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INTRODUCTION

The backbone of ballistics has been the spin stabilized projectile.

Virtually, all ordnance from small arms to artillery has almost

exclusively utilized the spin stabilized projectile over the last century.

Its predecessor was the cannonball and spherical shot. Just as the

elongated spin stabilized projectile yielded a marked improvement over

the less efficient cannonball, so also fin stabilized ammunition offers

great aeroballistic improvements over the spin stabilized projectile. It

has only been in recent years that the fin stabilized projectile has come

under serious consideration. Some success was achieved by the Germans

during World War I with Naval projectile artillery. During the Korean

War fin stabilized anti-tank ammunition was introduced which improved

the effectiveness of the shape change because of its low spin. In recent

years the accuracy of fin stabilized projectiles has improved due to the

application of the Tricyclic Theory, the use of dynamic supersonic wind

tunnel tests, and improved launching techniques. I3ecause of their small

size and the desire for very inexpensive manufacture, the flechette has

not received the careful attenticn that it requires to achieve high accuracy.

It is essential that manufacturing tecliniques, saboting techniques,launch-

ing techniques, blast suppression techniques, optimized aeroballistic

design procedures, dynamic wind tunnel tests, accuracy theory studies,

computer analysis, and precision firings all be undertaken and optimized

to achieve good flechette accuracy and low dispersion.
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The purpose of this study is to explore flechette design and

performance with a view towards achieving high accuracy and low

dispersion. Specifically, exploratory firing programs were carried out

by Frankford Arsenal, by the Ballistics Laboratories and by the

University of Notre Dame. The results of the Notre Dame Flechette

Firing Program are summarized in Appendix A.

A dynamic wind tunnel testing program was also carried out by

the university on various flechette designs so as to determine the

essential static and dynamic aeroballistic stability coefficients. The

results of this dynamic wind tunnel program are summarized in Appendix B.

Of particular importance is the development of a computer theory

for flechette flight performance, accuracy and dispersion. This theory

together •vith an extensive computer analysis is given in Appendix C.

Finally, ilechette fir'-gs were carried out in the precision range at

Frankford Arsenal and a correlation of theory and experiment is also

provided in Appendix C. along with a physical evaluation of dispersion.

Based on the theory, sabot design and la,, cher changes were made

in order to reduce the values of those parameters which affect dispersion.

A second series of firings were conducted and the analysis of the results

is provided in Apnendix D.

3
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DISCUSSION

Exploratory Flechett2 Firing Program

The exploratory flechette firing program both at Frankford

Arsenal and at the university have provided an opportunity to measure

flechette spin, to measure flechette accuracy and dispersion, to

identify fin damage and body damage due to stripper, to provide an

approximate measure of dynamic stability at long range, to provide.

a first hand appreciation of the strong blast region and to concentrateaV

on sabot design, separation, and transition all as affecting flechette

flight performance and accuracy.

In addition a transition ballistic range was set up and optimized

at Frankford Arsenal. to obtain initial condition data using flash x-

ray photography. A complete description of the set-up is provided in

Appendix C.

BRL conducted free flight tests in their transonic Spark Range

to obtain aerodynamic data on the various flechettes under consideration.

These data were used in the preliminary development of the dispersion

theory and are compared with the wind tunnel results in Appendix B.

41
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Dynamic Supersonic Wind Tunnel Tests of
Four Flechette Configurations

In order to obtain both static and dynamic wind tunnel data on

flechette configurations, special tests were carried out at the

University of Notre Dame which utilizes its unique vertical down flow

supersonic wind tunnel and utilizes its one-degree-of-freedom pitching

dynamic support instrumentation. Four flechette configurations were

constructed and tested. The data from these dynamic tests was

measured on a photo-comparator and reduced and fitted by using the

Wobble program. The Notre Dame data on CMa and CMq + CM. is

in good agreement with the data obtained by the Ballistic Research

Laboratory at small angles of attack and small mach numbers. At

the larger angles of attack, the Notre Dame data is as much as tour

times larger as the BRL data in damping and as much as two times

larger than the CM, data. Thus, the nonlinearities which have been

uncovered in the dynamic wind tunnel tests are of considerable

importance in evaluating flechette flight performance and in evaluating

flechette accuracy and dispersion. No wind tunnel data was obtained on

the important Magnus moment. This omission is considered extremely

serious and it is recommended that future studies be carried out in
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iI
this area. It is also recommended that the aerodynamic characteristics

of the different flechette designs be evaluated with a view towards

improvement in performance and accuracy.

Preliminary tests were carried out in obtaining the rolling

motion of flechettes at the various angles of attack and in obtaining

three-degrees-of-freedom wind tunnel tests where models were able

to freely pitch, yaw, and roll. The exploratory rolling tests were

carried out in the supersonic wind tunnel at Picatinny Arsenal. Good

success was obtained on the basic configuration at small angles of

attack. At the large angles of attack the sting support mechanism bent

and thus had to be redesigned. These rolling tests have demonstrated

that it will be quite possible to obtain excellent free rolling motion

performance of flechettes at small and large an~les of attack using

instrumentation at Picatinny Arsenal.

Three-degree-of-freedom dynamic wind tunnel tests were

explored in a preliminary way in the Notre Dame vertical down super-

sonic wind tunnel. In these tests the model was able to freely pitch
/

and yaw and the afterbody with fin- was able to roll freely. The fore-

body however did not roll The tests were of marginal success but

suggested that complete success could be achieved with more effort.

It is specifically suggested that the new 3-D testing procedures originally

explored at Notre Dame be continued in the Picatinny Arsenal and/or

the BRL wind tunnels.

6
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It should be emphasized that the nonlinear aeroballistic dynamic

stability coefficients obtained in the Notre Dame progi'am represent a

major finding which was extensively utilized in the performance analysis

and accuracy computations. It is considered essential that all future

flechette designs undergo complete dynamic wind tunnel testing and

range firings in order to permit accurate computations of the true

dynamic flight performance, accuracy and dispersion of flechettes.

Dispersion Theory of High Fineness Ratio,

Cruciform Fin Bodies

A complete jump and dispersion theory is setforth for the free

flight performance of flechettes. The six-degree-of-freedom equations

of motion are coded for various computer computations which indicated

that the flechette accuracy theory accurately predicts the jump and
(

dispersion of flechettes.

In order to determine realistic values for the initial conditions of

flight and for the actual dispersion of flechettes, test firings are carried

out in order to obtain special experimental data. The raw experimental

data is fitted by the least squares method and thereby placed into the

form of initial flight conditions. These initial conditions are then

applied to the theory. Six-degree-of-freedom numerical computations

are used to evaluate the dispersion of eight test rounds. The good agree-

ment between the theory and test firing results indicate that the methods

of data analysis and the flechette accuracy theory together provide a

precise means of predicting the dispersion of flechettes.

A!
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The analysis of the firing data indicateE7 that the large Initial

conditions of flechette flight result from a strong impulse imparted to

the flechette in the muzzle blast regime. It is found that if the transverse

impulse imparted to the flechette is equal to an opposite angular impulse

then the dispersion will be zero. Since these two impulses rarely balance

and always exist, flechette dispersion is generally large. However, by

controlling sabot design and muzzle blast, the transverse and angular

momentums can be reduced and partially balanced thereby yielding

excellent accuracy and low dispersion.

Of particular importance is the invalidation of the classical

maximum yaw theory long used in exterior ballistics.

More specifically the complete jump and dispersion theory for

flechettes has been reduced to three governing equations which represent

flechettes having high, low and very low roll rates. These three theories

were found to be accurate by evaluation against six-degree-of-freedorn,

numerical computations of the equations of motion. It was found there-

fore that they accurately predict the jump and dispersion of flechettes.

The computer program undertaken to evaluate the flechette accuracy

theory includes 201 special case runs carried out in four parts.The first

part validates the theory with respect to the aerodynamic restoring and

damping moments. The effect of these moments on dispersion was found

to depend on the initial conditions.

The second part validated the theory with respect to the aerodynamic

Magnus force and moment. The effects on dispersion were found to be

8



very small and of no consequence unless the total dispersion of a

particular round was of the same order of magnitude as a Magnus

effect.

The thira part validated the theory with respect to aerodynamic

asymmetries (mass asymmetry, inertia asymmetry, etc.) and roll

rate. All three theories were found to be validated in this phase and

found to be quite accurate. Aerodynamic asymmetries causing a trim

of 10 have little effect on the dispersion of fast rolling flechettes.

Slower rolling flechettes were found to have in general increasingly

large dispersion values as the roll rate decreased. It can be concluded

that for flights which are prone to aerodynamic asymmetry and fin

damage, a high roll rate is essential to low dispersion and increased

accuracy.

The fourth part validates the theory with respect to gravity. The

theory indicates a laterail contribution to dispersion from gravity in

addition to the vertical contribution. However, for the flechette this

lateral contribution was found to be minimum.

In general, the agreement between the flechette accuracy theory

and the computer computations were excellent and account for the effect

of the initial launching conditions as well as the static and dynamic F

stability coefficients and asymmetries. Further, simple equations are

given in order to achieve the desired accuracy and optimization.

9

4 :



SUMMARY

By an exploratory firing program, by a supersonic dynamic wind

tunnel testing program, by the development of an accuracy theory for

jump and dispersion, by computer computations and analys's, and by

precision range firings at Frankford Arsenal, flechette accuracy and

dispersion is explained, evaluated and improved.

The firing program revealed the importance of fin and body damage,

the blast region and saboting. The dynamic wind tunnel program yieided

values for the important static and dynamic stability coefficients. The

flechette accuracy theory was confirmed by numerical integration of the

6-D equations on the high speed computer where the effects of initial

conditions, stability coefficients and asymmetries was revealed and

evaluated. Finally, by a flechette firing program in the new Frankford

Arsenal Ballistics Range, excellent correlation between theory and

experiment for flechette accuracy was obtained.

10
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APPENDIX A

EXPLORATORY FLECIJETTE FIRING PROGRAM

Two flechette firing programs were carried out at the University

of Notre Dame. The first program was carried out in the Army Firing

Range located under the football stanus in the Rockne Stadium. In these

first firing tests the actual flechette and its sabot were fired at full

hypersonic velocity using a mann barrel with sabot stripper. The firings

were carried out with the assistance of technical personnel from Frankford

Arsenal and under the direct supervision of Army ROTC personnel

stationed on the campus and responsible for the Firing Range. These

firings revealed two very important discoveries. By firing through light

drawing paper yaw cards and by examining the impression left by the

passage of the flechette, it was possible to obtain a positive confirmation

that the fins were being seriously damaged and/or bent by the stripper.

This finding was transmitted to the cognizant Frankford Arsenal personnel

where suitable corrective changes were initiated and fi nalized thereby

climinat~ng the problem of fin damage.

The second major finding of the first flechette firing program, insofar

as university investigators were concerned, was the recognition of the

tremendously intensive and long muzzle blast regime. While a standard 22

projectile is fired in the range with little noise and little blast, the flechette

system of basically the same weight but fired at large velocity yields a

,11 1
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tremendous concussion and a tongue of fire, blast and flame stretching

some 3-4 feet. The importance of the recognition of the strong blast

region lies in its effect in disturbing the flechette at launch and thereby

contributing to inaccuracy.

The first firing program therefore revealed fin damage due to

sabot strippers and a large blast region which contributed to jump and

inaccuracy.

The second flechette firing program carried out at the university

utilized an air gun in simple subsonic launchings. The range setup is

shown in Figure 1. The purpose of this special firing setup was to explore

various saboting techniques. In this program sabots of both pusher design

and puller designs were investigated. Also body inset sabot designs were studied,

see Figure 2. Representative target data is illustrated in Figure 3 where

effects of sabot designs are clearly evident. Various flechette and sabot

designs are shown in Figures 4 and 5.

I .12
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APPENDIX B

DYNAMIC SUPERSONIC WIND TUNNEL TESTS OF
FOUR-FLECHETTE CONFIGURATIONS

DYNAMIC SUPERSONIC WINDTUNNEL TESTING*

ABSTRACT

The linear values of the static pitching moment stability coefficient,

CM , and the damping moment stability coefficient, CM q+CM&,

are determined versus angle of attack for four flechette designs. The

program is carried out in a vertical supersonic wind tunnel using a

one-degree-of-freedom dynamic testing technique. This method allows

the model to go through free one-degree-of-freedom angular oscillations.

Stability parameters are extracted from a film record of this motion

and the stability coefficients are computed using the WOBBLE computer

program. Good repeatability cf the results is shown for low angle of

attack.

""-'iePared by Mc iael-Garsik.
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SINTRODUCTION

1

With the advent of more advanced analysis techniques today's

aerodynamicist has the power to achieve a better understanding of the

free flight performance of a flight vehicle. Data such as angular motion,

jump angle and dispersion can now be extracted from free flight data and

studied2 so that previously undetected instabilities and design failures

can be corrected. Obviously from this there arises a clear need for

development of fLee flight simulations. 3,4 The random method used in

trying to solve the problems of stability and flight performance would

prove dangerous and costly if full scale flight tests were conducted. It

would be. much cheaper and safer to experiment with new designs on

models of the actual configuration. This presents the problems of simu-

lating free flight motions so that data can be extracted and the new designs

evaluated just as if the test were conducted en a full scale model in free

flight.

Ballistic range firings was one of rhe initial attdmpts at a flight

simulation technique. It involved taking photographs at various stations

along a firing range ,,f a model that had been launched from a gun. Be-

cause of the limitations on the types of motion that could be observed,

the lack of control of initial conditions, and other limiting factors, it

soon became apparent that a more sophisticated method of simulation was

necessary. Attention was turned to the wind tunnel.

Attempts to study the angular motions of flight vehicles in the wind

S..25
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tunnel began by mechanically reproducing them. This technique ran into

several problems, in particular separating the driving mechanism

response from the aerodynamic response and the fact that the technique

is limited in that a mechanical response, rather then a free one, to the

flow field is used. In recent years the most successful wind tunnel simu-

lation techniqLe, dynamic wind tunnel testing, has been developed.

Actually there are several types of dynarnic wind tunnel testing. The free

flight angular oscillation method exhibits complete six -degree -of-freedom

motion and needs no external support system, however certain limitations

to this technique do exists. The duration of the simulation is restrictive

hence length of the "flight" is very short. Also, a lack of control of initial

conditions prohibits the study of particular flight modes. Another method,

that of constrained angular oscillations, eliminates these disadvantages

at the expense of introducing new ones. The most predominate disadvant-

age is the interference effects of the support system on the response of

the model to the flow field. This assumes that the problem of building an

adequate support system can be solved. It is important to have control

over the initial conditions and the length of the simulation run in order to

simulate the free flight angular motions in the wind tunnel. Of course,the

choice of which method to use depends on the careful consideration of the

problem at hand and the experimental limitations which could be allowed
and not interfere with the test being carried out.

With regard to the constrained angular oscillation technique and

its use in the superso c wind tunnel, several methods have been

26



developed. The gas bearing system is one that is ideally suited to the

study of low fineness ratio, non-finned bodies such as projectiles. It

does not lend itself to the study of high fineness ratio finned bodies quite

as well. One of the drawbacks of this technique is the high cost of

construction and maintenance of the system. The jewel bearing support

system has been utilized in supersonic wind tunnel testing to observe the

rolling motion of various models of flight vehicles. Such a system has

been successfully employed in determining the roll damping moment and

induced roll moment stability coefficients for different flight configura-

tions.

This investigation is intended to determine the linear pitching mo-

ment and damping moment stability coefficients of four flechctte configu-

rations in a supersonic regime. The study was conducted under a

contract awarded to the Departncnr of Aerospace and Mechanical

Engineering at the University of Notre Deme by Frankford Arsenal,
I.

Philadelphia, Pa. The contract deals with a :tudy of the jump angle and

dispersion of the flechet:te configurations. All underlying intent will be to

document the constrained angular oscillation technique used in the

supersonic wind tunnel tests.

In order to study the performance of the flechette configurations

and to be able to predict their flL-ht path, a basic understanding of the

stability of the rounds must be obtain(-I. Adequate stability prediction

requires that techniques of flight simulation be used which will produce

continuous results for supersonic conditions.



The actual steps taken in developing such a program of dynamic

wind tunnel tests were: 1) adapting the one-degree-of-freedom free

oscillation technique to the supersonic wind tunnel; 2) recording the one

degree of freedom angular oscillations of the models in the supersonic
I.

wind tunnel by high speed photography techniques; 3) reducing the motion

of the models to numerical values of angle of attack; 4) fitting the Aero-

ballistic Theory to the angular data obtained to determine the stability

parameters KNP, ANP, 5,6 5) computing the aerodynamic

stability coefficients from Linear Theory using the stability parameters,

model parameters, wind tunnel Mach number and density; 6) analyzing

the interference of the support system by checking the repeatability of

results.

To accomplish the goals set down a unique methd of supporting

7
the pure pitch flechette models are utilized. It involved suspending the

model in the test section of the University of Notre Dame's vertical.

supersonic wind tunnel and allowing it to go through fr-ee one-degree-of-

freedom oscillations. The low friction in the system allowed continuous

motions to be obtained and recorded and the stability coefficients to be

extracted from the angular data.

I'
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AEROBALLISTIC THEORY

Axis Systems

Two basic axis systems are used. The space fixed axis system

(Figure 1) is the system in which the data is recorded. The aeroballistic

axis system (Figure 2) is the system in which the equations of motion

are expressed. By choosing the x-axis of the space fixed system to

coincide with the velocity vector the data is made directly compatible

to the equations of motion, From Figures 1 and 2 it is seen that e= of

and q = 0. Care must be taken in extending this comparison beyond this

point.
jX~ifif? /

The linear theory for a missile constrained at its center of gravity

for one-degree-of-freedom pure pitching is as follows.

Linear Theory

In the development of the Linear Thcory several assumptions are

nn ade:

1. Aerodynamic coefficients are constant

2. Velocity and density are constant

3. All angular motions except roll are small enough that the

small angle approximations may be used:

sinx = tanx = x

cosX = A

4. The missile has mirror symmetry and trigonal or greater

rotational symmetry.

,.9.
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The fundamental differential equation of motion for the rotational

motion is

M = 18 (1)

The sum of the acting aerodynamic moments, shown in Figure 3, which

are assumed to vary linearly with angle of attack is

M = Moa + Mq + M& + M (2)
a q 6eE 2

w he re •S
M = CM • U 2 Sd

a a 2

Mq CIM rp U2Sd

(3)

M. CM V ] .L pLSd

SCM PU 2 Sd
E 6 1E 2

Because of the selection of the particular axis systems and their

orientation, Equation 1 can be rewritten as

M = 1[ (4)

Equation 2 can be rewritteun as

M=Maa+ M +M. +M6 6. (5)qa

Combining Equations 4 and 5 and rearranging

and (6)
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4

+ N + N =N (7)
2 3

where

N - 2 [M M

(8)

N 3 = [M6 ]
Solving for the homogeneous solution to Equation 7 assume a

solution of the form

S= Ke. Ot (9)

Differentiation of this yields

&= ) Ke4 ) t .4y= 2 Ke 4 ) t (10)

Substitute Equation .9 and 'O into the homogeneous form of

Equation 7

42 Ket + Npeqt +N 2 e 4 t 0
(P2 -N,( + Nt) = 0

[,{ 4)2+N, 4)+N2=0

which has a solution of the form

- N1  t2 N 4N (11)
01,2 -2 - 2 t

For missiles in air the assumption that the products of stability

derivatives are negligible when compared to themselves (i.e. N <<N 2 )

34 *
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can be made. This is generally a good assumption and will be made

here. Hence Equation 11 can be written

N1
01,2 - 2 - -

(12)

1,2 + iW 1,2

The homogeneous solution has the form

(Xl+icw1 )t (X2 - 'w 2 )t
'=Kle + K e

1 2

where

1 2 _ U 2 SaCM q+ CM& (14)
A1  x2  u + p 1Sd 2

[CM I 2  ] /2 (15)
wIL

-cm t U 2 Sd 1/2
-2- -(16)

and

(M 91( 2 817'

(GM +CM.) 81X (18)
q p U Sd

¶ Solving for the particular part of the solution of Equation 7 con-

sider the steady state caqe of no pitching, Equation 7 would be

35 '
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2 3

N3  M" (19)

N2  Ma 3

This is the particular part of the solution of Equation 7. The complete

solution is
(X+ iwl)t (X2 +iw 2 )t

a = K e + K2 e + K (20)

where K1 and K2 are found from initial conditions and are

K ao -o 2,ao 1P2, + K3
1,q2 ¢1-2 - 02, 1 •1,2"42,l1)

Since the magnitudes of (p and 02 are always equal and K3 is constant

K = K = K

Since

iWt,
e = cos wt + isinwt

Equation 19 can be written as

a = 2Ke"t cos wt + K3

or in a more general form

xt
a= Koe cos (wt + 6 )+ K 3  (22)

where

"K =2K

36
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Equation 22 is the basic modal which will be used to fit the one-

degree-of-freedom data. A physical representation of what Equation 22

means and how it reduces the Tricyclic Theory to a pure pitching motion

case is shown in Figure 4. The two arms K and K2 have been replaced

by'a single arm of length K where K=KI+K 2 . This arm is rotating at a

rate w= w, and has an initial orientation of 6 = 6 1. The cosine function

projects this arm onto the vertical axis of the aeroballistic axis system

to give values of 0. This "projection" follows the pure pitch'Ig of the

model as if it would look when observed from the rear.

Computation of Aerodynamic Stability Coefficients

To fit Equation 22 to the angular oscillation data the WOBBLE

computer program was used. This program fits the theory to short

segments of the data in overlapping pieces so that the stability para-

meters A', WI and K1 are determined as functions of time.

Computation of Linear Coefficients

Using the velocity and model parameters (Appendix A) along with

XI; co and K1 the. pitching moment stability cocfficient, CM and the

damping moment stability coefficient, (CM + CM. ), were computed.
q

Eq..ations 17 and 18 were used to compute these coefficients as functions

of time.

37
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Experimental Technique

Four different configurations were tested, the Ground Point, Olin,

Swaged Point, and Tracer. Schematic representations of the model

configurations are given in Figures 5, 6, 7, and 8 respectively.

One -Degree -of-Freedom Wind Tunnel Test Procedures

All of the tests were carried out in the University of Notre Dame's

vertical supersonic wind tunnel shown in Figure 9. This wind tunnel

features a vertical test section fitted with interchangeable steel and

glass walls. A. steel wall was used on one side to give maximum support

to the model support system and a glass wall was used on the other side

to allow observation of the models. The basic idea behind the support

system is shown in Figures 10, 11, 12 and 12a.

To mount the model in the tunnel the following system was used.

A length of piano wire 0. 030" in diameter was inserted through the hole

in the glass wall and into a syringe tube. The purpose of the two syringe

tubes, one on each side of the model, was to insure that the model would

remain in the center of the wind tunnel test section after it was released

and allowed to oscillate. After running the wire through the first syringe

tube, it was pushed through a small hole 0. 040" in diameter drilled per-

pendicular to the longitudinal axis at the center of gravity of the model.

The wire was then pushed through the second syringe tube and guided out

* of the test section through a hole in the steel wall. The wire was secured

outside the wind tunnel Lest section by a system shown in Figure 11. On
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the glass wall side the wire was put through a hole in a flat washer

placed flush against the glass wall. The hole in the washer had a dia-

meter closer in size to the diameter of the wire then the hole in the glass

wall. This cut down on the disturbance of the flow caused by the pre-

sence of the hole in the wall of the test section. Next, the wire was

secured by placing it through an Allen screw tube and a solder washer.

An Allen screw tube is a long cylinder with a small diameter hole drilied
along its longitudinal axis and three small holes drilled perpendicular to

the axis. These holes have been tapped to accommodate Allen screws

which can be tightened to clamp down on the piano wire and hold it in

place. A solder washer is a short cylinder containing two small dia-

muter holes, one at the center and one near the outer edge. After running

the wire through the center hole it can be bent around into the second

hole at the outer edge. This hole also has a small hole drilled perpen-

dicular to it and tapped to hold an Allen screw. As in the Allen screw

tube, this Allen screw can be tightened down on the support wire to

secure it. This system holds the support wire on the glass wall side of

the test section.

After running the wire through the steel wall side it wa- pushed H

through a flat washer identical to the one on the glass wall side. A

tightening tube was placed next in position and the wire was guided

through it. A tightening tube is two concentric cylinders which are

matched by threading. The length of the tube can be adjusted to the

desired size by rotating the outer tube about the inner one. Finally, the
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piano wire was secured using an Allen screw tube and a soldier washer.

This completed the setting up of the support system. One advantage not

already mentioned comes to light at this point. The models could be

easily removed and inserted into the test section of the wind tunnel.

After the support system was in place the tension in the wire was

adjusted by changing the length of the tightening tube. The tension was

set so that the model would not change its vertical position after the

tunnel was turned on. The model was then rotated 1800 and held in place

by a retaining mechanism shown in Figure 13. This system consisted of

an extendable retainer which was placed around the -'nose of the model to

secure it at its initial angle of attack. The retainer was connected to a

release wire which could be manually operated from outside the tunnel.

When the release wire was pulled the retainer would slip off the nose of

the model and the model would be free to oscillate.

To record the oscillations of the model a Wollensak Fastex high

speed motion picture camera was used, The camera was set-up as shown

in Figure 14 on the glass wall side of the test section. Two floodlights,

one just above the camera position and one above the inlet of the wind

tunnel, were used to provide maxiui lightting of the model in th.e test

section. The camera was operated at a speed of 3000 frames per second

for three seconds with a lens opening of fS. 6.

Upon compleýting all preparations the tunnel was started following

the procedure in Appendix B. The retainer was pulled back and the

subsequent angular motion of the model was recorded.
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One-Degree -of-- Freedom Data Reduction Procedure

The one -degree -of-freedom oscillations were converted to

nmwerical values of angle of attack in the following manner. Two

reference dots at a known distance apart had been placed on the steel

wall in the test section behind the model. These dots were included in

each frame of the film record of the angular motions of the model. The

dots were placed such that a horizontal line running between them was

above the highest point that the model with the largest radius would
reach. For each configuration the radius of oscillation, the distance

from the pivot point to the nose of the model, was also known. The re-

lative coordinates of the reference dots and the nose of the model were

determined from the data filn using an optical comparator shown in

Figure 15. A computer program called REDUCE, presented in Appendix

C, using these coordinates and the known conversion distance between

the reference dots was then employed to produce a time history of the

angular oscillations of the model. A schematic of the reduction coordi-

nates is presented in Figure 16.

Velocity Determination Technique

Since all the tests were not conducted on the same day it was

necessary to determine the vclocity in the wind tunnel on the particular

day the test was conducted. A method of measuring the static pressure

in the test section was necessary to do this. A system like the one in

Figure 17 was used to do this
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A long thin tube was placed in the inlet of the wind tunnel and

lowered until the end reached the support strut just below the test

section. This end of the tube was secured to the strut to help maintain

the position of the tube near the center of the wind tunnel test section.

A small hole had been drilled in the side of the tube to coincide with

the position of the model when the tube was in place. The end of the tube

in the tunnel was sealed and the open end was connected to a manometer

by a length of plastic tubing. 'This upper end was fastened so as to put

tension on the tube and prevent it from moving about in the tes;t section

when the pressure measurement was being taken. Any movement of the

tube would affect the pressure reading and produce an incorrect value

of the vClocity.

Before starting the tunnel a tare reading was made on the mano-

meter and the stagnation or total pressure was taken from a barometer.

Since the manometer scale did not coincide ,vidh that of thc barometer

the tare reading and barometer reading, which should have been equal

had their scales coincided, were different. This difference was a

correction factor which would have to be added to the pressure reading

taken when the tunnel was on to give the actual static pressure. The

tunnel was turned on and the pressure was recorded. Ilaving all of these

piessure readings the ratio of static to total pressure could be solved

for using the following formula:

SP Pread (Pt " tare)

Pt Pt

57



where

(Pt) = correction factor
-tare

Once this ratio was known the Mach number could be found in the

Isentropic Flow Tables of Reference 8. For Lhe REDUCE computer

program it was necessary to put the velocity in units of feet per second

from the Mach number. A sample calculation of this is shown in Appendix

D.
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ONE-DEGREE-OF-FREEDOM TEST RESULTS

• -"-. g 2e e -- ,-Frcedom Data Reduction

The WOBBLE computer program was used to fit the Aeroballistic

Theory to the one -degree -of-freedom angular data obtained from the

REDUCE program. The data was fitted in segments of 1.8 cycles and

the stability parameters K1, KTs X1 , and w were determined by

WOBBLE at a time interval of 0.03 seconds. The stability parameter

KT , the trim arm, is analogous to the K3 in the Linear Theory and is

due to aerodynamic asymmetries in the configurations. Th11 average

percent error of the fitting of the theory to the data for all the tests

carried was less then 3%. A representative plot of probable error (P. E.)

versus time is given in Figure 18. Ihe stability parameters were ob-

tained from the fits as functions of time. Plots of the stability para-

meters versus time for all the configurations arc presented in Figures

19 through 34.

One -Degree -of- Freedom Stability Coefficients

The pitching moment and damping moment stability coefficicnts,

CM and (CM +CMa),were obtained versus tinme from the WOBBLE

a q
fits. Plots of the mean values of the coefficients per fit versus mean

angle of attack Ixr fit are presented in Figures 35 through 42 for all the

configurations. These plots given an approximation of how the coeffi-

cients vary with angle of attack. Included on these graphs are Ballistic

Range Lal oratory (BRL) result, for the respective configurations and
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coefficients. The BRI. data was plotted at an angle of attack of 20.

Figures 43 through 50 are plots of BRL results for the stability coeffi-

cients versus Mach number for all the configurations. Mean values of

the Notre Dame results for the coefficients at low angles of attack are

inc'luded on these graphs. The Notre Dame data was plotted at a Mach

number of 1. 3 which was an average value of all the tests carried out.

An important point which should be brought up at this point is tne

discrepancy in the definition of the damping moment stability coefficient

between the two sets of results. The computations in this investigation
were carried out using a factor of ( d ) in the definition of the damping

moment stability coefficient (see Equation 3). The BRL definition used

a factor of (d--) causing the respective computed values of (CM +CM )u qa
to be off by a factor of two. To account for this and allow the results to

be directly compared, the BI3R, values of (CMq+ CM() were increased

by a factor 2 before plotting. This es.sentially gave all the vzlues pre-

sented a uniform definition and allowed the comnpari:-ons of th2 results

to be made.

0i



0

CD

$42

'-I

00

Oill

-- '-I c,)

CI) .C

Q)1

611

* I. 0
II

I .

CI.H F



CZ)

r1D

C1.4

622



. -- 4

F Ln

I:3

*14

0p4 -4Q)

-7r co cn c~0

63.



z z

tr) *v0
CI) 04

4~

644

WA0



0 0

Coo

if)2

S4'

4 J1

'165



*11

00

cn)

V4

44

C:)

1-1-u

C4Z

L4 -4

cu0

66[



0 0

LO

Cý

10

CD 0CD

C* CA Q 1 CN

U67 C,



ii
1'1

Iffj

z z

•'c : <>

00

-I

, - 0

rC

IfI )II-I

b00

4 .1

, •{:0

I.; 
i~..



~~CN

'0
C'44

E-

ItN

C.Q

IC

69oC,



* -I �

0 0z z
C)

�

C)

C)
Irj

0
I�4

cc
I,.

-1-

� H

E

C) �1)

It p

I
cc
".4sJ r�.

( �
t�1

I

F p I I, I*, C)
C) C) C) U C) C.)

C) If) C) ut�) C)
I � � -4 '-4 (N

I I

i-.

L
, (*�

I � - . -�. -�



cJo

C`4

C',L)

00

--DC

71~



'-44

o to

r4.

CCN
10 nj CZ



-44

ctf)

zz

iccn

4)~

00

C4o

I 73



SIF)

Z 0

0

iU

s@

0r.

--. -'

'1i

, I I I I l I I l !-



zz
a Co

ce)

Cov

Iffl

I -H

() C) >-
E

<I C 4
,-1

-~ C4

II

ZO0

C))

<30

79))



-4

zz
U-)

Cý

cen

CL)

e) n

-J4

C)

(Y () 8 6
Q)

76



'p

0 00z z4

Ioo

0 Cý Cý 17

C14 rf4 1

---------



l

-4-

cz C

02 o

x -- 4 q

0

113

0

1,0 
:

-4 --4 C4

18

I i I I Io
,0 0 0 0 0• 0

I I • |I

78

L



I il o
cai

C14

p44

CDN

I 

°.

.
:

AAll

i ;::..• 
, _ I __•. . .. -o

. , , "9
.

0"8 
0 0

0t0"0 
0-.

• 
c.'4 . .

-n C



c'Jn

4~C4

CN

C -D C:) t,

V') rN a



cc P- C4~

~oc

0-

C45

000

+

:3

60

V4

I I ILO

C14 U

+'

I' 81



CN

CN

(44

00

CN,

82U



;zz
If,

C/3

000

++

s-Im



i.cr.

0)

C."

+ C14

84-



Cd1

~t

CN +2

P44

C14 -t-0



(1r

1 04

LC..

86-



CIS

0 0 L

CIA

CDC

87z



Cdd

0>

C4

-'-4

-4-



4 .

ci

k.l

<1 z

00

I.

iH

I0

O00

C)I
C C

so
C-1-

/.1 'I n8



Sr

, O0

cci

i ~o CD

ID I !D!

90-

* -N
i .c'r1

• 1 9o i

• I I I I I I I I I I I I I I I---



100

YI')

C14:

44

tnc

00



ii

II

Szca

4ý
-o4

co

$-4

-A

Co

I I

CN4
92%

SI I I i ,-

., tt I,')• '-I..°'
• Q,' .

I.

S9 2 II



C)J

to +

cl 190

C~-d

93o



CONCLUSIONS

Single-degree -of-freedom dynamic supersonic wind tunnel tests of

four flechette configura1tions has been presented. Linear values of CM.,

and (CM + CM.) were determined from stability parameters acquired
q

from the data taken during the tests. These values of CM& and

CM q +CM6 showed good repeatability and were compared to results from

the Ballistics Range Laboratory (BRL) for the same designs at low angles

of attack. Over the range of comparison the agreement between the two sets

of data was shown to be quite good.

The repeatability of the results was a good indication of the absence

of frictional effects and interference effects to '-he flow which might have

been caused by the support system. In Reference 7 it was shown that this

excellent one -degree -of-freedom dynamic testing technique can be easily

extended to include the determination of nonlinear values of the static

pitching an(t damping stability coefficients. Also, because the model is

suspended at its center of gravity, there is no reason why this technique

could not be moved into a horizontal supersonic wind tunnel if necessary.
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APPENDIX A

MODEL PARAMETERS

Grount Point

Diameter .012 ft.
I = .000004647 slugs-ft2

Mass = .0003647 slugs
Radius = 1.69 in.

Olin

Diameter = .0119 ft.
Mass = .000303 slugs
I = .000007040 slug-ft2

ladius = 1.52 in.

Tracer

Diameter = .01533 ft.
Mass = .0004520 slugs

= .0000103570 slugs-ft2

Radius = 2. 11 in.

,i Swaged Point

Diameter = .012 ft
Mass = .0003933 slugs
I y = .000006041 slugs-ft2

Radius 1.69 in.

9
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APPENDIX B

SUPERSONIC WIND TUNNEL OPERATING PROCEDURE

Starting Procedure

1. Open valve to compressor manifold for wind tunnel to be used -

make sure that the other wind tunnels are either shut off or blocked from

the manifold.

2. Inform University Power Plant of intention to run compressors.

3. Turn cooling water on (one valve near wall inside laboratory).

4. Turn each compressor shaft to make sure they are free to

rotate.

5. Check oil level for each compressor (oil level should be above

gear).

6. Check oil punmp for each compressor i.e. depress six plungers

and observe oil bubbles.

7. Add a few squirts of No. 51 oil to nole in top of shaft bushing.

8. Check mercury manometer tubing in comprossor room to make

sure it is connected.

9. Turn master power switch on for each compressor.

10. Start one compressor - allow at least one minute after com-

pressor comes up to speed before starting the second compressor and

allow another one minute after this compressor comes up to speed before

starting third compressor.

II.. If mercury manometer reads more than 18 inches, Shut Down

Immediately.96
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Shut Down Procedure

1. Shut compressors off one at a time at one minute intervals.

2. Turn master power switch off for each compressor.

3. Shut compressor cooling water off.

4. Inform University Power Plant that compressors have been

shut off.
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APPENDIX C

ONE-DEGREE-OF-FREEDOM TEST RESULTS
ON R&D FLECHETTES

The model* was initially disturbed to an angle of attack of approxi-

mately 1800 and then allowed to oscillate freely. The resulting angular

motions were then recorded by a high speed camera technique.

One -Degree -of- Freedom Data Reduction

The "Wobble" computer program was used to fit the one-degree-of-

freedom Aeroballistic Theory to the angular oscillations obtained from the

moving camera technique. This data was fitted in segments of 2.2 cycles

with each segment containing approximately 25 points. The stability para-

meters K1 , KT, X1V co1, were determined by the Wobble program at a time

interval of 0.015 seconds. The average percent error of the theory to the

data showed an error of less than 3%. A representative plot of probab!e

error of fit vs time is shown in Fig. La.

The stability parameters were obtained from the fits as functions of

time, representative angular oscillations, probable errors of fit, and

stability parameters are presented in Figs. 2 through 6. The resulting

stability coefficients versus time are presented in F•gs. 7 and.

One -Degree -of- Freedom Nonlinear Stability Coefficients

To get an indication of the nonlinearity of the stability coeffi-ients

*Figure 1.
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with angle of attack, the one-degree-of-freedom Nonlinear Aeroballistic

Theory was employed. Using this nonlinear theory, the stability coefficients

were determined as polynomial functions of ihe angle of attack. Repre-

sentative plots of runs made are presented in Figs. 9 and 10.

Both Cma, the pitching moment coefficient and Cmq tCma the

damping moment coefficient were found to vary nonlineariy with angle of

attack. Both were found to be highly repeatable. C varied no morem C

than 2% about its mean while Cmq + Cm& varied less than 5% about

its mean.
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APPENDIX C

DISPERSION THEORY OF HIGH1 FINENESS RATIO,
CRUCIFORM FIN BODIES *

A complete Jump and Dispersion Theory is developed for free

flight vehicles. Six -degree -of-freedom computer computations

indicates that the theory accurately predicts the jump and dispersion

of flechettes.

The initial conditions and dispersion values are established by

range test firings. The raw data is fitted by least squares method and

put into initial condition form. Initial conditions are applied to the

theory and 6-D numerical computations to evaluate dispersion for eight

test rounds. The results are compared to test firing target data. The

agreement between the theory and test results indicate the data analysis

and theory provide an accurate means of predicting dispersion of flechettes.

Analysis of the firing data indicates that the initial conditions result from

an impulse imparted to the flechette in the muzzle blast. The transverse

impulse imparted to the flechette initially must be equal to the angular

V
impulse to obtain zero dispersion. Other disturbances in the blast region

such as sabot separation influence the initial conditions and hence

dispersion. First maximum yaw theory is discussed and disproved.

*•Prepared by lJawrence E. Lijewski.
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INTRODUCTION

The accuracy and dispersion of free flight vehicles has been a

problem in aerodynamics and ballistics for many years. Until the present

time, the primary investigations into causes and effects of jump (the angle

between the line of boresight and the line connecting the point of launch

with the instantaneous position on the tr'ajectory, ) and dispersion have been

directed toward projectiles and, in particular, artillery rounds. A full

program to investigate jump and dispersion characteristics of low trajectory

tinned bodies has been lacking and therefore is the subject of this disserta-

tion. The purpose of this analysis is to develop a basic understanding of

the parameters causing the jump and dispersion of flechettes. The flechette,

being a gun launched finned body, requires a different approach to the

problem. The old concept employed in the analysis of the dispersion of

artillery rounds is that the dispersion results from initial launch disturbances

imparted by the gun to the shell. '2 This concept is no longer v.ilid for

fiechettes since the flechette is a fin missile, sabot launched, and its

dispersion must be tied to the disturbances it encounters when clearing the

muzzle blast and sabot separation region. In addition, asymmetries are

more prevalent in finned bodies than projectiles and a finned body is more

apt to be influenced by the blast. These factors must be taken into account

by a theory involving finned bodies.

In order to develop this new approach, (1) a theoretical expression

for jump and dispersion had to be developed, (2) the theory had to be

130 l
LILi



validated, (3) free flight test firings had to be undertaken and initial

condition data extracted, and (4) the test firing results had to be

correlated with the validated theory. The Jump and Dispersion Theory

was developed, in general, for both fin and spin stabilized missiles in air.

The theory acludes the effects of: initial conditions, Magnus, aerodynamic

asv-nmetries, and gravity. In the past, theory development for projectiles

included only initial angle of attack and initial angular rate., 3 Initial

transverse velocity was considered non-existent 4 or negligible. Zaroodnys

included a linear momentum term to account for any transverse motion of

the projectile but attributed it to the gun during recoil. Any transverse

impulse imparted to the projectile by the blast was ignored. Other authors,

2including Sterne attributed the jump only to bore clearance and therefore

only included, effectively, the initial angle of attack. Magnus effects were

always neglected in previous studies either due to lack of familiarity with

the subject or lack of data. In general, all cross-forces, except lift, were

neglected mainly for convenience sake. Zaroodny, however, cautioning

against wholesale simplifying said "it would seem desirable that our

formulas allow us to include these other forces as the exlxprimental

information on these forces becomes available." Aerodynamic asynnnetries

were neglected for projectiles but included in Murphy's work. 6 It was not

until Nicolaides 7 ' 8 ' that all four factors affecting dispersion; initial

angle of attack, initial angular rate, initialtransverse position and velocitywere

put into one theory. The work presented here cxpands the work of Nicolaides

to include all parameters affecting dispersion in detail. Three separate

1 '31L[ , l~



equations comprise the theory to include the complete range of roll rates.

Before, only high roll rates were considered; with the study of finned

bodies, the roll rate range extends down to zero roll and accurate

theories had to be deduced from known aerodynamic equations.

To validate the theory,a six-degree -of--freedom trajectory computer
10,11,12

program numerically integrating the equations of motion was utilized.

The validation consisted of four phases. The procedure began with the

most basic theory equation and consecutively added terms to validate the

entire theory. Initial conditions, magnus, asymmetries and gravity were

successively validated with roll rate and velocity varied in each phase.

Before the advent of adequate photographic material, obtaining test

data was often difficult, At first, jump target data was taken separate

from yaw data. The thinking was that the yaw data was part of the pro-

jectile's characteristics and not affecting jump. As photographic methods

improved, and theories developed, the data was correlated. The correla-

tion of the data was often a problem. A fit of the motion to a least squares

method was difficult. Fowler, Kent,and Ilitchcock devcoped a method

that would plot the magnitude of the yaw separately from the orientation

and then fit the curves separately- A better method was developed by

McShane-Charters-Turetsky approximated the yawing motion to a circle.

For projectiles the method has been refined and is an excellent method.

However, for finned bodies with not,always circular angular motions, a

different method of data analysis had to be devised. Utilizing the free

flight data taken by test engineers at Frankford Arsenal on a number of

flechettes, the least squares method was employed to fit the data pre-
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sented here. The nearly planar oscillations of the fleciiette in the first

few feet downrange were fit to a pure pitching motion1 3 ' 14 and the

position downrange fit to a third order polynomial. From these results,

angle of attack, angular rate and transverse position and velocity were

determined for the first few feet downrange. Before, there was some

controversy as to whether or not the least squares fit could be. extra-

polated back to the muzzle. Zaroodny contended that the x =0 position

had to be taken out of the blast region to allow the aerodynamic equations

to be valid. On the other hand, Kent, Hitchcock, Fowler and Sterne held

to the fact that the free flight region began the instant the projectile left

the bore. In the analysis of flechettes the position x=O is taken somewhere

downrange alter the sabot separation sequence has occurred, This is seen

to be 3 to 5 feet downrange and assumed clear of any muzzle blast effects.

The striking shortcoming of previous works is the lack of correlation

betwoen test data and valid theory. For the flechette, correlation between

the theory and test data was undertaken as well as correlation between

test results and first maximum yaw data. Currently, the first maximum

ya-' theory is held by some to be an accurate method of predicting

dispersion. This theory disallows any influence of initial angular rate,

transverse position or velocity on dispersion. The dispersion analysis

presented here disproves this theory with actual test data. The details

of each of these aspects of this protram are developed in the following

sections.
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DISPERSION THEORY

Dispersion relationships for free flight vehicles are embedded in

the trajectory equation of any such aeroballistic body. To evaluate the

trajectory equation and thus the dispersion, the linear second-order

differential equation of angular motion is a logical starting point.

-- ipt -
w +N 1w+N2 N e + N (1)

1 2 3 4

where N 1 , N2 , N3 , and N4 are constants.

zw+ n M+mu+ i Mql (2)
N1 =+7 Z ][i P Iy

[' = ;Mw++ fPMpv][+Z- [zw+ip L ][_ p'x +-%L (3)

N lrhi -ip --- MC I I+. (4)
3~ ~ L '-m I Y1 - Z-

N img (5)•4=9[7- -mj. ~

in hils discussion of dispersion theory, it .s a ..Sum.ed that,

(1) total velocity, uo , is constant, equal to u in the

theory development.

(2) all force and moment coefficients dependent on angle

of attack are considerdd to be linear with angle of attack.

(3) all force and moment coefficients independent of angle

of attack are considered to be constant.
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(4) a linear relationship exists betweun x (distance down

range) and time for the non-drag case.

(5) roll rate, p , is considered to be constant.

(6) products of force and -moment derivatives are negligible,

except those involving Z6 and M6 ,

4

ii Utilizingrthe e ) asnum tions and the bnomidal exansioef.. i)-

2 , 3 , 4 and S become: '

N MW + Mpmy +w +il ipZw(a
- u (3a)

-. ipZ 6 C64  _

N3 nE lP-XI + (4a)

y ly

S(5a)

The solution to Equation I is that of tricyclic motion; that is,

w = K .lC 0lt + K e 0 2 t + 3e ipt+
1. 2 + . 6

where the complex coefficients are:

-(q2 Wo(21)w'o+0 3 (' 2 1-IP)t , ' '(7)
, 2 1 , 2  - 2 ,,1

-K3  (8)
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jN K I

and

N1, 1  (10)•I,2 2--J -- N - 4N 2  (0

The trajectory equation for free-flight motion:

S = (W - iuq) (11)

An expression for q is obtained from the equations of motion

i ýý zw ipp iZ6E6 1 ipt MgS[ ULj qI
m u + Z ~ ~~ m + Zm +[ I , u + Z

(12;;

q ,.-iw [ - wm +i -v + i p -

yielding a solution of the form:

01 t 2 -t ipt 2
"2= + t + k6 (63)

where the entire expression for tde solution is:

S- 1t r + tZ u 'niu

+ --- . + y• eipc dtdt

u vA
02 0

__+i tv rt tZjy7

, + [ mu ]K3 f cipt y--2 i.-)t2
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+ + [p (K, ) K2)\ rnu K4-o 0 m 1 + 2)]

(14)

'Me term is of an order of magnitude 10-3 and thus is

ý,eglectcd from all further discussion. This reduces 14 to:

+l0t[ý z + ipzpv/ ý ý+Ke
2 m u li 2e mu J1

(15)

3 Zw+ipZ 1 6 + -4 6i dtdt + t2

(zw + ip /Kl K2zw+iP7j-_)v)(ýKi K,)]lk"1 c ti0 [ j 2 )]z vse-['m w+1

So ms with and will be negligible since
1 2

they contain products of force and moment derivatives. Equation 15

!.,.-become s;:

K Zt t

K,!. -K + ZPt dtdt 4 [ in z .1j t

S. + (1+ S 16)

Equation 16 contains only the significant terms in dislprsion theory.

This equation is vlidt for all values of roll rate.
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..High Roll Rate Theory

For roll rates greater than 100 rad/sec, Equation 16 reduces to

an approximate solution. Integration of the double integral gives:

Sipt
ff iPt dtdt e21 (17)

For high roll rates, the first and third term,-. go to zero, leaving only

the second term to affect dispersion. Applying this approximation to

Equation 16

K4 ~ i~9 b ZW+izp'\ffv K2 3S= tw"iz~\+ Lorn ký
m 2j2

+ p t + SO

where, by applying previous aerodynamic relationships:
(1.9)

L1M 6 ,6C pzqf TX
(K 4 13) w -wo ((PiP 1 +1 in (

p 1 +(( 2  ) 01[2

q5 ].,'32 N2

F _

Ki 3 (20

Ml)u IT0 1
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Substituting 19 and 20 into 18 and expanding the various terms:

2: +Cz ad) cZp

+u "2[ u+- + pix pd CzpP ) +i (CM pd P1x C
L MC1+ 2du PP _2u mud z

z+1pd Cz
SO____ a 2-U i
ut +i + ud l "

2 \ U i n d + n- p du ) +C zPP + z l-i a

(21)

8 8mp

Laoo K6 ) , 6C(p C((IY)f +;

E A -- S

Employing assumrnpion 6

+ ± A] + iX M puv

. 2  )[l+ mud I • 28 mud (2

iI

.2ipi Cx (P u2lffdO)

\ 1,/ 8 39J

IIId 
___(

V 2
c• gl ý11

zv l m - S



The ail-relation offers a method to define the Jump Angle frorn Equation

22.

Jump Angle - 2 (103) (23)
x

J.a. x2 ,u-2( ++ (103) Es+zud +o 8pJ

-( itr1x L" -1 X A] (l03j C 6

I ipL\ u/2. 3
mud 8P, (24)

-~ (Ax\pwr2  + 10007
- ' II oo

-CZ 6C* ' S x 0

Equation 24 gives an approximatioo for the Jump Angle for high roll rate

cases with gravity, at any position x down range.

I nw Roll Rate Theory

For roll rates less than 100 rad/see but having a parameter, Pt,

greater than 1, Equation 16 can be reduced to another approximation.

As before, integration of the double integral yields Equation 17

/t e ipt _ 
(ipt t I

For low roll rates all three terms are significant to dispersion.

Equation 16 now becomes:

.. , 5 wm 1,•K 3 +- ,)\QCk • +Lki - n m }' t

+ ( + . ,y p, (25). (I / @ -c ip [ý tZ + , S°

The K3 arm, or rolling trim vector must b25 )parately examined.

From Equation 8,
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N3
K3  (iP-0 1 ) (ip-0 2 )

or

K N3
K3 00ip2 - iP(0bl+02)+P012

Numerical inspection of the three denominator terms indicates that

the first two terms can be neglected. Each term is not only less than 1%

of the third term but also they're subtracted from one another to make

their contribution even more minimal. Thus K3 is approximated by,

--' (p(I- p-`Yý ) - -- +
m md [C + mu (d(2)Cf +i .. (PIx c]I

for low roll rates, the second terrn in the numerator and the first term

in the denominator dominate all other terms and become the only signifi-

cant terms. Thus,

UiCM 6
6,

K = - - f I (26)

ST sam.,.is e approximation holds, true for applicable terms in

Equation 25 , thus reducing the jump angle equation to:

y jJ 5
= A." =•' CMj 14u 8 mp~t" Cf

C -- Z6' + +' lod• -ýIo (10)•
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II
Combining terms and dropping the negligible second last term

Expanding ei to cos u)+ in

i ,T + %Mm'- -c+ e,-

J.A C eu2 / -'XL6E

i+ so sI n p rao+ I Cz --0 -

mul mudC_ (27)

Equation 28 accurately approximates the jump angle for roll rates:

p > 100 rad/sec

pt> 1.0

VeryiSlow Roi~l Rate Theoryrj

For very low roll rates; that is, p>_ 0 and Pt •1', Equation 28 is

} again applicable.

One approximation is used, however, and_ that is that cos (•x

a,,d sin•(.) arc apoxim••,atedby power series.
Cos (Pe - to Co(px) 4 + is i.

U 2u2  24U4  720 uii~
(29)

sin3 p 5 _ [7
P 6 ( , + upmud- +px) x

_ U -~JW 20u5 5040 u?
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Substituting:and simplifying,

J A.- _L)P 2-xfo

+ + i ( 66 +u 2-0- )

0 3~

- mud ( M) &o + (10 (30)
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VALIDATION OF THEORY

The theoretical expressions for Jump Angle; Equations 24, 28 and

30; show that the dispersion depends on the initial conditions, aerodynamic

coefficients, distance downrange, and mass parameters. Dispersion for

this theoretical analysis is defined to be the deviation from the line of fire.

By analyzing only one Flechette configuration to validate the theory, the

producibility Ground Point, and taking all cases to be evaluated at 1000

feet downrange , then the expression for the Jump Angle can only be

affected by the initial conditions and aerodynamic coefficients.

To assure that the three equations for Jump Angle are valid and to

show the effects for various initial conditions and aerodynamic coefficients,

the expressions for the Jump Angle were evaluated for a series of cases

and compared to numerical integration of the six-degree-of-freedom

equations of motion, (6-D). A sample case run can be found in Appendix

A-2. The series of cases is broken down into various phases of develop-

ment. Phase I considers various initial conditions but with only the

V restoring and damping aerodynamic coefficients. This phase validates

"dhe use ofi ini.t.i conditions nlone. Phase II utilizes a set of constant initial

conditions, except for roll rate, and constant restoring and damping

coefficients, while varying Magnus coefficients to determine their

influence. Phase Ill brings into consideration all the aerodynamic

coefficients to includc the configurational asymmetry coefficients.

Different coefficients are used by varying the initial velocity and roll
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rx'es are varied to evaluate high, low, and very low roll theories.

Phase IV considers the effects of gravity for various initial velocities

and roll rates. No configurational asymmetries are used in order to

isolate the gravitational influence. Values for all coefficicits are

found in Appendix A l, as well. as other data including mass parameters.

Since computations were done at 1000 ft downrange, the Jump Angle in

mils is equivalent to the deviation irom the line of fire in feet for all

presented cases. The axis system used throughout this analysis is

illustrated in the list of symbols.

Phase I

To validate the effects of initial conditions with restoring and

damping coefficients only, 36 cases were evaluated using the high roll

rate theory, L,;quation 24. The cases are divided into 4 sections

isolating difforent initial conditions and their effects.

[ k Cases 1-9

The first section shows the effects of roll rate and velocity with .

zero So, (I and eto*~ii
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TABLE I

TIHEORY VALIDATION, RESTORING AND
DAMPING MOMENTS, CASES 1-9

Coe ffic ie nts
C nitial Conditions CY J. A (mils)
A CZ E _

S C-'/ CZ cZ
E I'' Pp CME 6-D Theory

S  - O Po Uo CMq+CMCMp CNE

1 0 0 0 :11416 0+Oi 0 + Oi
2 0 0 0 18850 5000 0+ Oi 0+ Oi
3 ) 0 0 6283 0 + 0i 0+ Oi
4 0 0 0 31416 0 4- i _ 0 + 0i
5 0 0 0 18850 3000 Al 0 0 0+ 0i 0+Oi
(- 0 , () 6283, 0)+ ()i () + Oi

7 0 0 C) '11416 0 i- ()i 0 + Oi

8 0 0 0 18850 1000 0 + oi 0+ 0i
9 00 62811 0 +- 0i 0 + Oi

Table I clearly indicates that no deviation from the line of fire occurs

if S 0 , Oo, and coare set to zero. Roll rate and velocity changes have no

effect on the jump Angle for this particular situation. This is a trivial

solution, it being obvious from inspection of Equation 24.

Cases 10-18

The second section gives the effects of initial translational velocity,

S= y + iz, with various roll rates and velocities. To assure the solution

is correct in three dimensional space, the initial translation velocity is

given in botfl y and iz directions. Equation 24 reduces to:

l • ~1000 "
SJ.A. -
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TABLE II

THEORY VALIDATION, RESTORING AND
DAMPING MOMENTS, CASES 10-18

Coefficients
C Initial Conditions J.A. (mils)
A CZ_ CyE
S CM a Czp0 CZEE CME 6-D Theory

0% a0  P0  U0  CMq+M CM GoNJ

-100+ -- 20.002+ 20.000+10 100+ 0 0 31416 20."06i 20.O00i
tOO20. 002± 20.000+

1 O0-+ 0 0 18850 5000 20.002+ 20.000+
..100 i 20. 006 'i 20.,000 i

12 1100 - 0 0 6283 20.002+ 20.000+
)oi 1 20.006 i 20. 000 i

13 100+ 0 0 31416 33.346 + 33.333 +
100i 33.368i 33. 333i
100+ 33.346 + 33,333 +

14 100i 0 0 18850 3000 Al 0 0 33. 368i 33. 333+i

100 0 33. 346 + 33. 333 +
100oi 33.368i 33.333 i
100 0 0 100.254 + 100.000 +16 100i 0 0 31416 100.765 i 100.000 1

100 100. 254+ 100.0004-17 0 0 18850 1000 100.764i 100.0000

18 1004 ( 0 6283 100.257+100.000+
8100 1100.765i 100.000i

The correlation between the theory and the 6-D integration for

Cases 10- 18 is excellent as shown in Table II. The Jump Angle is seen to

L-_ affected by velocity but not roll rate, as would be expected from the

reduced Jump Angle equation. Figure I illustrates the deviation from the

line of fire for initial velocities of 5000 ft/sec (Cases 10-12), 3000 ft/sec

(Cases 13-15) and 1000 ft/sec (Cases 16-18). Since the theory and 6-D
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are so close, they are plotted as one point. Figure 2 illustrates the

trajectory in both the x-y and x-z planes. The deviation from the linxe of

fire is linear with distance downrange in both planes. This would be

expected with no gravitational force acting.

Cases 19-27

The third section gives the effects of initial angle of ao.ack, a-, with

various roll iates and velocities. Again a complet,, initial condition is

used to validate the theory in three dimensional space E;quation 24

reduces to:

A--.-= pV x . m Czl C7 1000

Table IIl shows the range of error between the 6-D computatici, And

the theory to be 0.036 to 0.040 mils in the y-direction 'nd 0.0W8 tG 0,041

mils in ihe z-direction. Although the y.-dircction dcoviationv differ in sign,

the error between them is approximately 0.00225 detrc,'2, an extrmely

small angle. This angle will give an approximate deviation of 0.04 feet

from the line of fire at 1000 feet downrange. With the J.A. being so close

to zero it ,-an be expected that the signs may dit, 'r due to cornputetimnal

errors. The results do ::how Jump Angle variance with both roll rate and.

velocity. The largest change-, occuras velocity goes to WOGO ft/sec.
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TABLE III

THEORY VALIDATION, RESTORING AND
DAMPING MOMENTS, CASES 19-27

Initial Conditions Coefficients J.- A. (mils)CZ c CY E

C~~ CY
.- CZECM CZp CME

-c +CC CNE 6-D Theoryo Po uF 0  CMq M& CM

0 1+,i 0 31416 - 0.012+ -0.027
19 . 0. 068i +0. 027i

20!0", 0 18850 000) 0.023+ -0.017
-, 0.058i +0.017i

21 0 1. 1 0 6283 0.034+ -0.006
-.. . - 0. 047i +0. 006i

•- 0 1+i 0 31416 0.012+ -0.026-2. • 0.0674 +0.026i
23 0-"+i () 18850 3000 A.t 0 0 0.02240 -0.016

0. 056i +0.016i
2 0 TT - i 0 6283 0.033+ -0.005

0. 046i +0. 005i
25 0 14+i 0 31416 -0.037+ -0.073
25.0. 11 li +0. 073i

0. 015 -0. 008+ -0.044
26 0,.-i- 0 18850-100 ,0.082i +0.0441

-ý 2, 0 1 +ii 6283 0.021+ -0.015
:! k 27 0 h,0• __,_ _I 0 .0 5 3 i +0 .0 15 i

Cases 28-36

The fourth section gives the effects of initial angular -ate a , with

varying roll rate and velocity. An angular rate of 250 rad/sec is used in

... ,bo directi,-ns of the complex plane to test validity in three dimensional
space. Equation 24 r1educes to:
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r ~CZac_ _. ,,x cz y
J' " < L CM i P' :kC 1{00

TABL.E IVr

THEORY VALIDATION, R E2STOR ING AND
DAMPING MOMENTS,CASES 28-36

C_ Coefficients_.__

A Initial Conditiori:mi CA, (miT-

AS cm .. .. .E~
CM a C2

"so e a CM t- CM. Cm CML 6-D T'lluo. y

28 0 0 25()+31416 -2. -2.073
250i 146i -2. (73i,,..•0 I .<-,,-9.025 21 0'73

30 0 0 I 50i 5283
"309 0 0 250+1 083, 0`07 )-2 .O -

250i -2. 029i -2.,07:3i
5' 0 -.1,.96 1 -1.9 0 j

32 0 0 8'80 03140.16250i] ..... g 7 1 7 i-

250+ -1.96. --.1.970

252 018300 0 0 -1.966i -1.970i
250+1 , -1.964 -1. 970I 05- U550•7 -- --- 250i !t4t -. t. 904i "'ji. 970if

250 t. --. 23U -5.540,, 0 250i -5.274i -5.540i

35 0 1 250+ 18850 1000 -. 24 -5. 540
% 250i -5.254i --5.540i

1. 6 c0 20':25GC I 6283( 4 . 4

250i 50-5,26Ci
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Table IV indicates excellent agreement between the theory and 6-D

computations. Roll rate is found not to affect the Jump Angle appreciably

but velocity does, as would be expected from the reduced Jump Angle

equation. Figure 3 shows the dispersion pattern while Figure 4 illustrates

the trajectories. Cases 28,29, and 30 are plotted as one point due to the

small difference between them. Cases 31, 32, 33 and 34, 35, and 36 are

plotted similarly.

Phase II

To validate the effect of Magnus Forces and Moments on the

dispersion of flechettes, 21 Cases were run varying the initial roll rate

and Magnus Coefficients. All other conditions were held constant. The

variance of Magnus coefficients with Mach number had to be chosen

since no data was available. Arbitrarily, the ratio of Czp) /CM pp was

chosen to be the s;ame as that of CZU/CM . The Magnus Coefficients

used are presented as functions of Mach Number in Appendix Al with

only the values at Mach 4.5 tabulated here for ideixtitication sake:

* TABLE V

* MAGNUS COE FFICIENTS
AT MACIH 4.5

zpt3 .. ,Mpf3

+ 34.8 + 110.0

+ 31.6 + 100.0

[! ±+ 28K4 + 90.0

155

i .. i i : -I"i'"'i "j• . I I I ii i i |i i



Equation 24 now becomes:

SO ii/CM

u mud &0 o-•;

CM 4. PI (Z) i ~pRd Plx cz I000
M mud-• 2u 2u mud

Initial conditions used in this section are consistent with those of other

sections to provide a basis for comparison. Three cases of zero Magnus

were run, one at each roll rate to provide a standard to judge the influence

of Magnus.

The effects of Magnus coefficients on dispersion are minimal as

seen in Table VI. Thc variance between the zero Magnus cases and any

other case is found not to be greater then 0.209 mils (or feet at 1000

feet of range). In order to obtain the maximum Magnus effects, the

largest possible Magnus coefficients were used. Hence, CZ 34.8

and CM 110. 0 are the largest possible coefficients since cases 40

and 49 become unstable. Table VI indicates the effects (for positive

Magnus coefficients)
(1) increasing horizontal dispersion with increasing p

(2) decreasing vertical dispersion with increasing p

(3) increasing horizontal dispersion with increasing Magnus

S(4) decreasing vertical dispersion with increasing Magnus
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TABLE VI

THEORY VALIDATION, MAGNUS, CASES 37-57

CRoll P ..
A Magnus Rate p
S Forces &1 31416 rad/sec 18850 rad/sec 6283 rad/sec
E Moments

37 (6-5 (6-TD6-
0.0 17.994+ l-8.003+ 18.013+t-

38 18.042i Theory 18.032i Thcory 18.022' ieory38 = 0,0 17.900+ 17.910+4 17.921+
39 __p___17.954i 17.944i 17.933i
40CZ 34.8 18.141+ 18.057+

40 17.903i 17.979i
41 C 1i0 Unstable 17.909+ 17.920+

42 _ _p_ _ _ 17.942i 17.931i

43 C, 31.6 18.203+ 18.1231 18.053+
44 p[3 17.849i 17.915i 17.982i

CM = t0o.0 r7.899 1.7.909 -- 17.920+
45 Pp I17.954i . 17.942i 17.931i

46 CZp 28.4 18.183+ 18.1144 18.050+
17.869i 17.925i 17.987i

47 CM =0.0 7. 899 17.909 -/17.920+
48 Cp 17.954i 17.942i 17.931i

49 C .- 34.8 17.877+ 17.969+
4so =3 18.170i 18.067i
, 50 Unstable 7.090+ 17.920+

CMp =-I10.0 7 17.920+
5 13 .. 17.942i 17.931i

52 C - 31.6 17.807+ 17.888+ 1 17.973+
CP1 18.258i 18. 158i' 18.063i

"C53 C -100. 17.899+ 17.909+ 1.7.920+

54 Pp, 17.954i 17.942i 17.931i

555 CZ =- 28.4 17.826+ 17.900+- 17.977+
P 18.233i 18.144i 18.0591

CM - 90.7.899+ 17.909+ 17.820+
57CMp= 90.0 17.954i 17.942i 17.9311
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Figure 5. Dispersion: Phase 11 Ca~ses 46,47,48,55,56,57
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(for negative Magnus coefficients)

(5) decreasing horizontal dispersion with increasing p

(6) increasing vertical dispersion with increasing p

(7) decreasing horizontal dispersion with decreasing Magnus

(8) increasing vertical dispersion with decreasing Magnus

For example, Figure 5 illustrates the effects of roll rate for constant

Magnus coefficients of + 900 (1,2,5,6 above). Figure 6 illustrates the

effects of Magnus for a constant sample roll rate (3,4,7,8 above).

Obviously, when only a 0. 209 mil rnaximum deviation due to Magnus

occurs when the situation is geared toward finding the largest effect due

to Magnus, smaller deviations due to Magnus would be found in actual

situations. It can be concluded that Magnus has no large effect on dis-

persion although it could be significant if the total dispersion is close to

zero.

Phase ITI

To validate the effects of aerodynamic asymmetries on dispersion

of flechettes, a large number of cases were run varying roll rate, velocity,
and initia-l. conditions while holding the asymmetry coefficieInts ronmtant.

The asymmetries coefficients were selected to allow 1° of non-rolling

trim to exist while the fleehette was in flight. The asymmetry coefficients

CyL, CZE, CME and CNE are presented in Appendix A-1 as a functior

of Mach number. The variance with Mach number was chosen arbitrarily:

the ratio of asymmetry force to asymmei:ry moment identical to the ratio
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of CZ to CMU. The wide range of roll rates makes mandatory use of

all three dispersion theories. The governing equations are presented as

they apply.

Cases 58-90

The first set of cases utilizes zero initial disturbances while vary-

ing velocity and roll rate. For roll rates of 31416 rad/sec down to 100

rad/sec the High Roll Rate Theory yields the governing equation,

-- C6E(Iy-ix {
J.A. 8m M5, A) Z 6 mud A+ 1000

For roll rates: p< 100 rad/sec and pt > 1.0, the Low Roll Rate Theory

takes effect:

pu 2 rd2 Lý px~

1+ s in 1000p ( _ý _ -p EX

Finally, the very Slow Roll Rate Theory applies for values of pt < 1.0:

'.A.--•d2xV ( ,•'•CZU CM• --ipx 2  i

-u +f 252(0 3) 1000

Tables 7, 8, and 9 list Cases 58-90:
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TABLE VII

THEORY VALIDATION, ASYMMETRIES,
CASES 58-68

C Coefficients

A Initial Conditions J.A. (mils)
S --- -- CZ CYE

E CM Cz CZE

So % Po Uo CM+CM. c M 6-D Theory

0' 0.08 00.018-+cm M iq N MPCNE

58 0 0 0 31416 0.018- 0.018-
0.0013i 0.014i

59 0 0 0 18850 0.030-- 0.029-
1 __ 0.027i, 0.025!

0.060- 0.064-
60 0 0 0 6283 0. 127i 0. 130i

0.997- 1.013-61 0 0 0 500
,_ 0.992i 1. 009i

62 0 0 0 01.620- 1.638-
62 0 0 0 300 I.72 1 i 1. 683i

4.574- 4.675-
63 0 0 0 1005l 896i 4. 975

8.666- 8780-

64 0 0 0 50 12.280i 12. 489i
20.669- 21.150-

65 0 0 0 25 26.418i 26.927i

6 -7.973 -8.210
66 0 0 0 10 -62. 197i -63.210i

-29. 857 -30.372

67 0 0 0 5 -61.4F9i -62.353i

-49._706 -50.427
68 0 0 0 0 49.706i -50.4271'IF

162

4



-'T m j -•- ..-- -.

TABLE VII 41

THEORY VALIDATION, ASYMMETRIES,
CASES 69-79

c Coeffici~ent,,;

AC Initial Conditions ).A. (mils)

S -za CYBE
SEeCZ z C-I

CM - 'pf (kT

So % ao Po Uo CM + CMd -' CMp ME 6-D Theory

69 0 0 0 31416 0.008i 0.009-

70 0 0 0 18850 !0.013-- 0.013-

E 0. 008i 0. 0081
70. 0 0 0 185033- 0. 0:34-

7 U 0 0 628 0.028i 0.029i

I -0.394- 0. 4(',j-
72 0 0 0 500 0.398i 0.401-

i' 0. 663- 0.6(66-
I, 73 0 0 0 300 0. 59i 0.662i0. 659i 0. 662i

t. S4 I - 1.994-
74 0 0 0 100 3000 Al Al A 1.998i 1.98 i

5 03.780- 
3. i.! -

75 0 0 4.513i 4. !64i

7) 25 5.67/6- 5.7,-K 76 - 0 25 8.457i 8.51&6

77 u 010 10 I 9.203- 9.217
32. 6281 32. 897i

783 0 0 0 5 -4 . 42.273k. , •l[-4 i.985i -42. 273i

79 0 0 0 0 -3:3._014 -33. 1(4
,-33.0LiI -33. M94i
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TABLE IX

THEORY VALIDATION, ASYMMETRIES,
CASES 80-90

Coefficients

C Initial Conditions - J.A. (mils)

A C -, CYE

S CM a CZ CZE-.- p -
6-D TheoryE 7o (o o Po CCM+ CM

80 0 0 0 31416 UnstableI Unstable

81 0 0 0 18850 Unstable

82 0 0 0 6283 0.025- 0.023-
0.0tOi 0.014i

0.241- 0.238-
83 0 0 0 500

____ 0229i 0. 229i
S• O. 396- 0.394-

"di,•'• 84 0 0 0 300 0. 0.384-

Or___ 0. 380i 0. 3851
,• 1. 177- 1. 174-

7 85 0 0 0 100 1000 A 1. AI A 1 1'I. 100i I.165i i
86 0 0 0 50 346- 2.349-

2. 32)i 2.352i
S~~~~4. 684- 4 9-l

87 0 0 0 25 14.674 4.699- h
,4.672i 4.702

10.224- 10.177-

88000 10, l447i 14.476i

_8 9 31.013i 31.212i

89) 0 0 0 1, -524.402-24.45016-

-58.711 -58.450i
90 0 0 0 0 -58.7I 7li -58.4 501

16A
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Evident from Tables VII, VIII, IX is the fact that roll rate has

tremendous influence on the dispersion of flechettes with aerodynamic

asymmetries. Figures 7, 8, and 9 illustrate the dispersion pattern for

these cases. The 6-D computations and theory are in very good agreement

considering the large deviations involved. It should be noted that the actual

flecliette with its velocity approaching 5000 ft/sec is affected very little

by aerodynamic asymmetries. However, if the flcchette were only tL roll

very slowly, large dispersion ranges in excess of 60 mils could occur.

Velocity also has a noticeable effect an dispersion. Figure 10 shows the

three theory curves f,-um i'Xigures 7, 8, 9 in composite to illustrate

velozity effects. A sample trajectory, Case 79, is shown in Figure 11,

illustra.ting the curved path of flight. This is typical of trajectories

involving aerodynamic asymmetries.
1,

Cases 91-123

T'o show the relation between the effects on dispxersion [or initial

trunsvcrse velocity and aerodynamic asymmetries a second set ot cases

.,were run. Roll rate and velocity were varied as in the first set of case.-,
Sbut S was set at (100 - lOOi) ft/ec with O= 0 and &0=0. Tables X, XI.

L u•, .,.e wihO

and XII list thic results. Fo:r high roll rate cases, Equation 24 becomes:

puI7Td2 1-1"\:7I: .1. A Lý 8 C p +C + ,- ,o0o

For low rate cases, Equation 28 becomes:

165
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Figure 7. Dispersion: Phase III Cases 58-68
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Figure 10. Dispersion: Phase III Theory, Cases 58-90
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I2

IS 2al' d2 F(z
J. A. ilL + i C

8nix [CZ i( SCNM6j[T2 G -Cos P-)+ ~ 8sin 1000, u

For very slow roll cases, Equation 30 becomes:

iJ. A. + a)6mM' 6C4E - 7.2< u

4 + i px ltx 3 1 5\
-6-0\-U) + 2520 1000

Comparing Cases 91,92, 93 In Table X with Cases 10,11,12 in

Table I and Cases 58,59,60 in Table VII it can be concluded that;

except for possible computational error, Cases 91,92 and 93 are the

algebraic sum of Cases 10, 11, 12 and 58,59,60; that is, for example, Case

91 equals Case 10 plus Case 58. This fact is obviously true of the theory

equations and is here shown to be the case for the 6-D computations as

well. Similar comparisons can be made with corresponding cases In

Tables 11, VIII, XI and II, IX, XIL Thus, the effects 6f aerodynamic

asymmetries and those of initial transverse velocity are independent of

one another.

Figures 12, 13 and 14 illustrate the Cases 91-123, The curves are

of the same form as Figures 7,8 and 9 but differ with th,. addition of S0 .

Maximum effect of all parameters is,desired. Cases 113, 114 and 115 show

the limit of parameter combinations by 113 and 114 going unstable. Roll

rate effects are again large and velocity effects are larger than in Cases

58-90. Figure 15 shows this to be true .i also shows the cases involving

, m m m m m m i m m I i m J I I I I i I 1.



TABLE X

THEORY VALIDATION, ASYMMETRIES,
CASES 91-101

C Initial Conditions Coefficients (mils)

A CZ -CZ p CyE

S ~~CM P
E 'CME 6-D Theory

sp u C-M 4-CMI.C MC f
0o 0o 0 C U0 q 04 CN

91 311620.0114 20.018+

119.987i 19.986i

92 18850 20.0264 20.029+
I1). 972i 19.975i

93 628 20.0564 20.0834-3 19.872i 19.922i

94 500 21.0044 21.013+
19.012i 18.991i

95 :1300 21.6260 21.688+
18.286i 18.317i

96 10- 0 0 1.00 .5000 Al 24 59A2.6l
tUi Ali 15:099i 15.0251

97 50 28.702ý 28.780
7.687i 7.511i

98 2.5 40.766- 41.150-
6.492i 6.927i

99 10 11.983- 11.790-
42. 325i 43.210i

100 -9.908- -10. 372
41. 503i -42. 353i

S101 0-29.727 --30. 427 i
" -29. 743i -30. 4271

"1"
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TABLE XI

THEORY VALIDATION, ASYMMETRIES,
CASES 102-112

C' Coefficients
A Initial Conditions CZ 0 CyE J.A. (mils)

S a 7
E CM + C7 "p _ _CZ_- . .. CMq+ I CM C

-q - - % q CM 6-D TheoryS o ' 0 1 1 0 P o 0 p p • C N E

102 31416 33.352+ 33.342+102 
33.362i 33. 329i

103 18850 33. 366+ 33.345±+
3 336 4•4i 33,325i

104 6283 33.388+ 33. 367+
33,347i 33. 304i

105 500 33. 740+ 33.734+
:32.964i 32.937i

106 300 :34. 009+ 34. 000+
33,705i 32.761i

107 01-C, l35. 188+ 35.327+
107 0 0 100 3000 Al AlI0 100iJ 3 1.36 1i 31. 344i

I II I37. 139 + 36.744+
108 28. 8I50i 29. 169i

109 25 39. 029+ 39.054+109 ,2 124.892i 24.8171

11 lo 42.575+ 42.550+to ,0.716i 0.4361

5 23. 312- 23. 159-
8.612i 8. 940i

" 112 0 0. 380+ 0.139+
I ii i i0.362i 0.139i

t . - - __ _ _

1173
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TABLE X11

THEORY VALIDATION, ASYMMETRIES,
GASES 113-1-23

Coefficients
A Initial Conditions CZ C. A. (m ils)

E __ CMa C, cz CZE

CIE 6-D Theory
~~ a~ P0  u) CMq+ CM& CM.~cB ___ __

113 31416 Unstable

114 18850 Unstable

115 6283 100.351+ 100.023+
100. 814 i 99. 986i

t116 S00 IOU. 5 59 i 1)+O0.2.38+
100.5e7i, 99.771i

117 300 100.710+ 100.L394 +
100. 431 i 99.615i

118 100+ 0 100 1000 A] Al Al 101.492+ 101. 174+
100 9~ P9.05 8i 8. 835k

119 so102.668+ 102.349+
II 098. -195i 97. 648i
1225.10.5.0114 10-1.699+
120 2S 96. 164i 9.5. 298i

12110110.862+ 110.177+121 10 86. 27.:-i 85. 524i
12 I ~123. 2101 124.5'16+

12j. 0. PSS1 68. 78

1230 jj1 4

174
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U 3000 ftL/sec to be ones of smallest dispersion. Such was the case in
Figure 10. Figure 16 illustrates a sample trajectory, Case 101.

Cases 124-156

To establish the relationship between the effects on dispersion for

aerodynamic asymmetries and initial angle of attack, a third set of cases

were run. Again roli rate and velocity were varied as done previously but--a _-
a0 was set at (1+i) degrees with So=0 and &0= 0. 'fables XIII, XIV, and

XV tabulate the results. For all high roll rate cases, Equation 24 reduces

to:

ri/y NiAa0 ±L-ff , " - A lud -Imo

L. A2 A
For ;ow roll ratc cases, 3quation 28 reduces to:

'.A.= m: Qc -c IL(-c

F .-yA.;)CMsj,

•' '•:p \U u 1l0

For very low roll rý-tes, EA'uarion 30 t.'duc.s to:

Sp~(~a\ 1$ 1 iw 2 ii-i~4F L, - - UP1"
torn ~' tC I E~ 2\/ 60u

E _, ) V
Uo 71- 1,2 _ C000

-Only for high roll rates does the cy term appear. should have ao

\ -" . p-, ?-

1otwceiubc, effl..ct on dis'ersithi, for o < tOO rad/nc.

Ik_)O(.
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TABLE X III

THEORY VALIDATION, ASYMMETRIES,
CASES 124-134

Coefficients ___
C I initial Conditions j.A. (rnils)

A CaCZYE

S CM4 CZ p CZE 6D Ter
- 0  - pC 6-D Theory

0 q+ CM C;M P CNE

124 31416 0.028± 0.009-
0.052i 0.013i

125 188500.052+ 0.013-
,0.029i 0. 009i

"" 680.094- 0.078-. <'•126 6283 '
- I0.080i 0.073i

127 500 1.040- t.013-
0.954i 1.009i

.,• 300 1.660- 1.688-• ,-, 001. 680i 1.,683i

129 1 0 100 5000 A Al Al 4.628- 4.675-
129 0~4. 868i 4. 975i

1:30 o 8.732- 8.780-
12.279i 12.489i

25 20.784- 21. 150-1'31. ____251 26. 468i 26. 927i

132 I 0o -7.954- --8.210-
62. 367i 63.2101

V 133-29.912 -3R 372:•:'133 5
I III -61. 629i -62. 353i

!",• •' • 3• 0- 49.,828 -50. 4271
: -49. 840i -50.427i

i8m
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TABLE XIV

THEORY VALIDATION, ASYMMETMIES,
CASES 135-145

C Initial Conditions Coefficicnts_
A I o - J.A. (mils)

CYE
IS -- w CM (>7 cfý

E 711CM+ CM* CM C m L
So o CM0 Po 0 CNE 6-D Theory

133 314J.6 Untble

136 18850 0.035+ -0.003
0.046i +0.008i

137 2830.066+ 0.029-0.017i 0.024i

138 500 �.432- 0.401-
0. 357i 0. 396i

139 30 0.701- 0.666-
0.618i 0.662i

140 0 1+i 0 100 3000 AI A 1 1.879- 1.994-
1, 958i 1. 989i

141 so 3.819- 3.411-
4.473i 4. 164i
5.714- 5.721--

142 8.416i 8.516i
/143 1059. 247- 9,.217-1 3 10 32 ) . t S•¢ 00 2 '" . 097-

144 5 -9.985- -10.1 74
I 41.948' -42.273i

. i32.973 _-3_3.194, 15 " •32. 98 1i 1- 33. 1.94i

182
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"TABLE XV

THEORY VALIDATION, ASYMMETRTES,
"CASES 146-1-56

Coefficients
C Initial Conditions I .. J.A. (mils)

*1H --- i---- CM CZ C ZE-
CCM ME 6-D Theoryc••• Po Uo)M +CMh M

so 00 & 0 -p - CE___ _

146 31416 Unstable

147 18850 Unstable

148 628"" 0.046+ 0.008+b--0. 0039i 0.0011

149 500 0.275- 0.237-
0 . 188i 0.228i

150 300 0.432- 0.393-
100 3342i 0. 384i

151 0 14i 0 100 100 Al Al A 1.213- 1.174-
1. 123i 1, 165i

t52 50 2.381- 2.349-
15 502. 294i 2. 352i
153 25 4.719- 4.699-

1-3 254. 637i 4. 702i
10,258- 10.177-

154 10 14.4111 -14.476i
24.440- 24.51.6-

1.55 5 30. 976i 31.212i

156 0 -58.669 -58.450
,-58.684i -58.450i

183
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Comparing Cases 124,125,126 in Table XIII with Cases 19,20,21

in Table III and Cases 58,59,60 in Table VII it can be concluded that

Cases 124,125 and 126 are the algebraic sum of Cases 19,20,21 and 58,

59,60; that is, for example, Case 124 equals Case 19 plus Case 58. This

is obvious from the reduced theoretical equations for Cases 124-156. It

is shown here to be also true for the 6-D computations; allowing for some

computational error. Similar comparisons can be made with correspond-

ing cases in Tables III, VIII, XIV and Ill, IX, XV. Thus the effects of

aerodynamic asymmetries and those of initial, angle of attack are inde-

pendent of one another.

Figures 17, 18 and 19 illustrate Cases 124-156. The curves are

very similar to those in Figures 7,8, and 9 with the only difference being

the very small a. contribut!on in Figures 17, 18, and 19. Cases 135,o

146, and 147 result in instabilities, indicating that maximum effect of the

various parameters has been accomplished. Effects of roll rate are

essentially the same as in Case 58-90 and effects of velocity, Figure 20,

the same as in Figure 10. Cases with U= 3000 ft/sec again have the

/ smallest dispersion. Figure 21 shows a typical trajectory, Case 134.

Cases 157-189

To validate the relationship between the effects on dispersion for

aerodynamic asymmetries and those of initial angular rate, a fourth set

of cases were run. As before, roll rate and velocity were varied, but

L . &0 set at (250+ 250i) rad/sec with S§= 0 and 0oi=0. Tables XVI,XVII,

184
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XVIII gives the results. For high roll rates, the governing equation

becomes:

. [ (±)± CZ kQY•mud A+A.x -!Y A& 1000

Fof' low roll rates, the governing equation:

J.A.-L mx CZ 66 i VI CM6c;M [ (I-CosU)

L+ ( u sCza= 1000

For very slow roll, the governing equation:

~A IT FZ _(C7~\. Flp~

-= 2 C2 (-7,, i(MI--i-,. PA. /

+.iPxAp\ III )PX+ dnC 7,
-C 252 \u J 1000

Comparing Cases 157, 158,159 in Table XVI with Cases 28,29,30 in

Table IV and Cases 58,59,60 in Table VII, it can be qoncluded that Cases

157,158, and 159 are the algebraic sum of Cases 28,29,30 and 58,59,60;

that is, for example, Case 157 equals Case 28 plus Case 58. This is

obvious from the reduced theoretical equations for Cases 157-189. Here it

is shown to be true for 6-D computations also. Any discrepancy can be I
attributed to computational error. Similar comparisons can be made with

corrcsxonding cases in Table IV, VIII, and XVII. Thus the effects of aero-

dynamnic asymmetries and those of initial angular rate are independent of

one another.

1.90
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TABLE XVI

THEORY VALIDATION, ASYMMETRIES,
CASES 157-167

S~Coe ffic leents--

C Initial Conditions Ce-nJ. A. (mils)

A CZo CyE
S CM 01 CZ Cp rZ

.•C "1'+CM PC I Cq+6-D TheoryI ýoa 0 O 1 CMq+M CM C• EN

157 31416 -1.799 -2.055
-2.236i -2. 087i

158 18850 -1.873 -2.044
-2. 169i -2.098i

1 -1.924 -1.990159 6283 -2.90i -2[51i
60 50}0 -1.049 -1.06065 -3.000i -3.082i

-0.419 -0.385
161 300 -3.716i -3.756i

2,-"050 2.457- 2.602-
162 0 250i 100 5000 Al Al Al 6. 836i 7.048i

6.576-- 6.707-163 50 14.075i 14,562i

18.366- 19.077-164 25 27.827i 29.000i
165 10 -9. 690-j- 10. 283

165 10 63.387 -05. 28 3i
166 5 -31.387 -32.445
1-62.730i -6-l•.426i

-51.094 -52.500
167 0 -51.094i -52.500i

191
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TABLE XVII

THEORY VALIDATION, ASYMMETRIES,
CASES 168-178

C Coe fficients
CA Initial Conditions CotJ.A. (mils)

S __M CZ a CYF _

. CM+ CpCZE 6-D Theory
so ao Uo PO Uo CN4+CM.CM CME

- - - -- -~- 3~i~ -- CNE_ __ __

168 1415) Unstable

169 -1.755 -1.957
17 -2.154i -1.9781
17o0 1I 6298 3 -1.866 - 1 93,6-

1-2.054i - 1.999i

500 -2.351i -2.:366i
-1.308 -1.304

172 -2.595i -2.632i

250 0 -0.114 -0.024
173 0 0 20+ 100 3000 Al Al Al

250i -3.912i -3. 959i

174 50 1.873- 1.441-
6. 399i 6. 134i

175 25 :3. 755- 3.751-
7 10.393i 10.486i

17 07. 435 - 7.247-
*1 134.530i 34.867i

!77-11.870 -12. 144

-44. 054i -44. 243i1
-35.054 -35A164

178 -35.053i .-35.164i

192
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TABLE XVIII

THEORY VALIDATION, ASYMMETRIES,
CASES 179-189

C,. Initial Conditions Coefficients ._

- I t CJ. A. (miIs)

A CyECZ Y
S .~-- -.- -

CM Z CZ E
E S0P 0 U m qM +C & cm PpCME 6-D Theory

qoC C P N E

179 31416 Unstable

180 18850 Unstable

181 6283 Unstable

182 50) -3.015 -5.3028 50 -5.503i -5.769i

183 300 -4.884 -5144
-572i -5.925i

1 0 250 i() 100) -4.208 -4.366
184 20 i i A A 1 -6.135i -6.705i

15 -3.056 -3.191
185 so -- 7.031i -7.892i

186 25 -0.741 -0.841
-9.079i -10. 242i

5.8244- 4.637-
18. 344i 20.016i K

188 18.563- 18.976-
:33. 158i 36. 752i

89 0-61.894 -63.990
-6'.894i -63. 990i

' ll
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Figures 22, 23 and 24 illustrate Cases 157-189. The curves are

imilar to those in Figures 7, 8 and 9 but are displaced by the &o

contribution. Cases 168, 179, 180 and 181 indicate that maximum effects

of the various parameters has been achieved in other stable cases. The

effects of roll rate and velocity follow the same trends as those in Cases

58-(,0. Figure 25 shows the effects of velocity for Cases 157-189. Cases

with U = 3000 ft/sec exhibit the smallest dispersion. A sample trajectory,,

Case 189, is shown in Figure 26.

Comparison: High, Low, Very Slow

Roll Rate Theories

In Cases 58-189 the High, Low, and Very Slow Roll Rate Thcories

are validated for various initial conditions and parameters. The theories

have been applied for certain ranges in roll rate and roll rate times time

(pt.) The range of pt, (pt <1.0) are governed by the inherent requirements

of power series expansion. However, the ranges of p are arbitrary (to a

certain extent) and are based on accuracy of the theories themselves. Each

theory approximates the solution very well for a certain range of p and then

begins to diverge and become inaccurate. The range of p for which the

very slow roll rate theory is accurate is fairly well cut and dried; p20,

pt_:51.0. For any pt> 1.0 we must now ube the low roll rate theory, The

question now arises, how high a roll rate can this theory accommodate?

At what value of p must we change to the high roll rate theory? These

questions arc answered by a plot of sample 6-D computations, Figure 27
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and all three theories extended beyond the limits used in the previous

validation. The high roll rate theory is a straight line going off to infinity

as p goes to zero. Although the length of the curve in which it is an effective

theory is short graphically, the range of roll rates it encompasses is

trerendous. Figure 28 illustrates the effective limits of each theory; that

is, on the spectrum of possible roll rates it shows where each theory is

the most effective. The low roll rate theory handles the largest graphical

area but only roll rates less than 100 rad/sec and greater than 5 rad/sec.

The upper limit of 100 rad/sec was chosen since here the low roll theory

attaches itself to the 6-D results while the high roll theory diverges. The

lower limit of 5 rad/sec corresponds to pt<_l. 0. Figures 27 and 28 depict

Cases 58-68 where u. = 5000 ft/scc or t = 0.2 sec. Therefore p = 5 rad/

see corresponds to pt= 1.0. The very low roll rate theory has the smallest

range but is essential in predicting dispersion as the roll rate goes to zero.

As pt>l, the theory diverges as would be expected from a power series;

Equation 29. The sharp turn occurs at pi20 rad/sec or pt-4 for Cases 58-

68. Although Cases 58-68 were illustrated here, this analysis of the

effective limits of the roll theories was found to be similar for all other

cases. For the uo = 3000 ft/sec cases the low roll theory limits were
3.0 •0t or lo= 0 ft/sec cases: i.0<p<25.0.

Phase IV

To validate the effects of gravity on dispersion, a final set of

cases were run using the high roll rate theory, Equation 24. Ordinarly,

one would think that gravity would only introduce a constant term; one
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that could be factored out. However integration of the equations of motion

produce a gravity term dependent upon roll rate. Determination of its

validity and consequence is what is important here. So, a, and were

set to zero in order to allow determination of the effects due to roll rate

and velocity. The reduced governing equation becomes:

-- x - u ipIx A]1

J.A.= . + -1000
2(2 m Ldj

No aerodynamic asymmetries were present and the effectq of gravity were

assumed independent of effects due to So, •"h, &0; a logical assumption.

Table XIX lists the results.

Table XIX indicates that the effects due to gravity occur largely

in the vertical plane, as would be expected. The transverse contribution

is minimal but is affected by both velocity and roll rate. The vertical

contribution is only affected by velocity. The unstable cases indicate

maximum use of Magnus and thus maximum transverse effects on dispersion.

It can be concluded from this brief but thorough treatment that gravity

effects dispersion only in the vertical plane (for all practical purposes)

and that its contribution is constant with velocity. The roll dependent
ipl, I. ...

term, A, ,as been shown to exist but bccom,, negligible for the
mud

flechette. This term would possibly become important for projectile dis-

persion and other missile applications. Projectile motion with gravity is

typified by a cocking right of the projicctile in flight with a positive CM.a

but iicgative Cz the parameter A would become negative and the entire

roll dependent term, positive, that is, cocked to the right, dispersion to
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TABLE XIX

THEORY VALIr)ATIONGRAVITY
CASES 190-201

C Coefficients
A Initial Conditions - J.AC. (mils)

- CMa CZ p CZE
P CMq+CM. CM CMB 6-D Theory

a- -o oo - -o C. ooL

190 31416 -0.001 -0.001

190 T ±0. 644i 1+0. 644i

191 18850 5000 -0.001 0,001

192 6283 -0.001 -0.00119 6+0.64-4i +0.644i

193 0 0.000 0.000
+0.644i . -644i

194 31416 -0.002 -0.003
+ 1. 788i + 1. 789i

195 18850 0.001 -0.002
0 0 0 3000 Al Al 0 +1.789i +1.789i

196 6283 0.00 o .0001
+ 1. 783i + 1.-789i

19 0 10.000 0.000

+1.788i +1.789i

198 314116 - Unstable

199 18850 Unstable
10 0 0 _ _ _

16. 100i 16. 1001

0.0004 0.000+

201 0 16.100~i 16. 100i

2(14



the right. For a finned missile the opposite would occur due to the

agreement in sign between CMot and Cz..

I2

!';1|

[ " ... ... . ..... ...: . . . . . .. . ; - = -- . ,•.a , • - 2 _ "_ -• - - '- - " --... . . .. . .

(~"ii



FREE FLIGhT DATA ANALYSIS

In order to analyze actual test firings as to jump and dispersion and

correlate them with the validated theory, the initial conditions of each

test firing must be obtained and pIit into the proper form. To obtain raw

experimental data, test firings were conducted by the U. S. Army,

Frankford Arsenal. The configuration tested was the Producibility Ground

Point Flechette, Figure 29. The raw data required was both translational

and angular; that is, data was needed to determine position as a function

of time and angle of attack of the flechette as a function of time. To

accomplish this, Frankford Arsenal devised the test apparatus shown in

Figure 30. The gun barrel was mounted on a steel girder and a laser

beam was used to obtain the aim point on a target 50 meters down range.

At positions, 1, 3, 5, 7, 9, and 11 feet downrange, orthogonal flash x-

ray tubes were placed to photograph the flechette as it passed its station.

0 de tube was placed to allow a top view at each station and provide a

means of obtaining swerve and yaw data. The other tulbe allowed a side

view at each station to obtain heave and pitch data. At each station reference

marks oriented the flechette as to its exact position downrange. This was

to allow for any timing error and/or variation in muzzle velocity. The

photographs were taken using special soft flash x-ray tubes which permit

the photographing of the low density sabot pieces and analyzing the separa-

tion in addition to the motion of the flechette.
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I3

Prom the battery of test firings of 20 rounds of each type (which

included tests of the ground point, and swayed point producibility flechette

as well as the R&D version), 8 of the ground point producibility rounds

were selected to be analyzed. The eight rounds along with velocity, roll

rates and target positions are given in Table XX.

Raw translational and angular data are shown in Figures 31 through

46. The figfres illustrate the position and complex angle of attack of the

flechette for each station.

TABLE XX

FRANK FORD TEST FIRING DATA

R0 Target at 50 ft.

U
N u po Y (ft) iZ (ft)

D 0

4 4747 11,454 0.117 -0.038

6 4662 J3,,201 0.053 --0.0l0
7 4642 .14,219 0.141 -0.004
8 4062 13 000 0.053 0.099

]4 4758 13,289 0. 053 0.016
16 4753 17,3 5 4 0.084 -0.004

17 4677 16,613 0.070 -0.019
19 4679 11,913 0.089 0.059
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Once the raw data was obtained, it had to be converted into a form

such that initial conditions So, So , % and d. could be extracted from it.

To eventually arrive at values for S0 and So , the translational parameters,

the raw position or translational data had to be approximated by equlations.

The raw data was fitted to a polynomial equation of third degree by a least

squares method. The data in the y-direction was fit separately from that

in the z-direction to distinguish between the swerve and heave contributions.

With the equations obtained, a simple differentiation yielded equations for

the velocities in the y and z directions. The initial conditions S and S
0 0

are now readily obtainable:

S (ft) = Yo + iz°

s0 (ft/see) = o+ iz 0

Obtaining a and &, from the raw anjular data was more difficult.

The traditional way of analyzing any missile motion with pitch, yaw,

and roll is by a three-dcgrec-of-freedom least squares fit to the tricyclic

motion, Equation 6. 1lowever, the availability of only 6 data points made

this technique impossible, so another, approximate method, had to be

employed. The solution was to approximate the pitching and yawing motion

to one-degree-of-frecdom while holding the roll rate constant. In order to

do this, the o - ? axis system had to be rotated to coincide with the more

dominant angular mode. Figure 47 illustratc:s a typical raw angular data

plot. Since the angular motion of the flechette tends to approximate an

, ellipse, the 1 -a axes are rotated some angle y to coincide with the
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major and minor axes of thle ellipse, as shown. The angular data is

retabulated for this new axes system, ý'- u' . To fit the data to the one-

degree -of-freedom equation:

(Y =K1 eXt cos (Wt + 6)

only the dominant mode can be considered. For example, in Figure 47 the

dominant mode occurs along the a' axis; therefore, only a' coordinates

are utilized in the least squares fit, corresponding ý' coordinates are

ignored. Table XXI lists the parameters obtained for the eight flechette

rounds. Once an equation for &' is obtained, it represents one dimensional

oscillatory motion along the a' axis. A simple differentiating of the a'

equation yields an equation for &' . Tli initial conditions _a and &o

however, are complex whercas c?' and &' are only one dimensional.

Therefore, the rotation angle y is taken into account and the a' equation

is projected back into the a a axes system:

a a1,' Cos Y

= &' cosy (Y~~ S Iv
f~~Sifll'

(3 = a siny

Thus the complex initial conditions are approximated.

00 = 00 + io

% = 0 + 101

Figures 48-63 illustrate the fitted data both translational and angular

for the eight rounds. The transitional data includes the pertinent equations.
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S~TABLE XXI

AERODYNAMIC PARAMETERS FROM LEAST SQUARES FIT

R0 K1  x w 6

U (degrees) (rad/sec) (rad/sce) (rad)
N

D

4 5.01 -49.48 1921.3 -1.29
6 3.64 68.24 2079.8 -1.21
7 -2.78 46.48 1871.4 -1.26
8 -4.02 -203.19 2267.6 -1.21

14 6.09 -126.37 2042.0 -1.23
16 5.84 -174.7 2211.7 -1.18
17 -4.81 8.53 2314.5 -1.02
1.9 7.35 -121.62 1889.9 -1.22

At
a=Ke Ccos(wt + 6)

xF
&=Kle cos(ot +6)- wsin (wt + 5
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DISPERSION ANALYSIS

Free Flight vs Theory

Once the initial conditions are determined as in the previous section,

they are applied to the theory and compared to the dispersion of each test

fired round. To utilize the theory, the fitted data must be chosen for a

given time; that is, So, So , ao, %o must be selected for one given point

in time - positioi dowurange. Sincc the question of what px'irtt in time do

the initial conditions occur, 3 sets of initial conditions were chosen to

correspond with positions 1, 3, 5 feet downrange.. This span of position

downrange may or may not be su~fficient to inicludeý the actual timie correspond-

ing to the initial conditions for each round. The following analysis will

determine each round's effective time for its initial conditions,

For each set of initial conditions, theory and 6-D coMp)utations were

done and compared to target data for the Frankford test firings. The results

are tabulated in Table XXII in mils and plotted in Figures 64-71 in feet;

deviation from the time of fire at 50 ft. downrange. The relationship

between the deviations in feet and mils at 50 ft. downrange is:

" ].A. (mils) = S (ft__ ) (1000)

Sor- A. (ml)-(20) S(t
of daTo accurately and concisely analyze the complex and large amount

of data in Table XXII, the positions downrange in which the initial conditions

were selected must be simultaneously aualyzed with the uispersion results,,

at 50 ft downrange. The problem ýn choosing initial conditions is where

they Should be taken; at what point downrange. Normally, one would think
2i4
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TABLE XXII

DISPEIRSION ANALYSIS: RESULTS,

P 1) l'raunkford Theory 6--D
R o 0 Initial Conditions I)iRpursion Dispursion Diapersion

ll r uo Po k SO cro

j 0 n, (ft/sec) (rad/sec) (ft) (ft /Sec) (cleg) (rad/qecj mils11i A jmI ý n;- 11H4o~ m~ nls

- 0-0759"8+1 0.007415+ 0.20454 23.60+ 1. 32- 1.861 300-
0 0020881 0..08741 I. 37321 8 15814 1. _2 J 1.703
I.0778404 0. (X2359+ 0,6273+ 11.54+ 2,333- 2.451 1.413- 1.508 1.380- 1.461

4 3 4747 11454 0.(0152081 0.0070571 4.21251 77.571 0.7501 521 _ - 480L

"'0T 8 -. 0233 0.6877+ -6.41 1.571+ 164 1.520+1
1 5 0.0078921 0. 0065581 4.6184t -43.04i 1 0. 57&j 1._7 0.420i

-1 ---'.-eJ(WW+ ,Y4-3TF -. 5•-1,+ -54.86+ 2.001- 2.213 2.100- 2.293

0.00i295• 0.(0006311 1. 15501 112.481 0,9441 _. I 920l
6 3 4662 13201 ".0 2" (•-')( 1.050- 1.709- 1.753 1.7- 1.796

.. 0)12831 0.00059)81 3. 12471 48.77i
A - r5 --0-f -1 4+ 2,5- . 1 26+ . 1.1340+

0. 01) 17331 0. 110168:1 , 3 1055 1.291 - 0.50914 3
0. (751422+ -0.11121964 -0. !V307 -31.50+ 1.777 1 . 11.20 1.893
0 .00)2631i. 01.10084721 (. 792_71 8 1. 241 0.6381 0.5201
42 2 0.l17147.-11.0071)48+ -0.8928+ -1 7.09+2 .551J 1.5-2 1.560- 1 573

7 3 4042 14219 t4,).•S.0j 0,0046921 2.31)271 44. 081 .812. 8 Q.2i_.2001
50.069225± -0.003692+ -1.0 :q - 7. 18- 2 . 1.28: + 1 .386 1 .340+ 1.328

* -j . XVS2 1 q 021Q2. 2.61491 18. .21 0. 5201 " 0.22111
0.074107+ -0.016791- 0.'121 -92.44- 2.314+ 2.527 2.(,Olh- 2.225I.I0116171 o.Oi01.75t 1.018721 1 to. Ii 1.0181 0. 8411

-4662 12998T -"F" • *"":• - I 7-7T -- 1.067+ =.; -- 1.62
0.00(69821 0.1)1)022151 2.7(991 23.9-11 1.9831 24 0.2421 1.596 0. 2W 1.621

1. 064517 -0.0)780)33 -1.8075- 5. 8t' -+ 1T.0-3-0.0022,121 0.0039001 2. 15441 66.481 0.531 0.975.3401 1.037S1007"5.-0--6-7 !.f•)2 414+ 2.727- 2. Y62620-f7- I� 7F-J+41.45+ 2.70804
- -. .( 1( )10 _1" I 4 _3 _ I_ 4jY1 I 1 921 1li.0 L 0

ýt _ _1.9 17 - 1.9 6 0 -
0.0761960 -0.00f828- -3.74924 -50.31+ 1.0b74 1.113 4 1.967 3 1993

14 3 475h 13289 U 0._ 11931 070t971 50_,321 0.3171 0.4421 -7019

0.:0752174-0. (03675+ -3.5793+ 62.16- 0.9174 1.069 1.-10
0.}17111.W123171 3.57971 62: 371 01:5501 0,12801 1.30=

0.075834 0.T01-2178- 1.6401 - 148.66 2.79(- 3.024 2.740- 2.88410.0(05451 0.0026081 1.50.301 136.231 1.1681 b 0.9001
16 3 47o3 17354 0.012- .4 r00.0526ý -3.8411+ -33.39+ 1.702 1.7114 1.960- 1.9H3

0.05X)8151 0.0035351 3.5208t 30. 601 1.683- 1.685 01.276111 .3001
0. 07 6383+ -0, 000 158 4 -3. (1.699 - . 1 000 0t
0 o, 10,30331 0,.0071331 2.8,5221 82.311 0.766t 1.0:37 04411 1.093

o. 073036+ -0. 017169+ j. 239s- 8 1.70- 0.767+ 1.58:3 0).8804 1-472

Og,17 . 1801

I •0023771 0.1(070641 2, 19111 1
4 4

.4.2L 1. ___ _L 1811".17 3 4677 11 06813-0.01)8121+ 2.3600- 9.38- 1.400- 1.3424 1 180+16613 0.0048161 0.00152461 4. 18221 16.581 0.3831 1.451 o.3181 013201 1.223
S0.06618 -0. 0 02 12 5 + 1 1!61.996- 2, 94. 1.81 )- 1

,, U0. () P7l Q I )412 ;J2.83971 U12 5. 401 1- U.9 1 ,51 11,5 2 .0_ ")10.0764681 ,0.002102+ 2.0237+ 178.11+ -0.063- 0.06 0.18- . 37[ "
•' .O~~z.Qg.•J.•M_.0 " sb00 137.._J1 1- .114•1 133.021 ,0 3 .21
i.1 69 193 0.0764701 -0.0017294 5.01611 72. 164- 17634 2. 140 0.849- 0. Rh1 0.780- 0.80596 1 0.007.1041 0.0104461 3.74621 53.891 1.1831 (1.2371 - 0.220(1)

" 0. 075375+-0. 003383+ "1. FA1-T 1 -. 5ff- 2.010+2.-
-5 0.0110671 0.0084921 3.82151 45.991 0.7231 2 0.6001 1.728
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that the initial conditions would occur immediately after leaving the gun

barrel. However, the flechette being a finned body needs a sabot con-

figuration to guide it down the barrel, Figure 29. The sabot causcs the

initial condition location problem since the sabot must separate from the

flechette outside of the gun barrel. The exact time and place where this

occurs is not constant; varying from round to round. Not only does the

sabot separate from the flechette instantaneously different every time,

the sabot may not separate cleanly or the same way every time. Inter-

ference with the fins after sabot separation can cause disturbances to the

flechette and alter the initial conditions. In addition, asymmetric sabot

separation can influence the initial conditions. Figures 72-79 illustrate

the flight transition sequence for the 8 fleehette test rounds. In every

sequence the sabot bgins to separate, in varying degrees, 1 ft. downrange.

At 3 ft. downrange,the sabot is nearly completely separated,but in some

cases the sabot particles pose interference problems with the fins. By 5 and

7 ft. downrange the sabot has completely separated and the flechette is in

free flight. The correspondence between the flight transition sequence and

dispersion results can be seen in each individual round. Figure 64 indicates

that the initial conditions for round 4 occur somnewhere between I and 3 ft.

downrange judging by the dispersion of the actual tested round. Figure 72

verifies this fact in that the sabot has separated from the flechette between

I and 3 ft. downrange. The y-coordinlate in the dispersion vector does not
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accurately agree with the theory for this case. However, besides

computational error other physical factors can influence dispersion.

Contributions by fin asymmetries and other configurational asymmetries

can be important but are unable to be detected or accounted for. Through-

out this analysis this must be kept in mind to partially account for any

discrepancy between the actual test firing and the theory and 6-D

computations. Figure 65 indicates the initial conditions for round 6 occur

between 3 and 5 ft. downrange. Figure 73 verifies this choice showing

separation occurring around 3 ft but with sabot particles very close to the

fins causing possible interference and delaying the initial conditions

location. The initial conditions location for round 7 is difficult to accurately

choose since the y-coordinate does not accurately agree, Figure 66. It is

safe to say that the initial conditions occur somCtirne around 3 ft and

Figure 74 verifies this choice. The z-coordinate for round 8 is not as

accurate as would be desired, Figure 7, but the y-coordinate indicates

initial conditions occurring between :3 and 5 ft downrange. Figure 75 agrees

with this choice indicated interference with the fins at 3 ft delaying the

initial conditions. Initial conditions for round 14 are chosen between 3 and

5 ft. downrange, Figure 68. Figure 76 indicates possible fin interference
iF

tending to verify the choice. Figures 69 and 77 indicate and verify theiI
choice of initial conditions in the immediate vicinity of :3 ft downrange for

round 16. Possible fin interfcrence at 3 ft downrange, Figure 78, round 17,

verifies a choice of initial conditions between 3 and 5 ft, Figure 70. A similar

- situation occurs for round 19 in Figures 71 and 79. It is often difficult to
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choose initial condition positions accurately due to slight discrepancies

between theory and test firings. However, the discrepancies are of the

order 0.05 ft, which shows up large in Figures 64-71 due to the scale

chosen, but is within the error expected from the validation of theory

section.

The influence of sabot separation can be readily seen by inspection

of Figures 72-79, 1 and 3 ft downrange. in every case, the flechette and

sabot are at ncarly a zero angle of attack at I ft, but has changed angle of

attack noticeably by 3 ft downrange. This would indicate that fin inter-

ference or asymmetric sabot separation is causing the noticeable effect.

It can be concluded that disper.,sion is dependent upon the initial conditions

that the initial conditions are a function of sabot separation and that the

theory can predict what the initial conditions are and where they occur.

Dispersion Theory vs. First Maximum Yaw Hypothesis

A popular theory to predict the dispeyrsion of flcchettes is the First

Maximum Yaw Hypothesis. This theory relates the diqpersion magnitude

to the first maximuin yaw magnitude by a nearly linear relationship. Other

initial conditions such a, angular rate, 0 and translational velocity, S0

are said not to effect dispersion. To disprove this theory and strengthen

the position of the theory ascribing to dispersion due to initial conditions

So, ao, ao, the First Maximum Yaw theory was applied to Frankford

Arsenal data. Figure 80 shows a plot of oispersion magnitude vs. first

maximum yaw magnitude. Clearly no linear relationship exists between
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dispersion and first maximum yaw. In fact, the plotted data resembles a

random shotgun blast. Figures 81,82 and 83 employ the theory to the first

maximum yaw hypothesis. Again the plot substantiates the findings of

Figure 80. The disprova] of the first maximum yaw hypothesis comes as no

surprise since the dispersion theory contradicts it and the 6-D computations,

which integrate the actual equations of motion, validated the dispersion

theory. Therefore, dispersion could never accurately be predicted by a

theory involving only first maximum yaw.

The influence of initial conditions, So' I and d~o and dispersion

for the actual test firings are expected to be different from that in the

validation of theory section because of the different ranges in the initial

conditions. For example, So in the validation section was (100 + 100i)

ft/sec. In the actual test firings, SO only ranged a!; high as 0.017 ft/sec.

Of course, the large value was only to validate the theory. Here So is very

small and its contribution is accordingly smaller. In the reduced equation

24, employed to calculate the theory colunmn in Table XXII,

' So ._ p ipl
J.. (mils)= 1000 4 A

X u m ud 0Y
" for ro",nd. 4,1% A. L downrange.

1000 (0.001562 + 0.001841i)mils

where as,

).A. = (1.329 - 1.302i) mils

P Since this is typical of the 8 rounds tested, So has little effect on dispersion

4. • " for these rounds. I,-
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Similarly, for this particular case,

so
1000 - = (1. 519360 + 0.041760i) mils

x

"100 ipA 0.01437 + 0.00214i) mils
m0 --Eud

-100 dou (-0.206075 - 1.383672i) mils

Obviously, S0 and •oare by far the greatest contributors to dispersion

for this case. Inspection of all the other 23 cases in Table XXII agrees

with this general pattern. So can be nearly eliminated, of course, by

accurate setup of the test equipment so that the gun barrel is set exactly

at coordinates (0,0). Any S then would occur from displacement due

to the blast. This leaves the major culprit in dispersion to be i.

Figure 84 illustrates the dependcnce of the Jump Angle, and hence

dispersion, upon angular rate and angle of attack.

Although &0 contributes the most to the Jump Angle, the combination

of SO and CO also has a noticeable influence. From the test firings, SO

was found to have a negligible effect on dispersion. Therefore, it is

neglected in Figure 84 to simplify the plot. It is evident from Figure 84

that various combinations of •o and a yield zero dispersion. It is
possible that large values of -'b' and-ocan combine to yield zero dispersion;

an impossibility with the first maximum yaw hypothesis. If a. and 60 are

anle to balance to give zero dispersion, then this idea can be expanded to

include the entire equation.
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"The governing equation used throughout this dispersion analysis
section is:

" = "mud o-) 2 u2--2

Eliminating the constant gravity term,
-•JA.= 10030 0 u. mudY A -ao

FixoL - u m A(&oao - -0

Setting J.A. to zero, the idea benind Figure 84 is expanded to include

So, SO-

so- A o- ao -s

:x mud l

rearranging

-= r x Ct a- ip Ix)Ad+ i1_

A dimensional analysis of the equations Vnds that both sides have units

of momentum or impulse. Going one step farther it can be said that to

obtain zero dispersion:

initial transverse momenttun= initial angular momentum

Therefore it is the imbalance in the initial monrjentums that causes

dispers!ion. The size of initial conditions can be huge, Figure 84, but

if they can combine to balance, zero dispersion results. The way the

initial conditions combine., determine the magnitude of the imbalance or

dispersion. It should be noted that -.his dispersion discussed is round to

- -;round dispersion and that the inconsistency of the momentum imbalance

2 4
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from round to round causes a dispersion pattern (a set of rounds). The

next section will highlight this principle in the evaluation of physical

factors affecting dispersion.
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PHYSICAL EVALUATION OFDISPERSION

Initial momentum imbalance has been shown to cause dispersion.

Initial conditions determine the magnitude of the imbalance. What causes

these initial conditions to occur is the subject of this final section. Initial

conditions occur somewhere between zero and five feet downrange to

different degrees of magnitude due to various conditions. These conditions

are:

1. Fin or body asymmetry

2. in-bore mal-alignment

3. Asymmetric blast

4. Asymmetric sabot separation

5. Sabot-fin interference

6. Fin or body damage

Fin or body asymmetries can cause dispersion magnitudes to range as

Imuch or greater than those in the Validation of Theory section for aero-

dynamic asymmetries. These asymmetries can be overcanted or bent

fins, damaged nose cone, or even body deformities. Figure 85 which

Ii shows in--bore mal-aligninent also shows a slightly bent body, concave

downward. In-bore mal-alignment can be attributed to warping and/or

the entire flechette at some angle of attack. Clearly, if this flechette were

fired, the in-bore angle of attack would produce an a. outside the gun

barrel even before sabot separatioa. With the flechette at some angle of

attack, thE. blasr can cause a large &o and an S. and So . he blast itself
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is a chief catalyst in causing the initial conditions. An asymmetric blast

can indeed impart influence on the initial conditions, bt vmmetric

blast can also. Given an initial angle of attack due, to soi tisturbances

the symmetric blast can cause significant ao P , So and So. Figure 86

shows a typical blast region with the flechette outlined in the picture.

The momentum principle discussed in the previous section goes hand-in-

hand with this blast region. It is here that the transverse and angular-

momentum is imparted to the flechette. Figure 87 illustrates a typical

flechette in the blast region. Corning out of the barrel at some angle of

attack, the blast catches the flechette and induces some angular rate.

At the same time, the flechette is translated laterally giving an SO and

§S . If these contributions cancel each other out; that is, if initial

transverse momentum equals initial angular momentum then the dispersion

is zero. If they do not cancel, dispersion results. The sketch is highly

simplified in that the blast itself is all-engulfing as in Figure 86. Of

course, the transition sequence of sabot separation, fin interference,

and possible fin damage must not be forgotten. The transition sequence

occurs in the blast region, however, and is not considered separate

from the blast. When separation occurs, the sabot particles are apt to

interfere with the fin section and cause possible damage. Once the sabot

has separated and cleared the fins the blast has had its greatest effect

and the initinl conditions can be determined. After the flechette has

moved downrange, it assumes supersonic free flight, Figure 88.
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4 CONC LUSIONS

A complete jump and Dispersion Theory has been developed for

free flight vehicles. Three governing equations have been determined to

accommodate high, low, and very low roll rates. The theories were found

to be accurate with six-degree-of-freedom numerical computations of the

equations of motion and therefore reliably predict the jump and dispersion

of flechettes. The theory validation included 201 case runs in four phases.

The first phase validated the theory with respect to restoring and damping

moments. The effect of these moments on dispersion was found to depend

on the initial conditions. The second phase validated the theory with respect

to Magnus forces and moments. The effect of Magnus was found to be very

small and not to be of any consequence unless the total dispersion of any

given round was of the same order of magnitude as the Magnus effect.

Phase three validates the theory with respect to aerodynamic asymmetries

and roll rate. All three theories were validated in this phase and found to

be quite accurate considering the large dispersions enpountered. Aero-

dynamic asymmetries causing a trim angle of 10 had little effect on the

"dispersion of flechettes. Slower rolling bodies were shown to have, in

general, increasingly larger dispersion values as roll rate decreased.

"It can be concluded that for free flight vehicles that are prone to aero-

dynamic asymmetries and fin damage, a high roll rate is essential to

lower dispersion and increase accuracy. The fourth phase validates the

theory with respect to gravity. The theory indicates a lateral contribution
to dispersion from gravity in addition to the obvious vertical contribution.
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For the flechette, the lateral contribution was found to be minimal and

was neglected in this analysis.

Free flight data was obtained from Frankford Arsenal to correlate

with the theory. Angular and translational data was fitted and put into

initial condition form. The initial condition data was applied to the theory

and compared to target data for the rounds tested. The theory was found

to agree favorably in magnitude with the test firings. As a result, the

method used to analyze the data can be considered a valid method. Photo-

graphs of the test firings were taken to include the flight transition

sequence in the blast region. The pictures further verify the analysis

method of the initial conditions by allowing agreement between the chosen

initial conditions and the position downrange where they were selected.

The evaluation of the free flight dispersion against the theory also

disproves the First Maximum Yaw hypothesis. A plot of jump angle vs.

first maximum yaw of actual test data produced a shotgun blast pattern

with no relationship evident between dispersion and first maximum yaw.

In addition, a plot of jump angle versus angular rate for various initial

angles of attack indicates an infinite u u amount of Jmi a?'-..o. 0.A inLtial

conditions to yield a given jump angle. Thus, zero dispersion has an

infinite set of possible initial conditions. It was found for zero dispersion
that a unique physical condition holds: to obtain zero dispersion, initial

transverse momentum initial angular momentum. These impulses are

imparted to the flecherte in the blast region where the body and especially

the fins are subject to disturbances. Momentum imbalance is the reason
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dispersion occurs. The initial conditions only determine the magnitude

of imbalance or dispersion. This dispersion is round to round dispersion.

Inconsistency in the imbalance results in a dispersion pattern. The

initial conditions were found not to occur until after the sabot separation

and the blast has had its greatest effect. The factors causing the existence

of initial conditions were found to be not only the blast and sabot separation

sequence, but also fin and body asymmetries and bore meal-alignment.

In order to decrease dispersion, these physical factors causing initial

conditions must be kept at a minimum. The most important aspect would

be to protect the fins from asymmetries, damage, and interference from

the separating sabot. Initial conditions can never realistically be

eliminated but if kept minimal, dispersion is reduced.

I
, ii
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APPENDIX

A-i

Appendix A l contains mass parameters and stability coefficients

for the Ground Point Flechette. Table Al-i lists values for mass, diameter,

axial and transverse moments of inertia. Figure, Al-i through A1-8

present stability coefficients used in this analysis versus Mach number.

Cza, CM a, CMq + CM. were provided by Frankford Arsenal. Czp,

CM po, CyE, CZE, CME, CNE were nominal values of the coefficients

following the same trends of Cza and CM for Mach number. CMa and

CMq CM. were verified in the University of Notre Dame supersonic

wind tunnel. 16
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TABLE Al-1

FLECHETTE PARAMETERS

mass = 0.000046 slugs

diameter = 0.006 ft.

I x = 0.000000000217 slugs-ft 2

lI = 0.000000036421 slugs-ft2
y

I
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* APPENDIX

A-2

Appendix A-2 contains the complete print-out of the results from a

typical 6-D computer program run. The results give the time from launch,

position coordinates x,y,z, velocity, roll rate, the magnitude of the

complex angle of attack, Mach number, roll orientation angle, angles of

pitch and yaw, nutation and precession damping factors, nutation and

precession mode frequency rates, the gyroscopic stability factor, dynamic

weight factor, and trim angle.

The program is divided into various subroutines to eliminate any

superfluous calculations. These subroutines read in aerodynamic coefficients

in tabular form as functions of Mach number and angle of attack, initialize

the data, and integrate the six-degrees-of-freedom differential equations

of motion using a four-step Runge-Kutta scheme to obtain the vehicle

"trajectory.

295

i ,4



,, . ; , , , ; • . ; . . . . . . . . . . . . . . . . .

' I•I II•II I I I j II II

I l c I nN T.

..I .........

.................... . ..... . . . . ...... .. . . .... ..

. .. . , , i
v I I I l 1 n

. - . U , -7

1. C II I i I a I I I I I I I g I I I I I a I I I I I , I I

4**

0, .. . .. 9 .... . .. .. v t.-a,' .. ;lA 4*

I I I I I I I I I I I I I I I I . I I a I II 1: 1 I I II , "I I I£ I I I I I I I

.., . . . , .. I... ,.i . . .+ . . . . ... ... a . .. '.

-v I I I I I I I I I £ I I I I S I I I I I a I 1 I I I & I I I I I t I I I I I | I I I I I I

j .. Q

c- cl Id Ir c v vy.I.

- 4

o • I• .' +- G -J (3 0 • • o • • G -•-•- •.c- r . .- . .. ( .o . .• .l .o .• . .o . . . . . - i i

ortC 4 't

oooo4............... ... ................. +.... ++,

-j r--I4 .. a.C .~~ % c..''t'- -4'l4 A Q I, ai 'aI't .. 4'o-.
)c

296CPY AV A0ABLE TO M CDtC ET is OT
+ t- IE,. iT F. LLY LEGISLE FROMt

Pau.



if

n, 1: týC n g 7
..... ...!i ...

: n 111l1

4 "I
("II I IlI|II 'lI I 9 ! i i lII

S1•..... ....... ... .. . .. ..... .; .. . ..+•+ .. . . .. .... . .+ .. ... . .. .. .. ..

-. , 2 J • '1€,i1( • '11+1I~ i.- J]• i . . .. .... . .r
N N N m, .N

a,, Ia' ' V -.

-V U.,I

1K.. .. ,. . - -. 4 • z. .

*
4

%j ti : 0'. . I;43 ,• n.+frT .. -.c r.-... *re f,€... .- . ... '• "+, tI C '4.'t~~lfr~f'l

' . '•1 a +,, l. I.- i, a l a a+ ,. ar a• i, a i. - r -I-. a .a • oI r a a ao l ¢ I • I- 1 I• ao &• 9. w I~q O u £. I I I. a+ a,. £. a . I -. I • •,

% %

S.... -w I I I I S I £ & I 1, I I I I I I I | I I I I I I at I I i tI I I I S I I I I I ti I I I I I t I I I

SO,.•o•'+,., I- t 0 . ..c' -< N-.jN' tf.. ... .. -a . T ... . .. 4., +.' , P f -, u"N¶N' -- ..( ..a4 ... I+flt '.+ *J

S< 1, 4,, .1 .c - -m • , - •' -1. W, 41 V• 11 -1 Ir- , ull O + -- i

.7 h o j.

y . • r • .tt. . . . ... . .. ., 
1 

. . . . . . .

... + L *••:

C C 0r . ccc;

t w f-- r- f,-' o a'jfmN'vrm cu
t
. u.aa.t--D--IIN. rtNý4''-~f , *t- N a-

* u I.-. . . . . . . . . . .a . . . . . . . . .

~ a~t..'J.a'-~q'trI' % -#,a~a..t--1,a'.V - -4-297rr'~

<tnra~,.rvu,- 440-L4 L--'-a'r -~ 1 0 . t-.V - 4NN-41.4g4.U.~S4PL~



......I- - -- - - - -- -

NI N

N' I I I I I I I I- j I N I j I r I 'j 11 I I

N' Irl C& 1AhC I~ 004 .~ufhlf tln :fl0, .L 61 Lt'.i I /n . t/i .1 V.tr-o--e%

* I . I . I I . . . . ~ I . . I . . . . . . . . . . . . 1. . I .I . .5 . . .I . . . 1. 1
UI L% - I. I

C l N0I WI Nli i I1 Tiil 1 1 131 . 1 1 1 0 1- I lI

* In

7 4 ,c

... . .r.t. . . .. . .N . r(~. N noru -ri t
1

0 ..

*v o-l ~ v

-. * *0 -I-.O '.!-1-4 q14<4j

t7 - c'I. U t 'c r-U r-t t- U ' 4 T o ' ~ . , t

F ~ ~ ~ ~ r .4(-,~tuI- Ifn--I-I~. . . .4.t.J. . . . .. r r- t ..-- C.N.'L..- FN

2flC f - - - - O- - -

'r U':o'oc -Li , I rV ,-o 4 o 4 a4

~ fl ut--~e..Qr-o~.on

>~~~r.~ 2-t-c- i0oW~-~r~lc:.-0to.j~0r~'- -- -trrrIFrhrr

.L.U4 FJN JC.C~f0Lt-l'-.CIf1.i c-rJ. or-,t cC'¼Wc;'ft.c:

a In othJWIt~f~it~ Cl' rttgOi.370- ) )6c occ o I.c;.< . rr- -rr- rI, o c -caIC'00v)oo 40L-

tab. 
. . .

I~ ~ f~NI~lfl~h.Ifl 4.CrO C7 NCur4~l~' N ' t 0r tC 4 I
- -4)tt-r-t-r-i-I-~t..I--c-I--v-l ooo, e~ J~iI~J298z~----

tit NV oLtlYl.'IIJ

PE I 1 wý6iW

Ovc-oonC#WrvI~~?oV-t--t-Oo~ncov~rlfl-w oss- t'OOlN\N



. . .. . ..

-) I

.. .. . . . . .I

'a -D • 0 Q71CC" C 0 1: n ° Cý Cj ; C- Z
. . .. . . . . • .....

71 " ' " ' L.' Z " " ,

',I I I I I I I

. . . . . . . . . . . . . . . .I . . . . . .~ . . . . . . . . . . . . . I. . . . . . . . . . . .

Il I N I 1 I ̀  I "I IN i 4 Q LI
. '-.. . . . . . . . .. r .. 4 . .. .. . . . . . . . .. . . . . . . . .

til il 1 . I' *Ilgl' g ' I jell , 1111.1 1 111 1 11.1i t11,1 1l i

i ..

Ir. 1

W, M .. W.I . . .. .- '..

4 -"4.4.4' 1 44 4. 44 1.4'" .,'4 ,, " fl!"4.. -I. , II I'I' 4I,'.4•-• .- 'l4 '' '44,I',t, 4. , ".n% .I'I. 4..,t' ,44£.*

* -.. r-. --r.r--,-Ir.. r-- -r--r- ,r-t-r-t-.-r. r r--,..tr-- r.- ,-- r-- r,- t... I- r . . r- *,r.*r . -I -, *t r4 -. I. NI p

4 IN IN IZ N IN Z' ,

c C

V. U . I1 . 1 . 1 16-

I. 41-4 4 I4 I 4 q - -- 4

, ..J.4. .. .. 29. . . .-a .J .VL,'. . ' * " . . .. .. ....... 4.

a' In 4" ' m q woI (o ,

I n I I : r I I a I 0 I I a -t I

LA. bi1111)1



14 
71

I II i(I i I I

' I I !

I f I I

JI N,

. . .. . I . . I

1 6

1 . I I i I I I I II i i I I l l 1II I I I l •

I. : 1ii I : / .! i"I "C• . . 'i : . • • • • .. . . .................. .. ........ •.. • ... ........ •.. ....... .. , .,...- ............. ,,.. .• .... ........ ...... ,,

z I I

S~ .................... ....... i I......... f............................... I....... •.......... •\;

o1 1111 n 777o?7?Qn 01iQ n

-...-.. . .. . ,† †† † †† †

~ elee r . 6 e~6.t. '1 .. .eeee *e l 6 1-. .1 .' . .~ .e .- . . 6 . .6 . e. . I. . . ' . . .t . .e . .' .e . ' . I . . .

C. ' I a i I I i I I a I I . I a i 1 i I i i I £ I I Ii Ii I I i i i i i I i i i i i &i I a

c. a. ' .a IC C'C j I V P(

?'...e.. .. ....NNNNNJNNNC-I\6ott._N •._, - -N - - .---- -r-.. ..-- --- N.e .-.Nse • ,.e rV N

I) ec e ..e6 . ~ e.. e.Ie'e i.il' r. 6.eNN-NNNNN rrrt\ ',n lr',... ..e e rre ... e e

.. . . . -: '; ' 'i • :c,: '. .. .

U '<t " t .ee ... . ...I.l . < .. ..t.~.6 . -'".e.N.It...... . . 6..h.r. < ... t. I. " <' ,.r.~.re..•- .Np

1 :2

* e aIi I I a J a a. I w Q I 2 - a w- ay ar I4 N 4 40 'V I'Do. I I I I £ I I I I I

n' CJ o Celn4eQeN.,NeNII

S~uJ
* o goo % a. oe c oa* o , 8 . e n n e. o o n I --a n -7 nv

... ... ... ... ... ... ... ... .............. NO

... ; • 1C...... ................. ~~o; ;. o"";-'..".... ....

DIllallial lil I

K.-c e LEde ,I JE r1'CTNa

*'uee.*ea.,LeJ oJ N IlUtV.eJ*i4fl N'.e ! e.(.$ .~'



III

T, t, o
I! t I I I J.

N3+ N IJ N N I' I- I l + I, f. 1% 14 N N' N N N I . fq N v 11 N r. C. I. N 1, ^1 I i ....... ... . .. . . .

S...... ........ .++. . . . . .. . .... . . ... ......... .•..... . .. . . ....... ....

ei ,II n I r, Sh l u I j, In &

.I..-. . . . .. . .. I

.3"l•

. *. . . . i .. * . . . . . . .. . . . . . .
,P PI -,, , _,. 1 1 . . 3 1 .q i- sk-

-N L, I-II. %1 3r I

-' : , , '' i ,T 0 -5' C.

1 :, " •I.ýý. -- ý

,r 'r. i.. n.. V U.. . . .. . . . . . . . . . . .. "." n n--. 1 r U.n III if. r U ,rU, I V.O PU ,in +li - .i ii

,p ( I u V C I. a I, . 0 T I ý I ý 0 v I 1 1 l V I, Y I Q If I

11i .1 r- IT (I n

.. . . . . .. .. . . . ..... .. . . . ,, . . . J. . . . . . ; -.. '

.% . . .

LI ..j' ~ 'i.. ., h.- 'P1  I + *.. fl '.:t I .iU -. + I . . . ..lU I . I . -* .. ...0%4UIf . .r .I-I',, 4( *. rir... ',f.!mL .ctI.. .

k'' p c . , I f In. . n- .1. . - p . U t.r4I .. t. 
1 

I '--s I, .l- I o- Ii-n In . .1 r .- r- .r .. 4 r. in In m.f
Coe U. " , I,, : C: I . . . . ,, . . . . . ... .. ... ,.

IC k, r LA iI,1 .I r -r 1V O

t-t VJC 1-j n0

I - -. . . . . . . . .

I'.I.,• .• h4..'r " •, ' .• No '..• '.r . ',~-v. . .. .. .. ... ..I . .

C) Zr . . o . 0 . ........ .co A ' A ;

I301

141-A i *ýL ...hL

.- ,AMA&_,.•, .. m'Nr.,..



., . . .. . . . ...

(3+

I

. . . . . . ...

. .. * * . k .. * . * .

-'- - , I * I * I I I I I .

V1, ., 1.1. .C *. . .. . . . . -) .v

- , I ; , w , I ,

_C CC.

I C'kr~njCQI~N . . .Ce . .- "I -. t. ' . C . l~ . .. l~' -r ,'fr. .' C-0k.sC ' '

15,111 II i I I I I I|| IIIIII III I It I i l ii: I |I C

• 1 VA, 'A , , , 1 , 1 V , ,,k V,, U , 1 V , ,ý :ý .l V1 W W , 1, Vý V , , U , , ,, ,,++++.~~~~~~~~~~ ~~~~~~ • +:+ , ,•: -,, ,+."...;•++ ,o.... . .. .. .. ... . .. .., +. ..

0 ,, I

* %N, ..... ...... ....... ... ..... ... . ....... ..... ........... ..... .,rn..Ir... ... .. .. . .... •
Sr,,N ,,,,,, ,,,,, ,NC'JcJ" ' ' rg ". ' "" cN ' " "N " " ~'jC'I' " ' ' ' "toA r

* t-..-.r• t-NNNN.N•r.NN• eI .Nr.NI-C NI l-N • -'l.C0

I 1 n C

4 IC- 6A l~'' "u. U a.kU% - ,I.w IU% 41WI .. U, Ul . I~b I, CIA U, V1,1 6~CkIIklt4L V% l - , AU .,

1 ;.. ...... .. . . . ,I-w Ike -. "d, .I..I.. .... . .. .. , ....... . . ... .-.

- , a a a lI lI I n I a I I a a a I I * c 0 0 a i a a a a I I a:3 I t I; I
0. , C'm ... .. 1 . .... ........-r, ,,, . .. . ... . . ...3....-, N...

Q-c It Nii M11 1 1 1 1 I r1I

I. t . .. .Ce; .A4. V. , *VIl..i ZIC;'e- "(C klt -

I'1 •~5'. +`f . ,, ,r , + t -P- +• , A+ ,-¢,+ . k . C•-.) .. -++. ... ~- - - - -

.. o IN• Jo 48 .-.. 4 8I --I a,--4 Q Cc,94Z I v c.. . . . . . . . . . . . . . .."

r -1 0 . .'• "m )'-- 1," w.'JjJIV • 'JsC

aie U~I~r~n,0rv.. -. 4u k.%kdw I.W.. V/ +, CI- II

S..........X........................... ..

"I- • .......................... ".....................

,,,,?,,,,?~ ~~ ?? w ,?? I , " 2Z+ , r, 10,,• +? ' ,,++? • ,... .. ,1 -- -. --. -+ - - -- - - < - + .- + .- -, - .-. - --.. -. -- --

C + . . . C...IC'I N. . C CQ " n

CIL-61 k- .

, i k< CC: ...*d..................k.....k.............. i
a C..ot o• a 0,3 o A -m o oo c -j. c, r fo Ic k o)c. k'.. UI. n cOnI15J.. .a IO

"",4 V •C~ ~ t ,t~J ~~I7O,PC.7l. t .:. ., .e•, N r ' .%I.4 N. ,,C r"C' "-N

302 "•: ' ' '+•s •;
WI...... ..... ,N c . a

U. a.L CZ O c~r~l ~ AC G ~ ~ CI L'2'•n'c c .L•r,r) .. ck .oc o o IO ,I )

• i ii -- i. . oooocc+oc,.ac. ..o...cr oco...c...,oc ccn nn noe o

, IA-- *i IK.Y I 1 I- l f --



Z D
"" I

1 117 ".I . I, '. ,", ,, , ,. . .* . . , 9* rI
I . . . . .. I. .

' o I N I V 'N I- IN IN IN IN I IN e
,4-,i I I! I'

'NI I ,

,I I I u I .

I " q . . . .., IP" .0 ,ini. rir .ii .. , .r . .. ..pp
I ~ v ~ 1 .I . I & ' ll i I I t I I I I 1 I I I I i l i I 1 I I I i l I i•

'I I I

"I 0 w i I I I i.i .

IN, -

W ,, 1 ,r Q. .. a
I I jr C titii(~N C.o~ '~ufiN Ii...'. *.N (ui.-. ~ nrc..r .

i b tfl" Z ".fN . 'JI O.N 0..r- A .f .t-I ">,N•CCtln .if'.p. C •
Sin iU... .... .. . . i... ... . i' . .. ". in A 1j'...... ""1 1n I I -I W I

*;%..,-4-Jr..- .I..-.-.r-.C -tnti i, -i •-C- i...-r C.~. ' ~.C~(..CU .Pi.'c.i1'-

P- I li- 0.-
I .•

O.aufl. i.. C cx iJ ...... f.4............ d.. -,..- T.. IA ,-d'. r. ' 1,. - o. : <'

i i~, ,i 1 COP Cw.•;,- %~

t- rC-t-.o - I '- .I t - t.. - t- it ..v.n. .N f r irl.-

.r. 5. . .4 1 II Is -4 t.i: - 'tW -

. v .nCTtM(I . I .

IN, tu Iti

' 0.g .C;a , r-v i; C;.o-.. 0.. 1, f8 0 o ana C3r 3 8-8 e. 3-- ja " 0 0C

0i Cl004 , wP -P - 4 rNI in - t 4)~

I-CUi '0 P0 -0 IX 1 vU 3 'U- C - -I NP I' WI' 0 5 3 C 5' 0 0 0 ' -i Un U p 0( -- - C a'( C 'in .' 0 % ,w-i c k
n In11I

11 11 1( £1 1 1 CII 11 14 lii a 11 41 li i l, i i

.AýI . .- ý' % a Q CJ C C 0 0 C iC C tŽ O C J ) O O Q O C. ': CJC.O 'IA O O 9

leaC;C C 0f (~IOaJ 0 C.-i' e- 0 
4  

ej 0f.14D . 300t :c l ,I 2 c 0c,#

(ii~~~~1 APEri<Iia4

rinnn ~ ~ ~ ~ .r'.rh.rn.. .n .rrn n-.rrnu.r- nn nn r n~ nrrn~ n is



Ii $

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

JIQ

.. . .. ... . ...........

.II I I I I f INI!i

I. . . . . .. 4.. . .,. .4...4 .. I.

I I I- N I IN' 111 4111 ( I I I Ill I'I i Is 1• fIl I I IIN I' I I I 5 'I N 4 I

5f"f•l. .. . . ..r...l4',r;- ,+r ' ... . .t,- .

as r,, I,
............ .... .. ... ..........

S I C I 
4
,tf.'.btI I 4 I .II II II C II> Ir 4l I. IN III tI , I I' I I I I uI I I I I'II cUI I ,UI

....... ...... .........In It IN' I, ID

41 Uý n 'l WL 41 U - U' U,_

I ...........................

I.. 4 4 I I c 2 l J c .. ! . C f C . . . .. . . ..-C - .4 • ~-- q i 4 ', ,r 4 . -. I• I. : . . . '. . " . .' . r -. j N4... . .

In I

'CU--i~~~ -C1 4ffr -. l -~*!-.p - - - - --' -- n v t- o*--

IN IN ,1 4" 4 1 44'4

I r ,•orlvnr , -tI ' u ~ t I c. 44r .r,_ ,.. h 4E " ' 4,'od c.. . . :.. . . . . . . .Ict1. . . I. I. .c.~ . r d 'C

I '

.* ..+ . ,. +. .1 ,

I f N ' fl.C 4 l4 
.  .7'--- -.4+J~ t'$4 .4 -44*-. -4 '4 'II- , 4 t4 '.-4-4 . v+4 JJ+

*4 N IN N4I r IN I
IN NNJ

'III

- 0 ... .. 0

--. . . . . .. . . . . . . . . . . . . . . . . . . . . .- *i i

8 C3 Q -j Q cu . ' I In-l. aO o a4ICc.IS'In-Cm Qral0C,' 1r0,nn JnN

*I A IN0 n 0 - 0 I i 7I .I

*l II IN w N r,'Inac,-tIN i IN

1:, : .- .ý C, 5.

0 0 -. C 0. Cl..n 00O0O O 0an'0 C C3OaC, CO cOv OCc c c 0 C. n000n0O O0 c:a0 C o0O

I: I I I~~ V A4jy ~Aai::TY



In I ' n I

I I t I I n N I

I I I

IT, rI C,

"i-,t 4 a * * *, a *

* i , IA .I_ u I IS:

UN - 'III fIW , • -., 1 ,In I - Ž0, co icc1 .1 c, 1. 6", ,l %n In U, I

-V~~~ ~ ~ ~ It. (r N1 1 - 1-N.4-*-

Inn r j• In jI

y.. ,,,N, 4,N, *.•I, '.l.... .... .. , ,°,°'.,, ,.4~ r. . t-. 'r-r••,4', -.. . - ..."

>-~~~~~~~~~ %,I-I-f •• , -- e - -• ' - "I - - --" ".-- r r ---- - r---i--- - -- - - •• - -- c' o-'I- -. r--- - r-0, Nt , N N N NN NN-- c 0 0 N N 1.3 .N N p

* £ I . a a I , a a a a a I I a V I -I I I I aIA a iI e U a i I U I £ & * U)

it- vq I, e- I-.

................................

N-'Co - - - 0 - --4-Z .'0

Inll~ l IfI n I1 I n nI

-A ., o. . .. . .. . . . . . .. :

C' i 0 0I 0I la w %I r- i 0 I I In V. VI Ii: I- I- -i sa a

I, n : I f taaf0 e 't o-t, -t- N-.c - ,r, o4)-.N f-. .I e .. (ott-fl"4-t .. -4W .c'

-0 cINNN - - - - - - - - - - - - - - - - -

Ell c, QJ00n'S,-.a )j0 30 C'Q-C'C-- 0SC C 7 j1,t.C-0C5ýC 0 00 C;'tC' "Ca00C' 10 "1C00000000

I~30 ECt 0( s-.ýi:fC:..0?

IE f1,1 -g 
Im" r.n~jIJNN -- )0C000'CflI CC -9ttQ-Q L. M OIL(t '-'-r-E~r..acn



.". .. .I . . .. ..
a f a I I I

a I I I

I i I I I a | 1 1 1

I If

•;• , ! , In -t -

ad .• i ' . . . . . • • e I_

I, 1, I I t i 1 I w ii I p t I I t I i I I
,. - In I V

- -- - - - --- -,,, ...... . - - - -, - - -
. .. . . . .c .. D. .. t-., .. " •orV 'D r' C..r.n31...rL.I

, .z '' 5.z

c.. . -Ir ,nefl .rp• i. ..... i... -n ni.- r .rrI • ip, ep. ........ ieP.. ~.'... ...... :- _.-'nr .: 'Pt

a "a I a I I I II I I I a | I * a a a I a I i £ I I I

. .. .. .. .... .- . . . . .,' , .. . .n •

Ve , f'r r r rrl, If 1 t

~~~4~. 4.ti Elis W W Eat qii, ai Ij ll i li ltP lA 1 1

. . .. . ... .. .

CL o" a -.v48 8 o 3 Q64

" " • I I N ila ala na jaI I lI asI IlaIlI| IaIIIIII Its Ii ill l ii I ! I IItI Il I a i la

-D .AI 0 I c o Q 0 I w c m U i I

INt 11 11 1 latis l IV 111

1.l

r11.t'CC!'.3nn-: noo no o~ coAc.C'

r Ml

a ' 'L*'5 * S .,

306 ".

Qi 
. A. 

0 i au



I, t

41

i. -L.. . . . . . . .. . . 9 .. *

..• ' ' ,,,. . .. .i i. .' ..... . .. .' ". .. ". . ' . '. ..' . . . . ". ' 't ' ' '.. . . ,; 'i i.. . . .'. . .

14N•

rio) ' I I | i :t l | ! I I ! ! t t ! I ! I I I I I I I I I I

. . *. .:... . .. .. . . .... . .
1-I * I I I I- I I, I-

"". . . .i.r . ... . .... . .', . . . . . . . . . ..• . . . . . . . . . . . . .. .. . .. .I. .. . . . . .
1'1. I 1 %, W, lll lfl Ii 1 1 1 f liW V iN

.. . .. . . ...-... ..... ;..'..•:•a'.'.....................

* flr I i II~f.ft~-'L ~f. i If I I I I I n I fI I I I | ItCI I i . , I I II ., I.I CIwIrI., I I, I t lCN %I fl ll I lf

.. . . . .... ,........ ............... •...... .-... ..

* gog. .. • .. ..................... •.....*

te l I I I I I Il I I I I I | I I I i l I i I I I i I I I I I I I | I i I I I I I i I I I |

"NO -VI

! ~~~~.... ....... •.......•.................. •....... •......

I 'II .I I I i Z.-
- - - - - - -- - - - - - - - - - - - - - -

.. bO ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 11 1 1 1 1 1 1 1 1 ii l lli 1 1 1 1 I il Il

lr- f-'~~ti r'~'0f' .. $.-IUI:,.rP'4L'I 0fCI...r-ff~iN .~4flIA0f-~f-.(IfN.t-o i- Vlf-e'l

r" (I VI

U, 'n lin V% .&n 4t1U` W U, (W, iYn W , VWWICin U\ f'p. -1 . I4U tA'. lJ'i nIAI ,U fl(4N -iNlf'

0-- U... . . . . . . . . . . . . . .

C3-- - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - -It4U-I- - - - -
I--------.i- -4

1
p .. ii 1 .................. i.a', c, '~ 0. C::~,;C r ~ -. ~,, 'c~C~.-..a%

oo~c-~t~uu0-.iJ u~i'

.1* U IJf.) NISI . ". - k V0 Un N t.C~l ~ n~t W . 'fJWa 9O Inv.I-- rP- k --IAU~),%UU

-1 r, mo-,
c*. . . . . . . .. . . . . . .... 4 *r

C. OOOOOOO VOO WCQOOCWOOCCOOOCJ wOIOOOO, 1O.)00000i1, 00,000U00u.00

mtI aW0 m1,0 nF 0. ot.OV N l l

-tV1 1

0. Ml IoCc. rJ al0Uin 0c 0C!C'c inI c C: C;ocC,Oflfl0 o V jC0C, 0roe0 CcC0CocI C. C, a

rga ! nM i U 1 4 _ -mn I P-.I. d
I- f- W in - Q i W 1.W 0 o- I ý -, -

3 nW07 U U ( W` D tL -,-L 0, F-I'rI. W .1r

-: , ,i , r : cl
l. - IV, . . . . . - c



c1 C; 1A

[V

I j
T, c

SI I i ,' , pt I : ,

. ..I .. ..

S | J | J 8 J J ; | J | | | | | ] | [ I ,|J t | | | I ] l I 5

I.. . . . . . . . . . . . . .. . . . . . . . . .

r, PI. P, , -I

- . . .- ,• v. .- ,•. uu . .•u. .' . . . . . %• . . . • . ., . . . .• . ,u u' t

. . . .. . . . . . .

.. -t
(1. i~i/i Ii iIi liii iii I lIi i I I i i litI lI,i iI |Iiii| 1 1 1 lii I I I i li i I i i I I ii

- - - ---

" ~ ~ ~ ~ ~ ~ ~ ~ P A, -I•|IiIiiiI. ......... ...... .. ............ .. .. .... ....

3. o ', Ie I 1 ul 1 I

.a ... .

*~r C40 11 11 n~l 1

C, II C I i I Q I u I I C C I C C I. I I I C Z . i i C I D Q

V. ... . . . . . . . . . . . .. . ..... . ..• . . . . .. . . . . ...

cr,,2 . ....- ,r( •<tJ .'a.J,•r ... , (nr.N N f -"" -i-
* - - - - - - - - -

I., li in UIilI I~ f ' ý I .1

U,,t ,, o .( l , l-" w U, V)V

v ) .Iu .I '-PIP~ 4' e-P:~ -tr 'V"' c 4.u

• • 0 ~~ ' ' ,.''t 4 4 '-t 0 z 0 - c . 3-.. . . . . . . '. s .f -. ; .. .. .: v c cg • 0 •.. . . t'( -.- < .f. 1 . ' . , . .'-v 4 ' . c 0

I, , ,. . ,
it. C' a ft U V - ' V U C. C0

-4 -4 w q -r I*'-* N4 -4 -44

ej c

-3 .. . 4 c i l Z, I- Q

I 7 .M 1

U, 4 . .44' 344 ' 4 44 1' .4 .4 .4 .4 4 .4 .I 4 .. 0. '. 4. C:4 ' . ' '44

l VrIA--Nfl4 n ... r4" I.i.rvrl-N W -p -4,' ,W

lil 11 11 . i u i ., 1 111 k.l C111 lit liii lilt 91 11 11

C. . f

S ~ ~~~~ .C.'.'.O...O.C. .. . .- Iý. %%%%CCt- Nrrr'fr'-,n- 1-. .4.4..444
U 04 6 0.(-CO CI .(LCIO 0 leI) j c l C` ý,~ f ,C13ý ,39 00 0

308kL(li i '.4
I, - *.4".lk



n C,
Si i t + I : i ' '

z . .! . . .. . .' . . . . . .. . . . . . . .
-I................................ .

i I i I . I i-i I iII I i i i i l i , i t i ,i l i |I

~~~. . . . . . . .' , .•' ° " . . ..
I I I f I I I -I I

r- V,...
,, 0. Io

............... .. ... . . ... . . . .. . .. ,. . . .... .... .•• • • • ...1

I II . I Ir

..................... ....... .............. ......................... •.. . .. .. ... ........ ..... , , ...... ,.....4.......;..,,

'4-J 0'• @lI I I I I 4 I I i l I I I 1 I I I IIII S '1 * C - I4 C I I~ I' 4,'I I *'- I *r"J U'+• •,

It+. II 1 1 1 1 , ea, ,i ti it . t, ,,ljI j l, t Ii

°I , NIE N NI r N NI r. iNN r

*........................... .+. .. •.'-

S.I• •- • -I .l..... . .it. .St ll . .. . .

> h . t.'... .... ... .... .. nI'... .• 'P.... 4 (•..... , N"J-..... ...-.. "..... " t... ... - o~

i.I II III III II III III III IllIl l 1 I1 I11 I1 I I il II li i. Il|l I
S- - --- - - - - - -- - - - - - - - - - - - - - -' -' - - "- -- - -

I" W 1 .1 -. 11A1V1w. w1w11.1 t: l I l

4, 'b -,0 U w,•--t-W••- , . '..I..2 .,r•- •

•, •+ •.. . . . .,.. . . . . . ....... . . . . . . .... .. ,. , -- '. .-, .-N -" -+. r-.,'-r.-.
S .-~ 0,t"'I~o,'J-'l--0J 3-4N. C'..- '0or• J•' •"4 'tn t-.'r-0 • " ' • "t'-(r " - ".ISfAti•.0 4'4)'L''4j

i ID '

rn -r V -'J t -.t ' 4l 1 '3 4-- - 1 - 4 r .4' 4 - t -S T -4 ' 4 r -. 0 I- Wi ' ;- .+ I0 I

... I. .. .... . .... . , . . .....

I• I+ +, , I I I I I', I I I I I I I I I I I I I I I I .I I II, I I;h + l I I T I +

'~~~C- CJC41O. 4

4.4 ti 4 44 4' 1t 44 4'C tmnV'

n. C. C)C ) C, 2C v c o a C D o n m o

luV.I'u'u'nhb4COP k',14 E'~ T'- rl

97 MLL'I.&



r, 4,

il

"I M

II N II

I iI..4

1 ,i f- , . 1 , 1-, , - !I r-- 1 1t t- ,I tI11 1. * - I4 r

77 l, 7 7

vS. 1 1I 4 Ii

I D I' I I I I I I a I I I I I I I I I 4 I I I I I 4 I I I 4 I I I I I I I I 4 ; I I I I I I ,I I

.I .'r j C .JI '. .~ . .N'"4.N . I . 'C~ .J.t N N-I-" .J .2

U% U , ; , -I, *

a .... 
I,'... 

. . . . . . . •. ... •., •_Z .•,._ o,-- ,• ''•,---
.LIt r--

"".. . .q, t ,3 ,1,-",• ,',t 1 ,,. ' , '4 , -'r , ' ' ,'t 4

. . . . . . . . . .. . .. ... ...... .,...,,........... ,......... . ...... .. , .. ' ,, •

o-
5  

Ci-a o -t C; n r 3L ,TNr ýýc j t

,. r,,,,c C

j',I I I I t) I , I

vi 4---- ---
,.---

* I ' I I I I I ! i I I I I I I I i I I I I I i I I I I I I I I I I I I I I I I I I I I I I I I I I I

S,,'- I .....................................

%.1

........................................ ... ......"'••..".'-.... .. " .

- .4 -'....--- ------ ,-------
. . . . . . . . . . . . . .. . . . . . . . . . . . . . . . .

*. . . .. . . . . . . . . . . . . . . . . .*1



tI k

------ --- ---; " ' '-- "- --!------"-------'-"-"-"-'-I, I I I lS0 I / II II II i II I

4 C,. . .- .Q-- .

II 64 Ije ,"..- L *I I , I I £I I I I I £ I I 4 I I I £ I 4, I44 I ', I I £,lI a I[ I I £ I ! I I 4

sc',• . N ..... N.. .. .. . . . . . .... ... . .... :•
NNN.. ...,N,..-C\N ,.-N r ............ ,N.I,.a. ..a,.N.,•.'.N ~ vN~~ r.C1 . _N-rJ -j • .j •;.n4

.I; .- .. ,•<. .,'. .. .,. •. . . . .. ...... .. . .,. . . ., . . .. . ....- . , , . . .. ,• , , ,:, , ,

" .-'• .i"+1,, I I . I I £ I I a , I a I a I I I I I £ I I I a I I II £ I I £ I i £ a a~ I I II a a

SN

V% "W. ' U .,n IN L ,

I~~~1 r.-JCN'rrJNN4IrN

-I - - -r - ~- ---- -NT r -Nt- -.- r-r .- r-r.4-r-£-t-- I--

n I,

I .4 I

~~~~~~~~t I;. - <+-n ,, . , ,<, • = • + . .

................ ..................... ...................... .... . ...... . . .. . .. ...

I- I. .. . .. .. .. .. ..

';~~c ý C: o.- .. . . . . . .. . . . . . .

a J

,. • ~~~.......................-.< . ,.................. ....
i,., 1141-1r11--£-11111.11£r..I.111£- -t-££I-t-I'II.-£

,,' .. ;,oJ •"+<, <, , "- • " c .c -z - 2,<+ ... '~. -. r.. I,, .4 ,, .J'<r ..-.. .I f. I-C " •, £....jf-jtt.. - J 4s~~~~f I~~~~ ...... . . . . . . . . . . . . .
3 U-, - 44

*1 4 ~-0 ...................................... . . .,I .,t-C,'Ou-V non4,.'Or.IF-r"oI?-I,.o ,<:o %r ... d N Of dI. II. t CVoQ orNof

I........ . . . . . . . . . . . . . . . . . . . . . . . . . .....

I f'fIj t U-.-.. ... ......f'- .I .4M~ f.F' .... 1Lr... N. . . ....... 'NI rct +

I-I.... .... . . .d / " g . . . . .d d .I I . .. .

Al - -,~l
" "-I I I I I I



II
II

•t, C, ez T

.I j I I I IU

I INI

InI

I n I nI n i M I

NI I' I IN I IN l I N i t I I C " l N I N IN IN N 'y

...................... .. ... ... ...... ..... .-.

I L
I I I I I i

- 1 1 1 1 1 1 . 1 111 " , " !l.-11V.11 1 1 1P I- I-1 11 11 £111 I- I l1Nirft

In I, I IU IALv U` I W'O (.,VIW, 11I

. 1"I 1- ,11111iI II II 11 l fl IaIl It I A IIl I, Ia lI I l l l i. II II
it It,-~.'.nfnn ,-fa~~nr

tJ..-t--rr1----t.- -. r-r.br-a.I,--.,?-....__ _ '.l-,_. r-...r.. . .. . ...."'". ..r-,-r- I- ..-- .r .-.e-r-e

I to C; 7 3. 1,. m -•..C, ,. L nt Z), ,- mCCIJI,.+ CI0 -,•a,,I,,,... C,,

-F4 I ' Ia I I I I a I I I I I I I I I I I I I I I I I I I I I I I t I I I I I I I I | I I I I l I'I I I

t J.g\PAlusV ,tC. .UtrAU r oflt3luaA. C't.I Iz. C Uifag, nfr_ 0r lft-1I

- . ... .. • . ,' .. -. . . . .•N. . .. . .

I %, li l ul .VI, l W. l al W, •l ti n I vi .. IN ul In 4. UN V, V, Cr ul Ll - V$ k• 1,wU ýU ,W

U- 14 I q4-I

OU,,JC . .. . .....C U 2 Ca : O r.. .. iJ- t).. ... .. . ..... cJ+r,.j,,,4- ,--'.--

,,,, nPI.J u, . . . . . . . . . u.. . . . . . . . ... I .I. •, r, N

4arA ja.+. ... . . .. . . . . N

" J"~~. .. .' ., ... . . .,o ,.,,- .,. .,.,. -.-.- II - . .,.,.
l I i I I I ( (' I II I I I I I I I I I I I I I I € I I I I I I I I I a Av + ,t-.-r.a ..I ..............------ -- a-"'.aa .it0.i.i+.ajI

J UNW.. 5 17.. ...In. . . .. r.I I. . .

- ~~~ ~: - - - ---- ---- ---- - J - +. - + - '• - - -, - -1 -r -, . -+ I- - + - - . "- ---

.............. + ,+........................... +.... .. . +
m I F v a m I ' IUa a W, I ' I I A , I & I I I ' . , N I n In I I i I, t• , t- II I , I i £ I

1. f¶4J+rodI-a .a'¶.n - •_oN. ,cend • aguo,...r-u3d C rr.... N N ..c.r ..u . .Ja I
! ,

-a a."u , 0 .ia...a !-a-r*-,,-..'u.aJ a;", .ai0,o ,S........................ 
4,i 3 a,- , I t(ci ~ ~ ~ ~ ~ ~ ~ D" ýN .-ri" uýaa !nnawaýrr Wgrracan.4~a. NfN elrf aNI N7 N t. NV2 l 3I

G0F AAJ$iJ Th 9II . a...7

a31.2 .- 4 1



. . . .,. .- . . .. . . . . .

' I I I I I I
..... . .... ...... . . .. .. . . .. . . ... . ....

I ll I'l i iiil i llll I il' i I l1 H lill

.i . I i f ! , . . . .I

f- V .

W, .1

.. . . .. .. . ,, . .. . . ,. . .. . ... . .. ,. .. .. .. .. .

"- - - - - - -'' : - -:

ICi

I , W, .I' . rtt ..... 0.I.. .. . .r r~ .. r . . r- , r,, r'... .,, ... . " "o",t .... ,."rI'. ,,.., ,, .... ".tr. ld rC,fi; ,I.

in n u% in , .i s i l in i o I; I t! ItlI Iv lvl. o i v t , II ur lv i l a l

" " 't' o-4 '%. P i '. I ' I I ' '

i ' : •,i '..".';';R',"'".. •. ... ~..... . .. . .. . . . . .'. . . . . '. .. . . .'. • :. . ' " •'. . . ,.*. +

"~ ~~~~ ~~~~~~~ -' -1 - -3 -r -• -• - - -• -• - - -" - - - -. --• -- -• -. -.- - -, - -,- - - - --,- - --, -. -,- - -. - - - -, -.

in W..... ......... 4 . ... n U.N W. . I.... U.. . .... ... ... .. . .. . .

V .... .. W.. Lo no .a -,o
.{• . . . . . . . . .. . . . . . . . . . .f

- I' ' t . . . .N N... N 1: ......Li .1 • .......... - .. l.t. I. t-.t
i 41 C 1V 111, I. I I 1 11 1. 1 1. 0

njN
I . ... . . . . ... ._. ...

.C , ,C C, r . 4 -x i. ,, a• n O'l
I.-,-

I +" 'S's. . . .~ 4 . 3'44'A . Y.... . . '. '.. 4' 4.. 4j 4. .J

ii M

9 I... . - .+HI }+ 1+ tQ .. N'O• II.It'-I + •di IO. G...N m I •r. tt .&. . £rq I " . .... rI • tn Ir q a 0 v . I t rf . r4 u

"- >u r, JJT--i -- ,r, i i i

'! 41 rlmNC,0 .0 a.

in % I

ru~~~~t . .J . .4.J I . t'. 4

C, C 4.45 tI-j 0 r ir Cq n 4- 'Itrt C tu.C JIr, t xUUC.U...Cr 0.p* f4)001J

I~ ~~ L~ .



.. .. . . . .

'-I I
-il C,

I l

"Y' ,1 .

I I I I

c I 7-. ' : I I I I

•..4

~.cf-... , .. ''. . , , , ,,T,.,,, , , ro 0~~'' ' '. . -I ,, ,,tC . ... ''' , .Th,, , n4,, .,, ~, 'f,

.1~~' toI I'. w V`J I. IVU V

iIf

I .. .. .. ... .,o . ,. u; v I,+ c. . v.• ; . • •. . . . .. , .

"J, I V, I

I .... . . .. . "I- .
'1 tfI i I II II ]i al a as II I II allIaI i-Il i i iii tl l i il I I II I I a

I D

I'l 'I''4 c.1N(a fl 0 10 U. Q

C:lrt,.+ .IJ• - Sr I .• oC. o aCe-..O .o..C t o o '1.1 .o... ** I o

"C/ i l i a g l3 1 i I 1 1:1 0I gi lt, III

I n
-- Io44, 4 ..5'$*, ........ ..-1g< AI V .4.4 i 4 I-.- --, ... . . .% :•

<0 ...... ' 4 4 .,, .. 4 1 '' a-14 1- ' J '3 -a- -r' .4.4 .4.. .1~*. 5 ....3 .'a--C

. .... ..... .t''.I-',." '•.Vi .- 'flrv,v'.r- _,.. ..... ... aimnl- 41" .40 5

,.AF .. .. .'-. .
1 

-'ct.-t.r..It.1 4 .. r,1• ,~rh' .I ,a- 'III -.,Lj~ -4.fU4 Ir -,Iinfw atm U I
Ll, ,l . i lil

,• .,a•6 A

' c1. . . . . . . . .. . . . . . . ........ .°' .. I,_.•,;3; o o

oiI.i-".4. ..... u.0r,"c "-1 .. 1t14vt.4 c(U I'4 . 04n , ~ ,0 0nfe



-- I - -- - . T I

#1 i I

.. .o11 IA4

I T

S-I i
'I I - , -i- ¶

" 4 I eI,,. I i , ! I I I I o i I I I I I i I I I I I I I I - I I I I I I I I I I I I I

. - I .1

V. W,.,.. L

. ." , ,, .- . . . ... . . . .N .... r. . . . . . . .N .. . .

1111 i! .21i 111111i i i j IiL i I Ii~i ti l | i I i II|l 11111i1,S! I 11i | i$ii

i, W," 1ý N

" ' -" "IU ~J'f4 Pr -' UI0i 400 4I 44 I'4 *"g'l-4A-Ii~i '*.1 4.,4,-',Ir4.tI4.440

I 2.,_1h,,i'LI. 4u•.'u- I. 14 "••, i-4 '' t.,_,'I'f' S; u4..i.i.4.. .. AJ0444h4I4C4fi.40 44.

. .. . .. ... .. I

-- -I r

I. ""'4J'4-.II o •N ,.-.,.I~ N 44 .. '~~*'% ' IfNlII"C .., iU ,i 4,I h. ' N '44 '•. - .4, 14i'j.44J, 4

S~~ ~~.... "'................... , ........................ i
1 ~ <-. 4, 1-' 4' 0. 44 -0.q

I.z-" r' A.r-4

IL ., 7."' "C'

... [ 315.--.,...... ......... .. • ,.:,.... ;, ,.',...... ... ,

M IN 4

ILL

I~ ~~~~~ -: z~11-4 - - .- - - -. --

41 , 1 I.. O4 NI N'% .- ~'t

' ~~~~~~- I; Q' ". "a• ., ,0 / , .. ••t , . ,w ',,.

Qi.L Li v o i•L i II u 1711u11 i-i- i .a. ii. -w

C. 0 C-- 0 nL ' C) O. CN.4CI.

Li, a , c C3 Cj 0 ft oi C C 4 4 41,. L4.t.141t-N Iit, "2 3.44SO41C.U00 tI*)10c flJ0 -... iPLUU'tQý 1 1,

Of4

- - - - - - - - - - - - -- - -. 4 ~~o - - - .4.-.3N N N N N

&AL . . . . . . .. . . . . . . . .. . . . . . .



I J

, IW : i~ K

S. .......• . . .. •* : , . . .- Z... . ......... • . •....... ,•,...... .. .... ..

.. . . . . D.. . D T • ZI.. .

,,.:~ ~~ ,-.• ... :•. .-,_ ..I. . .. •. . .. .. . ..- .. . .. .. . .. ,. ...

.•I • i l i i i • i i I I • i i i | l i i i i i I I I j

N'N N IN N I N 1 I , I I I i IN

......................................... .. '-.o .....

I" .; -. " . . . . .. . " . . .. ... . .; ' ' , " .' . . . ... ..... .'. . ". . '. . ". " " . .

a,.

.. . . . . . ., • ,. . .. . . .

-r,-r-r., r-l-r•i -, r-,,--u~• "I--r• .r-- ,~ -N~- ' , -- I' . -tItVfC- ,-I r -I-- -rf N Mr- -

....I , .. . fl. a .* .1 .. .... ... -.. a.a. . . . ... , .... . .. . .. .. . . . .. . ... . . ,

- I I a I I I I I i I I I I I I I I I I I I I I I I I I I I I i I a I a I t i * i I I t i I 8 I

;, ICru-Iu....u n ..g II.'.r *,. ln IIu In .. u -W Wt~.t..an, . e1 . L, .1 .J -ufS UI II~uI.. , u- UIa ..

., I., I.,

, = •~~... .. . .. . . ..... , •,........... ..--., ,,,,,........."•"••....=

IU.I -pc0 1111IL111U.111 111 111o

4 't) rJ.J4 'j -J}

.-... . . . . . ...... . . . .- .

VJ . OIm& I l .t 0

flI~l~f~II.O PICIIAI.,,-ff ~ ,P,- NO-
*,VI*.r~a ~ If.--.... @ .0,. IalPIL..JWll-,..'fýI U,-I...4Ii.cN~I .4li

u~~u..,t-t-r-h-t-.f-toI. ... r'N rJ- NN ffs... . .i I(l.II.1-5 .r. . . I.f . ll

NI NI~ .. . . . . . . . . . . . . . . . . . . . ..-

I - - - - 1- - - - - - - - - - - - - - - -S 2 - :- - - - - - - - -. vo

Cs ~ l~t~LI'oz lr... . . . . t.-.o. . L. . . . . I.s'.c-u .-of .fc).L'. t . o.
3 o.. . . . . . . .o.. . . . . . . . . . . . . . . . . . . . .

COPY-1--P--4-1-------------------1F, t;'..7
.¶~aICJl~~a,,~~tSa.SC111 .uu a.I'L~lIlIUUrLI AI rshu vVu uL3L16.~I'IlIII

jr L a'- UftH



I

L-' M, C

I' ..... ... .... ..............i " 11 I1 1: I I
. . .. . . .. . . . . . . . . . . . .

N. n4 NNN14 1

n. I

I ~ In

, , 1 , :, 't V -k "' " . I tq, , I , .i -4 '. ,l , -i 4 , ,

*ý - 11S 1S 1IS I I I 61£ - ý IUl a1- .i a U S I I A I a I I I w, I I1 £.. I W I A

M N N I , ' . 0

% % S I %

' , 1114 .. aa. nI......a..lI,iI.. ,S.t'.a .*.I...a.-'St ".a ... ..bu ... S •,•a,'2 .'ta . ,:, I +.S5Sib' f

V - U . r- U, C. 11- L) V, ;, r.- 61U-WW

a. ati, I II " 1 LI I I IW I IUl Ml u i I I) I I alit V. I II al I , I W V u U.

1 1114 IIIIatIIII 1 1114 1

_ -:u f. Io

V . ,0t I . , " I g 1 . t v

n m nU D ( II 1.4

- I.i a I I I a a a . I I I I I i l. a I I a La a I a a i I a a I a a a a

. .+....... . .... . ...... .. .... ,,

I, ... . ... .1.,W o% . Ii1 .444.. ;j .... . I.., .,. j 1o.±. .. ,

06

+ .. 4 |'4. .- 0,. 0. 0.1•• +

I -- 4

el f-, W. . +. .. .Q . . . . . . . . . . . ... It.

r~~ 1% rj m1 N1 r- t1v / +U • • t4•• • n, n PO :n e M t ff. In m • 1- 11 1' U 1 ••t • I tk i• %g +

- -.. .. - 4t:II. -j( .ct.J.. *t... .J:

%n.. n W + ; V , W . i , Ijn., W , .: U,, :. . ..w u .1 . W, ̀  -. 1 LA V1

1111 1a ciI Q1 1 ala asa 14 la A11 c'11 IIa111

,-5 . .•,. . . :.. . ..... 0,-o4 o.C *j- y,,. .. . ... ..%o .. .. ...lu lal•f:.4

It

I- aaNt ;;a-lI -I J•-N oasfNIl-O,-'-N--4- . 22

r

," 0, .-< >-i )( .. . , . . . . . .....,. .,. . . ...... ..... ... a' a a

,. .1.

, fr.ba.. .a.4.. .. .- . .... ..-- - - - - - -
"t{ I •~. ... "V.. ".. .. .. +I ..... .................... + ,....S S.

I *:Utl
7

l A ; 'r¶;':'dr ' s I ? t

S317 p•';ti: - " •• ' • K: A [ Far.S#,i, ,+ aYBat.a.•t ['

a;. ... . . . '-'"' £%acs Ct ,'ti! I +41,II 1+l - +++ +' , {



"' " I
''

' I

"* I I1 : I
I I ' i .i

• . • • ) • • • • • • • • ,. . . . . . . . . . . . . . . . . . . . , . . . .

2 2.

I- I I i 1 I i•

In*I I "

If -, .,." ' 1 1 11, -A - . 1' I

IAI . 1

:I ,,

.• • • • , • • t • e •. .. I. . . . . . .. . . . .. . .. . . .

* .4........... .................

1-- I• . 11 ". ' ." , . "- -4+ . -I- 1 /1, - - 1,., 1- I "- i-- .* .! .1 "1Il 1U

-t1" , N•l' N l: N I N I" I' IV N N N N N N N N N I, N N N N lJ I. N N I' tI N N I J N N N N I I I' NI N N N 4 N ¼ N N

4 | 1 II I I I I II I I I I I l I I I i I I I I I I 5 I i I I I I I I I "I 51 I I I I I I I I I 3,5 I I -

-I * I i I

S.) ,6 Q...:Q1........ . -,, • N, .. .....;u c :.,.% 'D..i . ... ..

•~~~ ~ ..+ .. .. .... . .; ..... I. .• .. . . . . . . . . . ., .. .. .. .

I I

", - "- €". .P + + ' . 1• 4 + , i"" • " .J +,., .,"It'" " N 'N '. It '?O 'N .t ",,.'t.i i' Cl,

* I' . le . 1 4,

S... .. .. . . .~ ~¶''.. . . . . . . . .' .. . . . . . . . ..". ... . . . - - --" -"

a-1 -1.- ý .,4 , -4 1 4 )4 J4 I 0 0 0 .

I •aUD :.1.u. .e'''- J '. . . -. .. ,': "•"........- < iI? .-+u.l i tJ'•..- , 4i , 4 ..... '-k -,; ' .*-

i2

n I

'.. V .r•..
I-Iflm .,N-l-lr - i'. il~ilm - ~ ll'r V ~ i. I~ r n , N - 'n -r '. i r~l'II..'.-i~ . "+- lt'lr•- O"

'- r- 1 r. l. 4 .ii U. , . 4 4 ., '; '1 ' ' 1 . , i i . , . ' . -. 4* - .I

. . ...... . I. . . . .

SY l.4 .• h.i .1J,-t- I .-.t r .il.-. • 'lS.i. i''... t 1.. 11 I+,, l- JJ",; C. . ... .. ~.. '.

L �.If ... .................. . ... .C4

,. Is-i In ,
ViN L' Ifh If~~I~~Ir I hi Inil IirWs W,~ U I0 Wi

0 
1. k Ii. il NI~ ~iif InuiiuIn . U.g In rIf

U N ara t'}

-"-: 'l . .... _. -4,.-. . . .I +--- ... .. ... .. ... .. I .... .... . . " . ..... . *-

* LA 0 vCO C IT ofirn er ac nflflrfifl1'C. 00e n 0c n 0 Il' 0 C; fleor.r'c'on ofa

318 COPY hA P' E P P%
"FfLTA Er' L'LLx G'TLiItO



1 +01

'..

. ..... . III i I It I

'I .
. .I I, .

I I .

.". j

.............................. .......-...............

. . . .
.. . .

I l i I I i I I i I I I I i I I Ij . 1 .1 Id It kI. w-r 
+ + -. - + .

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

++ .IP " P i i~i m " + ti + J. +. i t i.+•1% .- . .i. . .5 ..'.• . .S .i . +. .l ." .S .I . . 1.• . . . . .I

7h - -7 -

"-K I.r Il Id, 'N ii I I I (.I 
Ij 

I I I, I

D... 

"7

-, --. ------------o -+ - -+ - _.. -. --- - .-- '.- -- .. +- " .....

iV-- -- - - - - -- I - - - - - - - - - -t--

AýVV -!':r V. 4Nr )JiNt~N~.~'l~ t.ilifJt 1`Jt 1-1 toN¶ 0~NNNV~lN.

........ , ................. ....... +._......... o.....

....... ..... ............ . . .... 
. . ....... . . .. .

• n . . .. ... . .i . . .. . ... .. . f l f.... . . .' . . . . . . . . . . . . .... ... . ..~.....t~ . ..,, . ' t ~ ~ l f u i L t i 0 . . .v .' . t . p.i.. . . . .. . . .t .. . . .

LL ,t t 1.114c11141:1 4ju1 1 ItI i . 1 titl lit tl lt jt tj tj

319 
, I. a * 

.
I " -1,

. . . . . . . . . . . . .. . . . . . . ... . . ... . . ... . . . . . . . . . . . . . .
a ' s %j • • - -• • P - f- I *• : - N -, -- • . C • , • i. r 

1 
A 'C • - -. v . .4 4

lilt Ijill ~ lti 1 11114

P +...... ....... .-. '5le rn-' " Q . .-nN..,f.

m nL" . + . , ng+ . . . .. . i ." . s i.. . . . . .. v '.: J ,,l• i J..l. . . . . . . . . . . . . . . . . ... .. ..L I , o i ~ i o . ~ i i n - n' r.. .l. , . .. . . .

~~~~~ . . ..... .. ;. . . . .? + . . . • o. . . . . . . .•. . ....-+ • .? o . o . . . . . . . ., ,

;- ,- r,- '-- f l rr• -o tli r ~ ~ v - - - -i ' ?e-0 + L irPI U ' i l .

............................................................................................

II

~. . .._.... . . . . . . ........ ........... 9 i .; : •. . . . .

319 . k;1itj..I'tL .. -- ....



.! 4' 4 1 41

t k T,

. . I

.I Il I I III-

a I.. V nI-i "k.I U ,V i .1 .1. - 16 f

•'•~ ~~~~~~ a/ l l i[ :iI a IIII iI il y i l Is tif 1I

... ... -. . .............. . . ..... .... . .

SI I I I I

(4

I I

.I. .. .. . . . . ....

al u.' W - I I W I L I U II I s ; I IN a a |l al a ai l I al laa

I Wi

0 1 1 1 444 4

: . -... ... . . . . . . . ..-,r-' - -.r .. -, ..... . . . . . ..... ..

•;"~~~~~~~ ",- -S -, -• -, -, -, -., • •e- -,

I-Z.

•.i | ! ! I I i I I I a I a a a a a I a a a a a a a I I a I I I I I I i I I a I I 1 1 1 I

cc

' I " t ' u 111 4 U. VI .' IX I • - Is

-tll~ Ita r 4 -. .1 , I4

V.~~ ~~~~~~~~ . .Jr .11 1 1 1 1 1 1 1 .~l a a. .11 .11aI

LlI I

a v - - - - - - - - - - - --a- - - - - - - -

I, in .r I1 V A

w l 1,' 1a e-- f)l- 14 t- a
it~~ ~ "U.CA'0

7 ~ ~~~~~~~~~~~~~~ .. . ..J.tm l.r-- r. . .- .Lr, I. .I5;I .l ... .r J- .s ~. . .

~~~j.~~~1 . i2 t4,.N1-aUUIt.aliaivii- N21-0-saDO vo



I• N

"N N N N N C A

C! " I f' -1 1: 1"4 -t -

Z : Lu U, V

L' I 1 1it a I l 5i 1 1 1•,I l i 1 I 1 l

.4tJ3 C- Ll 0

!~~~~~~~~~~~~~~~~~~~~ . .- ., . .. . . . .. .. . . . op•••i .j..t,,•.,.

n u ------------------- - - ---- -- -- -- -- -

*~- tV~ 4~

. . . . .. . .. .. . ,. , .. .... . .' .' .' . .. . . .. . . . ..

i. q, ' ,' 1 ... ,

- - - - -* -- - - - - - - z

7ii . *'a

44.. i.. .. .. nI.. i,".U .O ." ... .n , ,,J .4 ,, .r- . ..r . ....... .. .., In. IC 'f .OIT U ' -. C C ('U. ', ,

SI•III : a i :i I|I1Iii | Ij i 11| 1 I1 Iii Iii ii i| I tIII Iii |i |Iii: I I I I I .Ii.Ii

U-U . U IU Wl . . . . ..v d

00.

Utt

-- . C .I m I IL' i

0 ~ ~ ~ i JNv1"t .I IrrC I'..o.r - 4rIe .. ~lvfv. tozr 0 rc...IJ f 4 Ia CZ

il

qe•,-:, W,. Ir t. v•. ,,,, . c,• , r "

•i• ' '+'" "+ ". • . . . . . . . .... ... " <" "+ " • " +• X +,'+, . . .+ .,• • . ... .. . . .. .: ... '+ .

.,IJ ... •N,, ,,..•f ..U ....... •,,,r .V 'CC .... (t... (4. .. , -U' "lr+rC.O- u .~.... a"Z o] - ""

C* --- --- - --------- -- -- -- -.- -,- -- --------- --

-U~1 tfl t- * t . ..

C - 321 9. W e0.

ut4 4 .. .. . . ... . .. .Q. a -'Q 'L Q ,+ ,a.4 , - 4)Q (1 1 .. . , .. . . . . ... ... . . .. .. .-j . .. .

•,II 0 , ý r- wa •ý N II 'p I n r I U Clla- I P. .1 C - 'D r- tI 0 v N w #411I

W IN

L 

* 

. . . . . . .
. . . . . . . . . . .." 

.
. .. . . . . . . . . . ..

tL i-. 4-, C,, 3-- 0 , fl C,- e:) C. C, i0 o -- n Cn 0 0 0

32 Gi



f II I I I

I iII

- ---- -- 4-- --

*l (P 4 4.% r I..,0--

-*A -IItI I Wtt

.44

.. 104 4 *ý I

U~~ V, U~ U, .1 Y.~ It U. U. 4u' u-, 41 . 1

IL .- N4,~lN-n -4

41..

4044'4~~~ .~* .Ct~ O r .-- - - ..... .... . . . . . .-4 . . . .

I04P 0 T! r tnC- 0 :r a ) j. 3-rI44I..d- tN.r4 O 4l"t' 4 4.. 0U. -z. I...4c~- C

IIn4t~uIlnrwflnIIl c4t-r4,1-114~4t44f wqI~', tU4*,CII*fI''44U

4444-&4-t4.'t..-G 4. %.44 ti...~r 4'.4 a~4. C m I. t44P- -a

* ~ ~ ~ ~ ~ ~ ~ ~ ~ i .A .U . .4 '. '. ' . . . '.3. 3 .... .~ . .~ . .j .4 . .. . . . .. -J .4 4. . .4 .4 . .-. .
0l. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .A

I~~~~~~~~~~~~~~~~~~ 
lip---.4-4.-.-4.4.----4'444 

.44'.44...

32 44 Gy
*~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~~~~c If44t~O 

CC.CCrI2..~lt4).I~.0.f~ 
it'0OO6W*4C

I~t)O.flCI4LS~t0~Vt4 4PIP ik'4df FJ'~N44Iull l 5'~ L FLt)



... ...... ...

'I

c I> Z. c IDc 0t - ,0 t .10 t at

tc', -. .1

N ; " I -I IN IN i12 INIII

II

I IA

I/

1.,-I . tlI- l al l l 111" £I h -11 12 . l11£1l°] °.•

I I 0 Iq 1 I
n .1 r I 1 t-, I N I

c i t '0 If' '.; 4

1W. • .. . , ,.,' Z, , ", ,,, . .. , .4. ... .7 , .. • ...

,... . .... . . -

t t-•i. Ill ti ; it. I a| a as *111 | ii 11111 |I| Ii ,l 1 i lit 1.1 I o

Ci Z

ci

-................... ............................... 2

. I,-

.... ... ....4 --- )-C ~t~ .'-.-.1. I.r.I- L.:.. 4o"'1V o o~..•-.-. o o r4-t,

I & I IIai aI laI I I I

. . ., .... ...... .... I ... . .....................

C' C tl2C.3C C .C[..4 ,C.a , ,O:: ' .. '.,r ,,:C ..,c - , .. ,. : .',,, [ ;:•

.On0 J0 Cv lt I 1,10c' ecv n (n C n 0 . n n. 14

-4~J114-4~~I- - -- - - - -. 1tr:, C~z2II~....t~Z-~, 0~?-tt~' :c.
-Q I~-. 1 ~ ~ 41*11. ~~~1 h~LCflO~l,.&.I VC '4 4323'4-. -

c-'o::sr.2cc-'~~~c-,il LC--j- - - ..-.-..-- N I4Ir



p I "41 J

. . . . . . . . . . . .. .. .. . . ... ... . ..

j j

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

.•1 ... .. ... . .I .. .' ý. .. .. .4 A
II I I I, I I

v 7,

ii

.. .. .. . .. ... . . .... . .... . . ' .. .. ? , ,. . ."? . .... .. . . . ." .' .' .

I i T 7

I; T. 'N o 'n

. ..,I . .

"". ." .' "'.. ." " .. . ... . . .. .. .. .. . .. " .. ..' ' . . . " " . " .. ...

U 7 . ' . . . . ..

• ~ ~ ~ ~ ~ 1 r' o•j i l l i l ID l, l oi il i ci icj Qi i.7-T - , n

,. =

'• I|SIIIllI I lIIIIIII I II |I I II 'I |l|II It I I li 1 II1 1I!

-J- 11 1 II IV I 111 11i11
c-a la ' 1.. .. ,.

k6 ... . 6 A.. .....A ... ...... 4,,.c' , .4. c; A . . . . . . . . . . .. ... . . . . !

, q t-. N .- Ptr..a,' 324a

r-a rt..ara-r -~~a, aa r.-tr-a 'aana .n -a''a- r.a aa- ,a-r. aa r-.M
; ,ataa'ta C-a-,naa u'aa ~ raa ", -. t~a'- -- a-'-a- -

a., 5+ I I I I I I I I I I I I I I . I I I I a I I I I I " I I 5 I I * I I I I I I 1 I I "I I S

" "ar .0.' . a.,+ " .a .... -a--..... .. .• a .. . .. . .a . . . .. . .. . .. ..-.. a.a. a- r o , ,

... raa rcararanr

• -- I.ta 1.Ca-r.a Pr.1<

d, a i a . .1a•a a I a la a•t a * 1 ,ai' II : l''i *- I" " ... I

N -SN

c, ..... ...... .. . uu aaa aa aaaua.uaaaat an aaaaa aaa av naa.L r atf a .-'- a+" , "4.?. .. a .... ....



-- --- .-,- -- 3
A I

,.. .' .,.. . .. . • . : .• .. . . ..

.......... . . . . . ... . . .. ..! . ., . .
40**

.• .',b. . ... -- .- - . . . . ..

..' ., .. .- - . . .- , . '. . • ' . '. . . . .' . . . . .. . .. . . . . .. . . .. . .. . .... . .

,.,• - ," - -,' - • ,• • - - -; . -.. -,, -, -• - -" -'' . a ,,u I Qi j r rý Ifj11 1
4' -t t i.

N I i IN

Inn

S• 1•',4- tiI l. I li lt I tI l I i lt I i i I I fi i IIIl I' l l I It i| It I I i Il' I I

0• CJ , "E"

I ... .............. ......... .... ..

-- 'TT ? . . •-t,~,-- 5ttj ;--' ,' i4,, , i• ,,

... .: . . . .. . . .. . .-' . .. . . ". , , .. . . ¶ . r. . . .. . , . ' ., .. . . . .. . .

. d*.., .. . . -.-.-. . - . .A L i.j.i.. . . . .. 'i"li"(" •

I.I

-" c-n' d-a•u.. ... . . ..... n',ri•,--.--hr-,,-.. ,-',, 4.. ...- ,.

II.•....... .•, -........... ...... , .,... . •..........,

,, -.- i? t ~ i ~ ~ ~ i h i n ~ c c i L e - , I L ,, • (. ,,i tb. 'r- tt, iytrj , ii, tiit

/r', . -, . . . . . . . . . . . . . . . .. . . . '

,.. LL tii L ittti : 2 u 
i

*ii - - if N L'...nii~rr ~ itt N i



. . . . . . . ........... ..Ll . 0 7, tII I
II

. . . . .. . . . . . . . .

N N1 I N. I

. . *. . . . .. . . . ...

I , . ,i i .ý i . I

C .. • I • • .. i. • .4.*. .• • .• .• • • . .- . . . . .t; .. . .. . . .

+. . .. . . .. . . , ,",. , '99,. ...........- ..... 9
a4 ,'u . ,L9. ..91 99 9.. ',1'-- 3,3'- 3 9.9.9.. , 3.3,9-9 ,'; ,-.. . ... .p9 (3~...... .....94~I' ,-

-4 i 9 I I I I I I I I l I+' . . . .. . " . ...I" I I I 1 " I I I II I . . I ' I I 1 I , I I I I I

c-, -3 3ý

--. . .. . -- - ------.

9 N n .1 1 - ., ... ........ .* .n

"1 I m t | I I I £ I I I I I I I I I I I I I I I I I I I I I I I I £ I I I £ I I I I I I I I I I I I I s I I

4 4 13 .. 1%

.9 . ..9 .

•?- 2. 4. 't....e j' ~ ~ '- 'Z .. .nca -- -'~~...

"a,, " r, . .....,

1' 4 j-r 9•'.. 't, t "'.'r .4.. -. Ne•'Il3..9r'9. ', " • 'N *7'- . .;'rn"' " r 9. Nr+ .-- . -(. .p-, 
9

.o.I --

..+ .. . . . . . .

-I I" In

. . . ., v u, Is. v r .. .. V..... U.. .. . . .

I VI " I+. IF U.r It' II+ , If- 1p ,4. U. ýlu U.I

a 1,- ,0, . .P- -- -
- -. . . ... .. . I . ' .

o 9t- ,99fV c,. I *I' fIL J t 0 "9 V '' Clz o
,,9',."..+ ......... ......................... .

,' -•.a'J.J..r r.J ", ".. -'44-.J..4.3."t.44.$.. .t, . 4 '...99.'.(4 .

St......... , n .............. T 9 t. v o I

,- W, +" p I ;I.L . o EL.u ' C! 'INu 4 .. ..t.. . . -. . .. .. . . . . .. ° . U. .9mn9f.. . .flU-' It. m

Inu~ In~t.u V, I :-' nI , i 'o •U u .0 n,,.,,,- o-u

19999..... .9... .......... .. . . . . .. 9 9
9.93........ ....,,.4.. -'mr rra rte r.,,NN N ,.9I'( - - -, ,

. P-" P.- I-. r- t- " .' I-'9

""I.-,t ' N, g , ,,+ ' " . 9" , - ' 9 9 i',W-,,-1 U,' +,-;' - - - -' -w I"In9

........ 9. ....... . ..... ..... .. .. . .9.,
L rN N N N INI I Ir c o a N, ' I C I ( N N N.JN94 ICN o C, o c o 0 N r3 I 3 IN C3 0 I NC3J C 0 n C 0 1

ki V

'bomb,.U'9Ca. .............. + d" g
,'•.7.......~ 74 .4i ..99nnTa9.rn'9.tv999..3(99 '9at4.o. . .. '.I.fl . .44.19.904" 4494

'326 ." g,'.':: x'.""'rr.; ."a. 9'',vI,~? .A e' "4

ii-

m u -. I i i I I I i -- i - li -.



.. ..... -. - I-; - - - -i
I 

-1 
-'ý .. .. . ... . .....- .... ...

...... . . .. , -. : • ....... I . .I° -I" .. . . . .. •T . ? ' -

I II
4L6

N 1i I N 11

. . . . .I . . . I . . . . .. . ., .• .
IN! ejj I

j" , . 6 *t.• • r'

. Ii . . .I . . .I . .e I .. . . . .l ~ . ; l l . . .l l

, '-V t . .. .. . . I ,,. ........... . . . " ,

:, ,, • ,- ," ... ......... .... ... . . .. ..,. ..... ". . .. . .I .. I. . ..

S.a•.j L--(-• .;.I | , 'n rr-r-- lj---l--.a.N.-.I... I .| I . I. . . .| l. e . ,

c -- : > t c - 5" - n : , , -. -. .. : " . "j
4'tj .v. 4T11 1 1 1 tii 44 4 4.4 III '1, 1 -1 - (V 11 11It

I . I

. . . . . . . ..... . . .... .. .... . . . . .. . . . . . 0.. . .
'"~~~~~~~~~~~ .ll l ll l l l .I .ll ll l l . . . I I. • I I . . I .

I U.

* ..,L.

Ati eqN " , . N .. .. .. N N. . . . ... N+. I%. N+' ,-1- IV- I-. N- N' nr, r"N-.-- N , ,- f., i+• i+- r- 4 4

4•, 1. . a

IY. Q. .1..c c

"In " . . . . . .. . I . I. . I .. .. - . I. .' '.- I , .

' + ........... -,................ •.. .. '•....... ".......a... .-. S o

, ; • ;;,, •.-- - - - - .-. ,---.-I,- . . .. . , . .,•

'D• o: ": a. 0, C, e1 r, cln ono : na n cC C : !4

32

I-- - :v1 •,1.1jl t4t -------- l. -4.t 4 U l.aII.l i..4-'i 4 ..

• .._,-.. : ~....................,,a,+•. .....+•+ ) ........._.., •.. •...... ....



t

. . . . .! .I .a .. I ..I I!

. . . . . . .. . . .. .

II i L i' I

Q 2 IN .i• I

:,•~~~ ~~ . . . . .• .. . . . . • .
J•'.•~ ~ ~~ 1 6. 1' u. q) v% ! i I II In .1 11 'A L' I . ! i It I I, 1. l . 1 iI | l i.. .1 . . ... ..

InI I" f v.r • I,, .III . n, ; In ... .. w,, v.. -A In,;, •

If.-n .1 1 £1 Faa III, n11 .1 1 111) .a1 ITI,a
m cl jA A T A

!is C .• • o. •' . •.j ,. . .. .. ,.A•.. . -''o',': ,, ' :

t s. "- s• a) a a a a I I a a . a I a I I* I I I a F a; I a F a a1 I F a a F I I a F I £ I F I a l I F

At U a I I a a a a a I a F F I I a F a[a a|a| " I a ' s

Is ,•.......................................... •

4 "4

*. ..... ...................... ,4'

- - -.-.--.,--. - -... .. s-s-.-. -, . 4--- - - -- - - - -- - -"-- .- , . ---

54 -. A, Ao, A.. o -.. . . . . . ..,

++(-o ......ui .++..................+_...+.... +._+++ ...... _+....,A

c" %

I . . . 7.-

W_ I - U I 'n
14 I

e .5 55 CU 'Csr If sOnJsLA.r5 .Ttt t-t--t t- I- t'- Fr-A.~- t- T- r- ~r-

I ~ ~ ~ ~ u Q a
4

-~N~ N~ N - - - OC~i~) aaQ' v)aW aarjaa

m: oc. I
5-r m5 ,l.N A ~ e ~ rs - 5-. 7~- e"- -ITwr.,~' C ~ '

IN a au s g~ocaq ot s'Ao vgosss~stst u zr)C r~.)l.~s .sA rrg

7N n* .. FA A

11 "1 NA N 'N t C% 11l :" NI Nr N I NI NI NI N 14NI NI NNI NNI NJ

El

v, a ao . ;, I,.v.. . . . I. . . . . .. . . . . . . . . . . . . . .

U~ ~ ~ ~. .4 04C s5tO . . ~~s. CCsStJ U .0- .. s. . .). .. .t. .f. .

328 PJý: r.1.1-~ ?2N



2 .) . ... .- ... ....IIN

II

,,'- , , l i i - 0, '- I ,.I- r 1.

li im II 1 14 1 111. 1111*ý1. '*1 :I7 AI * ~ I&i

..... 4"1 - •• co . o

_- .• . .. . .. . .: .; . ..o . I .• . . . I . . ... .. .. ... ,

I" * "*....*..................... : '•i :

* . ' ,) I J

T10 .,• , ... . .. . . . .' '' ".. . . . . . .- 1. _ .,.A - . . .. . .... ..

- In

I . 1. 1111 £ 1 1 1 1 1• m a I IInI In -n 'A n n, I n ll "In In In
A t t - 4

.. . .. N.II'. "+ IflI ,,"..".J- .4.r.f r.-a. r...I, ..... ..... .. - nJ ," J ....-I .I't InI .-... ... '... , U,: .

v -.I w 'z -n L7 n ur. I, 6 C .Q vo 6t" uICIIjjr.Dd-:In 0 6 C- u4 -

"•l ý!" -, I I I I , i -- C, -:1 I* -- C; -I C I 0 -: 'ý ; -* j I, Iý -~. 1 ;7 z I iI l I

";' ~ ~ ~ ~ ~ V U .Lit S v w w U. CI v, U If I , In

VIi

p~~~~~~ ~ ~ ~ ~ v. VII-IIII'III, l MI r 1 IIIl 1 ' 1, V 'I1 . 1. 1 1 1

61..

LL- . . . ..

I-I CCC ý C1 .C L

N1tIt In3vS-'r `,1 IN ( I V4
In* In, 'a

SN " y N I N n N 1I I, N M, I I N I I V I i N I I IN C ii I iV

ILN C,,- r-Nr4 44t4D In j I I ".4 7IIII :4 -U. 41j. IIr Inr tr 0Ijrrjf N N .. I.

,ItI ( i ' , u 0 I'
* III' Q " C• " •'t ....@1~(.C . I .t.O.It~. cI. ' c' ...... r~ CL .. I... I. I.I.. .. ,.tl ',..ro..:. .. IC "n I

, I I , 0 1

I4 1 I 4 N *JI t I 4I 4-3I t4..t' | .I I I * II I t III \ -NIN ICI I IA I I I I I I'II I I"

, IV f. In -0 *1 IIfl . . . ..•OI . . . .o o •OIOt4 ' .o' I 'o5lo .I. .. .. . oor; 0 - .,,111U",., . C t
. N ~ J N 'N INnN I .. N NC.Cn N.... .... III PIr IlII VI I" I • , .IIII I C 'Ir eA4 4 J4 -". ... . .

*1• *. ,e+b1 .a -. ..
1

4 .. &+ 4.4..... . ... I.&. -. I... *fl..4L....'-... .. . • 4 +% .• lj + * , +..L .....rM -.-. -+ .4

-4 ....

329-P
"++'+• :P' • "



.: . . . .

. . . i . . .. i
N . .1 I N

"L-1 III I. I I I

I' 4. al I a v

c:1

, I | I I I | I ' I I I I | I I I | | I I I i I i i
, , I ,, . I

". .. . . ... . . . . . . . . ..

-.. ..- ,.,- , • , ,;-- - -,'

It,:
.. . . . . .. . . I . . . .. . . ..I. .

.11%1.

i ti

"? ,' C.,.

,V i.\l '~i� i'~~ ... ... . ,, ..bI" .' - ... .". " , .ti I .n...L .. . , ., , . ,U "

' " I II I I1 1 II I III I v 11 1 1 V. II WI, W111111I 11
U t .. ...... iiI," , .. ii.. . iJ iijV 'I4+ . .. *nf- ii tiImPiL, +fl.. + -.." o "il .. * +,i ;+ .. ...A~~v .*.i. .U- r.. .. .

e f ,it-Lr.-L-Iii4¼. H. ieu.I .i-i-, i, -- i, , t ,- .I.-Va . U, U-n'..--l.,.m . I'it• 'O..i •i .I.fR l }...i+.II, J ,r jlnf.+
) ;;c..,~~~~~ .. 0-' .- Vi n- "'" )I. r.c..... .... fl...s..1 .. 'j'> ' ;;+•'' '''' "; :" + "-'-r ti.'*' _ ,.' 2 .. ~ i. t..... .. .... "..rim,'. m'+... ... .

u, uýui I,

.. . ............... ....... ........

r 114' IC A I I .I I

i-'.:' ""4 " 'K.t ..... ' i . ;U- I.'i* -C..n... . " •g ..- i . .. - t j.iL " "qV

-+. ,.t+.4.44. .• J. -.-. ' Jt-•j-+~,- J~J C..-,... 4 ~'- **

rr I. IN f-. I,•
L I II I i-- I .I il it' I i n I I I I I i I I I I I l I I II I I U i I I I I i. I

330

Ž.. t 2 1 t. ' (, . CI. + .3 aW .- Ii CI+-*-l-l - t-f'l.n r. t• .1 . .m i b

Nni~rN-~.,. '-' CI-tctr i .~'*(~t~H i .~... ,,J•..Jt ......... t...N~.. .. - infr. I..+r- ,t • + <.. . ....- ,....- ,,,u ... t ...... iU, ,,, t,,,JV Ir N' .l.4..p •,rtf.~............ te ...... u .i'-,+r+,t

Lii f.I.'ll.-E t1, tIILL H , ( O H 11 Ol iH. .t

'+ g • , +.......................... .-...... ++............ .....

• HIHH )..h rvht...,+'rni....... -,,b-.. 'r.i fl.- .Nrjti.o- 0
CO I iO ) U - - - - itNt.H-•n.r+ •.-i, .

1
. ir. t-.t,r.i.H;t n.

3 
4 . . 4 .44' .1 330 i'm-------------"h- H-'"----....+' -----

II I I I *. I. I '0



- -

i, I 11,111

IN. 1 f I , 4
i9 4,1, 4 S i

la, ;-- i..' . ... *I ... I .• a.-.. *a ,,, V, . 3"m - . .-- 5 . "* ''" - ' "* °.:.. % 4 C

. - I-, , , , ,. . ,.,I * 4"* *"'"•

II V, *1 * Wt

I • • .'i i i i ! I I | i I *l hi | I i, i |ii 1 1 t h u I i | l l i II i Ii I h u h i l i l i

0 I, .j * * I *l* W t , , .1i

cI*i

,~U u..-••

4l w; fr, Q ,, n .n U,0 .

. ,. .... .. . .......... ......... ...... . . . ...•. .... . ...... ...................

-. . . . . . .V . U' •" " "n: . . . . . . . . . . .

tr -tJ 4-4q 4.

I.

rL. 17 * ,*

C'7 10 C' r , c C cm)O CcCJC)CDflc. I' 8 c. ID~- .C,D .' :. . CI : i. acc z . u

U, U, U, ) V, I/ W U. L • • ,

U)Illt i. Ui V U..1u , Vti-liT, N , . , iW ,IIlI lk'I ' I, *I e iLVIU'.

U..t .4 4 .t 4 -' 4 *4 a. - 44 I- ,,4 . . C t 4- 4 a- ,'4( .7 '4" ." i'a .1 . " .4 •' -4- -- 4 -"(~ I -k u Vn.ir , Q.0r e i1.Nu i v I i iilQitjC ei rilil 7 -'J. . Ji.. Lr v.l'.' U . I.4q-r..p

I-.r

'. i.f'ti It *- r I 1 ,' .-

c, i) c3 n ZIIIlIl |I I I r, v c n V 0 0 V I: I1 c I .l II ;

4499.. . ... ... .

r- w• UN .4, rr, r,

rv N, .y N-, r- m- r. N. N- N- N N' fy tZ-.- tt N y qr-rýr4ro ~ Z r V

W, vw 6w4i i..r--

S u... : ....... 4 . . . . . . , I*. ... ....
I I I I i-t.LE• - -. -

"331 t t

w mU) u n o cuw PEVEII 1 WI .r"", U rwaa Lw Q
NA fn C1 t-W00 -Men Nm ct r tL -v0 ) u o t

. .. . . *.'1. . .~ .J
C O V a 0 cl n n.. . .c.. . . .4.. .1.c. .0. .on.G..6.. . . . . . . . . . . . . . . . . . .n.-



Nl

NI Ni N j ' N It
""I

""ii I "J I
r i I N I ,j

IfIS *l ., .1 .1 .

11 1. It 'I ." - ., I - - .1 An b nt II r

J ; 1 tol I I I I I I I I I I I I I I I I I I

I'IF,

,.........:;, .,............... * . i .I
% . . .i . .-

1i- InI In In5 I II I£ 1 In In1 In 1, I In In I 1 11 11 ? II I In I ln I I I t I I

..! .! . . . . .. .. ....'

'Ii ' .C c -7 r. C.n ck atrj

Ný N N N N N N N I II I N VI N U k U N I I I I u NI IN N I IF, IN I N I I N I I N I N N V% W I IP N N N

It 'III I :;. I I| I I InI I lIs I I IT I. I f,

II F I I r I I I --I I r,,, I I I I. l III I W I I I" U I I I I I

... I.n... In V. op t-.. f- P, t-I-I-
V, • . . . . .. C, , t. p t C. V. . (I IF " , . . . . . . .

* L. N I N NN•N4 N N N ! J N N Ni. NNNNN NN(I N'JNN

. . . .. 
S 

"0

*II1,.n mr3 nulC.- III rJ ILI m. C'l nVI-t1 t~n..Iir C: 1 t'WC, -t, I nss~I Icf

C s', III-I.. vlI..\..U-I' i *-i-. .I '.... I "•+. JI j• "+L vl.s,: VuA I tIhI . ...t- 'I' 4 51I I ; 1+.; +.

It U, ,, -. 1: N ,q • ,) - .U#.fNr--; -r-'•rF 1 U, I

I - *I4.I I ;s s I I s I Cl i u ; il ~ ;~

a. .. . . _",Cr .. .. (I n' 0.1 .. a,

-It .•.... -................... ,-............... ,J. .... +-.. _t+.u

In .......... .. . . . . .t Iz

I'~~ ~ ~~~~~ ': 'i--'', 'L ý.' 3. 1 -f'~ 1 n l2 I ZJ-.VJC':, I:: : ::'i-



-a----,.

., . .1
8' 4 . 1 3D ,4r 1)1 7 -1 11vn ip-

I " I

... . . .... . ., . . .

I, 1 ,

I. I 'I'!

"4 ' ' *! " -o
.. .........

I 11111 i II ji I ~ I ili I I I 1 1 LI O1111 I-Ii 1.l 1111111111 . 1i I I I Ii 4•

.. . .t .. ... .. .

•InIn

S,.U
I , IV IV IV , m N IV "I "Ir I V% . i- M |

I- ......................... •...... ..-'- ... " "

* 4.t • - . ... .. . . l.. 4.. . .. I,, l. A h.t... i..... IL ... . . I.. ... .. C " ii 41..... . 5,,1..... I.° ' "W I n •

- N 2I V N IN 1I 1 N ,I 1Z I. , I i I " I

"(A'~ ,7%~~-h-...o¶'.-r- :.g %... *.. z.-...................tr~,A
•. • ................... •..... I,' ;.. .... g.... -...-.-.-.-.-..... ,g '•"--

ro,*-1 "1 ,1 . . . . . . .. ....1- - • .

. -., , . .. .. .• ... . .. .... . .. .... .--,-.•. . -. ......

In

SI I I • I I I • I I I I II In I. ! I' V| In I I n

. . .- . . . .

4 A- A'

m*In q4 '3 -f I n 11 Q-V '1r1-O "1AA:I.Ot."I)S.IZAflInACIn *In

j .r .... .... ... .. . . , . , .. ,. ... . I. . .. .

" "- -4 4 .n A.. . . .. .......t'<'I 4 .~4.t.tJ.. C... - -; . . C44
S..I.-

I-*~'I UI4 N. C4~ 'J 4 (I Q -4

Iw.n

' V1 ,Ijr , omN ,I C . *z 4 in NIlf44C

nI I COP AVVI fl NlZ NUS I



n C *ýr1T01ý v ) V .I -

' 1i

•~A V 1 1"'

I I I,:

I IN
, 1 If 1 . 1, I l ,:

-lAN

r r

* . . . . . . .. ...
,.4. . . .. 1 .

11iiI I**

6j 
0 m

. . . .. .I . .i.2.

. ill IiI I III .liillil a aiIiaia 11 -li ,I l I I I I I If .|

q. IjI

4 . .,. . .. , , .,

-4ofQ -,1-. 11 11 Jai tllilitl Z ,l a4 Clia I .1 11 1 a1 Cili la

Ik,'tU . . ... ... . .. . . . . . . .. . .' . . . .. . .. . . . .. . .- ..

. ,0 C., . C ...¶,C

,., .. . ... . . . . ..... ... .. IC. . I-,

7 7,, 7 -1 -1- 1' '

""- IN a ar U a al "I. W It I, a In a

k'- .... -1- "

CC I. . -I Ij r

cc, ,, • •', ,.4. Q. . ..r ý. .,, , , . ., .•. ., , ;.. . ..

I. I I

-N4l¶ . dlU.CC C¶',C±-v c.r 0J..4' rC CIC N.rCC C,4v.A 4-4N .CC N,

; } •g;--... .. .. .. .. ..... a. . .. .... ~. ::...........................

o,! a a a aI , a a a a a ui g a a a I sl aaaI i a a a I a a a a 1. a a a ulalaI ala I I I

I I
I-,..••.... ...... .....,,••..... ... .. ..o, . • , •• .,

, I 41± i v --. a4J, .. c-'iN.4.ss,' .'..... .. -2':iv... .,... • o.. •. ,,4,,-1

vo 0o o 0 c o o ao ca In

CCSCCII. .ICv W 4' IC-.I I ,VC C'CC.,C -,,,C I'LC.,.,C U,',,,, .• ,

334 r .



It

Vi

'. . . . .. . . . . . ..

~~~~~~~~~~~~~~D .. . . .. . . .. . .t~l I I / .I I , t, 'De s{ I I I l% / •I I

o~ ~ ~~ ~~~ ... . . . . . ,. . . . . . ... . . . . . . .' . . . . . . .' . .. . .. . . ." . . . . .' '; " ' , " , " ... .... .... .
1; 1* U,."I 13111113333£I 333 ,333

N I N- .uIIIr N .'.3I • I I 3 I I 3 3 I II a 3 3 3 I 3i i I I i3 3 gt I t I I I I1 I II3I3 I I 1 1 I 3 3 i

., .. . . . . .•,, .'-- ' . . ;. .4 * . -.... . .... ....

-.. J I% I I I I II I I,

I-~~~~~~~~~~~~ . . .'..,I~'... .l- .ll u .4 .u''f~I . .j. . .4A.a. .[I I I- - - - - .- II

i. �, p. . ........ .. .......... ..7...... ........ ....... .', . . . , n

I 31 1ml In
w N - .i V V M 't ' N m N I . *

C,* .--. 0. . ....'I t-.W3,Ja. I C

- V•-.. .. 0,.aI .- ,,ovC', .;i ? ... v C.L 9.1-a . ... . .1 C, 0 , U

It u 0. ' 1 In a. eq r P. , -N . m I • -j , a,'

I..... ... U.......... .... .

. . .... ... ... .• . . .... ,

k L

I .rlt.!JN .1 4 , fl N nr Y ,~n,
SI I I I I I I I |7 I I I I | | Ii I' I I I I I I I I I I I'(- .- CIL C t DV - d...I NNI ffIl.IrI~g 3

.'-3.. ............ 2:: g....... ,.".......U

(. • [ ( ,o • • -I hi ,

(........... .............. ........



. .I . . . . ..

c 4 8 C.' -I

II-

IN 1. . . . . . I. . . . . . . .I . . . . . . . . .

* *1 .¶

/ L I $ I i £ I I ! | I I

I I I

., U. 11 C.

n I , .I A I % I II n I lI iI .II 9i t I I I I I i I i I I | I

LL I4 q. II q

.,' ,• g"- .1.!.. ,' ,;,. . . ... 91 .- ' ' .. / ,-9'. '' ... . .

4) - P .,,

, i' -!,.,' 9.u'".. . .A..n •,i:I.1I,,;-9le $ r.'; -9, Vl.. ; ... 49 .l ~.I.>.l. t 4. 9 ........

1t -l'-

!I lull I II4 1, :ý U

,:2

S... .. .. . ...... . .. ... . . . . ".

- c.t.

U*, c.1., If u I

9 . * C. C C

ki 199M*4 99b1 1 _



REFERENCES

1. Fowler, R.M., Gallop, E.G., Lock, C.N.M., and Richmond, N.W.,
':Aerodynamic of a Spinning Shell" Phil.Trans. Royal Society,
London, i920.

2. Sterne, T.E., "On Jump Due to Bore Clearance," BRL Report No. 491,
28 Sept. 1944.

3. Murphy, C.lH., "Comments on Projectile Jump," BRL Report No. 1071,
"April, 1957.

4. Kent, R.H., "First Memorandum Report on 3.3 inch Design Data
Firings in Connection with 0.1B. Program 2627-3," BRL
14 May 1920.

5. Zaroodny, S.J., "On Jump Due to Muzzle Disturbances," BRL Report
No. 703, June, 1949.

6. Murphiy, C.HI., Bradley, J.W., "Jwunp Due to Aerodynamic Asymmetry
of a Missile with Varying Roll Rate, " 13RL Report No. 1077,
May, 1959.

7. Nicolaides, J.D., "On the Free Flight Motion of Missiles Having
"Slight Configurational Asymmetries, " 13RL Report No. 858,
Julie, 1953.

8. Nicolaides, J.D., McAllister, L.D., "A Note on the Contribution
of Configurational Asymmetries to the Free Flight Motion of
Missiles," Journal of the Aeronautical :Scicnces, Vol. 19, No. 12,
Dec., 1.952.

9. Nicolaides, J.D., "Free Flight Dynamics," Text, Aerospace
Engineering Department, University of Notre Dame, 1964.

1U. ingram, C.W., "A Computer Program for Integrating the Six-Degree-
of-Freedom Equations of Motion of a Symmetrical Missile,"
Aerospace Engineering Dept., University of Notre Dame, 1970.

11. Ingram, C.W. , Daniels, P. , "A Spin Scale Theory for Rigid Body

Integration Using the Frick Slip Frame," AIAA Journal, Vol.5,
No. 1, Jan. 1967.

3371

#. ......................... ... .............. ..-



REFERENCES (concluded)

12. Ingram, C.W., "Analytical Program for the Evaluation and
Reduction of Dispersion and Jump of Fin Bodies," U. S. Army
Frankford Arsenal Contract No. DAAA25-71-C0447,
August, 1972.

13. Eikenberry, R.S., "Wobble, Analysis of Missile Dynamic Data,"
Prepared for Sandia Corp., Albuquerque, N.M, 1969.

14. Ingram, C.W., Nicolaides, J.D., Eikenberry, R.S., Lijewskl,L.E.,
"A Computer Program to Fit the Initial Angular Data from
Test Firing of Flechettes," Prepared for U.S.Army,
Frankford Arsenal, Phila. Pa., 1973.

15. Piddington, M., "The Aerodynamic Characteristics of a Spin
Projectile," BRL Memo Rpt. No. 1594, Ballistics Research
Laboratory, Aberdeen Proving Ground, Md., Sept., 1964.

16. Garsik, M., "Dynamic Supersonic Wind Tunnel Testing," Masters
Thesis, University of Notre Dame, Aerospace Dept.,
May, 1974.

338

-I



APPENDPX D

FRANKFORD ARSENAL EXPERMIENTAL BALLISTICS
FIRING PROGRAM OF FLECHETTES

During the spring and summer of 1974, eleven flechette firings were

carried out in the Frankford Arsenal X-iay Ballistic Range. The data

was measured from the x-ray plates by Frankford Arsenal personnel and

is given in Figure D-1.

The flechette used in this test is very similar to the flechette used

in lot 3 of the previous test data. It is assumed that the C.G. and the axial

and transverse moments are the same. The C.G. is 0.94 inches from the

nose; the axial moment is 0.0107 grain in and the transverse moment is

1.78 grain in 2 . It is also assumed that the average spin rate is 2750

rev/see.

Th2 coordinate axis for the target data is defined as having plot (0,0)

coincidenlt with the aim point as established with a laser.

Times of flight were obtained between the first x-ray station and the

sixth x-ray station. The baseline for determining the Velocity was then a

A variable where the distance was measured between the flechette C.G. at

the first station and at the sixth station.

"The data used in the ND analysis is given in Figure D-2. The horizontal

and vertical angles for Round 17 are plotted in D-3. In the case of Round 17

and Rounds 35, 23, 21 and 25 the motion was nearly ld and therefore

reduct.ons and analysis could be carried out. The motions, however, on the

339 i
A-."



I-, other rounds were highly 2 d and therefore computer fits were not possible.

The results for Round 17 are presented herein in order to provide the reader

with an example. Figure D-4 contains the original a, 0 data and the new

data as determined by computer fit. The final a, p data is given in Figure D-5

which is used in the basic jump equation.A.
The trajectory data given in Figure D-1 is fitted on the computer

with second degree, third degree and fourth degree polynomials as shown

in Figure D-6. The third degree fit was used and a summary of the

trajectory data is given in Figure D-7 which is also used in the basic jump

equation.

Therefore, the a and 3 data from Figure D-5 and the trajectory

data from Figure D-7 is used with the basic jump equation to provide the

results given in Figure D-8.

Figure 1-;-8, therefore, is the final result of the firing program and

the jump analysi.s which shows the agreement between the experimentally

determined jump and the jump predicted from the translational ballistics

motion parameters as determined in the Frankford Arsenal X-Ray Ballistics

L Range, I
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Figure D-2

R&D PARAMETERS

d 0.00587 ft.

Im = 0.00004573 slugs

Ix = 0.000 000 000 330 slugs-ft2

= 0.000 000 054 883 slugs-ft2

p 17279 rad/sec
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