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ABSTRACT

The blast response of 35 ft fib reglass Wh ip An tennas was
investigated in a free—field blast trial and in numerical simulation

experiments. The antennas satisfactori ly withstood the air blast

l oading at nominal 7.0, 10.0 and 12.2 psi peak overpressure loc ati ins in

Event D ice Throw . The numer i cal model predi ctions for the natural
frequencies are in excellent agreement with results obtained experi m en tally,

however the corres pondi ng predi ctions for the trans ient stra i n u s i ng
drag coefficients based on previous trials were approximately double thi

values obtained experimentally. Subsequent revised numerical predictions

for the transient strains using experimental drag coefficients obtained

i ndependently in the blast trial itself have produced results in more

reasona ble agreement with the experimental transient strains .

(U)
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INTRODUCTION

The Defence Research Establishmen t Suffield (DRES), in support

of the Canadian Forces (Maritime) requirement on blast hardening of ships

an d com ponents , has conducted a series of tests to determine the ability

of certain antenna designs to withstand various blast overpressures.

Dur i ng Even t D i ce Throw , a 620-ton AN/FO free-field blast trial con-

ducted by the United States Defense Nuclear Agency at the White Sands

M i ss i le Range i n New Mex ico on October 6, 1976, severa l an tenna des i gns

were tested at various overpressure levels. One of the antenna designs

evaluated in the trial was a 35 ft fibreg lass Wh ip Antenna.

The objectives of this study were to determine the ability of

three 35 ft fibreg lass Wh ip Antennas to withstand the effects of blas t
waves a t the nom i nal 7 .0, 10.0 and 12.2 psi peak over pressure level s
respectively, and to compare the measured response of the antennas

• against theoretical predictions determined by a computer model recently

developed at DRES fl]. It was intended tha t experimental verificat ion

of the computer model would l ead to a criterion for predicting the blast

response of whip antenna designs in general.

UNCLASSIFIED
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INSTALLATION AND INSTRUMENTATION _OF THE WIUP ANTENNAS

The Wh ip Antenna design evaluated in the study was Model

AS5085-SR manu factured by Valcom Ltd., Gue l ph , Ontario. A schematic of

the antenna is shown in Figure 1. According to the manufacturer L ii ,
the main shaft of the antenna was composed of alternate fibreglass

l ayers at 900 and 00 angles relat ive to the ax i s of the antenna. The

volume ratio of longitudi nal to circumferential fibres was approximatel y

2:1 throughout the antenna except in the region of the base of the

an tenna. The l ower three feet of the shaft was increased in size by

additional circumferential wrappings up to 3/4 in thick (the additiona l

wrappings at the base added no additional flexura l strength to the

antenna). The antenna was fabricated in two pieces which joined together

through an embedded brass coupling located approximately 18 ft from the

base (see Figure 1). Additional physical characteristics of the antenna ,

as su pp l i ed by the manu facturer , are presented in Table 1.

Three Whip Antennas were installed for the Event Dice Throw

field trial . The antennas were located at the nominal 7.0, 10.0 and 12.2

psi pea k overpressure l ocations (1135 , 940 and 875 ft respectivel y from

ground zero). For discussion purpose s, the antennas will be referred to

by the nominal peak overpressure locations at which they were installed .

Each antenna was mounted on a 24 in x 30 in x 21.5 in steel box (ORES

drawing MES-CDT-100-C3-2) of a type used in a previous multi -ton field
tri al ( Event Di al Pack , held at ORES in 1970) as a mounting for a GRP
Whip An tenna {3]. The steel box assembl i es were subsequen tly bol ted to
5 ft x 8 ft x 2 ft heavy reinforced concrete foundations (DRES drawing
MES-CDT-100-C3-1). A photograph of the three Whip Antennas installed

for the Event Dice Throw fi el d tri al i s shown i n F ig ure 2.
Five pairs of MICRO-MEASUREMENTS type EA-41-IOCBE-120 strain

gauges were bonded directl y to the outer surface of the nominal 7.0 psi
Whip Antenna. The gauge locations are shown in Figure 1. In addition ,
two strain gauge pairs were bonded to the outer surface of the nominal
10.0 and 12.2 psi Whip Antennas. The locations of the nine strain gauqe
pairs are summarized in Table 2. The gauges which constitute a strain
gauge pair were bonded to opposite sides of the antennas on a line
correspon ding to the bla st direction , thereby measuring the maximu m

UN CLASSIFIED
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flexural strain at the spe citied c r .

The signals from the str oi P q~ m~~ ~~ Id Ic en condi ti ormed w~ th

bridge and balance uni t s , amp lil led , F.~’. ld u Iti pl e / (d and then recorded
on 14—track magnetic tape w i th  a f requ ency res por ire u t  DC to 4 ~H z .  In

this fashion , five channels of expe i li r u otal da~ u ~ieri~ nu l l ip lex ed onto
one tape channel , a procedure i;hich wa s re m i i d  by the large num ber of
DRES data channels and l imited number of ;o~ r e ( c ) l dec ’~. A block d ia m ram
describin g the instru mentdtion Is ~h oiimm n [ igure 3 , ir id o pr lo to ( ; ra r ) h of

the ORES Instrume ntation B r o e~ in wn ich c dat .~ si~~n 1 ~ ~~ m -  r~ro l~ sed

and recorded is shown in [iou ¶ 0 .

In addition to m he st ru im qauqe ua~u , .h~ response of tho 7.0,

10.0 and 12. 2~~ T Whip Ant~, s ~ rc (ocr1!i resl ect ivel v on ~
high-speed camera at 500 ~rru :i~ er second , a ~~~T~~~h high-~ peed camera
at 320 frames per second and a FAS TAI R hiqh~~m eed c irl  at 6fl0 f ram es

per second. A time mark genera te r was u~ eu to r onf i rTu t h e  above f i lm
speeds.

COMPUTER _MODEL SIM U LAT ION

A num eri cul procedure was dev I o~ eu i t iPLS cu pi cr1 C

elastic response of a va riab le cros~—secti nr cent i  icr beam ~;u i i  S~~~ j C  • d

to a transient air blast load 1 . The pm oceduce beqi , with the Lec o ul l i -

Euler equation of a vibrating oeamn. The norma l modes dnd ., .tj ra l 1 C(jU 11C10

of the beam are determined by ~olv inq the dif f e rcntlal eq et~ i on s for

free vibration using successive relaxation , Ray lei cl ulet ie n t a l  Cri r

Schn iidt orthogonalization numerical techni ques. the for ed viP at i n

solution is obtained using nur i I mode coordina t e n and Lapl~ ce tr

The computer model s in.ulati im used a c lanoe ~ - fm u: h o A n d t rv
condit ion of the form

(a)  clamp at x=0. ze ro  di spl ~cemcnt and s I n~ e. ( ( 1 )
(b) f ree at x=L, zero OI lCf l t  eni  shear ,

where x is a d is tance coordi ’ate meosu ed from the P ~e i~~ the antenna
and L is the length of the ant enna. In adc i  t ion . i[ fo I l  ~c inn v~ Li
for the drag coeff ic ient C~ ~ire u n d  in c oupo I nq ~~: IProo\ ’ n~nj r  (li’d rt

porti on of the blast  Wa v i loading on t h i i f  c nr mii n ~~ fi m t  cc l  n
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simulat ions: .~

0.7 , M ( ’ .48 , ke 3x ’ O ’ , I
CD 0.6 , M 0.48 , de~~~ 1O , ( 2 )

1.2 , M 0.48 , Re 1110n~
I

In the above equation , M is the instantane ous Mach mumnber of the flow

incident on the antenna , and Re is the ins t mn t ~ neous Reynolds non her

(based on local d iameter) .  A revised set of d rag noe fficient c (based on

independent drag experiments in Event ~j c Thr o it .nnlf) vo un u , id  in a
subsequent simulation exe e r loe nt , to be con nidered in detai l  in a la te r
sect ion.

The structure of the Whip Anten na ~ias re p rec er mted in t mi e

computer nmode l in such a way ~ms to s imu let r the mass ar id proj:cted
(normal to blast direction) cross-sect io i ii area 

~~~ 
iles of mi m antenna .

Three different mass/projected cross-sectional ~~~ no t i l i c  were considered .

The first profile (simulation A) corresponded to physical deta supplied

by the manufacturer (Table 1; [H). The se or d h !- o i il e m s~m utati ~ r C)

corresponded to antenna wall thicknesses ~~m m r e h fr in •
~ ra~ e a ’ c m t i r

of the nominal 7.0 psi Whip Antenna (radiography e~ im immu 1 ion t y R.M .

Hardy and Associates [ci ). The final profile (simulation C) c ormu s inded

to micrometer measurements of test samples cut out of t ie  a n t e i u  t

determine the wal l  thicknesses for the nominal 7.0 psi Uhii An t e n n a .
With these measurements adjustment to the profi les near the base an in
the v ic in i ty  of the junction between lower and upper portions of ~~n
antenna were made to account for the additional as; (measured) m ud

sti f fening in the indicated regio ns. In addi t ion , the t h i rd  s i f l u la t i o n
used a mass-weighted average value for Young ’ s Modulu c based on tensile
tests performed by P.M. Hardy and Associates (Figure 5~ i )~ In nun ~~1 v .
simulations A and B were based on antenna fei~ .ures wh i ch were I nown or

measured prior to the blast trial , whi le  simulat ion C was bused ‘n

antenna properties which were obtained in destructive tests md m ea s jrwiem fc

of the nominal 7.0 psi Whip Antenna fo l lowir ’m fho b las t trThl .
A comparison of the three simulations for the 1a ss /pmc ~ected

cross —sect iona l area prof i les of the nom i nal  7.0 psi iTh ip AnU mm i is

presented in Table 3. Simulation A (mna r uf cturer ’ s data ) 1~, f o u n d  to

I LASS IFIED
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differ s ign i f i cant l y  front s imu la t ions  B n i l  C (mmm easur ed data ) above the

l ower 3 ft portion of the antenna . The differences in the rofiles .. ill

result in differences in the correspo ndin g ~t r a i n  p r e d i c t i o n s , a poi n t ,

which wil l  be examined in more detail under the he adir m q , ‘Commi parison of

Theoretical and Experimental Bending Strain Histories: Event Dici~ Throw .

COMPARI SON OF THEORETI CAL AND EXPERIME NT AL NA [;JRAL FREOUENCIE 5:
TWAN G TEST

Prior to the blast trial , a Twanq Test . was p rr fr r in ed to

obtain free vibration strain data for t~n Whip A ’i~ c nmnus . A S t i t i C  lool

was applied near the top of each ant on using an a’n’.h r n d  r y i n  rrjpr at

a pull angle of 300 to the horizontal. The lo t ! wan j:.o on t y i o ~~ ed
electrically and the strain data for I r e  v it r~m ion wis re orded . T~ o

experiment was performed to detern mm i no I he nt t~’ d I re 1 J 4 n  i n  ‘ ¶ he

antennas and to verif y the test iristru m en f ’t i r

A photograph ot the Twm i T 4 t  .1s t I u ‘~ ‘ how’ 1 ’  t~

The apparatus cons i s t ed  of a 1 /
~ in ~l n r i d  ~ to ’: :  4 :  i I c

the 30 ft location on e t ch c t  i ani ten r :i s . 1 7 ! ni ‘ ~~( t o  , I’ a

6000 lb capacity L. A. B . I nc . ‘~~m C ~ 0 1  ~. o k  , ‘t I i~ — ( d r f r ‘ 4 J ’ ’ , l id?  l S r  I

winch to take up slack in the ~ ~ , a r :  i Ii ‘ t i n ’  ‘ v t  ~r , i f r  — ,

load cell (model M —1 51 — 1K) wi i Hudd ¶ a i’ v i  itr r , r l( . 4- I

P-350) to measure te i  ~~, l  ec load . T h den 1 m~~d Io~id , , ri ni ~O • d
local ly  w i th  th r load cell w h i  Ic ‘h i honnlnnq c ’ r d i ’  iS II. i ~~~~~~ 1’

s t ra in gauges bonded to ‘ ‘ an $ e , , 1  w ‘ ‘  m i  7 r~~~f I y i n , h o

mentation Bunk ’ .
The 1 oads I)! t tie an tenn s Vu 4 . 14 ’ , i i  4 ’  I n i ~. ‘ t  U l v  U 1 t ie

bending s t ra in  dat ‘or f ’ .O v : h ~ a h 1 ~~Twa Hst ) w I  m c r ’~’i.:od in

t he Ins t n j n ini t 4 ion Buni~
pp 

• f r :  h is  ‘ ashion it w r . l O ~~ i t11  I i  ‘ t n t  lj s h
that the te St i ’ iy ’  ‘ ,  n~~ ,~~1Onm Wit , t ’ ~~~ t 1 0 n , d l .

14 r~~~~~’ 1 ’ ’  m ’ t l y n i s  w , ,  S i  ‘ ° i ue n : t . l i pen t~~r: od r ’ i : c e r i i :e n t a l
s t ra in  data t o  f ,, n v i  ‘ i r ’a 4 i i , l ‘ ‘~~~ : ncii of I’d 0 u _ f d . T I
free v i b r a t i o n  s t ra i n  t l S t , m V  and o r ’  l o f t ing f o u r ~ er na ’ V S  s for
gauges 2 and 5 i r e  pre ’ i ’ r t od in I i 7 a d  i~. A shown , the low e . 1

natural frequen ,~ 
4 or ~~t 4  / .0 p S i  ~ 1! A n t on t m  IS  S h a r p ly j I f i t  t j 0 j  

~~~
1.27 cps by t h o  lou’ i ’  . n l ~ c i s ,  ~‘ ‘ 1 t ~ 

1 t m i u  i i  n a u t , 1  h i h I ?

are less d i s t i n  : , Thf ’  f t ‘ ‘ n  .~~i n  ~ t~~ n~ qhn n t ’ i i l  ~ t :  v

I A C~~l I

~~~~~~~—- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~_-  .—----
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occurs for the gauge located in the upper reg ion of the antenna , gauge
5. The three l owest natural frequencie s of the three antennas , as
determined from a Fourier analysis of the Twang Test strai n i measurement s ,

are presented in Table 4. The observed differences between the experimental

natural frequencies of the three antennas are due to differences in

antenna construction. In particular , the 10.0 and 12.2 psi antennas

were 15 inches longer than the 7.0 psi antenna [6].

The theoretical (numerical s imulat ion) predictions fo r the
three l owest natura l frequencies and corresponding nor nia l n udes for

simulation A of the 7.0 psi Whip Antenna are presented in Figure 9.

Norma l nodes of a simi lar general shape were obtained for simulations B

and C. A comparison of the natural frequencies for simulat ions A , B and

C of the 7.0 psi Whip Antenna against the experi m en tal values obtained

from the Twang Test is presented in Table 5. It is apparent from this

comparison that the predicted frequencies are in excel lent agreement
wi th the values obtained experimentally.

COMPARISON OF THEORET ICAL AND EXPERIMENTAL BENDING STRAIN HISTOI:1 L :

EVENT DICE THROW

The numerical simulation model was used to generate ber’ . l i t 1j
strain predictions corresponding to two types of Friedlander sn.or:nI -s sure
waves. The two sets of overpressures respectively correspond to ie~~,rs e

Nuclear Agengy ( DNA) pre—trial  predictions (b last  data A) and avera ge
measur ed ’ blast wave properties (blast data B) at the nominal 7.0, 10.0

and 12.2 psi peak over pressure locations.

A comparison of the two sets of Friedlander overpressure wave ’
is presented in Table 6 and Figure 10. It should be noted that dI ’;fite
the l ower peak overpressure in the experimental Friedlander waves , the
total inpu lse associated with the experimental waves is 18 to 4 9 .  higher
t han the corresponding impulse of the 7.0 , 10.0 and 12.2 psi pm’edic teo
waves.

t n , e free - f ie ld overpressure at the base of the thre ’ antennas was nima sured
using ten Bytrex Model HFH-100 strain-type pressure transducers H . The

ri’easured ” overpressure wave properties were considered to be tIe average
of the properties determined by the individual pressure t rv~n~du rm rs .

UNCLASSIFI ED
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PREDICTIONS BASED ON PRE-TRIA L DRAG COEFFI C IENTS

Three sets of bending strain predict ions were calculated usi .cj

the pre-trial drag coefficients summarized in equation (2). The discussion
which follows considers only the predictions for the 7.0 psi Whip Antenna ,

since the trends apparent in this set of results are representat ive of
the results obtained w i th  the other antennas . A summary of the essential

features of the three prediction experiment s is presented in Table 7.
The first set of predictions (predictions 1) used physical F

data supplied by the contractor (s imulat ion A) together wi th p re- t r ia l
b last  data provided by DNA (b last  data A ) .  This set of predict ions is
therefore based on pre—trial  physical and blast data suppl ied by e ,terr ,a l
agencies.

A comparison of predicted against experi r rnenta l s t ra in  h is tor ies
for the 7 .0 psi Whip Antenna is presented in Figure 11 , and an evaluat ion
of the abil i ty of the model to predict peak bending strains is given in

Table 8. Although certain gauge locations display reasonabl y good

agreement between predicted and experimental strains , at mo s!; ora tion s

the measured strains are conside rabl y smaller than predicted . T h is

is apparent from the large value for the average ratio of peak theoiet-

ical to experimental strains (1.62; see Table 8). In additio n , t i e

ratio of peak theoretical to experimental strains fluctuates cor sid n’ah ’Iy

from gauge to gauge, indicating that the mass profile simulat ion toes

not accurately follow the mass distribution trends in tie anten na i t self.

The second set of predictions (predictions 2) used pl y siccl
data corresponding to x-ray measurements at DRES (simulation B) together
with pre-trial blast data provided by DNA (blast data A). As in the
previous prediction experiment , this calculation is based on pre -tri al
data since non-destructive techniques were used to determine the antenna
properties.

A comparison of the corresponding predicted strains against
the experimental results is provided in Figure 12 and Thble 8. It is
noted that the predi ctions are in poorer agreement wi th the experimental
results than in the fi rst prediction set , a result which was not anti cipated
since more accurate simulation data was used to describe the antenn a

UNCLA SS IFIED
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structure in this case compared to the former. It is ther efore appar ent

that the earlier prediction set 1 invol ved compens ating errors in that

an erroneous sir nnu lated mass profile produced errors which compensated

for at unknown factor which is causing the  strain predictions to he much

larger than the experimental values would indicate .

The third set of predictions (predictions 3) used experi m entall y

determined physical and blast data as input to the numerica l predi ction

m odel. This represents the best available input data to the numerical

pred i c t ion  model , and should therefore prod uce the best strain predictions.

The mass profi le in the ca lcu la t ion corresponds to measu rements ob ta i n ed
from post-trial destructive tests performed on the 7.0 psi Whip A nt eni na

(simulation C), and the air blast data corresponds to average measured

blast wave properties (blast data B).

A comparison of the corresponding predicted strains against

the experimental resalts is presented in Figure 13 and Table 8. Similar

to the previous prediction experiments, the predictions are considerabl y

larger than the experimental results . However , the ratio of peak theoretical

to experimental strains fluctuates considerab ly less fror i qauge to gauge’

compa red to the earlier predictions, indicating that the mass profile

simulation more accuratel y follows the actual ma~s di stribution trends

in the antenna itself. In additi on , it should be noted that this predictio n

is based on blast data which has an 18 to 49 larger positiv e phase

impulse than in the earlier prediction experiments . The earlier pr ediction

sets 1 and 2 therefore had compensating errors , since artificiall y low
pre -trial DNA blast data compensated for an unknown factor which is

causing the strain predictions to be much larger than the expe rinnent al

values would indicate.

At this point , the onl y remaining area to be evaluated ~n
assessing the cause of the poor performance of the numerical prediction

model lies with the empirical drag coefficient s. This will be co n s id ered
in detail in the following section.

PREDI CTIONS BASED ON DICE THROW DRAG COEFFICIENTS

An aerodynamic drag project was independently undertake : in

UNCLASSIFIED
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the Event Dice Throw f’ield trial [81. The drag forces on cylinders of

various diameters were determined using free-flight roasureme nt t e c h n i i q u r s ,

and preliminary drag coefficient results, as shown in Figure 14 , a re now

avai lab le in the low Reynolds number reqi ’ ” , app li’,ahle to the Whip

Antenna study.
It is apparent from these preli m inary results that the drag

coef f ic ien ts  at low Reynolds numinber in Event Dice Throw are nii uch n n a l l e r
than anticipated from earlier field trials. Based on the pre l in inary
results presented in Figure 14, a drag coefficient pro 4 il e appropriate

to the low Reynolds number reg ime in Event Dice Throw is of the fern

0.3 , M~O.48, Re~4x1O ,
CD = (3)

0.6 , MoO.48, Re-4x10 ’ .

It should be noted that this profile is based on preliminary drag measurements .

and the reader is referred to the final drag study report [R J for more

deta i ls  and revised C D profi les.
A final set of strain predictions was produced using the drag

coeff icient profile specified by equation (3 ) .  The predictions were
computed using experimentall y determined physical and blast data (mass

profi le simulation C , blast data B) as input to the numerical pred ic t ion
model (see Table 7). A comparison of the corresponding predicted strains

against  the experimental results is presented in Figures , 15 , 16 , arid

17 , and Table 8. The comparisons for the 7.0 psi Whip Antenna are

repeated in Figures 18 to 22 in an enlarged format.
In genera l , the predicted strains are found to be in reasonable

agreement with the experimental strains. The avera ge ratio of peak

theoretical to experimental bending strains is 1.27 , a value significantl y

less than the results from the previous prediction experimen ts. The

best agreement between the predicted and experimental strains occurs

with gauges 4 and 5, located in the upper portion of the 7.0 psi Whip
An tenna.

UNCLA SSIFIED
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The poorest agreement in this prediction experiment is obtained

for gauge 6, located in the l ower portion of the 10.0 psi Whip Antenna

(see Figures 1 and 16). This result is in part a consequence of using a

mass profile simulation based on the 7.0 psi antenna (si m u lat ion C) in
generating the time response of the 10.0 psi antenna. As noted earlier ,

the three antennas differ in construction [6], and measured mass profile

data was not availabl e for the 10.0 and 12.2 psi antennas.

Due to strain gauqe failure early in the pressure/time history

of the blas t wave , experimental verification of strain predictions from

three of the four strain gauge pairs on the 10.0 and 12.2 psi Whip

An tennas is not available.

CONCLUS IONS
The blast response of 35 ft fibreglass Whip Antennas was

investi gated in a free-field blast trial and in numerical simulation

experiments . The antennas satisfactorily withstood the air blast loading

at nominal 7.0, 10.0 and 12.2 psi peak overpressure locations in !ivUnI t

Dice Throw. The corresponding antenna response was modelled nu nni eri ca 1 v ,

and predictions of natura l frequencies and transient bending strai n s

were generated for various antenna mass profile si m ulatio n s and air

blast loadings.

The predicted natural frequencies were in excellent agreement

with experimental results and the transient strain predictions usi rg

experimental drag coefficients obtained independently in the blast trial

itself were in reasonable agreement with the experimental transient strains.

Accuracy of the transient strain predictions was found to

depend significantly on the following three conditions:

(a) the computer simulation must make use of the mass profile and

physical properties of the actual antenna ;

(b) the computer simulation must make use of the air blast propert ies

of the actual blast wave (peak overpressure , positive pha se

d ura t i on , and particularly the positive phase impu lse )~

(c) the computer simulation must ma ke use of the aerodyn ain ic drag

coefficient (CD) relevant to the antenna geometry and blast was i

in question .
UNCLASSIFIED
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Conditions (a) and (b) are generall y known with some degree of certainty

prior to a blast trial (if necessary , destructive material tests may be

ca rr i ed ou t on a du p l i ca te an tenna to es ta b l i sh t he co rrec t mass p ro fi le
and physical properties for the numerical simulation). However , there

appears to be some doubt regarding correct drag coefficient relationship

for air blast waves (as function of Reynolds number , Mach number , and

blast wave properties) particularly in the low Reynolds number regime

which applies to whip antennas. Evidence of drag coefficient uncer-

tainty was apparent in this study through the large differences in

transient strain predictions obtained using pre -trial CD profiles and

profiles of CD determined from the blast trial itself . Reducing the

uncertainty in CD at low Reynol ds and Mach num bers represen ts an a rea
requiring further investigation.

Subject to an accura te simulation of the antenna mass profile ,

blast wave properties , and drag coefficient profiles , the computer model

is recommended as a design tool in the development of whip antennas in

general.
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1 1 2 3
x (ft) I 00 (in) ID (in)

2 6.5 4.4

6 5.0 4.1

10 4.5 3.7

14 4.15 3.4
18 3.9 3.0

22 3.0 2.6

26 2.4 2.1
20 2.1 1.8
34 1.9 1.5

1
Distance from the base of the antenna .

2
Outside diame ter.

3
Insi de diameter.

E = 3.9x 106 psi

0.002298 slugs/in 3

Table I : Pnysical features of th~ Valcon AS~Q35—SR fihr~~l ass
Whip Antenna , as supp iied by the manufacture r [2~ .
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Gauge Antenna x (ft)

1 7.0 psi 3.5

2 7.0 psi 10.5

3 7.0 psi 17.0

4 7.0 psi 18.4

5 7.0 psi 24.0

6 10.0 psi 10.5

7 10.0 psi 24.0

8 12.2 psi 10.5

L 

~ 12.2 psi 24.0

Table  2: Strain gauge locations of the three Whip
Antennas.
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Natural Frequencies (cps)
Mode —

7.0 psi 10.0 psi 12.2 psi

1 1 .27 1.03 1 .02

2 4.20 3.46 3.52

3 9.50 8.25 7.75

Table 4: Natura l frequencies of the three Whip Antennas as
determined from a Fourier analysis of the Twang
Test strain measurements .
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Transient Strains Mass Profile Air Blast Dr.~g Coeff i c ien t
Prediction Set I Simulation 1 Da ta 2 Equation No.

1 A A 2

2 B A 2

3 C B 2

4 C B 3

See Table 3.

See Ta ble 6.

Table 7: Summary of the numerical predictions for transient bending
st ra I n s .

UNCLASS I El ED

- .  — -~~~~~~~~~~~~~~~~~~~~~~~~~-- -- -— • - — ~~- —~ . —._ - - . ~~~~~~~~~~~ ~~~~~~~~-

.

--



p..- _ ‘ ‘ - - -— ---._-- -.----———_.-— 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —~ -———— —- - ~

,j uil1,~~

UNCLASSI FlED

1 N.
C’)

5-4 0) .0~~0)0)
~~~ C’) .0 C ’) 0) C) U) I I I — 

I S I
UI 0 — C) ‘ . (3)
C (1) >
0 .0 ,
.5- I—
.5-’
U

C.) 0) ’— ,
5- 5- (0 CO 0) CO C) N, C’) .0 tO 0)
0- 0 C.) to C’) C”. C)’) N. 0) 0) 0) 0) UI

C / . -  , N. CS) C) N. 0’) N- 0’) CD C
.0 44 ,~ C’) C’) — (‘4 C’) U) to CO C) .5--

I — (0

— , 44

C’) ~~~~~~I N . C )0 ) r -CO N.

UI ~~~ ~~~~~~~~~~~~~~~~~~~~~ : : : C’4~
S. C 0 C’) (“4 C’) — C’) C) C.)
C 0 (2) .0

.0 ,
~~~ 4-’ I- ,

C U , (0
4 44

13 I I~ 
C

.— (4) ‘D r.- ” (3)
S.- C.- (0 tO (3) tO ~~ .0 0) C) EI ti ’. 0- 0 U , N- U) N- SO C’) Cs) C’) U) ~~C C)~~.- I 

~~ SO U) C) C’) U) ~~ .— ~i- 5-
.0 44 j LI) tO C’) .0 N. .— C’) N- C’) (1)

(53 P.- I 5 - 5 - 5 - 5 -  0.
I ’ -  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  *44 —~~~~~~~~~

-- C.)

CL a) ~0‘I N- C
C 5-i a’s U) C’) ‘Zi’ 0) ,— - (U

C’) ‘-—, C’) tO C’) tO C) N I I I C’~J
‘3 I I S • 5-
C s/)  0 C’) C’.) .0~ C’) C’) C-~j  0]’. CC
(4) C C) >

~~ ~~~~~~~~ .~~ 4 4 > ,
44 , 0 ) ,—

(53 U — S - C
0) ,~ 0 0

Cs. ‘3 10 ) ,
5- S.. (53  C) C’) C’) C’) .0 N- Co tO
0 0 U C) C) N tO r— N- C’) .0 C’) U

‘D . -  1 to C’~) N-. ~~ N. U) — N. .

.0 44 , ~r to U) to N. C) C’) C’) N. r] LI
I— , 5- — — C)

CL ’-

— ‘-, ,I C) .0 C’) U) C) .0 I I . .5-
I I I 5 - 4 4

UI 0 ‘— C’) — — • ~~ UI
C C) 0’.
0 ~C ,

‘
.5- 

~
_ 04 —

I~~ ‘U

(4) 1 C) ~5-) C’) Co tO 0’) C) Cs);
S._ 0 0 , 5-) ~/ N.. N- If) 0’. C)I 0- (l~~•.- ~~ ,— in ,— N. ~? to U’. 0)

.0 44 ,, C’) C’) C’) C’) N- U) (‘4 N- to 5- 5-II , 
— — .0‘I 5- (0

I-

•
1 

— .-. -.I 
~~ 0) U) tO C’) C’) C.)
~ J 4~) C) CO C’) N- — CD I I I (3’.
0- C C) C’) C’) C’) N- 0) i i I

U CC
CI) C’) C’) .

~~~ U) to N. CC 0) 5.-
:3 4.)
(0 ( I )

UNCLASSIFIED 

_ 
1



_ _ _ _ _  _ _

UNCLA SSIFIED

Li,

35 NOM - ‘ + ~~
- 

~~

34 ‘ I 9/ I   
I 

-
F 

~~ 
B~~4~~’~ Y~’J I’

I

’ 

- ~‘ r ~~~[~~A !. ~ L . ’ I 4 r ’

H H: ~~~~~
30 -.

1 
2 I/ I 8

”

2 6  

~~~~~~ 

2 4/2 1 ’ 
~

‘

~ A LI G E~~~ - H ‘ 
..

~ 2 3 0/ 2 6~ , ~~ J I

‘ 9 4  ,‘ F
G4UGE 4 - 1 I I

18 • ‘ ‘ ‘ - 39 , 30 H
‘‘0 ~~~~1 ‘

‘.A UG E 3 . - -

‘ 4  4 1/  3 4 ”

IJ 4 5 / 3 7
I 2 HOLSS .718 L”4

I 
,~ 6 HO I f 5 •‘O t i l .~

- I ” 
i~~P~~ ND~~~ 

-/ ,~~~
, I

~,AU 

I 

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

;-
~)2 ‘ 6 5  ‘ 4  4 ’ 3/8  i_- H

/ 
, - 

OD / I D
1 7 5  REF

~~~ 
H

SCALE H

FIG. 1 SCHEMATIC OF THE NOMINAL 7.0 PSI 35 FT FIBREGLASS WHIP ANTENNA ,
INCLUDING THE LOCATIONS OF THE STRAIN GAUGES

UN CLASSI FLED - 

.~ — —, 
~~~~~~~~~~~~~~~~~~~~~~~~~~ —-



‘_jp ~~~

~~~~

~~~~~ I
~~~~~ ~.5 4f. , ~~(
~t

‘
~4 ~~~~~~~~

~~~ -~~~~~~ 
— ~~~ ~~~~~~~~~ :~ ‘~~4~ 

-

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

- -. .~,
(
-h’ ‘, ~~

‘ 
~~~

‘_- -~~~~~~
‘
~‘ C”.

-‘ 
-
s$

~~~

-

~~

-

~~~~ 
:~

- . ~~~~~~~ I—
‘4 .

I -- -?
~~~~~~~~~~

‘ 
~~-- -

. — ---~- -“ - -..—-- — ,—.~—--——~~- -“ w “~~~~~~~‘ ~
‘

H
.~~

- / .~~

~‘ 
J_.~ .

~~~ 
C\J ,

~~~~~~~~~~~~~ ~~~~~~~~~~~~~~ ~~~~ -

‘
~

-
~

--
~: ~ 

‘
~~~~~~~~~~~~~~~~ , 1’~V

’
~

‘‘
C

~~~~~~~ - - ‘-—- -- “~~~~~
-

~~~~~
-

~~ 
JI~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

j



-- ‘ J~~~LJ.I~~~. - .

U~s/1~~ ’ l i i i ] )  SIP 448

ON-SITE INSTRUMENTATION OFF-SITE DATA RECOVERY

I 
~~~~~~~~~~~~~~ 1

LI.)
2’ Q.

- L u

- U. U,

5’- — _ _ _ _  (0 fl
I- 0 Lu
-J 

~~
. C,

4 ~~ u) Iu — i  ~Lu I
(3 I _ 0 0 D ) -

I c, ’1) I —c ,  Q. J0 
~~~~~

I a

H

LLJ 0
~ ~~~0 

~~IZ 4 0~~~~ ~~ lu
I - F0 Z I

I- Lu
_ _ _ _ _  > 1

0
C)

I-.

Lu

I - Lâi :3
:3 ~~ ~~~~~ 0

_ _ _  I, 
LJ

~~J~~~~~~I

~~~ ~~~~ Z Z ” ,~~~~~~~~~~~~~~~~ 

/

UNCLASSIFIED

4 . - ______-
- --  ~~~~~~~ ‘- - —----~~~~~~~~~~~~~

.
, - -- ~~ - -- “—~~~~-‘ -- ~~~~- - ‘ --



I I l L  ~ S ST ~

p

4 5

-r
: 

_ _ _

- :‘ - _-1 ~~ _ _

~4
’t , 

~

\~
. \\~\\ ..

‘ 
I
, \ \ ..~ . -

—.5- - -5 

-,
I

~
I 

~~~~~~~ 
,_•,,

~
•___

~~~
• 

- - J~~
_ —

\ 
I~

\ 

.
~ \

‘ 

~

-
- 41\ 

~~~
- i:

- “ ,i-I•I~ ~r i  



- . - . 

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

I ) II~ H+~j

=T~Ij~ti~~~~~ 
-
~~~~~

“iTi

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

— 

~~~~~~~~~ 
• ‘ 

~~~~~~~~~~~~~~~~~~ 
.L~1~~ ’~~ - 

•.j ~. ,,* ~~~~~~~~~~~~~~~~~~~~~

~~~~~~~~~~~~~~~~~~ ~~~~~~~~ r- ~. _____

— iII ~
--- — - -

~~~
-- - -

~~ 

—-

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

~~~~~~
— 0 ’ ’~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-.
~~~

. - ,  . - —-5

- ~~~~~~~~~~

. 

_ _ _

FI’ H~L 5.  E 5 1 ’4 - - _ ‘ ‘ tI FkI ~“

~ 

- - - -~ ~~~~~
- - -- --



_
5 ’ ,_ ,5 () , [4 SIP 4-~8

I
111

.5 I 
!~~~~~

~~~~.

~~~~~~~~~~~~~~~ ‘ ‘

- • 
. 5-

.5. 5-

J I -

~~~~~~~~ 
—~~ ‘~~~~~~~~ ~~~

i f _ a 
~•t• , - -.x I ,’ •’ ~

-Il
. 5  

L~~
-3
~4’ 

t/ -

~~~~~~~~~~~~~~~~ 
.

~~~~~

lED



~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- - --

UNCLASSIFIED SW 448

10 WHIL’ ANT ENNA W --2 HA ’[~
~~~~ 

/ 1

\ / ‘

I
,-
, 

\
L1~~~~E Io 4 /

- - - . - - ,

/ /
‘

/

0 E0O 400 0~~ 0CC i/iOu iE~. IL I ~ H~. I. iF-’u/i i~j L. ‘L ~0O/i
TIME (Mh i

WHIP ANTENNA W- 2 RATE 5i~10

LiJ
‘—4
-j

< 1

0 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- - ~‘ - S . = ’~ .

~ ‘-~~~~~~~ .“-~~- ‘~~~~ ~~ 
- 1

0 15 30 45 00 75 CU IC/i 1~ 0 135 150
FREO (HZ )

FIGURE 7: TWANG TEST BENDING STRAIN HISTORY AND CORRESPONDING FOURIER
ANALYSIS FOR GAUG E 2.

UNCLASSIFIED

— E .~~ . —~~~~~ . -— . ~~~~-- ~~~~~~
‘-

~~~~~~
- TT~~~~~ T/ .



- 
UNCLASSIFIED SW 448

10 WHIP ANTENNA W--5 RATE 51E

~1 

_ _ _

0 ~00 400 900 800 1000 1~ 00 i--ICC 1900 IOU/i ~QQQ

TIME (ME )

WHIP ANTENNA W-5 RATE BIZ

NJ 8

-Jo 2

o ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- -~~~ 4

o 15 30 45 50 75 90 105 120 135 ~50
FREO (HZ )

FIGURE 8: TWANG TEST BENDING STRAIN HISTORY AND CORRESPONDING FOURIER
ANALYSIS FOR GAUGE 5.

UNCL A SSI FIED 



— --- ~~~ 
~~~—~~~~~~~~~--- -—---~~ 

- _

~~~~~~~~
-

~~~~~
-. ‘- ._—---- - 

H1

UNCLASSIFI ED SIP 448

P1J~ITI0N )( (ET )
4.0 ___________________ _________________________________

I I
-.5-
I—

i i
~ 0~~~~~~~~~~~~~~~~~~~~ 1~~~~~~~~~~~~~~~~~~~~~~~~~

_ _

~~~~
POSITION ~ (FT)

41.0 — I

I—
U-

2.0

PLJ~ .TTI~J”1 ~ 
(El)

FIGURE 9: THEORETICAL (NUMERICAL SIMULATION ) PREDICTIONS FOR THE THREE- - 

LOWEST NATURAL FREQUENCIES AND CORRESPONDING NORMAL MODES
FOR SIMULATION A OF THE 7.0 PSI WHIP ANTENNP~.

UNCLASSIFIED

—I--- , - ;~~—- . -  
------— - - .5 

J — -- ------ --- ---- --- - ----—----— - - .- -- ----- --~~~~~~~- -~~~ 
- - - ‘- --“ .--- -- 

- - - ------- -------—--------



- -  - -  - — -~~~~~~~~~ - -  - - _ -~~~~~~~~~ - -- . - - -~~~~ - - - --_

JNCLASS IFIED SIP 448

TIM[ (MSEL)

(
~

) 1~HIH T/ I ’~M -- NOMINAL OVERPRE5SL~ E

- C .  

-

(b) .~~I/ ~~~~-
- 

~~~~
-‘ - 5 - 

~~~~ 1 -

8

a ico 303

TIME (M5EC)

(C)  N~ P1INAL V5. EXPERIMENTAL OVERI~~ESSURE

FIG. 10 FRIEDLANDER OVERPRESSURE WAVES AT THE NOMINAL 7.0, 10.0, AND 12.2
PSI PEAK OVERPRESSURE LOCATIONS WHICH CORRESPOND TO (A) PRE-TRIAL
DNA PREDICTIONS (BLAST DATA A), (B) AVERAGE MEASURED BLAST WAVE
PROPERTIES (BLAST DATA B), AND (C) COMPARISON OF THE DNA PREDICTION
AGAINST THE MEASURED WAVE AT THE 7.0 PSI LOCATION 4 

—-- - -
~ 

- --- - - .
~ ~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~ -~~~~~~~



-~ 
--~~ 

- -
~~~~~~~~~~~~

----
~~~~~~- -

UNCLASSI FlED 
— - -C- -— - - —- - —, 

4aXl t. GAUGE I
2~ 24LxJ.~ -

-4830.

- 500 0 530 1000 ~~~~~ 2CIX~ ~~T). ’I 3U.)? ~5C

7~~~~. ‘ -~~~~~~~~~~

GAUGE 2 -

2 -

- 48)0.~

-7~~~. I -~~~~~

-5)0 0 5)0 ICO L~~-C ~‘X~ ‘~~~~~ 5 ’T  - 1 .

I - -

I GAUGE 3

24c0.4_ I i’., —

~~ 
-24C0 - , 1 /

I -

-
~~~~~ 0 500 100C 1530 2030 P-~: 

- )C0’ - 3530

________________________________________________ 
__ _ , -

4BOC.~ GAUGE 4

-- -

< ~~~~~~~~ ‘- I I~~

~ : E~ 
\/ ‘~,~~J

/\\7 
i ’ H

l

_ _ _ _ _  _ _ _ _  -

-530 0 ~1:’ 11330 :530 20)0 E1~x -  ~~~‘ 

-~-,--- —--— —- -5— 5 —---—-- - - -

I ’ GAUGE 5

- 
~~~~~~~~~ 

~~~I(~\ 
- - ~~~ ~~~~

I
’

-/200.1 L _ . UL C . _C_

-~~XD 0 _-
~X. 10)0 :1330 C~~~ ’. ~~ Y C  3-~~,

T fl€ IM~ L,

FIG . 11 COMPARISON OF BENDING STRAIN PREDICTIONS SET 1 (DASHED LINES)
AGAINST THE MEASURED STRAINS (SOLID LINES ) FOR THE 7.0 PSI
WHIP ANTENNA AT GAUGE LOCATIONS 1 TO 5.

UNCLASSIFIED

~



UNCLASSIFIED

GAUGE I F
, 5_

I
_ S _ S I

51 ~&, A )  - . I I / 
‘~

~ ~~~~~~~~~~~~~~~~~~~ 
‘, - 

,
“ — — — - -— —- - — --H

,
I \~/ /i ,i 1

-500 0 530 1030 1~~ J 24300 25(X) 3300 3530

7
~~ r - _ -

‘ I /‘~~ 
GAUGE 2

( I /

- H  
~~~~~~~~~~~~~~~

- - --

~~~~~~~

-52C0.L. 
5-
’ /

_______ C C -
-51)3 0 5130 1030 15(X) 2000 8530 3030 3530

7B9J - -__. ,__ S

52~XJ~~ ~~ GAUGE 3
~~ 21IFAXJ~ 

/ I
/ I ~~~~~ 

-

~~~~~~~~~~~~~~~~~ _ _ _ _ _ _

—.

—~~~~~~~~~~ 
j

- 5(X) 0 5(X) 1030 1530 2030 25130 30(X) 35(10

GAUGE 4
z I~~_-~~~ j. I —

-

- 7ECAJ . ,.. S ~~~~~~~~~~~~ . _ _ ~~~~~~~~ - -— - -

-51)0 0 500 ~CO3 151)3 2030 2530 3333 35)0

B30
1
__ 

“ ‘
5 ‘

52(X)-k GAUGE 5 ’

--_

- 7~~~~- C — ~~ . ~~~~~~~~~~~~~~~~~~~~~~~~ .~~~~__  I - _ -

-513) 0 5(X) 11413 15(X) 2033 ‘II) -X Y 4 ’  s I )

T INF (M~ECI

FIG. 12 COMPARISON OF BENDING STRAIN PREDICTIONS SET 2 (DASHED LINES)
AGAINST THE MEASURED STRAINS ( SOLID LINES) FOR THE 7.0 PSI
WHIP ANTENNA AT GAUGE LOCATIONS 1 TO 5.

IIPsI CI ~c~~1rT ~~fl

-~~~~~~



~~~~~~~~

- --

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

—-- .---- - --- _-——, -— -- - - ----— - - -
~~~~~~~~~~~~

- --- . ---
_- - - --- _ -

~~~~~ 

----

UNCLASSIFIED

“I - , - - - - — - -  r —— - - - - - — 5 -—

GAUGE I -

-~~ I~ I

~~~~ /
/

- .

1 1 k )  0 ~~~ ),
~~) )

~1/ .~ 
)~3(’ ~~~~~~ ./~)3  :/Xx .)

5 5 - -  _ _ -

I s -  
1 I~~~~ 

- 

GAUGE 2

C 

~~~~~~~~~~~~ I I 

~~~~~~~~~

GAUGE 3

1
~
14- - . I - .

- ~:/XXJ 
. 
- -

- I - - — - - . I — - - - - -

.~X 0 5130 LXO 1500 .5I)30 45 )1 31300 ~~.,I 

— -—
~~~~~ -— — -- 5 -- —5 -

GAUGE 4 .
2~30’ I

’
~ 

~

_
~i: ~~~~~~~~~~~

, 
~~~ 

. _______- . - - 

-530 C 500 : :y~ i~~) 20)0 1 1
~-jJ. ~x~: 31530

C -5 
~~~~~

- -- — -  -

/ / I~ GAUGE 5

~ ~ I 

H’ -
~~~~~~~~~~~~ 

-

I -

—

,

- / ~~I 0 ~~~~ :1(1/ ~~ / 5  ~- 5- 3~C I 1. 5 -  ~~

f iviE ‘1~~~~
5-

FIG. 13 COMPARISON OF BENDING STRAIN PREDICTIONS SET 3 (DASHED LINES)
AGAINST THE MEASURED STRAINS (SOLID LINES) FOR THE 7.0 PSI
WHIP ANTENNA AT GAUGE LOCATIONS 1 TO 5.

UNCLASSIFIED



~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
~~ 7. .

UNCLASSIFIED STP 448

z - —

0 Z w
Q

LU

D
a .a ~

o o

H!
o W °

c~~~~~ <~~~ 
/

0 0  I
~nI- 

u~)
L
:: I ‘ ‘ O

~~~~ 
ro .~~ I /

/ a 0
LU

7’ 4 0
7 I

I LL.
4 Q LU

_____________________________________________ / 0
V. 

-5- - t O
• 0

0
>-

-J
Li

0~

LU

I I I I I

N 0 (0 
~~~

-

a o ci
0
0

UNCLASSIFIED

- ~~~~~~~~~~~~~ ~~~~~~~~~~~~~ .~~~~~~~~~~~~~~~~ . T HJ~~~~~~~~~~~~~~~~~ j ii 1.. --- - - Z~- A



-- - ,- -

~~~~~~

- - -

~~~~~~

-—

~~~~~

- 

~
-
~1

UNCLASSIFIED

- - , GAUGE I
- -5-1 1 /

- - . 5 /  / I I 
-‘ !

/ \ -

- - - 
- - -
. “

.

‘ GAUG E 2

i
, - - - 1~

’
~~

- - - 
/‘~- 1 

— ‘
I

— 
* k - ~ C - , 

-5 ,

- . 
I~ -

,

- - I  & i s  &

- - GAUGE 3

— 

~ \ / \ / /

G A U G E  4
- 

- 5
’- 4  . 1 —

- I - -S

- 5 — 
4
. ~~ \ - ‘

- — ——-— __ .
~ — - /5 -

I SS

/

‘ I  - ‘ 4 . - ~~ - M  . 1 1 .  - ‘  I - - S

- -: - GA UGE 5
- A

- -i 1 I 
‘‘ 

,- -

5 ~ — -- --~~~~ S \  /5 ~C
_ J

5. 

. 

. 

1
’ 

~1

-- I S -~ 5- -

FIG. 15 COMPARISON OF BENDING STRAIN PREDICTIONS SET 4 (DASHED LINES)
AGAINST THE MEASURED STRAINS (SOLID LINES ) FOR THE 7.0 PSI
WHIP ANTENNA AT GAUGE LOCATIONS 1 TO 5.

IINC I

—-5— —
I - .5- ______

- — -—-S -



- ------- - —- -- - -—-- - - ---—~~~~~~~~~~
-—-

UNCLASSIFIED STP 448

0
LU

0 0

I 

-- 
1 I I 

- Y 1 I C/)

N-
UJ~~~O

Li.J 0 Li•i l O

- 8  - o H 8
~~~ 

in rn

el
‘.5- 

- —
~~~

0 -

- - - L&J~~~~~~.5-.---. 1’

I- -J
I—

0 0
0 0
0 -

- c_u flu fl
___ I

~

- 

5-

Th~~ _

_  I i l l

o 0 0 0 0 0 0 0 0 0 0 0 0 0 ’
0 0 0 0 0 0 0 0 0 0 0 0
in c_u ~~~ ~~ Cu in in w c_n c_n LU in
I_u ~t c_U c_U ‘~~ LU LU ‘T CU CU ~ LU

I I I I I
(1,

NIV ~~i~~flèUIkN N I V~~~SO~-i.TJIV ’J

UNCLASS I Fl ED 

~~~~~~~~~~ ~~~~~~~- - --~~~~~~~~~~~~~~~~~~~~~ 
~~~~~~

--
~~

--- - —-----.  
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



____  
—. -----— --_ - -- -

~~~~~~~~~ - - - - — - - - -- - — --- —-~~~~~~~~~~~
-- - - -

UNCLASSIFIED STP 448

0
CD S

1 ~~~~~~~~~~~

1 
~_

Li.J F~~~ w
r °  I -

~~~~~~~ - o

I I

~~0 

~

H

0

I 0
- _ ;  

5- ~~~~~~~~ 
— 

=- III S ~~I J
- ~~~~~~ -~~~~~~~

~~ -~~~~~s ç / )

I I

I _ — - CD — I - c  ~~~~~~~
.

I - fl — — — I .- LU 0
r -

~ - —

NIV~ J D ~~ IkN NIV ~~~~~~~~~~ O~~~~~~~ I~~~~

UNCLASSI FlED

-- .~~~~~~~ ~~~~~~~~~~~~~~~~ -



~ _ _ _ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

UNCLASSI F IED

-

~~~ 

- _ _

IIJ~~~~~~~~

6~I~ IE~ ~8 8 8  8 8 8m nj ~ ru m
1 I

NIV~~L~ D~~~IkN

I~~ ( LA ( S (,I FlED

- — -.5 -~~~~~~~~~~~~~~~ - - - -  - - - S



r 
- -

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

-- - -

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

UNCLASSIFIED
C)

- - - 1 - 

-~~~ 0

Ii
~S o ~~~~~

j~~-4 
~J

I -~~~~ Oc)

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

— 

- .~~~~ LU
H—I

U)

- _F .
~~ - . 5

I ~~~~ IJ) L.
-- -.5- __~~i

.5.—
L&1 J

.5, ,~~~L — — - k,.,? 0

— 

— — LJJ flJ

I s  4/)

Lii
F—-— - - -— —- - -- - 0 C]

El
Li

05

z
_ _ _ _  I 

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

0 C’ 0 C) 0
U

CU ~- 1 
~~~~ CU C~]

I I I -J

~H ~hRiI1IV~

UNCLASS I F lED



-~~~~ - - -—-- , — - - -- S- --- ~~~~~~~~ - - - - - . 5---- ---

UNCLASSI lIED
0

m
—

.5

- 
“

.5 
~/~1(

- U-,

- 0
- ‘-.-CD 0- o

In
S 

- /
S J

- I
I -~~~S 

~~~ L)
- 

—.5-— , 0 0
—

.5- —
I— - (f )

I II
~

- —
‘.5--

-- - — LU
0

F 0

F ~~~~~~~~~ 
-

~~~~~~~~~ m

~~~-

_ _ _ _ _ _ _  _ _ _ _ _ _ _  

Lii

~ 
LI

c’ I—
(.5, 51/)

Li
0c_-i

0 0
I I 

.11
1 

•
1 U

1
) 

~
_-___

o o 0 0 0 0 0
0 0 0 0 0 0 U

~r N~ ~1 
~~~~ 

C]
CU I ‘H CU

NtV ~~1~~O~~~JDN

UNCLASSI FlED 

-~~~~~~~~~~~~~~_
- —---- --- - -



~ 
- -— --.5--- - - - .  --- --

~~~—

UNCLAS S I F I E D

S 

0 0

- 
I

F—I t -_S LU- . I~~~-~0—

‘HI V ) U

I — — LU

_~d~
-
~~

~~ C’)

Li
o R

Li L) &)

z —
0 0
O H -H -

I--- I I Lfl ~
—

o . a a a a a Io o 0 0 0 0 0
0

CU ‘H I ‘c_-I CU

NI V rnèflIV~J

UNCLASSIFIED

~iL ----__-~~-_ -
- -

~~~--~~~
--

---

~

---

~~~~~~~~~
- ‘°—--

- 

-S 
-- - . 5  - -  ~—- - --- -— —.5--- ___________



— C D S C D C D. 
- -  

S S ~~~~~~~~~~ c : c~~~~~~~~~~~~~ 
-——- -~~~~~~~~T T  ~~~~~~~~~ ~~~~~~~~~~~~

UNC LASS I F l E D

c 8
Hf CU

H

~ LI

I )  (~ 
~~~~~~~~~~~~~~~~~~~

A 8 A
CU ‘H ‘H CU In

I I

NI V~~~~ D~~~I~’N

UNCLASSI F lED

—.5——— — — -— . - .5
.5 ~~ - ,__ _ _ -_ _  

-.-- ---—- - , - - - -- - . 5 ----- ---. .5 ----- .5 - ~~-- .-—-- - .5 -. --



UNCLASSIFIED
I.. ~ rlty CI NIII~~t I s,

DOCUMENT CONTRO L DA TA — R & 0
(Sscw st y  cli gisticition of tit I i , bod y of abstr .ct m d  I ndsair,g .nnotation mut t  b. snh.rid whmn His owsr.II docum .nt is cl.usif ..d )

ORIOINATI NO ACTIVITY 1 2.. DOCUMENT SECURITY CLA SSIFICATION

L UNCLASSIFIED
Defence Research Establishment Suffield 2b. GROUP

3 DOCUMENT TITLE

BLAST RESPONSE OF 35 FT FIBREGLA SS WHIP ANTENNA - EVENT D I C E  THROW ( U )

4 DESCRIPTIVE NOTES (Typ . of rsport inC. nclusivs dii..)

— - ______________ - 
Techn i cal Pa per 

_____-

~~~~~~~~~~

B AUTH OR(S) (Lest nims . f , r,t n.ms . middi, .~ai~i I )

Price , G.V. and Coffey, C.G.
8 DOCUMENT DATE 7L TOTAL NO. OF PAGES 7b. NO. OF REFS

Novem ber 1977 43 8
9.. PROJECT OR GRANT NO 9.. ORIGINATOR’S DOCUMENT NUMBER(S)

PROJECT NO. 97-80-01 Suffield Technical Paper No. 448 /
9. CONTRACT NO. 9b. OTHER DOCUMENT NO.15) lAny oth.c numb.rs tha m.y b.

usignsd this docum .nt)

10. DISTRIBUTION STATEMENT

UNLIMITED DISTRIBUTION

It . SUP LEMENTARY NOTES 12. SPONSORING ACTIVITY

13. ABSTRACT

The blast response of 35 ft fibreglass Whip Antennas was
investigated in a free-field blast trial and in numerica l simulation
experiments. The antennas satisfactorily withstood the air blast
loa d in g at nom i nal 7.0, 10.0 and 12.2 psi pea k overpressure locations in
Event Dice Throw. The numerical model predictions for the natural
frequencies are in excellent agreement with results obtained experimentally,
however the corresponding predictions for the transient strain using
drag coefficients based on previous trials were approximately double the
values obtained experimentally. Subsequent revised numerical predictions
for the trans ient strains using experimental drag coefficients obtained
independently in the blast trial itself have produced results in more
reasonable agreement with the experimental transient strains.

(U)

1*IS

IL _  ,__ .5T~____ _____ _ _ ,___ . ._IT~~~~ —



- -  - - ,— - -- --- ----.5 -—--—-—- - - - -- - - -- --~~~~~— -

__j JN C L A S S I F P _ ~~~~~~__~~~~.
Sacurlty Clss;Il lcat &oa

KEY WORDS

Dice Throw

Antenna Stu d i es

Blas t res ponse

Numer i cal s imulat ion

INSTRUCTIONS

ORIGINAl  ING A C T I V I T Y  Ent er t he name end addrea~ of th, 9b. OTHER DOCUMENT NUMBER (S) If t he document has bean
- igili’ltilliiiit i tsil i i i t l th e document . et iigne d any other document numbers either by the o rig ,net o r

or by the ipontor i, also enter if- u t  nu mber(s(
2~ DOCUMENT SECUR IYY  CLASSIFICATI ON: Enter the Overall

se curity cla s si f i cat i on of the docum ent includ ing specIal warning 10. DISTRIBUTION STATEMENT Enter any I mita ti ons on
terms when ever applicab le, further diss emination Of the document . other than thos . imposad

by s ecurity classification . using stande ril statements su c h as
it, GROUP Eriti rn se c u ri t y recl as s ific ation group number. The thr ee

ii., dat i nod iii A 1JpendIo ‘M’ of th u ORB Security RegulatIons. (1 )  Qualifie d requester s may OhI~ iii I Oi l - PS  of th is
document from thei r d ef ence docu me r ,r a nio o re n t S ,  - -

J DOCUMENT I IT L I  Ent e r the complete document title in all
• ipit a l te l l e rs .  T i t I r ~s iii ~lI cese s should be uncla ssified. If a (2) “ Announce m ent and (J issemi nat mori o f thIs do i..~,Pnt
tul )mtien ul y dirt ci ’ p imve ti t l e cannot be se lected wi t hout clissIfi - is not authori zed w ithout pr io r app iova l l rorn
• ,uior, sh Ow t i t le cldssil i c atiOn with the usuel one-c apital -letter orig i natin g ac t i v i t y . ”
rb l i revi.i t um i iii pa renth ese s immediatel y following the title.

11. SUPPLEMENTARY NOTES Use for ad d it ii ,- iai evp lenato ’y
4 I)~ S C K I P T I V E  NOTES Enter the category of document . e.g. not es .

t~ , Ii iicou repor t tech nica l note or technic al letter . If eppropri-
n t - , e rmnr ’ m  thir ty pi ’ of document . ag . int erim , progress . 12. SPONSORING A C T I V I T Y . Enter the name of the depa rtmental
s~ i .  n .w v .  .annuel or final Give the inclusive detes wh.n a proj ec t of f ice or laboratory sp onsoring the rei parc h and
flii- c S t ~ r eport i ng peri od ii covered , development. Inc lude address. S

A U T H O RIS I  Enter th ir mimi(s) of author ) .) as Ihuwn on or ii. ABSTRACT Enter en ab itract g iv i i ig e br i ef l id lac t ii e l
i i  liii dui.i i ineir t E , i t e r  les t name , first name , middle init ial . summary of the document , even thOu gh it i i i dy alsn at m ,.’

If i n r l s t a r y  sh ow i ai i~~ . Th u nam, of the principal author is en elsewhere in the body of the document i t Se l f  II 5 hig hl y
.rtjWlu t e minimum reqii. i i ii n ent . desirable that th u al.,sl rac l of cla so if red rfoc um e i rt s be • i i i ci assi

lied. Each peragr eph of the abs trect shall e n d  with cii

1)OCUMENT D A T E  Enter the date (month . year ) of indication of the s ec urity c l esn if r c ation of the ir r fo rr i ia t i or.
Esmnbiishme n r eppr ove l to , publicatiOn of the document , in the paregr aph (unless she document its elf ii unc laes,f ied l

represented as (TS), IS) . (C I. (H) . or (U)
1~. T O T A L  NUMBER OF PAGES TP~, total page count .hould

I S  .ll i,* nor m el pegr iiirt ioi r proc edures. i .e. . entsr the number The lengt h of the abstract should be l iniit ed to 20 single apuuced
iii Liege ’ i i  mn iti i i ni i ig i r i f o r i ne t io n st andard ty pe wr i t t e n l i nes . 7 ’s riches long.

/I i NUMHI II OF I 4 E f - L I 1 I N C E S  Ent e r the tota l num ber of 14 5 K E Y  WORDS: Kay w o rds era  technicall y iOes f l i f l Uf i i l  ter m s or
i m lii mii i .  r i s i i l , - i  I i i i  i l r . i  il i ii i i  r i r ii i i shor t phrases that c ha na c rer i ,e a rln c i im enr i rn i il - rmi i l r l  lie hmm i ir t ul

in cataloging the doc ur o o rrt Key wor ds iho ui il lv i ~ ,- io i  ler l iii

lie i’Cf O i f - i  I OH UHAN NUMBER .1 epproprmat rr . enter the that no s ecurity c l essr f ic ation is ru i l il it e it lijP il i S l e i t  i.i i ii i is

.i irp iri ut s i ,, i i suc i r ii oil I lirvaio ~iinen I pro~ei- t or g rant number .ri4uipnsor i I mode l i lesig ne l S S ~~ i . Ii irilC ir •me 11,1 - liii 
~ fl r i rICO I ‘- i,i le

li-i wh - i Ii i i i -  . i . i . ,ii non t w as wr i t  t eu i  flu me , giographic locati on - iney ha u$irrf or liC y win ils liu I will
he followed isy an indicat ion ol t r ’ rh fu el ii iii. I

Kb CONTRACT NUMBER It isppl Opdiisto . ros t er the epp licable
S , S i o t i ~~r • u i i i t r ’i w~r u( fl IOn ’ dom: umenr wsss written.

i) ORI G INATO R S DOCUMENT NUMB ER(S) Enter the
ill ii at ilot i ii nro i t i i i im nbi rr 1iy which th e document wilt be

ii l~4id ml u n i t  Sail cr0 ’ In iiite t liy the or uglli et ing act uv uty - Thisiiiii,it)em .n ,.s t be u n i q u e  to this doc ii ment

. 5 - - - -- ,— S .5- .~~~~~~~~~~~ .S~~~~~~~~~ _ -S- —.,


