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S i C U R IT Y  C L A S S I F I C A T I O N  OF THIS PAO E(WA w 0.5. Eniee.d)

20. \ ABSTRACT ( C o n t i n u e d )

‘th e  mode l  c o n s i s t e d  of a s t i n g — m o u n t e d  w i n g  and f us e la g e  c o m b i n a t i o n .
W i n g  p r o p e r t i e s  w e r e :  4 6 . 8 0 — i n .  Span , l 8 . 0 5 — i n ,  mean chord , 2 . 4 7  aspect  r a t i o ,
0. 20 taper  rat io , 67 deg. le:td in g  ed ge -twe t ’p h ;i ck , 64 .8  d e g .  q u a r t e r — c h o r d
sweeph ;n k , and a 642 ]) 12 w i n g  Sec t i o n .  Blast  induced loadings were measured
a t  20 b eat ions on the wing t or b las t  inte rce pt  ave rp  ress t l res  of about 4 Psi
f o r  h i t s  t i n t e r c e p t  an g l e s  of  a b o u t  ‘31) , 90 and 135 d e g re e s  t ron head—on.

In the f i r s t  t es t  b l a s t  i n te r c e p t s  I ram hurst  s 45 degrees out of the
p lane t f t  ii rp l ine symmetry s’ t r ~’ s imt i l a t t ’d  by mount j og  the mode l at a roll angle
( f i t  45  d e c r e e s .  I n  t he  second t e st  Li 10 ,000 pound c h i L I r p i ’ w a s  emp l ov c ’d  for one
burst t a r  s t u dy i n g  t he e f l e c t  of b la s t  y i e ld .

Tb is ri-port  dt ’si ’t ibes the t ~‘s  t s and p r e s e n t  s the  reduced t e s t  da ta .
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SECTION 1

INTR ODUCTION

A series of blast t e s t s  had been conducted at the 50,788—ft high

5 1) 5051 sled track at time Ilolloman Air Force Base (HAFB) during t h e  summer

of 1976 , described in Relerence 1 and illustrated in Figure 1 , for

measuring blast—induced wing load ings on a li i gh—swcepback wing at high

subsonic speed . The objective of time tests reported hert ’ , which were

conducLed during June , t n d  August of 1977, was to examine the effect of

other blast encounters on the  w i n g  load ings.

~\ total of s ix  b u r s t s  \~ e rs  intercepted in t i l e  two sled rstns . In

tim e first run time b u r s t  c e n t e r s  w e r e  45 degrees out. 01’ the  plane of

s vm m e t r ’- ’ of  tiIo w ing model to provide airload s da t a for a non—s mmt ’trical

blast intercept. In  t h e  second run , which involved svn lIisL rica l inter—

cepts , a 10 .000—pound charge of ‘N I’ was emp loyed for L i l t second burst ,

in place of t h e  1.000—pound TN T charges used ~ o r  t i le  o t h e r  bursts ,

in order to e\an i l l t  t i l t ’ effect ol charge v ield on t i e  wing loading.

A new connector was built for the mod el i t  i n g on tIti sled t o  provide

b r  a s~’1 e ct a l ’ i s ’ iod el ro l l  o r i s t l t , I t i o n  L I ’ ~~~I ( 1 e \  ~ ‘ a i - i e l e c t , I t l l e  O U t — O f —

plane burst intercept ang le.  Ms - a su r e s  were t , ik ~’n f o r  t h e  charpt.’ t i ri n g

s~ s tens to ensure t h a t  t i l t -  s l sc t I’l l i i l I l s ’  tic Ii s’ I d  rad i a t e d  i ron e,ls’ l l

burst would not  indllc e premature firing of any other chargs- . These are

rs ’ 110 r t 5 ’d I F - F t

I t  P sl e d  r u n s  -0-~~re  made t a nomina l  p r e in t .~’r c e p t  ~1 ) cIl number of

0. 7Ii  and  R e y n o l d s  number based on mean chord IiI 7.0 million. The test

model had a 36 .80—in Wing span and 18. 95—in mean chord. Six s e p a rat e

tNT c E l , I r ~’, s- s w s - r t -  d e t o n I t e d , f i ve of  1 ,000 pounds and one ot  1 ( i , (d I ) pounds.

l u s t  r s- - . u l t  5 are r e p o r t  sd for six b l a st v av e  intercepts , n o m i n a l ly  50, qg

and 135 d e g r e e s  from head—on , at b l a s t  ovr’rprs-ssurs ’s of about f c ’ I l r  psi.

l I e [s ’st  t e chn  i I ~ t e s  developed and I l s e d  in t i lt ’  t Ii t ’ s t ’ I ‘ s t  F u l l s  are

) 1s’ss-r  1 bed in 5cc t i o n  2 and Re I er u ’f l c e  I . In ,’ test conditions , t~ ’s

results and data analys is prol - ed )lreI art’ presented i n  Sec t i o n s  3 , 4

‘ 1 1 1 1 1  5 , r e s p e c ti v e l y .  Il-s t result s on tu l t measurements art- discussed

in i - .e , ’t i I I f l  (1 and l O f l c  I l t t I I t i 5  remarks are p r e sen t e d  in ‘5 1 1 ’ t ‘Ion 7.
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SECTION 2

TEST EQUIPMENT

2 . 1  lIMB S l E D  I ’RAC K

l I m e  50,788— f t hig h—speed track and aasociated general test equi p—

i~ u’ l l t  a t HA FB , m r s ’ d e s c r i bed  g e n e r a l ly  in  R e f e r e n c e  2.  In time test

- r , ’ , , ’ d I lr4 ’ Jt - .’-ic r ib ed  he r e , t i m e  d u a l — r a i l  sled emp loyed ran from south

LI’  north. ‘I’he s l e d  v m s  launched near time 10,500—ft station , entered

the  blast tt ’~,t , m r s - , i  extending from about t1~e 12 ,500—ft station to time

11 ,8 1 ( 1 — I  I i— t ,m ti O I l , , m l l d  t I~t’ii t o a s t e d  out to about the 40,000—ft station.

2.2 I . N i l k \ I ,  l E S t  ,\RkANc ,I-,~l l-Nr

A sketch ~l f  ti lt ’ o v e r a lL  I s-st arrangement is shown in Figure 1. The

nov jug sled ent1 -r~- th e t ’ ieid of ’ v i ew  f m ’ om the let t and progressivel y

.‘II, ’ ,- u l lt e rs  the blast v , m v t ’s from tim e d e t o n a t i o n  o f  three separate i’N’I

ch ar -es generally c e n t  1 - r e d  about 0 I co t  above ground level at various

loca ions on t l i t ’ WI ’s t s ‘I~ I s ’ of  the t rack , s’xcs’p t for ‘ no c h a r g e  in the

second run which was stacked m t  the ground level.

2.3 TEST AREA

‘I’h~ g round  surface i n  time t e s t  a r ea  is described in detail in

lie f t - r e l I c t ’ 1. A p h o t o g r a p h 01’ t h  i~, ,I ru -a with explosive c h a r g e s  in place

for Run 00—A S is g i v e n  in Fi gure 2. lime explosive charge locations for

the three intercepts are indicat ed as 1, 2 and 3 in this f i gu r e .  The

sled moves from t he  upper left (soutim) t o  th e  lower right. (north) in

this view so t i l e  b l ast area is to  time l e t  t of  time sled . The test area

~‘x t s ’ i~ds 1250 f e s ’t along the t r a c k  amid 320 I es ’t to time west f rom time track.

Four blast—line pressure proPs-s vt - r e  used to define the free—air

blast profile for each of the t h r e e  intercepts or u’It ’ll run , as can  be

set -Il for time first intercept location in Figure 3. The locations ~f

the vertical struts support ing timese pressures transducers , -les I g’ it ed

1 1. 11 12 . in terms of track s t a t  i on  ( d i  s L n l e e  parallel to track) are

l \ ’l ’ l l  in Table I. All struts were l o c a t e d  laterally (perpendicular t o

Lr ,m )’k) 7.5 feet. ve s t  of time t r n - k  centerl i n c . All t r ,lll ’5l ln ,- ers wert -

Ii

_  _
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Table 1

B I , A S ’ l — l . l  N I ,  S 1 4 1  I o N S  FOR l~l~it~

(L ocal ion of Blast—I , j u t ’  Probe Mount)

TRACK S l A ’ l ’ I O N *

In t e rc ep t  Rt ’N 3 RI ’N 5
S t a t  ion

N o .  DIP M o u n t s  DIP Mounts

1 12~’34 12746.9 12744 12746.9
1 2 7 5 2 .6 12752.6
l2~~58.9 12758.9
12772.0 12772.0

2 13180 1,3171.9 l3’53 13133.9
1 1187.9 13171.9
13202 .7 13202.7
13225 .7 13251.1

3 1 3730 13713.1 13730 13713.1
137 18 .3 13738.3
137o$ .l 13768.1
3 3 8 1  1 .5 13813.5

1)IP — Pt ’s ired i n ter c ep t  Po 1 a t

*A1 l mo u n t  poles  a re  locited 4 ~ee- t w e s t  of ws’s t  r a i l  ( 7 . 5  t O t t

west  of track centerline).



located approximately 18 inches closer to the corresponding charge

location t l”an the  s u p p o r t i n g  s t r u t .

Screen boxes located adjacent to the west rail at designated

locations were used to trigger the explosive firings and breakwires

placed across the west rail at specified locations were used to provide

a common time reference signal for checking time correlation of different

recorders. They served as links in electrical circuits , wh ich were

either broken by the leading edge of the forward left slipper of the

sled (for breakwires) or connected by knife—edge pairs mounted at the

rear of the sled tied together electrically (for screen boxes). The

trigger screen boxes were located between about 92 and 176 feet ahead

of time desired intercept point (DIP) and the time reference breakwires

were located between 9 and 21 feet ahead of the DIP.

Sever al grid boards with diagonal stripes were placed in the blast

area to serve as backgrounds for photographic studies of sled and blast

\~‘dve motions.

2 . 4  SLED

A modified IIAFB dual rail rocket sled , designated as FDN 6326, was

employed in these tests.

Photographs and descriptions of the sled and associated propulsion

rocket motors are presented in Reference 1 and in Figure 4. The top

surface of the sled is basicall y a thick blunt flat plate whose front

and blastward edges are faired to minimize sled drag and distor ion of

the blast wave striking time model due to interference with the sides

and lowe r parts of the slid structure.

The test model is mounted on the front of the sled by the ver tical

strut and horizontal sting attachment seen in Figure 4. The attachment

of the vertical strut to the horizontal sting is by a bolted connection

whereby time model can be set at various rotation angles (roll angles)

about time sting axis. (This bolted connection replaced the rigid zero

roll connection used in Re f erence 1). Figure 5 and 6 present front views

1 ‘ 

-~~~~~~~- -..‘~~~~~ .
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01 t i m e  model on t l i t ’  sled in an unrol led (Run 9B—A 5) and a 35 ° r o l le d

(Run 00—43) 1)0S it ion , res p t - c t  i ye lv . i l l s ’ p i t c l m  a n g l e  of the model , for

initial angit - of at tack , is ach ieved by a combination of wed ge shimming

bs- t,wt ’ s ’ll t’ O m l f ls ’c tom’ I ,mct ’s and m ’otat ion of the strut.

A pair of c;mm~’r~m s aimed at the upper wing half are mounted on t i m e

s led bed in a box behind tilt ’ model , as indicated in F l g u r t -  4 .

i l l s ’  propulsion systems used to  drive and maint ain the sled at

n e , m r lv c o n s t an t  speed  a rs’ d escribed in l i e f e r l ’lI e s’ 1. For all test I III s - I ’—

ce l st  s , t i m e  sled speed , i [t er  b l a s t  m t  I’r cept did no t  va ry  moore t han  about

3 tps from t I l e  i n t e r c e p t  specsl  d u r i n g  t i l t ’ n ext  100 f ee t  of t r a v e l , which

is about time maximum distance of in t s -r u ’st.

A p itot probe and tw o  prossure transt lllct’rs wor d ’  located t o g e t i l t ’r

on the blastward side of thi s ’ lt I l p s r surface 01 the sled , as indicated in

Fi gures and 7. Time pmtot p r o b e  was  l o c a t e d  ~m l ~ov t - the surt ace of the

sled about 0 i nt ’ im e s  . 1110 two p r t ’ s ; I l r e  t rans iimi ct ’rs \,‘e r e  mounts-d flush

w i t i m  t h e  u p p e r  ~-, s m r  t’ , m c e  o f  t ime sled about  10 i n c h e s  aimead  of the  p i t o t

pro :” . . i ’hm e ss ’ t ransdllc sr:~
, wi- re  I ny  talled to p r o v i d e  a check on t i l e  ace  u r , m , - V

of the blast p r e - -~ - u r e~ as o h t , m i n e d  f r o m  t he  b l a s t — I  Inc probt’s.

2.  5 W I N e  ~i0bl’, I ,

‘i ’hi e t e s t  model eons i sted of the swep t  w ing  model ‘ i f  R e f t ’r s ’n ~’e I w i t  II

a nose amid p a r t  i i  I f u s e l ag e  St e  t ion , st i n g — m o u n t t - il to  the  si  5 -d as lmos’n

in  Fi gu rt ’ u . h i t ’  model  w i l I g  p i a n f o r m , f u s e l , i m .t u -  and nose  s e c tI o n s  we ru ’

c o n s t r u c te d  to s i m u l , m t s ’ t he basic  f e a t u r e s  of t i m e  B—i  a i r c r , l  t in i t s

most s w ep t b a c k  p o s i t i o n  ‘it  1/20 o t  f u l  I s c a i s -  d i r I ’II ’5 i O f l S .  Basic  ‘si , lu ’ l

da ta  a r t ’ l i s t ed  in ‘Fab le 2~~ Wing  I s id ing  and t m  il  ing edge sws -t ’p h ; i c k

,, l l i ~~ is ’s  v u -  r e  ~~~~ and 550
, r i ’sp s - l ’ t I Vt ’  I v .  •l~b Ie 5’] l~~ C FI 1 ,~ S st ’t ’t i  on ( s t re am -

s- i so)  s , m s  made up as a 64A0l2 1’ ’,’n l l : l t ’t  r h - a  1 a I r f o  i i

‘l ’hie w i n g  was ~‘ l ’ I m I I t  c i i  at ~m l l g  I t ’ s of  , m t  t a s k  of 3 5 0 m o d 3~ 2
° , for

Run s - l , — \ ’~ and 9B—A5 , r t - l I l ’ I - c -  t i ye Ly , in a dirs ’ I - t 1) 1 11 such ! I , I  t t he  pro—blast

t t t ’ a i l - ’ s t  ate l i f t  fort e v m s  in  t i l l ’  same d ir s ’ I ’ t ion as the  blast—induced

f o r c e .  For Run  9B—A 4 the  model was rol  lu- ti / ~O 
, w i t h  the u j i p l - r  t I p ro l l ed

own rd t i m e  b u r s t  p o i n t

The w i n g  c on s tr l l l ’t  ion is desc r ibed  in  l i t - f  el ’ t In I
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Table  2

BAS I C Mil l) !- :] - I

W i n g  Span , b 46 .80  in.

W in g  P l a n f o r m A r e a , 5 6. 16 f t 2

Aspect Ratio 2.47

Taps ’r Ratio 0 . 2 9

i .eading— Fdgt’ Sweepback 67.0 deg.

Q u a r t  t - r — m ’ l l o  rd Ss- s’s-p b ack 64 .8  deg .

T r a i l i n g — F i l e t ’ Swt ’ ep back 55.0 deg.

Mt - m n  Chord ( S/ b )  18.95 in .

}-iot lt Chord (at :Iodt ’ 1 c e n ter l  m e )  30.60 in .

W i n g  St - c t  ion (st r s - ,m m wj s e )  64A012

Th i s -kn ess R a t i o  ( st r e amw i s e )

i r e s s u r ~ ’ S t a t i o n s  20
(Tw o t r ansduce r s  per s t a t i o n )

l-’u se l , m s D i , m I : s ’ t  s r  8 in.

21
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ib is’s b r  twenty w ing t r a n s d u c e r  lo t ’ z m t  i o n s  w e r e  l o c a t e d  as h i d  i ca t e d

ii i  Fi gure  8 and Table 3 .  Two transducers w e l t ’  i n s ta l l e d  I or each loca-

t ion  to n l e n s sm r s ’ p r e s su r e  d i f t ’ s ’r c n c c s  bs - t w e e n  wing  bl~mstwa rd and Leeward

su r t : m c e s  . Also p r o v i s i o n  was made I or one p r e s s t lr t ’  t m a l I s d I l t - e r bs - i ng

loca ted  a t  the nose—ti p of t h e  fu s t ’i a g e  f o r  measurement  of model t o t a l

p r e s su r e  a t  t h e  s led .  Am > a c ce l e r om e t e r  s’~ms m o un t t ,’d in s i d e  t i m e  l e f t  w i n g

h a l f  me n r t i l e  00 p e r c e n t  s e m i — s p a n  l o c a t i o n  t o  r m e a s I l  r e m , - n  t of  w i n g

m o t i o n  normal to time w ing p lane .

2 .0  EX1’i,OS l v i-: S

1110 s-xp l os ives  155 , - si f o r  eat - i l  f i r  i 110 ,‘ons 1st t ’d of e i t h e r  1, 000 or

10,000—lb c i l a r g i ’ s o t  I N  I , c o n s t r u c t e d  and used as d e s c r i bed in Referenc,

1. Fig m , ir t  9 silos’s a typ ical pro— test v i es’ of  - i  1, 000—lb  i N i  ch arge set

up on a s ty r o f o a m  p illar w i t h c e n t e r  about 6 f e t ’i , l l l o y t ’ t i m e  gr o u n t f

i - i  c u r e  10 shows t I m e  10 , 000—lb  olin rge

‘I’ht ’ s’xp Lo s  I yes  were  de to nated by mo d i f  j e l l  pot ’  t a b l e  R t ’ v n o l d  s 1 n d u s—

t r i e s  E x I l  1 od log Br idgs’w I re F I r i n g  Set ~- , sms lug  Revntii tb 1 n d u s t r  ies boosted

R P— l d e t o n a to r s .  FuJi f i r i ng  s e t  w a s  bur i ed  a b o u t  i n s ’ I , ’ I s o  f e e t  below

t i m e  s u r f a c e  ol  t i m e  t e s t  : l r & ’ : m  at a d i s t a n c e  of 75 to 100 f e e t  t rom tht ’

rt- spes-t i ye s-ha r go . A 1 110 t o g r t m p l m  o f  a I ’ I r i n g  box and h , m r  ial lit ,> is is sl~osm

in Fi g urt - i i .  S a i m i l  i l ag s  sh own i n  t i m e  f l g l m l ’ t ’ S’ei ’t ’ p la ced e- .-~i e  e a c l m  m o l e

1 or blast :‘o t t c t i o n . l i m e  RC — 22 t r i g g e r  i n g  cab l e s  f t - on t i l e ’  s c rs’enhoxes

a t  time t r -  k t o t i l e  f i r i n g  ia~- t s  , t’o r in i I. L i t  i o n  01 fir im ig , were i n  hi em>

L im o surface of t i l l -  t e s t  a r t - a .  i ’ l : t -  RU— 58 f i r i n g  c , m h i t ’~; f r o m  t h e  f i r i n g

se t s  to L i m e  c l I , m r g e  detonators were l a i d  above  ground  and f i x e d  at tb5

t’h.,mrgi’i, to p r l ’ ’.’ I ’ l i  t p t m l  I — , ms’ :m f r o m  t i i t  d e t o n a t o r s .

l i m t , ’ I i i  i m m b ,~ S i t  S W e t ’s” t ’ , i m i t i t ’ c t s ’ d  1 1  r I - s - t o  control units fli,’ means  of

R i ; — 7 2 , i m / t 1  ca bls- y . W i t h i n  time test a r ea  t i m e  t a l l i e s  S t i e  bu r ied to ~i

m i n i m um d ep t h  o f  Is’ ,) f5 .’- -t f o r  s h i e l d i n g  i r s - i  b l a s t  rai l  jatl on. i l l s ”

c i ’m > t r o l  u n i t s  w e r e  u n i t e d  at  ~m i ) , ) l l t  t m ’ ~m~’k s t a t I o n  1 1 , 0( 10 , a b o l l t  1500

f~~’t ’ t  s o m m t h  ot t i m e  t s ’st  a l ’ o a .  ‘I p hio t ‘cr -mph of  t h i s ’ cont :’ ’l u n i t s  m o u n t s -il

in t h e i r  p u l l  I ’  L i v e ’ Pox i s  shown 1 m m l-’ i gtmr e 12. The a r m i n g  p lugs at t he

cm iii i ro 1 pane- i in time A I p h I  il l o c k i m o t i s e  , i t t risk s t  - I t  i on  z e r o  • wt ’r t ’

C O l l l ’t l ’ ( ’ t s ’ t f  e l e c t  r i e a l l y t o  t i m e  coO t t’oI In  i t s .

- )  I
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i : Xt s ’lms  i v e  l i s ts  w e r e  p e r f o r m e d  on t i m e  f i r i n g  i-i t t  5 t O q i m a l i l  v them

, i g , i  i l l st  p r e m a t u r e  I i r  in g  f r o m  v a r i o u s  si g n a l  sour s ’ s-s and to a c h i e v e ’

reiiabili ti - - of firin g .

2.  7 bi . , -\S ’h — I N ! :

l’he P li s t— I imie probe system em il I ovs ’d was time- same m s i s  t i e s ,  r i l ’ s - i l

in Ref er e n o s ’ 1.

2 . 8  W I N C  PRESSORI - :  M[ASl’iiLM[N’i’S

Pr s ’s s l l  rs -s on I it ’ w i n g  s’s- re  m e asu r t -d  i ms ing Kul f t c  h i  g i m 11cr )  o r n l a l l c s -

I r s - s o u r s -  t r a n s d u c e r s  i t  t i m e  X C Q L — 4 l — 0 9 3— 0 2 5  and X C ,? i — 3 , ’— c 0 ’ 3 — 2  51) st - n t -s

I l it - sc  t r t m n s d u t ’ t - rs  have  a 2 3— p s i  r m i i g t -  , 0 . 0 9 3 — i n  d i iris - t or , I~ ’w’ , i s ’ , s ’ I i ’  ra-

t ion semis i t  i v i t  m d  a 230 k i L~ n a t u r a l  f r eq u e n c y  . A l l t r  , i I i — n f l l c t - r s  O’ er,-

in it j a i l  v mount s -il w i t h  t ime ’ ] r su n  f a g s ’s f l u s h  s-i t i m  t h e  w i n g  o I l  r I a c t ’ , ari a

remained n t - m r  I v 1 l u sh  t i m  r i l I l g i l  time two t t’st r u n s .

The t r , i m s ’h s l c t ’ r s i g u m  is  s’s rt ’ gs’n el’,m 11 i- t ’ l l n i l t ’c t ed  in pa i r s  s- I t - c t  r ica l  lv

t h r o u g h  s l i t  t e r ~ - n t  i i i iiii ~~l i t  i l -r s  or Ins ’ i s l i ri n g  t i i e ~ d i  f f s ’r s ’ I l i ’ t ’ i n  s ’s s ur e

b s ’tw s ’t ’n  t h i s  P l i s t — s  h i l t  and l e e — s i d e  s u r f  ad ’s i t  t i m e -  w i n g .  l i m e ’ t rans-

d ucers  ws ’ r e  e m l i b r a t e d  i n  t h i s  a r r an s ’ s ’mt ’ r l t  f l ’r  m i t ,  h i n g  o f  )~~i i t 1 S .

Cal Lb r a t  i ( I l l S  wi - r e  s- a r  r I t t l  t l l m  t l i t - I  o rt - and ii f t c  r s-ac im t o o

ho w i n g  is i s  s h i e l d e d  f r o m  t h e  s t m n  pr io r to sled f i r i n g  to m i n i m i z e

~ol ,it ’ l i s s i t  m llg . i’o I ’ -’ st v r e m i s - h l ot ’ks w e r e  p laced Oy s’t ’ I l i t ’ Win g f o r  t h i s

purpose. I I l l ’  blocks s’s-re  p u l l e d  aw ,m \’  f r o m  t i m e  tti t de - l as the  s led s t a r t et f

down time t r , m c k .

2 . 9  Sb , E L -  V L L O C I ’F Y  AN t )  I ’ O SI T I O N  Mi :A SUREM E NT S

Sled p o s i t i o n  and v e l o c i ty  we - r e  measured w i t h  the  s t a n d a r d  HAFB VM S

system descrihs ’d in Referent’s’ 1.

Fi gsmre 13 presents t ime h i st o r  i s ’s oF slot! velocit y in the  test area

I on the two runs made .

in a d d i t i o n  to  Lime  above \ ‘M ’~ m e a s u rements , independent  measurem ent s

of sled p o s i t  I t ’ l l  along time t r a c k  were  o b t a i n e d  f o r  ss’v ern l  t im&,’s f rom

the h r e a k w i r e  s igna l s  t i s t ’ d  to p r o v i d e  t i m i n g  i n f o r m a t i o n  (s e t ’ St - c t  ion 2.3).

2.  10 11 E C U — S  FF1-il) PU0 ’l ’t~~;RAPIiy

V a r i o u s  h igh—speed cameras r im m ing  i t , sp s- s-d s  I > s ’ t ~~ s’en 120 and 11) , ))00

I r i mu ’s per  second wer e emp l ov e d  i n  t i m e  two ti -st s. ,- \ t  time first and t hm i  rd
29
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I

j o t s -r c s - h ’ t  a rs - ,ms  , 4 x l b— ft • g r i d  o’.i  r~is w i t  Ii para l  l i - i  I - i  m e L  and w ii j t i

o t r l p ~-s , F i g u n s ’ I—i , s’s’ 0 p l~ mc e d  Ws ’st  0 1 t i l t -  t i , i c k  b r  obo ’-o ’r va t  ion of

t h i s -  b i i s t  shock  in t s - r c s - p t  w i t h  t h e  sled , u s i n g  NO VA , ‘ , m l I - ~~-r ; i s  , i t  10 ,60()

f r , i l s k - s  per  ss’s’d’lld . Iwo s l e d — b o n u s -  1006— f po earns- r , m s  moun t  i’d in . m l ’t ’x

on t i m ,  s led ( i - i g .  4 )  w~-n , used f o r  n m o r m i t o r i m m g  l it s al fe-formations

of  t i m e  w i n g  m o d e l .

V , i r  ious lower opt - i -s i  not  i I ’ l l  p I i ,- t  lire c ,i lli t- r ,i s i , s ’ ’ , ‘ use’sl f o r  ‘ s ‘ , s - r a l

s l m r v s ’ i i  l ance  ‘,> f  t i me ’ r un  ph e l t 5 ’l I l s - l l a  . ‘I wo w e - r ~ - : ~~~~‘ i l l  t ed i ’v e - I ’  t hi ’ t r a e  k

1051k 1 m ig s o u t h  I or ov s -r a l l s i i , ~~ s- rva  t i t ,ifl  01 t I s ’  P I , m s t  Way s- s a tm il s l e d

A d d i t  ional  t r , m ~ k i m m g  s-ameras . mo u n t s - t I  siri ;m b u i l d i n g  1 / 2 — m i  i s ’  i~~I 0 1 t l ~

t r , m c  k st I t ’ used l i i i ’  su r \ ’ t - i l l  ance  , is  w e - I ’ s- ,i i 50 s s - \ ’ t -I’ a I ca r s  I as m o u n t e d

i l l  a u s -  i i co p t e r  a b o u t  ts-~’ m m l o s  east and 3500 t i- i’ t above t i m e ’ I r a e -k

I ill ts we ’re m o u n t i - d  on t i m e  I os -s  i s is ’  o f  t i m e  I owe’r w ing  s t - rn  i sp in f o r

i ’hst ’ r v , m t  ion of v o m I t - N  not  1, 011 . 1’ 5 m n l e ’n :ms  w e r e  l o ,  i t s - i l  east of t i ’ s -  t r i c k  t o t ’

v iew i n g  the  sec o n d  i n t e r c e p t .  ‘i ’he’v s t -r e ’ p laced so as I s ’  i ’l ’se ’n v e  t i m e ’

v o r t e x  m~’t ion be l  or s - , d t i r i mig and a f t e r  b i s m o l  i n t s - l ce’p t

In Run S C — i - S I ;  v ar  i o i m s  comb i 1 1 5 1 1  ions of  t u f t  - - and s-amera s , w i t h  t’o l en

f i l m , w e r e  l i S t - l i  f ‘n dev e l o p m e n t  s f  t i i i ’ t u t  t — p h o t o g r a p hy t e e l i n  i que

Fig ur~- 15 shows t ime  t u l  t s  a f t e r  t h e  r u n  w - sms c o m p l e t e d .  I l l s -  t u f t s  w ’er ,

of d i f  I s- rt-nt ma t e r  j u l  , colors • I i’ m’ m g t h i  • a t  t ac lmms - i i t  me thods and wing  p a i i s

is ic  kg round. A l l  t i m e ’  t u l  t S r s - m i  lnd e - ,i i t  t ,i s lied . Some iii > r -  - ve~ 1 led more

th an u l  is - n o  and some s’s - r e  more  f l ex i b l e .  i ’ i i , ’ r t -  w a s  s ,i s ign i f I s  i m > t  v a r i a t  ion

im  d o t  s-c t ab  i i i  Lv of t i1  t u f t s  as viewed f r o m  t O  t e s t  I ilnls

A s i t i g  l e  N o v , m  hi i g h — o j ’ t ’~’ii c amera  was loca ted  abou t  21 f e e t  I ruin t i m e ’

model  in  Run  9B— , \4  v i e w i n g  t h e  second  i n t t ’r c s -h i L a rea  a long  abou t  a 24

f o o t. I i - I d  of  v iew a t  t i m e  mode l  . A f n , m m s ’  r a t s -  of 2500 f ps was e m pl oy e d

i ms  i l > 0  i ‘ I or f i I s .  Au i m a ge  not  ion d ims-  r sm s- - i s  loca ted a f s - w - L i e ’  t f u r t  b i t - I

11(1 1 ’ t I i  to ob ta in ii s top —t i l t )  t I t ’ l l  V i e w  01 t i m e model

h-rum t h s -  r e - i -u i  i t s  i ’ I  h- li m o 9 R — , ’,- ’. and some I , i i ~o ra t o r v  ti’s t - , the  photo-

g r a p h y t s - c h i n  i c~ut ’ u s e d  in  Run  9 B — A 5  W , i i  dove ’ 11 1 1>5 -si . I w o  N v i  I i I g l i—speed

5 a nlt - t ’ a s s-s-re lo, ’ at  e d  abou t  ‘ i i  I i-~ - t  ,- , i s t  01 t I m e  t r i c k  r u n n i ng  it  s mi ) s i i i t

10 , 000 t pM at t i e ’  I I I l l s  o f  I n I e c e s - p t  . l i m e  I is ’  Id o f  v i e S ’  i ’t  on t  ‘ - i n s r s m

was - , ‘n t i ’r e -d  on t i m e  d e - ~; i red h l , m s t .  l i i i I - I L - i ’ t  p o i n t , I or v i e - w i n g  t h e  t u f t s

I i

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _  —~~~~~~~~~
-_ - ‘-“- -



- - _  - . ‘ -

— 
- ~~~~~~~~~~~~~~~

~‘- ~~~

~~~~~~~~~~~~~~~~~~

I I  - ‘

~~~~

‘

~~~~~~~~~~~~~~~

,

I
I

‘H -

.. —

jd i . . ,
~-

- --4I
I

Tf I

I ’



•) r~~ . 1

I ‘•~~~
•;, .



-~ ‘~ ‘ “~~~~~~~~~~~~~~~~~~~~~~~~ — - -- ---~~

pr io r  to b las t  i n t e r c e p t  and du r ing  the l i f t  b u i l d u p  ps- n od . The f i e l d

of view of the other  camera  was s’ t ’i lLered  10 fee’ t f u r t h e r  n o r t h  f o r  observ-

ing the  l a t e r  s t a g e s  of t ime v o r t e x  m o t i o n .  The image mot ion  camera viewed

a t  f i v e ’ t oct f u r t h e r  l m o r t h .  The t u f t  p ho tog rap hy resul ts  of  t h i s  tes t

w e r e  good , showing t ime t u f t  mot ion  q u i t e  c lear l y .  Time r esu l t s  Sire

discussed in S e c t i o n  6.

2.1 1 TELEMETRY

All  s led—borne t r a n s d m m c e r  s ignals  were ’ t e l emets ’r s-d f r o m  t h i s -  sled

to a IIAFB ground r e c e i v i n g  s t a t i o n .  S ix  t r a n s m i t t e r s  w e n t - used , o p e r sm t i n g

at ca r r ie r  RF f r e q u e n c i es  mis-si r 800 >11hz , w i t h  -S t r a n s d u c e r  si gnals genera l ly

m u l t i p lexed in each t r z m m l s m i  t t s -n  a t  sub—car r i e r  f r e q u e n c  les of 64 , °b ,

128 and 160 kHz , h a v i n g  a f r e qu e n c i - -  r’s- spouss’ of  8 kflz f o r  su c h  t r a n s d u c e r

si gna l .  F i g u r e  16 show’s the  t e l e m e t r y  e l s ’c t roll ic sy s t e m  l o c a t e d  below

the  s u r f a c e  of the sled .

The o v e r a l l  r espo l l s t - t ir i s -  of  ti le ’ i n s t r u m e n t a t i o n  and t e l e m e t r y  sn - s tem

to t r a n s i e n t  p r e s su re s  is s - s t i m u l I -il to be a bou t 0.1 m i l li s e c o n d s .

2 . 1 2  M ODEL STREN GT H AND $ IFFNESS IEST S

t h e  model and i t s  s t r u t — s t i n g  s up p o r t  had been desi gned - i t r e m m g t h w i s e

to meet c o n s e r v a t i v e  des ign  s p e c i f i ca t i o n s  of blast  s mi r l o a d s .  For - i l  i f f —

ness the  nios f t ’ l  and i t s  s u p p o r t  had been ~h t -s igned t o  Lis p the  f r eq u e n c  is ’s

of t h e  w i n g  mosi e’s and t ime suppor t  l a t e r a l  modes well  s epa ra t ed  from the ’

t r d ( I l l s - n c  i s - s  of th e  sled l a t e r a l  mosle ’s and t o  keep the model d e f l e c t  ions

and m o t i o n  s m a l l  so t h e  r o s m m l  t an t  • i i  r loads produced by t he  d e f l e c t  i o ns

and mot ion  would be neg l i g i b l e .  ‘I ’il e ’ss ’ c r i t t - r i ,a were- app l ied  to the

redesi gn of t he  s t i n g  c onml i - c t i ’r f o r  t h e  present  t e s t s .

Loads and v i b r a t i o n  t e s t s  s’s-r e -  p e r f o r m e d  on t h e ’ model , mode l—suppor t

and s le d  system at HAFB d t m r i n g  the  peri od of March 7 to 11 , 1970 , p r i o r

t I ’ t h i s -  test  p r o g r a m  w i t h  this ’  nods-I  a t  a 45 —s is -g  r s I  I angle . A t e s t  nt -po r t

was p r e p a r e d  and d i s t r i b u t e d  by HAFB , Re- f e - r i - l I c e  3. C r 1  t 1 - , i  I r e s u l t s  of

those t e s t s  a r t -  r e v il - w ’ l - l I  h e re .

2. 12.1 C I  r e ’ l i ~~t hi

lime l o a d s  t e s t  ci f t l ie St ing connec to r  i m di  c i t  eel t h i - s i g n  o a l s  had

be en i n t ’ l

,i “4
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2.12.2 Deflection

Def l ec ti ons  of t h e  w i n g ,  w i n g  box and s t i ng  o u r s ’ measured dur ing

the l o a d s  t e s t s .  The measured d e f l e c t  ions were compared a g a i n s t  th i s’

predictions of the NAS I CAN code calculations performed b y D. J . Rr up o v ag e ,

N e f s ’r s - n ce  4 .  The s t i n g  p i t c h  d e fl ec t i o n s  were  essent ia l ly the  same as
b e f o r e  time connector  r e d e s ign and wel l  w i t h i n  de s i gn o b j e c t i v e s .  Wing

ro ta t ion  due t s ’  s t ing  to r s iona l  r o t a t i o n  was n e g l i g i b l e .

2.12.3 Freci u~_e n ci e s

Shake t e s t s  were performed w i t h  tIle sled ns l l i l l t e d  on r a i l s  in time

l a b o r a t o r y . The shaker  f o r c e  was app l i ed  s e p a r a t e ly  in hot 1 t h e  l a t e ra l

and t i m e  vs r t  i ca l  d i r e c t  ion  fl I s it ly s to time track. Ac ce lerat i on - ;  we re

‘s s ’ a s m i r e -si normal  to t i m e  w i n g  p lane , w h i c h >  s-as a t  t i l e  4 ’ 5  -sf ~ - g roll  a n g l e .

l im e h o w e - st  ~ I s’ V e l l  f r e q u o r m c  L e o r n e , m s u  r i d  in t h Is ’ t e s t  s art ’ l i s t  5-il in  fab l e

- , , t a k e -n I nun R l ’f er e l l i c c 4 .  lie measured irequsinc los s ir s - compared t h e r e

w i t h >  n e - -o ils  of  t h e t e s t s  o f March 1076 , before t l i t ~ co n n e c t o r  w- , ms

and w i t h t h e N 1\ S ’I ’RAN pred i c t i o n s  of R e f e r e n c e’ ~ .

lie first n i n e  modes have - I r equenc ies  abou t  equa l  to  t h e’ values

b e f o r e ’ t he  c o nn e c t o r  was added . The last  two modes s-cr c  l a t e ra l  w ’in-g

motion , i . e .  normal to the w i n g  plane , due t o  s t i n g  bend ing  and w i n g

r o t a t i o n  due to s t i n g  t o r s i o n . The t w o  f r e q u e n c i e s  had lies -n reduced

f r o m  70 .70  and 79. 54 to 50 .2 and 58 .1 , respec t iv e l v .  Time ’ r s -d u c t i c ’n s

are a t t r i b u t e d  to the a d d i t i o n  o f  the connector , bu t  t i l t -  f r e q u m s - uc i e s

wore  s t i l l  wel l  above the L l’S’ C’st  mode involving the  w ’i n g ,  s t i n g  and

s t ru t of 2 5 . 6  H z .

The f i r s t  c i  g h > t  nods ’s s m g r e s - s l  r s-sis on abl y well w i t h  t h e  N A 5 l ’ l-~, ’sN

p r e d i c t i o n s  of > l , m r c h  1977 , h u t  the remain ing  t h r e e  did not  . It  is

believed tha t  t h i s  could  he c o r r e c t s - Il  by r e f in e -m s -n t  of the  m o d e l i n g ,

b u t  these modes were  not  b e l i ev e d  t o  be s i g n i f i c a n t , so i t  was not  si o n c .

, 3 (I
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SECTI ON 3

TEST S E R I E S

3 .1 I N I  [ g gh - p ’ L  C O N D I L  I O N S

‘th e test conditions for t h e  runs  and i n t e r c e p t s  sirs- t abu la ted  in

‘fable- s  5 and 6. Table 5 g ive -s ge n e r a l  s l e ’sl t e S t  c o n d i t i o n s  fo r  each

run , ins’l sm d i n g  a t m o s p h e r i c  p r e s s u r e , t e m p e r a t u r e  and wind c o n d i t i o n s  and

the nominal  sled speed . Table  6 g ive s  s p e c i f i c  c h i s m r g s ’  and b las t  inter-

ce pt c o n d i t i o n s  f o r  each b las t  i n te r c e p t , i n c l u d i n g  charge weight , sled

in t e r c e p t  v e l o c i t y ,  c h a r g s -— s l e d  i n t s - r s ’ept  gs ’o lC l o t  n eal r e l a t ionsh ips ,

h l s m s t  im l t e r i e- p t  sing l e  ( ; )  , i n c i d e n t  b las t  i n t s - r c e p t  ove rp res su re  (“~Ps
)
~

and time peak  ang le’ of , m t t a c k  I ’ r o d i m c e s l  b y t h l ~~ b las t  s-ave

Sled—borne  p r e s s u r e  t r an s d u i ,- or  l o c a t i o n s  were the  same fo r  all

runs , as g iven in F i g u r s - S and T a b l e  3. For most  locat ions  only  the

d i f f e - r e ’n t  ia l  p r e s s u r e s  be tween  the  two s o r t  ac t- s of time (upper )  w i n g  w er e

r e c o r d e d .  For a few l oca t i ons  ind iv idua l  p r e s s l m r s -s on the  i s ’s- w i nd or

h l a s t w a r d  side Of the  model s o r e  recorded as ind ica t ed  in Table ’ 7.

F l i t ’  n s - f e r e n c e  po int on L b s  s Ing which  i s  used to d e f i n e  the wing—

blas t  i n t s -r c e p t  l o c a t i o n  is d e f i n e d  as tha t  p o i n t  where  the wing 40 —

p e r c e n t  c l i u r i l i n e  i n t e rs e c t s  the c e n t e r l i n e  o f  t h e  model  f u se l age . The

corresponding b l a s t  in tercept  time f o r  t im is  point can be easil y de te rmined

f r o m  t i~~ observed bLast arrival t ii:>es at the two wing transducers closest

to t h a t  r e f e r ence  po in t , w h i c h  are at the  2( 1 and 30 percent  seumispan

local ions.

Ti m e t n , i s  k - - t a t  ion at  h i  s m u t  m t  s - r c s - h l t  t ins ’  for  the model re f o r t - n e c

p o i n t  was estimated by ti ir c- e essentially independent  me thods  f o r  each

i n t e r c e pt , r e s u l t s  01 vI m hc ’ h a r e  p r e s e n t e d  in Table 5 .

‘lime I i n s t  e’ s t i i i l [ i t e ’  made (A)  was based on the s led t r aj c c t o m -v

5 , e , m s s l r e ’m en t  - , i h i - s i - i’ j be ’tl in R e i e ’r e ’ n e e ’ 1, and Cs - c  L ion  2 .9 and the  b l a s t

i n t e ’r e s -p t  t ins - as d e t e r m i n e d  by t h e  wing pressure transdumcers (t . The

s e co n d  s - s l i m a t e - (B )  was based on t h e  t i m i n g  hrs -akw i cc’ l o c a t i o n , the  sl ed

f 
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‘l’ r a n s d im c s -r  l o c a t i o n, ~le ’ s m s i m n s ’me’mm t recorded
a
during Ru n:

~,semispan / /  c h i c  rd
( F I g .  8) 9 b— ,-\4 98— A5

2 0 / 2 5  B B
30/25 D , B , L D , B , L

411 / 05 0 1)
4 0/25  D 0
40 /- La I) D

4 t ) / 6 5  D 0
40 / S5  D 0
50/25 0 0
60/05 * C
60 /2 5  0 0

1) 0 / 4)  0 0
( 0 1/ 6 5  D 0
60/ 55 0 0
7 0 /2 5  D 0
80/05 0 0

80/25 0 D
80/-~5 0 1)
51)/ 65  0 0
80/ 85 0 0
90 /25  0 0

a0 f o r  d i f f e r e n t i a l  pr ess smre , B f o r  b l a s t s - an d  p r e s s u r e - , L f o r
l e e w a rd p r e s su re , * f t r  no re -I  iab l e- d a t a  ob ta  l i m e d .  

- - -~~~, 7 ’-~~~~~~~~~~ -- _ - -
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Lib l e  8

(N5’il ’,\ R  I SON OF I N  F h , S i ’El’ ’F LOCA l’ ION 1- 5 1 1

i n t e r c e p t  l o t s - r e t - p t  S t , m t ion I - s t  imat s ’ ( t t  ) “

Run N o . N o .  ,\ 13 — lv

1 0 .5  — 0 . 7  — 0 . 1  0 .l

2 — 2 . 4  — 3 . 6 — 3 . 3

3 — 5 . 1  — 5 . 8  — 6 .0 —5.6

96—A S 1 l .-’i 1. 0  1 .9  1.1

2 0.6 0 . 2  l . 2  0 . 3

3 — 2 . 3  — 2 . 8  — 2 . 7  — 2 . 6

*D i s t a n c e  ahead o f  Des i red  I n t s ’ i c i - I t  P o i n t  in t i m e  d i r e c t  iou of s ie s i

m o t i o n  ( se ’ s’ t e ’ x . t , S e c .  3 .] , f o r  m e a n i u m e  o f  A , B . C , des i g n a t i o n s) .
li me’ Track S t a t  ion for the Di P is g i v e n  in ‘1 s m h l  s - I

‘4  1
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speed , t he i n d i c a t e d  t ime o l  w i r e ’ b r e a k i n g  and t i m e -  b l a s t  i nt e r c e p t  t ime

t l~ 
Time t h i r d  m e t h o d  (C) was hasesl on t ime locat ion of the  f i r i ng  screen—

(0,’, , the s lo th  si m ~’e’sl , t he  t ime o f  t i m e  t ie - tona l ion , and t b t  b las t  i n t e r c e p t

t i i i i e ’ t 1. V a lu e ’s of i n t e r c e p t  c o n d i t i o n s  obtained b y ti m ese th r ee m e t h o d s

d i f f e r  somewhat due’ to t i m s ’ a s s o cj ,m t e d  e x p e r i m e n t a l  u n c e r t a i n t i e s .  I t

is recommended that the i n t e r c e p t  cond i t ions  presented  in F a b l e -  6 , based

on the  average value-s p n s - s e - n t e !  in ‘i’able 8 , be used f o r  sin c a l cu l a t i ons

relevant  to time t e s t  p rogram .

3 .2  R [N 9B—4

This t e’st was p s ’r f o r Cu t -d to o b t a i n  b l a s t  i u m t s - r ” e p t s  f o r  b u r s t s  out

of the a i rp i s m u s - p lane of s v m s u t - t r y ,  n t - su e  t ing in nonsyommetrical intercept s.

Time i n t e r c e p t s  were  f o r  t h r e e  d i f f e r e n t  i n t s ’rcep t  ang les of 500 , 900 and

1350 at  a b las t  s h o c k  o v e r p r s-ssure level  of 4 psi , w i t h  t ime  i n s t r u m e n t e d

wing rolled 45 0 toward  the  b l a s t .  l~t ’ , m t h m s ’ r condi t  i o n s  s’t s r s ’ good w i t h  t h i s ’

t e m p e r a t u r e  56 .6  deg .  F. and a s-m d of less than  5 k n o t s .  This run was

su c c e s s f u l  in t h a t  all th ree  c imarges  , l s - t o u i s m t e d  as scheduled , a l l  th ree

i m i t e r c s - p t s  occur red  at the  scheduled i n t e n c s -p t  a t s 1j e ’s and ov er p r e s s u re

is  v t - I s , and the i n t e r c e p t  sled spee d was close t i ’ t i m e ’  p l a n n e d  value o f

N;ich 0. 76 .  U s e f u l  p ressure  slata vt -re  o b t a i n e d  f rom a l l  but  one s led—

borne p r e - s s u i r s ’ transducer loc ,it i ons  ,in,1 f rom a l l  hu t  two of the  twelvt-

b l a s t — I  i m e t ransdi ic  u - r u .

3 .3  SL N  9 13—AS

‘l’imis l u - s t  was pen orm s-il to d t  - m m  s y m m e t r i c a l  b l a s t  i n t e r c e p t s  as

in t i me  1976 s e n  is ’s , a t  a 4 — i i ~ i i l v e r p r e s s Ur e  i t -v t ’ I f o r  h I  s m s t  in tercept
,t n c , ls’s o f  500 , 900 

and 135
0 w i t h  an u n r o l l e d  w i n g .  \~s- , m t i m e ’r c o n d i t i o n s

we re ve ry good. Fi~~’ t s ’m pe - r a t u r s -  s- ms 7 9 . 9  deg.  F and t h ere was essen—

t Li i  iv no w i n d . I l i t ’ u i ’ I ’ I I I l d  m t  erc e- I~t c o n d i t i o n  s-as in tended to he t i m e ’

same as t h a t  f u r  Run  Y h l — ,\2 of t i m e  p r e v i o u s  ser i t ’ s  ( h - 1 t ’ f  . 1) e ’xc e’pt ima ” ing

,i longer b l a s t  d u r a t i o n  f or  u ’ x , m m h i s , m t  ion of t ime ’  e f f  s - c t  of y i e l d .  Fl i t -

b u r s t  was p n o d u i i s - d  b y  a 10 ,000 lb .  ‘Ni  cha rg e - .m s compared to 1000 lb.

c h - m n m n ’ - - t i n  i ll ot  m m - c  i n t e r i m - p t  s

- 4 4
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T h i s  ru n  was s u c c e s s  I iii Iii i m z m t  the ’  des i r u- cl s led  spe ’etl , intercept

angle and i n ter c e p t  p res su re  l eve- i s  we ’re ’ ob ta ined  and a l l  s ’ in~’
t r s m m m s - d u c s - r  l oca t ions  smn el al l  b l a s t — l i n e  p ressure  t r a n s d u c e r s  produced

useful da ta.

- 4  5
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S E C T I O N  14

TEST DATA

—k . 1 A / I )  DA I’ ,\ I ’RO L I - ~SS I N I

Seven t y p e ’s ul s’v em mt s l a t  a s’s-r e obtained as a f u n c t i o n  of t i m e
s i t i r i n g  s m r u n :

i .  Sled p o s i t i o n  a nd v e - l o c i t ’m’ .

2 .  B i  s m - - i — I i i m e-  ‘r e - so u re ’ .

3. T o t a l  p r e s s u r e  i1 t h s  model and at t h e  sled .

- m . St .itic pr s’ssuire sit t h e  s l e d .

5. Wing pressure’ .

0 . W i n g  a c c e l s- r , i t i o n .

7 .  , m t e - r s i  1 b e n d i n g  m i n t - u t at t ime s t i n g  root .

All  d a t a  w o r e ’ proce -sse - sI to d i  gi  t . m  1 f o r m  hr  WS~-tR and so r t -  p rovided  to KA

as t ab u l a r  d a t , m .  In  a d d i t i o n  I t e m s  2 i i ’  7 were prov ided  in g raphica l

form and on ma- em it ’  t i o t a p s ’s .

The s l e d — b o r n e  t r a n s d u c e r  d a t  a ( i t e m s  2 t o  e) we - n t -  t a k en  f rom the

ana log  t a p s - s  a t  0 . 0 5  m i l l i s e c o n d  i n t e ’ r v , m l s  f o r  abou t  20 , 000 t i m e - s  per

ru n .

4 . 2  Ii’ . IA PRES 1- g :~i I O N

Grap h i c , i l  t line h i  s t o ry  p l o t s  of most ci t i m e  n i m - : m s i m r e d  b l a s t — l i  no and

s l e d — f l  I ru e- I r , m u n , , i l i s ’ e’r measur  cis c- u t  s art - C O S t - m i t  oil in t h i s  i- u p o n  t mc cord  j u g ,

to  t ime ’  i ndex  of  f i g i m r e - s  g i ven  in ‘ J i l l ,  ~~.

Time h i s t i r  L’s u t  h 1 , i s t — i  i f le ’  l ’r t ’s s i r m ’s  , h I i s t w ar d  and leeward s i n g

p r u ’ s s m r e s  , t o t a l  p r e s s u re  a t  t i m e ’ mode-I  and a t  i i i , -  s l ed , s t , i t  ic pressure

at  t I ~ s i  , -d , in t l  no , l s -  1 i i  I s - l u - r a t i o n  i r e  pr~- ’ -~ -i ted in Append ix  A.

In si l l  I h g i m n e - s  r e s en t i n g  t i m e  m u - s t o r i e s  of s i c - s i  t r , m i m s , l u s c t - r  pres-

su res , t r , m r m u - i i I uc t - r  l oca t ions  are i d e n t i f i e d  b y a f o u r  d i g i t  cot l o , e. g . ,
(~( i / Q 5  , whi ne t i , ’ f i r s t  two d i g ,  i t s  (00) g ive t I f l -  spanw u s e  d i st  m u d ’  f rom
ti ~ model c e n t e r l i n e  as a pe r :  mt  of t i m e  s emi—span  ( e . g . ,  011/, ) and the

- ‘4 7 -— . 7’. ’ _‘5~~~~~~~ 
.4—,’
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last two d i g i t s  (05) g ive t h e  p s - r c e - i i t a g e ’ c i m c ’ r t l w  h s e ’ d i s t a n ce -  f r o m  t i~ t

l e a d i n g  ed ge’ eu the w i n g .

~. 3 ACC UKA CY OF 04V1’A

Data ae~cimna cn and i n t e r f e r e n c e - eo r r s -c t  i ons  f u n t ime ’  blast— i inc dat ,i

are’ d is s’ ui s se d  g ems - n i l  lv in R e f e r s - m i c e -  1.

___ -
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SECTI ON 5

BLA ST V A R I A B L E S AT SLED

in o r de’r to u mt i i i  ;so t i m e ’ b las  t — l  inc p r c ’s su r t- da t ,i pr esent ed in

S e c t  ion —+ f o r  t i m e  compar i son  of e x u e r im e n t  I and t i i e ’o rs’ t i c a l  w i n g

p r e s s u r e -s , ~i t is ne’ces~- , i cv to  i l _ u t s r ’ O l a t e -  or e x t r a po l a t e  the  o x p e r i m e n t , m  I

b l a s t — i  in c  p n e- ssu r t -u  t o  ob t a i n  t h e  h l s ~st p r o s s u m n e  t ime h i s  t o r y  , mt  the

sl e d  as , m I u n ct  ion ot  t i m e ’ , a nd t o  s m l s o  e s t i m at  e -  the- s’o r r e s p o n d  in g  b l a s t

d o m _ u s j t v  and v e l o c i t y  t i r i s - i m i N t o r  I t - s  as w e l l .  lbs b las t  p n e s s m i r s  -, a t

time s i c ’sI 5-c’ rs ’ general  1 v ob t  a m e d  si s i n d i c a t  ~ il he’ i ciw and t h i s ’ c or r e sp o n d i n g

d e n s i t i e s  and v el oc  i t  i es  w e n t - oht a ins ’d by us ing  L i e ’  m e t h o d  d e s c r i b e d  i i i

R e f e r s -m i s -c 5,  as d i  - :cus scs l  in  A ppe’ui sl ix B of R e f e r s -nec  1. The r e - s u i t  ing

t ime-  E m i s t i ’ c i s - s  of p ressu re , d e n s i t y  and v e l o c i ty  at  t he  s l ed  , m r c  p r e s e n t e d

in  F i g u r s  - li  to  2 2 .

For each b l a s t  1 inc  t r a n s d u c e r  t ime h i s t o r y ,  s m c o r r e spond ing  t ime

h i s t o r y  o f  the b l a s t  ove - r p r e - s sun e ’  a t  t ime sled se i m-s d e t e rmined  by assuming

t h i s i t the simapes of t ime  u v e r p r ” s s i m r s ’ t ime h i s t o r i e s  at a b las t  line

t r , m i  - s l u c t - r l o c a t i o n  am_ us! at t i m e ’ s l i d  locat ion ,ure  t ime s,iure- , if t ime over—

pr e ’s~ u r .  is s’ xp r s ’s -se ’s l  as a r , m c  t ion of the  shock o ver p r e s s u r e  at the

lo c ,mt  i o n  and t In -  t i m e  is e :-:prs ’ssed as s_u f r a c t  ion of the  p o s i t i v e  s iumra t i on

of L ie  b l a s t  s- smve , or

‘ -P / -P = I ( - ’ t / t  ) (1)
S 1+

w h e n ,-

~.p is the  shock o v e r p r e s s m m r e

‘ p is t lm s’ o v e - r p r s - s s i lr e  a t  t i m e  t

s , t  is t ime  at  t s r  shock arrival ( t — t
S

t is time

- ~~~
- 7’ _ _



~~~~~~~~~ - - -~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -‘-~~~~~~~~~~~~~~~~~~~~~~~~~~~~

t is shock s i r ri va l  t ime
S

t - + 
is time positive duration time of t h i s ’ overpressure , as

d e t e r m i n e d  t h e o r e t i c a l l y  f r om B r o t h s ’ s a n a ly s i s  (Fig . 36

of R e f e r e n c e  6 ) .  
-

f ( : t l t  
~

) is the  e x p e r i m e n t a l  va r i a t ion  of /~p / ’ -p 5 w i t h

as obtained from a blast line transducer ,

a f t e r  [a i r i n g  out some obvious i n t e r f e r e n c e  pulses

and noise- .

‘lime sh ock overpressui ns - corresponding to any position of the sled

was interpolated or extrapolated from His ’ corresponding  blast  line

tramisducer value with the e q u a t i o n

‘ p ( r )  = 

~
‘ 11 S (r b

) [ ‘ p ( r ~~~*/,~
, p ( r b ) *l  (2 )

wher e

rb 
des igna tes  the r a d i u s  ~~ri sr t h e  burst point to th e  b l , m s t  l i ne

t r a n s d u c e r .

r des i gi ’i~m t e ’s t h e  instantaneous radius f rom the burst point to
r

the model r e f e r e n c e’ p o i n t , as d e t e r m i n e d  f r o m  t i m e  p n i ’hH sm

geom etn \- and tile experimental sled t r a j e c t o ry .

‘ p ( r )  d e s i g n a t e s  t i m e  s h o c k  overpressure  at a p o i n t  at a r a d i a l

distance r from the burst.

p ( r
b

) i s  the experinment al shock i’\’ m -rprs -ssure i t  t i l e  b l a s t  l i n e ’

transducer

and t h i s ’ *‘~ des i g n a t e ’ t h e or e - t i c s m i  ‘, ‘ s m i u e s  s m s  o b t a i n e d  fr i ’ m ’ s  Brodt,’’s

theory  ( R e f e r e n c e  6) , u s i n g  t i m e  c u rv  s presented in R e - f  e ’ r s ’m u c e ’  5.

U s i n g  t h e  above e q u a t i o n s , o v c r p r e s s ur e  t i m e ’  h i s t o r i c ’s ,i t t i m e  S i t ’sI

were calculated for e ,ich i interc ept for all of the  b l a s t  1 inc t ransducers

f o r  w h m i c h m  u s e f u l  i I : m t n i  v s - re  o h t s u  m d . ‘t hen all t im e h i s t  e r i e ’s u b t a  m e d

t o r  esmc !m intercept were aver mge sh to i i l , t , m i n  a best  est  i n 5 m t  e’ o f  t h e  t r ime-

~~~~
7’1~~~ 
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tinm e his t o ry  fo r  t h a t  i n t e r c e pt .  ‘lime f o l l o w i n g  wei gh ted  average e q u a t i o n

was used fo r  this p u r p o s e  f o r  i n t e r c e p ts  2 and 3 of Runs  9B— A 4 and 9B A 5.

w
l

p
1
+s-

2 p
2
+ ..  .+\

~fl
p

fl

w ±w +~. ~. (3)
n

where

p is the  w e i g h t e d  average p r e s s u r e  at any t ime

p .  is the  pressure estimate from the i—tb transducer

n is t h e -  numbe’r of t r s m n s d u m c e - n s

is a wei g h t i n g  f a c t o r  g i v e n  by

w = A( ,/s~s ) x B  ( 4 )

= 0.1 + 0.9 c xp ( - C ’ ’:/ 7 .5 °Y) (5)

B = ex~ [—2o :s 
5l 5 d

/- -P blas t  line~~~~
1 (6)

~d is the circumferential ang le between a ray from the burst to

the bl~-:t 1 inc transducer and sm ray from t h e ’ burst to time sled

r e fe rence  point.

The factor A (-’, - ) gives nmaximum s’oi ght t o  b l a s t  line transducers

lying on a radial line between time burst arid the  sled and the  f,ictor B

gives maximum w e i g h t  to t r a n s d u c e r s  located at t ime  same r a d i a l  d i s t a n c e

from the b l a s t  as the  sled . I N 5 ’ p s i r t  icular express ions  fo r  th is -m e’ two

w e i g h t i n g  f a c t o r s  A and B g , i v o n  above , while soms- shat arbitrary, were

considered s a t i s f a c t o ry  in Reference 1 sincs- ss’vem’ ;m l other choices of

wei gh t i n g ,  f a c t o r s  gave abou m t the  same end r e s u l t s .  i io s e v er ,  f o r  i n t e r —

c~-p t s 1 of bot hm Runs 1JR— .- ’5-~ am_ud 5)hi— ,’sS the above procs-dure gave unrealistic

results be ’caum se I l l  an s m p p s m r c m i t sig n i f i c a n t  d e v iat i o n  of t h e  b l a s t — i  inc

pre ssum re’ si g , u i i 1 5  I ron an ,mxisvnmm etrical patt i -rn. Consequently, for

t h i t ’ ’ ,€ ’ l ieu in t e r  e p t s  i t  WaS fommnd to  he more realistic to interpolate-

or s ’ x t r , m u o l 1 , m t e’ t ime t i - s t  d a t a  hr a s l i g h t ly c h i f f e r e n t  procedure  us ing

cm _ u ly  t i m e  t r~m n s d m m c e ’ r s  l o c a t  c -i l m m s ’ a r e s t  t o  t i m e ’  s l e d  at any  p a r t  i c u lar  t i m e .

h 

- ,~~~~~~~~
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The time historic ’s of time - blast i iv s’rpress smre s at th e s l e d  o h ta i n e ’si

by time above pros- t’dnr c for sill intercepts sirs- show_ui i n  ti_ us ’ f i r s t  pa r t s

of Figure s 17 to 22. ‘I’imese time histories cover t h e ’ time period fri s-

in i t i a l  sh ock a r r i v a l  up to time time of secom_ud shock arrival

The corresponding time bm istories of blast ds ’n si t y  and ~‘e loc  i t y , as

obt sm iims sd as descr ibcd in A ppem _ud ix B of Rels- r e - l i ce  1, are- also presen ted

in Figures 17 to 22.

In order to provide an i n d e p e n d e n t  check on the  re! iab i i  i t ;  of t i m e

blas t conditions an  t i m e  s i t - si as ds-t’ermined a h o y m ’ , these above press u re ’s

and total p r e s s m m r e ’ s d e r  ivs’d from these pressur~’e- and ve loc i t i e s  s’cre

compared w i t i m  t h e  c o r n s ’s~i o l _ u d i i _u g d i r e c t  mea surs - i : , s - ss t  s of static and total

p r e ss u r e  n m e a s i i r e m s ’n t s  made  on t i m e  s l e d .

For Run_u 9hl— ,\-~ , L otal pr esssmre t ime i m i s t o r i e m s  as c a l c sm l a t e d  f rom

the data i n i”igemr es 17 to 22 were found to be in good agreement witl_u the

di rec L mc - m sii rem s’n ts of total pressure’ on time r ,mo s ls’l . Di ffers’ns- es were

ge’m_ u er ally in time nd so level and s’ers’ emsual l y sell under 1 psi. Time

di r e c t l y r , - a se m rs- sI L inc  i m i s t o r i e s  o f  t o t a l  and s t a t i c  mn ess smr es  on time

sls’d were - a l so  itt f a i r  s m g n ~ ’~ - nss ’ s s t  w i t  Ii t i m e  c aicu la t  s-s i value- s bu t  s,’ e’re

som e t i m e s  l a r g e r  and i _ u s is i c r , I ) r o i ’ah  lv d u e  to tI_ue lows’m’ p uss ical loca—

tio i_ u of t h m s ’ s s ’ t r - m m m s d u c e r s  ( th a n  fo r  t i m e  model t o t a l  p r s - s su re  probe)

s-he re thueC - are more ssmbjs ’c t t i  track am_ ud sled i m _ u t e r l e r e n c e  e f f e c t s .
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S E C T I O N 6

D I S C U S S I O N

‘l’he ob ~~es  t [vi ’ s_u f this report is  I t _ u do cm mr , m e m _ u t th e’ Phase 2 sIt-i t e s t

r e s u l t s  si m _ ud t o  l ay  u_u f i m i u m ~h i t  j on f or  m o  r r e ’la t ions m l  th ese’ i i~u t  1 S’S th

t i u e ’s ’rt - t  i c -a I c a l cu lLm t ions b , m s e ’ si on t i m e ~ V I I I RA— 6 or o the r  b l a s t  v u ln e r a —

bi l  i t Y  codes. It is p lanned to d 1 scmtss t i l e ’  o h t  a i l m e -d p r e s s u re - d ;mt~ in

ds ’t sm i 1 in a sumbse’quent v o l  mmm c’ , in  w h m i c i m  t i m e  t e s t  d s m t s i  w i l l  be- compared

s- i  t i m  p r e d i c t  ion s  of  t i m e  VI BRA— f-i 5 0 5 1 0.  l i m e ’ d i s c u s s i o n  in ti_uis s s c t i o m _ u

ele’ ,i Is oni~ - s’ [tim t i m e - t of I [di et  e g r s m p i m s  u - i l - i t  s_u i m i e ’d d um -ing  t i le ’ L c - s t  S

i - i .i  M l i f f i ~N t u i - ’~~I ’ 1F ’ l~-~

I w o  Cm—m I l l e- smn m e- r 5m s am id ;mmm i un _ m p s - met it -in e , U r t ’ l ’ si ( I  ~‘fi ’ ) s e c t ’ u m s e ’d I u m r

V i eW im _ ug  L i t ’  t smf nme m t i o m m  he - f o u ~~- sm m _ ud  a f t c  r t i m e  i n t e r c e p t , of t ime  u’-u -c ond

h - i i s m s t  Wa y s’  u~~ Rmt mm ‘ 11— , \ 3 . l’h ’ E-”X—2 35—tu rn e’ s m r u e ’l ’ , m s u m s  l o c a t e d  so i t s  f i e l d

ol’ v ie s  was i c u m t e ’ r e ’d ~m t  t h e ’ t h e ’ s i r e ’el m a m t e r e - s - ç - i t  p o i m _ u t  . tt ’~ms’k st ati om _ u 1 3 1 5 3 .

l i m e ’ i- ’Y — 3 1 5—nu im ca lu mers u  5’, u s  I os i t  s - -f se-i it ‘~ f i e l d  t mI  v i e ’s- S’;I S cc n t s ’r e - d  U)

l e o t  f i m r t i m e r  n o i ’ t h m , track s t , i t i o u i  1 lit - il , li mit is , it) t e s t  t u i r t h e r  s i l om i g

t i m e  t r a c k  in time’ ci Lr c - s ’ L i on  o I u s I eel t r ,m ve 1 . l i m e ’ IM(’ csmll m e ’ r sm v i e ws  t i m e

sled thro muci m e - s s s ’ n t  i s m l l v  sm vertical slit . s- b michm c- lu ’s-ed ti me ’ sled S Is- u t

fsmrt i mer imort h , t r , m c k  s t s m t  i o m _ u  13168.

A 14—f rim e- sequ m s’m _ uc e’ ol this’ film from t i m e ’ FX—2 car t - m m is p r t ’ s e ’ lm t u -i

ill i - i p m i r -  2 sm through s~ . ‘lbe m_ uom inal I l i n t ’ r i t e -  oh time ’ two FX C , i r i e - l ’as

was 2500 I Pu -- . l i m e ’  C [ye f ra t tmc s In  i i  gur e 2 3a and time ’ I i rst I ’ r i me - ot ’

Figure 23b m d  is sm te time ’ low p r i o r  t o  h i u m s t  m u i t c ’ r i - e - p I  . Time I it - s t

i m i d i c a t  io n  ol  time bla st im_ ut erc e’ pt is in Figure 23b , frame 7, wilt-r i ’ th u s

t u f t s  m i t - s i t  t h e  l u i c h  i m _ u g  ~‘dge ’  of  t i m e -  t w u ,  most  o m i t i m o s i r d  r o s s  of t u f t s  i r e -

\ ‘ a t u l ~t i l  so ,m s t o  e ’ u ~ u - ie ’ I i t  is mll v align s-it h time load lum p ed~ u e - . Ji m time mi s -Nt

I u- inc t h i s  c I f t - c ’ t shows up  over  i l a r Cu -t’ r° rt iou o l  t in - t im cs’s’ most

u t  ho :mrd u - i s ’ - - o I  t m m f t ~ m u d  along I h t n .  i i u m i h e - r  of t i m e ’ l e u m d i m m g  ed ge- .

‘time’ t m m l L s  , c x i  -p t  m m s - s m u ~ t i t e’ ru m - i - i t  • ‘ ‘ - i t  limits - to  sw i m _ u p ar ound  t os- s m r d  t h u

t’tm r wsl I’ d d i  r e - s t  i o n  t, i m r o l m C h l i i ’  u’ cm imsm jim~i or o I’ t 1 ‘ f r m uu m i’s  o f  t h i s ’  FX— 2

i , m u i u e ’r s l  . F . g m m r e -  2 3 m m — c

I - i

L - -  _  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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l ime re_u t , m t tom_u of time ’ tuf ts from time’ rearw ard d ire-ct ion prior I’m

b l a s t  i n t e r c e p t  to  t h e  fo rward  d i r e - c t  ion  f o l i o s - m u _ u p  i n t e r c e p t  is con-

f i r m a t i o n  of  tine v o r t e x  t h m a t  is formed on the leeward s u r f a c e  of t u e

w i n g  due to t i m e  b l u m s t  s’smve . ‘ l i m e  i u _ u t o r e e p t  p er i e ’md obse r v e’si hI’ t ime  F X — 2

f rames shown here ’ is abou t 3 . 2  m i l l  iseconds  f o r  t i m e ’ no m i t _ u a l  camera r a t e

of 2500 fps , wliie’i u is time per led wlme ~_u the vortex appears to form at

the  1~ ’ s m i h i n g  edge’ and s t a r t s  to move rearward according to time U iI ’ u s r —

en t i a L p r e s s u r e  records .

The F 1 — 3  camers Figure 23d , p icks up the w i n g  about 5 milliseconds

lat er. The tuft s a p p e a r  t o  indicat e time’ vortex has a l ii -Ju swoop ang le.

Forward of time apparent vortex b oat iou _ u outboard on the wing time tufts

have  t i m e  rather random orientation charmmc te r ist Ic of flow ahmead of such

a vortex, lime FX—3 frames . Fi g. 23d—g, s’x te’nd over a nominal period

of about 8.8 m i l l i s e c o n d s ,  sc_ u tine luist frame is about 17 milliseconds

sifter blast inte’rcept . A t this Litr e tine vortex is i_uot expected t o  h a v e ’

s t a r t e d  to r e t u r m _ u  toward  t i m e ’  ic- a ch i n g  edge .

T ime-  p lm o t o g r ap li of t ime  image mot  iou _ u camera is simown in Fi g u r e -  2 4 .

This  is a m o v i n g — f o c a l  p lans’ p i c t m i c e -  so i t  is e q u i v a len t , as mu ’n t  ioned

to a view tim roug im a ver tical slit. This view is taken ahosmt 17 mi lli—

ss’consh s sifter blast interce-pt. A this t ime time vortex may have star ted

moving lorva rd . bu t it [‘s e x p e c t e d  to  be near the utmost rearward position.

Tim e’ tuft pattern is s i m il , i r  t o  thmat f r o m  t ime  F X—3 ca lu m e- ra.

l ’h isse  t u f t  r u t  [or_ us confirm time presence of t i m e  v o r t  s’S on tine leeward

side of the wing following b l sms t intercept I cr this near ~f 0 ~ i l i t  e ’r c e p t

s m l m g l e  ms was [ i n d i c a t e d  b t i m e t i m e  h i s t o r i e s  of the difforentism i i - i r e-s s smre

t n t - i S - i l l  e r I - i m i t s  
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SECTION 7

CON CL U D I N G R E M A R K S

B l a s t  loadings h av e’ been m e a s u r e -s i on a r i g id  65 deg—ss-ee- phack s ’imnp

at i L u c h u  0 .7 1’  i m m two sled ru m ms . ln Run 9B— A4 t ime  s i r _ u p  was  rolled 45

ds’g re u sr s to a c h i e v e  a b l a s t  i n t e r c e p t  f r o m  t ie- I t - u t side ’ of the mode-b.

In Run 9B—A 5 n i  I i n t e r c e p t  s we’re svm m s -t r  ical. A 10 ,000—lb ch arge of TNT

s-as u sed in one i n t e r c e p t  of ti _ u is second run comp smre ’d with_u 1 ,000—lb

charges c ’T [N T t a r  o t i m e r  i n te r c e p t s  to examine blast duration t ’f l i ’c t s .

A l l  i n t e r c e p t s  had about  a 4 — p s i  s im o c k  o ver p r e ss u re - .

The s’ f f e - t  of sm st rommg lead l u _ u p — e d g e -  v e r t e x  5,15 tV ident en the

b i d  en s, part icularly fu - i r peak bl ast induced  singles of  attack p r e m t e r

t iman 10 sie’gre ’tts . so tu l’ ts se -r e  mounted on ti - i5 - leeward side- of t i le  w i ng

and p h ot o s~ra~- i u m e - s I  d u r i n g  t i m e  t e s t s .  The t u f t  p ictures did verify the

p r e s e t _ u c e  of  t i m e  v o r t e x  and simowcei its markuti i n f l u i e m _ u c e ’  on the flow

d i r s ’c t ion  a t  the  w i t _ u p  s u r f a c e .

The ob j e c t i v e  s- i f  l i i  s re p o r t  i s  to  d e s c r i b e ’  t i m e  t e s t s  and ; ‘r s ’sen t

time t e s t  d a t a .  The V I  l i - i - — f - i  code p r e d i c t i o u _ u s are - to he cc: pa u ’ed  w i t h  t h s ’

:5- 5 1 5 m m  r e - sI b las t load i m _ u g s  lu _ u  sm sep u r ~u e re -p er t  . Time h I  u - s t  -i r o p e - r t  los s i t

ti me mode-b have been determined and pr c -st -ii te -d f o r  bot h rims . The load ing

dumta for tim e vu_up have been Vt ’ r i f l e d  f o r  Run 9B — ,-\ 4 ;  t ic data from Remn

9B :\5 were received too late- for ‘ t i - i c - i -  than a firs t pass validation.

In l i g h t  of the r e s u l t s  obtained in these t e s t s  i t  is re -co mmended

t h a t  s imi la r  b l a s t  bet id ing t s ’~-’t  s he co m _ udsm c t e d  s i t h  a low—sweep r i g i d

wing and wit im a flex ii ’ i i ’ w i t _ u p .  It is expect eel that t Is - result u-- f r o m

all  of t imese  t e s t s  - o u l d  e s / s - i _ u t  j u l  l v  provish e the  da ta  base ’ re q u i r e d

b r  v a l i d a t i o n  of method s for prediction of blast airboads i_un wings s - f

currs- u mt mi l itnm r \- fixed—wing aircraft of lflts’r e ’st.

~~~t tND r -~G p.~~~ ~~~~~(-‘~OT ~~~~
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APPENDI X A

PRE SSURE AND ACCELERATION TIME HISTORIES

Tb is  smppe ’nd I X  p r e s s -n Is  t inue  h i i_ s te  r ics s-if nmos t of time m e s m s e m i - e d

h last— I inc and s l e d — b o r m m e  t r s m t m s d u c i - r  ln e nu su r e n a ’n t s  obtained during I C - i t -

p r e s en t  t e s t  p r o g r a n m , a r r sm n g e d  as in d i cat e - si in Table 9

lI,i te r ial  is  p re ’se ’im t ed he re  a c co r d i n g  to t i m e  c h t r e ’n o b o p i e ’~m l  o rde r  c- if

i n t e rc e p t s  ms i l _ u t 1  ic sit ed  li_ u Table  i- i . For  eniei m im _ ute ’rs ’ u sp l  b l a s t — i  in s -

pr t t ssu l- e-s ,u r e ’ p r e - - ; e - m _ u t e d  f i r s t , l u - l b s-cd hI - t i l t  l e r e n t i al  - b l s m s t v s m r d  and

i e e_ u w a r e i  s-t u g  p r e s su r e s , t , m t a l  l_ ur s ’s sumre ’ at time model ansi n i t  t i m e  s i t - e l ,

s t a t i c  p r e s s u r e’ m t  t i l e  s l e d , and s i t u p  a c c e ’ l e ’r s m t i o n .

‘he nc ’ f e r o u _ u c e ’ I [us e I c - i c  t i m e  or  i p im _ u of  t i m e  t im~- s ca l c  in each f I pure-

i s  i n d i c a t e - si at L~le’ b o t t o t n  of  i - i - i- l i - p u r e ’ in t i m e  f e - i n n  ‘i’l l  X — Y — Z  s-he - r e

K tie’s i punat -is ’s Ilo mmrs , I sie s igusm t e n -  is : i t t - i t  I t ’s and Z des i gun i tes secounds . i’s- i c

R em n 9B —A i+ - t i m e -  re - C  e cs - l i e  e t j u t e ’s ( ‘ I I I )  I o u’ time’ F Isist 1 lIm e’ da t  a sir e  based on

u_u u _ ut _ u rn  i t _ u aj ,  t ime  s t a n d a r d  s-u [c l i  is e l i  f f e  r~ - :u  f r ou st  t i m e  t I u m e  t ins- S tam lndhard

used fe- i t -  t h i s ’  ret -s t o f  t l m e t  t l m m t s m l e - x s m m i u n a l  j o t _ u  o f  t i l e’ L e S t  d a t a  i n d i c a t e s

L i m i t  t u’ m m e -  It )  a l c ie s  mdv be ’ o b t a  i t u c d  f s n r  t u e  P 1 1 — A u  b l a st  I i ns’ im l e t s  [-iv

ssmbt  r , u c t  i u _ u g  1— 5 — 4 7  . ‘304 l u - on the lunch c a t  c - i l  TI) vu ]  m m c ’ s .

$5t

L _ _ _ _ _ _ _ _ _ _ _ _ _  
_ _ _ _ _ _ _ _ _ _ _ _
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FIELD ~~ f- L~i/GRP (S) 01O~ 0
Flt.LD 3: LN TR Y CLASS U
FA LLU ~e ;  NT I S Pi-UCES HL
FIELD 5: SOURCE NAM E KAMAN AV IDYNE BURL I NGTON MASS
FI c.LD b ULIS CLASS . h ILL MEASURE MEN TS OF bLAST PRESSURES ON A RIGID ~

MACH 0.76 FROM ROCKET PROPELLED SLED TESTS,

F1~~L i,a 7; CLMSS. TITLE
FLc.LU t~~ ; TITLE CLASS. U
FI LLU 9: DE SCR IPTIVE NOTE FINAL REPT. JAN — DEC 77.
F~ ELD i o:  PERSONA L AUTHORS RUETEtJI K ,..+. RAY ;SMI LEY .ROBERT F.
FIELD ii: PEPORT DATE 24 JAN 78

U

FL LLD 1~~ PA GiNATIO n
FIELD ii; SOURCE A LRO I4YM
FIELD .~ +: REPORT NUM BER KA TR 1’45
FILLO 15: CONTRA C T NUM BL~< DNAUO 1— 7 6—C—0 1Ob

F FIELu 16 PROJECT NUMBER N99 QAXA
FI~ LD 17; TASK NUMu ER E5LO , E501
FILLI) 18 1~ iN 1TOR SOURCE DNA
FIELD 19: ~.OflhTC ,i k SERIES L45OL4F
F IcLD 20: REPORT CLASS U
FIELD 21: SUPPLEME NTARY NOTE
FI t.LU 22: AL PHA LIMITATIONS DISTRIBUTION OF DOCUMENT CONTROLLED BY DEFE

20305. THIS DOCUMENT IS NOT AVA ILABLE FROM
BY DEFENSE NUCLEAR A GENCY , WASHTNGTON . DC 2

FIELD 23: DESCRIPTORS AERODYNAMICS. *AIR CRAFT , RLAST LOADS . BLAST
ROCKET SLEDS

Fi~ LD 2’4~ DESCRIPTOR CLASS. U
FIELD ~~~ iDENTiFIERS BLAST EFFECT S (AERO SPACE ) , HIGH EX PLOSIVE T~
FIELD 26: IDL I-4 T1f- IE.R CLASS. U
FIELD 27: AB STRACT INTERACTION OF A BLAST WAVE WITH A HIGHLY S

SERIES OF TW O SLED TESTS PERFORM ED ON THE 5
BASE IN JU NE AND AUGUST OF 1977. THESE TWO
PRO GRAM OF THREE TESTS CARRIED OUT DURING 1
MACH 0.76. WAS INTERCEPTED SUCCESSIVELY BY
DETONATION OF THREE CHARG ES OF TNT. THE MOC
FUSELAGE COMBINATI ON. W IN G PROPERTIES WERE:
ASPECT RATIO. 0.29 TAPER PATIO ’ 67 DEG . LE4
SWEEPBACK . AND A 64A0 12 W ING SECTION. ELA S~
LOCATIONS ON THI WING FOR BLAST INTERCEPT
INTERCEPT ANGLES OF ABOUT 50. 90 AND 135 DI
INTERCEPTS FROM BURSTS 45 DEGREES OUT OF TI
SY MOUNTIN G THE MODEL AT A ROLL ANGLE OF 4
CHARGE WAS EMPLO YED FOR ONE BURST FOP STUD
DESCRIBES THE TESTS ~ND PR ES1NT~ THE REDUC

F1~ LD 2b ; ABSTRACT CLASS. U
FILLU 29: INIT IA L INVENTO R Y 0
FILLu 30: A i-INUTA T IOI-l
FI LLO 31: SPECIAL INDICATOR
FILLU 32: RE~ RAD 1rJ C- CATEGORY
FIELD 33; LIMITATION CODES 1 21
FiEL D 34: SOURCE SERIAL F
Fi~.Lu ~~~ SOURCE CODE 194970
FI LLD 36: OOCUi4ENT LOCATION 7
fIELD 37 CLASSIFI ED BY
FI LLU 38: UL i,.i.AS SIFIED ON
FIE LD 39: ISUWNGRADED TO COt-IF .
FICLD 40; GEOPOLITICAL CODE 2507
FIELD 4i~ SOURCE VV PE CODE ‘4

FItSLD ‘e~~ TAb iSSUE NUM bER ~Q——( r~
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IC
IAN A V I DYNE ~3URLING TON MASS
$UREMENTS OF BLAST PRESSURES ON A PIGID 65 DEGREF SWE PT OAC K ~TNG AT
H 0. 76 FROM ROCKET PROPELLED SLED TESTS , PHASE 2 TEST DOCU MENTATIO N

~AL REPT. JAN — DEC 77.
TENIK.~~. RAY ;SMILEY .ROBERT F.
JAN 78

,3Lep

TR—1LI 5
001—76—C—U lOb
QAXA
:0, E501

TRIBUTION OF DOCUMENT CONTROLLED ~Y DEFENSE NUCLEAR AG ENCY. WASH IIIGT ON. PC
05. THIS DOCUMENT IS NOT AVAILABLE FROM DDC. CATALOGING INFOR”AT ION SIJPPLTEP
DEFENSE NUCLEAR A GENCY , W A SH T~~GTON , DC 20305.
ODYNAMICS . *A I RCRAFT , BLAST LOADS. BLAST WAVES.  PRESSURE t~’EASURE~ FNT .
KET SLEDS

ST EFFECTS(AEROSPACE), HIGH EXPLOSIVE TEST,, wUOl. WUP4

~RACTION OF A BLAST WAVE WITH A HIGHLY SWEPTBACK WING MODEL WAS MEASu RED T~’ “

LES OF TWO SLED TESTS PERFORMED ON THE 50,78R—FOOT TRACT AT H(~LLO~RAN AI R FORCE
E IN JUNE AND AUGUST OF 1977. THESE TWO TESTS WERE A CONTINUA IiON OF T~ F
,RAM OF THREE TESTS CARRIED CUT DURING THE SUMMER OF 1976. THE SLED. TRAVFLT~ G AT
4 0.76. WAS INTERCEPTED SUCCESSIVELY BY BLAST WAVES PPODUCED FROM THE SEQUENTIAL
)NATION OF THREE CHARGES OF TNT. THE MODEL CONSISTED >‘tF A cTING_~~ tJNTEt) WYNG AND
:LAGE COMBINATION, 

~INC PROPERTIES WERE: 46.80—Ph. SPAN. 18.9~— IN. 
MEAN CH~ P~~

, 2 .~~7

CT RATIO. 0.29 TAPER RATIO . 67 DEG . LEADING EDGE SWEFPBACK . 64.P DEG. pUARTF P—CH0~~
.PBAC~~, AND A 64A(~12 WINE SECTION. BLAST INDUCED LOADTNGS WERE 

MEASURED AT 20

~TIONS ON THE WING FOR BLAST INTERCEPT OVERPPESSURES (“F A F- OUT 4 PST FOR 3 LAS T
RCEPT ANGLES OF ABOUT 50. 90 AND 135 DEGREES FP(”~’ HFAD ON. Il” THE FIRST TEST BLAST
:RcEPTS FRO M BURSTS 45 DEGREES OUT OF THE PLANr (IF A TR P LAr F ‘ YMMFTRY W ERE STMULATrP
IOUNTIN G THE MODEL AT A ROLL ANGLE OF 45 DEGREES. IN THE SECC~~P TEST 

A i0.fl0~ 
Pr)t~~”

IGE wAS EMPLOYED FOR ONE BURST FOP STUDYING ‘THE FFECT OF BLAST YIELD. THIS REPORT
RIBES THE TESTS AND PRESENTC THE REDUCED TEST DATA.
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