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the final (WT) report. Conclusions and recom-
mendations drawn herein, if any, are therefore
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-ABSTRACT

The objective of this project was to measure the overpressure, gust,
and thermal effects of a nuclear dotonation on a B=66 aireraft in flight
to determine ite delivery capability. The measured effects will be used
to correct the B-66 Weapons Delivery Handbook, In addition, the project
provided basic research data for the design criteris of future military
aircraft.

The aft was instrumented by the Douglas Aireraft Company
(DAC) for the Air Force to record gust load stresses, thermal stresses,
temperatures, overpressures, accelerations, and other aircraft and imput
data, The aireraft was flown to a time~zero position which provided the
meximum available load combination during sach of ten nuclear detonations.

The highest temperature recorded was 444°F on an elevator of 0,016
inch thick aluminum skin painted to heve an absorptivity of 0.45, The
maximm thermal stress measurements indicated a local stress of 39,600
psi induced by a tempsrature rise of 37°F on 0,016 inch thick aluminum
gkin located at Station 94 of the elevator.

Maxdmum overpressure recorded was 1,02 psi. The maximum gust load
received was 3,26 g at the center of gravity. This valus is 107 perceat
of the gust allowahble load factor. The resultent stress level at Wing
Station 407 was equivalent to 110 percent of the limit allowable load on
the wing, The maximum msasured dynamic magnification factor was 1,59
at Wing Station 407.

based upon preliminary data reduced under field conditions, it was
concluded that the B-66 has nuclear weapon delivery cepabilitiss equal
to or in excess of those stated in the special weepon feasibility
study made by DAC for the Wright Air Development Center (WADC) dwring
1955, No further testing of the effects of nuclear detonations on the
B-66 is recommended.
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FOREWORD

This report presents the results of one of the 48 projects par-
ticipating in the Military Effects Program of Operetion REDWING, which
included 17 test detonations,

For readers interested in other pertinent test information, refer-
ence 1s made to ITR-1344, Summary Beport of the Commander, Task Unit 3.
This summary report includes the following information of gemeral
interest: (1) an overall description of each detonation, including
yield, beight of burst, ground zero location, time of detonation, and
ambient atmospheric conditions at detonation; (2) a discussion of all
project .'aasulz‘;i1 23 a sumnary of each project, including objectives
and results; &) & complete listing of all reports covering the
Military Effects Program, : ‘

PREFACE

This report presents prelimipary date reduced in the test area and
is subject to revision and correction following the detalled reduction
and analysis of the date, However, it is mlleved that refinement of
the measured effecte will result in final figures which are near the
approximate ones given in this report,

The author acknowledges the help of 2/Lt Gerald E, Holmss and 2/Lt
John P, Bodnar, whose work as assistemt project officers materlally
aided in meking Project 5.3 a success, The work of Walter E, Workmen,
project coordinator for the Douglas Aireraft Company, has been oui-
standing; without his constant efforts to achieve the required time
schedules, the project could not have been completeds In addition, the
project officer ackmowledges the participating personnel of the Douglas
Aircraft Company, ths Wright Air Development Center flight crew and
ground maintenance crew, and the many other organizations and individ-
uals whose efforts have gong into the completion of the project. An
orgenization chart for Project 5.3 of Operation REDWING is presented as
Appendix A to this report.
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CHAPTER 1

INTRODUCTION

1,1 OBJECTIVE

The objective of this project was to measure the overpressure,gust,
and thermal effects of a nuclear detonation on & B-66 aircraft in flight
to determine its delivery cspabllity. The measured data can be used to
correct the B=6€ Weapons Delivery Handbook and to provide basic research
dats for the design criteris of future USAF aircraft.

1,2 BACKGROUND

The initial work of weapon effects on aircreft consisted of approx—
imate and hypothetical studies performed for Operations CROSSROADS and
SANDSTONE, Following Operation SANDSTONE, Massachusetts Imstitute of
Technology (MIT) was contracted by Wright Air Development Center (WADC)
to develop theories for predicting the effecte of muclear explosions on
alreraft structures, Thirteen aircraft were used during Operation
GREENHOUSE to gather data for verification of those thsorstical studies.
Theae tests resulted in the publication of a WADC weapon effacts repert
{Reference 1).

4 B-,7 (Reference 2) and a B-36 (Reference 3) participated during
Operations IVY and CASTIE, end & B-50 (Reference 4) and a B~36 (Refer-
ence 5) participatad during Operation UPSHOT-KNOTHOLE, The tests
gatbored additional data for verification, correction, and extension of
- existing theories developed from GREENHOUSE, The tests also determined
the maximum delivery cepabilities of the B-36 and B-50 aircraft and re-
sulted in wespon-delivery handbooks for these aircraft. The capabil-
ities of the B=47, as limited by thermsal effects, were investigated for
inclusion in a bandbook. !

Lethal volume studies were made during Operation TEAPOT by the use
of drone QF-80 aircraft and telemetered date (Reference 6), Operation
TEAPOT also involved two F-84F aircraft in an investigation of thermal
stress phenomena and the effects of side blast loads on escort type
aircraft (Reference 7). ‘

1,3 THEORY

Eight weapon effects aircraft participated during Operation
REDWING since it was not deemed feasihles to establish the delivery
capabilities of &n aireraft by other than direct exposure to the

11
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overpressure, gust, and thermal phenomena. 4Analytical methods used to
calculate alrcraft delivery capabllities were not adegquately proven,
and it was considered impractical and inconclusive to reproduce these
tests'in the laboratory, It is likely that the massive data acquired
on many types of airecraft during the operation will result in adequate
and proven analytical methods of determining aircraft-delivery cepabil-
ities.

- le3¢l Capability Caleulations. At the request of WAIC, the
Douglas Aircraft Company (DAC] mede & complete investigation and report
of the capability of the B=66 for the delivery of nuclear weapons
(Refersnce 8), The report indicated the suitebility of the B-66 air-
craft as a carrisr of muclear weapons up to and including the multi-
megaton yislds, The use of a reflective white paint was recommended in
the report. The pre~REDWING general limitations of the aircraft are
shown in Flgures 1.1 and 1.2 for the specific conditions indicated.

1,3.2 B-66 Positioning Curves, From the analysis given in Ref-
srence 8, positioning curves were drawn to indicate the locus of time
zero positions of ths aircraft which produce specific load responses
(Figures 1,3, le4, and 1.5). From such curves, the best possille posi-
tion of the aircraft at time zero for the measursment of sffects on the
aircraft can be selscted, The instrumentation to meapure these effects -
15 described in Chapter 2.

The positioning of the aireraft from caleulations and curves of _
this type has been conservative in the past, In particular, the select-~
ed position was that which would give the affects required to echieve
the project objectives, This meant that in order to obtain the de-
sired loads, & combination of actual weapon yleld mear that of the
positioning yield and predicted atmospheric conditions was necessary,
With only a minimum number of tests scheduled for an operation and an
inability to predict the test ylelds or meteorological conditions ac-
curately, the probabilities of obtaining the desired loads were very

~ low, In addition, the inherent conservatisms of the prediotion theories

reduced the chances of achieving the desired loads,

The philosophy of positioning for Operation REDWING was daveloped
to achleve positions at which responses were safe but, nevertheless,
would provide the data required to fulfill the test objectives. It was
hoped that this positioning philosophy would provide all necessary in-
puts during the single series of tests in order to assure early avail-
ability of accurate weapon-—delivery handbooks to interested egencies
and to avold costly retesting of the same aircraft during future opera-
tions,

1.3.3 Positioning Limitetions, For thermal effects the positions
of the B-b66 were selected so that neither the temperature rise nor total
temperature would be more than 600°F in the oritical aireraft section,
based on the positioning yield, and mot more than 400°F for the ex~
pected yield. In addition, & limit temperature of 4OC°F on the nose
redome was established, Speclal panels which differed in abesorbtivity
becauss of differences in painmt color were allowed to obtain
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temperatures up to 900°F based on the positioning yield, For gust
effects the positions were selected to give no more than 95 percent of
the limit allowahle loeds at the positioning yisld and not more than
80 percent of the limit allowable loads at the expected yields, For
overpressure effects the positions were selected to give not more than
100 percent of 1imit allowable nondemaging overpressure (2,0 pei),as
based on the positioning yleld, For puclear radiation effects, the
positions were selected to give not more than 1 rem per test at the
positioning yleld nor more them & total of 7 rem for the entire
opsration,
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Fi, 1.1 B-66 feasibility for 6,000-foot airburst and abmormal day:
1) visibility, 60 statute miles; (2) water-vapor pressure, 2 mm of
mercury; (3) albedo, 0.8; (4) haze-layer height, 10,000 feet; and (5)
aircraft painted white (Referemce 1),
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Figure 1,2 B-66 Peasibility for surface burst and normal day: (1)
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visibility, 10 statute miles; (2) water-vepor pressure, 5 mm of

mercury; (3) albedo, 0.3 (45 haze-layer height, 10,000 feet; (5)
aircrafh painted white (Reference 1);and (6) ving over descending

turn, and Inmslmann feasibility exceeds 100 MT,
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CHAPTER 2
IRSTRUMENT AT ION

2,1 GENERAL

The instrumentation was installed in the B~66 by DAC under the
supervision of WADC progoct personnel. Installations were made to per~
mit measurement of; (1) load distributions on the wing and horizontal
stebilizer; (2) temperature rises of critical skin and stringer com-
binations; (3) thermally induced structural strains end stresses; (4)
radiant exposure; (5) irrsdiance; (6) freestream overpressure; (7)
spectral distritution of the thermal rediation; (8) dynamic response
due to the gust effects; (9) radome skin-temperature rises; (10) re-
sponse of the engine to the thermal and blast phenomena; and (11) ad-
ditional supporting data pertinent to the extrapolation and refinemsnt
of the response measuremsnts to othsr yields, test parameters, and
gircraft. The instrumentation is summarized in Tables 2,1 to 244e

A large number of channels was installed to cover the gust and
thermal mpasurements, either separately or combined. The selsction of
the cheannels to be recorded on any particular shot was made to cbtain
the measurement of the predominant effect,

2,2 TRANSDUCER TYPES AMD LOCATIONS

2,2,1 Thermal Measurements, Skin temperstures were measured by
means of two types of thermocouple installstions. The most common
thermocoupls was a wesher type. On some thick skin installations a
hollow Bcrew type was employede Typical installations of loth types
are shown in Figure 2,1, Ice bathe were used to provide & temperature
reference of 320F,

The aireraft had 65 thermocouples distributed over six stations on
the left wing. The thermocouples made spanwise and chordwise skin tem-
peraturs surveys, as well as papel temperature distributions, Six
thermocouples located at one station on the right wing correlated the
two wings, A typical wing station is shown in Figure 2.2.

The left aileron had &ix and the right aileron bed three thermo-
couples to meesure innsr and oubter skin temperstures on the surfase
skin end internal skin doubler, ,

The left stebilizer had 75 thermocouples at four spanwise stations
to measure spanwise and chordwise temperature distribution. For cor-
relation, the right stabilizer had four thermoecouples at two stations.
4 typical staebilizer station is shown in Figure 2.3,
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SCREW TYPE INSTALLATION WASHER TYPE INSTALLATION

Slots are fillag with An type rivet
similor matel and ground

Speciol 755T6 4-40

hotlow shonk screw . o U
: y Leod wires are soidered
S 2 1o thin copper washar

2 Pgir Copper Constanton tharmacouple
lead wirs

Figure 2,1 Typicel thermocouple instellations,

Airlaod - Sheor
Stvgin Gage

RAF Temparaturs Goge

Airlood Stroin Gages on Ingide 8
Qutside Skin Surfoces

Spamwise B Chordwise Strain Gages
fringer Wab Stroin Gage (Axia! Stroin)
Serew Type Th lo (Surfoce Temporature)

Washer Type Thsr {Skin T )

Flgure 2,2 lypical wing section, showing strain gage
end thermocouple installationms,
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Sponwise & Chordwiss Stroin Goges on Inside Surface of
Outer Skin within Bead Areg (Thermal Strain)

RdF Temperature Goge

Airloads Stegin Gaoge

72— Section Showing Mounting of Strain Goges 8
7 Thermocouples on B within Beoded Sections

Ther fos {Skin Temp )

Figure 2.4 Typical elevator section, showing strain gage and thermo-
couple instellations.

EBDF-13D Shoin Gage

Boldwin Boketite Stroin
Gaoge Cement

Epon VI on Eiectricol Conneotion Only
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TABIE 2,2 QUANTITY AND LOCATION OF FUSELAGE
MISCELIANEOUS INSTRUMENTATION

Fuselage; Thermocoyples

Iten Sta. Sta.| Sta. Sta. | Sta, | Sta, Sta. | Ste. Sta, | Sta, | Sta,
A 0 o % B3 | 455 | 4 639 641 643 n =3
External
(Radome) 2 2 7 )
1 1 1 1 1 é 1 1

Funelage: Accolaromsters, Pressure (ages, Rate Gyrus and Deflection Cameras

Sta, Sta. | Stas | Sta, | Sta, | Sta. | Sta. | Sta, Sta, | Sta,
] 2645 | 407 63 | me %5 93

Acoelorometer 4 1 1
Pressures 1 1 1 6 1 1
Rate Gyroe 3
Defl, Cameras 2(ving) 1(tal)
Vertical Stabtdlizar: I ouples, Accel ters, Presaures, and Wing Accelercaeiers and Pressures
VoS, Sta,|Fin ip L.Wing (R.Wing | L.Wing | L.wing |L.Wing | Left Right
197 Tip Tip Up,Surf, {Lo.Surf. | Tank |Necslls | Nacalls
Thermocouples 2
Accelerometers 1 1 1 3 3
Freagures 2 1 1 1

Right Engine: Tempersture, Pressure, Fusl Flow, rpm, and Noszls Fositicn

Tailpipe| Inlet Fual Fuel Fual | Turbine | Nossle
Rake |Duct Control |Manifold | Pump

Tharaocouplas 5

" Pressures 1 r 2 1 1
Tachomster ’ 1
Flov Mater 1 .
Fos, Indicator| 1
RRDL Mounts: Calorimstsrs, Radiomstsrs, and Cemsras
Tall Bottom
Turret |Fuselage
Calorizstars 16 3
Radlomsters 2
Caznras 6 2

The horizontal stebilizer had 1é chanpels to measure elevator
actuator loads apd 4 channels to measure elsvator hinge loads,

The linear acceleration of the aircraft cemter of gravity and
other specific atructural components were msasured by Stathem Labora-
tories (SL) Types A-4i3 and A~46 accelerometers, For measurement of
.angular accelerations, SL Type AA-17 accelerometers were used, loca-
tion and type of measurements were as follows;

Measuremsnts at the center of gravity were made of limear acceler-
ation, in three .axss, and of fuselage pitching acceleration, Fin tip
Jateral acceleration and left and right wing plus left stabilizer tip
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accelerations were also measured, Vertical linear escelerations at the
nose and tail sectioms of the fusslage were msasured %o obtein the com~
plote dynamic response of the fuselage. -
Pregsure measurements were made with SL Types P-128, P=131, and P-140
pressure transducers. To reduce lag in the system, ell lines from the _
pressure intakes to the transducers were maintained at leumgths of 18 =
inches or less. To maintain a stationary base pressure at shock arrival,
all differential~pressurs transducers were vented to a reference tank
mounted in the fuselage. At 15 secomds prior %o shock arrival the ref- -
erence tank wes closed to the ambient air preesure by means of a sole-
noid valve. One pressure measurement was mads at each of five stations
on the fuselage, at the fin tip, at the upper and lower surfaces of the
left wing, and at the upper surface of the left stabilizer, 4An eddi- -
tional fuselage station measured overpressure at six points about the
fuselage circumference,
Rates of roll, pitch, and yaw were measured at the center of gravity
by Daystrom Pacific Corporation (DFC) Type E~21A rate gyros.
Left and right wing tip deflections were recorded by a lé~mm N-9
gun-sight-aiming=point motion picture (GSAP) camera for each wing, The
same type of camera was used to record deflections of the left stabil-
izer tip. :

202,3 Photo-Fanel Instrumentation. A photo panel was used to
record 27 miscellancous items of information, These items were recorded
on two Pacific Laborstories (FL)} V-1 cameres and are itemized in Table
R2els .

2:2+4 Epgine Instrumentation., Instrumentation was installed to
record specific engine-operating parameters during the thermal and
blast phemomena. Items measured were five temperatures in a tailpipe
reke; 12 pressures at the inlet duct; fuel control fuel inlet pressure;
fuel control air inlet pressure; taﬁ.pipe pressure; fusl manifold pres=-
sure; fuel pump pressure; fuel flow; engine speed; and nozzle position.
Pressure transducers were of the types described in Section 2,2.2.
Special gages and instrumentation were developed by DAC and Allison
Division of Gemsral Motors (ADGM) for other measuremsnts.

2e2¢5 Thermel Inmputs, Thermal inputs were measured in conjunc-
tion with Project 5.7 using GSAP cameras and various types of calorim
eters and rediometers supplied by the Naval Radiologlcal Defenss Labor—
atories (NRUL), The instruments and camerss were mounted in two
locations on the fuselage.
4n NRDL mount capable of conteining es many as six cameras and 21
radiometers or calorimeters was installed on the teil gun turret. The
mount could be preset at an angle from 0 4o 70 degrees aft from ths fuselsge
reference lins (FRL) to allow the instrumentation to bs preset to aim
at ground zero at tims zero, ' -
4 second NRDL mount was installsd in the bottom of the aft fuse-
lage and wes capahle of containing es many as eight cameras and 21
calorimeters or radiometers, Part of the bottom mount was fixed to aim
vertically and wae capable of containing two cameras and three
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the bomb bay, used two PL Model V-1, 35-mm motion picture cameras. The
instrumsnts facad a front surface-silvered mirror, and the image of the
instruments was reflected into the cameras,

2./ INSTALLATION AND CALIBRATION .

244+ Strein Gage Installation. Strain gages were installed by
use of BLEC bakslite straln gage cemsnt. Surfaces were cleaned and
roughened prior to gage installation with fine sendpaper and emsry
cloth and were washed with methyl ethyl ketons, IKlectrical leads were
treated with Shell Oil Company (SOC) Epon VI cement. Gages were mois~
ture rroofed with a laysr of Products Research Company (FRC) 1301,
which was covered by a layer of Minneapolie Mining Corporation (MYC)
EC 801,

2¢402 Strain Gege Calibration. Load calibrations of the strain
gages ware not made on ths B-ob prior to Opsration REDWING, because the
installation of the instrumentation and construction of the aircraft
required all the time available, FPlans were mads to perform a load-
point calibration immadiately after the operation, In oxder to obtain
approximate stress levels in the fleld, a gage correction factor was
applied to each airload gage., This factor was obtained by comparison
of identicel peak tail loads and symmwetrical pullup demomstration tests
g.g gg;)REDHmG aireraft and the airload aircra.ft (RB~66 Fo, 2, AFSN

2¢4¢3 Thermocoupls Inmstallation, Thermocouple leads were of two
8izes, 5 and 10 mil, and were increased to 20-gage wires at an adjacent
terminal strip, The washer type thermocouple, used for all measure= -
ments of thin skin temperatures, was attached to the skin with 1/16~inch
rivets, Inside skin tempesratures of thick skins and internal component
temperatures used the washer type thermocouples attached by machine
screws, Outside skin temperatures on thick skins were measured by the
hollow screwtype thermocouple, which was installed in a tapped hole in
the thick skin, The final installation was machined to skin level to

_ provide a smooth surface,

26404, Thermocouple Calibration. Bureau of Standard Tables of
electrical potentlal versus temperature were used instead of a specific
calibration, Leboratory calibrations wers made, however, of both types
of thermocouples installed on various skin thicknesses, The calibra-
tions wers performed at various heat imput rates to establish time lag

- correction fastors for the installed thermocouples,

g

2,45 Accelerometer Installation and Calibration. The accelerom-
eters were installed on brackets rigidly attached to the structure at .
the point of measuremsnt. The instruments were calibrated with a
Genisco gentrifuge, which subjected the acceleromsters to a specifie
centrifugal force and the assoclated acceleration at & constant speed
condition,
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CHAPTER 3

OFERATIONS

3.1 AIRCRAFT PREPARATION

In January of 1955, an addition was mads to the summary B-66 pro-
duction contract to have DAC install the necsssary instrumentation In
the B-€6 for this project. Installation of the instrumentation and in-
itial fabrication of the aircraft were started simultaneously in March
1955 end complsted on 15 January 1956, Practice flights and mainten-
ance checks were made at Wright-Patierson Alr Force Base, Ohio, The
alreraft was flown to Eniwetok Atoll vie Travis AFB and Rickam AFB,

302 AIRCRAFT CONFIGURATION

The JB=~66B aircraft differed from the production model B-66B in the
following ways et the onset of the series of tests:

The underside of the aireraft was painted white with Vita-Ver PV~
100, with B-103 overcoat, All Fibergles radowss end fairings were cov—
eved with white Hypalon (Gates Engimsering XP-104)s The twin 20-mm
guns were yemoved {rom the teil twrret, and the NRDL instrumentation
vas mounted on this turret. Another mount for NRDL instrumentation was
placed in the bottem of the aft fuselege, Test instrumentation weigh~
ing 5,000 pounds was aboard the aircraft; 2,500 pounds of this was
located in the bomb bay, Two wing deflection camera fairings were lo-
catad on top of the fuselege above the wing, and protective curtains
were installed in the cockpit to minimize the possibllity of flash
blindnass, 4

Figure 3,3 illustrates the changes in the aircraft configuration,

303 SHOT PARTICIPATION

Arcraft positions were selected for each shot from positioning
curves such a8 those shown in Figures 1.3, 1.4, and l.5. The project
participated in the following shotss lscrosss, Cherckee, Zuni, Flatheed,
Ince, Dakota, Mohawk, Apeche, Navajo, Tewa, and Huron, The shot sched-
ule, location, end other associated shot data are shown in Table 3.1,

. 4 position was selected for each shot to ackisve the desired loads
on the aircraft, From the selscted on-time positlon, mission profiles
wore drawn to establish flight altitudes, patierns, and teksoff and
landing times. Representative mission profiles gre shown in Figures
3¢l and 342,
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Arrive from Bote
of Enimatok

Bagin Two Racetrock
Timing Runs ond Windbox

Ground Zero Posltion——A7F

&rcraft Position ot Time Zm)-—-—ﬁ

Twn of W+ 4 Minutss

T_EM Glmb @ Cruise Aftitude

Return to Bose _/
ot Eniwalck Begin Cimb to Cruse Altitude

Figure 3,1 Typical mission profile at Bikini Atoll,

Begin Two Rocetrack Timing
Runs ond Windbox

End Cimb of Shot Abitude

Figure 3,2 Typical mission profile at Eniwetok Atoll,










gyro. The course 1o zero position was continued by use of the standby
compass as & heading reference, The pilot was unable to keep the air-
craft straight and level without the attitude gyro, 4s a result, the
flight was aborted at 2 minutes prior to shot time, The aircraft was in
no~affects position at tims zero and at time of shock arrival and re-
turned to base to land at the correct lending tims,

343,42 Shot Cherokee, The aircraft took off at the correct time and
climbed to shot aititude, After cruising to the initial point, the air-
eraft proceeded on course for the raceirack and wind box patterns, At
approximately 3 minutes prior to shot time the timing calls of the drop
aireraft becams erronsous for tho correct alrcraft position, The air-
craft made an abort turn of 146 degrees to the right to a heading of 251
degrees, The aircraft rolled out on a lsvel flight heading approximately
5 seconds prior to time zero, After shock arrival the aireraft returned
to base and landed at the correct time,

3033 Shot Zuni, The aircraft took off at the correct time mnd
climbed to the shot altitude, A successful mission profile was flown,

343:4 Shot Erie, The aircraft did not participate in this shot
bocause of a malfunction of & relay in the left engime, The engins
would not start, and the flight was cancelled,

3e3e5 Shot Flathead, Ths aircraft took off at the correct time,
climbed to the shot altitude, and successfully flew ths mission pro-
file, At the begluning of the final run in to target, approximstely 5
minutes prior to shot timo, the K~5 radar bscame erratic and was only
partially effective, Ths aircraft was accelerated to assure arrival
either on time or early without use of redar, After shock exrival, the

" aircraft returned to the base and landed at the correct time,

. 3¢3.6 Shot Inca, The aircraft took off at the correct time,
climbed to shot altitude, and successfully flew the mission profile, On
the final run~in at 1 1/2 minutes prior to shot tims, the aireraft was

5 seconds late at a point where 2 seconds late would result in destruec~
tive loading on the eircraft, Because of the high run-in speed, the
aircraft could not make up the time, so an abort was mede with a 90~
degree right turn to roll out on a heading of 140 degrees for a no-
sffects position at time zero and shock arrival, The eircraft returnsd
t0 base and landed at the correct tims, .

3e3¢7 Shot Dakotss The aircraft took off at the correct time and
climbed to shot altituds, A successful mission profile was flown, and

- after shock arrival the aircraft returned to the base to land at the

correct time,

3438 Shot Mohawk, The aircraft took off a.t the correct time and
climbed to shot altitude, A mission profile was flown, and after shock
arrival the aircraft returned to base and landed at the correct time,

A postflight :LnsPectign revealed that the oscillograph-on and the
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CHAPTER 4

RESULTS

The preliminery peak valuss of the effects on the critical portioms
of the aircraft at time zero and time of shock arrival are given in
Tables 4¢] end 4.2, ,

Typical time history plots from which the tabular peak valuss were
selscted are shown in Figures 4.l, 4¢2, and 4.3,

Figures 4.4 and 4.5 show detailed results of the recorded tempera~
tures end temperature rises, During &ll shots, otbsr than Cherokee, the
alrcraft was gust critical, Therefore, the variations in absorptivity
shown on these plots were nscessary to obtain data throughout a rangs of
temperatures up to the limit used in Reference 8 calculations (423°F),
These figures illusirate the completeness of data throughout the tempera-
ture range on skin thickmssses of 0.016, 0,025, and 0,040 inch and
provide an indication of the temperature effects on thicknessee up to
0,070 inech,

The temperatures meesuved on the 0,016 inch thick elevator with a
protective coat of white Vita-Var PV-100 paint (sbsorptivity of 0.15)

- compared closely with the tempsratures measured on the mose radoms,

- Since the instrumented areas were repainted prior to Shot Dakota for
highar absorptivities, no meassurements of the original surface condition
were made during Dakota or later shots, For this reason, the nose
radome temperatures from Dakota and later shots, 2s shown in Figures 4.6
and 4.7, may be considered as equivalent to the temperatures attained by
a whits-painted, 0,016 inch thick elevator panel,

The small stresses measured on the horizontal stsbilizer appear to
be a negligible comsideration in the gust analysis,

The spanwise variations of measured percent limit stress on the
wing (Figure 4.8) show the critical section of the wing to bs an out-
board section, The dynamic-magnification fastor (IMF) is the prime
factor in relating the stresses measured by an aircraft exposed to a
miclear explosion to the stresses predicted with the maneuvering rigid
body gust analysis, The measured values of the IMF are shown in Figure
49 for the sems shots and wing stations as the measured stress lewels of
Figure 4.8,

Somo damege to secondary structural items occurred during the tests,
primarily on radomes and seals, Photographs of prineipal damage areas
are presented as Figwres 4.10 and 4.11.

The msasured valuss of radiant exposure varied from the predicted
values as shown in Figure 4.12, Recorded values were lsas than predicted
for most of the shots but were equal or greater than predicted for two
shots, The data are shown for the radiant exposure msasured on a
receiver parallel to the ground plane (vertical radiation) and & receiver
normel to the radial from the burst to the aireraft (direct radiation),
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TABIE 4ole SUMMARY OF T RESULTS
T TR
Pt | gRi3ky| Aankp | siank; :
ﬁ.k s.o.-é 3-‘5._5 8.3 5 E-
. Bl | Bfge39 Bfuest S8 13 55 3ae,
2 ‘igaz HO3458| “Na4EE | ol E_ widd
-3 Y e8.0 - 8 £a%%
5o | Elsasy| Bigisd | 2igdsl 1D | i
Total 4T Total | AT Total Y3 Total 47
v eal/ox? Towpe °F| °F | Temps OF | °F  |Temp, °F e}’ Tomp, °FI oF ped
lacrosse Flight Aborted ~ See Paragraph 3,3.1
Cherokee 18,5 45 30 &0 57
Zupd 29 1L 37 127 51 1,000
Flathead 73 87 | W 103 30 4250
Erle Flight Not Accomplished - See Paragraph 3e3.4
Inca Flight iborted - Ses Paragraph 3,3.6
Dakota o | we || || I | [ e | wse
Mobauk Flight Cozplated = Instrumentation Dff = See Paragraph 3.3,8
Aprche 19 187 89 152 55 107 9 3,848
Navajo 10,6 129 56 15 4
Huron 18 %3 | 2% 257 |11 %3 55 36,713
Towva 40 322 | 258 %6 |3 uz 54 38,¢53°
8icouracy questiopabls
TABLE 4.2, SUMMARY OF SHOCK ARRIVAL RESULTS \/
% .
8 H g
= g N ~ ob )
8 §ix §s) 8§ yH 3
8 3 53 $e: | 3y i
: g A - :r-a; CEa ug ?3'» 4 (] :
5| <3 | By Qe B B
& L &3 3 g‘ w3 38 &4 -]
psi (Total) g parcent pei porcent Roontgens
Lacrosse Flight Aborted - See Paragraph 3.l
Cherckee 0,16 L4 4565 1,58 6,950 52 i
Zund, 0,37 La47 48 L47 6,180 47 1
Flatiead 033 139 b 1,52 6,040 45 1
Eris Flight Not Accomplisimd - See Parsgraph J.3.4
Inca Flight Adorted - See Paragraph 3.3.6
Dekota 0493 2,75 l 9% l L.39 13,300 ] a8 1
Nohavk Flight Complsted - Instrumntstion 0ff - See Faragraph 3.3.8
Apache 0485 1,7 57 114 44300 4B 1
Nava jo 0,17 1.1 374 1.% 4720 b2 1
iuron 1.02- 3.26 107 1,56 13,287 1o 1
Tewva 0.84 1.68 56 1.59 8,627 65 1
8 4tress lavels are not at sams gage location due to unecalitrated conditionm, Eﬁ cbanoels are
recorded at oach station and each hae & diffsrent response and lipdt stress, FPeak value of
the channel. having ths highsst percent of limit allowebls stress is indicated, i
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The validity of 1.5 as a DMF was observed when the ratio of recorded
stresses to those predicted without considering dynamios ek, -sonsiétent~

1y between 1.4 and 1.6 atihanritical—wing—mtim—(iéw e

5.3 SPECIAL AREAS OF CONCERN AFFECTING H)SITIONING

In addition to the basic structirel responses which primrily
determined the positions in the operation, a number of special &reas. of
conoern existed and were considered in the final decision. Such 4items
as the effeqt of low=yleld participations, engine criticalness to blast,
temperature rises in the nose radome, and data from alrbursts were con-
sidered, The position selections were altered to include these apecial
areas, &8 long as this inclusion did not compromise the structural -
effects degired.

5.3.1 Participation in Low-Yield Tests, The B=66 did mot partici-

- pate successfully in the shots having yields below 50 KT, These tests

offered only one unique advantage: the opportunity to position the air-
craft nearly directly over the burst at time of shock arrival. This
position may have produced better response dats for the instrumented
engine; however, it was not representative of free fall bomb delivery.

5.3.2 ine Criticalness. The effects of gust and overpressure
on the Allison J-71-A-11 engines of the B-66 were reccrded and analyzed
in the fleld by the Allison positioning rerresentative and are summrized
in Figures 4,16 and 4.17. These figures show thet, with the high power
settings of a delivery condition (98 percent or larger), the engines
cannot be gust critical. They also show that the structural limitations
of the airoraft, as exmressed in overmressure limits, are considerably
more critical than the engine limitations expressed in the same terms,

5.3.3 Temperature Rises in the Nose Radame., Since thermal amalyisis
of Fiberglas radome materials ws in the initial investigation stages,
no degree of criticalness was established for the nose radome in the
caloulations of Reference 8. Two separate types of information had been
obtained from laboratery tests by DAC, but neither were directly applica-
ble to the REDWING tests.

With the aid of the REDWING dats, an evaluation of the tims lag of
beat conduction through the Hypalon rrotective coating and resultant
effect on the allowable inputa to the existing radame will be attempted
by DAC. The i{nformation obtained should be directly applicable to any

.subsequent changes in the radome material, structure, ar protective

coating. The criticality of the radame has not been firmly established.
After the above study is completsd, an attempt will be made to datermine
radame criticality.
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The aircraft experienced a spread of overpressures, temperatures,
and stressea which should be camplete enough to allow revision of the

































