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Damage to Aircraft by TMiuzst

MEASURELENT OF BLAST PARALLETLAS

le In investigating the effect of blast on structural comnonents of
aircraft, the comnonents were suhjected to hlast aves from hure
charges of TiT, and the critical blast parameters -cre measuredc v an
array of instrumentation located near the comnonents and at the same
radius from the charge., This report discusses thoze nhases of the
instrumentation and the measurement techniques vhich zre nertinent in
evaluating results of the tests.

2. The instrumentation was cesigned to wrovice information on the
following significant blast sarameterss

a., A time history of free onverpressure,
i be A time history of the reflected overnressure,
c. Free air peak overpressures using thes velocity method.

From the above, additional parameters, such as the duraticn of
the positive nhase and the impulse can he cetermined. Cathode-ray r
recording oscilloscopes have been »rovided for recording all the ahove
paramcters. In addition, a high speed camera has been usec in some
tests to record the movement of the shock front hy the "broken wire"
method. Two Tuck interferometer pgaces were obtained to suprlenment
the time history rccording. However, the Buck gazes were not in
onerating ccndition when received and subsejucnt work was not suc-
L cessful in attaining satisfactory oneriution. 1In an attempt to ret

some information, one of the rages was set-up on a recoiling platform

and operated on detonation 27. The gare was camaged as a result of
the blast, the monochromatic filter was detachecd and the snrincs
holding the cover plate were stretched and relecased the cover,
Further work with these gages was discontinued,

3. The array of pages for oscillogrephic instrumentation consisted

cf two dou*le-faced, edge-on, plezo-clecctric gages for measuring Ifree
overpressure versus time and two sinple-faced, face-on, piezo-electric
pages for measuring reflectcd pressurc vorsus time. Lipght veloeity
gages were mounted in two horizontal rows at the start of the test.
lHowever, as thc work proercsscd the gapes were placed on more sub-
stantial stands, and were arranpced in threc dimensional arrays in
order to rccord the directional ¢ffects of the r*laste Details of the
orientation of th: gages arc eiven in Appendix ), Firures &, 9, 10,
and 11.
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4, Two complete instrumcnt trailcrs were fitted out with Cathode-ray
recoarding instruments and tcsted in the £icldé by detonating small
chargess Anuendix ), Firpures 12 ané 13 arc block digrams of the
instrumentation system. The trailers wire nrotected from dircet
action of thc blast by an carth bunker at thc test sitc.

¢ The Rankinc-Hugoniot cquations were uscd to computc pzalt prossvre
Ps . 2Y (U2 Y
from the bhlast vclocity datas '15': = %—i(\'c'z =1

where Ps = shock wave overnressure
Po = Atmospheriec nrescure
= Ratic of spueific huats for air = 1,40
U = Shock wave velocity
C = Veloecity of sound

In these equations, the roverning juantity is the ratic tetwecn shock
velocity and sound velocity. If differont scts of pares arec us~d to
mecasurc thesc two veloecitius, it 1s csscntial that the space intervals
between garcs be known with crxtrome nreeision.

In order to avoid thce necessity for w»recise mecasuremcents of pagc
positions, thc scund velocity was mcasured with the same sets of garcs
as were used for shock velocity. The procedure for accomnlishing

this involved mounting a small charpc as a sound source, in line with
the charge and the gages, and igniting this "cap" anproximatcly 2CO
milliscconds before detonating the charge., Vith this macthod, not only
are any inaccuracics in the mecasurcment of parcs intervals cancelled,
but also errors in the accuracy of the timc basc are cancelicd, It

is rccognized that this method provices only a partial compensation
for wind velocity, sincc it is bascd on thc anproximation that:

U«W .U

¢+ % C
U = Shock wave velocity
C = Vclocity of sound
W = VWind vclocity component narallel

to dircection of blast wave propa=-
gation,

' ' \
M 2 APPENDIX A




CONFIDENTIAL NPGC HEPOHT NO. 1098

However, the aiove anproximation introducecs errorc of such small
magnitude that they were considercd negligitle under wind conditions
prevalent during the tests rcoorted her2in. For example, a value of
W of 20 fps would produce an error of only 3 ncr cent in a 10 nsi
P
shock pressure determination. For convenience, a curve of FE versus
o

g was drawn and is included as Fipure 1, Appendiry (A). Tho under curve

in Filgure 1 is the shock wave nressure bascd on a nominal atmospharic
pressure of 14,7 »nsi,

6. The results of measurements of blast varamcters are contained in
Aonendix (e An examination of thc nreliminary data shows that when
nressures were computed from veloecity earcs, under the assumption
that the hlast front nropres=ed in a2 direction narallel to a 1line
tetween the charpe and the parcs, (i.c., true spherieal wave), the
uoner and lower rows of velocity ~ages, (for heights, scc Annendix C),
Firures 8, 9, 10, and 11), yicled peak w»ressurc valucs which differacd
by an anount sufficicnt to imply a definite causative conditien,
al.-wunit the deecav of pressurc, as rccorded by successive Intervals
in _&#c¢a row, aprcared raasonablce Figure §, Avvendix (), shows those
rzs.lts granhically. 1In gcneral, the uns2r row of pages indicated

t1e hieher pressurc, and there is some nos-ivility that such a »rese-
sure differcntial actually existed. However, no such discrevancy
existec hetween the unner and lower «dge-on gages (scc Firure 4,
topendix (L)) and in several cases the condition was revorssd, i.c.,
the lower veloceity gages indicated the higher pressurcse On the
hypothesis that thc above rcsults might be duc to nrowvagution of the
wave in a éirection slipghtly diffcrent from that of sohcrical orop-
arpation, a formula was dcrived vhereby onc pressure valu. 1s derived
from the first two gages in both rows, anc is indcpcnient of the
circction of propagation of the wave. The pressures derived by this
method are considered to bc very closc to the truc oressures and to
ve the most reliatle values of nressurce obtained in the testse Thesc
values determine a well-defined curve (Figure 3, Anvendix B)) when
plotted against reduced distance, The Qerivation of the formula is
included in parazgraph 9.

7. The method of stacking the TNT blocks to form thc charge 1s shown
in Apoendix €), Figurc 15. All of thc skctches on this diagram show
the charges as thcy would apocar to an obscrver standing 49° to the
right of th: line bectvicen the charges and the gages or alrcralt
structurcs. Appendix (), Table V, contains furthcr details on the
chargcs, The ideal charge shape €or the nurovosc of this test would
have bzen spherical, but the largc ohysical size of the individual

CONFIDENTIAL "
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blocks prohibited a svherical arrangement. Conscjucntly, on dctona-
tions 12, 13 and 14, thc arrangemcnt was in the form of a low square
(flat distribution). On the rcmaining dctonations, an attempt was
madc to arrange the blocks so as to aoororimatc a vertical eylinder,
within the limits imooscd by the number of hlocks requircd. Thorc is
no doutt that thc stacking arrcongement procduces dirceticnal «ffeets.
In detonations 12, 13 and 14 the charec distritbution was low anc
symmetrical about the vertical axis. The rcsuits (scec Fileourcs 2-6

at Z = 8,8+G.3) arc avout 25% below a curve throueh thc other noints,
It is likely that thc morc subtlc stacking variations, which would
cxist even in those detonations ostensibly identical, grecatly contrib-
ute to the scattcer of obscrved pressures. In the noxt phasc of the
test, every §ttcmnt w11l be madc to ohtain uniform chargce arrangements

8. In Figure 7, Anvendix (B), is shown the correlation between the
pressures measured hy the edge-on gages anc those derived from the
velocity method. It can be seen that the edge-on page yielded
slightly higher values in low onressures and their adparent sensitivity
is reduced in the hirher nressures. The latter 1is to be expected

from the effects of mass flow.

9. Derivation of formula used in Computing Derived Pressures.

The rape stand used for the first 26 detonations was particularly
censi:*ive to the anele of arrival of the blast wave, From Figure 2,
Lonencix (A), it can be seen that if a blast wave arrives at an anrle
¢, with the centerline of the gupe array, *he time interval mecasured
by gages 1 and 2 will be considerably shorter than the interval
measured by gages 5 and 6,

The following is a derivation of a formula for comnuting the

velocity ratio % and thus the shock wave overpressure for the case in

s

which the pressure front of velocity U procduced by the charge and
the pressure front of velocity C produced by the cap are incident

on the gage stand from different directions. The derivation utilizes
the fact that, from the two pairs of gages, two linearly independent
equations (1A and 13 below) in two unknowns may be ohtained. The

two unknowns, velocity and angle of arrival, can therefore te solved
independently.

In Figure 2, Apnendix (4),¢1is the anrle hetween the center line of
the gare stand and the orojection on a horizontal nlanc of the normal
to the blast front. = 1is the angle of oricntation of the gage nairs
(#1 to #2 and #9 to #6) with resnect to the center line. h, in feet,

CONFIDENTIAL
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is measurc-d in a direction naraliel to, and a, in feet, is measured

in a direction nernendicular to the center linre. h ana a form the

two legs of a rirht triangle whose hynotenuse terminates in a gape at

each end. V is the averare velocity over eaci: Fape pair, assumed the

same for each gare nair, T12 is the time intervul as measured hy the |
first gage pair of the unmer set (rapes #1 and #2). ’?56 is the timne

interval as measured by first nair of the lower set (egdpes #% and :-9),

Although th2 g=2ge pairs were disnlaced above and helow the center i
line for most detonations, since both gages of each pair are at the
same height, the time intervals are measures of the horizontal com-
ponent cf velocity, The error intronducec hy neglecting the vertical
componert of velocity is, in this case, small compareé with the errors
resulting from the horizontal angle ¢ . The three dimensional deri-
vation eliminates this error,

From Figure 2, in the time interval 73, (time Tp-tj), the blast
front travels a distance VZ1p, Since sice A = sice 3 =Jh2 + 32,

la) Vl‘lg =\ h2 + a2 cos (X + ¢) and

-

2

1b) V Tgg = h? + a cos (x«¢g) .

Exvancing,

V712 = h2 + a2 cos % cose - % he + a? sin > sin @

V?Sé = he + ? cos» cos€ + a h? + a2 sin x sin @ , ’

f
since h =\j‘h2 + a2 coset and a =\jh2 + a2  sin =

2a) V¥y5 = h cos % - asing ‘
2) V¥e = h cose +a sing. 1
|' Adding 2a and 2b and collectings terms,
/7 T 56
6 =¥ /li2+ Ts6\. . |
3a) cos h \ 2 g 4
Subtracting 2a from 2b and collecting terms,
- -V 1 . T 12,
| 3) sine =X (152«. ‘;
CONFIDENTIAL ‘
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Squaring 3a and 3b and adding,
(v 1 Ti2+ Tse\] 2 tv(ﬁsé o BeaniE
n ot P -«;_! " Ia ) s 3 * d

since cos? g + sin2 g = 1 for any angle 4 .

Solving the above for V,

4) V= e = o o ,:]; P 2 —— e S w S B
1 (12 “56\}-7+ Cd/Ls s Z1p 2
-\Sh \ 2 / :a\ .

A convenient form of eguation 4 is

%) V= e ‘ h
N Ry T e T
\, 2 / 82 3 2 4 PY

If E"Sé - T12 1is very small, 5 becomes h dividecd by the average of
che intervals 712 and 1 56. 756 - 712 is procortional to the devi-
ation from the case 7 12 = <56 or ¢ = O,

From 3a and 3b,

6) ® = tan -1 ; -2- ,’MF

Let U be the veloeity of the blast front with intervals

Tijp and Tgg

Let C be the velocity of the cap front (used as the velocity of
sound) with intervals tj2 and tegg.

Froni equation s

£56 + t12 12 . hlit§6 - %10 2
( uk2 e & G R
77 \¢ ?‘T_56 + T2 2 , h 156 -Ti2y,°
- 2 J a 2 "o
CONFIDENTIAL
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This final result is employec in the Rar“inc=liurcniot ejuation

<) fﬁ T = r.:‘/g‘t-a - 1"

4 3 !
Po ¥ # L &
where Pq 1s the hlast overnressure, Py 1s thc atmosnharic nressure,
and ¥ i{s the ratio of snecific heats Icr air,

Since I 56 - 7'12 is rclatively small in comparison with

“eg « 712 , reasonable errers in h and a causc very little error
in"the ferived nressure

The above derivation provides only a twe dimcneional correcction
for angle of arrival. The three dimensionzl casc hag reen workod
out. Two ncw rapc stands have been conctracted unoss desirn (sec
fleure 11) was Mased on this latter derivaticn. They have b.cn used
on all dctonations susequent to numb.r 26, The threo dimensional
derivaticn, tor:ther with nther nccessary considerations, is to he in
a later renort. The rcosulting cquation wnich was usad in computation
of derived nressurcs for dctonations 27 to 31 ics

908 + & & | hatas = hotial? + & 5 | Batis = hgtin B

o B2 L D22 | hatiz - hat1)® « S o | Matae - hatay
|C‘l = l o v l )
T132 + 252 [ h3T1o - h2113‘2 * Y- ‘-h3T14 ® h4T1% 2

‘lheres U is Shock wave velocity

(@]

is Sound velocity

hy 1is longitudinal distonce Trom page 1 to rupe 3 (the
hascline)

ho 1s longitudinal distance from page 1 to pupe 2
hy is longitudinal Adistance from gage 1 to garc 4§
a5 is lat-ral distancc from basclinc to fafc 2
ag 1s lateral distance from baselinc to garc 4

tioy t13, & tq,4 arc the time intervals from the first gage

to the Nos. 2, 3, and 4 pgapcs, resnectively, obtained from the sound
detonation.

CONFIDENTIAL YO
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Tyoy T13y & T14 are the corresnoncine time intcorvuls obtained

from the shock wavce.

In either the numerator or the denominator, the first term of
cjuation 9 may be called the buscline term, the sceoné torm czalled
the horizontal deviation term, and the last the vertical deviation
term,

The similarity metweoen equaticns 7 and 9 can b2 scen if the

Teg + 712

average tecrm, =

y of aiquation 7 is consicercd as the

basclino terme The aoffects of wind have becen analyz.d and a small
correction factor can he omnloycd if reliable wind data are availatlc,
The curvaturc of the front can he corrcected for if it is assumcd that
the radius of curvature is egual %o th: charre distznee. Eowever,
this 1s an extremely small effect at the distaneces usced, Measurcments
have been made of the pressurc remaining in the sound wave (1/2 1b.
THT at 200 ft.) and the results range from 0.1 to 0.3 nsi, Thizs causes
prcssure values as meazsured by the velocity methodé to b low hy
avoreoximately that amount. ‘/aen morc data are avzilahble, a corrcction
can be macde for this finite pressurc in the "scund! wave.

CONFIDLNTIAL S I
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Security Information
Gage arrangement lustrating general case used
for computing derived pressure.
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JABLE IA |
SUMMARY OF PRESSURES
l Derived
Detonation Pressure Impulse
Number PSI L by MSEC/IN?
1 2.5 27
2 3.1 3l
3 4 O% 34
4 boT* 33
5 6.0% 42
6 5.5 4,
7 Y ad 54
8 7.0 53
9 T4 56
10 8.0 57
11 8,3 61
12 6.6 41
13 6,5 43
1 745 43
15 11,0 73
16 11.2 66
17 12,6 72
! 18 13.4% 67
19 11.1 55
20 15,0 64
21 11,2+ 62
22 11.6% 52
23 13.4 57
2/ 13,8 66
25 17,6 98
| 26 15’6 -
1 27 17.4* 87
28 16.2 81
29 18,6 97
30 - -
31 30.6 a4 93
NOTES: (1) Pressure is derived from velocity gages except * which is upper edge-
on gage reading (see Fig. 7 Appendix () for tomparisen of derived and
edge-on pressures)
(2) 1mpulse is that measured by the upper edge-on gage.
CONFIDENTIAL
SECURITY INFORMATION APPENDIX B
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CONFIDENTIAL NPG REPORT NO, 1058

Damage to Aircraft by Blast

JABLE 1]

VALUES OF DISTANCES, CHARGE WEIGHTS AND PRESSURES
Date Pressures, PSI
1952 Det, R i} 1-= 2=2 34 5-6 &-7 -8 6-8
4/23 1 160 35 2.6 2.4 e 2.5 2.3 -—-
5/2 2 160 450 4. 4.3 4.0 2.3 2.5 2,3
5/2 3 12 X0 o= e ree  ama asw o
5/7 4L 120 375 --- - ves ,—- - P
5/7 5 120 450 P see e - — -
5/8 6 10 300 5.8 5.2 5.1 5.4 4.5 4.8
5/8 7 100 350  e-- - fee  aas e e
5/9 8 1C0 40 6.9 6.5 6.2 7.2 7.0 6.3
5/9 9  1CO 450 9.5 8.7 8,0 6.3 6.2 5.9 '
5/9 10 160 500 9.7 9,0 8.2 9.4 Vol 6.7 ]
5/12 11 93 450 9.4 9.6 8.0 7.8 ) 6.7
5/13 12 o3 500 7.8 7.1 6.5 2.7 5.6 5,2
5/15 13 eg 450 7.5 6.6 58 5.8 --- -—-- 5,6
5/21 14 88 500 9.1 8.1 7.5 6.3 6.7 6.2
5/22 15 83 450 11.9 10,7 10,0 10.C 9.9 8.7 *.
5/22 16 83 500 10C.8 1c.8 9.9 11.6  11.0 9.7
5/23 17 79 450 13,0% 11.9*  ---  12.4% 12.5% .m-
5/23 18 79 500 —=-- ———- == 13,0 12,2 11.0
5/27 19 76 450 12,1 1.1 10,3 1.2 10.1 9.5
5/27 20 76 500 15.9 14,1 12,6 4.1 13.4 11.9
5/28 21 73.5 450 === ee== 10,2 11,0 S ceva
5/28 22 73.5 500 ---- 9.2 9.2 10.6 9.2 8.4 i
5/28 23 7 450 13.9 1.8 11,3 129 11.4 10.9 .
NOTES: (1) R = Distance in feet from charge to mid-point tat—een gages 1-2,

(2) W = Weight of charge in pounds of TNT.

(3) Intervals 1-2, 2-3, 3-4, Upper Velocity Gages.

) Intervals 5-6, 6-7, 7-8, Lovwer Velocity Gages.

) #* These values are questionable due to a poor recerd.
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CONFIDENTIAL NPG REPORT NO, 1058

Damage to Aircraft by Blast

-----------------------------------------

TABLE II (Continued)

Pressures, PS]

pet, R B 12 23 34 26 &7 =8 21

2, 70 4% 13.3. 1.8 103 L.6 12,8 1.7

25 70 500 17.8 16,0 14.0 17.2 16.1 14.5

26 67 450 15.7 13,4 11.3  -- -- 13,2 16,9
(1-3) (5-7)

27 67 500 .- 20.0

28 70 500 17.0 17.9

29 67 500 19.3 18.7

30 64 500 -- oz

31 6l 500 32.4 33.3

(1) R = Distance in feet from charge to mid-point between gages
1-2, 5-6 and (1-3), (5-7).

(2) W = Weight of charge in pounds of TNT,

(3) Intervals 1-2, 2-3, 3-4 and (l-Bg,Upper Velocity Gages.

(4) 1Intervals 5-6, 6-7, 7-8 and (5-7), Lower Velocity Gages.

(5) New gage stands of same height on detonations No. 27 through 3l.
(6) wing (F9F, RH) replaced by Wing (F9F, LH) on detonations

No. 28 through 3l.

(7) Dpamage occurred to wing FOF, LK on all detonations.
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DAMAGE TC AIRCRAFT BY BLAST

NP9 = 51129

Positive impulse vs, distance

Data frcm edge-on gages
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safety switch by 6
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in milliseconds
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Damage to Aircraft by Blast
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Sequence
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NPG REPORT NO. 1058
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CONFIDENTIAL NPG REPORT NO, 1058
Damage to Aircraft by Blast

In detonations 1 - 24, a #6 blasting cap and Mk, 44 Booster were taped together
80 as to be symetrical about the vertical axis,

-

Scotch tape
r /
&
; —F"‘—“ cap.
@ %

Mk, 44
Booster

The cap assembly was hung from a vertical pipe 50' from the first velocity interval,
with a 1-foot right-angle pipe fixed to the top so that the cap would clear the
vertical pipe.

It should also be noted that on detonations 2 and 3 a special engineer's cep was
used to try to reduce the slight overpressure (.2 psi estimated) from the #6 cap
and Mk, 44 booster, Huwever, this was not satisfactory as the records were too

small to evaluate,

DETONATIONS 25 - 31:

The above cap arrangement was changed to 1/2 pound block of TNT detonated by a
special engineer's blasting cap at 200 feet from the first velocity interval be-
cause detonation No. 24 blew the cap surport into the gage array. It turned out

s that the 1/2 1b, TNT gave a cleaner, sharper, and more reproducible signal at a
slightly lower pressure than the first arrangement,

CONFICENTIAL
SECURITY INFORMATION Figure 14 APPENDIX C
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CONFIDENTIAL NG AZP0RT NO. 1058
Damage to Aircraft by Blast
TABLE V
MAIN CHARGE DATA
eight of Approximate Direction of
Det, Distance Charge Charge Shape Normal to
No, from Ying (f t) ilbs,[ (see Figure 15) Charge Face Remarks
1 160 350 fall Toward Wing
2 160 45C " - o
3 120 300 " * " See Note 6
4 120 375 n n n " " 3
5 120 450 " ] ] L] " A
6 100 30C i " "
L 1CC 350 ¥ . i
8 1C0 400 " ] "
9 1CO 450 \ v » e
10 160 50C " " n
11 93 45C B " u
12 93 5C0 Flat Distribution " "
13 88 450 " " " n
1 88 500 . - Midway between
15 83 450 Cylinder Wing & Gages
16 84 5CC " w o
17 79 450 " Toward Gages
18 79 SCC " " "
19 76 450 n i n
20 76 500 " " "
21 73.5 450 " g 5
22 73.5 500 » g ¥
23 70 450 " n "
24 70 450 " Same as 21 " "
25 70 500 " Same as 22 " "
26 67 450 " Same as 15 " "
27 67 500 " Same as 22 » "
28 70 500 " Same as 22 " "
29 67 500 " Same as 22 " "
30 64 500 " Same as 22 » "
n 61 500 " Same as 22 n "

NOTES :

1, The charge was placed on a 5 ft. wooden stand
would not be thrown toward the wing.

CONFIDENTIAL
SECURITY INFORMATION 1

and so arranged that fragments

APPENDIX C




CONFIDFNTIAL NPG REPORT NO, 1058

Damage to Aircraft by Blast

TABLE V_(Continued)

2, The charge was made of 49-1b, blocks of cast TNT-A Nk, 14 Mod, 1, Figure 15
shows the way it was placed for each detonation,

3. Detonation No. 4 had 25 one-pound blocks in addition to those sho'm on the
drawving, Also, one of these blocks was used for a booster,

4L, Detonation No, 5 had 6 one-pound blocks of TNT in addition to those shown and
one of these was used for a booster. all the other detonations had a one-pound
block of comp, C (m3) for a booster,

5. All the detonations were centrally initiated 7ith a special engineers cap
placed in the booster in th: center of the charge,

6. On all detonations except No. 3, a 6" thick armor ;late 7es placed on the ground
under the charge stand, No nlate :ras used on d=tonation No, 3,

CONFIDENTIAL
SECURITY INFORMATION 2 APPENDIX C




CONFIDENTIAL

Damage to Aircraft by Blast

Locatign og glast Gages

Dist, from Chg, Upper Lover Upper Lower
Det, to Center of Edge-on Edge-on Face-on Face-on

Nog ~ First Interval Gage No, Gage No, Gage No, Gage No,

1 160 10 11 3 Op. 7 No.
2 160 10 11 3 7 w
3 120 1 11 3 7"
L 120 10 11 3o 7 "
5 120 10 11 3 7 "
6 120 1C 11 L " 7 "
7 1€C 10 11 L " 7 0
8 100 1C 11 L " 7o
9 100 1 11 L " 7 "
10 100 10 11 Lo" 7"
11 93 10 11 L " 7 "
12 93 10 11 L " 7
13 88 10 11 £ = 5 Op.
14 88 10 | L " § =
15 83 10 11 P ® § ™
16 84 10 11 Lo 5 n
17 79 10 11 L " 5 &
18 79 10 11 L " § *®
19 76 10 11 L " 5 ®
20 76 10 11 4 ® E W
21 73.5 10 11 3" 5 @
22 73,5 10 11 3 5
23 70 10 ) 3o 5 n
24, 70 7] 11 L " B m
25 70 10 11 L " 3 ®
26 67 10 11 4L 5 @
27 67 16 11 126 120
28 70 10 7 97 127
29 67 10 ] 97 127
30 64 10 7 97 127
31 61 10 7 9 127
NOTE:

indicate which side w7as facing thc charge,

CONFIDENTIAL
SECURITY INFORMATION

NPG REPORT NO, 1058

Remarks

See Figure @&
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1, For detonations 1 - 26, double faced Piezo-olectric gages 'vere used but the
rear face was covered by a plate and gasket, "No," and "Op." refer to the
numbered side of the gnge and the side opposite the number respectively, and thus




CONFIDENTIAL NPG REPORT NC. 10°%8

Damagc to Alrer-zft by 7lust

T.tip VII

GLIlZHAL NOTLS ANL DEFINITICHS

l. All pressure-time blast gages were slacad at the same radicl dis-
tance as the front of th: wing., (This is d¢fincd as tho charre dis-
tancc.)

2. The biscction of the anglc formed by the 2 lincs of velocity gapces
was on a radial line from tho centecr of the chargc. At the center of

the first interval, this line was aporoximatcly 14 feet from the
seniter of the wing.

3. The sound velocity cap was in a direct line 1ith the charre and
the center of the velocity gage array.

4, All computations of nressure used the correctiocn for the current
atmosvheric precssure and considered the sound velocity cap velocity
~interval equal to the true sound velocity interval.

5. The edge-on gage nressures are ohtained from a static calibration,
which was su»>clied hy the munufacturer (Cambridge Thermionic Corp.)
and a charge step calibration was used for each detonation.,

6. Impulse is here defined to be one-half the n»roduct of the edge-on
pressure and the duration of the positive phase of the particular
gage used,

7. The relation used to compute the shock pressure from the edge-on
rages is as followss Pg = Dg . o Yo
De KA
‘there Dg = 5ifnal deflecticn,
Ds = Calibration step defllection,
Ce = Canacity of calibtration condenser (mmf),
Vo = Voltape of calibration step (volts),

KA = Static calitraticn of gage (mm J/PSI),

and Pg = Overpressure (psi).

CONFIDENTIAL
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Damage to Aircraft by Blast

TABLE VIII

Atmosphcric Conditions
Detona- Temp, Relative Wind Vel, 4
tion °F Hum, % Direct'n Krots Time Po |
| 1 88 33 W R 150C 14,672
| 2 73 57 E,\E 3 112C 14,577
I 3 78 41 NE 6 1430 14,565
4 61 L2 N 1C 1115 14,722
5 72 33 NW 1C 151C 14,689
6 63 44 ,SE 4 143G 14.666
7 64 65 E,SE 5 1530 14.645
8 69 43 SE 8 1430 14.649
9 69 43 SE 7 150C 14,649
10 70 46 SE 7 1530 1,.637
11 63 39 s 10 143C 14.601
12 65 A N 10 1430 14,621
13 84 43 3" 18 1445 14,578
14 75 44, 7 13 1515 14,657
15 71 52 N7 10 1130 14,786
16 75 36 m 8 1400 14,771
17 70 56 E,SE 2 113C 14,806
18 75 58 S,SE 4 1400 14,806
19 77 36 N 5 1415 14,756
r 20 79 37 N 4 1500 14.748 |
21 80 47 SW 7 1130 14,732
22 82 42 S 8 1430 14,732
23 84 43 A 5 1500 14.724
| 24 83 66 sy 10 153C 14,613
25 85 73 ESE 8 1550 14,693
26 92,2 59 S 8 1500 14,616
27 78.9 40 3.4 5 1445 14,761
28 98.4 50 L) 5 1435 14,666
29 93.8 60 NN 5 1155 14,713
30 97 52 N 2 1445 14,701
31 72,1 49 E 14 1045 14.762
{
CONFIDENTIAL
SECURITY INFORMATION APPENDIX C ]
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CONFIDENTIAL NPG REPCRT 0. 1058

DESCRI,TICN OF BLAST AREA, CAI'ERA L.LYOUT, aKD
MLTHCD OF WING ATTACHL LNT

The overall layout of the blast area may bte seen in Figure 16, This
drawing shows relative vositions of hlast site, structure sunnortis,
gage stand, camera positions, instrument trailer nositions anc harrie-
caces. The photograph in Figure 17 shows the blast area as seen fror
the charge site 16C feet in ront of the wing under surface. The
position of the wing relative to the gage stand and the concrete
foundation slab is shown in Figpure 13.

Three high speed 15mm Fastax cameras were uced for each detonation.
Their positions are shown in Pieure 16, Camera o, 1, at the 90°
position relative to the line connecting the wing and the blast, was
used to show the overall bending of the wing ani had a 2 inch focal
length lens. Camera No. 2 shows the bottom surface of the wing and
the "harp" set-up to show the passage of the blast rave. This camera
lefis has a focal length of 2 inches, Camera Yo, 3 shows a close-up
view of the wing surface and has a focul length of 5 inches. A 1,000
cycle timing source was used to »rint timing marks on the edge of the
16mm Fastax film. These marks are alternately light and dark,
corresnonding to the nositive and negative peaks of the 1,00C cycle
time source. This tuning fork timer is accurate to better than #2

cycles in 1,000.

The right hand outer wing nanel from the FOF aircra’t was the first
structure used. The wing was mounted on the concrete slab foundation
by means of its attachment fittines and adanter nlates so_that a line
normal to the under surface at the center of the wing would intersect
the center of the cdemolition charge. INo ailerons or flans viere
available for this wing. The folding leadinrs edge was not restrained
rigidly to the wing, but allowed to swing forward under the necrative
nressure of the blast. On the second (LH) wing nanel the leacding edre
was elastically restrained by means of a coil spring with a »ull of
about 79 pounds (initial tensicn).

The wing panels were secured to a 1 inch thick section of 2 fcet by

4 feet armor nlatc as shown in Fipure 19, which in turn was clampned

to rails imbedded in the concrete slabd. Throe tlocks of armor plate
wore bolted to this nlate by means of studs through the bottom surfacc
of the nlate. Pins wecre inserted throurn these “locks and thc wing
hinge and lock fittings so that the method of attachmznt was similar
to that of the actual airecraft. A smaller bolt scrved to secure i

Jht
wing near the trailing edge.

CONFIDENTIAL
SECURITY INFORMATION 1 APPENDIX D
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Damage to Alircruft ™y Blast
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Considerable trou!le was exn ricnced on sucecascive dotonations, as
hirher than expcct~d blast pressurcs were noeded to camage the wing,
in maintaining the rigicity and intoprity of *he attachront fittines.
The clamping arrangement shown in Fipurc 19 was found to bc weak cven
with the addition of anothcr clamp on thce oonnosite side of the rail
in front of the main spar. 3olts of hicher tensilc stronpth were
substituted for thosc which stretchcd, “ut these strctched also.
Finally, it became nccessary to clamn down th. cntirc forward and
backward cdge of the 1 inch armor platce “y means of additional 7/8"
plates with 8 adcditional bolts pur side. It was also ncecessary to
increase the strength of the fittings holding the wing to the 1 inch
armor nlate. The stud bolts holding thc¢ attachment blocks werce
increased from 3/4" to 1", wuith a coarscr thread, and 3 blocks used
on the lower fitting facing the blast. For the last detonations a
total of sixz stud bolts were used to hold the attachment fittinge to
the plate on the sice facing the blast, At no time did the wing bdreak
completely away from its attachmentis, however, and damare to it was
attributable entirely to the blast.

The "harp" backeround used for showing the bhlast wave apnroaching the
under surface of the wing was made of angle iron and 1/2" steel rod.
The two legs of the right triangle thus formed were each 10 feet long.
Te contrast hetween the rods anc the hackground was founé tc be
insufficient, so 1" x 3" boards were fastened to the rods and painted
one half vhite and one half black., The "harn" for the majority of
detonations was nlaced between the wing and the rare stand and on the
opposite side of the wing from the cameras. The "harp" was omitted
on final shots as 1t was felt that it contrituted little to the
racorded data.

The under surface of the wing itself was painted in 2 line grid so as
to show deformations more readily. The pattern of the markings is
shown in Fipures 18 and 19. The wide black lines on the surface of
the wing are positioned over the internal sunnorting structure of the
wing, as indicated by lines of rivets. About half of the vertical
lines are also over sunvorting structure with each of the remaining
lines through the center of each zrea of unsupported skin. The hori-
zontal lines between the wide lines simnly divide the arca into equal

sections.

CONFIDENTIAL
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' Maln

204.6
Remarks: Det. #19 - 4504 TNT - 76! ;
Rib capstrip angles - upper and lower = —_ -  104.
and the rib web at sta, #135, 16" inboard
of the wing trailing edge were wrinkled,
One (1) spanwise "Z" stringer on the upper — T 182,
at sta, #136 was buckled, Three (3) - 170.
rivets on the upper capeirip angle wers
|_loosened, The vib capstrip angles = upper 8 158
' end lower - and the rib web at sta. #146,
17° inboard of the trailing edge, also
! 'Tinkled. - . 145.
-— 138,
= 122.
- . —_— —+ 110.
] gE-
e BG.
it il 6.
I <« Denotes internal damage 045
Movable % Leading
RIGHT WING OUTER PANEL, UNDERSIDE, Edge Hinge Point.
MODEL FOF-4
CONFIDENTIAL
NP9 L9450 SECURITY INFORMATION
pamage to Aircraft by Blast. pata on Nature and Extent of Blast Damage.
| Detonation No. 19, 450 1bs. of TINT at 76 feet.
t Figure 20




Main
Sta.
% !m.u
Remarks: Det. #20 - 500¢ TNT - 76° ]

Additional damage to rib capstrip angles I e + 194.
and web at sta, #1135 included; ¢ tesr in |
the rib web which extended from the
lightening hold flange to the upper cap- T — - T 18
strip angle; three rivets attaching cap-
strip angle to skim sheared. The damage — 170.
web which also extended from the lighteniqﬁ ol 158.
hole flange to the upper capstrip angle.

Damage at sta, #135 and #146 attributed .
to contact of wing tip fuel line with the & N ke

flanges of the lightening holes.

L |
rm

| e
I
s -t Bb.
= — T4,
|I - = A £6.
h X = Denotes interrnal damare.

0¢S

] Movable & Le ﬂé

RIGHT WING OUTER PANEL, UNDERSIDE. Edge Hinge Point.
WOLEL FoF-4

CONFIDENTIAL
NP9 49451 19 June 1952 SECURITY INFORMATIUN
Damage to Alrcraft by Blast. Data on Nature and Extent of Blast vamare.
Detonaticn No. 20, 500 lbs. of TNT at 76 feet.

1 Fiqure 2|




Sta.
204.8
Remarks: Det, #22 - 5004 TNT - 73 1/2° ]
Moveable leading edge's lower surface 104.
dished-in, damage extending from sta.
#98.5 to #146. Meximum depth was 3/16”
at sta, §122, Minimus depth was 1/8" at e & S
_pta, #libk,
Tear in ridb webs - extending froa ks - — 170,
lightening hole flange through the ridb
|_capstrip - occurred at sta. #1 121 B 8 == 158.
and #136 on moveable leading edge, Spane=
wige "Z" stringer om lower leading edge
gurface cracked at points of contact with T = Al W
ribe (sta and | i
6) £ rivet r face of| —3- i) - 138,
lesding edge looeened at sta. #109, five % i?
(5) rivets loosened at sta, #121, and _— %—— 122,
three cogepe 6, Th E ‘5
|_rivets rep chordwise, attaching rib cap- _l_ — Bé L 110.
strip angle to skin, F‘,—
P f
- - g8,
e - BE.
—_ —4— T4.
Shaded area indicates dishing-in — 6.
X - Denotes internal damage

0q5
Movable % Lea n.é
' RIGHT WING OUTER PANEL, UNDERSIDE. Edge Hinge Point.
WODEL _FOF-4

‘ CONFIDENTIAL

NP9 L9ys52 19 June 1952 SECURITY INFORMATION
‘ Damape to Alrcraft by Blast. Data on Nature and Extent of Blast Damarge.
{ Detonation No. 22, 50C 1lbs. of TNT at 73.5 feet. '

Fiqure 22




RIGHT WING OUTER PANEL, UNDERSIDE,

; VYODEL FOF-4

’ NP9 L9453 19 June 1952
, Damage to Alrcraft by Blast. Data on Nature and Extent of
} Detonation No. 23, 450 1bs. of TNT at 70 feet.

Figure 23

s S mest e ot

CONFIDENTIAL

Main
Beam Sta.
™ 204.6
Remarks: pet, #23 - 450 - 70!
Three flush rivets at sta, #109 on lead- = -+  104.
ing edge lower surface sheared, four
rivets at sta. #121 sheared, and three
rivets at sta. #136 sheared. Rib web at P T 1e2.
sta. #146 cracked from lightening hole
flange to rib capstrip. - 170,
— 158,
— 14€,
—_ 158,
S e e e 122,
e e =& §30,
e 4 —+ 98,
e e |
— ——+ —t 6.
- P — S — —I———J = = T4,
P ] sl ——1 %46,
I =~ Denotes internal damage | 0.5
v L]
Movable Leading

Edge Hinge Point,

SECURITY INFORMATION

Blast Damaye.




Bem Bt.l

Romarks: pet.f24 - L504TNT - 70"
"G§*’- Minor pulling of formetion

light retainer ring between screws,
approximately 1/32".

s

204.6

— 44 194,

| L+ <~ Shaded areas indicate a very
slight dishing~in of skin.

Xy = Alleron push-pull rod was
pinched slightly by vibrating fore

T 1TD|

—_ 158,

and aft against webbing of chord.
Xo - Wing-tip-tenk fuel line was

pinched slightly by vibrating fore
and aft agalnst webbing of chord.

I, - Hold-down strap for above

fuel line indicates minor pulling

at this point.

m - Cross-hatched erea at base

of wing indicates minor curling-in

of skin along hinged side of the

X3 |“ 122.

—— — ——+ — 110,

movadble leading edge.

1 o ?E.

fé 045
Vovable € Leading

RIGHT WING OUTER PANEL, UNDERSIDE. Edge Hinge Point.

"MODEL r9F-4

NP9 - 50861 10 June 1952

CONFIDENTIAL
SECURITY INFORMATION

DAMACE TO AIRCRAFT BY BLAST - Date on Nsture snd Extent of Blast Damege.

Detonation No. 24, 450 lbs of TNT at 70 feet.
Figure 24

S




Main

r—v-T 204.6
| Remarks: pet.f25 - 5004TNT - 70! @L
- Severe pulling of formation " 4 ﬁ# 104.
light; retainer ring pulling away
from 3 - screws nearest to leading
edge., — -4 182,
Xy - Additionel pinching of the _ 170.
aileron push-pull rod; reduced
approximately 1/3 in diameter. | Sua
X» - Additionel pinching of the "' :
wing-tip-tank fuel line; reduced
approximately 1/2 in diemeter. = 146.
X, - Hold-down strap for above 21—
fuel line pulled loose. X 1K2 138,
L
. r—ee
¥ s = Additionel dishing-in 1s X 192,
{ indicated by sheded areas.
— —+ 110,
|
98,
»
Ve
- {l'\ aﬁ'
§
Yo
e ————  —— x'T 74-
) o L — 2 6.
) o 5
Voveble € Leading
RIGHT WIXG OUTER PANEL, UNDERSIDE, Edge Hinge Point.
WODEL FOF-4
CONFIDENTIAL
NP9 - 50862 16 June 1952 SECURITY INFORMATION
DAMAGE TO AIRCRAFT BY BLAST - Date on Neture and Extent of Blast Damage.
Detonation No. 25, 500 1lbs. of TNT at 70 feet.
Figure 25




B ﬂtl-
L 204,68
Remarks: pet.#26 - LSOfTNT - 67! &
_@ - Formetion light pulled away — 194.

from 3 of 6 hold-down screws,

Approx. Max. depths of additional
skin dish-in:

Sta.#141. - 3/4"

— —+ 170, 4
Ste.#115.5 - 3/4" a
Sta.#93. - 5/16"

— g e 158, [
Mex. width of dish-in, in chord- o H
wise direction occured at Sta.#102. by

approx. 9",

. ‘
e
f-cove- X - At Ste.#172. pieno hinge J— 41— 138,
and supporting spanwise angle was :E
sheared. s

q - Arrows indiceted sheared
rivets in chordwise gussets sacross
trailing edges.

— —x 4.

e _'l____ 6.

: 0qe5
Movable € Leading
RIGET WING OUTER PANEL, UNDERSIDE. Edge Hinge Point.

YOMEL ToF-4

CONFIDENTIAL
NP9 - 50863 17 Jufie 1952 SECURITY INFORMATION

DAMAGE TO AIRCRAFT BY BLAST - Data on Nsture and Extent of Blast Damage. i
Detonation No. 26, 450 lbs of TNT at £7 feet.
Figure 26




Maln

Sta.
204.6

Memarks: pet.#27 - SO0#TNT - 67!
- Minor edditionel pulling of
formation light.

3 - Arrows indicate sheered

rivets in chordwise gussets across
trailing edge.

Aewcecee A - Skin tear on upper sur-

fece; extending from the piano-

hinge breaek (occured on Det.#26)

in toward center of wing for a

distance of approx. 18",

<+ 194,

=g 170,

—_ 158,

} 14€.

X - Rib webs shattering about

previous cracked areas.

A - On upper surface, or back

side of wing, skin opened along

} Z4- 1385,

o 122.

spenwise row of rivets neer rear

of moveble leading edge, between

{ - 110.

P gE"I

Ste.#98.0 end #146.0

B - Ste.#98.0 - 14 chordwise s
rivets sheared on movable leading

edge.

¢ = Sta.#lzj.o—; Creck in skin — —

around leasding edge.

E— BE.

— —x T4,

- t——- T 6.

RIGHT WING OUTER PANEL, UNDERSIDE.

YODEL FoF<4

0¢85
Movable & Le ng
Edge Hinge Point.

CONFIDENTIAL

NP9 - 50864 20 June 1952 SECURITY INFORMATION

DAMAGE TO AIRCRAFT BY BLAST - Data on Nature and Extent of Blast Demage.

Detonation No. 27, 500 1lbs of TNT at 67 feet.
Fleure 27




sta. I éldn
I

204.6
@ Remarks: Det.#28 - 500§TNT - 70!
1904. I g fi= - Formation light retainin
| ring pulled approx. 1/16" between
‘ screws,
lag. T .
X - Rib webbing crecked from
spenwise stringer recess to light-
170. T
ening hole.

158, -+ P e —— $'t - Sheded esrees indicaste dished-

in skin. Numericel velues are the
146, - 4
(e

meximum depths.

135. X
122, o
£
& 3/16"
110, 125
{-r 3/16"
98, —+ -
86. T
4. I
6é.
|
60, %
Iov-blo¢ Leading LEFT WING OUTER PANEL, UNDERSIDE,
Edge Hinge Point N -4
CONFIDENTIAL
NP9 - 50865 26 June 1952 SECURITY INFORMATION

DAMAGE TO AIRCRAFT BY BLAST - Date <on Nature end Extent of Blast Damage.

Detonstion No. 28, 500 1bs of TNT at 70 feet.
Figure 28




R

T S

Sta,
204.6
Remarks: Det.#29 - 500#TNT - 67
104 AEE - Additionel pulling of form-
3 ation light retainer ring between
: screws.
l8g. Tom w+» - Ste.#172. - Upper surfece,
| Oor back side, (2) rivets sheered.
172.»__#_""
70 -
s 2 = Minor displacement of spen-
wise corner stiffener angle on
158, i trailing edge - See accompenying
Photo, NP9-50781, Fig. 39.
146, el X -« Rib webs cracked from Ste. =
- #98.0 thru #146.0 from lightening
135. I hole to spanwise stringer. Photo
NP9-50782, Pig. LO, teken inside of
i . X moveble leeding edge et Ste.#122 1is
R typicel.
116, -féad =
10, X --f~- - External stell werning
angle protruding thru skir et Sta.
8. TX #116.0 bent-1n, end micro switch
demaged; both inoperstive.
B6. T T
4. ) | - 'Y-
MI “.\
]
80, =
Movebled Leading  LEFT WING OUTER PANEL, UNDERSIDE,
Edge Hinge Point MODEL POF-4
‘ 3 CONFIDENTIAL
NP9 - 50866 27 dune 1952 SECURITY INFORMATION
DAMAGE TO AIRCRAFT BY BLAST - Data on Nature and Extent of Blest Damage.
Detonation No. 29, 500 1lbs of TNT at 67 feet.
Figure 29




Sta,
204.6
Remarks: Det,#30 - S00#TNT = 64!
104. - Additionel pulling of form-
ation 1ight. Retaining ring pulled
5/32" eway from (3) screws.
lesg.
ngif' Arrows on sheet-metal gussets|
' 90 across treiling edge indicete shear- i
g ed rivets.
A - On beck side, upper surfece,
158. 6" gkin breek eappeared es pieno-
hinge end supporting spanwise engle
| 146, sheared at Sta.#171.0
; X - Ste.#158.0, Rib web cracked
135. ’ from lightening hole to spanwise
stringer.
188, 4.} - Sheded eress indicete skin
wff-—-+ 15/16" 3/32"> dish-in. Numerical values are Mex.
1104 1 i de
‘o, pth in inches.
1Tz
gﬂ . 1R | i_l'J.rI'.
/14" Lr
EE. _q_u‘d:_ an i il
4 5/16"
f T4. =
[ EE.
|
| 60, '
Movebled Leading  LEFT WING OUTER PANEL, UNDERSIDE,
Edge Finge Point WODEL FOF-4
CONFIDENTIAL
NP9 - 50867 27 June 1952 SECURITY INFORMATION
DAMAGE TO AIRCRAFT BY BLAST - Data on Nature and Extent of Blest Demage.
Detonation No. 30, 500 1bs of TNT at 6L feet.
Figure 30
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Remarks: Det.#31 - 500#TNT - 61
- Formetion 1ight pulled out,
- Remaining (arrows) rivets ell

shesred in gussets ecross trailing

edge. Back side, upper surface, was

forced back end awey, ceusing in-
diceted skin-teer at Ste.#170. and

#194. See accompanying Fhoto,
NP9-50785, Fig. 48,

A =~ Ste.#86.0 thru #170.0 -
pfovable leading edge dished-in end
and moved backward. See sccompenyin
Photos, NP9-50783, Pig. 46; end
NP9-50784, Fig. 47

%.¢ - Shaded eress indicete skin- I
iish-in. Numerical vaslues are Max.
depths in inches.

66.
60, e———— : :
Movabled Leading  LEFT WINO OUTER PANEL, UNDERSIDE,
Edge Hinge Point NODEL FOF-4
CONFIDENTIAL
NP9 - 50868 1 Jyly 1952 SECURITY INFORMATION

DAMAGE TO AIRCRAFT BY BLAST - Data on Neture end Extent of Blast Damage.
Detonation No. 31, 500 1lbs of TNT at 61 feet.

Figure 31
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NP9=-50774 10 June 19%:c SECURITY INFOEMATION
Damarpe to Alrcraft by Blast - A rear view of the under surface of
model F9F-4, HH—L uter wing panel showing 115h ng-in of movable leading
edge resulting from detcnation ¥24,

Figure 137
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CONFIDENTIAL

NP9-50777 20 June 1952 SECURITY INFORMATION
Damage to Aircraft by Blast - Front view of under side of model F9F-4,
RH-Outer wing panel and mounting positioned on rails embedded in con-
crete slab, showing rail beneath main wing spar worked Ioose by detona-
tion #27, Figure 38
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NP9-50778 20 June 1952 SECURITY INFORMATION
Damage to Aircraft by Blast - Front view of under surface of model
F9F-4, RH-Outer wing panel showing ruptured skin on movable leading
edge resulting from detonation #27. Arrow indicates extent of skin

tear., Note - 14 rivets gone at station #86.
Figure 39
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NP9-50783 1 July
Damage to Aircraft by Blast - A rear view of upper surface of model
F9F-4, LH-Outer wing panel showing damaged movable leading edge
resulting from detonations #30 and #31.

Figure 46
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NP9-507¢84
Damage to Aircraft by Blast - View of under surface of model F9F-4,
LH-Outer wing panel showing ruptured movable leading edge resulting

D July 195?

N

from detcnations #30 and #31l.
Figure 47




CONFIDENTIAL
NP9-50785 1l July 19%2 SECURITY INFORMATICN
Damage to Aircraft by Blast - A rear view of the upper surface of the

model F9F-4, LH-Outer wing panel showing damage to tralling edge and
skin resulting from cetonations #30 and #31l. Note arrow on station #17

indicating extent of skin break,
Figure 48
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CONFIDENTIAL
P9 = 49507 23 June 1952 SECURITY INFORMATION

Damage to Aircraft by Blast. Deflections of the FOF RH outer wing panel, as traced
from high speed motion pictures, versus times iu miliiscconds. The 1ines represent
the under surface of the panel as seen from camers #1 (70° to line between wing and

charge).

The arrow indicates directiom of spproach of blast wave.
Figure N9
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HIGH SPERED NMOTION PICTURES O DETCUATIONS 1 TiRCUGE 31
(86 ROLLS OF lfmm FILK UNDER SuPARATZ CCOVIR TO
MASSACHUSITTS IHGTITUTE OF TZCHICLOGY,

ATTNs KR, CHLSTER H. TRO.MN)
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PART A
SYNOPSIS

1, This<EF a partial report on the blast pnrogram undertaken in
accordancy with reference (a) under Task Assignment llo. NPG-Rel2c-
36-1-52. The blast orogram was set up to furnish exjerimental data
to supplement analytical work being conducted by the lLlassachuseits-
Institute of Technology under Bureau of Aeronautics Confidential
Contract NOas 51-806-C. These data were to be obtained by firing
charges of TNT up to 500 lbss in weight at suitable distances from
aircraft structures so as to subject these structures to increasingly
severe blast nressures. The significant parameters of the blast wave
were to be measured by means of =lectronic instrumentation and were
to be accompanied by careful visual and nhotogranhic observation of
the effects of th~ blast wave on the structure.

2. “'This report covers a series of 31 charges un to 5CC 1bs, in
weight which were detonated in thc neriod through 1 July 1952. Two
outer wing nanels from an FOF aircraft were used for all of these
detonations.\

3. In generél the damage to the FOF wing occurred at a much higher
level of blast pressure than had been anticipated, with first notice-
able damage occ%frring at 11 psl (frce peak overnressure). Damarge

to the wing from this point on was lar¢cly internal excent for a
dishing in of the skin of thc movable leading cedre. This damage
reached »roportions which might have endanecred the aircraft in
flight only at »ressures of the order of 20 psi. The hiegh speed
motion pictures, as may be scen in Figurc 49, shewed overall bending
of thc wine to %e considerable.

4, High spced motion pictures of thc behavior of these structures
when subjectcd to blast are being forwarded to KIT under senarate

cover.
5. Conclusions:

a. It is concluded that blast camage to the FOF wing (without
ailerons, tip or flap) is largely caused by flexure of the wing as
a whole, excent for slirht crushing of the leading edge.

b It is concluded that the tynme of construction emnloyed in the
F9F wing has a very high resistance to damage by blast, but that re-
sults of tests on the wing vanel alone do not necessarily imnly that
the aircraft as a vhole will withstand similar blast nressures.

w - UNCLASSIFIED
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PART 2

INTRODUCTICON

l. AUTHORITY:

The work described in this report was undertaken in accordance
with references (2) and {(b) under Task Assisnment Hos. WPG-Rele-
26-1-52, which was ectabliicked by rclerence (1), and NPG-Ke2c-36-2-
2, which was established by rectference (b).

¢« RLFERENCLESS

a. BUORD Conf ltr Re2¢-GFS:rjb NPSG Ser 30243 of 7 Dec 1951
b. BUOKD Conf 1ltr NP9 Re2¢-GFS:rjb Ser 40240 of § June 1952

3. BACKGROUNDs

a. The Bureau of Aeronautics is currently engared in various
programs to obtain data on the response of Naval Alrcraft structure
to blast locads. A nart of this vrogram covering the analytical
asvects of the problem is being conducted by the Massachusetts
Institute of Technology under Bureau of Aeronautics confidential
contract NOas 51--806-C. In corder to determine adcquately the effect
of blast and associated nhenomena on specific Naval airecraft, it is
necessary to sunplement thc analytical werk with GXQerimcntai test
worik, of which this nrosram is a part.

4, OBJECT OF TLST:

The object of this program is to investirate the effects of blast
on structural components of aircraft and finally to determine the
values of blast parameters which produce critical structural damage.

5. PERIOD OF TEST:s

a. Date Project Letters 7 December 1951
5 June 1952
b. Date Necessary Material Received 4 Narch 19¢%2

c. Date Commenced Test (Preliminary Work, 15 December 1951
(Actual Detonations) 23 April 1952

CONFILENTIAL
SECURITY INFORMATION 4
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PART C

DETAILS OF TEST

6. DESCRIPTION OF ITEM UNDER TEST:

The structures covered in this partial revort are new outer wing
panels of the F9F aircraft. The first was a right hand nanel and
the second a left hand panel. No ailerons, flaps or wing tips were
available., Details of the wing and its mounting may be seen in
Apoendix (D).

7. DESCRIPTION OF TEST EQUIPLLNT:

The methods used in the recording of blast parameters are in-
cluded as Appendix A). A detailed cescrintion of the electronic
instrumentation employed in the recording of blast narametzrs, to-
gether with notes and discussion of the instrumentation, is included
as Appendix €% In brief, electronic instrumentation involved the use
of recording cathode ray oscillogranhs, with associuted amplifiers,
piezo-electric gages, and other equipment, to record:

a. A time history of free overpressure.
b. A time history of reflected oversressure.
c. Free air peak overpressures by the velccity method.

In addition, three 16mm Fastax cameras mere used to show the
blast wave anc the wing deflections. The lay-out of these cameras
relative to the test area and to the structure is decscribed in cdetail

in Aopnendix Q)
8. PROCEDURES

After »nreliminary testing of the instrumontation in the field,
using small charges, a right-hand wing panel from an FOF aircraft was
set up at the blast area and a scries of cdetonations made, using
charges ranging from 350 to 500 »ounds of TNT., Charres and distances
were varied so as to increasc the free ceak overpressure in increments
of approximat2aly 0.Y nsi. The mcthod of attachrment of the wins and
its orientation with resnect to the charge is described in detail in
Aponendix (D) The schedule of detonations and other detailed infor-
mation rerarding them is included with recorded pressures and othcer
data in Apprendix (B After each detonation, the wing was examined
carefully for any cvidence of damage, ané deformations or breakarpcs

CONFIDENTIAL
SECULITY INFORMATION 5
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recorded. This procedure was followed until damage to the wing had
proceeded to the point at which the aircraft probably could not have
returned to base had it been in flight. A second F9F (left-hand)

wing was then set up in the same manner. The charge weight and dis-
tance for the first detonation, using the second wing, were selected
so as to give a blast pressure slightly less than tha% of the final
detonation using the first wing. Successive detonations were designed
to give increased pressures in suitable increments. A total of four
detonations caused damage slightly greater than that of the first wirg
at the conclusion of its testing, and testing of the FIOF wing was
concluded at this point.

9. RESULTS AND DISCUSSIONj

a. The detailed results of recorded blast parameters are in-
cluded as Appendix (B). Apvendix (A) includes explanatory matter and
discussion of instrumentally recorded results from the point of view
of their meaning and validity. 1In these datz, each detonation is
assigned a number in the chronological order of firing. These numbers
are used to identify all data submitted in this report.

b, The results cf wing dumage assessment are shovn in detail in
Avnendix (E). On each detonation where damage was evident, a form
vas prepared showing the exact location and natur~ of thc domage.
Fhotographs were taken whenever nracticable as an aid in describing
the damage.

¢, In general, thc damage occurred at a much higher level of
rlast pressure than had been anticivateé. (First damage occurred at
21 psi free neak overpressure). Conscquently, the initial detonations
might have been designed to give highor pressures and many of them
might have becen eliminated. These initial detonations were not en-
tirely wastcd, however, as much valuable oxpcrience was gained in the
recording of data, assessment of damage and conduct of the test in

general.

d. The mechanism of the wing failure was also different from that
anticipated. Due to the thick skin of the wing and the large number
of supporting members, nermanent deformations of the wing skin did not
occur except in the hinfed leading edge, and therc only when subjccted
to very high »ressures. The fallure of the skin of thc wing on the
side opposite to the blast on dctonation No. 28 vwas attrihutcd to
weakening and shearing of internal structurc caused by the overall
flexing of the wing., The high blast pressures required to damape the
structure, while indicative of an impressive resistance to damage to
aircraft by blast, may not be a true picturc of the resistance of the
whole aircraft. Failure of ailerons, flans, canooy, Or empcnnage
might well have caused loss of the aircraft at much lower pressures,

CONFIDENTIAL
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e, The final detonation on the seccond wine, which resulted in
extensive damage, produced a free pcak overnressure (30 psi) which
was much greater than had been anticipated on the basis of previous
work. Examination of high speed motion pictures of this detonation
showed an irregularity in the bhlast which may account for the anom:ly.
A spear of flame (so called because of its sharp noint and included
angle of about 45°) was observed to pass thc wing on the side opnosite
the cameras and quite close to the gage stands. Suhsequont oictures
of the explosions themselves have shown this spear nhenomenon to be
not uncommon, occurring to a greater or lesser degree in aphroximately
half the detonations. 1Its effect is believed to be greater, the closer
the approach to the charge. The particular combination of charge
weight and distance used on this final detonation was used on a later
detonation without a structure in place, but otherwise under closely
similar conditions. A blast pressure of about 26 psi was recorded,
indicating the variation to be expected from individual differences
in detonations. Combined with the fact that the empirically determined
curve of blast pressure plotted against reduccd distance is guite
sceep in this region, such a large variation indicutes the desirability
of using longer distances and increased charge weights tc obtain the
blast pressures nccessary to damage the FOIF wingz.

f. It is realized that the damage asscssment cdata for this wing
do not convey much in the indication of threshold damage, 1.e., the
dumage which would not endanger the aircraft but which would neces-
sitate repairs before resumytion of routine flights. The nature of
sich damage to wings of this tyje is largely internal and must be
¢~duced from evidence that requires a trained eye to dctcct and inter-
r+et. Closer attention will bc given such evidence on future assess-
nents in the light of results obtained to datc.,

PART D

CONCLUSIONS

10. a. It is concluded that blast cdamare to the FOF wing (without
ailcrons, tip or flap) 1s larrely caused by flexure of the wing as a
whole, except for slight crushing of thc leadinre cdge.

b, It is concluded that the typc of construction employed in
the FOF wing has a very high resistance to damage by blast, but that
results of tests on the wing punel alone ¢o not necessarily imnly
that the aircraft 2s a whole will withstand similar blast pressures.
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