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FOREWORD 

Classified material has been removed in order to make the information 

available on an unclassified, open publication basis, to any interested 

parties. The effort to declassify this report has been accomplished 

stecifically to support the Department of Defense Nuclear Test Personnel 

Review (NTPR) Program. The objective is to facilitate studies of the low 

levels of radiation received by some individuals during the atmospheric 

nuclear test program by making as much information as possible available to 

all interested parties. 

The material which has been deleted is either currently classified as 

Restricted Data or Formerly Restricted Data under the provisions of the Atomic 

Energy Act of 1954 (as amended), or is National Security Information, or has 

been determined to be critical military information which could reveal system 

or equipment vulnerabilities and is, therefore, not appropriate for open 

publication. 

The Defense Nuclear Agency (DNA) believes that though all classified 

material has been deleted, the report accurately portrays the contents of the 

original. DNA also believes that the deleted material is of little or no 

significance to studies into the amounts, or types, of radiation received by 

any individuals during the atmospheric nuclear test program. 

I Accession For 

~ntis GP.A&I 
DTIC TAB 
Unannounced 
Just! I've at 1er 

By- 
Distribution/ 

i 

H 

AvaliebilIty oc<-. 

¡Avail and/or 

Dial \ Special 

/H 

"* • * J» 

£ 

!• ‘ v V * 

V v %• 
. * V V • J» h .- * 
h 4 * w * - * », - a ,-.-A < 

ft .V1 -1 f if 
I*- 

|f %• - 





..... ... .....w,w i.rPMW pjii. 

apachc 
SEMINOLE 

KICK APOO 
YUMA 

ERIE 

arwr 

*99t9— * 
0000 fr* 

ri«rw 

r*to 

fh00 0099000 

Au lanbtni 
AU». 
Aiitruau 

Bllllrt 
BoftlrlkA 
Bof&Uuâ 
BofoBboao 

V«r» 
OU»« 
Bruca 
SUIT 
Tilda 
Halan 
Altea 
Balle 
Ir ana 
1*17 

CMnlnaro 
Chlnlnü 
Coc hita 
Coral Ha ada 
Ebariru 
Clvaalab 
Enfibl 
Enlaatok 
Glrllnlan 

AItU) 
arda 
Datar 

Maek. Qacar 
Ruby 
Plora 
Jan al 
Prad 
Kalth 

Ifurtn Glann 
Japun Dartd 
Kirtniaa Lucr 
-IT Zona 
Muí Hanrr 
Mulla Kata 
Parry timar 
Ptiraal Wilma 
Pokoc. Irwin 

ruiu 
Ro|oa 
Ruchl 
Ru)oru 
Runlt 
Sandlldafonao 
Talialnpucchl 
Yairt 

Jaman 
Laror 
Urauta 
Clara 
Paarl 
Yronna 

Nancy 

Eniwttok Atoll, Location» of toot datonation» during Opa rat ion fSIMIMG 
ara Indioatad by largo lottoring and arrova» Natito loland naaoa 
with corresponding military identifiera aro gitan in the tabulation* 

'V *. -, 

•"a -V-'a 



;■ 

r ^ . <* < * ^ ^ 

1 

FOREWORD 
Thi* report preaenu the final results of one of the projects partieipa-uig In the military-effect 
programs of Operation Redwing. Overall information about this and the other military-effect 
projects can be obtained from WT-1344, the "Summary Report of the Commander, Task Unit 
3." This technical summary includes: (1) tables listing each detonation with its yield, type, 
environment, meteorological conditions, etc.; (2) maps showing shot locations; (3) discussion 
of results by programs; (4) summaries of objectives, procedures, results, etc., for all proj¬ 
ects; and (5) a listing of project reports for the military-effect programs. 
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ABSTRACT 
Project 5.4 was established to determine tha response of the structure oí the B-57 aircrait In 
flight to thermal, gust, and overpressure ef/ects oí large-yield nuclear explosions primarily 
for the purpose of defining the delivery capabilities of the aircrait and secondarily to obUin 
basic information relative to the thermoelastic response of the aircraft structure. 

In order to obUin the data necessary to accomplish this objective^ the aircraft was instru¬ 
mented to measure the overpressure, gust, and thermal inputs, and the response of various 
components of the structure to these Inputs. The instrumented aircraft was positioned at pre¬ 
determined points in space in the vicinity of several nuclear detonations. The positions were 
selected èuch that design limits would be approached. 

A maximum skin temperature of 400 F was the criterion for determination of the amount of 
thermal radiation which the B-57B could absorb without sustaining permanent buckling of the 
skin, and 600 F was the criterion for the maximum safe limit. In thermally critical participa¬ 
tions, the aircrait was normally positioned for the 400-degrees limit for the design yield and 
for less than 600 degrees for the positioning yield. 

With respect to gust, the aircraft was limited by 100 percent of the design limit shear at 
Wing Station 123. The aircrait experienced loads of from 14 to approximately 61 percent of 
the design limit load. 

During Shot Apache, the aircraft was positioned for both overpressure and a high horizontal 
gust component. The results substantiated the theoretical alleviating effect of the horizontal 
gust component. Blast overpressures of 53 percent of the overpressure limit were received. 

Sufficient data «rere obtained for the determination of the delivery capability of the B-57B 
aircraft: It was found to be better than the capability described in the B-57B Phase I-A Special 
Weapons Studies. \ 
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PREFACE 
This report presents the final results of Project 5.Vs participation In Operation Redwing. Due 
to the voluminous nature of the collected data, only that Information necessary to support the 
conclusions and recommendations Is presented In this report. For a complete presentation of 
the resulta oí this project, the reader Is referred to Wright Air Development Center Technical 
Note 56-465. 

The technical contributions and cooperative efforts of many Individuals aided In tae success¬ 
ful completion of the objectives of the project. The authors wish to acknowledge in particular 
the efforta of Captain Wilbur Mitchell, pilot of the test aircraft. 

The cooperation of many organizations contributed to the success of this project. The authors 
wish to acknowledge the efforts of those organizations Including: Benson-Lehner Corporation; 
Radiation, Inc.; Raydlst Navigation Corporation; Reeves Corporation; Wright Aeronautical Cor¬ 
poration; USA F Cambridge Research Center; U.S. Naval Radiological Defense Laboratory; and 
University of Dayton. 
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Chapter / 

INTRODUCTION 
1.1 OBJECTIVES 

Project 5.4 was established to determine the response of the structure oí the B-57 aircraft 
in (light to the thermal, gust, and overpressure eílects oí large-yield nuclear explosions pri¬ 
marily ior the purpose oí defining the delivery capabilities oí the aircraft and secondarily to 
obtain basic information relative to the thermoelastic response of the aircraft structure. 

1.2 BACKGROUND 

Recognuing that the delivery capability oí an aircraft could be somewhat limited by its re¬ 
sponse to the induced nuclear weapon eifects, the Air Force initiated a research and develop¬ 
ment program to define accurately the safe delivery capability oí present-day and future air¬ 
craft. Theoretical and experimental programs conducted since 1946 (Operation Crossroads) 
have provided: a handbook entitled “ The Effects of Atomic Weapons on Aircraft Structures ; 
studies of the delivery capabilities of various present-day aircraft; and substantial quantities 
of basic data to extend, correct, and verify the methods used to pcsdlct weapon effects. 

It was necessary to participate in Operation Redwing in order to extend this program to a 
B-57B aircraft (Figure 1.1). 

1.3 SCOPE OF INVESTIGATION 

The nuclear-weapon delivery capability of the B-57B aircraft has been analytically defined 
in References 3 and 4. In order to confirm the criteria and methods used in this analysis or 
to determine if changes were required, the test piogram was arranged to secure the following 
fundamental data: (1) the relationship between weapon yield and energy inputs; (2) the tempera¬ 
ture rise and distribution in stringers and skin panels caused by absorption of the thermal 
radiation; (3) the span wise and chordwise temperature distribution as a function of thermal 
radiation and aerodynamic cooling; (4) the thermally induced strains in stringers and skin pan¬ 
els caused by thermal radiation; (5) the dynamic response of the airframe to the overpressure 
and gust loads; (6) the response of the ¿.igines to the thermal radiation, overpressure, and 
gust loads; and (7) the discovery of any aircraft components or accessories which might restrict 
further the delivery capability of the aircraft. 

During the tests it was planned to subject the aircraft to inputs equalling or exceeding those 
expected under actual delivery conditions. This woiud provide valuable information to deter¬ 
mine whether additional aircraft components might prove limiting as well as to demonstrate 
the predictability of the aircraft response up to loads to be expected in combat conditions. 

1-4 THEORY AND LIMITA HONS 

In order to determine the teasiblllty of manned operation of a B-57B weapons system in the 
vicinity of large-yield nuclear explosions, a study was made of the predicted response of the 
•tructure of the B-57B in flight to (1) thermal radiation, (2) overpressure of the shock wave, 
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Figure 1.1 B-57B, three vtewe. 

structure sustains. One parameter may be forced through the range oí expected values as thi 
other vartablee are held constant and then the results may be cross plotted to obtain the evalu 
ation of all the variables. The positioning of the aircraft due to a particular material veloclt; 
thus becomes contingent upon the cross plotting of the altitude) Mach number, time duration 
of the gust, and the bomb yield to obtain Induced loads that are 20, 40, 00, 80, 100, and 120 
percent of the design limit allowable load. 

In Reference 7, a method Is presented for computing skin temperature rise and allowable 

pm « i» mi, li 11 ill m i . i t11..1 ¡nw**'* w L-",, * 

(3) gust lining material velocity Immediately following the shock wav®, (4) gamma radiation, 
(5) radioactive cloud rise. The methods devised for predicting valuvi of these phenomena at* 
contained In Referenced 9 and 12. The Martin Company (which had entered Into contract with 
the Air Materiel Command [AMC] to perform the study) Introduced, through References 7 and 
•, some modifications of the methods outlined in Reference« 9 and 12. 

In Reference 8, the Martin Company presented a method whereby th« calculated structural 
'^'responses and resulting Loads on the wing and tall of the B-57B airplanu due o the blast effects 

of afuetear explosion may be combined with the steady-«tat« 1-g effecU Thu combined loud 
can be ratloed to the design allowables to obtain variation In the amc-uu. of limit load that the 
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thermal input* from-hesittng due to special weapon detonation (effects). The heat rate received 
br any body exposed to the detonation of a special weapon follows the general thermal pulse 
curve. The total amount of energy absorbed varies with the distance from the blast, atmos- 
p'ierlc attenuation, surface absorptivity and angle of Incidence of the radiation. It may be de¬ 
termined by an Integration of the general thermal pulse curve. Thus, specific values of the 
heat rate will depend upon the value of the total absorbed energy and the weapon yield. Not all 
of the heat absorbed is available for heating the skin, since some of It is lost by convection to 
the aerodynamic boundary layer which is adjacent to the heated surface. In Appendix A of Ref¬ 
erence 7, a simple method Is presented based upon the heat balance equation of a unit skin 
area for computing skin temperatures from special weapon heating. The allowable thermal 
input la thus the amount of heat that may be absorbed under the thermal pulse curve to produce 
a maximum skin temperature rise of 400 F on the aileron tab and elevator tab. 

1.4.1 Thermal Radiation Response. The allowable thermal radiation response of the B-57B 
aircraft was studied in detail by The Martin Company prior to the Operation Redwing field test. 
The investigation revealed the 0.016 skin of the aileron tabs to be the critical structural item. 

The allowable thermal limits were determined on the basis of; (1) thermal loads Induced in 
the structure which when combined with the existing loads account for changes In material 
properties at elevated temperatures and also (2) the residual loss of material strength associ¬ 
ated with heating for short periods. 

The structural components studied were those with 0.040 skins or thinner: minimum skin 
on the stabilizer (0.040j, aileron (0.032), elevator (0.020), and aileron tab (0.016). The 0.051 
and thicker skins on the wing and aft under fuselage were not investigated in detail since the 
critical thermal limit on the 0.032 skin (aileron) would cause a small temperature rise on the 
0.051 skin, providing the 0.032 skin and the thicker skins have the same absorptivity. 

Temperature distributions in the structure versus time were calculated for various durations 
of heat inputs by use of an analog computer with a method similar to that used in Reference 5. 
These temperatures were then entered into a thermal and airload stress analysis, and the 
stresses m the stringers, spars, and skin were calculated. The airloads that were combined 
with the thermal stresses corresponded to 1-g Level-flight conditions. These stresses were 
then compared to the material yield strengths at the corresponding temperatures to determine 
the panel buckling allowables. 

No loads from the gust due to special weapons were considered In combination with the 
thermal stresses because the gust effects occurred at the aircraft .alter the thermal effect and 
also after a time interval during which the aircraft had cooled from peak temperature to near 
ambient temperature. 

The thinner skins on the B-57B, 24ST4 aluminum, exhibited a considerable residual loss 
In strength after being heated for a very short time period (Reference 6). In line with the 
philosophy that future use of the aircraft should not be limited by this loss of strength and that 
structural components should not require replacement, the maximum skin temperature was 
set at 400 F. The skin panels were limited to this temperature even though thermal stress 
requirements might allow higher temperatures. 

From the above investigations it was found that the residual loss In material strength Is 
critical for the B-57B when the skins 0.032 inch and heavier have the same absorptivity. 
Therefore, the all-black B-57 was limited by a midpanel temperature of 400 F on the aileron 
feb*. or, if the tabs were painted white, it was limited by a 400 F midpanel temperature on 
the 0.032-inch skins. 

For positioning purposes in the Redwing tests, it was advantageous to have the maximum 
possible safe temperature rise. For this reason and because the aircraft was under controlled 
test conditions, a higher temperature limit allowing a safe degree of structural damage was 
investigated. From this investigation it was decided that the 0.016 aileron tabs and the 0.020 
elevator tabs could be allowed to buckle and reduced material properties could be tolerated. 
Therefore, for this test series the maximum temperature of the tabs was set at 600 F and the 
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maximum température rtae wa. eetabU.hed aa 830 Fahreahett degrees; the flret oí the^ reo 
criterU to be fulfilled waa to be the governing condition. 

Thus, the thermal limita of the B-57B for the Redwing testa were set at 400 F on the 0.032- 
Lnch skin and 600 F (with a maximum temperature rise of 630 Fahrenheit degrees) on tha 0.020 

¿levator tabs and 0.016 aileron tabs. 
Since the Br57B Is limited by a midpanel temperature on thin gage akin, the allowable 

'thermal input dependa only on this temperature. Therefore, to enable quick calculation of 
midpanel temperatures, a dimensionless curve of r^aximum temperature rise versus a param¬ 
eter of weapon yield, convective cooling, and skin leat capacity waa devised (see Reference 
7). This method waa used for determining akin temperatures presented in thisieport for com¬ 
parison with the teat values of the aileron and aileron tabs, the elevator and elevator tabs, and 

the stabilizer. 

1.4.2 Overpressure. An investigation of the B-57B structure indicated that the airframe 
can withstand an overpressure of 2.0-psl limit (without permanent deformation) and 3.0-pai 
ultimate. The analysis, conducted under 1-g flight conditions, found the critical structural 
component for overpressure to be the aft fuselage. 

A study was conducted by the Wright Aeronautical Corporation to determine the effects of 
overpressure on its J65W-5 engines ised in the B-57B. This investigation was to determine 
the possibility of engine damage or flameout due to the maximum Operation Redwing anticipated 
overpressure of 2.0 psi. The results of this investigation showed that the engine would not be 
affected either operationally or structurally by overpressures up to 2.0 pal. 

1.4.3 Gust Loading. The method of predicting structural loads which result from material 
velocity is described in Reference 8. This method assumed that the gust loads Induced by the 
nuclear detonation impart loads similar to those Induced by a normal aerodynamic gust. 

Only the vertical component of the gust loading due to nuclear detonations acts on the air¬ 
plane. The horizontal component affects only the relative Mach number and hence was not 
considered in the analysis. If the airplane were traveling away from the blast, the horizontal 
component of the gust load will tend to accelerate the airplane in respect to the ground, but Its 
relative Mach number will be diminished, resulting in an alleviating effect, for tha maximum 
loads in the airplane structure occur at some instant of time after the gust load encounters ths 
airplane and thus at a time when the relative Mach number would already have been diminished. 
In the analysis each aircraft component was considered to be instantaneously enveloped by the 

gust. 
The wing gust loads were analyzed using a three-degree-of-freedom system Incorporating 

rigid body translation, first uncoupled symmetric bending, and first uncoupled symmetric 
torsion for two weight conditions: (1) 39,740-lb gross weight with 1,000 lb of fuel in each wing 
and (2) 37,280-lb gross weight with empty wing fuel tanks. The stabilizer was analyzed by two 
methods: (1) two-degree-of-freedom analysis utilizing first cantil sver bending and first canti¬ 
lever torsion modes and (2) two-degree-of-freedom analysis utlllz.ng first cantilever bending 
and fuselage first symmetric bending modes. 

The loads were determined at an altitude of 5,000 feet and a Mach number of 0.78. Ths 
altitude effects in the analysis were varied to determine altitude correction factors. Similarly, 
Mach number was varied to obtain Mach number correction factors. In this manner, gust loads 
could be predicted for altitudes between 5,000 and 45,000 feet, and Mach numbers between 0.52 
and 0.78 for each of the weight conditions. 

Analysis of the gust-induced structural loads on the wing, stabilizer, and aft fuselage Indi¬ 
cated that the wing was the critical aircraft component. Use of the design 'Unit loads (for 
r.ormal flight conditions) as allowable for gust loads established a shear critical condition at 
Wing Sutton 123. The predicted stabilizer gust UmiUtion required approximately 60 percent 
higher material velocity than that needed to produce the UmiUtion on the wing. 

The aircraft was limited by gust considerations on Shota Lacrosse, Erie, Inca, Blackfoot, 
and Huron. 
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. 4 4 Nuclear RadUilon. The maximum permiasible exposure to nuclear radiation for 
^imel âtlhe test site ^ãs specified by the Commander, Task Force 7, to be 3.9 rem for 

P*r 13 week period. The nuclear radiation predicted to be received by the crew of the B-57B 
îîquired consideratjan in only five instances in which the aircraft was scheduled to participate. 

Shot Kickapoo participation was wtth- 
dnwn prior to the beginning of the operation. Shot Blackfoot participation was cancelled in 
the field, as will be explained in Chapter 3, and in the three remaining shots, the aircraft was 
positioned for the limiting gust loads. Nuclear radiation was not a limiting factor in any single 
mission. The pilot’s total airborne dosage was 3.81 rem. His total airborne and ¿round ex¬ 

posure was 4.97 rem. 

1.4.5 Rise of the Radioactive Cloud. In all participations the aircraft was positioned tall- 
on to the burst point and was flying away at time of detonation. The combination of aircraft 
orientation with respect to the burst point and the positions imposed by other effects eliminated 
cloud rise as a limiting factor. This condition would also be true in the case of an actual de¬ 
livery maneuver. 

1.5 INPUT COMPUTATIONS 

By use of the limiting response described in the preceding section, it was desired to place 
the aircraft at the point in space where weapons effects would produce these responses or de¬ 
sired percentage of them. To locate the aircraft required the prediction of various weapon 
effects. Before each participation, thermal radiation, nuclear radiation, peak overpressure, 
and gus'. values in space were calculated, as described in the following paragraphs. 

1.5.1 Thermal Radiation. Prediction of total thermal radiation Incident on the horizontal 
receiver was based on the method presented in Reference 9. The Standard Eniwetok Atmos¬ 
phere obtained during Operation Sandstone was used where meteorological data were required 
to perform the analysis. This analysis took into consideration the rise, shape, and color 
temperature of the fireball; the direct and reflected radiation; the atmospheric attenuation of 
the radiation in the visible-infrared spectrum; and the movement of the receiver during the 
thermal phase. 

It was also desired to predict the total thermal radiation incident on a receiver normal to 
the slant ray between the burst point and the receiver position. These parameters were found 
as if the receiver were in the horizontal position by the method of Reference 9. The receiver 
was then routed through an angle defined by the geometry existing between the burst point and 
the aircraft position. The functions of the resulting angles were then used to determine the 
final parameters. These new parameters were combined by the same relationship used for the 

horizonUl receiver to obUin the tottl thermal radiation. 
The method for computing the thermal radiation inc ident on a receiver at an angle other 

than 0 degree or 90 degrees with the slant ray between the burst point and the receiver position 
is described in deUil in Reference 10. 

r> wjr 

1.3.2 Peak Overpressure. Peak overpressure at a point in space was calculated by using 
the^d-problem free-air peak-overpressure curve from Reference 12 and the modified altitude 
correction factor u*) from Reference 18. A more deuiled explanation of the M-problem meth¬ 
od modified by the a altitude factor can be found in References 13 and 14. 

1.3.3 Shock Wave Phenomena. The material velocity associated with the shock front was 
calculated by the method presented in Reference 12. This method equates the gust to a function 
of overpressure and speed of sound at altitude. The overpressure value is computed by the M- 
problem method modified by the a altitude correction factor as referred to in the preceding 
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section. The gust direction prediction* were modiiled by uaing one-half the acouatic refraction 
correction shown in Reference 12. 

The remaining phenomena (the time of shock front arrival, the peak density in the shock 
wave, the duration u. he positive phase of the shock wave, and the triple point associated with 

air bursts) associated with the shock wave were computed by the methods described in Refer¬ 
ence 12. In cases where these phenomena were dependent on functions of overpressure, the 
overpressures were predicted by the M-problem method modified by the or altitude correctlor 
factor. 

1.5.4 Nuclear Radiation. Computation of the nuclear radiation dosage was based on the 
method presented in Reference 11. The method predicts the radiation received at a point in 
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u the sum oí the InitUl gamma and neutron radiations corrected for atmospheric attenu- 
The B-57B was at^àys posttlored so It was flying away from the burst point. The re¬ 

ceipt of the nuclear radiation was considered Instantaneous and reduction by flyaway was 

neglected. 
— • 

i 5.5 Cloud Growth. The growth of the radioactive cloud had not been defined analytically. 
Cloud growth data from previous operations were obtained from the Wright Air Development 
Center (WADC). These data were used to compare the aircraft positions at corresponding 
tunes after time zero with cloud position to determine if the radioactive cloud would approach 

the aircraft. 

1.6 SELECTION OF POSITIONS 

Once the aircraft response limitations had been described and the effects In space from a 
nuclear detonation had been predicted, a limiting position of the aircraft relative to the detona¬ 
tion could be defined for any particular altitude. The loci of the limiting positions over a range 
of altitudes formed the boundary lines of danger regions within which the aircraft must not be 
located. Such danger region boundaries may be combined on a feasibility diagram which Indi¬ 
cates the aircraft limiting positions at time zero as a result of all detonation effects. Figure 
1.2 presents a typical feasibility diagram. 

By use of the preshot Information concerning the expected capabilities of each test device, 
feasibility diagrams were constructed for each test in which the B-57B was scheduled to parti¬ 
cipate. Generally, these feasibility diagrams Indicated that the thermal radiation and gust In¬ 
puts would be the llmitu'g effects. When possible, altitudes were chosen which would position 
the aircraft to receive a combination of limiting thermal radiation and limiting gust Inputs. 
Where combined limits could not be received, a compromise position was chosen to recelvtf 
effects which the preshot information indicated would provide the most valuable data. In this 
way, the desired preliminary positions were evolved. 

Generally, instead of the desired combined limiting effects, the aircraft position was limited 
by only one effect at a time, either thermal radiation or gust. Thermal limiting positions were 
based on the no-stniclural-damace limiUsierred to In Section 1.4.1 and were the limiting cri¬ 
teria on Shota Zunl Gust limiting positions were baaed on 95 oercent 
of the limit allowablêToad resulting frOTfi gust and were the limiting criteria on Shots 

aomp exceptions were made to the general positioning criteria referred to Immediately 
above. ' 

' For Shota Lacrosse^ at.craft was positioned for 80 percent of limiting 
effects. These shots were the first two of the series, and the reduced limits were imposed to 
guarantee aircraft safety until positioning methods were confirmed. The results obtained were 
then used as guides to positioning the aircraft for succeeding participations. All other excep¬ 
tions were based on positioning the aircraft to exceed the no-«Jamage limits in order to confirm 
the no-damage limit criteria. Additional comments on the exceptions to the general posltlon- 
btg criteria are presented In Chapter 3. 

Tne yields used for devising the feasibility diagrams were design and positioning yields. 
The positioning yield was used to determine the aircraft position to obtain ths desired weapon 
effects. 
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Chopttr 2 
PROCEDURE 

With th* requirement established for the B-57B alrcralt to participate In Operation Redwing, 
The Martin Company was contracted by the Air Materiel Command (AMC) to assist the Wright 
Air Development Center (WADC) In planning and conduct! c the tests. 

A production version oí the B-57B was selected to be Instrumented while the particular 
aircraft (B-57B S/N AF 52-1569) was still In the production Une oí The Martin Company. 
The engineering for the installation oí the instrumentation was started In January 1955, and 
the instrumented aircraft was delivered to contractor flight test In October 1955. In March 
1956, the aircraft was flown to the Pacific Proving Ground by WADC personnel. 

In addition to the Installation of the instrumentation, The Martin Company performed the 
calibration, maintenance, and operation of the instrumentation and Its associated equipment; 
the development of positions and positioning methods; and ths reduction and correlation of 
data. The test aircraft, itself, was flown and maintained during the operation by WADC, 
Directorate of Flight and All Weather Testing. The general organization under which this 
project operated is shown in Figure 2.1. 

2.1 OPERATIONS SCHEDULE 

The original operations plan lor this project was conceived during the summer and fall of 
1955, as preliminary knowledge was obtained concerning the expected yields for ths various 
devices to be detonated during the operation. All detonations with the exceotion Shot* 

I were scheff 
üled for participation. They are arranged In Table 2.1 In chronological order together with 
their dates, height of burst, and design and positioning yields. 

2.2 POSITIONING 

\' -v' *. * . . H . P 
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A meeting of positioning representatives for all aircraft was held and all desired positions 
were discussed. Conflicting altitude choices were resolved and Incremental changes la alti¬ 
tudes were made when required to ensure safe separation of all test aircraft. The resulting 
altitudes became the assigned test altitudes, and final positions were obtained from the feasi¬ 
bility diagrams. 

The MSQ-1A/APW-11A system was used to position the aircraft for detonations at Enlwetok 
Atoll. An electronic system devised and operated by the Raydlst Navigation Corporation, unde, 
contrac t to WADC, was used to position the aircraft for detonations at Bikini Atoll. Tracking 
information from the M5Q-1A/ APW-11A system was recorded by the addition of a radar data 
box to the MSQ-1A unit. Tracking is an automatic function of the Raydlst system. 

2.2.1 MSQ-1A/APW-11A System. The MSQ-1A/APW-11A close support radar unit yas 
.used to position the aircraft for the following detonations: Lacrosse, 
! The aircraft was equipped with an AN/APW-11A-radar beacon system as 
aiaaoara equipment. This beacon transponder permits the MSQ-1A system to maintain a post 
tlve electronic contact with the aircraft. Timing signals from ths firing bunker on Elmer Is¬ 
land were transmitted to the MSQ-1A control van to furnish an accurate visual indication on th 
aircraft tracking record of ceruin times relative to H-hour. The MSQ-1A tracking informaU 
was photographically recorded In the radar data box trailer. 
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Qg-irally the atrcralt talteoif time wae at H-48 minute«. Immediately taken«, the 
, ÎS!«« under the control of the Air Operation. Center (AOC). A. «ocn a. the MSQ-1A 

lir.tem established positive contact, the control was passed to the MSQ controller with the 
loc acting as monitor. By UHF radio conUct the controller advised the pilot of the aircraft s 
relative timing error end directed the aircraft to the time rero position. 

Prof-«m S 

Cmdr. M. D»W 

WADC 

Cel. J. 0. Cobb 

WADC Aircraft La* 

Mr. C. C. Mtiler 

I WADC nteht Tee« 

I Mei. C. R. Andereon 

WAPC Support 

lUjrdUt 
MSQ-1/ 
AFC SC 
USNRDL 
Allied Meeerch Aeeo. 
Uelverelty of Dayton 
WADC Tech. Photo 
Beacon-Lehrner 

Proieci 5.4 

UC Lt. H. M 
Mr. J. W«ttl 
let Lt. M. C 

Wtlli, Jr. 
auf 

HoUaaback 

Capt. w. Mitchell 

M.! C. C. Brown. _ 

Mr, L..X ,gwn Jr,— 

Proiect Adainutrilfll- 

Mr. F. Pllechooekl 

In 
M?7_. 
Mr. w. 
Mr. C. 
Mr. W. 
Mr. C. 
Mr. W. 
Mr. J. 
Mr. C. 
Mr. W. 
Mr. W. 
Mr. D. 

Snrar““21- 
Aiken Jr. 
Blechechmidt Jr. 
Lambert 
Sardelle 
Womack 
Aleaander 
Chandlee 
Diesel 

, SUver. II 
Suveee Jr. 

Poeltlomni Eauipment 

Mr. M. Bernfeld 

Criuru Dyne mice- 

Mr. R. Epátela 
Mr. J. Ward 

Mr. D. Saille Mr. W. Bvbackt Jr,. 

Figure 2.1 Organization chart. 

2.2.2 Raydlst System. The Raydlst system consisted of four relay stations on How, Nan, 
WuTüm, and Fred Islands, a reference sUtion on Wotho Island, a master station on the USS 
Badoeng Strait, and the aircraft’s airborne station. The tracking system was arranged to give 
simultaneous position Information to the ground controller and to the pilot. 

The airborne equipment consisted of a 100-watt low-frequency radio transmitter, an antenna 
loading unit, a power dynamotor, a demodulator, an external wire antenna, an IL 525 couree 
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indication unit, an ARC-3 VHP radio receiver, and a whip antenna. The IL 523 unit wu In¬ 
stalled in the pilot’s main control panel. The wire antenna was Installed In a V-shape betveet 
the vertical fin and a point ou each wing above the main larding gear well. The whip antenna 
was Installed on the under surface of the left wing Immediately behind the main landing gear 
well. All other equipment was Installed In the ait fuselage. ’ 

Utilization of theRaydlat system originally required a flight at the test altitude and speed 
prior to eadh event during which a Upe recording was made of the signals from the Raydlst 
transmitter and receive* complex. The Upe was then edited to place the aircraft at Its prope 
spot fifteen minutes from the time zero position of the actual mission. During-the upe cuttln» 
and the actual missions the aircraft was kept In the proper azimuth lane by telemetering azi¬ 
muth signals from Nan and How sutions. Early in the operation, a method of simulating mis¬ 
sion recordings was devised and the Upe-cuttlng mission was deleted. During an actual miss 
the signals from the Raydlst transmitter were compared to the signals on the Upe. The timir 

distance error was telemetered to the aircraft by VHP and was presented to the pilot as a visu 
dispUy of progress and azimuth. In addition, the ground controller on the USS Badoeng Strait 
advised the pilot of the progress and azimuth errors by UHF radio. The Raydlst ground contre 
1er could voice-control the aircraft in the same manner as the MSQ-1A system controller in th 
event the pilot's visual equipment failed. 

A typical night to Bikini Atoll for test participation would begin with takeoff at H-45 minute 
AOC controlled the aircraft until the MSQ-1A controller had positive radar contoct. The MSC 
controller then assumed control and directed the aircraft to cross the Fred-Nan progress lint 
ten miles west of Fred IsUnd, thence to a predetermined point eighteen minutes flying time 
from the time-zero position. Upon arrival at this point, the Raydlst controller assumed con¬ 
trol and began to telemeter azimuth information. At H—15 minutes, an electrical signal froir 
the firing bunker on How IsUnd initUted the progress Upe, and the Raydlst controller suited 
telemetering progress information. After the detonation, the Raydlst controller directed the 
aircraft to cross the How-Nan azimuth line south of Nan IsUnd to provide a second reference 
point for the Raydlst tracking calcuUtlons. While under Raydlst control, the aircraft was 
being monitored by the Combat Information Center (CIO aboard the USS Estes. The return 
flight to Fred IsUnd was controlled by this CIC to a point 90 miles from Fred Island where At 
again assumed control. 
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2.3 FUGHT PATTERNS 

Upon the resolution oí any position conillcts, final positions were available for each aircraft; 
fils «patterns were then devised for each event. These patterns contained all the pertinent 
data on aircraft positions^ dçslred courses, scheduled times the aircraft should be at various 
locations, the controllers and times they would assume control, and necessary abort data. 
The flight patterns were distributed to the crew of the aircraft, to the controllers, the monitors, 
and other interested personnel prior to each event. Typical flight patterns are presented in 

Figures 2.2 and 2.3. 

2.4 RECORDING EQUIPMENT 

The time-history data were recorded on five 50-channel Consolidated Electrodynamic Cor¬ 
poration (CEO oscillographs (Type 5-119-P3). Each oscillograph recorded a self-generated 

B-57B Fil«»* Pi*" i-01, Shot *P»ch» 

Twt altitud« s 10,000 ft 
Aircraft sp««d ; 296 «nota 

500 ft/s«c 
0.451 M 

H - 2 nin 

t,a - 30 a«e (0,000 ft) 

t0 ( 22,000 ft) 

Ground taro 

tOQ Aaauaaa control 

TaJcaoff H-4S min 
AOC control 

NOTtSi 1, H-5 sdn and H-2 nln ora chock point* u««d by Coooandar TG7.4 to anaura that tha 
aircraft ia in a position within ita ability to »m up any tardlnas*. 

2. Aircraft clinb« to tsat altitud« inaadlauly aftar takaoff. 

3. Thraa copiât« rae* track* ar» flown. 

Figure 2.2 Typical MSQ flight pattern. 

100-cps time baue as well as a synchronizing pulse from a common external source. The In¬ 
strument model numbers and the frequency response of each recording system are shown in 
Table 2.2. 

The auxiliary equipment utilized In the recording system can be divided into five main types: 
(1) bridge balance units, (2) bridge calibration units, (3) thermocouple calibration units, (4) 
channel attenuating and damping units, and (5) the master control units. A channel in the bridge 
‘»laace unit was required for each strain, pressure, acceleration, and position measurement. 
A calibration channel was utilized for each of the preceding measurements in order to accom- 
Plish an automatic in-flight electrical calibration. The thermocouple calibration unit impressed 
a known voltage source In each thermocouple, calorimeter, and radiometer channel. Each re¬ 
cording channel utilized an attenuating unit which permitted the adjustment of the measurement 
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TABLE 2 2 INSTRUMENT TYPES AND RESPONSE 

Inatntmaot Manuiacturar Modal Syatam Fraquancy Raspón a* 

Accalaromatar 

Atrspaad 
Alti matar 
Ouutda Air Tamparatura 
Vertical Gyro 
Direciona! Gyro 

Ovarprasaura 

Engine Praasura 

Magnetic Heading 

Radiometer 
Calorimeter 

Surface PoalUon 

Strata Gagea, gust load 
Strata Gagas, thermal 

Temp-Tape_ 

Statham Laboratories 
S ta them Laboratories 
Statham Laboratories 
Statham Laboratories 

Glannlnl 
Giaanini 
Glanotai 
Glanalai 
G1 anatai 

Statham Laboratories 
Statham Laboratories 
Statham Laboratories 

Consolidated Electrodynamic Corp 
Consolidated Elactrodynamlc Corp 
Consolidated Elactrodynamlc Corp 
Consolidated Elactrodynamlc Corp 

Gyro Compass 

NRDL 
NRDL 

Allan Bradley 

Baldwin-Llma 
Baldwin-Lima 

University of Dayton_ 

ASA-5-335 
A5A-15-335 
AA1Î-1S-300 
AA19-8-300 

E93S028-3 
E835027 
4915E 
3111N 
3211N 

P98-20 D-3S0 
P69-1D-350 
F69-3D-350 

4-312-5 PS ID 
4-311-50G 
4-313-2S0A 
4-312-50A 

JU-2 

JU 5000 

EBDF-13D 
EBD-1D 

20 cps 
20 cps 
12 epa 

8 epe 

Limited by standard pitot lastallau 
limited by standard pitot inatallatl 

60 cps 
60 cps 
60 cps 

60 cps 
60 epe 
60 cps 
60 epe 

60 cps 

•0 epe 
60 cps 
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mrttv and a damping unit which allowed each channel to be adjusted for the desired flAt- 
.ensttlTtty * The control tox directed the oscillograph paper speed, 

lr«|aWC,:” ?ÜÜL^,.r^ Md clunked paper .peed at the praacrlb«! tip..», and «»trolled 

*““lt!= calibration and reroln, lunctlo« ol tbe .artooa unlla. 

2 5 THERMAL"INPUT INSTRUMENTATION 

’ T*« measurement of thermal inputs can be divided Into three categories: (1) radiant exposure, 

(2) irradiance, and (3' fireball spectral analysis. 

2 S 1 Radiant Exposure. Total radiant exposure was measured with calorimeters furnished 
b, United Sutes Radloloiüal Defense Laboratory (USNRDL) to fulfill data requirements set by 

Figure 2.4 Thermal Input Instrument locations. 

Project 5.7 (USAF Cambridge Research Center). Calorimeters were located In the tall cone 
(oriented toward ground zero), the aft hatch (oriented In the vertical plane), and Inside the 
S ho ran ratio me. Calorimeter Instrument locations are Indicated In Figure 2.4. The desired 
calorimeter system sensitivity was obtained by selection of the proper galvanometer and attenu 
aung resistance combination. The system was electrically calibrated before each flight by 
application of known voltage source Increments. 

2.5.2 Irradiance. Irradiance was measured by radiometers which were located In the tall 
cone and oriented toward ground zero. Radiometer locations are Indicated In Figure 2.4. The 
sensitivity adjustments and calibration procedures of the radiometer were similar to those of 
the calorimeter system. 
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2.5.3 Fireball Spectral Data. Fireball spectral data Including spectral analysis oí the ilre- 
balt, albedo effects, and the angular relationship of the aircraft to the fireball were recorded 
bMTpe N-9 gun cameras (Bell and Howell). Six cameras were located In a special tail cone 
oriented toward ground zero and two cameras were mounted In the bottom aft fuselage hatch 
and oriented vertically toward the ground (Figure 2.1). The camera units In the tall cone were 
adjlisted on the ground prior to each test. The lenses and filter combinations which were utilize 
in the various tests are noted In Table 2.3. 

2.6 GUST INPUT INSTRUMENTATION 

Overpressure measuremenU were made at seven locations on the aircraft, as Indicated In 
Figure 2.5. The pressure transducers were calibrated by applying Icnown static pressure with 
a U-tube containing mercury. The ambient pressure side of the transducer was sealed at test 
altitude immediately prior to time zero through activation of a solenoid-operated valve. The 
pressure pickup tubing and recording equipment were chosen to provide a flat-frequency re¬ 
sponse to 60 cps. 

TABU Í.3 CAMERA UXATIONS AND FILTERS 

B « W » Bltck «nd WMf; Doc ■ Docuummatt 
BBSS KSSS Potuioa HRSB Po»»uoo 

Cod« I_2_*_4 

"5õ*íãõip tWüõõ 5õ*í77õõ 577*777077 
i « _T_1 

Lacro**« B • * Doc color Doc r«d fllttr 
Zum 
Erl« 

Flathaad 

•p«ctro(rtphlc ipactrof raphlc blu« Blur y«llo» (llt«r y«Uo» Itlur 

Inc« 
Dtkou 
Aitach« 
Huro« _ _r«d OlMT_bin« nitr 

Tall Con« Aft Haleb 

2.7 THERMAL RESPONSE INSTRUMENTATION 

2.7.1 Temperature Measurements. Time-history temperature measurements were made 
on the skin and stringers of the stabilizer, elevator, elevator tab, aileron, and aileron tab. 
The iron-constantan thermocouples were located to produce temperature surveys of typical 
stringers and skin panels, as shown In Figures 2.8, 2.7, and 2.8. Duplicate thermocouples 
were installed for each measurement on the stabilizer, elevator, and aileron. A reference 
junction was maintained at 32 F for each thermocouple channel. The thermocouple channels 
were electrically calibrated by applying known millivolt-source Increments to the system be¬ 
fore each flight. The relationship between temperature and millivolts was obUined from Na¬ 
tional Bureau of SUndards, Circular 561 “Reference Tables for Thermocouples”. The refer¬ 
ence point (32 F) was established by the automatic calibration at the end of the detonation 

record. 
Peak temperature measurements also were made with Temp-Tape on the skin at various 

places on the control surfaces: flaps, wing, stabilizer, and fuselage. The Temp-Tapes, pro¬ 
duced by the University of Dayton, are ll/4-inch by 2-inch rectangles of Scotch brand Upe to 
which twenty l/|-inch pigmented circles are atUched (Reference 15). Each pigmented circle 
melts at a particular temperature. The melting of one or more plgmenU affords the Informa¬ 
tion regarding the range of the peak temperature experienced by the surface to which the Upe 
has been applied. 

The University of Dayton furnished the calibration dau for the Temp-Tapes. The melting 
polnU of the pigmented circles are separated by approximately 20 Fahrenheit degrees. Care 
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«o O 

CODE: 

0 Lower Skin 

♦ Upper Skin 

Number* denote thermocouple code number* (T) 

Spar* thermocouple ineulled near each 
individual thermocouple 

Figure 2.7 Thermocouple locations, left aileron and aileron tab. 
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1. CODE: 

0 Lower Skin 

♦ Upper Skin 

2. Number* denote thermocouple code number (T) 

}. Spar* thermocouple iaatalled near each 
individual thermocouple 

Figure 2.8 Thermocouple locations, left elevator and elevator tab. 
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1 w. * 

in the interpreUtion of the data since the pigments are affected by sun- 
“7" **„"temMratures, moisture, hydraulic fluid, and age. .Generally, several Temp- 

lastallati^ns on similar structure should be made in order to obtain reliable data. 

. . , stress, thermally-induced stress on the stabilizer skin and stringers was 
hfktrain gages' (Baldwin Type EBD-1D) installed between ribs 6 and Î. Each straln- 

«nslstJdof one active gage located on the skin or stringer and three dummy gages 
an aluminum panel which was mounted on a rubber pad inside the stabilizer. The 

actlve gages are shown in Figure 2.9. The gage factor furnished by the gage 
“ture*™ used*in an empirical formula to obtain the calibration. The electrical sensi- 

r^r ^-gag. system was automatically calibrated at the end of the detonation record. 
The^themal strain was taken as the change in strain level from that which existed immediately 

prior to detonation time zero (T0). 

NOTE: 

1. CODE: 

H Thermal Strain Gage (Code BH) 

Q Stringer* 

2. Spar* «traia (*•• inttalUd o*ar «ach 
individual «traia |a|* 

ï. Compensating gages «ere glued to pad« 
which w#r« on outboard íaca oí Rib o, Sta ba.l 
and inboard laca oí Rib 7, Sta 74. 1 

Figure 2.9 Thermal strain gage locations, left stabilizer. 

2.7.3 Surface Position. Surface positions were measured by means of precision potentlom- 
eters mounted to indicate stabilizer incident angle, left elevator position, left elevator-tab 
position, and left aileron position. Calibration «as accomplished by establishing known angular 
positions with templates and recording the output of the displacement bridge at each position. 
The bridge system electrical sensitivity was calibrated at the end of the detonation record. 

2.7.4 Angular Measurements. Flight-attitude, angles of roll, pitch, and yaw were meas- 
ured with directional gyros located at Fuselage Station 550. The gyros were caged on the 
ground and were uncaged on the final approach before time zero. The gyros were calibrated 
on a swivel table at the Martin facility prior to departure to the forward area. The gyros were 
electrically calibrated at the end of each detonation record. The change in the angular position 
of the aircraft from straight and level flight was measured. 

2-7.5 Airspeed and Altitude Measurement. Airspeed and altitude were recorded by means 
of toe standard B-57B pilot installation. The pressure pickups were calibrated by applying 
■“»own static pressures with a T Tube using mercury. The Indicated airspeed and altitude were 
corrected for position error. The corrected altitude then was compared with the weather bal- 
'oon pressure-gradient data to obtain absolute altitude. 
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2.8 GUST RESPONSE INSTRUMENTATION 

2.8.1 Acceleration«. Acceleration» were meaeured with accelerometer« which determined 
the rigid body translation and dynamic re»pon*e of the aircraft. The location« of the accelerom¬ 
eter« are indicated. In Figure 2.10. Linear accelerometer« were located at five «talion» along 
the left wing, ln th« right wing tip, at four station« along the fuselage, and at each stabilizer 
tip. The accelerometers were calibrated with an ele'trodynamlc vibrator prior to departure 
to the forward area. A 2-g calibration was aocompllahed periodically during the operation. 
Angular accelerometers were located at the aircraft center of gravity to sense accelerations 
about the pitch and roll axes. The angular accelerometers were calibrated on a swinging pend- 

COOC: 
0 Vertical Accalaromatar 
4 Lateral Accalaromatar 
a Longitudinal Accalaromatar 
* Pitch Accalaromatar 
■ Roll Accalaromatar 

\ v- .1 

•> •••'■ Ipil «4 Ilium#" nil« >A....j 

Figure 2.10 Accelerometer locations. 

ulum at the Martin facility. All accelerometer channel« were calibrated electrically at the end 
of each detonation record. The accelerometer system was overdamped electrically to provide 
a flat-frequency response to approximately 20 cpe. In thl» manner, the higher dynamic accel¬ 
eration responses were filtered. 

2.8.2 Structural Load». Structural load« were measured by strain gages Installed on the 
wing, stabilizer, and aft fuselage. Each bridge consisted of four active-strain gages (Baldwin 
EBDF-13D temperature compensated strain gages). The bridge« were calibrated by the point 
loads method (Reference 16) and electrically combined Into networks to measure shear, moment, 
and torque. The strain gage network« wen located at three stations on the left wing, one sta¬ 
tion on the right wing, one station on each stabilizer, and two stations on the alt fuselage. Lo¬ 
cations of the wing bridges are Indicated In Figure 2.11, and the stabilizer bridge locations are 
shown in Figure 2.12. Single bridge networks were located at Fuselage Stations 595 and 472. 
The point-loads static calibration was followed by an in-flight calibration program conducted at 
the Martin facility In January 1956 (sen Reference 17). These data were utilized to determine 



U 

[*, 
Ln 

T - Tor«ion 

CM • ChordwUt B*ndln| Mom*nt 

Figure 2.11 Airload bridge locations, wtng. 

NOTES: 

1. CODE: 

M - Bending Moment 

V • Shear 

T - Torelon 

Airload bridgea located on 
both left (shown) and right 
side of stabiliser 

Sta 24.5- 

Flgure 2.12 Airload bridge locations, stabilizer. 
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th* ttructunü during straight and lovsl iiigm u-g tugni conouion;. io» 
wars else trie ally calibrated on each detonation record. The calibrations of the primary bridge 
were checked In the iorward area by the application oí loada. 

2 8 3 Power Plant Measurements. Power plant measurements Included: (1) a pressure .. 
gorrey along two compressor Inlefstruta; (2) compressor discharge total and static pressures, 

--and turbine outlet total pressure; (3) compressor Inlet and tailpipe temperatures; (4) engine 
speed; (5) fuel flow; and (8V temperature and differential pressure In the fuel vents of the left 

Turbine 
Compressor Dlecberfe Outlet 9*« 0 

Static ink Total ^ Total 1 [Main 
Sta - 9T.li-\ Preeeure \ Pressure Spar 

Figure 2.13 Right engine Instrument locations. 

wing and number two fuselage tanks. Power plant Instrumentation locations are shown ln Figur 
2.13. The pressure pickups were calibrated at the contractor’s facility with a manometer. The 
pressure system was calibrated electrically after each detonation record. The standard tail 
pipe temperature and tachometer installations were utilized. 

2.9 NUCLEAR RADIATION INSTRUMENTATION 

Nuclear radiation received was obtained from film badge dosimeters worn by the pilot and 
observer during each detonation. 



Chapter 3 

RESULTS 
Th« data obtained by the B-57B participation« In Operation Redwing were recorded on o«cil- 
Uxrapb recorda and motion picture film. The recorded data represented the primary resulta 
of Project 5.4. The records were then carefully reduced and analyzed. The reduced data are 
presented in Reference 2. General flight data and the average final peak values of inputs and 
response for each event in which the B-57B successfully participated are presented in Tables 
j 1 (0 3 3, pertinent meteorological conditions at detonation times are presented in Table 3.9. 
Time histones of significant inputs and responses are presented in Figures 3.1 through 3.6. 

3.1 SHOT LACROSSE 

The B-57B aircraft participated successfully, and good data recordings were obtained. No 
vlslhle damage to the aircraft resulted from this shot. The aircraft was positioned for 80 per¬ 
cent of the limiting gust load. The preliminary data recorded were used as a guide for position¬ 

ing the aircraft in succeeding events. 

3.2 SHOT CHEROKEE 

This mission was aborted prior to time zero due to malfunctioning of the Raydist positioning 

system. 

3.3 SHOT ZUNI 

The B-57B participated and obuined good data recordings concerning the thermal effects 
and responses. However, no data concerning the blast effects or responses were recorded 
because the recording equipment was inadvertently turned off prior to the arrival of the shock 
front. The aircraft was guided by the Raydist positioning system to the desired time zero 
posiUon. The aircraft was positioned for the no-structural-damage thermal limit, that Is, a 
mazlmiim temperature of 400 F on the aileron tabs. 

Some visible damage resulted from this test. The paint was scorched on the aileron tabs and 
the marker beacon radome. The pilot obtained the sensation that the shock effects from this 
detonation were greater than the effects from Shot Lacrosse. However, with no blast data 
recorded, this impression could not be confirmed. The actual gross weight of the aircraft at 
time of shock front arrival was very nearly equivalent to the predicted condition. Preliminary 
data from this shot in conjunction with the thermal data obuined in Shot Lacrosse were used 
M a guide for positioning the aircraft for subsequent thermal limiting participations. 

3.4 SHOT ERIE 

The aircraft participated successfully, and good data recordings were obtained. Satisfactory 
Positioning of the aircraft was attained by the MSQ-1A positioning system. No visible damage 
to the aircraft resulted from this test; however, one effect at time of shock arrival is worth 
“otlng. Garbled messages were transmitted through the microphones In the aircraft while the 
aircraft was receiving the blast effects; It Is believed that this interference was caused by the 
Passage of the shock front. With the aircraft on an outboard reading from ground zero at time 
aero, it is desirable for the computed values of tmax to be less than the measured values. The 
aircraft was positioned for the limiting gust loads for this event. 
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Figure 3.1 Sample calorimeter and radiometer time histories. 
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3.5 SHOT SEMINOLE 

The aircraft waa withdrawn from thle event after it waa learned that thla detonation waa of 
a special nature and that the effects would be unpredictable. 

3.« SHOT FLATHEAD 

The B-S7B aircraft participated in this event and obtained recorded data successfully. The 
aircraft was offset to the right of the desired course line about 1,900 feet at time zero and 1,300 
feet at time of shock arrival. In addition, due to rough air, the aircraft oscillated about the 
roll axis during the thermal pulse. No visible damage occurred to the aircraft. 

3.7 SHOT BLACKFOOT 

Shot Blackfoot occurred at Eniwetok Atoll at the same time that Shot Flathead occurred at 
Bikini. A comparison of the preshot information available concerning these devices Indicated 
that the probability of the desired effects from Shot Flathead was greater than that from Shot 
Blackfoot. Therefore, Shot Flathead participation was chosen and the aircraft was withdrawn 
from Shot Blackfoot. ... 

Figure 3.0 Sample time history of wing torque and aircraft eg acceleration. 

3.8 SHOT KICKAPOO 

The B-57B aircraft was withdrawn from this event because the Information available con¬ 
cerning the expected yield from this detonation Indicated that the desired inputs to the aircraft 
could not be obtained. 

3.9 SHOT INCA 

The aircraft participated as scheduled. The MSQ-1A positioning system operated success¬ 
fully throughout the mission. No recorded data other than film badge readings were obtained 
from this event, because the recording equipment was Inadvertently turned off prior to takeoff. 



' • - «1 " * ^ . -. "k "l. V -- . "w "L. ■V 

No rUtbl* damage to the aircraft resulted from this test. Ground observation placed the actual 
time of shock front arrival equivalent to the predicted value tat there were no recorded data 
availabl*.to determine the accuracy of this observation. The aircraft was positioned for the 
limiting gust loads. 

3.11 SHOT MOHAWK 

This mission was aborted due to the malfunctioning of the MSQ positioning equipment. 
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3.13 SHOT NAVAJO 

The aircraft was withdrawn from this test because the pilot was grounded for medical 
reasons. 

3.14 SHOT TEWA -- * 

k*. 

[J 

:- 

i 

The aircraft was withdrawn from this event because analyses of the Information available 
for this detonation indicated that the participation in this test would not add significant data to 
that previously obtained. 
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Chapttr 4 
DISCUSSION 

{oUowtng •tctlou dUcu.. tl» w..pon tH.ct., Urcrtíl rupoMM u* d.UT.r7 C^»btUtT 
ol td* B-51B MiuUlng from th» data coüactad durtnc Opa ration Radwtaf. 

4.1 thermal inputs 

In order to determine the reliability oí the methode for predicting thermal effect! In space, 
the ^relations hip between weapon yield and thermal Inputs must be determ ned. The 
nresented In Chapter 3 are measured values of this relationship. The values of effects found 
Si r^lcaT method, were compared with the measured data. In addition, measured 
parameter, „r. ua«l U, aU (ormulM to predict .Beet, eo dut th.» 'I»«'““ 
rth the meaeured eH«ta. The loUowlh« eectlon. preeent thee. comp.ri.OM ahd dlacuee 

their significance. 

4 1.1 Total Thermal Radiation Normal to a Horizontal Receiver (Q^ Th* “•““f 
of 6. obtamed’from calorimeters placed in the aft hatch of the b-¿ íu,^*re compared 

obUlned by analytical methods. The result, are presented In Table 4.1 and 

^^^Some diffus ton across the quarta domes may have occurred where the angle of incidence 
was 1^., and th. resulüng measure value, may Indicate 
which actually existed. In the cases of Shots Huron and Flathead, 90-degree fleld-of-vle 
calorimeters were used to obtain the data, and th. total reflect«! ^lonmay «Jthave b«n 
seen by th. calorimeters. In addition, during Shot Flathead participation the 
back and forth and was offset from the desired track during the thermal phase which tot may 
¡SÍ. further reduced the reading, obtained for this event. During Shot Erie, only on. calorlm- 

et* AU*com^Jted talJes SfQ,! were greater than the measured values. This condition Is more 
desirable than being unconss rvatlve since overestlmatlon oí conditions results In an addl o 

Irfoimatlon, correlation between measured and com¡¡*¡£ *¡ 
relatively good, and th. analytical method, (see Reference. 7, 9, and 10) are «wider«! suf¬ 
ficiently accurate for computing thermal radiation Inputs to a horizontal receiver as applied 

to the B-57B. 

V V V 
■■ 

412 Total Thermal Radiation Normal to Receiver Looking Directly at Burst Point (¾). 
Th. measured values oí Q. wer'e'obiavned from calorimeters located ln toa Ul1 ^ ^ 
B-57B and aimed directly at the burst point. The comparison of values of Q, was conducted 
In the same manner as the comparisons In the preceding section. The plot of measured versus 
computed O. Is present«! In Figure 4.2. Numerical value, of measured and computed Qs 
and their numerical percentage differences are shown in Table 4.2. _., 

As in th. preceding s«:tion, percentage difference, between the measur«! “d eomput^d 
values appear to be misleading when small Inputs are considered; hence, numerical differences 
and the plot of measured versus computed values wUl be used for dlscusalon. 

Generally, the tail con. calorimeter readings were considered more re^labU» “ 
the aft hatch. There Is less cnance of diffusion of the thermal radiation when the calorimeter, 
are aimed directly at the burst. Although 90-degree field-of-vlew calorimeters had to be 
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relied upon fotJnoat ol the measured daU, It Is believed that the instruments described closely 

the tmeThermal Inputs provided the fireball remained nearly centered ^th^ flsld of The 

motion pictures showed: (1) the tail cone was aimed directly at the il”taU durJ^ aJÍ 
clpatlons except in Shot FUthead, where the aircraft was offset from the desired ^ and (2) 
that rolling"occurred during the thermal phase of the detonation permitting the fireball to move 

off center of the field of view of the calorimeters. This resulted in measured inputs being 

lower than actual Inputs. ' 

An analysis of the motion pictures obtained during Shot Apache particlpaUon »bow^cUar 

evidence of broken cumulus clouds between the burst point and the aircraft d“rln«J*" 
phase. Since the computation method did not account for attenuation by clouds, 
doubt resulted in a greater difference between the predicted and measured values than wo 

^Ttoltlms of* the#Shot Zuni participation also showed some clouds between the »nd^ 
aircraft. The formation consisted of broken cumulus clouds which were much less dense than 

those present during Shot Apache. As in the Apache participation, the difference between the 
predicted and measured values should be expected to be greater than under clear-sky conditions. 
However the clouds were so thin that only a small Increase of attenuation should be noted. 

Regarding Figure 4.2 and Table 4.2, It can be seen that the differences between the measured 
and computed values of Qa for Shots Zuni, FUthead, and Apache are, in fact, greater than the 
differences noted for the remaining detonations. It may also be noted that the shots Just listed 
are in the order of Increasing differences between measured and computed values. This is the 

order expected from the foregoing discussion of these three detonations. 
As w the case oí Q*, all computed values of Q, are greater than the measured values. This 
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Figure 4.1 Measured versus computed thermal radUtlon 
normal to horizontal receiver, Q«. 

Figure 4.2 Measured versus computed thermal radiation normal 

to receiver looking at fireball, Qg• 
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coodUloo is desirable for the reason noted In the preceding section. 
The correlation between measured and computed raluee of Qg was considered re T P»00 

1¾. present method of compuüng thermal radiation incident on a receiver normal to the slant 
w £¡U.» U»^.t pout »d U» roeotTor («. IU<.r..c.. 7, «, utd 10) u coo.td.rt .util- 

clentij accurato as applied to the B-57. 

A i 3 Ttme-e-Piak-Thermal Pulse (t^). Measured values of the tlme-to-peak-thermal 
pulse were obtained from the oscillograph “cord, of the B-57B aircraft. Comparison of meas- 
"red value, with the computed value, was conducted In the same manner as In the preceding 
sections. The plot of measured versus computed t^ Is presented In Figure 4.3. Numerical 
values of measured and computed and their numerical and percentage differences are pre- 

The correlation between measured and computed values of t,^ Is considered excellent. 
Numerical differences are small, averaging approximately 0.05 second._ 

Figure 4.3 Measured versus computed time to peak thermal 

pulse, t^a,. 

~ Flgur< 4.3 shows the excellent correlation between measured and 

^‘with^e^atxcraft on an outbound heading from ground zero at time «ro. lt I» for 
the computed values of t-« to be less than the measured values. This condition Is noted for 
foi’- jf the shots. In the remaining three, the reverse Is true. This fact indicates that. In 
those three shots, the effect would reach the aircraft sooner than expected which would result 
in the aircraft being closer to the burst point and experiencing correspondingly higher Inputs. 
Ïhem^» errcH' In t^ would only place the aircraft about 50 feet nearer*, burst than 
expected, however, and the Increase in the thermal radiation receiver would be negligible. 
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Th« method for computing tim«-to-peak-th«rmal pul«« (••• Reference« 7, », and 10) la cooaid- 

ered reliable. 

4.1.4 Ir rad lane« (Hmax). Th« maximum irradlanc« waa meaaured by radiometer« 
located In nt the R-57B aircraft. The comparlaon of meaaured and computed val- 
ues of Hma» W*# performed a« In the preceding «action«. Figure 4.4 preaenU a plot of meaa¬ 
ured versua coo^uted HmJU. Table 4.4 preaenta the numerical value« of meaaured and com¬ 
puted and their numerical and perceàtaca difference«. — 

J 
With";he exception of the Shot Erie comparlaon, correlation waa good between computed and 

meaaured value« of Hma*. For thia reaaon the exlatlng analytical method (aee Reference 10) 
la conaldered adequate aa applied In thia report. 

4.2 GUST INPUTS 

The three effects associated with the shock wave recorded on the B-57B aircraft were the 
time of arrival of the shock front, the overpressure, and the duration of the positive phase of 
the «hock wave. The material velocity, the guat direction, and.the peak material density were 
not meaaured. Since these values are required In the dynamic analysis for determining limit¬ 

ing values of the material velocity, the computed value« were found by subatltutlng meaaured 
Inputs In the relationships developed in Reference 12. The resulting values of total guat, the 
vertical and horizontal components of the gust, the guat direction, and the peak material den¬ 
sity are presented In Table 4.5. 

4.2.1 Time of Arrival of Shock Front (t-a). The time of arrival of the shock front at the 
B-57B aircraft waa obtained from the oscillograph records. The measured values were then 
compared with computed values found by the analytical methods (see Reference 13). The mess- 
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ured versa« computed tSil plot« are preaeated to Figure 4.5. Table 4.6 preaenta the aumerlcal 
valuea ol computed and meoaured tsa and their numerical and percentage dliierencea. 

The correlation between the meaaured and predicted valuea oí t^ waa excellent. Numerical 
dliierencea were all leaa than one aecond. The average error waa leaa than two percent. The 
greateat percentage deviation waa In Shot Erie where the computed value waa approximately 
seven percent greater lEan*the meaaured value. In view oí the apeed range oi the B-57B air¬ 
craft, an error In prediction oi t8a within plua or minua one aecond la permlaalble. No changea 
In the preaent method oi tsa prediction (see Reierence 13) are Indicated. 

■ - - / 

Figure 4.4 Meaaured versus computed peak thermal Intensity, Hmax. 

Am In the case oi tmax, It la desirable that the computed values oi tga be leas than the meaa¬ 
ured values. However, In the three detonatlona where the reverse condition resulted, the dli¬ 
ierencea were Insignificant. 

4.2.2 Peak Overpressure In Shock Wave (h P^. 
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For the reuon described In the sections concerning thermal radiation. It Is desirable that the 
computed values be greater than the measured values. 

The method for computing peak overpressure (see Reference 18) Is considered sufficiently 
accurate for use In weapon delivery studies of the B-57B aircraft. 

4.2.3 Duration of Positive Phase of Shock Wave (t^). Measured values of the duration of 
the positive phase obtained from the oscillograph records were compared with computed values 
obtained by the anlytical method of Reference 13. 

Plots of measured versus computed tp are presented in Figure 4.7. Table 4.8 shows the 
numerical values of measured and computed tp and their numerical and percentage differences. 
The correlation between computed and measured tp is considered satisfactory. The average 

Figure 4.6 Measured versus computed peak overpressure. 

numerical difference was approximately 1.4 seconds and the average percentage difference was 
approximately 20 percent. In Shots Huron and Flathead the computed values were excessively 
greater than the measured data with numerical differences being about 2.5 seconds. For the 
remaining detonations, differences were on the order of one second or less. • 

The duration of the positive phase was used in the dynamic analysis for predicting the gust 
response of the B-57B airframe. In the analvjtis used, the response was not particularly sensi¬ 
tive to small errors in tp. For this reason and because the errors In tp prediction indicated 
worse conditions than those which actually existed, the present method of computing tp (see 
Reference 13) is considered satisfactory for use in the dynamic response studies of the B-57B. 

4.3 THERMAL RESPONSE 

With respect to thermal radiation, the B-57B was limited by the temperature of the aileron 
tabs with the elevator tabs being very near critical. Also the 0.040 skin and the 0.032 skin 
components are near criticai with respect to thermal stress. The test aircraft whs Instru- 
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maatwl with thermocouple! at various locations on theae components to get the temperature 
rises ahd the overall temperature distribution. To verify the thermal analysis, the messured 
thermal response of the aircraft was then compared with the theoretical response using meas¬ 

ured Input data. 

4.J.1 Basic Data and Method for Temperature Calculations. The midpanel skin temperatures 
on the instrumented surfaces were recalculated using the (Inal yields, weather data, and meas¬ 
ured inputs. The method used to calculate these temperatures is described In Reference 7. 
The heat Inputs to the aircraft for these calculations were the ave-age of the calorimeter read¬ 
ings measuring the vertical component of the thermal radiation ai shown In Table 4.1. These 
values were used to determine the equivalent Incident thermal raclatlon using the aircraft altl- 

Flgure 4.7 Measured versus computed duration of positive phase, tp. 

tude and Its horizontal range from ground aero. Components of this radiation were then taken 
for the particular angle of each skin panel calculated. This was done since the slant range 
thermal radiation and Its vertical component do not have a direct geometrical relationship, and 
the skin panels In question were very near the horizontal. The ambient air temperature used 
was taken from weather balloon data, since the aircraft outslde-alr-temperature Instrumenta¬ 
tion picked up boundary layer effects. The Mach numbers used were calculated from the air¬ 
craft Instrumented airspeed and weather balloon atmospheric data. The skin panel angles were 
determined from the aircraft geometry, average recorded control surface positions (the aileron 
and aileron tab angles were assumed to be the same as those of the wing except In Shots Huron 
and Apache where the aileron angles were recorded), average recorded aircraft pitch, and the 
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theoretical anale of attack for 1-g flight. The abwrptlvltie. uaed for the jet black lacquer were 
for the particular Incident angIe,of the heat raye ae present«! In Reference 2. For the excep¬ 
tion^ the ubs were painted gray, an absorptivity of 0.55 was used. The perpendicular 
value of the absorptivity was checked at various times during the Operation Redwing testa and 
Ut le variation wC found. The specific heat of the skin was taken as 0.22, an average for the 
temoerature ranas Involved:" The heat capacity of the paint was taken as 0.0013 Btu/ft » deg F 
aiTdetermined b^po^t Operation Redwing laboratory testa conducted on coupons cut from the 
upper skin of the7 aileron tab. The paint heat capacity was Included In the analysis but Its ef- 

feet W3U9 f\pg\ jgiblfl. 
sinr. ahnorotlvlty values obtained by reflecUnce techniques cannot account for the Insulating 

and enerar storing characteristics of the paint layer, these absorptivity values Introduce signif¬ 
icant errors In skin temperature rise computations. In an effort to reduce these errors, the 
thermal Irradiance method of absorptivity was developed. This method consists of Irradiating 
ï* t“t surface with a calibrated source (500 watt photoflood lamps with a 3,360 F color temp¬ 

erature) so that the exact Incident energy Is known. The temperature-tlme history of the sur¬ 
face is recorded and by studying Its cooling characteristics, after the source has been turned 
off a ¿«cay consunt for that particular surface can be determined. This decay constant con¬ 

tains all three cooling factors, convection, conduction, and radiation, since It Is actually ob¬ 
tained from the temperature-time history of the specimen. .,., . 

Using this decay constant, the peak temperature rise Is corrected to determine the temper¬ 
ature rise which would have been measured If there had been no heat losses. The energy 
absorbed by the metal skin Is then calculated using this corrected temperature rise and the 
absorptivity Is found by dividing the energy absorbed by the energy Incident. The methods and 
equipment developed for measuring absorptivity by the thermal Irradiance method have been 
tested in the laboratory and on Operation Redwing and have been shown to be reliable, repeat- 
able, and accurate to within a probable error of 15 percent. It has also been shown that a sig¬ 
nificant amount of energy may be stored In the paint layer and never cause a rise In température 
of the metal portion of the panel. It Is concluded that the absorptivity values obteined on painted 
panels by the thermal Irradiance method define more accurately that portion of the incident 
energy causing a temperature rise In the panel than does a method depending upon the measure¬ 

ment of reflected energy. 

4.3.2 Comparison of Measured and Predicted Temperatures. The measured versus calcu¬ 
la ted temperature data are presented in f igures 4.8 through 4.10. Ml of the measured data 
for the points calculated have been plotted even though some of the recorded values appear to 
be in error when compared with near-by values. These were not deleted since no reason other 
than test date scatter is apparent. The average of the points for all of the shots indicates e 
theoretical temperature to be approximately 15 percent conservative. The recorded tempera 
tures on the aileron tab, the critical surface, vary from 70 percent to 107 percent o e pre¬ 
dicted values and average approximately 86 percent for all shots. A detailed Inspection 0 e 
aileron tab after the Operation Redwing tests revealed that a potting compound had been used 
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wt»a th* thermocouple a were Installed on the tab (Reference 2). This would Impose a heat 
•ink In the area of the thermocouples. Also, the tab temperatures during Shots Apache and 
Huroa-were recorded by thermocouples spot-welded externally to the skin. In this case the 
thermocouple wire, protruding in the boundary layer upstream of the thermocouple Junction, 
mo«t likely caused abnormal boundary layer heat transfer, and since the thermocouples were 
expofe4 directly to the radiation, the exact temperature is questionable. For these reasons, 
the recorded temperature of the aileron tab should be interpreted with caution. 

The predicted temperatures on the elevator tab (not quite as critical as the aileron tab) 
appear to be much more reliable than those of the latter and give a better Indication of the 
applicability of the theoretical analysis. The recorded temperatures vary from 86 to 98 per¬ 
cent of the predicted values with an average of 92 oercent for all «hots. 

Figure 4.8 Measured versus computed temperatures of aileron and aileron tab. 

4.3.3 Analysis. Some of the factors In the analysts which may contribute to conservatism 
are: differences of the actual pulse shape from the normalized pulse used In Reference 7, the 
boundary layer heat transfer coefficient, and the assumptions that the reradiation and Internal 
convective cooling were zero. All factors except the boundary layer heat transfer coefficient 
were considered negligible. The boundary layer coefficients were determined from the skin 
temperature time-histories following the end of the heat pulse and were compared to the theoret¬ 
ical values. These comparisons indicated the coefficients to be approximately 10 percent con- 
servaUve; however, the effect on the peak temperatures was less than 5 percent conservative. 
Other factors which may have added to poor correlation were burning of the paint and inaccura¬ 
cies in the measured data (Reference 2). The exact effect of burning the paint was unknown, 
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Figure 4.9 Measured ve raue computed temperature« oí elevator 

and elevator tab. 

»rence 2), such as reduction in yield point, modulus oí elasticity, and also initial stages oí 
Lumination oí the fiber glass In the radome. No specUl ab«,rptUtty coni^lon wm used 
In these shots to obUin high inputs to specific aircraft components. The entire aircraft was 
painted with sUndard B-57B paint (jet bUck Ucquer). Therefore, tu« entire aircraft, not just 
a few components, was subjected to the thermal Inputs as an actual operational aircraft would 

^The^lnt was burned only slightly on the aileron tabs and elevator tabs during Shot Zuni. 

but it was expected to absorb heat from the skin thus making the analysts appear conservative. 
The heat inputs affected the peak temperature rises proportionately; and scatter in the calo- 
rometer readings indicated that these inputs probably varied at least by a few perdent (Refer¬ 
ence 2) The angles of the skin panels with respect to the incident heat rays aUo had a great 
effect on the tcmpëîatûre rises eapecUlly in shots where this angle was small. For these 
shots a small change In.the angle produced a Urge change in the component perpendicuUr to 

the skin paneU. < 

4.3.4 Thermal Damage. Thermally Induced damage consisted of minor paint burning on 
Shot Z“1*!* and severe paint burning, skin buckling, and material properties reduction (see Ref- 
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ermtura rlM. Above approximately 420 ? the palat charred severely, melted, and outer layers 
rolled ail and blew away (Flgurea 4.7 through 4.11). The perpendicular abeorptlvtty of the 
pa|aLÜter It wae burned did not change appreciably. 

Figure 4.10 Measured versus computed temperatures oí stabilizer. 

Permanent material properties reduction become appreciable above 400 F, but this (act was 
not readily detectable at the test site. Therefore, tensile tests were conducted at the Martin 
Company In November 1956 on coupons cut from the upper and lower surfaces of the aileron 
tab used In Shots - These test results showed 54,000-psl yield and 
73,000-psl ultimate for the upper surface and 50,000-pat yield and 67,500-psl ultimate for the 
lower surface. This data indicated a reduction in material properties on the heated surface; 
however, these values did not approach the minimum guaranteed values used In design. It j 
must be remembered that for this material, natural aging would occur and that the material j 
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properties may have been partially restored in the interval between the detonations and the 

laboratory tests. — 

d t s Summary The results oí the Operation Redwing tests show the thermal analyst» and 
limits to be reasmãble and practical for use in determining the delivering capabilities oí the 

.«moerature limit oí 400 F on the 0.032 and thinner skin which was set beior, the test 
hv the results oí the test. The critical surfaces (the tabs) could withsta».- con- 

T hlv îther temperatures safely if buckling were permissible. However, the 0.032 skin 

tn he the most critical oí these surfaces during the Operation Redwing tests. The safety factor 
ail black B-57B is slightly more than 1.5 with the 400 F limit on the tabs. 

°rFrom correlation with the test data, the temperature analysis (see References 7, 9, and 10) 
ao Jlr“to be conservative. Boundary layer theory is such that only approximate so utions can 
be^made practically, and improvements in boundary layer theory would make a smaller change 
m the final temperatures. Knowing the measured values, heat input, absorptivity, and the 
corresponding angle accurately for each skin panel would Improve the correUtIon greatly. 

Measured heat inputs by laboratory sundards were subject to an error of 110 percent. 
This accuracy could hardly be expected during field operations. The perpendicular componen 
™he heac input onto the surface in question had to then be obtained by using the measured n- 
put and the corresponding angle. Precise determination of the angle was important since sllgh 
variations of this value caused a wide scatter of computed temperatures. The accuracy of this 
determination was affected by the exactness in fixing a location, consideration of the fireball 
as a point source, and the aircraft roll, pitch, and yaw attitudes. w _ 

Another factor entering into the temperature computation was the surface absorptivity. The 
values used were those of controlled laboratory specimens, disregarding the presence of any 

toZI., dl«, .. ml.« be encountered durtn, a «... VrUtlo» ot th. 
sorptivity with angle was also determined from theoretical curves, (the above-mentioned diffi¬ 

culties in determination of the angle were Involved). 
These factors appeared to be the greatest source of error in predicting the temperatures, 

since they were difficult to measure during the tests and could be predicted only approximately 
for an actual operational case. It is doubtful if much refinement could be made In predicting 
the temperatures without complicating the analysis and measuring system *rea^' S“ch C0“" 
plications would be unjustified since the results were within the accuracy of predicting the 

vironment. . , 

4.4 GUST RESPONSE 

The participating B-57B was Instrumented to record accelerations, bending moments, 
shears, înd torque? on various aircraft component. (Figure. 3.7 to 3.9 and Table 3.1) in order 

to define the response of the aircraft to gust inputs. ^nmnari. 
Data obtained at Wing Stations 78 and 188 and Stabilizer Station 24.5 were used for compari 

son of measured and predicted gust response. . „ ,,_h, 
The aircraft weight condition during Shot Lacrosse consisted of a neavy wing and ry ig 

fuselage fuel condition (approximately 5,000 lbs less than that used In the dynamiç analysis). 
The light-weight fuselage condition would tend to increase the effect of the fuselage mo n on 
the stabilizer loads. Accelerometers were installed on the wing to aid in the definition o e 
wing vibratory modes. Wherever possible, the gross weignt simulated the light-weight wing 
fuel condition utilized in dynamic analysis. The fuselage gross weight was higher In this con¬ 
dition, thereby lessening the fuselage effect on stabilizer loads. t 

The structural gust shear loads measured on the wing during Shot Lacrosse were ** 
of the predicted load. The wing torque predictions were unconservative but not crlUc“* 
stabilizer measured bending moment was 2.5 times the predicted gust load. na 
time-history measurements indicated that the fuselage vibratory modes could significantly ai- 
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th, BtablUíer load*. In addition, the higher atablllier vibratory mode» were P«*«*- 
The Shota Erie, Flathead, and Dakota wlng-guat-load meaauremenU were generally 20 per¬ 

cent conservative as compared with the calculated loads. Although the ®e“ur<Kl »tablllzer 
bending moment loads were from 1.5 to 2.0 times the predicted loads, the wing loads remained 

^The^meaSttred fuselage bending moments for the first four detonations were approximately 
3 5 times thá predicted loads. The higher fuselage loads principally resulted from the coupling 
effects between the fuselage and stabiliser vibratory modes. An additional fuselage station was 
instrumented to measure fuselage vertical bending at Station 472 and an additional accelerom^ 
eter was added to aid In the definition of fuselage loads and vibration. Even though the 
predicted loads were so greatly underestimated, there was a sufficient margin In the allowab e 
yoaH to eliminate considering the fuselage as a critical component. 

Although a good position was obtained during the Shot Inca participation, no gust data were 
obtained because of failure of the recording Instrumentation system. Based on actual yields 
and the aircraft position at t9a, the aircraft received loads of 77 percent of the de9l«n |^ 
load at the critical wing station. This included a load reduction due to the general conservative 

trend of the predicted wing loads. . . t„rfirat«d in 
During Shot Apache, a large horizontal gust component was experienced. As ind catea in 

Reference 8, paragraph 3.1.1. g, this produced an alleviating effect on the structural gust oads, 
therefore the measured wing loads were lower than predicted. During Shot Apache, the wing 

TABLE 4.» COMPAS ISON Of MEASU11ID AND COMPUTED 

AU TtluM 4W U» r*Uo, m«Mur»d lo«d/pr«acWd load. _ 

WING STRUCTURAL LOADS 

WlM Tonju* 

-WG5-WET WlBj 

Shot 

Win* 
SUttoa Tl 

Win, 
Suuoo ISf 

Win* 
SUUoa 254 

Wlu* Steer 
Wtaf -3 Win, 

Cunt foul Gun» Toui Ount foul 
Load Land Lond Lond Land Land 

Stntion 71 
GuM ToBU 
Load Lond 

sum» 144 
~0uat Total 

Load 

Stattaa T* 
GÜñt Total 

SUttoa 144 
Gunt Total 

Lacraaaa 
Erl* 

Dakou 
Apacla 
Huraa 

0 40 
OH 
0.11 
0.54 
0.11 
0.44 

0.05 
0.00 
0.50 

o.t: 
0.54 
0.0T 

0.44 
0.04 
0.54 

0.T4 
0.24 
0.40 

0.44 
0.00 

0.T3 

0.02 
0.51 
0.04 

0.50 
0.02 
0.45 

0.72 
0.27 
0.5) 

0.73 
0.77 
0.01 

0.02 
0.04 
0.04 

0.47 
0.02 
0.03 

0.70 
0.21 
0 01 

0.04 
0.04 
0.00 

0.02 
0.54 
0.70 

0.30 
0.00 
0.05 

0.04 
oft 
050 

0.40 
0.01 
0.03 

0.00 

0.51 
0.07 

1.70 
1.20 
2.42 

1.02 
0.54 
1.15 

1.17 
1.11 
1.54 

1.44 
0.07 
1.00 

1.00 
324 
3.20 

230 
0.00 
2.10 

1.13 
1.70 
1.50 

1.44 
0.04 
1.30 

was in the heavy fuel condition at the time of shock arrival. The aircraft gross weight was 
1,000 pounds heavier than in the analysis condition. 

Shot Huron measured data indicated 20 percent conservatism as compared to the wing com¬ 
puted loads. The measured stabilizer load was 1.75 times the predicted bending moment. 

Figures 4.11 and 4.12 Indicate the correlation of the measured and predicted loads. Data 
from Shots Lacrosse and Apache are omitted fron these figures as a result of the gross weight 
and horizontal gust considerations outlined above. The ratios of measured to predicted incre¬ 
mental and total structural loads on the wing for all detonations are indicated In Table 4. . 
The stabilizer and fuselage ratloe are presented in Table 4.10. A tabulation of wing and stabU- 
izer loads at the critical stations Is contained In Table 4.11. 

The allowable gust velocities at the critical component locations, as determined at the stand 
ard conditions of Reference 8 were 28 ft/sec for the wing (Station 123, shear) and 87 ft/sec for 

the stabilizer (Station 141, bending moment). 
If the allowable gust velocities are adjusted by use of the ratio between the measured and 

predicted loads, the gust velocities are adjusted by use of the ratio between the measured an 
predicted loads, the gust velocities given in Table 4.12 are allowed, based on 100 percent de¬ 

sign limit load. ^ . . .. 
The results indicate that the light-weight aircraft could be positioned closer than origina y 

predicted. The results of Shot Lacrosse indicated that the stabilizer may becofne critical for 

some aircraft weight conditions. 
The critical components on the aircraft were determined by means of limit design envelope 
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data. Pollovtng th« field program, an examination erf the structural data available from anal¬ 
yses and atatlc tests indicated that use of the structural limit curves for the atng would gener¬ 
ally permit higher gust velocities. la the final Air Force Technical Report (Reference 1) the 

structural Umita were utilised. 
Due to the unconservatism of the stabiliser predicted loads, new blast analyses were con¬ 

duct«! odk limited basis before and after the completion of the field program. These analyses 
investigated the following effects: (1) higher frequency stabiliser modes, (2) various forcing 

functions, \S) gust duration, and (4) effects of gust penetration, 
are discussed in Reference 1. No additional wing analyses have 
the effects for other gross weights. 

Results of these Investigations 
been conducted to determine 

4.5 OVERPRESSURE RESPONSE 

The highest overpressure the B-57B experienced during the tests was 1.05 psl during Shot 

Apache. Since the aircraft can withstand overpressure of 2.0 psl without permanent deforma¬ 
tion, no visible damage or adverse effects to the structure were either expected or experienced. 
Overpressures approaching the engine critical limits were not attained. 

4.6 NUCLEAR RADIATION 

The Shot Inca device was the only one in which the nuclear radiation required careful scru 
tiny. Until this time, the aircraft was positioned to receive approximately one rem or less 
from each detonation, so that the radiation limit would not be exceeded. In the prec Ing 
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events, the one rem positions were not limiting and gust remained the limiting factor. It was 
desired that gust loading be limiting for this event also.. The total radiation received up to 

this time was 1.15 rem from Shots Lacrosse and Erie. 

TABLE 4.12 ALLOWABLE GUST VELOCITIES 

Measured Load* 
Predicted Load 

Adjusted Allowable 
Gust Velocity 

Measured Loadt 
Predicted Load 

Adjusted Allowable 
Gust Velocity 

17 sec it/sec 

Wing: 
Stabilizer I 

0.78 
1.77 

34 
38 

0.93 
2.01 

28 
34 

* Determined from average obtained from Shots Erie, Fl.uhead, Dakota, and Huron results, 
t Determined from maximum obtained from Shots Erls, F'athead, Dakota, and Huron results, 

t Using shear at Wing Station 78. 
Í Using bending moment at Stabilizer SUtion 24.5. 

The nuclear radiation readings obuined from mm badge dosimeters worn by the pilot of the 
test aircraft were plotted against the computed values and are presented in Figure 4.13. The 
45-degree line indicates the ideal case in which the computed and measured values are Identical. 

Only the pilot's film badge readings were used for this comparison, since the observer's 
film badge readings were consistently about two-thirds the value of the pilot’s badge readings. 
This phenomenon was also noted with the sampler B-57B aircraft. The computed nuclear radia¬ 
tion values, the pilot’s film badge readings, the observer’s film badge readings, and the numer¬ 
ical and percentage differences between the pilot’s readings and the computed vaiues^are pre- 

In the re¬ sented in Table 4.13. It should be noted that only three shots are listed in the table, 
maining shots no nuclear radiation was expected and none was received. 

No final explanation for the pilot’s radiation dosage being greater than the observer’s dosage 
has been found at this time. Suggested explanations of this phenomenon include: (1) shielding 
of the observer from some of the direct radiation by the aircraft structure and the fuselage 
fuel tanks, (2) shielding of the observer from the scattered radiation of which a greater portion 
was received by the pilot through the windshield, or (3) a combination of the above. The cor¬ 
relation between the computed radiation values and the pilot's film badge readings tended to 
indicate that the pilot’s readings were more representative of the actual conditions. 
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Figure 4.13 Meuurtd versus computed total gamma radiation, y, 
received by pilot. 

" máCjkJÍ e 

Two of the computed values were less than the measured values. Generally, this is unde¬ 
sirable, since underestimation of conditions to be received by the aircraft reduces the margin 
of safety desired. 

The present methods of predicting nuclear radiation on aircraft flying away from a nuclear 
detonation appear to be sufficiently accurate over the range of radiation values received by the 
B-57B during Operation Redwing. However, the data are insufficient for either confirming 
present analytical methods (Reference 13) or Indicating if any changes are required. 
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Chapter 5- 

CONCLUSIONS and RECOMMENDATIONS 
From the data obtained by the participation of Project 5.4 In Operation Redwing, the following 
conclusion* and recommendations can be made. 

5.1 CONCLUSIONS 

The participation in Operation Redwing provided sufficient information for the determination 
of the aircraft’s deUvery capability, thereby satisfying the primary objective of this project. 

The responses of the critical components of the B-57B aircraft to the inputs of a nuclear 
detonation were less than predicted. Therefore, the weapon delivery capability of the B-57B 
aircraft is better than the capability described in the B-57B Phase 1-1 and Phase 1-A Special 
Weapons Studies. 

The existing methods of predicting weapon inputs and aircraft responses, although in some 
cases unconservative, generally tend to be conservative but are considered satisfactory for 
predicting the B-57B delivery capability. 

The data obUined by the participation of the B-57B in Operation Redwing will provide: (1) 
valuable design criteria data for future aircraft and (2) a basis for the verification and/or 
correction of present methods of predicting weapon effects in space and on aircraft structures. 

5.2 RECOMMENDATIONS 

It is recommended that no further participation of the B-57B be planned for the purposes of 
defining Its weapon delivery capability. 

It is further recommended that the daU collected by this project be used to refine the pre¬ 
sent methods of predicting weapon effects in space and on aircraft structures. 
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