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Damape to Aircrr.l't   by Blait 

MEASURELXNT  OF DLAüT PAR;J3TE::3 

1. In investipating the effect of blast on  structural  component.-5 of 
aircraft,   the comoononts -.vore  suVjectec  to Mast "'avos from b. re 
charges  of Ti.'T,  and the  critical blast  parameters •.ore measurer!  by an 
array of  instrumentation located near tho components and at  the  sun« 
radius from the charge.    This report discusses tho.-e nhases  of the 
instrumentation and the measurement techniques vhich are ptrtinent  in 
evaluating results of tho tests. 

2. The  instrumentation was cesirned to provide information on the 
following  significant blast narametors; 

a. A time history of free overpressure, 
b. A time history of the reflected  overpressure. 
c. Free air peak overpressures using th--  velocity method. 

From the above, additional narar/^ters,   such afl the doration of 
the  positive nhase and   the impulse can be determined.    Cathode-ray 
recording oscilloscopes  have  ^een provided for recording all the  aKove 
parameters.    In addition,  a high speed  camera has  been used  in some 
tests to  record the movement of the shock front by the "broken "ire" 
method.     Two r.uck  interferometer rares 'were  obtained to supr.lement 
the  time  history recording.    Hcvever,   the T'.uck ga^es wore not in 
operating  condition when received and subsequent work was not suc- 
cessful  in attaining satisfactory onerution.     In an attempt  to pet 
some information,   one of the  rages w^s  set-up on a recoiling platform 
and  operated on detonation 27.    The gage was damaged as a result  of 
the blast,   the monochromatic  filter was detached and the springs 
holding  the  cover plate -vere   strctciied and releasod the cover. 
Further work with these gages was discontinued. 

3. The array of pages  for oscillogrcphic instrumentation consisted 
of  two douvle-faced,  edge-on,   piezo-eicctric  gages  for measuring   free 
overpressure versus time and  two single-faced,   face-on,  Diezo-oloctric 
gages for measurinr reflected  pressure versus time,    Sifht velocity 
gages wore mounted  in two hoririontal rows at  the   start  of  the  tost, 
ilov/ever,   as  the work proprcs^ed  th.1 gapes Here placed  on more  sub- 
stantial  stands,   and were arranged  in  three  dimensional array?   in 
order to  record tho directionil effects of  the vlast.     Details of the 
orientation of th    gages are  given in Appendix CD,  Firurer. 6|  0,   10, 
and  11. 

«J^MflHtitfft^tasiL 
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4, Two complete instruniont trailers ««fa fitted out v.ith Cathode-ray 
recording instruments and tested in the ri'.:lc detonating smail 
charpes, AonendixD, FifUT«! 12 and 13 arc bleek digrams of the 
instrumentation system. Tnc trailers WJTC  orotocted from ciroct 
action of the blast by an earth bunker at the test site, 

5. Th.- i-tankino-Kugoniot equations were us« d to compute peak pftitsore 
Ps  t 2 Y I ü2  , ". 

from th- blast velocity datai p0  
:^1 \C2 "  / 

whore  Ps = shock wave overpressure 

^o = Atmosohoric nrcs.curc 

' = Katie of specific hoatf for air = 1.40 
u = Shock wav-'; velocity 

0 ■ Volocitv of sound 

In these equations, the rovcrning uantity is the r^tic betwoon shock 
velocity and sound velocity. If differ.nt sets of pares are us d to 
measure these two velocities, it is essential that the space intervals 
between pares be known with oxtrerro orecision. 

In order to avoid the necessity for precis 
positions, the sound velocity was measured 
as wore used for shock velocity. Th>; proc 
this involved mountinp a small charpc as a 
the charpe and the p.ipes, and ipnitinp th 
milliseconds before detonatinp the charpe. 
are any inaccuracies in the BoaSttreBent of 
but also errors in th< accuracy of the tim 
is recornized that this method provides on 
for wind velocity, since it is based on th 

e measuremc 
With the s 
edure for a 
sound sour 

is "cap" an 
,,ith this 

rapes inte 
e base are 
ly a partia 
c annroxima 

nts of pa 
aM sets 
ccomnlish 
cc, in 2 i 
pro::imate 
Ru.thod, 

rvals can 
cancclic d 
1 conptns 
tion that 

of pare s 
inp 
no with 
ly 2C0 
not ^nly 
celled, 
.  It 
a tion 

U ♦ |    - U 
C c ♦ •.; 
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Shock wave velocity 

V.locity of sound 

Wind velocity  component  parallel 
to direction  of blast wave propa« 
pat ion. 
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However,   the  aove  approximation  introduces  errors of such small 
magnitude tnat they wert considered nepliglble under wind  conditions 
prevalent during the tests rcoorted herein.    For eximple,  a value  of 
I of 30  fps would oroduce an error of only 3  oof cent  in a 10 r»si 

Ps 
shock orossure e'etorminition.    For convenience, a  curv;-  of —z    versus 

Po 

Jj was drawn and is   included as Firuro  1,  Apoendly ('0.   Th«  UTorr curve 

in Figure 1 is the   shock wave nressure  based  on a norrinal atmosph.-rlc 
pressure of  14,7 osi. 

6.    The  results of measurements of  blast parameters arc   contained   in 
Aooendix (&    An examination of the  nrclininary data  sho-vs that when 
pressures were comouted   from velocity ea^s,   unccr the  assumotion 
that the   blast front propros-ed  in a direction parallel to a  line 
between  the-  ohafge  and  the p^rcs,   (i.e.,   true spherical wave),  the 
upoer and lo'vor rov/s of velocity -ages,   (for  aeiphts,   see Annendix <P), 
Figures  8, 9,   10,  and 11), yielcd  peak pressure  valu:s  «hieh differed 
by an arount   sufficient   to irnnly a definite  ca^sativ    condition, 

>üch  the  decay  of pressure,  as  recorded   by ■ueeesslvo  int .rvals 
- "aEonablc.    Fieuro 

the  uT 0 
a ort-s- 

no such dltereoaney 

ir   L&ch row,   appeared reasDnablc,    Fieuro  5,  Ae-endiy (), shows thefc 
rs^wiltl  graohically.    In general,   the  irooor rov; of rag_s  indicated 
t r.   higher oressurc,  and  there is   some   poc i1 ility that  such 
sure differential actually existed«    Ho-.v?ver, 

' i existed   between the  upper and  lov/er '.dec-on gages  (see Figure 
Appendix (,J))   and in  several cases  thi   condition was r'.v.rsed,   i.e., 
the   lower velocity  gages  indicated  the   higher pressures.     Cn  the 
hypothesis that the  above results  night  be due  to  ..'rouagation   of the 
wave in a direction  sliphtly different  from  ^hat of spherical  orop- 
apation,   a formula v/as derived  .vheroby one pressure value  is derived 
from the  first  t'.vo  gages  in both rows,   and  is independent of  the 
direction of  propagation of the wave.     The pressures derived   by this 
method are considered to  t~e very close  to the  true pressures 

the most reliatle values of pressure  obtained  in th ee 
and  to 

tests.    These 
values determine a well-defin-d curve  (Figure 3,  Appendix (B))    when 
plotted  against reduced  distance.     Th..   derivation of  the  formula  is 
included  in paragraoh 9» 

form 
s on 

the charpp is shown 
this diagram show 

7. The method of stacking the TI.'T blocks to 
in Apoendix (P\ Fipurc 15,    Ml of  the skctchc 
the charges as thj.v would aoocar to sn observer standing 4™ to the 
right of th, line between the charges and the gapes or aircraft 
structures. Appendix (G), Tible V, contains further details ^n the 
charges.  The ideal charpe shape for the DttTOOSC of this test would 
have been spherical, but the large ohysical size of the individual 

CGNFIDKNTIAL 
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blocks prohibited n sohcri 
tions  12,  13 and  14,   the a 
(flat distribution).    On t 
mad«,- to arrange the blocks 
within  the  limits lapoiod 
no doubt that th^.   Btäeking 
In detonations 12,   13  and 
symmetrical about the vert 
at Z « 8.8-9.3)   arc av'Out 
It Is  likely that the more 
exist even in those dctonat 
utc to  the  scatter of obse 
test,  every attcmot v.ill b 

cal arrangoircnt. Cons.qiK.ntly, on dctona- 
rrangcm.-nt wil in the form of a low squ-ire 
ho remaining detonations,  an attempt wai 

so as  to anoro.^imat-  a verticil cylinder, 
by tho number of  Mocks ro^ulrcd.    There  is 

arrangement produces directional effects, 
14 tho  charge distribution was  lov,- ^nd 
ical axis.    The   results (sec Figures  3-6 
25/6 below a curve  through the ochoff joints. 
subtle  stacking  variations, tvhich -vould 

ions ostensibly  identical,  greatly contrio- 
rved pressures.     In the next phas.- of  the 

made  to obtain  uniform charge  arrangements 

8.    In Figure 7,   Aaoendix (R), is  shown the  correlation between  the 
pressures measured by  the edge-on gages and  those derived  from the 
velocity method.     It  can be  seen  that the  edge-on gage yielded 
slightly higher values  in lo'A' nressures and their aaparent sensitivity 
is reduced in the hirher pressures.    The  latter  is to bt expected 
from the effects of mass flow, 

9«    Derivation of Fomula used in Computing Derived ?re?sures. 

Th.e  -'dge stand used for  tho first 26 detonations was  particularly 
(»«nsi^iva to the angle  of arrival of the  Mast    'ave.    From Figure 2, 
appendix (A) 1 it can be   seen  that   if a  blast wave  arrives at an angle 
0 ,  with the  centerline of  the gage array,   the  time  interval measured 

by pages  1 and 2 will  be considerably shorter than the interval 
measured by gages  5 and 6, 

The  follo-.ving  is a derivation of a formula  for cornouting the 

velocity ratio & 
C 

and  thus the shock wave overpressure  for the  case  in 

which the pressure front of velocity U produced    by tho charro and 
the pressure  front of velocity C  produced     by the cao yre   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 My  bo obtained.    The 
two unknowns,  velocity and  angle  of arrival,  can  therefore le  solved 
independently. 

In Figure 2, Appendix (A)t^ is the ancle between the center line of 
the gape stand and the orojection on a horizontal "»lane of the normal 
to  the   blast  front.     >> is  the anple of orientation of  the  gago  nairs 
(jfl to §t and i/5 to ^'6)   with respect  to the  center line. in  feet, 

CCNFIDE:ITIAL 
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is measur d  in a direction   laraljel   tO|   and a,   in feet,   is measured 
in a direction   lernendicular  to  the  center line,    h and  a  forir. the 
two leps of a right   triangle whose hy:iotenuo.e  terminates   in a  gape at 
each end,     V is   the averaer velocity  over  eac:  fftf«  pair,   assumed  the 
same  for each pare oair.    tl2  is  the  time  interval as reasurod   by the 
first  page  pair  Of the unoer set   (rapes ^1 and fr'2) .    ^ c^  is the tist 
interval as measured  by first  nair of  the  lorer  s^t   (gapes #5 ar'c5    -'')• 

Although the g:-?o pairs were disolaced above and   bolon the  center 
line  for mort detonations,   since  both pager, of  each  pair are at the 
sane  heipht,   the  time  intervals  are measures of the  horizontal  corr.- 
oonent cf  velocity.    The error   introduced   by neglecting the vertical 
component  cf velocity is,   in this case,   small compared with the errors 
resulting  from the norizontal angle   ^. ,    The three dimensional deri- 
vation eliminates this error. 

From Figure  2,   in the  time   interval  ^12 (time T2-t1),   the  blast 

front travels a distance V^i2»     oince   side A =  sie'e  3 »   lh* *  a2. 

la)    V t12    «N h2  ♦ cos  («■•<.+ ^)   and 

cos  (x - f )   , 

h2   ♦ cos •* cos tf - 

cos -^   costf + «J h2   «*• 

lb)     V r56    H h2  ♦    a2 

Exoanding, 

vr12  •fh
2 ♦ %2 

V t 56    =-J h2  +   "a5" 

since  h =^Jh2 ♦  a2      cos<*<- and  a ="sjh2 t  a2      sin *■ 

2a)     Vt 12    "    h    cos ^ - a sin Q 

2b)     VTrg    ■    h    cos <* +  a sin^. 

Adding  2a  and  2b and  collertinr   terms, 

3a)     cos^   -I (Utl   LaV    ' 

sin «^ sin <J 

sin  d  sin # . 

Subtracting  2a  from 2b and  collecting  terms, 

3b)    sin c   . I    (IM -  LM ) • 
a    v. 2 / 

CONFIDENTIAL 
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Squaring  3a and  3b an'.1,  acdinp, 

since cos2 ^ + sin2  /S   = 1 for any anf lo /, • 

Solvinp  the above  for V, 

4) V = 
:'l7 ri2 r":756^]~^', ':   l'i "r %~~   ^12' ■  2 

NiH V 2 /J I  %\ 2 'j 

A  convenient form of equation 4  is 

5) v = 

•a V       2 a« 

If  L 56 - ^12 is very small, 5 becomes h divided by the avorane af 
ehe intervals ^12 and I 56. -^56 - ^12 is procortional to the devi- 
ation from the case ^ 12 = *'56 or ^ = 0. 

From 3a and  3b, 

6) #• tan -1   \k {ULAIM)] 
- a • " 56 + - 12 ;. 

Let U be the velocity of the blast front v;ith intervals 

1x2 and Tr6 

Lot C be the velocity of the cap rront (used as the velocity of 
sound) with intervals ti2 and t«^. 

From equation 5» 

. .        tut t üaJ 2 « "ü l& - M? j2 
f U\2  _ - 2 J   _    V-a v 2 J _ 

7) tfj     "        ■rT56    QSI   2    t .h    T56    - TiiT^ 
L 2       'j a 2 J 

CONFIDENTIAL 
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This final result  is omployoc1   jn tho Rur,'.inc-'.IU'T:r.ict  r^uation 

^ 

Po 
2   I 
m 1 -c .V2 - 

■ 1 

./her-; Pj,  is  tho blast ovcnrcssure,  PQ  is  tho itBlOt^hcrie Trcssuro, 
und  > is  the  mtio of  specific heats rcr air. 

Since   ? 5,5 -   '   12 ^s relatively snail  :n coinarison ■ •» ••1 

f c:5    T    f\2  > rep.sonahlc errors in h and a  MttSti vjry  littlo error 
In'thc cerivtd prcstttro    Ps. 

The  above derivation provides  only a two dimensional correction 
for angle of arrival.    The throo diiBenslonal cai^.   tua  been worltod 
out.    two nev; ;-ape   stands have been eon<traeted   .'roso  ecsirr  (sec 
FlfttTQ 11) was basod on thii latter dwrivation«    They have b--?n used 
on all detonations  suvsc'.iaent to nuniv .r  26,     The  three   dimensional 
dorivaticn,   togothcr with other n.cossary considerations,   is to  bi in 
a  later renort.    The resultinp equation '»»hich VJHS US .C   in conputation 
of derived orossures for detonations 27    to  31 i-> 

9)   It) 

Jherej 

^132 * T 2   '   h3t12 * h2ti3|2 ♦ i 2      ^M   * h4tl3; a2     L j a^^    L    ^ "9 

T13<: + t?2 [ ^3T12 - hjpljp + ^42  [^14 - h4tl3J 2 
3
2 + l 

^2' 

U  is Shock wave  velocity 

C is Sound velocity 

hi  is lonpitudlnal distance from fafi 1 to iragfl 3 (tho 
baseline) 

h2 Is lonpitudlnal distance from papo  1 to pape 2 

h4 is lonpitudlnal dittanaa from pape 1 to pare 4 

ap is lateral distance  from baseline to fafa  2 

a4 is lateral distance  from baseline to par'    4 

t12»  ^13» & ^14  arc tho  t1rnc  intcrvals  froni *hc first page 
to the Nos.   2t  3,   and A  papes,  rcsnectively,  obtainod   from  tho  s^und 
detonation. 
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T12» T13» & 

from the  shock wave« 
14 aro the oorresnoadin« tiao intcrvala nbtiinod 

In cither the   numerator or  the: denominator, the  first  term of 
equation 9 may be  called  the  buselinc torB«   th- second  ton called 
the  horizontal deviation   term,  and the  lant  the vertical deviation 
term« 

The  similarity botnoen equations 7 and  9 can  be  rren if the 

average    term,  /Q *    ' ^-    ,  of equation 7  is  considered am  the 

baseline term. 
correction fac 
The  curvature 
the  radius of 
this  is an ext 
have  been made 
TUT  at   200 ft. 
pressure value 
aporoximately 
can  be made fo 

The effects of «rind haV'.  boon analyz .a  and  a  small 
tor can be  ..moloyed if reliable -.vind data are available, 
of the  front  can be OOPrected   for if it  is assumed  that 
curvature  is  equal  to th    charro distance«    Mo^ewr, 
romoly small effect at the distance! used«    Kcasurevents 
of the prossurj reBalning in th«   sound wave (1/2 lb. 

)   and  the   results range from 0.1 to 0.3  nsl«    This causes 
s as mvasured  by the  velocity method to be  low  by 
that amount,     '..'hen more data  are aveilablo,  a  correction 
r this  finite orersure  in the   "sound^ wave. 
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Detonation 
Number 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

u 
12 
13 u 
15 

16 
17 
18 
19 
20 

21 
22 
23 
2J> 
25 

26 
27 
28 
29 
30 

31 

NOTES:  (1) 

SUMMARY OF PRESSURES 

Derived 
Pressure 

PS I 

2.5 
3.1 
^.0* 

6.0* 

5.5 
7.7* 
7.0 
7.^ 
8.0 

8^3 
6.6 
6,5 
7.5 

11.0 

11.2 
12.6 
13. A* 
11.1 
15.0 

11.2-' 
11.6* 
13.4 
13.8 
17.6 

15.6 
17.4* 
16.2 
18.6 

30.6 

Impulse 
LtyySEC/lN2 

27 
31 
34 
33 
42 

44 
54 
53 
56 
57 

61 
a 
43 
43 
73 

66 
72 
67 
55 
64 

62 
52 
57 
Do 
98 

87 
81 
97 
Mi 

93 

Pressure is derived from velocity gages except * which is upper edge- 
on gage reading (see Fig. 7 Appendix W for MB^aHfM of derived aftd 
edge-on pressures) 

(2)    Impulse is that measured by the upper edge-on g^ge. 
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COKFIDENTIAL NPG REPOHT NO. 1058 

Dam»go to Aircraft by Blast 

TABfcpil 

Det, 

VALVES OF DISTANCES.  CHAaGE WEIGHTS AND PRESSURES 

Date 
| W 

Pressures. PSI na i-i- 2=2 2di a ^2 IlS m 
V23 1 160 350 2.6 2.4 ... 2.5 2.3 
5/2 2 160 450 4.4 4.3 4.0 2.3 2.5 2.3 
5/2 3 120 300 -_» ... — ... — 

5/7 ^ 120 375 — ... — ... — 

5/7 5 120 450 — — ... ... — — 

5/8 6 ICO 300 5.8 5.2 5.1 5.4 4.5 4.8 
5/8 7 100 350 ... 9»»m — — ... 

5/9 8 ICO 400 6.9 6.5 6.2 7.2 7.0 6.3 
5/9 9 ICC 450 9.5 8.7 8.0 6.3 6.2 5.9 
5/9 10 ICO 500 9.7 9.0 8.2 7.4 7.2 6.7 
5/12 11 93 450 9.4 9.6 8.0 7.8 7.4 6.7 
5/13 12 93 500 7.8 7.1 6.5 5.7 5.6 5.2 
5/15 13 88 450 7.5 6.6 5.8 5.8 — 5.6 
5/21 U S6 5CC 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 10.8 10.8 9.9 11.6 11.0 9.7 
5/23 17 79 450 13.0* 11.9* ... 12.4* 12.5* ... 

5/23 18 79 500     — 13.0 12.2 11.0 
5/27 19 76 450 12.1 11.1 10.3 10.2 10.1 9.5 
5/27 20 76 500 15.9 14.1 12.6 14.1 13.4 11.9 
5/28 21 73.5 450   10.2 11.0     

5/28 22 73.5 500   9.2 9.2 10.6 9.2 8.4 
5/28 23 70 450 13.9 11.8 11.3 12.9 11.4 10.9 

NOTES: (1) R = Distance in feet from charge to mid-point tet-'een gages 1- 2. 
(2) If ■ Weight of charge in   pound! 3 of TNT, 
(3) Intervals 1-2, 2-3, 3-4, Upper Veloc ity Gages • 
i Intervals 5-6, 6-7. 7-8, Lo-Ter Veloc ity Ga^es • 

(5) » Those values are questionablo due to a poor record. 
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CONFIDENTIAL NPG REPORT NO. 1058 

Damage to Aircraft by Blast 

Date 
1952 pat, 

GAO 24 
6/16 25 
6/17 26 

6/20 
6/26 
6/27 
6/27 
7A 

27 
28 
29 
30 
31 

70 
70 
67 

67 
70 
67 
U 
61 

TABLE II (Continued 

Pressures. PSI 
| 

^50 
500 
^50 

500 
500 
500 
500 
500 

15     O     Sn3     ^=2      53   1-2 
13.3       11.8 10.3     U.6 
17.8       16.0 U.O     17.2 
15.7       13.4 11.3 

(1-3) (5-7) 

20.0 
17.0 17.9 
19.3 18.7 

32.4 33.3 

12.8 
16.1 

11.7 
U.5 
13.2 16.9 

NOTES«    (1)    i ■ Distance in feet from charge to raid-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 (1-3),Upper Velocity Gages. 
(4) Intervals 5-6, 6-7, 7-8 and (5-7), Lower Velocity Gages. 
(5) New gage stands of same height on detonations No. 27 through 31. 
(6) ^ing (F9F, RK) replaced by Wing (F9F, LK) on detonations 

No. 28 through 31. 
(7) Damage occurred to wing F9F, IÜ on all detonations. 
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CONFIDENTIAL NPG REPOHT NO.  1058 

Damage to Aircraft by Blast 
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' • •      na  sly  ; •     ao    BI .n'-src  condense 
'teps r ■:. 

g                    • .. ■   ' tm Ball l»tj: i 
rd ring 3ro n I. ,.,'..) 

hi ■ : i 

,,     ,. . . ,lr.  ,.r ,.i.      iil«r tc 
1          . .,...-.' ow   la  Local 

it 1            :■':•■-     ' >' .   d-     i •   ..    4..     41 r- 
: .■          •■.•■■ Ln both trt        'a to help 

luce 1      heal i ■      I by  t.V   ■:■■■      r--,i. 
.  '         ' n for alaetr i           nf« 

'• '   in o.ir   o      ' c   tr.-iilers. 
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Damage to Aircraft by Blast 

In detonations 1 • 24, a #6 blasting cap and Mk. 44 Booster «ere taped together 
so as to be sywtrical about the vertical axle. 

Scotch tape 

#6 cap 

Mk. U 
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 & special engineer's cap was 
used to try to reduce the slight overpressure (.2 psi estimated)  from the 46 cap 
and Mk. 44 booster,    however,   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 2C0 feet from the first velocity interval be- 
cause detonation No.  24 blew the cap suvfort into the gage array.    It turned out 
that the 1/2 lb. TNT gave a cleaner,  sharper,  and Tiore reproducible signal  at a 
slightly lower pressure than the first arrangement. 

CONriDENTIAL 
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Damage to Aircraft by Blast 

TAflMC V 

MAIN CHARGE DATA 

"'eight of Approximate Direction of 
Del. Distance Charge Charge Shape Normal to 
■b. from MM (ft) (lbs.) (see Figure Ul Charge Face            Remarks 

160 350 Wall Toward Wing 
160 ^50 it 

120 300 
n     See Note 6 

120 375 ti       n       n    3 

120 ^50 ii       I        «    ^ 

ICO 300 
100 350 
100 400 

9 100 450 »               " 

10 ICO 50C ii 

11 93 450 n 

12 93 500 Flat Distribution n n 

13 88 450 H             II n it 

U 88 500 11             « Midway between 
15 83 450 Cylinder ^ing & Gages 
16 8^ 50C II it n 

17 79 450 Toward Gages 
18 79 5CC it it 

19 76 450 :i n 

20 76 500 it t» 

21 73.5 450 «t n 

22 73.5 500 n « 

23 70 450 it it w 

2U 70 450 n Same as 21 it n 

25 70 500 <• Same as 22 it ■ 
26 67 450 ■ Same as 15 it it 

27 67 500 n Same as 22 it n 

28 70 500' ■ Same as 22 ■ n 

29 67 500 " Same as 22 M ■ 
30 U 500 " Same as 22 It II 

31 61 500 w Same as 22 | tt 

NOTES: 

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

CONFIDENTIAL 
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TABLE V (Continued) 

2, The charge -.'as made of A9-lb, blocks of cast 1IT*A Kk. U Mod, 1, Figure 15 
shows the way it -.ras placed for each detonation. 

3, Detonation No. A had 25 one-pound blocks in addition to those sho TI on the 
drawing. Also, one of these blocks was used for a booster. 

A.    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 corap, C (m3) for a booster. 

5« All the detonations were centrally initiated vith a special engineers cap 
placed in the booster in tho center of the charge, 

6, On all detonations except No. 3, a 6" thick armor rlate was placed on the gro^ind 
under the charge stand. No plate was used on detonation No. 3. 

CONFIDENTIAL 
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im H 
location of ^ast Qageg 

Dist, from Chg, Upper Lov?or DM jer Lever 
Det. to Center of Edge-on Edge-on Peca-on FaCO-on 
No, First Interval Bui Bu Ga£o IJo, Ga^e No. BMLlfc 1 Remarks 

1 no 10 11 3 Op. 7 No. See Figure 8 
2 160 10 11 3 1 7 N it II S 
3 120 10 11 3 u 7 n II n 8 
I 120 10 11 3 ii 7 II II II 8 
5 120 10 11 3 it 7 II n n 9 
6 120 10 11 4 it 7 n ti II 9 
7 ICC 10 11 4 w 7 ft n II 9 
8 100 10 11 Ä n o n it ■ 9 
9 ICC 1C 11 4 ■ 7 n II n 9 

10 xCC 10 11 4 n 7 II n n 9 
11 93 10 11 A n 7 n II »i 9 
12 93 10 11 A I 7 II ti n 10 & 9 
13 88 10 11 4 II 5 Op. n n 10 & 9 
U 88 10 11 4 ■ ■ • 

« II •i 9 
15 83 10 11 4 I 5 n II II 9 
16 14 1C 11 4 n 5 i» n n 9 
17 79 10 11 4 I 5 ti w II 9 
18 79 10 11 4 n 5 II ■ n 9 
19 76 10 11 4 II 5 n n n 9 
20 76 10 11 4 n 5 ft 11 n 9 
21 73.5 10 11 3 ■ 5 n II II 10 
22 73.5 10 11 3 II 5 II II I 1C 
23 70 10 11 3 II 5 II II n 10 
21 70 10 11 A M 5 II II II 10 
25 70 10 11 4 II 5 II » «i 10 
26 67 10 11 4 M 1 n II it 10 
27 67 1C 11 126 120 11 
28 7C 10 7 97 127 II if 11 
29 67 10 7 97 127 II n 11 
30 6^ 10 7 97 127 •1 n 11 
31 61 10 7 9* 127 n N n 

NOTE: 

1,    For detonations 1 - 26,  double faced Piezo-oloctric gr»gos -vero used but the 
rear face vns covered by a    plate and gasket,    "No."  and M0p."  refer to the 
numbered  side of the gugc and  thn side opposite the  number roppootively,  and  thus 
indicate  which side  ./as facing tho  charge. 
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TAIJLE VII 

GwI^nAL KQTLS ANL DEFINITICH! 

1. All prosr.ure-time blast ga^es word ilacod. it the sarc radl&l dis- 
tance ai tho front of tha irlnf«  (This is döfined as the charfe dis- 
tance .) 

2. The bisection of the angle forrrcd by the 2 lines of velocity pap-, s 
was on a radial line from the center of the charpc. At the center of 
the first interval, this line -..as approximately 14 feet from the 
oenter of the wing. 

3. The sound velocity can was in a direct line 'ith the charre and 
the center of the velocity pape array. 

4. All computations of pressure used the correction for the current 
atmosoheric pressure and considered the sound velocity cap velocity 
interval equal to tho true sound velocity interval. 

5. The edpe-on pape pressures are obtained from a static calibration, 
which was supplied by the manufacturer (Cambridpe Thermionic Corp.) 
and a charpe step calibration was used for each detonation. 

6. Impulse is here defined to be one-half the aroduct of the edpe-on 
pressure and the duration of the positive phase of the particular 
pape used. 

7. The relation used to compute the shock pressure from the edpe-on 

rapes is as follows:  Pg « «1 •  C C 
' De KA 

.»'here    Ds =  Signal deflection, 

Dc - Calibration  sten deflection, 

Cc ■  Canacity of  calibration condenser  (mmf), 

Vc =  Voltapp  o*  calibration  step   (volts), 

KA ■  Static   calibration  of  papn   (mm ^/PSI), 

and Ps = Overpressure  (psi). 

CONFIDENTIAL 
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TABLE VIII 

Atmosphoric Conditions 

Dotona- Temp, Relative wind Vol. 
tion •F Hum. % Direct'n Knots Time Po 

1 88 33 SW R 1500 14.672 
2 73 57 E,NE 3 1120 14.577 
3 78 U MS 6 1430 14.565 
U 61 U w 10 1115 U.722 
5 72 33 m 1C 1510 14.689 
6 63 U iffli 4 1430 U.666 
7 14 65 E,SE 5 1530 U.645 
8 69 43 SE 8 1430 14.649 
9 69 43 SE 7 150C 14.649 

10 70 46 SE 7 1530 14.637 
11 63 39 m 10 1430 14.601 
12 65 44 yjü 10 1430 14.621 
13 8^ 43 sw 18 1445 14.578 
U 75 44 w 13 1515 14.657 
15 71 52 IF 10 1130 14.786 
16 75 36 77 8 1400 14.771 
17 70 56 E,SE 2 1130 14.806 
18 75 58 S,SE 4 1400 14.806 
19 77 36 NW 5 1415 14.756 
20 79 37 NT/ 4 1500 14.748 
21 80 47 SW 7 1130 14.732 
22 82 42 S 8 1430 14.732 
23 S4 43 SK 5 1500 14.724 
2U 83 66 »Wl 10 153C 14.613 
25 85 73 ESE 8 1550 14.693 
26 92,2 59 m 8 1500 14.616 
27 78.9 40 SE 5 1445 14.761 
28 98,4 50 f| 5 1435 14.666 
29 93.8 60 NOT 5 1155 14.713 
30 97 52 N 2 1445 14.701 
31 72.1 49 E 14 1045 14.762 
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DESCRIPTIOK OF DUST ARKA,  CAI'SRA L..YCUT,   4K0 
 ;..iTr:CD gg ^i:]G ATTA:::. ...:'T  

the overall layout of the blast area may be seen in Plgur« 16« This 
drawing showa relative poaitiona of blast lite, structure aunports, 
gage stc^nd, carr.-.ra oositions, inatrunent trailer nositions ana uar,-i- 
cades. The photograph in Figure 17 shows the blaat area as seen fron 
the charge site 160 feet in front of the winr under surface. The 
position of the wing relative to the gaga stand and the concrete 
foundation slab is shov/n in Fipure 18. 

Three high s^eed I'fmm Fastax cameras were ur.eä  for each detonation. 
Their positions are sho-.;n in Figure 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 and had a 2 inch focal 
length lens. Camera No. 2 shows the bottom surface of the "ing and 
the "harp" set-up to fhow the passare of the blast •• ave. This camera 
lens has a focal length of 2 inches. Camera Ko« 3 she-.:; a close-uo 
view of the wing surface and has a focal length of 6 inches. A 1,C00 
cycle timing source was used to print timinr marks on the edge of the 
16mm Fastax film. These marks are alternately light and dark, 
corresponding to the peaitive and negative peaks of the 1,000 cycle 
time source. Tnis tuninr fork timer is accurate to better than *2 
cycles in 1,000. 

The right hand outer wing panel from the F9F aircraft waa the first 
structure used. The wing was mounted on the concrete slab foundation 
by means of its attachment fittinrs and adapter plate« so that a line 
normal to the under surface at the center of the wing would intersect 
the center of the demolition charge. No ailrrons or flans were 
available for this wing. The folding leadin<- edge was not restrained 
rigid1y to the wing, but allowed to awing forward under the ncrative 
proaaure of the blast. On the second (LH) ring panel the leading edre 
was elastically restrained by moans of a coil soring with a null of 
about 75 pounds (initial tension). 

The wing oancls were secured to a 1 inch thick section of 2 feet by 
4 feet armor nlate as shown in Figure 19, which in turn was clasped 
to rails imbedded in the concrete slab. Three -locks of armor plat.: 
were bolted to this plate by means of studs through the bottom surface 
of the nlate.  Pins were inserted through those '-locks and the wing 
hinge and lock fittings so that the method of attachment was similar 
to that of the actual aircraft.  A smalL r bolt served to secure the 
wing near the trailing edge. 

CONFIDENTIAL 
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'i tonationt| as 
:o daaagc tho v.-lnf, 

Considerable trottblfl was exo rionccc' on succ':s. i1 

higher than exnocttd blast prossurcr .-crc ncudod 
in maintaining the rigidity and intiprity of the attachr ont fittinfS« 
Tho clamoing amnfOBont sho.vn in Pifure 19 wai found to be weak tven 
with the addition of another clamo on the OOpotitQ side of the rail 
in front of the main spar.  3oltl of hirher ton8il( strenpth were 
substituted for those .'hich strctch.d, hut these str.tched also. 
Finally, it hocame necessary to clarr.n down the entire for .ard and 
backward edfQ of the 1 inch ..rmor plate by moans of additional 7/8" 
plates nith 8 additional bolts p-.r side.  It '..'as also necessary to 
increase tht strength of the fittings holdinf tho 'ving to the 1 inch 
armor plate, Tho stud bolts holding the attachment blocks tiQte 
increased from 3/4" to 1", with ?. coarser thread, and 3 blocks used 
on the lower fitting facing the blast. For the last detonations a 
total of six stud bolts were used to hold the attachr.ent fittings to 
the plate on the side facing the blast. At no time did the wing breaK 
completely away from its attachir.enLs, however, and damape to it was 
attributable entirely to tho blast. 

The "harp" ba 
under surface 
The two legs 
Th« contrast 
insufficient, 
one half whit 
detonations w 
opposite side 
on final shot 
recorded data 

ckrround use 
of the Wing 

of the right 
between the 
so 1" x 3" 

e and one ha 
s placed be 
of the wing 
as it was 

"or showing the blast wave approaching the 
was made of angle iron and 1/2" steel rod, 
triangle thus formed were each 10 feet long, 

rods and the background was found to be 
boards were fastened to the rods and painted 
If black.  The "harp" for the majority of 
tween the wing and the -are stand and on the 
from the cameras. The "harp" was omitted 

felt that it contributed little to the 

The under surface of the wing itself was painted in a line grid so as 
to show deformations more readily. The pattern of the markings is 
shown in Figures 19 and 19, The wide black lines on the surface of 
^.ho wing are positioned over the internal supporting structure of the 
wing, as indicated by lines of rivets.  About half of the vertical 
lines are .ilso over sunoorting structure with each of the remaining 
lines through the center of each area of unsupported skin.  The hori- 
zontal lines between the wide lines simoly divide the area into equal 
sections. 
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Ranarks: D*t. #19 - ^50# TNT - 76» 

Rib capetrip angles - upper and lower - 

and the rib web at sta. #135, 16* Inboard 

of the wing trailing edge were wrinkled, 

One (1) spanwiae "Z* stringer on the upper 

mfrfllj Ig laboflrd of iM tralXlng MM 
at sta. #136 was buckled. Three (3) 

rivets on the upper capbcHp any! a ware 

locoened. The rib capstrip angles - upper 

end lower - and the rib web at sta, #146. 

17" inboard of the trailing edge, also 

wrinkled. 

Main     L 
Beam   £ Sta. 

204.6 

I     I    -    Denotes internal damaga i   ^   ^ ^Q  C 

~"~ Movable <C Leadfnß 
RIOHT WINO OUTER PANEL.  UNDERSIDE.    Edge Hinge  Point. 
 MöBEL gggr  

CONFIDENTIAL 
NP9  kSii^O SECURITY INFORMATIuN 
Damage  to Aircraft by Blast.     Data  on Nature  and Extent of Blast  Damage, 
Detonation No.   19,   1^50  lbs.   of  TNT at 76 feet. 

F'qu re   20 
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M«ln  L 
Beam C 

RftBarkst Det. #20 - 500# TNT - 76« 

Additional damage to rib capetrip anglee 

and web at ata. #135 Included; a tear la 

the rib web which extended fron the 

lightening hold flange to the upper cap- 

strip angle; three rlvete attaching cap- 

etrip angle to ekla eheared. The damage 

at   ata.   n/,^   InrlnrUH   |   fj,**   <n   tha   ^4>»  

web which aleo extended frcm the lightening 
hole flange to the upper capstrlp angle. 

Damage at sta. #135 and #1A6 attributed 
to contact of wing tip fuel line with the 
flanges of the lightening holes. 

X  - Donoter,  Lntemsl dar.aro. 
Movable 

RIOHT WINO OUTER PANEL.   UNDERSIDE.     Edge Ring«  Point. 
 UÖHEL TOCT  

CONFIDENTIAL 
NP9 U9h51 19 June 1952 SECURITY IAPORMATIOM 
Damage   to  Aircraft  by  Blast,      Data   on Nature  and Extent  of  Blast  ^amare 
DetonaU.n No.   20,   ^00  Iba.   of  TNT at  76 feet. 
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Resarkai  i^t. #22 - 500# TNT - 73 1/2« 

Moveable leading edge'a lowr »\>rfac6 
ü»h»d-ln, JMjg •rUnding fro» eta. 
#98.5 to #U6.   MMdma depth was 3/16* 

at >ta. #122.    Mlnijmi depth waa l/ffl at 

■iii €iL 
Tear In rib webe - extending froa 

aurfaee cracked at points of contact with 

rlba (eta. #109. #121 and #136).  

lightening hole flange through the rib 

capetrlp - occurred at eta. #109. #121. 

and #136 on ■oreable leading edge. Span» 

■i«e "2" gtrlager on \wr  ^rijfy «*«Vf 

Six (6) flush rlveta on lower eurface of 

leading edge loceened at eta. #109» five 

(5) rlyetg loosened at eta. #121. and 

three (3) loosened at sta. #136. These 

rlveta ran chordwlaa. attaching rib cap- 

strip angle to skla.  

Shaded area indicate« Hlnhln^-ln 

I - Denotes internal damage 

Main      L 
Beam   5£ 

RIOHT WINQ OUTER PANEL.   UNDERSIDE. 
 MÖDET. Pöf-4  

Movable C Lea<! 
Edge Hinge Point, 

CONFIDENTIAL 
NP9  Uök$2 19  June   195^ SECURITY INFORMATION 
Daxnape   to Aircraft by  Blast.     Data  on Nature  and Extent of Blest Damage. 
Detonation No.   22,   50C  Iba.   of   TOT at  73.5  feet. 
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Main     L 
beam   £ 

ttonarks;   pet. #23 - j5gl - 7ü«  

Three fluah rlvete at eta. #109 on lead- 

ing mage lower surface sheared, four 

rivets at eta, #121 sheared, and three 

rlvts at eta. #136 sheared.    Rib web at 

sta. #146 cracked from lightening hole 

flange to rib capstrip.   

,0,5 
Movable <E Leading 

RIOKT WINO  OUTER PANEL,   UNDERSIDE.     Edge Hinge   Point. 
 MODEL TOCT  

CONFIDENTIAL 
NP9 ^9U53 19  June  1952 SECURITY IMPORMATION 
Dainage   to Aircraft  by  Blast.     Data  on Nature   and  Extent  of  Blast   Danp., • 
Detonation No.   23i   ^4-50  lbs.   of  TNT at  70 feet. 
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1 «•■arks:  Det.^24 - 450#TNT - 70« 
1   ^     - Minor pulling of  format ion 
1 light retainer ring between screws. 
1 approximately 1/32".                                | 

O    - Shaded areas  Indicate  a  very 
1 slight dlshlnt:-ln of skin. 

j    I-i     - Aileron pusn-pull  rod was 
pinched slightly by vibrating fore 
and aft against webbing of chord. 

!    X2    " Wing-tlp-tanX fuel line was   j 
pinched slightly by vibrating fore 
and aft against webbing of chord. 

|    1^    - Hold-down strap for above 
1 fuel line   indicates minor pulling 

I  at this point. 

1 ^J3|   " Cross-hatched erea at base 

of wing indicates minor  curllng-in 
|  of skin along hinged side of the 
}  movable leading edge. 

1                                                                               1 
Movable * Leac 

RIQHT WINQ OUTER PANEL, UNDERSIDE.  Edge Hinge Point. 

NP9 - 50861 

UOSL FW-4 

10 June 1952 
CONFIDENTIAL 
SECURITY INFORVATION 

DAMAGE TO AIRCRAFT BY BLAST - Date on Nature and Extent of Blest Damage. 
Detonation No. 2U,  450 lbs of TNT at 70 feet. 

Fip.ure 24 
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Reaarka; Det^25 - 5Q0#TNT - 70' 

^  - Severe pulling of formation 

light; retainer ring pulling away 

from 3 - screws nearest to leading 

edge. 

X-^ - Additional pinching of the 

aileron push-pull rod; reduced 

approximately 1/3 in diameter, 

I?    " Additional pinching of the 
wing-tip-tank fuel line; reduced 

approximately 1/2 In diameter. 

X-^ - Hold-down strap for above 

fuel line pulled loose. 

LLl. 
- Additional dishing-ln is 

Indicated by shaded  areas. 

Main     L 
Beam   £ 

Movable   _ _ 
RIOHT «TINO OUTER PANEL.   UKDF-RSIDE.     Edge  Hinge  Point, 
 MODEL P^F-4  

NP9 -  50862 16 June  1932 
CONFIDETrriAL 
^KCITRITY   INFORJ/.ATIOK 

DAMAGE TO AIRCRAFT  BY BLAST  - Dstn on Nature  end Extent of  ^last  Damage 
Detonation No.   25,   500 lbs.   of TNT at  70 feet. 

Figure 2 5 
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1 R«B*rk8JDet.#26 - 450#TNT - 6?'   1 

j ®  - Formation light pulled away ] 

| from 3 of 6 hold-down screws.     j 

I Approx. Max. depths of additional j 

1 skin dlaü-ln:                 | 

Sta.^Ul. - 3/4n               } 

Sta.#115.5 - }/k*                                   | 

j Sta.#93. - 5/16"               | 

j Max. width of dish-In, in chord- 

| wise direction occured at 8ta.#102*| 

approx. 9*.                   j 

[ X X - At Sta.^172. piano hinpc} 

j and supporting spanwise angle was | 

j sheared.                      I 
j 4^9 " Arrows indicated sheared   \ 

| rivets in chordwise gussets across 1 

j trailing edge.                 | 

1 

1 1 
1                                       1 

RIOHT WINO OUTER PANEL.  UNDERSIDE.    Edge Hinge  Point, 
 HOTTT^FTT'  

NF9 -  50863 17 Jufle 1952 
COKFIDIKTIAL 
SSCÜRITT INFORMATION 

DAMAGE TO AIRCRAFT BY BLAST - Data on Nature and Extent of Blast Damage. 
Detonation No. 26, 450 lbs of TNT at 67 feet. 

Figure 26 
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ai«Tk8:Det.^27 -  $00#TNT - 67' 
^     ~ Minor  edditionel  pulling: of 

formation light. 

- Arrows   indicate  sheared 
rivets  in chordwise  gussets  across 

trailing edge. 

A- •A - Skin tear on upper sur- 

face;  extending from the piano- 
hinge break   (occured on Det.#26; 

in toward center of win^ for  a 
distance  of approx.   IS". 

- Rib webs shattering about 
previous  cracked areas. 

- On upper surface,  or back 

side of wing,   skin   opened along 
spanwise  row  of rivets  near  rear 

of movable leading  edge,   between 

Sta.^98.0 and #146.0 

B - 3ta.#98.0 - 14 chordwise 

rivets sheared on movable leading 

edge. 

- Sta.#123.0  -  Crack  in skin 

around leading edge. 

Main     L 
Beam   % Sta. 

204.6 

Movable 
RIOHT WINO OUTER PANEL,  mi DE RSI DE.     Edge  Hinge  Point, 
 yöCEL P$P-4  

W>9 - 50864 20 Jiuie  1952 
COHFIDIMTIAl 
SECURITY INFORJ'ATTON 

DAMAGE TO AIRCRAFT BY  BLAST - Data on Nature and Extent of Blest Damage. 
Detonation No. 27, 500 lbs of TNT at 67 feet. 

Flffuro 27 



XlUln 

122.       -- 

R«nark8:Det.#28 - 500#TNT  - 70« 
©  - I ?ormatlOD light retaining 
ring pulled epproi. 1/16*  between 
screws. 

- Rib webbing crecked fron; 

spenwise stringer recess to light- 

ening hole. 

- Shaded areas indicate dished- 

in skin. Numerical values are the 

maximum depths. 

Movable^ Leading LEFT WINQ OUTER PANEL,  UNDERSIDE. 
Edge Hinge Point WftPBL PSP-'T Edge Hinge 

NP9 - 50865 26 June 1952 
CONFIDENTIAL 
SECURITY INFORMATION 

DAMAGE TO AIRCRAFT BY BLAST - Data -on Nature and Extent of Blast Damage 
Detonation No. 28, 500 lbs of TNT at 70 feet. 

Figure 28 



st*. 
804.6 

. 

Reoarka: Det.^29 - $00^TNT - ö?1 

0  - Additional pulling of form- 

atlon light retainer ring between 

screws. 

*»-» •> Sta.^172. - Upper surface, 

or back side, (2) rivets sheered. 

z  - lünor displacement of spen- 
wlse corner stiffener angle on 

trailing edge - See acconpanying 

Photo, Nr9-50781, rig. 39. 

I  - Rib webs cracked from Sta. ■ 
#98.0 thru ^146.0 from lightening 
hole to spanwise stringer. Photo 

NI9-50782. Fig. UP,  taken inside of 

movable leading edge at Sta.^122 Is 

typical. 

— -l»— - External stall warning 

angle protruding thru shir at Sta. 

#116.0 bent-ln, and micro switch 

damaged; both inoperative. 

J»SJ L 
Movabled* Leading LEFT ffINQ OUTER PANEL,   UNDERSIDE. 
Edge Hinge  Point ESTgL P5P-4"^ 

NF9 - 50866 ?7 «Tune  1952 
COIIFIDENTIAL 
SECURITY INFORIUTZOi 

DAMAGE TO AIRCRAFT BY BLAST  - Data on Nature and  Extent of Blest Damage, 
Detonation No.  29,   500  lbs  of TNT  at 67 feet. 

Figure  29 
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St«. 
204.6 

Movable^ Leading 
Edge Hinge  Point 

NP9 -  50867 

^   - Addltionel pulling of form- 
Remarks: Det..f 30 - 5QQ#TNT - 64' 

ation light.     Retaining ring pulled 
away from (3)   screws. 

- Arrows  on aheet-metel  gusseta 
across trailing edge Indicate shear- 
ed  rivets. 

A  - On back side, upper surface. 
6- skin break appeared as pieno- 
hlnge and supporting spanwise angle 

sheared at Sta.fiyi.O 

- Sta.#158.0, Rib web cracked 
fron lightening hole to spanwise 

stringer. 

f i  - Shaded areas Indicate skin *#«»'  

dlsh-ln.     Numerical   values are Wax 
de])th   in   inches. 

LEFT  WING  OUTER  PANEL,   UNDERSIDE. 
 VÖBEL P5P-4  

27 June  1952 
CONFIDENTIAL 
SECITHITY  INFORMATION 

DAMAGE TO AIRCRAFT BY BLAST -  Data   on Nature  and Extent   of Blast   Daraage. 
Detonation No.   30,   500  lbs  of TNT at tU  feet. 

Figure  30 

  



Rmnarksi Ptt.ljl - 500#TNT - 61« 

0 - Formetlon light pulled out, 

^j - Remaiiiipg (orrowa) rivets ell 

sheered in gussets across trailing 

edge. Beck side, upper surface, was 

forced back and awey, causing In- 

diceted ekin-teer at Ste.#170. and 

^194.  See accompanying Ihoto^ 

NP9-50785, Pig. 48. 

A  - Sta.j)<86.0 thru #170.0 - 

Movable leading edge dished-in and 

and moved backward. See accompanying 

Photos, NP9-30783, Fig. 46; end 

^9-50784, Fig. 47  

C3 " Shaded areas indicate skin- 

iish-in. Numerical values are Max. 

lepths in inches,   

Movable^ Leading 
Edge Hinge Point 

NP9 -  50868 

LEFT ffIN'1  OUTER PANEL.   UNDERSIDE. 
 MöOBL P9P-4  

i Jyiy 1952 
CONFIDENTIAL 
SECURITY XHFQSICATZOI 

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

Figure 31 
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CONFIDENTIAL 
NP9-50777 20 June  1952 SECJRITY   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  loose  by detona- 
tion ^27. Figure 38 
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CO NFT DRNT TAT 
NP9-50778 20 Jane  1952 SECURITY  INTORMATIOM 
Damage  to Aircraft  by Blast  -  Front view of under  surface of nodel 
F9F-4,  RH-Outer wing panel   showing ruptured  skin on movable  leadlnc 
edge  resulting from detonation #2?.     Arrow Indicates extent  of skin 
tear.     Note - 14 rivets  gone at  station #86. 

Figure 39 
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Datnage   tc   A 
20 June  1952 SECuhm   IHFOK.^TIL 

by   blast  -  A r«jar  chordwlse  view of'^mociel   F9F-4, 
HH-Üuter wing   panel   showing  "dishlng-in"  of  chords of  the  movable 
leadinp,  ^dge,   resulting  from aetonatlons ^26  and #?7. 

Flpure 41 
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CONFIDE:NTIAL 
NP9-50784 1 July   1952 SECURITY   lNFCHi.,ATION 
Damage to Aircraft by Blast - View of under surface of model F9F-4, 
LH-Outer wing panel showing ruptured movable leading edge resulting 
from detonations ^30 and #31. ^ 

Figure  47  
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CONFIDENTIAL 
NP9-50785 1  July   1952 SECURITY   INFüRAiATICN 
Damage  to Aircraft by  Blast - A rear view of the upper  surface of the 
model F9F-4,  LH-Outer wing panel showing  damage to  trailing  edge  and 
skin resulting  from detonations #30 and #31,     Note arrow on  station #!?( 
indicating extent of  skin  break. 

Figure AQ 
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TM. I mm 
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6543210 
V^"   Tin ,Tr    Tip 
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Seal» 

Detonation #20 Detonation #21 Detonation #23 

COHPIBBfTIAL 
09 - 49507 23 Jane 1952 SBCDRTTT IRTORMITIOI 
D«Mf« to Aircraft by Blaet. Deflectione of the F9F RH outer vlxtf panel, as traced 
fro« high apeed aotlon pictures, rereua tlaea 1« ailllacoonda. The llnee repreeent 
the under surface of the panel as seen fro« raaera #1 (90* to line between «lag and 
charge).    The arrow Indlcatea direction of a]>proach of blast «are. 

Figur*  U« 
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HIGH SPEED IfiOTIOS PICTÜR18 OF DETONATIONS 1 THROUGH 31 

(86 ROLLS OF 16mm FIU: ONDSR SEPARATE COVER TO 

MASSACHUSETTS INSTITUTE OF TEGHÜCLOGY, 

ATTH:     O,  CHESTER H.   nRO'.ßl) 

CONFIDENTIAL 
SECLEilTY INFORUATIOM APPENDIX F 
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Damage to Aircraft by Blosf. 

PART A 

^ SYNOPSIS 

1.    ThiaCiis a partial  report on  the blast program undertaken  in 
accordance with reference  (a)  under Task Assignment I'o. NPG-Re2c- 
36-1-52.    The blast orogram was  set up to furnish experimental data 
to supplement analytical work being  conducted by the Massachusetts 
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 lbs* 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 electronic  instrumentation and v.'ere 
to be accompanied by careful visual and ohotographic observation of 
the effects of tlr- blast wave on the  structure.^ 

2. This report covers a series of 31 charges u^ to  5C0  lbs,   in 
v/eight which v^ere detonated  in the neriod  through 1 July 1952.    Tro 
outer wing panels  from an F9F aircraft were used for all  of these 
detonations. 

3. In general the damage  to the F9F wing  occurred at a much higher 
level of blafet pressure than had been anticipated,  with first  notice- 
able damage occurrring at  11 psi (free peak ovornrossure).    Damare 
to the wing  frorti this point on was lan-c-ly internal except for a 
dishing  in of the skin of the movable leading  odfre.    This damage 
reached proportions which mipht have endangered  the aircraft  in 
flight  only at pressures of the  order of 20 psi.    The high speed 
motion  pictures,   as may bo   seen  in Figure 49,   shewed overall bending 
of the  wine   to be considerable. 

4. High speed motion pictures  of the  behavior of these  structures 
when subjected to blast arc bclnf forwarded to I.!IT  under  separate- 
cover. 

5. Conclusions: 

a. It is concluded that blast damape to the F9F wing (without 
ailerons, tit) or flap) is largely caused by flexure of the win" as 
a whole, except for slirht crushinp; of the leadinp edee. 

b. It is concluded that the tyne of construction employed in the 
F9F wing has a very hiph resistance to damage by blast, but that re- 
sults of tests on the wing panel alone do not necessarily imoly that 
the aircraft as a whole will withstand similar blatt oressures. 

Ullllll lilWiilli '-     ÜNC!       ID 
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PART 3 

INTRODUCTIOi: 

1.    AUTHORITY» 

The work described, in this report was undertaken in accordance 
with references  (a)   and  (b)   under Ta.sk Assipnment Kos.    !fPG*Re2e- 
?6-l-52) which «mi established by rd'erenco (a),  and N?C-ht2c-36-2- 

which ras established by rcierence  (b). rzi 
RSPERENCSSi 

a. BUORD Conf Itr Re2c-GFS:röb V.P9 Ser 30243 of 7 
b. BUORD Conf Itr NP9 Re2c-GF3:rjb 3er 40240 of  5 

Dec  1951 
June  1952 

3. BACKGROUNDt 

a. The Bureau of ke 
programs to obtain data 
to blast loads. A ^art 
aspects of the problem i 
Institute of Technology 
contract TlOas 51-^06-C. 
of blast and associated 
necessary to suoplemont 
work, of which this ^ro? 

4. OBJECT OF TUST» 

ronautics is currently engage 
on the response of Naval Airc 
of this orogram covering the 
s being conducted by the Mass 
under Bureau of Aeronautics c 
In order to determine adequa 

nhonomena on specific Naval a 
the analytical .icrk -vith oxpe 
ram is a part. 

d in various 
raft structure 
analytical 
achusetts 
onfidontial 
tely the effect 
ircraft, it is 
rimontal test 

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

5. PERIOD OF TEST» 

a. Date Project Letters 

b. Date Necessary Material Received 
c. Date Commenced Test (Preliminary Work; 

(Actual Detonations) 

7 December 1951 
5 June 1952 
4 March 1952 
15 December 1951 
23 April 1952 

CCVFIDENTIAL 
SECURITY INFORIÜATION 
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PART C 

DETAILS Qj1 TBST 

6. DESCRIPTION OF 1TLM UNDER TEST» 

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

7. DESCRIPTION OF TEST EQUIPLL.NTt 

The methods used  in the recording of blast parameters are  in- 
cluded as Appendix CO.     A detailed description of the electronic 
instrumentation employed in the recording of blast -»aramet^rs,   to- 
gether with notes and discussion of the instrumentation,   is included 
as Appendix C\    In brief,   electronic instrumentation involved  the use 
of recording cathode ray oscillographs,  with associated amplifiers, 
piezo-electric gages,   and other equipment,   to record: 

a. A time history of free overpressure. 
b. A time history of reflected overprest-ure. 
c. Free air peak overpressures by the velocity method. 

In addition,   three  l6inm Fast\x cameras 'vere used  to show the 
blast wave and  the wing deflections.    The  lay-out of these cameras 
relative to the test area and to the  structure  is described  in detail 
in Apnendix (D). 

8. PROCEDURE« 

After preliminary testing of the  instrumentation in the field, 
using  small charges,   a right-hand vlnf panel from an FV'sP aircraft was 
set up at the blast area and a scries of detonations made,  using 
charges ranging from 350 to  500 rounds of TNT.    Charres and distances 
were varied  so as to  increase the free oeak overpressure  in increments 
of aoproximat^ly 0,5 psi.     The method of attachrent of the win"  and 
its orientation with respect to the charge  is described in detail  in 
Appendix©).    The  schedule of detonations and  other detailed infor- 
mation regarding them  is  included with recorded pressures and other 
data  in Apnendix CB).     After each detonation,   the v.inp was examined 
carefully for any evidence of damage,  and deformations or breakages 

CONFIDENTIAL 
SEOtmiTY INFORMATION 5 
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recorded.    This procedure was followed until damage to the wine had 
proceeded to the point at which the aircruft  orobably 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 weipht and dis- 
tance for the  first detonation,  using the second winp.  were selected 
so as  to give a blast pressure slightly less than that of the final 
detonation using the first wing.    Successive detonations were desipnec 
to give increased pressures in suitable increments.    A total of four 
detonations caused damape slightly greater than that of the first wing 
at the conclusion of its testing,  and testing of the F9F wing was 
concluded at  this point. 

9.    RESULTS AND DISCUSSION» 

a. The detailed results of recorded blast parameters are in- 
cluded as Appendix (3).    Appendix (A)  includes explanatory matter and 
discussion of instrumentally recorded results from the point of view 
of their meaning and validity.    In these data,  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 of wing damage assessment arc shown in detail in 
A'joendix (E).    On each detonation where damage was evident,  a form 
rai prepared  showlllf the exact location and natur-  of the damage. 
Photographs were taken vvhonever practicable as an aid in describing 
the damage. 

c. In general,  the damape occurred at a much higher  level of 
blast pressure than had been anticipated.    (First damage occurred at 
11 psi free peak overpressure).    Consoquontly,  the Initial detonations 
might have been designed to give higher pressures and many of them 
might have  been eliminated.    These  initial detonations vere not en- 
tirely wasted,   however,  as much valuable experience 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 hinged loading  edge,  and  there only v.'hcn subjected 
to very high pressures.    The failure of the  skin of the wing on the 
side opposite  to the blast on detonation No,  28 was attributed to 
weakening and   shearing of internal  structure  caused  by the overall 
flexing of the wing.    The hiph blast pressures roquirc-d to damage the 
structure,  while indicative of an impresrive resistance to damage to 
aircraft by blast, may not  be a  true picture of the resistance of th 
whole aircraft.    Failure of ailerons,  flans,   Cinocy,  or empennage 
might well have  caused loss of the  aircraft at much lower pressnres, 

CONFIDENTIAL 
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e. The final detonation on the socond 'vinp, which resulted in 
extensive damage, produced a free peak overnrc-ssure (30 psi) which 
was much greater than had been anticipated on the basis of orovious 
work. Examination of high speed motion pictures of this detonation 
showed an irregularity in the Mast which may account for tho anom.ly. 
A spear of flame (so called because of its sharp noint and Incluccci 
•.ingle of about 45°) was observed to pass the wing on the side opnosi^ 
the cameras and quite close to the gage stands. Subsequ-.nt -sicturcc 
of the explosions themselves have shown this spear phenomenon to be 
not uncommon, occurring to a greater or lesser degree in approximately 
half the detonations.  Its 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 reduced distance is quite 
steep in this region, such a large variation indicates the desirability 
of using longer distances and increased charge weights to obtain the 
blast pressures necessary to damage the F91r win?. 

f. It is realized that the damage assessment data for this wing 
do not convey much in the indication of threshold damage, i.e., the 
damag« which would not endanger the aircraft but which would neces- 
satate repairs before resumption of routine flights. The nature of 
such damage to wings of this tyoe is largely internal and must be 

duced from evidence that requires a trained eye to detect and Inter- 
pret« Closer attention will be given such evidence on future assess- 
nvjnts in the light of results obtained to date. 

>J 

PftRT D 

C0NGLU3I0N3 

10. a. It is concluded that blast damage to the F9F wing (without 
ailerons, tip or flap) is largely caused by fleyure of the wing as a 
whole, except for slight crushing cf the leading odge, 

b. It is concluded that the type of construction cmoloyed in 
the F9F wing has a very high resistance to damage by blast, but that 
results of tests on the wing p^nel alone do not n- cess irily im^ly 
that the aircraft as a whole will withstand similar blast pressures. 

CONFIDENTIAL 
SECURITY INFORMATION 7 
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