, the horizontal stabilizer structure
was defined as the critical structure for a tail-to configuration of
the aircraft when exposed to the air blast effects cf an atomic detona-
tion. For this reason, an extensive instrumentation system was in-
stalled in this structure in order to define its response to the blast
wave. The bending moments at Station 62 in., left and right stabilizers,
were employed as a measure of the total tail load for purposes of es-
tabLishing the safe limits of the aircraft. The term shear as used in
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this retort means shear load, which rerr'sents the summation of all
vertical loads acting upon the stabilizer outboard of the gage location.

The terms bending moment and shear actually mean a variation of the
bending moment or sbhzr from conditions which existed just prior to
shock arrival. Positive bending moment is defined as a bending moment
producing compression in thc upper strin~ers or lonoercns, and positive
shear is the shear producing a positive bending moment. The values
given in tables and by graphs do not represent absolute bending moments
or shears unless so noted. Th- bending moments )f "tation 62 in. are
the results of the point load measurements. hlthough good results were
obtained from both point load and total bending installations, the point
load measurements are generally considered to be more accurate and
they are used, where available, in preference to total bendina. Figure
4.33 is a comparison of the point load and total bending measurements,

and is typical for all shots.
Stabilizer bending moment and shear response curves for the five

CASTLE detonations are presented in Figs. 4.34 to 4.43, inclusive. The
yield of the Shot 1 device was considerably higher than expected. Be-
cause of the resulting unexpected increase in the magnitude of the air-
craft response, several of the fast moving galvanometer traces used for
recording point load installation outputs became indistinguishable at
the peak loads, due to excessive writing speeds. These curves have
been showm as discontinuous wherever there was any doubt as to the 0
actual value. M1aximum values of shear and bending moment have been
noted on the curves. The highest stabilizer loads were obtained on Shot
5, and the lowest on Shot 6. The general shapes of the bending moment
and shear curves were similar for all tail-to shots with some differ-
ences noticeable for the head-on configuration.

Fuselage bending moments are presented in Figs. 4.44, 4,45, and - .4
4.46. The aft fuselage is thought to be the second most critical
structure with respect to blast response. An unusual feature of the
fuselage bending curves is the appearance of a negative spike at the
beginning of the curves for Station 1597 in., starting .th Shot 4.
The relative magnitude of this spike increases writh each succeeding
detonation. It should be noted that at Station 1597 in. the construc-
tion of the fuselage is different from the other two stations where
bending moments were measured.

Wing bending moments are presented in Figs. 4.47 through 4.51.
Shot 1 appeared to be unusual as compared to the other shots. The
typical bending moment response curve at Station 110 in. for tail-to
exposures, as evidenced by Shots 2, 4, and 5, had a negative peak
followed by a larger positive peak and then an oscillation of much
lesser amplitude centered about the zero moment line. For Shot 1, how-
ever, the first negative peak was greater than the following positive
peak, and the oscillation centered about a curve which decreased rather
slowly to a negative peak of greater amplitude than the positive maxi-
mum. This confirmed the sensation of falling as felt and reported by
some of the flight personnel. These data aupear to indicate that the
aircraft wing was stalled at this time. Additional discussion of this
phenomenon appears in the next chapter.
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Acceleration data are presented in Figs. 4.52 through 4.58. -0
Zero G's on the curves corresponds to straight and level flight where
the absolute value would be one G, thus the ordinate scales of these
curves represent changes from the straight and level flight condition.
Positive acceleration is the result of forces acting in the direction
of positive lift. Wing and fuselage data for Shots 5 and 6 only are
presented here; similar data for Shots 1, 2, and 4 are contained in
reference 19.

Angular accelerations, measured at the center of gravity and in
the plane of the pitching motion of the aircraft, are presented in
Fig. 4.58. Positive angular acceleration is that caused by a nose-up

- - motion.
The deflection of the elevator with respect to time is repre-

sented by the curves of Fig. 4.59. The term elevator deflection
represents the deflection of the control surface in rotating about its
normal pivot axis. Curve variations during the first second are be-
lieved to be caused by the blast alone, but variations after 1 sec could
be the result of the blast and/or the movement of the controls by thepilot. Zero deflection of the elevator represents the in-flight posi-

tion just before shock arrival, and the positive direction is that of
up elevator.

Deflections (vertical displacements caused by bending) of the
left wing relative to the fuselage at three separate locations are
presented in Figs. 4.60 and 4.61. These deflections were obtained
directly from motion picture film. There is no direct time correlation
between the motion picture film and the actual time or the oscillograms; --

therefore, the time scale on the wing deflection curves is in terms of
film frame number. The zero position of the wing represents the in-
flight condition just before blast arrival.

4.3.3 Blast Damage

Blast damage to the B-36D aircraft was experienced as a result
of the exposure of the aircraft to these three phenomena accompanying
the blast wave(s):
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a. Free stream overpressure,
b. Pressure reflection from the surfaces,
c. Material velocity of the shock wave.

It is difficult to say that any one of these phenomena was primarily
resnonsible for the blast damage, because the effects of each are not
easily separated; therefore, in this presentation, the term blast
damage shall refer to the effects of any or all of these phenomena.

The major portion of the blast damage inflicted upon the air-
craft was confined to secondary structure or sheet metal components.
The damage, as experienced in Operation CASTLE, had little or no effect
upon the performance of the aircraft; however, the possibility of more
serious effects existed. Had the damage level been slightly higher or
the performance requirements of the aircraft been greater, such as
might Ie experienced during a wartime mission, an undesirable degrada-
tion of the capabilities of aircraft could be realized. The general
areas of blast damage to the B-36D aircraft are shown in Fig. 4.62.

From visual damage assessments conducted after each shot, the
component most susceptible to blast damage appears to be the bomb bay
door assembly. The bomb bay doors were damaged by all shots of the
CASTLE series except for Shot 3, which produced no significant inputs.
The most severe damage was obtained on Shot 1 (0.81 psi overpressure).
Figure 4.63 is a three-quarter front view of the forward bomb bay
doors, shoing the da-age received from Shot 1.

The rear doors were damaged to the same extent. The type of
buckling shown is typical of all shots but of different magnitude, the
extent of damage being roughly proportional to the overpressure en-
countered.

Other typical types of damage experienced by the bomb bay doors
are sho-n. in Fig. 4.64. The damaged fuselage bomb bay door seal in the 4
photograph on the left should be noted. It is believed that the doors
were actually deflected up into the bomb bay, catching this seal and
bending it out on their return to normal position. A view of damage to
the edge of an upper door, where it joins the lower door, is presented
in the right photograph f Fig. 4.6s.

Sheet metal damage, other than that to the bomb bay doors, con-
sisted of buckling of the skin of the aft lower turret door, the main
landing gear canoe doors, the nose landing gear door, and the engine
nacelles. In addition to the skin buckling, small failures at corners
of the doors and some rivet failures were observed. Typical damage of
this type is shown in Fig. 4.65, and ranged from the order of magnitude
shown (Shot 1) to near insignificance (Shot 6).

Severe dishing in of the forward radome (bombing and search ra-
dar) occurred -n Shot 1. This damage is shown in Fig. 4.66. The
normal operation of the radar antenna was not affected. Blast damage
to the radome occurred on Shot 1 only. Me aft radome (tail turret
radar) suffered delamination, but it is not known when the damage was
inflicted, as this was not discovered until the aircraft returned to
the continent for overhaul after the test series.

Saveral of the elevator and aileron inspection panels which were
held in place by 'Vesserschmidt fasteners were lost on Shot 1. This
situation did not occur again as the fasteners were safety-wired for
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Fig. 4.63 Blast Damage to Forward Bomb Bay Doors, Shot 1

Fig. 4.64 Typical Bomb Bay Door Damage -0 :

subsequent shots.
Failure of one bomb bay door limit switch link occurred on Shot

1. This failure is shown in Fig. 4.67. Also, several failures of the
rivets used to fasten the brackets to the door and the fuselage struc-
ture occurred.

Additional blast damages incurred on Shot I only, were cracks
about 1 in. long in the aft lower blisters (Plexiglas), and a sheet
metal crack in the crew access tunnel between Bulkheads 5 and 6.

Although it is believed that all of the damage to the aircraft
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Fig. 4.66 Damage to Forward Radome, Shot 1

was detected by visual inspection, there is always the possibility that
some of the internal components were damaged or that some damage was
not detected.

4.3.4 Flight Crew Observations of the Blast Phase

Shot 1 was described as a
very sudden, but not sharp, bump,
not unlike a thunderstorm bump of
short duration. The reaction of
the aircraft did not appear to be
localized; rather, the structure
was affected as a whole. Subse-
quent to the initial shock, a .
sensation of falling was observed
by some of the crew members. Rel- _

ative to Shot 1, the blast phase NIS
of Shot 2 was described as more "".-
rapid bout less violent, arid Shot
4 as moderate and short. The ob-
servations during Shot 5 indicated -

- structural flexibility, as the Fig. 4.67 Bomb Bay Limit Switch
reaction to the shock wave was -
described as similar to "one shake of a rag doll." Shot 6 produced a
very small and fast jolt.

During the blast phase of all shots, the aircraft was controlled
manually rather than by the autopilot. The feel of the controls was
described as free-floating during tho passage of the shock wave for 0
Shot 1. Ho other comments were made for subsequent shots.

The static and pitot-static flight inst-'uments were affected by
the overpressure during all shots, the magnitude and duration of the
effect being proportional to the overpressure encountered. After the
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shock wave of Shot 4 had passed, it was noted that the barometric al-
timeter indicated an altitude 200 feet above the pre-shock altitude.
The gyroscopic instruments were not affected by the blast.

The aircraft engines, both jet and reciprocating, were affected
by the shock wave. The jet engine tail-pipe temperature, normally
about 5000C, was observed to be about 7500C just after shock arrival,
Shot 1. At this time, the temperature was returning to the normal read-
ing and the peak was not obtained. For subsequent shots, the tailpipe

temperature indicating instruments were watched and the results are as
follows:

Shot 2 - instruments reached their limit of 10000C 4uring blast
phase. Engine J-1 appeared to flame out and was shut down, but a 0
broken thermocouple wire was found after landing. Whether or not the
engine did flame out is uncertain.

Shots 4, 5, and 6 - no change in temperature observed.
The reciprocating engines experienced a change in speed (rpm)

during the passage of the shock wave. Normally the engine speed is
governed automatically by a propeller pitch control device. Observa- 0
tions during Shot 1 indicated that the reciprocating engines, governed
at a speed of 2080 rpm, first experienced a reduction in speed to
1600 rpm, then an increase to 2500 rpm, and finally a return to the
normal governed speed. For Shot 2, the speeds of the engines were con-
trolled manually and the maximum variation was 250 rpm, high to low.
In order to obtain additional information, the normal automatic control
was allowed to operate for Shot 5. The variations observed were:

normal speed - 2150 rpm
low - 1800 rpm

high - 2400 rpm
Shots 4 and 6 produced no significant changes in rpm.

Shock phenomena were observed on the radar scope during the 0
blast phase and appeared very similar to the description by Project 6.1
(reference 20). The cloud itself presented a small return on the radar
scope.

Visual observations of the atomic cloud were possible after the
thermal radiation had subsided and the protective curtains were removed
from the Plexiglas windows. The appearance of the cloud was reported - 0
as being very impressive, and there was a powerful illusion that it
would overtake the aircraft. This was especially true for Shot 5, be-
cause of the close range, and for Shot 6, because the aircraft was
heading toward the cloud.
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CHAPTER 5

DISCUSSION

5.1 GENERAL

The data obtained by Project 6.2a can be used to evaluate at least
three related studies. The first is the verification of predicted ef-
fects of a nuclear detonation upon a B-36D aircraft. In pursuing this
correlation, the various measured responses of the B-36D are compared
to responses predicted by theoretical equations and empirical relation-
ships developed from the laws of physics and improved according to a
limited amount of experimental data. This investigation assumes inputs " '.

or forcing functions of given magnitude and shape.
The second study is the correlation of the inputs measured at the

position of the B-36D with those inputs predicted by theory for such
given parameters as yield, slant range, and altitude. In this study, 0
the B-36D aircraft, as such, is of little concern since it is no more
than a platform upon which the instruments are mounted. The aircraft
would be considered only if the readings of the instruments were affect-"
ed by their installation in the aircraft.

The third study is the prediction of the largest yield weapon that
might be dropped by a B-36D aircraft without serious damage to the air- -.
craft or the determination of the minimum safe distances from explosions
of less than limiting yield. The main problem in this investigation is
the determination of the relationship between the yield of an explosion
and the degree to which the aircraft structure is stressed as a result
of the effects of the explosion. Since the entire aircraft could be
destroyed if the effects were of sufficient magnitude, it remains to be 0
determined what component part of the aircraft is the weak "link" and
the degree of the effects required to stress that part to its limit. . -

The attainment of responses of the B-36D to nuclear detonations
at levels of from 27 to 76 per cent of the aircraft safe limits demon-
strated that the theory and procedures for predicting effects are es-
sentially correct. That differences exist between predicted effects
and experimental results, and that the theory can be improved, cannot
be denied. As a direct result of the data obtained by Project 6.2a
with the B-36D, refinements in the empirical formulas used to predict
effects have been made and one more step has been taken toward the
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complete understanding of the overall problem.
Table 5.1 presents a comparison between the maximum values of

theoretical and measured inputs and responses. The theoretical figures
were calculated using the actual yield and aircraft range for each shot;
therefore, differences between the theoretical and measured quantities
reflect directly the state of the art of predicting and measuring the
phenomena. It should be remembered that many sources of error and in-
accuracy are involved in work of this nature. Some of these are:

1. The assumption that the partition of energr was a constant
for CASTLE shots

2. The empirical formulas used to predict inputs and responecs
3. The determination of the yield of the detonation
4. The determination of the actual path of the aircraft in space

during shot time
5. The instrumentation system as a uhole.
A clearer appreciation of the discrepancies between the theoreti-

cally predicted and the measured values of any one of the four basic
measurements can be obtained by expressing the arithmetic difference
as a percentage of the theoretical figure. The results of this effort
appear in Table 5.2; positive and negative figures indicate that the
measured values were, respectively, greater and less than the theoret-
ical values. Table 5.2 points out that by far the largest diffarences
are present between the theoretical and measured values for temperature
and radiant exposure.

TABLE 5.2 - Difference Between Theoretical and Measured Values

in Per Cent of the Theoretical Figure

Shot 1 Shot 2 Shot 4 Shot 5 Shot 6

Radiant Exposure -6.4 5.7 -24 -15 --

Overpressure 3.9 0 -4.5 -1.6 -15

Temperature Rise -47 -41 -36 -46 -
Bending Moment -1.7 22.5 -7.5 I0 0

Considering the instrumentation system as a whole, including the
type of measurement, the instruments nr sensing elements used, the
re'.ording and the reduction of the data, it is the opinion of the
writers that the probable errors in the data as presented, are less
than Z 5 per cent for temperatures, pressures, and bending moment meas-
urements of the fuselage and stabilizer, less than Z 10 per cent for
the shear load measurements of the stabilizer, and less than Z 15 per
cent for the bending moment measurements of the wing.

In addition to the data measurements, a number of observations
were made that might be of use to future projects of similar nature.
These topics include flight crew psychology, the flying of the air-
craft to a specific position in space at a prescribed time, the deter-
mination of the actual aircraft position, the desirability of automatic
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instrumentation, the corrosion problem, and the difficulty associated
with working on a radioactive aircraft in the continental United States.

Before Shot 1, no member of the aircraft flight crew had been as-
sociated with the testing of aircraft for nuclear weapon effects. Since
it was obvious that the complete confidence and cooperation of the
flight crew in flying and positioning the aircraft were essential for
the success of the project, every effort was made to acquaint the crew
before each flight with the phenomena and effects. Although the crew -

briefings were as complete as humanly possible, the crew did undergo -:.-

effects never before experienced by human beings. That recovery from
the resulting "little emergencies" was effected properly and quickly
is a tribute to the training and mental attitude of the crew members. 0

With regard to the positioning of the aircraft in space, the
problem vrith the B-36D was not so much the accurate flying of the air-
craft to within a few feet of the designated position, but rather was
the accurate determination of the actual path of the aircraft. The
value of any data obtained is directly dependent on accurate knowledge
of the position where the data were measured. The most desirable sit-
uation would be one in which the equipment and procedures used to fly
the aircraft to position were sufficiently accurate for the determina-
tion of the position. For the B-36D in CASTLE, the positioning accur-
acy was dependent upon the readings from a set of radar dials, the
smallest division of which was 0.1 mi. With the possibility of human
error existing, not only in reading the dials but also in controlling
the aircraft, the decision was made to use the Raydist equipment for
position determination. Since the position information from Raydist =

was not immediately available but depended upon the reduction of time-
history records after the detonation, the system could not be used to
position the aircraft. As mentioned in Chapter 3, Raydist operated --
properly unly on Shot 6; therefore, the actual position for Shots 1, 2, 40

4, and 5 had to be determined from the information available, which
included the navigator's check list, the radar oscilloscope photos,
and the time of arrival of the shock wavle. These data were reduced to
range figures and it appeared that the most accurate and most consis-
tent results were obtained from the radar scope photos; the greatest b

disagreement between the ranges determined from the various methods was - -.

2000 ft for the horizontal range at shock arrival which was on the
order of 80,000 ft, or approximately 2J per cent error. During the
radar scope photo reduction, considerable time was expended in attempt-
ing to correct for distortion of the radar map. If the.radar-oscillo-
scope-camera system could be improved in definition, accuracy, and
presentation, this method could serve the purpose of position determin-

* ation.
The method of instrumentation recording as used on the B-36D was ... -.

satisfactory in that no data were lost; however, from the experience
gained during the operation, it is obvious that, due to the tension and
emotional strain that exists at shot time, it is quite possible for the
instrumentation crew to commit errors which might result in improper
recording and consequent loss of data. Much can be said in favor of
having engineers and technicians aboard the aircraft to adjust, balance,
and check the channels of instrumentation well before the detonation.
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In order to eliminate the human element, the very important functions
that must be accomplished a few seconds before or during the shot, such
as switching on the recording equipment, should be done by reliable
timing equipment.

The problem of salt-atmosphere corrosion at the Pacific Provingk Grounds cannot be overemphasized. On Project 6.2a, for the first four '
or five weeks, few corrosion difficulties were apparent, but there-

. after, the number increased rapidly. There were several instances of
* 5-mil thermocouple wire corroding to the point of failure. A second

problem was the corrosion of electrical parts such as terminals, plugs,
switches, and connectors. Also the precision-made parts of cameras and
recording equipment appeared to be most susceptible to rusting. Pre- 0
vention is, of course, the best policy. For electronic gear, a pro-
cedure of switching on and warming up the equipment once a day appeared
to work well. The battle is half won if the problem is recognized and
given sufficient importance.

A disturbing and costly problem arose when the aircraft was flown
to Convair for the post-shot strain gage calibration. The aircraft was O

radioactive in general to an extent of about 1 mr with parts of the
aircraft, notably the landing gear, at levels as high as I0 mr. Norm-
ally, at atomic proving grounds, a level of 1 mr might be less than the ' -"

average background radioactivity for that area; personnel are permitted
to work without protective clothing, film badges, or monitors at levels
up to 10 mr. At Convair, however, the plant safety office was under
orders to prohibit general work without certain precautions in areas of
radiation levels greater than twice the value of background radiation
which was on the order of 0.1 mr. The radioactivity was a result pri-
marily of the accumulation of fission products on and within the paint,
oil, and dirt on the aircraft, and not induced radiation. It was pos-
sible, therefore, to remove the radioactive particles by proper washing
and paint-removal techniques. However, the used water and cleaning
solutions could not be allowed in the normal sewer system for fear of
polluting the nearby.cities. The delay of the calibration as well as
the decontamination of the aircraft were costly. It is not known exact-
ly how the aircraft became contaminated. One theory is that the con- - -_-

tamination was probably effected by having operated off the same runway
and by proximity to sampling aircraft which flew through the atomic
cloud as part of their mission. It can be expected that other aircraft
in future tests of this nature will be contaminated in like manner, and
suitable decontamination procedures and schedules should be planned.

5.2 THERIAL MEASUREMENTS 0_

This section contains a discussion of the data obtained during the
thermal phase of the CASTLE detonations. Included are several observa-
tions which were made in the act of processing the data in preparation
for presentation.

5.2.1 Thermal Inputs

In the calculation of the radiant exposure expected at the air-
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craft position for any given shot, the only factors that were consid-
ered as variables from one shot to another were the expected yield and

" the slant range of the aircraft from ground zero. During the CASTLE
. series, the figure of 0.008 per kilofoot for the atmospheric attenua-

tion coefficient was used throughout, since it represented the best
available data. To determine the reasons for the differences between
the theoretical and measured values of radiant exposure, two factors
appear to be important. These are the constant motion of the aircraft"

* away from ground zero and the rise of thi fireball.
For the tail-to exposures of the B-36D, the aircraft was headed %

away from ground zero and flying at a speed on the order of 450 fps.
Since the release of the thermal er±,Pgy occurs over a period of 3C sec
or more, the aircraft was considerably farther from ground zero at the

: end of the thermal phase than at the beginning. Since the radiant ex-
posure incident to a point in space is inversely proportional to the
square of the slant range, one would expect that a prediction of ra-
diant exposure based on the slant range at time zero would be conserva-
tive for an aircraft moving away from the point of detonation. Eowever,
the rise of the fireball tends to offset and might actually override
the Pffect of the aircraft motion away from ground zero. Although the
nuclear device is detonat-d at ground zero, the fireball rises rapidly;
the center of the fireball might be as high as 2500 ft above the ground
within 1 sec after detonation and then continue to rise at a rate of -

about 600 fps. Calculations using these figures show that, at 1 sec
after detonation, the distance between the aircraft and the fireball
can be as much as 2 per cent less than the slant range to ground zero
and that this distance to the fireball remains essentially constant
over a period of about 8 sec, increasing gradually thereafter.

Admittedly, the figures given above on fireball rise may vary,
but the effect appears to be of sufficient importance that it should be 0

. considered in future tests of this nature.

5.2.2 Thermal Response

The measured thermal responses (temperature rises) of the various
parts of the aircraft were, in general, much lower than the predicted . -

% values. For Operation CASTLE, temperature rises of the various aircraft
components were predicted from the formula that relates the change of
temperature of a given material to the radiant exposure, the density,
and the specific heat of the material. Allowances were made for the
cooling effect of the airstrean and for the fact that, because of the
color of the surface, only part of the incident thermal energy was ab-
sorbed. Where the surface was covered with a film of black engine oil,
the reflectivity meter indicated a higher value of surface absorptivity
than for the clean white-painted surfaces. Accordingly, it was pre-
dicted that the temperature rise of the oily surface would be about
50 per cent greater than a similar clean surface. The data results
indicate that, in general, the temperature rises of the oily surfaces - -

were greater than those of the clean surfaces, but only by about 6 per
cent.

One proposed theory for the lower-than-predicted temperature
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rises is that part of the thermal enerUr absorbed at the surface of the
paint was dissipated by airstream cooling during the time required for
the transfer of heat through the effective insulator, which consisted
of the paint layer, the undercoat layer, and the minute layers of air
between the paint and the undercoat and between the undercoat and the
metal. Also, although the oily surface may have absc bed much more
heat than a similar clean surface, the oil film itselr may have ab- . .

sorbed some of the additional energy. A second effect, which does re-
duce the peak skin temperature to some extent and which was not used in
the theoretical calculations, is the conduction of heat away from the
skin to the supporting stringers or stiffeners. That the supporting
structure temperature does rise has been shown in Figures 4.9, 4.10,
and 4.11,

The project 6.2a thermal response data indicate that "absorptiv-
ity coefficients," obtained by measurements of the reflectivity of the
surface of coated materials, may be considerably in error. In this
discussion, the heat absorbed is taken as that heat which affects a
temperature rise of the melal. Since future projects will probably be
concerned with painted or coated surfaces, it is important that a meth-
od be developed to predict wth at least fair accuracy that fraction of
the radiant exposure that does effect a temperature rise of the metal.

The fact that damage to the white paint, used to improve the
reflecting characteristics of the metal surfaces, occurred on all shots
indicates that improvements in the heat-resisting qualities of the
paint are needed. Whereas the damage after Shots 1, 2, and 4 was not
serious with respect to the aircraft, it did require considerable ef-
fort on the part of the ground crew to clean and repaint the blistered
areas. ifter Shot 5, several relatively large areas of the elevator
were devoid of paint and the metal skin was permanently buckled. It
appeared that where the paint remai.ied on the elevator, the paint per- -

formed well the function of protecting the metal skin from serious
thermal damage. 'ere the paint was missing, it apoeared that the
threshold of serious thermal damage had been reached.

The large amounts of smoke in the aft crew compartment and the
indications of the fire warning lig~hts of the reciprocating engines
are important primarily as psychological factors. The smoke apparently
was generated by the heating, through the fuselage lower skin, of oil-
soaked insulation between the floor of the compartment and the skin.
On several occasions, hydraulic oil was found under the floor, evident-
ly a result of spillage from the reservoir for the manual bomb-bay door
controls. Near the end of the thermal phase, the Fmoke stopped as did
the indications of the fire warning lights, and no permanent effects
were found.

5.3 BLAST WFASUREMENTS

A discussion of the measured blast data and the combinations of
these measured data and calculated preshock conditions is presented in
this section. The results of blast loading are compared to the strength
of the aircraft in order to establish the stressed conditions encount-
ered on this experiment.
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5.3.1 Pressures

The graphical representation of the positive pressure phase, as
shown by the curves in this report, does not represent the true posi-
tive phase duration such as a stationary receiver would experience.
The' measured pressure-time curves appear distorted because of the re- 0
ceiver motion away from or toward the burst point during the blast
phase. Theoretically, all portions of the curve are affected, includ-
ing the peak, but since the rate of the pressure rise to the peak is
relatively high compared to the rate of pressure decay, the true peak
pressure should be essentially the same as the measu- peak pressure
within the limitations of the instrumentation system utilized. Even
so, some of the roundness of the measured overpressure peaks may be
attributed to receiver motion away from the burst points for Shots 1,
2, 4, and 5. The length of this apparent or effective positive phase
is approximately 50 to 70 per cent greater than the true duration,
exact values being dependent upon the yield, airspeed, slant range, - -

and velocity of propagation of the blast wave at the flight altitude •
for each shot. Moving toward the burst point, such as the flight path
for Shot 6, decreases the effective positive phase. For Shot 6, the
measured positive phase duration was about 70 per cent of the true
duration.

A direct comparison of the overpressure measurements from the
three different types of gages utilized may be interesting to future
projects of this nature. Of these three, the Statham gage with the d-c
excitation is the superior system for requirements such as those of
this project. If it is desirable to obtain the high freqt'ency rise
characteristics of the shock wave pressure, it is necessary to employ a
system capable of higher frequency response. The Wiancko gage and 3-kc
system are excellent for this purpose. The diaphragm-type gage was
unsatisfactory because the diaphragm was exposed to the thermal energy,
thus affecting the elastic response of this sensing element.

All of the pressure curves show a very slight decrease in pres-
sure just after the initial rise and before the peak (neglecting re-
flection spikes) is reached. This is only apparent on the expanded
time scale, Figs. 4.27 and 4.31. A possible explanation is that the
thin sheet metal containing the gage orifice buckled away from the
shock front creating a small rarefaction, thus decreasing the pressure
for a very short period of time.

The crushing effect of the overpressure can be decreased by
having enclosures well vented so that the pressure will equalize rapid-
ly. The differential pressure measurement is representative of the net
crushing effect upon a vented enclosure. The curves of Fig. 5.1 show
how the pressure inside of the bomb bay equalizes with the overpressure,
thus reducing the crushing effect upon this enclosure. No extra vents
were provided for this test, and the equalization of pressure occurred
because of the normal openings in the structure.

The surface pressure measurements on the underside of the wing,
fuselage, and horizontal stabilizer show evidence of some of the dynam-
ic components produced by the material velocity, as well as the typical
spike formed by the reflected shock. These effects may be seen in Fig.
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5.2. The reflection spike was not adequately reproduced for correla-
tion of the peak reflected pressure with theory, for several reasons.
These are:

1. The Statham gages (fuselage and stabilizer measurements) and
their associated instrumentation system were not intended for an accur-
ate reproduct.ion of the higher frequency components of the shock wave,
but were designed to define the area under the pressure-time curve
which is adequately represented without the reflections spike.

2. The sensi.tivity of the 3-kc amplification system, utilized
for the surface pressure measurement on the left wing, was adjusted -

for the bes representation of the entire curve which resulted in the
amplifier being overdriven into non-linear regions by the reflected
pressures. Although the amplifier was calibrated into the non-linear
region, pressure inputs above 1.1 psi could not be reproduced elec-
trically with an acceptable accuracy.

5.3.2 Bending Moments

In order to evaluate the limiting response of an aircraft com-
ponent such as t" stabilizer, wing, or fuselage to the blast effects
of an atomic detonation, it is necessary to determine at least three
conditions or properties of the structure. These are:

a. The limit loading condition, or in other words, the critical
loading of the structure with regard to the strength of the
structure itself which, if exceeded, will produce undesir-
able effects upon the structure.

b. The initial or in-flight load, if any, on the structure
prior to the ilast effects,

a. The incresz~al effects upon the structure by the atothic
blast.

Of these three, this report is concerned primarily with the blast ef-
fects alone, bu unless the total load upon the structure can be eval-
uated in terms of a limiting condition, the structural blast results of
this -,erimpnt cannot be used to evaluate the delivery or performance
capa .ities of the B-36D aircraft.

The limiting conditions of lopling for the B-36D stabilizer,
* wing, and fuselage components prese. jd in this report are derived from

con itions designated by the manufacturer of the airframe which will
produce a £ailure of the component or other undesirable results. This
is entitled ultimate load and is usually defined in terms of bending
moment or shear load. Since it is undesirable to approach the ultimate
loading condition, a factor of safety is used. The maximum safe struc-
tural load is termed limit load and is defined as being two-.hirdp of
the ultimate load. Ultimate loads are derived from design data, tqtic
testing, or a combination of the two. ,raphical definitions of these
are presented in Fig. 5.3, where the limit bending moment curve is
derived from the static test ultimate by use of the safety factor. The 0
in-flight wsight configuration of the B-36D was arranged to produce a
theoretical zero-strain tail load at detonation time so that the lift
of the horizontal stabilizer would be equal to the dead weight of the
si-fcture, and a strain zero condition would be in effect; however,
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because of practical operational problems, this condition was never
exactly achieved. The in-flight bending moments of the horizontal
stabilizer in existence at detonation time were computed from the
flight configurations actually attained and are presented in Table 5.3.
It can be seen tha. the largest deviation from the sbrain zero condi-
tion is 0.299 x 10 in-lb at Sta. 62 or about 7.3 per cent of the limit .
bnding moment (4.1 x 106 in-lb) and in the negative or downward direc-
tion. Computations of these values are based on performance data of

the aircvaft and not on the scientific measurements conducted for this
experiment.

TABLE 5.3 - In-flight Condition of Horizontal
Stabilizer at Detonation Time

Shot Bendirig Moment - 106 in-lb (Includes Dead Weight)

Station
1 C

62 144 153 224 1

1 -0.161 -0.0895 -0.0831 -0.0 435
2 -0.117 -0.0650 -0.0605 -0.031.6
4 -0.156 -0.0869 -0.0805 -0.0421
5 -0.299 -0.166 -0.154 I-.0807
6 -0.161 -0.0895 -0.0831 -00435

Whien the values from Table 5.3 are combined with the measured
bending moments resulting from the blast, the total bending moment
referenced to a strain-zero condition is obtained. This value can then
be related to the limit bending moment of the structure in order to ex-
press a percentage load indicative of the stressed condition of the
structure, this load being directly applicable to the performance or
delivery capabilities of this particular aircraft.

The total bending moment values expressed in teis of the limit
bending moments have been co'iputed for the peak positive values ob-
tained from the experimental data. The values pertaining to the hori-
zonta, stabilizer structure are contained in Table 5.4 and Fig. 5.4. -.-

From the preceding discussion, it can be seen that the safety
or capability of the aircroft may be increased, insofar as the critical
nature of the horizontal stabilizer is concerned, by flying at such a .-

weight and balance configuration so as to produce an initial down-load
on the stabilizer. Theoretically, the optimum condition would be to
start with sufficient tail down-load so that bending moments produced
by the blast wave would reach limit, both in the positive and negative
directions. From an examination of the positive and negative peak
bending moments measured on Operation CASTLE and their extrapolation

to higher values, it appears that the maximum possible blast load could
be tolerated if an initial down load of 26,600 lbs (total, both sides)
was present at shock arrival time. This condition assumes the same
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TABLE 5.4 - Horizontal Stabilizer Peak Positive Bending
Moments as a Percentage of Limit Bending

Shot Bending Moment (Per Cent Limit)
Left Stab. Right Stab.

Sta. 62 in. Sta. 153 in. Sta. 224 in. Sta. 62 in. Sta. 144 in.

1 57.5 * * 60.8 51.5
2 60.5 * * 60.2 55.8

4 38.9 36.9 40.1 35.5 34.8
5 76.5 75.8 76.9 74. 71.3
6 27.0 30.0 31.9 26.2 26.1

* - not ins-.alled

Strain Bridge Location

62 153 224

° 4- Limit Bending I

0 3

0

0 80 160 240 320 400

Station No. (IN.)

Fig. 5.4 Bending Moment Distribution Left Horizontal Stabilizer S
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gross weights and flight conditions as Shot 5; however, this theoret-
ical condition places the location of the center of gravity of the

aircraft far forward of the limits assigned as noted in the pilotst
operating manual. If the forward limit of C.G. location (17 per cent
MAC) is assumed to be a possible location and with the same weight -
conditions as for Shot 5 prevailing, the peak positive bending moment,
induced by the blast, could safely be 50 per cent greater than the
values experienced on Shot 5. This discussion is not intended to de-
fine absolute values, or to change existing flight plans, but merely
to point out an order of magnitude relationship between the structural
limits and blast induced bending moments for conditions other than
those of the experiment.

The expression of fuselage bending moments as a percentage of
limit presents difficulties not encountered for the stabilizer struc-
ture. The aft fuselage section is constructed to carry, in a canti-
lever fashion, the dead weight of the crew compartment, equipment, and
empennage, plus an air load induced by the horizontal stabilizer. The
air load may act in a positive (up) or negative (down) direction, but
the weight of the structure and equipment always produces negative -
bending moments for normal flight configurations. The different mag-
nitudes of the weight increments along the length of the fuselage
produces a non-linear dead weight moment distribution in the negative
direction. An up tail load, such as produced by the blast wave, is
essentially applied at a point, this point being at the intersection
of the horizontal stabilizer and the fuselage. For static up-loads at
the horizontal stabilizer, the bending moment distribution through the
fuselage length would be a linear function of the load and the moment
arm; however, because of the concentration of mass at the aft crew
compartment and other locations, the dynamic bending moment distribu-
tion for transient loads applied to the horizontal stabilizer is a
non-linear function of this load and the moment arm.

The non-linear characteristics of both the dead-weight moments
and the dynamic moments induced by transient loading of the horizontal
stabilizer tend to reduce the net peak positive bending moments, es-
pecially at locations forward of the aft crew compartment. A graphical r

.representation of these effects is shown in Fig. 5.5. As an aid to
the evaluation of the peak positive moments, the design ultimate bend-
ing moment curve for the fuselage section under consideration is re-
produced on the same graph. The bending mcment ultimate varies some-
what with the shear load; therefore, a particular shear load must exist
for the curve shown in Fig. 5.5 to be valid. In addition, this curve

assumes that the shear load is static and applied at the tail, thus .
affecting all cross sections forward of the loading point as a constant -.-

shear. The transient tail load obtained from the blast and the dynam-
ic characteristics of the fuselage affect the shear loading in the same - -

manner as the bending moment; therefore, a constant shear such as that
-j static shear which is the basis for the ultimate mcment curve of Fig.

5.5 does not exist; however, an effective shear, varying in magnitude
along the length of the fuselage, is present. This means that in order
to represent a distribution of bending moments in percentages of their
limiting values, the ultimate and therefore the limit bending moments
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would have to be established according to the effective shear at their
respective stations by a dynamic analysis of the structure.

An analysis of this type is beyond the scope of this presenta-
tion; however, the change in magnitude of ultimate bending with a
change in shear is not so large as to prohibit an approximation ultil-
iting an ultimate curve established for a constant shear value. The
curve presented in Fig. 5.5 is the ultimate bending moment distribution
for a 47,000-lb. shear load, this load approximating the static load
upon the horizontal stabilizer, at 90 per cent of limit bending of the
stabilizer. From this curve it appears as if State 1476 in. is the
critical station, representing the aft bulkhead (No. 12) of the aft
crew compartment. The use of the usual safety factor in ordelr to de- -
fine a limit moment at this station results in a limit moment of 8.65 x
106 in-lb, which is two-thirds of the ultimate value. The peak positive
bending moments, that is, the peak moments above the strain-zero condi-
tion, define a moment distribution along the fuselage section. These
peak positive moment values are the differences between the in-flight
bending moments and the measured peak moments obtained from the experi- ' 0
ment. In order to define the moment at the critical station, it is
necessary to draw a curve through the three points obtained from the
measured data. A fourth point may be utilized, the point where there
is no change of bending moment due to the blast loading. Theoretically,
this point occurs at the location of the effective loading, where the
horizontal stabilizer transfers its load to the fuselage. The results
may be seen as the smooth curve of Fig. 5.5. It is realized that this
smooth curve may not represent the berding moment distribution; how-
ever, in order to define the percentages of limit attained during the
experiment, it will be used as a first approximation.

It should be noted that the percentages given are in terms of
absolute bending moment; therefore, the positive bending moment value
is obtained from the experimental value by including the pre-shock, in-
flight condition of bending moment. Table 5.5 presents a summation of
this effort.

The percentages of limit listed in Table 5.5 apply only for the
gross weights and flight conditions of this particular experiment.

Although the wing bending moments were not of a critical nature
for this experiment, they are an intere-ting part of the measured data.
The wing, being the principal lifting surface of the aircraft, is de-
signed to accept wide variations in bending moments, whether due to
static or dynamic conditions. The major portion of the fuel load of
the aircraft is carried within the wing of the aircraft; therefore, the
analysis of a dynamic response of the structure is dependent upon the
fuel distribution in terms of weight and location. Table 5.6 presents
the fuel and oil distribution for all significant test flights of this
experiment. For straight and level in-flight conditions, the absolute

- bending moment about any chordwise section of the wing will be positive
because the wing, in addition to its own dead weight and the weight of
the fuel contained within the structure, supports the weight of the . -

rest of the aircraft (neglecting fuselage and stabilizer lift). The
* computed in-flight bending moments for the wing at the instrumented

stations are presented in Table 5.7.
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TABLE 5.5- Aft Fuselage Bending Moments and Per Cent Limit Valueb

1. ....-

Pre-shock Bending Moment Peak Bending Moment*
106 in-lb (Dead wt. in Positive Direction *9 .1 0

Shot Airload) 106 in-lb i 6 CON:

Station (in.) Station (in.) 0014

1037 1293 1597 1037 1293 1597 no 6C

1 -8.68 -3.93 -1.49 6.84 5.92 3.26 54

2 -8.26 -3.66 -1.40 6.87 5.60 3.21 53

4 -8.63 -3.90 -1.48 1.67 2.13 1.65 23

5 -9.99 -4.77 -1.79 9.26 8.22 4.01 71

6 -8.68 -3.93 -1.49 -. 9 -0.70 0.19 3.5

• Peak Incremental Bending Moment (Measured Value) plus Pre-

shock Bending Moment.

Limit = 8.65 x 106 in-lb

These bending moments were computed from theoretical lift, whic,
in turn, was obtained from the coefficient of additional lift, CLa.
The coefficient of basic lift, CLb, was neglected in the computations;
therefore, the values given in Table 5.7 may be slightly in error but
not by more than 5 per cent for the region of flight configurations in-
vestigated. The peak positive bending moment at each station is ob-
tained by adding the measured peak change of moment to the appropriate
in-flight condition from Table 5.7. This positive moment is then
compared to the limiting moment of the structure in the same manner as
the horizontal stabilizer and the fuselage moments. Table 5.8 contains
the results of this comparison as a tabulation of the percentage of
limit attained by each of the instrumented stations for each shot.

The wing bending moment distribution during Shot 5 is graphical-
ly represented by Fig. 5.6. The limit curve shown on this figure has
been drawn as a smooth curve rather than following the small irregular-
ities in the ultimate bending curve.

From a comparison of the percentages of limit bending attained
by the stabilizer, the fuselage, and the wing for the shots of the
CASTLE tests, it appears as if the aft fuselage at 1476 in. would be
the limiting component for tail-to blast exposure to high yield weapons ,
however the bending moments of the horizontal stabilizer would be very
close to their respective limits. From the data of one head-on expo-
sure, it appears as if the horizontal stabilizer would be limiting for
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TABLE 5.7 - Computed In-flight Wing Bending Moments at Detonation Time

Bending Moments (106 in-lb) at
Shot

Station (in.)

1.10 390 604 1064

1 17.4 14.0 9.4 1.8

2 16.6 13.9 9.9 1.8 0

4 17.5 14.1 10.2 1.9

5 16.5 12.5 8.9 1.7

6 17.6 14.1 10.2 1.9

TABLE 5.8 - Peak Positive Wing Bending as Per Cent Limit W

... Per Cent Limit at Station (in.)-.-.

Shot Left ing Ripht Wing .

110 390 604 1064 390

1 28.5 30.5 33.6 49.8 32.5 0

*2 33.6 36.3 40.0 49.5 36.6

4 30.1 33.0 36.7 44.1 32.4

5 38.0 37.8 40.1 53.0 38.3

6 37.0 38.7 44.0 49.2 40.9

this exposure condition.

5.3.3 Accelerations

An attempt was made to perform a double integration of the linea"
acceleration results in order to obtain the displacement of various
portions of the aircraft with respect to time, however the accelerometer
outputs appear to be the results of local vibrations of the structural
members. The net acceleration of the aircraft is overshadowed by the
response to local accelerations, thus prohibiting the attainment of an
accurate displacement through the process of integration.
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5.3.4 Effects on Engines

The variation of engine speed during the passage of the shock
wave was reported by the flight crew after the first shot. For the
second shot, the flight engineer attempted to minimize the speed vari-
ation by hand-controlling the speed, rather than. depending on the
governor action; and this effort was reported to have helped consider-
ably. For Shot 5, the governor control was allowed to function auto-
matically in order to obtain additional data on the variation of engine
speed under these conditions. The preliminary data were obtained from
the flight engineer who reported the observed speed variation after •
each shot. A study of the oscillograms obtained from various test
flights revealed a vibrational response of the horizontal stabilizer,
the frequency of which was proportional to propeller and therefore
engine speed. From the frequency changes of these vibrations during
the passage of the shock waves, the apparent engine speed variations
with time were computed, and the results appear on Figs. 5.7 and 5.8 in
graphical form. Although the vibrational response of the horizontal
stabilizer appears to be proportional to engine speed, there are several
limitations to the data obtained in this manner. They are as follows:

a. The two inboard engines (No. 4 and 5) are responsible for
the stabilizer vibrations as their propellers are directly ahead of the
stabilizer airfoil; therefore, the curves of Figs. 5.7 and 5.8 probably 2
represent the speed variations of these two engines although some ef- -4

fects from the other engines may possibly appear on the record.
b. The response characteristics of the horizontal stabilizer

may limit the rate to which it can provide a reliable indication of
engine speed for transient input conditions.

c. Resolution of the time axis is limited to 0.2-sec increments
by the method of data reduction. ..

The relative response of engine speed to the shock waves for - -

fully-automatic and hand-governed operation may be seen by comparing
the response curves for Shots 1 and 5 with Shot 2. It is apparent that
the hand-controlled method minimizes the engine speed fluctuations, but
this is then dependent upon the skill of the flight engineer where an _

error in judgment might produce a more detrimental effect than the
blast itself. It appears that the engine speed variation is not of
sufficient magnitude to cause damage to the engines or their associated
equipment; however, because it would probably occur again under similar
circumstances, flight crews of propeller-driven aircraft capable of
participating in a nuclear strike should be acquainted eith the phenom-
enon as part of a briefing in order to prevent undesirable crew reac-
tions to an unexpected engine speed change.

The effect of the blast wave upon the jet engines may be of ex-
treme importance to modern all-jet aircraft operating in the vicinity
of a nuclear detonation. Unfortunately, a time-history response of
this effect was not obtained and the only data available is in the form
of the observations made by the flight crew. Significant effects were
observed during Shots 1 and 2. These were the apparent increase in
tail-pipe temperature, as reported in Chapter 4. Observations on sub-
sequent shots indicated that no detectable change in tail-pipe tempera-
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ture occu-red. Although the engines of the 3-36D aircraft appeared t-
suffer no permanent damag,-e, the effect appears sufficient to warrant
urt.her investigat-ion.
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CHAPTER 6

CONCLUSIONS AND RECOMMENDATIONS

6.1 CONCLUSTONS

a. Sufficient dat- are available to determine the responses of a
B-36D aircraft to nuclear detonationp and to define with reasonable
accuracy the maximum delivery capabilities of the aircraft. This does
not imply that all of the problems relating to weapon delivery by the
B-36!) nave been solved. As new weapons are developed, or the use of
different mission tactics become desirable, it may be necessary to
evaluate the adaptability of t .. aircraft to the particular problem.
Even so, it is probabe that such a study co,,d be uonducted with the
test data a, ',lable from this and previous participations in the nuclear
test operations.

b. The data and experience obtained from this experiment will be 0
useful to assist in the -,stablishment of methods applicable to other
aircraft for the determination of nuclear effects with relation to
weapon delivery capability, structural vulnerability, or lethality prob-
lems. Although this particular experiment was confined to the B-36D,
data such as the input from nuclear detonations received at specific
points in space are not unique to this aircraft dnd thus will add to 4 *
the overall knowledge applicable to future projects of a similar nature.

c. The specific techniques used during CASTLE to predict hermal
inputs and responses were inadequate for accurate, -,lose positioning.
This situation reflects the limited amount of useful data available
prior to the operation. The data obtained by Project 6.2a should assist
in revising the procedures used to calculate thermal effects and should 0
result in more accurate predictions.

d. The formulae and procedures utilized during Operation CASTLE
to predict blast effects at overpressures less than 1.0 psi are satis-
factory. In general, good correlation was obtained between measured
and pre-iticted values.

• e. White paint, as used on the B-36D test aircraft, effectively
reduces the temperature rise of the skin panels exposed to thermal ra-
diation as long as the paint film itself is not destroyed by this
thermal radiation. This paint successfully withstood the thermal radi-
ation conditions encounter-ed on the CASTLE shots. The energy received
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during Shot 5, at thn ---ticular incidence angle of exposure, was suf-
ficient to scorch som, -. the paint.. Therefore, this may be considered
as the threshold of pain damage.

f. The protective curtains covering the Plexiglas windows pro-
vided satisfactory crew protection from the thermal radiation.

g. The generation of smoke inside of the aircraft during the
thermal phase has a deleterious effect upon the mental attitude of the
crew members. Although no fire was detented, the presence of smoke in
the aft crew compartment of the aircraft did increase the apprehension
of some of the crew members. This mental state is very undesirable for
proper operation of the aircraft.

h. Aircraft fire warning systems can be energized by the thermal
radiation. This phenomenon, in itself, is not considered serious ex-
cept that the warning system is for a short time incapable of detecting
an actual fire. However, the consequences of an unfavorable human re-
action to the indication of the system could endanger the safety of the

* aircraft and crew since, with the protective curtains covering the
Plexiglas windows, vl'ual observation of the engines and associated
structure is not feaaible.

i. The blast wav can affect the tail-pipe temperature of operat-
ing jet engines and also affect the speed of propeller-coupled recipro-
cating engines for tail-to aircraft orientations. There seems to be an
undefined critical parameter for the effect upon the jet engines since
the phenomenon only occurred on two shots, while the reciprocating
engines were affected on every shot.

J. The method used by the B-36D crew to position the aircraft at
a point in space at a prescribed time was satisfactory.

k. The methods used, in lieu of the Raydist, for the subsequent
determination of the position of the aircraft were acceptable but not
of the desired accuracy. The radar "map" of the area, as photographed
from the radar screen, appeared distorted, thus making the determina-
tion of the track of the aircraft difficult.

1. The instrumentation system and procedures us(. in conjunction
with this experiment were, in general, ;.atisfactory. There were, how-
ever, some details in which improvement was indicated.

6.2 RECOENDATIONS

a. The data obtained from this experiment should be used to ver- ....-

ify or modify existing methods of predicting the effects of nuclear
detonations on the B-36D type aircraft, thus leading to the establish-
ment of the optimum weapon delivery capabilities of the aircraft. -

b. The data and information obtained from this experiment should
be made available to those agencies concerned with similar problems
such as weapon delivery capabilities, vulnerabilities, or lethalities
of other types of aircraft. In addition, the data and information re-
lating the phenomenology of a nuclear detonation to a point in space 0
should be made available as part of the general information which is
helpful in analyzing past results from, or planning future participaticn
in, a nuclear test program such as CASTLE.

c. The techniques utilized during Operation CASTLE to predict the
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thermal effects of nuclear detonations on aircraft should be improved.
This includes both phases of the problem, namely the prediction of the
thermal energy at a point in space from a given detonation and the pre-
diction of the temperature rise of a given skin panel of an aircraft at
that point in space.

d. A suitable white paint or a similar protective coating should S
be used, where needed, to reduce the thermal effects upon aircraft op-
erating in the vicinity of a nuclear detonation. To effect this reduc-
tion the coating must remain intact throughout the expected temperature
rise and other adverse flight conditions; furthermore, the desired
protective properties of reflection and conductive insulation should be
relatively unaffected during radiant exposure.

e. The protective curtains for covering the Plexiglas windows
should be used by aircraft operating in the vicinity of a nuclear det-
onation; however, an improvement can be made by using a different meth d
or material to assemble the various pieces into a particular curtain.
The thread used on the curtains tested during CASTLE burned and allowed
the pieces to separate during the thermal phase of Shot 5. -

f. Rubber gaskets or other materials which may produce smoke or
other undesirable effects within the crew compartment of the aircraft
should b3 protected from the thermal radiation or removed from contact
with surfaces which may be heated by thermal radiation. Furthermore,
the inside surfaces of the skin covering of the aircraft, particularly
under the crew compartment decks should be kept free of oil, grease, or
other material which may smoke or burn.

g. The possible effects of the blast wave upon powerplant opera-
tion should be investigated. If applicable, this investigation should
include jet engines, reciprocating engines and turbo-prcp combinations.
For engines,operating at or near a critical speed or power setting, the
effects of the blast wave may be more serious than the observations of
this experiment indicate.

h. A detailed briefing on the probable effects of a nuclear det-
onation, especially details such as smoke, fire warning system actua-
tion, engine speed change, and feel of the blast wave, s!oId precede

*any mission where flight in the vicinity of a nuclear detonation is
anticipated. A detailed publication based on the past experiences of '

pilots and aircrews participating in these nuclear tests woud be help- 7

i. The following details of instrumentation for this type of test

program should be improved:
1. Protecting instrumentation from salt-atmosphere

corrosion. Better techniques are needed for
moistureproofing wiring, switches, plugs, strain
gages, recording equipment, and other devices made
of materials susceptible to corrosion.

2. Methods of operating recorders and associated equip-
ment. The development of a reliable, fully auto-
matic sequence of operations, initiated by one control
well in advance of detonation time would be more
desirable than the manual method utilized for this
experiment; however, the reliability of this system
must be at least equivalent to that of the system
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described in this report.
It should be noted that, at this writing, many r- these recommend-

ations have been acted upon, and improvements are now in effect. At
the close of the field phase of the experiment and during the evalu-
ation of the data, the conclusions, upon which these recommendations
are based, became apparent. Since the planning of future tests and
operations was in progress at that time, it was desirable to dissemi-
nate the information, on a preliminary basis, in advance of this re-
port. As a result, these data became useful for Operation TEAPOT and
in the planning for Operation REDWING. These data were also made a-
vailable to the operational units of the Air Force and various con-
tractors who required the information for the performance of their

: •duties.
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APPENDIX A
0

OSCILLOGRAPH CHANNEL DETAILS

TABLE A.1 - Oscillograph Channel Details, Recorder No. 1

No. Channel Description Galvanometer -

1 Timing Signal, 100 cps sine wave 7-218

2 Overpressure, fuselage Sta. 391 in., left side, Statham gage 7-215

3 Total bending, left wing Sta. 1062 in. 7-215

4 Total bending, left wing Sta. 604 in. 7-215

5 Total bending, left wing Sta. 390 in. 7-215

6 Acceleration, fuselage Sta. 208.5 in. 7-225

7 Total bending, left wing Sta. 110 in. 7-215

8 Total bending, left stabilizer Sta. 62 in. 7-215

9 Acceleration, fuselage Sta. 1772 in. 7-225 AW-

10 Bending, fuselage Sta. 1293 in. 7-215

.1 Acceleration, fuselage Sta. 907 in., left side 7-225

12 Acceleration, fuselage Sta. 907 in., right side 7-225

13 Total bending, right stabilizer Sta. 62 in. 7-215 -

* 14 Total bending, right wing Sta. 390 in. 7-215

15 Bending, fuselage Sta. 1597 in. 7-215

16 Bending, fuselage Sta. 1037 in. 7-215

17 Pressure, left stabilizer Sta. 359 in. 7-215

18 Voltage mirdtor, bridge balance no. 1 7-223
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TABLE A.2 - Oscillograph Channel Details, Recorder No. 2

No. Channel Description Galvanometer

I Timing signal, 100 cps sine wave 7-218

2 Temperature, thermocouple cold junction, aft fuselage 7-218

3 Temperature, thermocouple cold junction, left wing 7-218

4 Temperature, left stabilizer Sta. 310 in. (Shot 1) 7-218
Temperature, left stabilizer Sta. 313 in. (Shots 2, 3, 4, 5, 6) 7-218

5 Temperature, left stabilizer Sta. 310 in., under stringer (Shot 1) 7-218 0
Temperature, left elevator Sta. 144.5 in. (Shots 2, 3, 4, 5, 6) 7-218

6 Temperature, left stabilizer Sta. 310 in., on stringer (Shot 1) 7-218
Temperature, left elevator Sta. 312 in. (Shots 2, 3, 4, 5, 6) 7-218

7 Temperature, left wing Sta. 1270 in. (Shot 1) 7-218
Temperature, left wing Sta. 2106 in. (Shots 2, 3, 4, 5, 6) 7-218 0

8 Temperature, left wing Sta. 1270 in., under stringer (Shot 1) 7-218
Temperature, left wing Sta. 1068 in., stiffener (Shots 2, 3, 4, 5, 6) 7-218

9 Temperature, left wing Sta. 1270 in., on stringer (Shot 1) 7-218
Temperature, left wing Sta. 1068 in., flange (Shots 2, 3, 4, 5, 6) 7-218

10 Radiant exposure no. 1 (Shots 1, 2, 3, 4, 5) 7-215
Blank for Shot 6

11 Radiant exposure no. 4 (Shots 1, 2, 3, 4, 5) 7-215
Blank for Shot 6 -

12 Irradiance no. 1 (Shot 1) 7-215
Irradiance no. 2 (Shots 2, 3, 4, 5) 7-225
Blank for Shot 6 -

113 Temperature, left wing Sta. 1095 in. (Shot 1) 7-218
Temperature, left wing Sta. 1068 in., skin (Shots 2, 3, 4, 5, 6) 7-218

14 Radiant exposure no. 3 (Shots 1, 2, 3, 4, 5) 7-218
Blank for Shot 6

15 Temperature, aft compartment air (Shots 1, 2, 3) 7-225
Radiant exposure no. 5 (Shots 4, 5, 6) 7-218

* 16 Temperature, specimen in aft lower left blister 7-218
*: 17 Blank for Shot 1 -0•

Temperature, fuselage Sta. 1898.5 in. (Shots 2, 3, 4, 5, 6) 7-218

18 Voltage monitor, bridge balance no. 2 7-223
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TABLE A.3 - Oscillograph Channel Details, Recorder No. 3

No. Channel Description Galvanometer

1 Timing signal, 100 cps sine wave 7-218

2 Elevator deflection 7-218

3 Overpressure, fuselage Sta. 391 in., right side, Statham gage 7-215--

4 Acceleration, fuselage Sta. 661.5 in. 7-225

5 Overpressure, fuselage Sta. 391 in., right side, Wiancko gage 7-223

6 Acceleration, left wing Sta. 576.5 in. 7-225

7 Blank for Shots 1, 2, and 3 --
Total bending, left stabilizer Sta. 153 in. (Shots 4, 5, 6) 7-215

8 Pressure, fuselage Ste. 1287.5 in., bomb bay differential 7-215

9 Acceleration, left wing Sta. 1052 in. 7-225

10 Blank for Shot 1 .
Angular acceleration, fuselage Sta. 904 in. (Shots 2, 3, 4, 5, 6) 7-225

11 Pressure, fuselage Sta. 1294.5 in., surface pressure 7-215

12 Acceleration, left wing Sta. 375.5 in. 7-225

Pressuref left wing Ste. 1270 in. 7-223

14 Acceleration, fuselage Sta. 1319.5 in. 7-225

15 Overpressure, fuselage Sta. 391 in., left side, Consolidated gage 7-223

16 Angular acceleration, fuselage Sta. 904 in. (Shot 1) 7-225
Blank for Shots 2 and 3 _ S
Total bending, left stabilizer Sta. 224 in. (Shot 4, 5, 6) 7-215

17 Blank for Shots 1, 2, 3, 4 --
Temperature, jet engine no. 3 tail pipe (Shots 5, 6) 7-215

18 Voltage monitor, bridge balance no. 3 7-223
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TABLE A.4 - Oscillograph Channel Details, Recorder No. 4
0

No. Channel Description Galvanometer

1 Timing signal, 100 cps sine wave 7-218

2 Radiant exposure no. 2 (Shots 1, 2, 3, 4, and 5) 7-215

Blank for Shot 6

3 Bending, right stabilizer Sta. 144 in., front spar 7-215

- 4 Shear, left stabilizer Sta. 62 in., front spar 7-215 -

- 5 Shear, left stabilizer Sta. 62 in., rear spar 7-215

6 Bending, right stabilizer Sta. 62 in., front spar 7-215

7 Bending, right stabilizer Sta. 62 in., rear spar 7-215

8 Shear, right stabilizer Sta. 62 in., front spar 7-215

9 Shear, right stabilizer Sta. 62 in., rear spar 7-215 -

10 Bending, right stabilizer Sta. 144 in., rear spar 7-215

11 Shear, right stabilizer Sta. 144 in., front spar 7-215

12 Shear, right stabilizer Sta. 144 in., rear spar 7-215

13 Bending, left stabilizer Sta. 62 in., front spar 7-215 .

14 Pending, left stabilizer Sta. 62 in., rear spar 7-215

15 I Bhangmeter timing signal 7-218
16 Blank for Shots 1, 2, and 3 --

: Radar slant range (Shots 4, 5, and 6) 7-215

17 Irradiance no. 3 (Shots 1, 2, 3, 4, and 5) 7-2l'
I Blank for Shot 6

18 Voltage monitor, bridge balance no. 4 7-223

* Si
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