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An extended survey of work going . on through the country indicates that only
token efforts are being made to determine destruction of aircraft due to
effectc of an atomic bomb burst, from the anti-aircraft standpoint. The
rr,,,sent paper sets down the phenomena involved in destroying an airplane by
a rust. Related, but not-directly-applicable, analyses of the escape probl
arr. desoribd. Soecific rscommendatioas for Sandia Corporation actirity aro
m!_idc, which include the conduct of studies by a suitable research group (unde
contract) to treat the essential conditions of the destruction problem.'
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e of !' ..nowledge in the G.J.ct DestruciAon Problem, with Recommendations for
' Corporation• Efforts.

The purpo:,x4 of this 7eriorarvium In t.o outline the prosont state of knowledge
in aircraft destruction due to rnoteria2. velocity produced by a blast wave:
and to rocomrend that specific tasks be performed by an appropriate research
;-;roun under ,1 contract with the Sandia Corporation/

An exteLdedsurvey of work going on through the country indicates that
or. token effortn are heinif mono to investiEate de3truction of aircraft
or crews; due to the four physical effects of an atomic bomb burst, Le.,

i7ust, overpressure, thermea radiation, and nuclear radiation.

nresent pa or 	down the phenomena involved in a destructive situa,
..ion due to f7 ,3t, Whi("h include unsteady aerodynamics, rigid body response
of the air-raft. floxibe non-linear resr ,onsc of the aircraft structure, and
Int:.raction with the effects of thermal radiation and overpressure.

Related. but not-directly-applicable, analyses of the escape problem are
described. These are limited to the plane of symmetry and rest on assump-
tions, such as linear response of the structure, which are not admissible
for the destruction problem.

f. ,'- ''. 	 f ;7.7.r -roraticn anivIt; are
,cDr::±,ct of 	 by a 	 research grou::.

ccntract) to troa, t to o3sentina phcrao -lcna of the destruction prC:!.-

Dr.. 	 Plane ofSy-uretry

flr - t 	 thqi, 	 71.acr: in 1 vertical plane
:,ilrcraft. 	 .:ituation then

eIves the

a, Aerodynamic loajz7, 	 preduce:i on the aircraft by the unsteady' aero-
dynwnio processes which occur be inning at the time the rateriaa
velocity inorenent is introduced by the blast wave.
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The peak loans omst b' expecte.: to occur during tne time the
transient aerodynamic effects atiii predominate (based on nu
war!, ln the bomb deaivery problem). Sc the problem ought to to
trested nz es.:entlany unsteady.

The transient aerodynamic forces on an airfoil wbonc angle of
atta -.: is rapidly chanr,ee rec.nire a rc , riod of tine to reach
new ctear!y state veues. This period of tine is assoc! toe
with the required change of circrlation anri the redistribution

:ort!des in the flow. an ,: nay to referro to as 11ift

The unsteady asroiyuamic forces on an airfoil whose angle of
attaa-, ln rapidi:, - changed snow ..ifferences in mai,nitude and
direction from steady aerodynamic forces at the same angle of
attack as the instantaneous value for the unsteady case. In
7articular, the unsteady case may not stall until a much higher
an,-;le of attac!,, and ZC develop a substantially higher C''max
Csee Fii;ure 1).

ri..) The interaction of twc liftinr surfaces, e.g., wing and tail.
under the condition of rapidly changing angle of attack is
poerly understood. In particu:ar, the prediction of the un-
steady downwash (at the tall, due to flow about the wing) can-
not he one st present.

thodo of treatinF transient aerodynamic The=onena,
,J.c1!Ited. with the transient forces produced by an instantrir-

introuced velocity component, So not include one char-
aotoristic of cur zroblem, which in that a shock wave (i.e,
a zpessure, density, and temperature discontinuit) sweeps
through the field durin the time the new velocity component
is being introduced.

These existinc; methods of treatment of unsteady aerodynamics
montioned aheve involve one of two assunttions:

The Warner theory assumes that the new velocity component
annears at all points in the field simultaneously. This
condition in approximately met if the blast wave strikes
the wing and tail moving in a direction essentially nomal
to the. 4 r oho-d lines, so the new velocity component is
introduced approximately simultaneously at all points
al on one side of the winr and tall.
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17;) The 	 n-Sears theory assumes that the aircraft riles
into a semi-infinite gust field at the flight velocity.
Thin condition is approximately t, if the blast wave
strikes the wing and tail movin in a direction essenti-
ally parallel to their chord lines, and if we san intro-
duce a now velocity of propagation of this disturbance
which is not tLe flight velocity but the horizontal oom-
ponent of relative velocity between the blast wave and
the aircraft.

The ,d1fference ::.et...;en ;a) and (b.) in th.at In N tho 7 .ust
ity Is "felt" a. different times at different points

aong 	 chor lin-c of th 	 tail. In 	 Trc.:ent
7roblem, there will 	 -.rhere on or tL ,, :
a l7Tly: for :. ost, come ccmination of both would seem to

y. since we aro interod in all possible orientations
th ,_ an of symmetry.

e aircraft can rescond as a riF7id body in it three symnctrical
oThr of' motion, in reepcnse to the applied loads. (rdinarily,

tnic rliTid body motion reduce: the i000s experienced by the air-
plane.

The components of the aircraft structure can respond es flexible
members, in the various nodes of elastic and plastic) deformation.
Ordinarily, this flexible motion increases the strei:ses set up in
the aircraft structure.

Tb's aircraft structure has by this time been heated by the thermal
radiat:,on, res ,ating In a markedly non-uniform temperature dictri-
b'ticn throuir7h the struot7lro. The followir4 situations may be
onccuntered:

/ Stresses may have been net up by the restrained expansion of
heated memberc, and may still exist in considerable magnitude.

(2) The physica2 properties of structural components may be
changed We., reduced) by the elevated temperatures which

prerail.

ccclary :structural elennto may be buckled; and the aerody-
nslie surface can be exp,acte ,..: to be buckled, and at high ten-
pe.ature with respect to surrcruiding air, which may affect
th aerodynam -cc forces developed.

o_ Over the time interval that the aircraft is subected to the =ter-
lel velocity, it is also subjected to the overpressure loading,

-4-
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which may influence tiro rigid body motion, the flexible response,
and the tate of stress in structural elements.

The response of the structure ie eoJentially non-linear (Lay in
the load-deflection sense), since we are interested in carrying
the loading process to failure. This non-linearity arises from
two causes:

1) Taking materials into the non-linear range.

,2) Failure of the highly-redundant stricture can be expected to
take place by the failure of sore element(s), with a redis-
tribution of load, failure of some other element(s), etc.

Finally, because we are intent on prodlIclas failure, the possi-
hility that the strecture will comaletely fail in some area,
alleviatiag loads on more essential sections while not wrecking
the airplane, must be taken into account. An example would be
failure at 2ome wina station fairly far out along the spar, resul-
ting in loss of wing from that station to the tip, but still allow-
ing the aircraft to lisp to the target.

4. Considerations Which Argue Against a 'Highly-Precise Determination of
T;estruction Znvelopes 

in order to establish a realistic frame of reference, the following
are introduced:

Cur taraets are enemy aircraft. with the apparently limited in-
formation now available to our intelligence agencies, very little
of the detailed structural information we would like to have seers
to be forthcoming. The TU-4 mz be a lone exception*, but it does
presently seem to be the prime throat.

There seems to be a strong likelihood that the its-4 airframe is a *rivet-
by-rivet" copy of the early version of the B-29 which fa-, e‘o Russian
handa during 	 Intelligence agencies ought to be asked this question -
so far, this has not been done. The various people the author has talked

have been split about 50-50 between, "I think ao,* and "I don't know°,
The chort time 'eetween P-29 capture and TU-4 unveiling (2-3 years) may be
the clue, but ahic all ought to be investigated.

N ASSif f41 D
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b. The UZe5 foreseen by the author for the destruction stWins all L.ply
that they will be inputs to probabilistic studies, for which the
eometry of the actua: destruction envelope will be approximated by

some simpler geometric shape, like a cylinder, sphere, or stack of
disks.

•

thetically, notice should be taken that three major air defense guided
e Frojects*, now under oevelopment, apparently intend to employ atomic

L - ndr, at least as one warhead option. It appears to the author that the
tota usefulness of the destruction studies is greatest before the decision to
- ;nd ,, rta:re e development program has been reached; and declines as the missile

the warl;ead go through development, OST, tactical deployment, and opera-
t1rnn.2 e-ro.eyment. This observation, if generally accepted, may guide us In

.:la.tiy- effort to be put into interim destruction studies, and long ranie
" 	 ai-n-d at mere precise (and more reliable) results.

A7nlicei7le Analysis

work on 	 urite helievecl to have any real significance is
f:ust analysis of the escape problem by MIT**. They have completed an
:ant analysis of ho pla: -,07! of smmetryescape problem which includes:

Treatment of unstea:lv aerodynamics : Wac,mer function.

:Jody motion of aircraft in pitch and vertical translation
(change in 7. -round speed assumed zero).

F1 ,..;.t two &astir' modes of wing.

.im 3 tations:

Diffor?nces between unsteady values of CL,, and steady values of CL,
"axare not accounted for. They use the 	 '"ax steady value of 	 .

Or-

The aerodynamic loads, as a function of a;, represent a linearized ap-
roximation to the actual variation.

N

The Aero-Elactic and Structures Research Laboratory of MIT, under the
of Professor R. L.. 'iisplinghoff and Professor R. G. Stever,

has worked on this problem since July, 1949 under AP Contract o. AF:53:0”)-
( 	 aDo 4 .-;1-3. This contract is monitored by t? Aircraft Lab, 4A)C

nr.

	

	 ik, Jr.). MIT b written WADC Tech Report 52-244, Volt+.
2T, on the escape problem-
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c. Unsteady interaction between wing and tail are not taken into account.

d. Effect on aerodynamic forces of the shock wave sweeping the field is
not included.

Acceleration of the aircraft in a direction parallel to the direc-
tion of flight. in an inertial reference, is 8.D5UrAqd zero. This
might be stated, the ground speed remains constant, but not the air-
speed. This assumption is believed sound for destruction studies
also.

Superposition of gust and thermal effects is not done.

Superposition of gust and overpressure effects is not done.

h. Non-linear response of the structure, which is outside the range of
interest for the escape problem, is not examined.

Prediction of failure in one location instead of another, also out
of r-47:F. cf interest for escape problem, is not considered.

Untler the assumptions implied by the above, the MIT group writes the equa-
tions of motion for the aircraft exposed to the material velocity. These
cToneral equations are sufficiently involved (i.e., a system of j 4- 2 simul-
taneous linear integro-differential equations, where j is the number of
flexible modes considered) that solution requires the use of a computer like
the REAC.

Simplified 7-:o hod 

The next step is to look for additional simplification which can be made
The following simplifications are first examined and then adopted.

for the determination of modeThe fuselage is restrained in pitch
shapes and frequencies of the wing.

The pitchirLs degree of freedom is discarded in
tions of motion.

the 3 -plified equa-

Aeroelastic effect arc neglected. (The authors separate aeroelas-
tic effects into the aerodynamic loads which act on the girth' mode
az a result of flexible motion in all other modes, which they call
"coupling"; and the aerodynamic loads which act on the firth* mode as
a result of flexible motion, in the mrtho mode , which. they cell 'damp.
ing". The study examines the conditions under which each can be
neglected. Since these terms couple the equations of motion and thus
necessitate si'multaneous solution, neglecting them produces a substan-
tial simplification.)

These simplifications lesd.to equations which can be sorted 11$- use of a
desk calonlator. However, the solution is far from simpaf and entails s
eonsiderable WIC'” nt of 	 utational la r.
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Somi..Graphical Approximation to Simplified Analysis 

Ti- r, T ,cpzoibility of a semi-graphical approximation to the amplified
ir.a:y:;is apparently arose from noting that in the simplified equations,

ocurred which were the product of a function of the di-
mr:noionie: ..,n aircraft maszi parameter K .lee footnote) and the dimension-
ies3 tine variable so, and an expression which is the result obtained
uoing th© sharp edged gust solution (that is, the aerodynamically quasi-
toady, rigid stationary aircraft solution). The approach was then to

consider this function of K and sq as an "alleviation factor" to be ap-
plied t,o the load given by- the sharp edged gust expression. The alle-
a-iation factor F is presented graphically as a function of sQ for para-
m ,?tri': ~a? ,:e cf K.

The above determination of the peeL value of the applied load permits
an expresnion to be written for the forcing function. The response of
the flexible structure remains to be determined. Voir:. III and VII of
AADC report 52-244 outline the method of calculation amenable to use of
a desk calculator.

,c.mt, arison of Three othods

On rages 286 to 292 of WADC TR 52-244, Vol. III, comparison is made be-
tween the general method, the simplified, method, and the semi-graphical
approximation to the simplified method. The maxim= spread in peak values
of vertical acceleration at the CG is about 3%. The maximum spread in

7aluer, of wing displacement is about 11%. Solutions compared arc
.,.. the T-37 aircraft.

= whore 0= Pir tensity

c = mean geometric chore

airplane mass span

= 
(7, C4 ja!rplune

27.7st-D 	 r, . Approximate velocity cf alr
C. 	 relative to lifting surface

t 4."e' 4uration or material
velocity positive phsze,aes.
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A! jr- x. Lvition

Er,1:t.,3, of th- 	 rroup, 1-as written a brief `n-title.d raper
rro, ,,ntu o 	 ote.neht of the last-entioned method above.
:-in: 	 fir a dotruotion :tusy, the actual ultimate
•ct-r for the particu]ar aircr.)ft member is question --ust 1...e used,

.,. 	 Nilur-. 	 :1:gcest, the a!ditional approx:nation of using
"-.7.--tc0-" value of O. PC for the all ,?,viation factor F.

47:ronch to P few qu16.-and-dIrty destr ,lotIon sts:dies
for Pr-- ct 1.'ayer.b7und*, a further a7roximation wa.s

hot1 trat an "average" value of the dynamic overstress factor
about 2.5, and this enters only as the product of Dx x F. An

7:,:u0 of 4,LP all 	 factor F is C.80. So this °average
•oj.ut 	 1.2; WADC assured it to be unity, justifying it on the basis

t1.-It actual ultimate strengths are usually 1.0 to 1.1 tines the design
a...ti-a 4 o. The difference between these numbers and 1.2 is a safety

be Done Now

a. 	 he Sandia Corn'oration program should consist of two separate (but
ocord•.nated) efforts as follows:

, interim gust destruction infornation should • be developod by the
Sorporation with or without contractor assistance.

A 	 rani:e pr`~ ct 	 provi 	 als:ecl:!;att, 	 = t4

723, destruet 4 h
..7.1ntractor to tic, aandiu Corporation.
considered apr,rourinte for this effort. A partial list of pc-
tential contractors would include:

MIT, hero-Ela6tic and Structu:res Research 	 „cry

(Univrsity of Texas

:titute of T ,:.clIncloE7

, 	 • York Univcfrsity

fte”'bi 	 study of the u.se of 'Atomic warhead: as anti-aircraft .,t,yics
by A17,DC of BSA?. Chief renpon3lbility reatn on SVC; ,i,rojt.ct officr is

. Trari,7, 'Scott. Vajcr nmphs,r1r1 ban be 	 on d9livery noan:s. tice'..arat7,

,niver3ity groups
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(3) Some parts of the long-range project may be capable of being
treated by a single ad^anced investigator, on a consult&nt
basio. Professor 	 V. Barton of the University of Texan 13

cwn to b' interested in the problem.

	tss. to t	 rforme,i 1r snuence by a contractor as the .4..c#-ran
,l'rort are sutlineri in b. wILI C. below.

}lane of 477.77..etry

At present the only rigorous analysis of the effects on an aircraft
	.1„Ist	 to an atomic bomb burst is restricted to the encase

reble witn the bomb burst in the plane of symmetry. This analysis
rig presently adequate to treat the aestnIction problem. In ordr
Ixten:1 this ana17sIs to the destruction nroble, In the plane of

symmetry, certain important lifferences must be taken into account.

(1) }on-linear response of the aircraft structure. should be intro-
duced first. For this first refinement, it seems permissible
to use either rigid body applied loads, or applied loads includ-
ing aero-elastic contributions for a linearly-responding struc-

T-r.2 secon'l refinement (which may e done in(iependently) is to
investigate whether failure in some less critical section (say
far o .;t along the wing span) will significantly affect the loads
we wish to produce at the more oriticaj section (nay, at or near
wing root).

To third refinement clesireci is to in7,- rove the determination

Aers-J-elastic centrnutions for the non-linear structl:.re.

(b) ::oval of the linearizing restrictions made in calclilatink:
the a-rclynamic loads.

Treat the essential diffnces between unstea4,7 anc.st,7,ad:r
n..:.ch as "ste:1-ovrsheot)".

Imnrove the treatment of the time history cf.' lif 	 to
yuot(beyon IAZ::3 of Wagner functior.;.

i4/ rizally, ac progres: in r .,nfle lc the. :, tudy of effect: of thermal
radiation and overpressure, u.n effort should be made to suphr-
inpose effects of gust, themal radiaticm, anti overpresrare.

The first two steps reco:nmended above are. called out 7vith much
more confidence than the it two. As we prece-ed into tha prob.-
leh, it is quite possible that our 'does on these latter steps.
will chan,4e.

4,1 ED



LAsq
1110110111MIM

0111M11111149.!”.•••■

(.utsie  the Plano! of Sz7:!7etry

■ Th 7irot step is to detPrmine tho rigid body response of tho
aircraft to a j-ust component normal '„o the plane of si=stry
Treating the aircraft response az a perturbation, the lon *71-
tudinsi ;i.e., symmetrical) and latral (asy=metrical) res-
ponsez may be ::uposed.

hen, gust loads based on rigid body reopcne to 	 ;:juot
he r.alcu'at ,--d.

These f'wt loads should be applied first to the structure as-
inn a linear respontle of the :Itructure; an_ finally to th. --

:,,trIcture assuming a non-linear response, to determile the
:treszes produced.

4
	 Finally', the sort of refine.77,ents mentioned alo7e( 4 n b. (..%),

(3) or (4)) may be introduced.

uersigned -wishes to express his appreciation to Dr. M. V. Barton,
who.e judgment and experience were of great help in preparing this paper.

E. S. ROSE, JR. - 5141

- 0, A. ?!ac:;af,r, 5CC0
n4t1 51e,

- 	 h. oner n. 12Cri
Arl: J. War ,, er

- 	 ransche, 5140
- K. W. Erickson, 513C

, 	 Shephar;, ,5120 41241C
7/ZCA - E. F. Cox, 5110
'?%2C,IA 	 .44. J. Howard, 1330

13/20A - R. F. Brodsky, 5141
l7,20/20a - G. M. Byrne, 125-3
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