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bird impact, birdstrike, impact loading, foreign object damage,
modelling
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~- -p-This report describes an experimental study which was conducted
to investigate the loads produced by the impact of 1800 g and
3600 g birds. Both rnal. birds and biid simulatits were 1.cSLed.
Impact pressures were measured and compared with smaller bird
impact results obtained on previous testing programs. The magni-
tude of the impact pressure sL was fountobidenetofir
size. The temporal and spajial distribution of impact pressures . J-
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scaled linearly with bird dimensions. The impact behavior of large
birds was consistent with flow models developed to describe small
bird impacts. It was concluded that large and small birds display
the same fundamental impact loading processes and that these
processes are adequately described by the previously developed flow
model.
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FOREWORD

This report describes a contractual work effort conducted
by personnel of the Impact Physics Branch, Experimental and 1
Applied Mechanics Division, University of Dayton Research Institute,

Dayton, Ohio under Project 2402, "Vehicle Equipment Technology,"
Task 240203, "Aerospace Vehicle Recovery and Escape Subsystems"
Work Unit 24020318, "Simulation of Bird Impact on Aircraft
Transparen .w

The work reported herein was performed during the period
16 January 1978 to 16 February 1979 under the direction of Dr.
John P. Barber, the principal investigator. The Air Force
project engineer was Mr. Robert E. McCarty (AFFDL/FER). Tile
report was released by the authors in March 1979.

This report is one of three which will be published under
contract number E33615-78-C-34_0.2, The remaining two will deal
with the effects of bird attitude upon impact loads, and
development of a substitute bird for testing respectively and
will be released as the work is completed.
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h1A ST OF UN I'rs;
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3
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SECTI ON I

I NTIhODUCT'I ON

Collisions between birds and aircraft have proved to be an
expensive and persistent problem to the United States Air Force.

The severity of the problem has increased as high-speed,
low-altitude at rcr-I;. t missions have evolved. Windshield, canopy,

aind support strtctures have proved to be particularly vulnerable to

birdstriko. Not. only are these parts of the aircraft sensitive to
impact damage, but the consequences of damage on pilot performance

are severe. A number of aircraft and pilots have been lost due to

birdstrike on windshields, canopies, and support structures.
The bir:dstrike vulnerability of the crew enclosure and

t ;, ..... e .- i e i•n A;r Force aircraft has. r"2,tulted in a number of

redusign programs. These redesign programs have usually been

conducted in all titeratie build and test mode. This method

of design is extremely expensive and time consuming. The Air

Force has, therefore, developed an interest in modern structural

design techniques applied to the windshieeld birdstrike problem.

This approach to the birdstrike design task involves the use

of modern finite element strnct.urai analysis techniques. These

techniquos have been adapted to anmalyze tho transient ddynaulic
events such as birdstrike. The structural analysis techniques

themselves have undergone extensive developmenit ove"r the years

and have become higihlv reliable and efficient structural desiqn

tools. 7n order to adequately predict response, however, these

techniques require good definition of the material properties

and accurate descriptions of the transient impact loads. This

report deals with the description of impact loads for use with
finite element codes.

The University of Dayton Research Institkite (tWRW) begAan

work on the characterization ofh bird impact loads in January



of 1974. This work was jointly sponsored by the Air Force

Materials Laboratory (AFML) and the Air Force Flight Dynamics

Laboratory (AFFDL). A continuing effort has been conducted

on the measurement and characterization of bird impact loads

since that time. The original work, documented in Reference 1,

developed the basic experimental techniques which were used

throughout the program to obtain bird impact load data. This

program concentrated on small birds (up to 120 g) and impacts at

normal incidence. Work was continued on the measurement of

small bird impact pressures. The data were more thoroughly

analyzed and presented in Reference 2. This report identified

the basic processes of bird impact and provided the first

quantitative measurements of the pressures and forces involved.

The work was extended and reported in Reference 3, which

described in great detail the impact behavior of birds. Extensive

data on birds weighing up to 600 g were reported. Some data

for birds up to 4 kg were also obtained. The basic fluid

behavior of birds during impact was identified and quantified.

The development of the first satisfactory bird impact flow models

was reported and the techniques necessary for proper scaling of

the impact loads with bird size were identified. A more detailed

theoretical base for bird impact modelling was described in

Reference 4. This work pre3ented a more detailed analysis of

'Barber, J.P. and J.S. Wilbeck, "The Characterization of Bird
Impacts on a Rigid Plate: Part I," AFFDL-TR-75-5, ADA021142,
January 1975.

2 Peterson, R.L. and J.P. Barber, "Bird Impact Forces in Aircraft
Windshield Design," AFFDL-TR-75-150, ADA026-628, March 1976.

'Barber, J.P., II.R. Taylor, and J.S. Wilbeck, "Bird Impact
Forces and Pressures on Rigid and Compliant Targets," AFFDL-
TR-77-60, ADA061-313, May 1978.

"Wilbeck, J.S., "Impact Behavior of Low Strength Projectiles,"
AFML-TR-77-134, ADA060-423, July 1978.
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the basic process of bird impact and provides the theoretical

basis for bird impact modellinq as a fluid process. Additional

impact work was conducted tnder an Air Force Aero Propulsion

Laboratory contract and is reported in Reference 5. This report

presented a much more careful experimental investigation of

impact loads using simulated birds and ice. Careful measurements

were made and agreement with prediction of the theoretical model

was found to be excellent.

All of the work described above was conducted with, and

based on, data produced with birds weighing 600 g or less.

Although scaling derived from theoretical considerations worked
extremely well over the range of bird masses from 60 g to 600 g,
there was still some concern about the applicability of these

models to birds with masses in the range from 1800 g to 3600 g.

In particular, the 1800 g birds represent the standard design

_ -case for aircraft transparencies. It was, therefore, deemed
necessary to collect experimental data on 1800 g and 3600 g
birds to eniiure that the theoretical models developed for use

with structural element codes were applicable for this size bird.

This report describes the experimental measurements made on

1800 g and 3600 g birds. The scaling relationships derived

in the previous programs were checked and found to adequately

describe the impact of these large birds.

5Bauer, D.P. and J.P. Barber, "Experimental Investigation of
Impact Pressures Caused by Gelatin Simulated Birds and Ice,"
UDR-TR-78-114, November 1978.
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SECTION II

EXPERIMENTAL TECHNIQUES

The experimental work described in this report was con-

ducted at the University of Dayton Research Institute. This

section contains a description of the experimental techniques

used to obtain temporally resolved pressure measurements during

bird impact onto a rigid plate. Descriptions of the experimental

range and launch technique, target instrumentation, and data

collection are given in the sections that follow.

2.1 LAUNCH TECHNIQUES

For experimental investigations of bird impact, a launch

technique is necessary which can accelerate birds of the

required mass to the required velocities. The birds must be

launched with controlled orientation (preferably with zero

pitch and yaw), and such that they do not break up or severely

distort prior to impact. A launch technique was developed with

which birds of up to 3.6 kg could be launched to velocities

up to approximately 300 m/s.

The system consisted of a 177.8 mm bore compressed air

gun with supporting compressor, instrumentation, and control

systems. The compressor system consisted of a 1.42 m3 /min,

3.5 MN/m 2 compressor pumping into a 0.11 m 3 intermediate storage

tank. The intermediate storage tank was connected via a flexible

hose and quick disconnect coupler to the large air storage

tank used for driving the gun. The driving air storage tank had

a capacity of approximately 0.85 M 3 . There was a valve system

located between the driving air storage tank and the breech

of tile gun. This valve system was designed to valve the high

pressure air from the driving storage tank into the gun to

4
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several unsatisfactory characteristics of the original balsa
wood sabots. There is only one supplier of balsa wood in the
United States, and the sizes and quantities which could be supplied
were only marginally satisfactory for these large sabots.
180 mm balsa planking was not available, so up to nine smaller
planks had to be bonded together to form a work piece large
enough to fabricate these sabots. This fabrication technique
produced sabots which were only marginally strong enough. They

often broke during fabrication. The molded plastic sabots proved
completely satisfactory for launching birds over the range of
sizes and velocities used in this study. They are light,
strong and very dimensionally stable.

As the sabot represents a significant fraction of the launch
mass, it must be stripped from the bird before the bird impacts
the target. Accordingly, a tapered tube sabot stripping section
was connected to the muzzle end of the vent section. The sabot
stripper tube consisted of a steel tube with an initial ID of
177.8 mm that was progressively reduced. A series of longi-
tudinal wide slots were cut into the stripper tube to facilitate

the rapid release of the driving pressure, thus reducing the
forces required to decelerate and stop the sabot. When the
launch package entered the sabot stripper tube, the sabot was
progressively decelerated until it stopped. The bird releaIsed
from the sabot pocket and continued on trajectory to the target.
For the high velocity shots, an extension to the stripper tube
was required. It consisted of nine bars welded around a ring

and connected to the stripper tube through a flange system.
The vent section muffler and stripper tube are shown in Figure 2.
The sabot stripper functioned satisfactorily over the entire
range of masses and velocities which were used in this program.

Free flight observations of the bird showed that the bird

was oscillating after sabot separation. This oscillation was

apparently initiated by the release of the bird from the sabot.
To assist in the smooth release of the bird, holes were drilled

in the base of the sabot. These holes permit the driving pressure

6
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prior to impact, two orthogonal pulsed x-ray systems wore set

up at each laser beam station. The resultinq radioqraphs of

the bird in flight were used to accurately establish the position

of the bird with respect to the laser beam and to monitor the
condition and orientation of the bird. The accurate determination

of projectile location and orientation relative to the target is

necessary to properly describe the pressure distribution. Using

this technique, velocities could be measured to within one per-

cent, projectile impact location on target could be determined to

within about 1.25 cm, and orientation to within tO.5 degrees.

Bird disintegration during launch was extremely rare and was

not an experimental problem. The instrumentation described above

is shown in Figure 3.

. 3 PRESSURE MEASUREMENTS ANI) RECORDING

The impact shock pressures can bt. extremely high, the

durationI Of the impact is relatively short and there could be

important transient pressure excursione;. The pressure sensing
loevices must be capable of measuring and withstandinq tihese

high pressures and the pressure sensing and recording equipment
must have adequate bandwidth to detect and record important
prl'ur.eS~lt trlansiel nts.

Piezoelectric quart:z pressure transducers were used .is thLe
basic sonsinq devices for these experiments. These transducers

hav\e I compact impodenco converter physica.I ly Iocated iii the

•oaxial line close to the crystal, and thoy hav, a spvcifiied

hondwidth from 0 to 80 kliz. Since these transducers are not
sptci tiCtl Iy desiqind for impact testinq, c-alibration was

necessary to verify their operation. In Reference e I Barber

q(ives details of c-alibration techniques in his report. The

S'Milr-, ,I.. and ,I.S. Wilbock, "The Characterization of Bird
I mp1ltS on a Rigid Plilnto Part 1," AFFMI.-TR-75-5, ADA021142,
Janutary 1975.

-82
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or tinme, c'1d tile time interval of iitterest detrmionol•d r1iiei

di~qil::l.I data over thoeo in1tervals was recorded on•1 acas.sette

and could be printed out on an clecot-lon.ic data termlial. Th i s
tochttique signi tficantly increased the accuracy and reliability of

the data.
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A ttall Of F33 dZIta s'hots- W'019- pe4Lrfo1med to invost it.-Ito tho

se,11illci of hi r( impact loads. The objective WIS t-o demonstrate

Lthat: tht- SCA Ii nlsrl -a.t ionth~ips whlich workoed oxtroetneiy well over

th r oq of bird tiszes, from 60 to 600 1i, were Applica~b~le to

bird mass rangjiiq from 1800 to 3600 qi. The projectiles used

int those test-s ineltidod b.i rds (chiickens) and hi rd subst ittutoes

(porou's ' lat:iii). ThyWere .i IIIIaeted at thlreeoo~de nie

(01 451, * 251) anld at ye l"ci ties ranc illnq from 100 m/'s to 300 111 's

The- substitute bird'(s wore r.i qhlt- c.i rcub-r c'ylin ders wi th a ienq th

t-o diame-teo.rati'c Of I koi' prox id tely two.

Vhe timte vnry\i nq p)ressuire dara were- Oell ect d 1usi niq a'-

dliklit at dtalI-- Ilmoryl- Systeml .1.- desc.ribod ill seot iotl I . F'rom these

reoreddata, MIeasu1remont~s wC1't, made to obt-aini p*eak prossur-.' anid

steady f¶low pressure. The resul ts of t-hesv e flIsuremolKit5 toqeotheo'

Withi conmpalri sOUS to tileorot ical1 results. andll measturemeints, froml

impacti of' smalle1r si.-c birds and b-ird subst-i ttos rep~ort%,,A 1by

I~arbor il Ro eferenolce 3 and D~auer ill Reference 53 art, i'rosntod ill

tilt toll owiti n.1 sect i ons'.

3. 1 1iNT 110011CPl ION

Biirds i nd('ethndent of their twasses ean be assume.-d to beO

riqh1t ,i rcular cy-linders with a length to diameter ra-tio gjreabor

llarbe.,r, J.P. , I.R. Taylor, and J.S. Wilbeck, "B~ird imp~act
Forces and Pressures on Rigid and Compliant Targets," AFFDL-

TR-7-60.ADA061-313, May 1978.

'11ater,1. P.. anid J.P. Barber, "Experimental Investigation of
Impact Pressures Caused by Gelatin Simulated Birds and Ice,"
LIDR-I-TH-78-114, November 1978.



t han two, and to behave liike fl1ul ds dur iliq i mp.avlt.'s. These t:w(

b.avi c anssutmpt ioils Prov'ide the basis for ~m s~uinitho e AU110~

of* b~ird impnot loads.

1~cmxso the impact process is basicaliy fluidt dynainic, thet

chara(,tertstic prossures are the Ilurqonlot, or impact, pressure
and the flow, or stagn-ation, pressure. Both of those pressures-

depend only oti the imipact veloci-ty and the material properties

of the bird (i .e. , density and shock velocity) . The maqjni tudos
of thos pressures should not vary wi th b~ird size~c, however, the

stnicial mid ton'poi-al distribution of pressure should. i nee

birds of di fferent mass aro, howoxvci, oieomotrical ly similar111

(1.o. , they have similar I encth to diameter ratios) ,prossure,

distribut ions Should cScale I i noarly wvith bi rd dim11nsion01s.

= That is, prt.ssure di sttributi tios should depend unly (,ni torma.i z%:d

distances (where normalization is carried out wi th a bird
dimension Cuch as diameter or 10LenIth) . This was, -ill fact,

..3l!LtIl in Ro.teretlo .3 tor bi rds and Ref tc'7(11c(' 5 t.or Subst ~ilutit'
birds tip to 600 qI.

Biird and gielatill illptaCtS on a stool tarlqtet p Uit- niav b~e

oonsidered as softt bodv impacts inethe st rosses tientrated durin% I
impact. OuNatal1'eceed tho stron(Ith of t~ho projOCtile bUt-

aewell below the strength of the. tairget m.aterial. 1r~ii'
records obtainn,. from such impacts are .31"m in P1 gur. -1, 5 and

C'. Iqures 4 and S show tvpi cat peossuro t.races from normla .I
and Oblique impact of a1 nominal 1800 %1 and 36100 q ri. qht Oi uculat.

cvli mdiical go teat*i n pro:)ecti I. Fiqure 6 -,thows similar presstire.

traces fromim~Inpacts of ii real hi rd (chi ekei) . The two pressure-4

ýtartxer, J *P. , II. R. Tiyloir, and I.S. . Wi Ibeck , "13il" Idmpact
Forces and Pressure's onl Rqijd an1d comp Ii ant rair~iots" AP, T.
TR-77-60, ADAO61-113, M'ay 1978.

%liatior, I,.r. dXmd J.P. Blarborj~, ".\porimentalt Itive,5ig1tioti of 1
Im1paclt PieonsitresO C.1usedOt INN (X'lat.i n 'SimuxlatedA Bi rd-I and lo".
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levels of interest on these traces are the peak pressure and the

steady flow pressure.

The peak pressure is due to a shock wave formed from the

initial impact, and is mainly a function of the normal compo-

nent of impact velocity and the projectile's properties. The

steady flow pressure occurs when the initial shock wave is
overtaken by the release waves formed from the pressure gradient

along the projectile's edge. The phases of the impact process

are shown in Figure 7.

3.2 IMPACT DURATION

The time duration of impact of birds was first derived

by Barber in Reference 3 and was found to equal the projectile

length divided by the impact velocity. The same results were

found during this experimental program. These results also agree

with the results presented by Bauer in Reference 5 during his

experimental investigation on simulated birds.

3.3 INITIAL IMPACT PRESSURE

During the initial impact, the particles on the front

surface of the projectile are instantaneously brought to rest

relative to the target face and a shock propagates into the

projectile. As the shock wave propagates into the projectile,

it brings the material behind the shock to rest. The pressure

in the shock compressed region is initially very high and is

uniform across the impact area. The pressure behind the shock,

4Barber, J.P. and H.R. Taylor, and J.S. Wilbeck, "Bird Impact
Forces and Pressures on Rigid and Compliant Targets," AFFDL-
TR-77-60, ADA061-313, May 1978.

sBauer, D.P. and J.P. Barber, "Experimental Investigation of
Impact Pressures Caused by Gelatin Simulated Birds and Ice,"
UDR-TR-78-114, November 1978.
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Figure 7. The Phases of Bird Impact: (a) Initial impact,
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(the Iluqoniot pressure) is:

PI' , O V (1.)

where t, is the density of the rojecti 1, V is the shock veloc-

ity, and V is the normal component of impact velocity. The
relation between the shock velot:ity V and the normal component

S
of impact velocity V for gelatin with 10 percent porosity wasn
derived by Wilbeck in llReference 4. The initial impact pressures

measured for all normal and oblique impacts for bird and gelatin

are presented in lFi1ures 8, 9, and 10. 'rhe measured impact

pressure.; for normal impact for nominal 1800 g real bird agree

very well with the calculated pressures. The atIreemont is

better than the experimental results from small birds reported

by Barber in Reference 3. The small bird data were probably

affected by the limited bandwidth (80 kIlz) of the transducers.

'Phe shock pulse was barely dfrined for tie la'.c birds (see
Fig3ures 4-6). Shock pulse duration was only about hall" as lonq
for the small bird impacts, and the peaks may have been clippeLtd.
The measured shock pressures for normal impact for gelatin with
10 percent porosity are well above those anticipated. The shock

pressures approached those expected for pure qetlatit, and wtk -
up to twice as high as those extpeced for the porous lelati n

bird simulant material. A thorouqh investiqation was conducted

and the source of these extremely high and unexpected pressurces
was determined and eliminated during the liter shots.

FIt was found that the part. of the bird initially strikinq

the tarqet was essontially pure gelatin. Birds were launched

"Wilbeck, J.S., "Impact Behavior of how Stre,,th Projectilos,"
AFMI.I-TR-77-134, ADA060-423, July 1978.

ý -'Barber, J.P., II.1R. Taylor, and J.S. Wilbeck, "Bird Impact
r• .l'orces and Pressures on Rigid and Com|l iant. Targets," ArFl.-6:- TR-77-60, ADA061-313, May 1978._
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such that the end of the bird which first struck the target

was the end that was at the bottom of the mold durinq the

molding process. The presence of pure gelatin at the bottom

of the mold was due to the tendency of the phenolic microballoons,

which were used to provide porosity, to float out of the gelatin

during the curing process. This was confirmed by making density

measurements along the axis of the bird. The results for several

processes are shown in Figure 11. Pure gelatin was found at the

bottom of the mold and extremely low density gelatin at the top

of the mold. Numerous different processing techniques were tried

in an atteir t to eliminate the density gradients from the bird.

As can be seen from Figure 11, good density uniformity was
obtained in many cases but in general the density was too low.

Efforts to increase density always resulted in increased density

gradients. As a result of this investigation, birds were molded
* some 30 percent longer than the nominal bird length and approx-

imately 15 percent was trimnmed from each end. This technique

produced density variations which fell between acceptable limits.

To further insure that the very high peak pressures wore- not

produced, birds were launched top end (low density end) first. A

These changes produced better behavior in the later oblique shots. I
The measured impact pressures for oblique impact for (ielatin and
real birds are, as expected, lower than the calculated values.

In addition, low recorded peak pressure during oblique impacts

may have also been caused by the relatively shorter duration of

the shock pulse in these impacts. As pointed out earlier,

the limited bandwidth of the transducers can result in a sIq- R
nificant attenuation of the measured signals. For 250 and 450

impacts, the initial impact pressure spike was much less

pronounced than for 900 impacts.

3.4 STEADY FtOW IRIESSURES

As the shock wave propagates into the projectile, tHie

material at the edge of tlhe p*rojectile is subjected to a very

high pressure gradient. This pressure gradient causes the
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where p0 is the density of the material with zero porosity and

v is the impact velocity. The stagnation pressure is the

highest pressure during the steady flow regime and is an im-

portant factor in scaling bird impact loads, since it is used

to nondimensionalize the steady flow pressure distribution.

For oblique impact, the majority of fluid will flow "down-

stream" on the obtuse side of the impact. The stagnation point

shifts "upstream" to the acute side of the center of impact as

shown in Figure 13. As long as a stagnation point exists, the

MAJOR AXIS

%I
t I

STAGNATION POINT j
-1

Figure 13. Flow Geometry at Oblique Impact

full stagnation pressure will occur at the stagnation point

regardless of angle of impact. However, the distribution of

pressure along the surface will be greatly dependent on the

impact angle. The distribution of pressure in an oblique

cylindrical impact is difficult to analyse because it is a

21
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three-dimensional fluid dynamic problem. In Reference 6, Boehman

used potential flow theory to develop a computer model for

predicting the pressure distribution produced by the steady

state flow of a cylindrical jet impacting on a rigid flat plate.

TThe code utilizes a source density distribution on the surface

of the plate and solves for the pressure distribution necessary

to make the normal velocity zero on the boundary. Originally,

thle input to this program consisted of the coordinates of points

describing the body surface. For our purposes, the code was

modified to generate a grid describing the plate, where the size

of the grid depends oln the mass of the bird and the angle of

impact. A listing of the modified code along with a sample

input and output data is presented in the Appendix. The exper-

imental pressure data measured in this task is compared to those

theoretical curves and to the experimental data from Reference 3

by Barber and Reference 5 by Bauer in the following sections.

3.4.1 Gelatin Artificial Birds

Figures 14, 15, and 16 show the nondimensionalized

steady flow pressure distributions along trie major axis pro-

duced by gelatin with 10 percent porosity for 90', 450, and

250 impact angles, respectively. The pressures are normalized

to the stagnation pressure as calculated in Equation (2).

Together with the experimental data, two sets of curves are shown

in these figures. The predicted pressure distribution from

"Lioohman, L.I., and A. Challita, "A Model for Predictiuc, Bird
and Ice Impact Loads on Structures," U;DR-T'R-79-54.

3Barber, J.P., I1.11. Taylor, and J.S. Wilbeck, "Bird Impact
Forces and Pressures on Rigid and Compliant Targets," AFtDL-
TR-77-60, AbA061-313. May 1978.

S1Baucr, D).P. and J.P. Barber, "Experimcntal investigation of
Impact Pressures Caused by t;elatin Simulated Birds and Ice,"
Ui)R-rR-78-114, NovembJer 1978.
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('B1ochman, I... I and A. Challita, "A Modol for Prodictin q Bird
and Ice Impact Loads on Structures," 1:D1'1R-79-•,4.

MBauer, ID.P. and J.P. Barber, "Expr.rirnnt-al t n vilvtiuatt ionl of
Impact Pressures Caused by Gelatin Simulated Birds and Ice',"
UbR-TR-78-114, November 1978.
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caused by the displacement of the actual trajectory from the

true trajectory of the projectile.

This set of figures shows the important effect that

impact angle has on steady flow distribution. As the impact

angle changes from normal to oblique, the steady flow pressure
distribution changes from symmetrical about the center of impact

to highly skewed about the stagnation point. It also shows

that the location of the stagnation point in the flow field

moves from the center of impact to a point actually outside the

projected frontal area of the inco.ting projectile. The figures

show that projectile size has no effect on steady flow pressures.

rho data for both 1800 g and 3600 g gelatin projectiles are

included in the figures and, in nondipiensionalized (scaled)

form, show no significant departure from the smaller bird results.

Agreement among the theoretical curve, curve fit

of the experimental data for smaller size gelatin proje-tiles,

and the experimental data from this work is very good at all

angles of! impact. Some disagreement between the data and tile

flow model predictions does occur near the outside edge of tile

flow, because the analytically predicted pressure distribution

was generated front a simplified model of onset flow.

3.4.2 Real Birds

Figures 17, 18, and 19 show tile steady flow pressure

distributions along the major axis for real bird impacts.

Again, tile theory and the least-squares curve fit of tile exper-
inental data for smaller size birds from Reference 3 by Barber

are shown on the-se figures. Error bars similar to that shown

for gelatin are also shown.

All of the characteristics of steady flow apparent

in the gelatin impacts are also apparent for real. birds. The

'Barber, J.P., II.R. Taylor, and J.S. Wilbeck, "Bird Impact
Forces and Pressures on Rigid and Compliant Targets," AFrDL-
TR-77-60, ADA061-313, May 1978.
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SECTION IV

CONCLUSIONS AND DISCUSSION

A detailed body of impact pressure data now exists for

real birds (chickens) and bird substitutes (gelatin with 10

percent porosity) over an enormous range of impact parameters.

The parameters and their ranges are:

1) Bird mass - 60 g to 3600 g

2) Impact velocity - 50 m/s to 300 m/s

3) Impact angle - 250 to 90°

This entire body of data has been successfully analysed and the

important impact processes identified, functional relationships

between the impact pressures and impact parameters developed

and scaling of impact loads with bird mass completed. rrom

the work reported here and in Reference 3 by Barber, Reference 2

by Peterson and Barber, Reference 4 by Wilbeck, and Reference 5

by Bauer, the following conclusions may be drawn.

1) Birds behave as a fluid during impact at the impact

velocities of interest in birdstrike (-50 m/s).

3Barber, J.P., HI.R. Taylov, and J.S. Wilbeck, "Bird Impact
Fores and Pressures on Rigid and Compliant Targets," AFFDL-
TR-77-60, ADA061-313, May 1978.

-Peterson, R.L. and J.P. Barber, "Bird Impact Forces in Aircraft
Windshield Design," AFFDL-TR-75-150, ADA026-628, March 1976.
4Wilbeck, J.S., "Impact Behavior of Low Strength Projectiles," I
AFML-TR-77-134, ADA060-423, July 1978.

5Bauer, D.P. and J.P. Barber, "Experimental Investigation of
Impact Pressures Caused by Gelatin Simulated Birds and Ice,"
UDR-TR-78-1.14, November 1978.
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2) There are four phases of fluid behavior during a bird

impact; the shock phase of initial impact, shock pressure decay,

steady flow, and termination.

3) Peak shock pressures are independent of bird mass but

depend in a predictable manner on impact velocity, impact angle,

and bird material properties.

4) Steady flow pressures are independent of bird mass but

depend in a predictable way on impact velocity, impact angle,

and bird material properties.

5) The spacial distribution of bird impact pressures

scale linearly with bird dimensions (providing bird orientation

at impact is fixed). This scaling has been tested over a range

of bird mass from 60 g to 3600 g.

6) Impact duration is given by simply the length of the

bird divided by the impact velocity. The validity of this

relation has been tested for bird masses from 60 to 3600 g and

for impact velocities from 50 m/s to 300 m/s.

7) Simulated birds effectively reproduce the pressure

distribution of real birds.
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APPENDIX

BTRD LOADING MODEL

This appendix provides a listing of the modified bird

loading model, a sample input and output data, and the instruc-

tions needed to run the program.

The original loading model was designed to predict impact

loads and to be interfaced with finite element structural

analysis computer programs, and also was designed to handle impacts

on arbitrary curved surfaces. The three-dimensional potential

flow theory was used to model the impact process and the

surface singularity method was used to solve the complex

potential flows (i.e., velocity and pressure fields). To allow

arbitrary bodies to be considered, it was required that the body

surface be specified by a set of points in space called nodal

points and that the coordinates of all nodal points on the
impacted surface be supplied to the loading model.

Input to the loadinq model consisted of the coordinates of

the set of finite element nodal points defining the surface

of the impacted object. These coordinates were given in the

reference coordinate system, that is, the coordinate system

used to describe the shape or the impacted surface before

"impact occurs.

Because the target used in this experimental program is

a rigid flat plate. the loading model was modified to qenerate

a rectangular grid ,.escribing the plate. The dimensions of the

grid are proportional to the weight of the bird and to the

angle of impact. TPhe number of elements forming the -rid is

found by multiplying NC by N., where NC and NS are the number

of nodes alonq the width and length of the qrid.

.Thie input data needed for this modified version of the

loadinq model are time, TIM, which is assumed to equal z(,-ro:

35



components of the velocity vector of the projectile, VBX, VBY,

and VBZ; coordinates of the center of impact, XI, YI, and ZI;

angle of impact, THETA; and the weight of the projectile, WB.
The bird length is assumed to be twice its diameter.

The output data are divided in two parts; the first part

lists the coordinates of the four corner points forming the
element, the components of the unit normal vector, and the

coordinates of the null point in the reference coordinate system.
The main purpose of this output is to enable errors in the

input to be discovered before the lengthy flow calculations

are performed. The second part contains the velocities and
pressures on the body surface.
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.1 *'. 00011, 4:1 1 0.) I," -1(/U4

4-4%.0C000 T. :1.1- JAI. 0.si GOJ TO144

0000 441(1 iI7'' 1 Ci.1'". mt .ea 1&C:'(. .iyV PI .4.l* U

4").(1(1.0 00 11 (. 4.4 J 1). 0.1 111 M 4

*)).' 1. .111.l 0.1 1,141 Nil0.

lv.'J . III(I v 'IJIC 1 ILN I I) il,1 tII. I) 111 I 0
4116. ~ ~ v'~r 000no 30 IIy?1. II*X(lI('I I)Y~T A-.I*W

4.1'.110000 tol)I I'-r I., I~

*1100.010(0 I0, IIN I. I 0. I

11PP 0 0IPI.IlIV YFL9Jv )W'

.19 t 10 *11m)INII
a6 q-'al t4 IN 0 01 1 1) M



5M 000 19 -f IN - . ..m..IF.A

M)1.0000 19 rfNrNIF

,.07.00410 uWPMI (11.92)
508. 0000 94 1FIIIMAT (2X,.WYpt.?X.WYPW.9Xpt9I L*W*.10)UtIJZ*.9tJN*
,.09.0000 f.ui (101 =.

1-10.0000 11=... un
- ~ ~ .0%1.000)0 UI.JC1I (1-

'10.0000 OttO.

.-13.0000 liii 102 Jri, N

51A. 0000 TI =VXC T,)SbI
519 -0000. T"='Y 41, J)S*%(J)
.116. 00011 TA=V/ (1 ..I)*S (-I)
.117.0000 t11=UIJ-fTI
!.1IH. 0000 tVl=-U+T2

%19.0000 U11 =11+13
5>0. 0O00 10' tflNTINoIFP

S21.0000 IF (not( T .rn. 0.) GO TO 310I

57'2.0000 Ii II-' +itrm9nI --IX( 1)
t n' 0000 e ti ~ T)-

t~4.0W00 bII1ýtuIIrAISr.A-gl7( I
S;2!ý. 0-O00O 110 'iIlT I Orf 1II

n.6*000('.t 1 -- :"Jti(ll Z9 it214t2
97.* (1000 NIJv I a UvFI*4

51011.0000 C.1 I - -!' OkFLX

.30.0000 IricAi!;(A(1 .1)) .08-. .5) till I'O 101
)-Z.l.0000 bPIgI (11.10:4) I.A(I.1).ULIrII1,TLI,l-I)

A It.0000 W11 it' '11J.104) A(,) V-I *V1 -1 (3.-2I1
9414. 0000 104 1-ilIIMAl (4';.4P1'?.4)

5-35.-0000 bVII:IFt1.O.At...Ii.3,1).- *

- 3A.00A() Ino-; ram,anin t4X.4F-1:'.4/1-
*V'0000 101 (D TI't-1AIJ

5 tj.ionfl I I"Ji I=rlIM
519Q.0000 t-IP Ii TL I .926)
'.4n.0000i 99/.) I fHPrAI (1*Ii.:I AiT TIlE' MII-1 rPOITNS*)
'%41 .040"0 bII I- ( 1,12) ((I)il11
5142.00(1k) 92)7 V(IgMftr M( 0(MXF 10.2))

5-44J).000 H

-46.0000 C
n4l/.0000 C I IlPAl 1 'tI ll lIE(N (If A SI I f1IMlIlL I ANLIILIS
5411-.000(0 C I. tAlI-A F IJIJAII ,IN' i ty;I J I'll- *fI'-- I1111 1 MI 111111"I

N49.0000 r
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N%t.0O0111 111) 10 1-1.N -

"'.700001 Y CT I 0. -.

,;-A0000 10 .'OdCT1 NIN

-%4.* 000~0 f0I = 1 X I-4

Y16A.000O0 11, FIiRMII~ (/* VA~IAWS OFI t1;T AND LASF X-ELEIIENTS 00)

!.,.R.0000 1 (AMI( (h1r M.L7 .1 F-30) GO TO 40

N6C).00"OIMl 1*1-A J)ATl
S.61 .0000 IF I 1.i:.0.111 14MAr 171,):0..

.. A.1t. ~ II 0000~ 1/A( 1 It(I)1 * I -
IA4. W OCfO 10 cruN r 1 N~r

n.~ffo00 611 TO US
~.6~~'040 UPI I- (Ity,10)" I

96A7.0000 SC' FflIMAT (~f*A.,*TASONAL_ CnFFFTrCTrNT NO#*PT~v* =0.*) ---

Sf H0000 Si 113 10 p

j70. 0000 nn1 90 1=1 pN ..-

ým7f .0000 XD INI ( U= )(I)

!i 7.0000 ",IM1I=0.

N71. 00fl0 511fl20...........-~ . . . .

'.74.-0000 IF (I.F0.11) G0 TO 70
ý,76.00fl0 110 0 1-1.1.. . .

N./II.0000 60 I7(NYINULF
%79.f00nn 70 VýT+1................................
b8.0.0o)fl UI ( 12.rT.N) Gol TO 05

.61,1.04700 So IM2=rI IM2*[4lAT ( TJ) *X (3) -

!f.R3.0000 SO IIJ1Ni
!9;4.000() W<. X ( I ) -- I IMN1 +11IiM2,4c(I
58.0('100 00 CONTTNIIC

!4.I7.0000 91.* lI IMA I C21 12.60
5.piff.0000 RPIAY=O.
,4ty.000(b Till 100) 1 ý1
,;M0.0000Ji(I)YIII(I

591.000 1r (P. IT.-Tfli CO0 TO 100

!,9300(1) RMAXA2 M AI(X 1 kIAX?,RREL)

'-04.040A 100 (11611 rImir
-IM ItAX.LrT.T6I.) Go in 13o

,96A.000(' 110 1,101 iN1il

t.Y11.()(N0( I '_I 0 libl;MAl *** 51 NO) VIIMVtI- trU IN !;110 II ?I]H 1 tJS*)
9'I9.00(10 SIOP
$.00.00O%) 130 r.:rTIIRN
.4,01.0000 17111
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Sample of Input Data

2b 4.s

Sample of Output Data

7.06009 TIN VP! Vey up? X1 VI I 71

2 .900 0.0000 0.6000 2-97.0000 -l36.0000 0.0000 0.00 0.0000
4.000

5.0000 TNT IA 3313 - I
7.04000 0 . 93
90000 4.34 .1t 2.40

31.000" 41.1304l 6.73at 527.490~- - - - -
10.0000

13.0000

MINIM 433 .3.90 2.V2 .13 Vt. .00 -. 97 -1.95 -. 9 -30
16.00004 -459.7 3.9 2.9?' 3.9% .9? .00 -. 7 -35 -29

27.0000 -:.1.90 -417 437 19 - 29 .5*.97 -. 7 -19
1670000 -. 9 -3-9 .90 -4V 4.R 7 3. 0 p.: 11 .95 ..7. .00 -. 97 17
R0e 0 -l.M" -2.9yo -41.07 -4...? P . 3.90 2.95 V?9 .90.0

20.00 - -97 -1. -2.9 -3.90 -07 4.0? .1.90 2 2 11
21.00130 .00 -. 97 -2.9s -2.92 -2.90 -. 1 4.11P A..9 V;2 .
22-60"0 .97 .00 -. 97 -3.95 -7.92 -3.90 -4."4? 4.117 .3.90 2.9:-
23.60M0 1.95 .l .00 - - -. 9P -3.95 -2.92 -1t.90 -4.07 4.0' 3.90O
2-4.00" 2.:v; 1:95 v?) 00 -. 97 -1.9Y% -2.92 -3.90 -34.0' .1

* -25.00" 2.90% 2.9 1.95 .97 .00, -9? -39% 29 19 -4:.?
26 .0000 - .9 3.07.23 39 .9Y .00 97 -1.95 -2?2 -3
27. 0600 _4.07
28 .00,66

34.0000 -- 6111 1. -*- .-.. -.- - .

31.000 -1.90 -3.90 -.1.90 -3.90 -3.90 -31.90 -A."0 -2.9 -3.V0 -3.90

32.0 -3.90 -29 -.2 -. 9 -2.92 -2.92 -2.92- -2.9- -2."2 -2.92-
33.080 29 -292 -3.95 -3.9 -39 -3.9% 295195 -31S..1 -395 -1.~

35.00~ .9--.1 -9 ::-97 ::77 --. 00 -0 -0 -0 .00
34:0000 -3.97 -39 -. 95 -97 .97 -. 9 on1-.? -91 -9
3'.00 -00 .00 .00 .00 -00 .97 .9 .91 .9? 7
37.000 To1 .9 .91 9y .97 .9) 3,9 .95 3.*. A.

36000 39% 1.9 3.5 393 393 34 .592 2.92- 29-39:0000 A.9 I.? 29 .2 20 .2 29 .2 .. 0 39
40.0006 3.0 i."0 9 3.90 3.9.9.9 3.91) 3.90 3 .90 4 ..131

43000 4.? 4.0? - 4.3 4.117 4.117 4.0? .5 4.037 4.07 4 31?

430000 5.3. 85S Ir
44.60060

00"O~ Z-CoObal.S Or 5.333 P03333
417.0"M - 9 000 0.00 0.00 0.00 0.00 -0.00 0.00 0.00 0.900 0.00
'0.0000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0400 C1.00

51.00 330 00 0.1 0.0 i.9 .0 000 000 0:00h 0.013
49.00 0 0. 0.0 :Z 0 0.0 0006 0 0.0 0 0.0 0.0 0.0000

so.00 0.00 0.0 00 300 00 0.0 000 0.00 cc a 0.0,
54.00 0.0 033 .0 00 .0 0:00 0.00 0.0 0go 0.00

130 0.0:3 0.00 0.00t no0: 0Z0 0a0 0.00 :0.0 0.00o :001
53 .0008 .0 "0 0.00 0. 00 0.00 0..00 0.00 0. 0 0.0. 0 0 .00
94.000h 0a0 0 000 .0 000 0.0 0.0 000 0.10 0.00

16000 :000 0.0 0.0 0.0 0.00* 0.000 0.00 0.0 0.00 .0
59.000041 0.00 [C6g; 0 o :00

43.10000 0:001344 r3 8541P01, IS gg 13 AD311 0igumo 0s. lir-:u 6" .9-0.0 0 D
42000 3929 .1. II~~.I03 3 .0 60a 0.u03 r0m.0m0, 0.0 0III orl J

65.000m XP .INI. lfl.C033301M1 I* MiE MHARL 1`1314C1 iN 33'01i5XC313393A3 351

630.0.100 '- J ow 12 13 -M' 14 -11- 1333 FIEMUT

49.:000 M3 THE MAN 94 FIV 51 N 90FN1 rVII4 SSE

73.0000

74.0000l 0.00 0.00 0.00 0.00 1.110 0.00
75.0.066
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76:0n"0 2 4.39 3.42 1.1 4.9 0.0 190-
77.000 -431-.9 242 -1419 0.00-" 9

4 "3. .1 0o o
4.00"0.00 4 244 1.46 2.4 -. 04014 0 0.00 3%9

7P .o0~

09.00 -439 -4.29V -3.4 -3.4 0.0 -3.
"9.M."0 0.00 60.6 0.00 0.00 1.00 0.00

a3.aft -4.19 -.. :39? 34 -3.41 000 -3A
94.P0on 0.0 000 0.00 0.00 1.00 0.00 *-- - - -- U

0 p.0000
940006 7 : -49 24 24 -4 .0 -9

* 9.000 "43 -. 39 -341 -34 0:00, -1.0- -- -- -

9l.0n"0 0.00 0. 00 0.00 0..00 2.00V 0.00
T1.09000

202.0000 ..- 0 0.O 000 0 .00 0.00 2.00 0.00I

903.04060
104.0"00 9 -3.4 -3.41 3:4 -2.44 0.00 -2.97
V75.600 W------:4a9 -.9 -3:,461 -3.42 0.00 -too".."0.00 0.00 0.00 0.00 2.00 0.00

209.0000 0.0 00 0.0 -00 1.0 .0I
201200 20 - 3.4 -24.3 -24.3 -3.Ir4%- 0.00 -39
910.6w0 -4.39 -4.319 -3.42 -3:42 0.00 -3.96
112.0000 22 -430 .6 a 53 -4.3 0.000 100 -4.97

1234.0000 -:4.1 -. 4.3 -3.41 -3.42 0.00 -!.4.2
105.00"0 4:9 - 4 34

2269.0000 12 4.7 4.39 34.39 3 4.7 0.00 4.6o
110.0000 0 .00 0.00 0 .00 0 .00 1.00 0. 00

I22.0040 0.00 0.00 0.00o 0.00 100 0001

273.0000 12 4:0 4:3 -1 6 - .- .- -
.?.~m 24 3.4 _.4 2. __:44 .4:0 .0 29

125.0.0 -3.4 -3.1 -24 -. a4 00 29
126.0000 0.00 0.00 0.001 0.00 1.00 0.00 -

22.0000o :t t" ::0 T
12t0.0000 2 2.4 4 1.46 1.446 2.44 000 1.92

120.0.000 000 0 .00 0 .00 0.00 2.00 0.00

1327.0000
132.00a0" is - 146 1: 1 24---------:44 0.0 - :95 -

13.0000w -3.4: 1~ 244 -2.44 000 -292
216.06"o, 0.00 0.00 0.00 0 .00) 1.00 0 .00

%34.flf.16 27 64 .49' -. 49 1.49 0.00 .90

%33.000'0 -3412 -3.41 -2.44 -2.44 0.00 -3.2
s34 .tooo .-- 0.00 0.00 - 000 0.00 2.00 9-000---------------------

140.000I 20 2.9 -. 4 14 .4 4 0.00 -. 97
243.00,M - 3.41 _-3.2-:24 -2.494 0.0 -29o- -

14".000..0 - 0.00 0.00 0.00 0.00 2.00 0.00
4339.0000

144000-92462.440 -8 ?:44 :-1.46 :00--------------------&-
245000-.42 -. 42 -244 -3.4 0 20 -2.9

14i.06000000.0 00 00 .0 00
144.04 0-- 19 - -1: . - .. - - -- -- ---- -

246.006020 -24%-.2 341 -24.4 :0.09 29

256.00t00 a0..0 0... 0.00 0.00 t.00-0.00 -- - - -

1501.0000 2I -2:.4--413 -:--4.31 -3:.41 :0.0 -3.90 A
153.00 -3.4 1 -3.4% -24 244 0.00 -2.92

I¶0000 4 - -

1.0000 - .0 00 .00 0.0 2.00 0.00
159.000000 0.0

260.0000 23- 4:.07 :4:39 :4.39 43.67 0.00 4-.63
153.0000 1- 324 4124444 -0.40 -2.4 -. 92
131.0000, 0.00 0.00 0.00 0.00 2.06 0.S0
26.0000
144.00 24 - .9 - :44 -- 34 .9 00 .07

16.100 000_ 0.,00 0.0 0.0 20 000
L57.0000IN
246..0"0 25 3.41 2.44 2.44 4.42 0.00 2.92

- 24.0000 -24 244 -z.2 -14 000 -%95
1270c.9000--------. 0.040 10.00 -16.00 2.00o 0.00 -- -- - --

- 171.0i00
172.004)0 26---,443 23:46 2.46 .4:3 0.00 1.95
273.0000t -. 4 -2 4 .4 S- 124 -1.44" ~000 -1.95 - -- -

174.000 0.00o 0.00 0.00 0.00 2.00 0.00

276.0000 27 2.4 at .49 2.49 2.46 0.00 ?.97
277.0000l -2.44 -2.464 -2.4& -2.44 0.00 -2.95

174.0000 0.00 0.00 0.00 0.00 1.00 0.00

179.0000 - 7.- - 2. -- - -1. -14 0 -1. - - - -

so



ted.N-6 -14 .49 - 4v -. 49 .49 0.00 .00
-2.44 -2.44 -1.46 -1.4A 0.00 -1-93
0.00 0.00 0.00 0.06 1.00 0.00

104.6000 29 .. 49 -2.46 -1.46 -. 49 6.00 -. 0j.
ten.40me , * - -2.11 -2.44 -t." -1.4A 6.40 -1.95
I VIA. ncwwl 0. cm 0.60 0.00 a." %.on 0.00
IIII.Onfin
104-00" -30 -1.46 -2.44 .2.44 -11." 0.00 -I.V5

&:0* 
-0t:93-2:44 -:':44 -11

,:46 -01:46 
0

0 a 00 06 00 00
tet.0600
197.~ 31 44 -3.41 -1.41 -n.44 0.00 -2.v:!

ir 191.0"D -7.44 -:-.44 -2.4A -1.446 0.-10 -I.V%
194.6&U% 0.08 0.00 6.00 0.40 1.00 0.00

32 -. 1.41 -4.39 -4.19 -3.41 6.00 -3.90
97:0000 -?:44 -01:44 - -,I . .. . ... . - -- . ---- --

0:4.4 
1:46

Im 6600 0 00 GO to do o"o -01 :0"o

'20.60" -- 33 -4.39 -5.36 -5.36 -4.39- 0.00 -4.07

201:9090 -2:44 -*.44 -01:4A - Ol: 4A 0
:00 

-. 1:91,
0606 a 00 0 06 00 00 00 00

203.0000
'04.6000 .14 4.87 4.19 409 4.67 0.60 4I.&J,

-1.46 -1." -. 49 -. 49 0.00 -. 97
206.4-000 0.00 0.06 0.00 0.00 1.06 0.00
19P.O."
M.0000 35 4.39 3.41 3.41 4.39 0.00 3."
2".0000 -1.46 -1.46 -. 49 -. 49 0.00 -. 97
290.0"o 0-00 0.00 0.60 0.40 S.00 0.00

212-09" .16 3.41 7.44 2.44 3. 41 0.00 ý.V?
213.8000 -1.44% -1." -. 49 -. 49 0.00 -. 9?
214.0000 0.00 0.00 0.00 0.00 1.00 0.00
:15.0"4
216.0600 37 2.44 1." 1. &A 44 6. CA 1.9%
217.00no -2.46 -1,406 -49 -. 49 0.00 -. 17
210.~ fb.06 0.00 0.00 0.00 1.00 0.06
21*.Owo

30 1.4& .49 .49 1. 4A 0.60 .97
i 21-1.00" -1.46 -1." -. 49 -. 49 0.00 -. 97

ivý 222.0000 0.00 0.00 0.00 0.00 t.00 0.00
m 2.23.0000

.49 -. 4-1 -. 49 .49 0.00 .00

oaad, 40 0: 4010 0':0000 0-:100,

M.&IN. 4u -4ý -1.4. -1.4A - 4v 0.00 -. V7
0

0: 0"0 - 0': O"a 0-: % 0`0 I:co 0.00

2111.noo= 41 -1.44 -7.44 -2.44 -1." 0.60
233.0-.00 -1.4. - 1. 46 -4ý -. 49 0.00 - V7

0.0-1 0.00 0.00 9.09 9.00 0.00

Af C. -*.,.44 -4.41 -%.41 -7.44 0." -L.92
:-A P.6do-Nn -1.4. -1.4A -. 49 - 4v O.nn -.. y
230:00" 0.00 0.00 0.00 0.00 1.00 0.00

NO-9144-6 43 -3.41 -4. w -4. A9 -3.41 0.00 -3.90
241.ýA.O -I.Ah -3.4. -. 4v 4ý 0.00

0.-6 a." 4.06 0.00 3.00 0.00
?&A.OMh
2144.00M 44 -4.1v -'S..NA -4.3c 6.00 -4.07
74-6 Win 4A 1:44 9

0 ;:4 -.49 0.06 -.97
7":fwkvo -.':00 00 00 0.00 1.00 0.00

71- 747.660C.
A.ap 4.19 4.&9 4."7 0.00 A.&I

.49 O.Ou -.00

t: 6.00 0.06 6.00 0.ý* 2.00 0.00
251.0006
.51.094M

41 3 41 4-49 0.06 3.VO
:49 49

?%4 QnO4M 0.
ai, ;.010 00 0:00 :0000

C."ke
(.1.- 47 2 46 7.44 3.41 0.1.0

12% , :06" 1:4.., -:44 .4. .49 0. 60

no 60" 0.06 a." 0.00 0.00 1.00 0.00
2st.06"
2641.06" 40 :-.44 1.4A t." 2.44 0.06 I.qal
7Aj.6A-%a ;:49 -. 49 .49 .49 0.40 -.00

0.60 0.00 0.60 1.00 0.00
W.Ockm 46

'43.0416A
7AC."IM, 49 l.4A .49 .4V 1.46 0.00 VIF
M%.anaf) -. 49 -. 49 .49 .49 0." -.00

ý-".Mkwb 6.00 GOO 0.00 0.00 1.90 0.00

%A 49 -. 49 -. 49 .49 db.00 .00
.:A. .4v .4. 0.00

270.00" 0.00 (b. lk) 6.60 9.06 L.116 0.00

271.4u."a
- 44P -1:4A -1:4A -:49 0 00 97

27A a(ba"
.19 ;.49 t. 40 C'. 40 A.N% .. ,M

4.6.106 a 06 .10 '10 Chi 1 -. 1 Wb
;-5.0000

O"a
v 4v:-77.00..ft :42

0.06 I.ao 6.60 6.00 6.1k.
".q.An(wi
20A.-IO -6 -%.4% -;-.44 O.M,

.01.0nack .4.
I.Aa O.An a." O.Oft 2.00 0.1v

N-1.0004



2H14.0000 54 -!:41 -4.39V .4.3 -41 0.00 -X.90?90004 49 .4'9 :49 .49 0no0 .- 0
36.400.00 0.00 0.00 0.00 3.00 .0.)

?ff.ma 0 1 -. 9 3316- -Lm 4.* - . 0. -4.0i 7
20v:00m .9 -0 4 4 .0 -0"dl~om 0.00v febfo 0.:00 .0.0 0. 00"

29%.db 56 4.07) 4.1V I.V 0.07 0.00t 4.6.3~4.oo 49 0:49 1:46 3.46 0a0 9
M`600* 0.00 000 000 000 300 0.0-o

295.0040
202,0006 57 4.1" 1.41 %.41 4.39 0.00 3.903

294.000 0.00 .00 0. 0 0.0 1.06 .0

3W.41410 50 .3.41 -744 '.4a - %; t4 "0.066 92--
301.000.49 .49 .4 14* 0.00 .9).
302004 0.0.00 .0 .00 0.00 1.00 0.004...4

303.6000
.304 MID %9- 2.44 3.4 1.4 .44 0.00 2.95305s.0000 - - 49 .. 49 11 1.4A 6." .97 - - - - --- - -.-106.0o0 0.00 0.00 0. 00 8.00 3.00 0.00

*30.43000 60 3.:44 .49 .4 146 00 .97 - -30444 .49 .4 :349 3.:00 97
33.000__ 0.0.00 .00 0.0 .00 1.00 0.00-

311.000 - -- - - - -
31'.OnO A3 .49 -. 49 49 .9 00 .0
33.00 .49 It 49 1.46 1.' 00 97
314.060.w 0.00 0.00 0.00 0.00 1.00 0.00-
315s.00,00
33140*00" 6 -. 44 34 -3.46 -. 49 -0.00 -. 97- - - -317.080 . . .49 -: '-.9 14 1.4A 0A0 - .:97
330. 000 0.00 0.00 000 000 300 0.00

"3200 &3 -1 -446 .44 -2.44 .34 .0-1.49 - - - -- - - - -.M321.on"" :49 .49 3.4" 1.4 0.0 9
32.000 0.0 0.0 0.0 0.0 :** 0.007

373.0t00 
-* -0 -o -.-

U14.6-60 64 -2.44 -1.41 -3.41 -2!.44 0.00 n.%9ý

376.0000 0.00 04.00 0.G,00 0.00 10,90 0.00 -
327.000

328.0800 6%1 -3.41 -4-.%9 -4.39 -3.43 0.00 -3.90
329.0000 .49 " 0 1.4 04* 0.0* 9 ---

332.0000 66- 4.3 O33:Ao521 439 00 -4:.07.. . .33.1.0000 .49 .. 49o o 3.40* 1.46 0.0 a...

- I A.0MA 7 4.) 43 4.-,9 437 0.0 0.l

330.0on -m 0.0 000 00 0.0 00 0 - 0.0 6

mt340..o 63:.34.41.4 4.39 0."0 3.0
141004 - 0.40 1.4 2.4 .44 0.0n9o.-

0.00 0 60 .09 0.00 3.00 00

3&4. 

000.0

- 4%. I-' £9 .43 2.44 2..44 3.41 0.00 ?. 97

0 -% 0:4 .0 00 .0 100 0.0 - - - - -

349. 000 .42. 1 - .4* .4 24%00 .±
350.0000'-- -- 0.00 0.ý00 0.00 0.00- - - -0.00AT.423.000S00 ' 10

3%3.2.-6o- 76 - 1.t:4*% 4 - .9 34 .0 - .7 - --- - ----- ..- 4.-
3%.03m814£ .46 -.44 2.4 000 ?9
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