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Science.
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DIGEST

The articulated autorotor decelerator is a device intended to provide retardation and
stability to air-delivered stores. This unique device, combining aerodynamics, dynamics, and
gyroscopics, shows promise of having a significant potential in the decelerator field. Limited wind
tunnel tests using small models indicate that this device gives the largest drag coefficient, based on
solidity factor and tip speed ratio considerations, of any known decelerator, including parachutes.

The system is composed of a number of blades attached to a hub at the rear of the store
body. Each blade is free to spin about its long axis by means of a bearing at the point where the
blade is attached to the hub. The hub, in turn, is free to spin about an axis through the store center
line. As the store falls through the air, the air flow over the blades will cause them to spin (or
autorotate) about their long axes. This autorotation is accomplished by proper shaping of the blade
cross section. The aerodynamic lift and drag forces acting on the autorotating blades result in a
torque about the store center line, thus imparting a spin rate to the hub (and attached blades). The
aerodynamic forces acting on the blades, because of the blade spin and hub spin, result in a large
force opposite to the direction of the store flight (parallel to the store center line), which is the
system drag. The blades are also free to travel through a fore and aft flap angle. This third degree of
freedom eliminates large bending loads on the blade and also results in a self-correcting action for
stability.

The method considered for initial blade deployment is to utilize small turbine vanes
mounted on the hub, which will initiate hub rotation. The blades, which are initially lying back
parallel to the store center line, are thrown out and forward (deployed) by the centrifugal force due
to hub rotation. As the blades pivot out, they will spin and, in turn, will sustain the hub spin. The
blades will finally deploy to an equilibrium position at a near right angle to the store center line.
This method of deployment has the added feature of providing a positive means of initiating blade
autorotation during deployment.

The study includes the derivation of the equations describing the dynamic motion of the
decelerator system. These equations involve the inertial, gyroscopic, and aerodynamic effects. The
aerodynamic terms are written so that the aerodyn'mic sectional characteristics of the autorotating
blades, obtained from wind tunnel tests, can be utilized directly. These equations are programmed
to be solved on a digital computer so that deployment transients and steady state performance
characteristics can be investigated.

Experimental data obtained from wind tunnel tests with a representative full scale rotor
system are presented. These results are used to determine a blade interference factor, which, when
incorporated in the basic theory, gives excellent correlation between analytical and experimental
results.

The qualitative and quantitative effects of various system parameters on the steady state
and deployment transient performance of the system are investigated. The results of this study
afford an understanding of the mechanics of the overall system by investigating the relative effects
of the various physical terms on the system performance. This study also provides an insight into
the performance potential of the basic configuration and represents a basic analytical approach for
future applications of the device.
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AN ANALYSIS OF THE DYNAMIC AND AERODYNAMIC PERFORMANCE
OF A SELF-DEPLOYING ARTICULATED AUTOROTOR DECELERATOR

I. INTRODUCTION.

The articulated autorotor decelerator is the invention of James Brunk and Abraham
Flatau.1 Limited wind tunnel tests at Edgewood Arsenal using small models indicated an extremely
large drag coefficient for a relatively low value of solidity factor and tip speed ratio when compared
with other decelerator devices which utilize some form of autorotation motion in their mode of
operation. These devices would include: vortex ring parachute, rotochute, flexirotor, and rotafoil
parachute.

Limited wind tunnel data have indicated the basic potential of this device and verify the
original reasoning that, led to the articulated autorotor decelerator concept in that a large system

,drag coefficient would result because of'the combination of both a large lift and a large drag
coefficient chAracteristic of the basic autorotor blade.

This report presents the first known attempt to analyze the qualitative and quantitative
performance characteristics of the articulated autorotor from a detailed dynamic and aerodynamic
viewpoint.

The articulated autorotor decelerator, which appears in figure 1, is particularly applicable
for retardation of air-delivered stores because of the stability it would provide in addition to the
basic decelerator function. This analysis is concerned mainly with utilizing the device for the

air-delivered store application. Thus, the selection of the general analytical model configuration and
associated dimensions is swayed in this direction. The physical system analyzed is intended to
include all the terms basic to the mechanics of the system, yet be as simple as possible to facilitate
anunderstanding of the fundamental aspects of the device.

This analysis involves the dynamic motion and aerodynamic performance of the
articulated autorotor decelerator system in a constant and axisymmetric free stream velocity; it
does not include trajectory aspects nor consider an accelerating body system. Nonetheless, the
performance analysis is illustrative of the behavior of the system, and the general approach and the
equations thus denved are valid for future analyses of other applications of the basic system.

II. GENERAL-DESCRIPTION OF THE SYSTEM.

The articulated autorotor decelerator system as applied to an air-delivered store
application is illustrated in figure 1 and functions in the following manner. The system is composed
of a number of blades (four are shown in the illustrati'on), which are attached to a hub at the rear
end of the store body. Each blade is free to spin about its long axis by means of a bearing at the
point where the blade is attached to the hub. The hub, with the blades attached, is free to spin
about an axis coincident with the store center line by means of a bearing between the hub and the
store body.

As the store falls tlrough the air, the air flow over the blades will cause them to spin or
autoro iat, about their long axes. This spin rate is shown as W in figure 1. This autorotation is
accomplished by proper shaping of the blade cross section. The aerodynamic Fft and drag acting on

t Flatau, A., and Brunk, J. E. Free Spinning Articulated Rotor. US Patent 3,291,418.13 December 1966.
11
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BLADE

.gxSTORE

Figure 1. General Configuration of Articulated Autorotor Decelerator System

the blade, caused by their autorotation will result in a torque about the store center line, thus
imparting a spin rate to the hub (and the attached blades). This hub spin rate is shown as .2 in figure
1. The aerodynamic forces acting on the blades caused by the combination of blade spin and hub
spin result in a large force in the direction opposite to the store flight direction (parallel to the store
center line), which is the system drag.

The blades are also free to pivot through a flap angle, shown as 0 in figure 1. This third
degree of freedom eliminates large bending loads on the blade and also results in a self-correcting
action for stability. The autorotor blade used in this analysis is rectangular in plan form and has a
cross-sectional shape similar to a flattened S. This shape is usually referred to as an S-section
autorotor.

A method for initial deployment of the blades is shown in figure 2. P-ior to deployment,
the blades are lying back parallel to the store center line. A hub spin rate is achieved by some means
such as small external turbine va..es mounted to the hub. When released, the blades are thrown out
and forward by the centrifugal force resulting from the hub spin rate. As the blades pivot out to
larger values of 0, they will spin about their long axes; the resulting aerodynamic forces on the
blades will sustain the hub spin rate. The blades will finally deploy to an equilibrium position at a
near right angle to the store center line. Thus, the flap angle 0 will hereafter be referred to as the
deployment angle.

This aft-to-forward deployment method not only minimizes blade bending loads that
would occur in a forward-to-aft deployment when the blades impacted the necessary stop, but it
also has the added feature of providing a positive means of initiating blade autorotation during

12
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Figure 2. Deployment Methodology

1. Blade position prior to deployment:

0=0=0=0 ,=,=0 5=0
S2 = no

2. Blade position during deployment transient: all terms and their derivatives have values

3. Blade position at steady state condition:

b =W=0 ( = 0 h3=0

deployment. It is this automatic initiation of blade autorotation along with the unassisted deploy-
ment motion of the blades when released (assuming a sufficient hub spin rate) that are the reasons
behind the term "self-deploying" in the system description.

III. GENERAL METHOD OF ANALYSIS.

The equations describing the motion of the system are developed (section IV) for the case
of an inertially fixed (i.e., nonacceleating) body. The aerodynamic effects are treated for the case
of constant and axisymmetric flow (i.e., parallel to the store center line). These conditions represent
the physical situation of the system when installed in a wind tunnel (fixed mount), and therefore
the results are for a condition that can be experimentally verified.

The basic blade element approach, used in propeller theory, is utilized to determine the
aerodynamic load distribution over the blade, covered in section V. This approach allows the
experimentally determined aerodynamic sectional characteristics of the autorotor blades to be used
directly and also permits a detailed understanding of the aerodynamic effects over the blade.

These equations were programmed to be solved on a digital computer, as described in
section VI,' not only to facilitate the solution of the several complex equations, but also to allow a
detailed insight into the results because a large number of terms could be computed and
investigated.

Steady state system performance (for a constant free stream velocity) was computed and
compared with experimental results obtained in a wind tunnel test using a full scale system

13



described in section VII. Comparison between the initial analytical predictions and experimentdi
results showed fair correlation, but the differences were unsatisfactorily large.

A parametric study was conducted in which each physical property and condition were
varied about a nominal condition to determine if the sensitivity of certain terms would explain the
poor correlation between the theoretical and experimental results (section VIII). None of the
parameters studied influenced the performance either qualitatively or quantitatively toward the
experimental results. Attention was then centered on the aerodynamic load distribution over the
blades. From an initial inspection of local flow directional effects and an empirical analysis using
various degrees of this effect, it was determined that mutual blade interference effects on the air
flow direction over the blades (i.e., local angle of attack) would bring all the analytically predicted
terms more in agreement with their experimental values. Differences between the analytical and
experimental results were effectively eliminated in all terms by adding a blade interference effect to
the theoretical analysis.

With the theoretical approach verified, a parameter study was conducted to indicate the
effects of the various terms on the system performance. Also presented is a detailed examination of
the steady state values of specific terms of interest. These results are included in section IX.

Finally, the transient behavior of the system during deployment is presented in sec-

tion X.

IV. DERIVATION OF THE EQUATIONS OF MOTION.

A. Formulation of the Basic Equations.

The basic physical model representing the articulated autorotor decelerator system is
shown in figure 3. The equations describing the motion of this system.will be developed using the
modified Euler's equations approach.2

Referring to figure 3, X, Y, Z* is an inertial axes system fixed *., tile store body with the
origin (0) at the intersection of the blade spin axis and hub spin axis, 'here X is directed along the
store center line, and Z is directed downward. The body axes system x, y, z is fixed to the blade and
oriented along the principal axes of the blade, with the x-axis oriented along the blade.

Let co' be the absolute angular velocity of the blade with respect to the X, Y, Z system.
Let w be the absolute angular velocity of the x-, y-, z-axes system (fixed to the blade) with respect
to the X, Y, Z system. The x-axis is oriented along the blade as shown, and the x-, y-, z-axes system
could be rotating about the x-axis.

Angular momentum = IV= I' (4-1)

Expanding (4-1):

H x, =-Ix,,', II

Hy = Iy W'y (4-2)
H- = I, co

2Greenwood, D. F. Principals of Dynamics. Prentice-Hall Inc., Englewood Cliffs, New Jersey.
*The mathematical terms are defined in glossary at the end of the text.
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Figure 3. Ba.sic System Physical Model
Let:

Ix , 10

Although the instantaneous moment of inertia of the blade about the point 0 would
depend on whether the blade were oriented with the flat face or edge on relative to the axis
considered, the fact that the blade has a high spin rate allows a mean value for the moment of
inertia to be used. This value, which is between the two extreme values mentioned, is still close
enough to these in magnitude to allow the blade to be considered as a symmetrical body.

Substituting these into (4-2) through (4-4):

Hx =11 C'.
Hy ow Y (4-3)

l z =5Io,'z
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Let the blade rotate about its axis of symmetry (x) with angular velocity s (with respect
to the x-, y-, z-axes system).

W&,x =Cox +S
WI

W'y coy (4-4)
Iz =O .

Substituting these results into the angular momentum expression (4-3),

Hx = 1 (cw + s)

Hy =lo,,cy (4-5)
Hz =ICJOZ

Differentiating equations (4-5) with respect to time:

'x =  (x + 1).y = 1o 6y, (4-6)

Hz =I0 6.

where the dot over the term indicates differentiation with respect to time:
', d( ) ""d2()

and ) dt2

dtdt

The time rate of change of angular momentum referred to an inertial coordinate system
in terms of a rotating coordinate system exrre sed in vector notation is

= (H1  + +X H (4-7)

where (H), is the time rate of change of the absolute angular momentum referred to the rotating
coordinate system, H is the absolute angular momentum referred to the rotating coordinate system,
and Z is the angular velocity of the rotating coordinate system relative to the inertial coordinate
system.

Expanding the terms of (4-7),

(H). = i + H,+Hk (4-8)
=A T+ co j-+ cok (4-9)

H =Hi+Hyi+Hk (4-10)

where,, 11 kare unit vectors for the x, y, z system.

Evaluating the first term on the right-hand side of (4-7), and substituting (4-6) into (4-8),

(H j = 11 (6x + 1)i+ 1o Lyl + 10ock- (4-11)

Evaluating the second term on the right-hand side of (4-7),

k
~XH Cox CY Cj

H, H Hz

U X (wH - cjHt+(wzHx -cox H..+ (coxHy -cyHx)k (4-12)
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Substituting the expressions from (4-11) and (4-12) into (4-7) gives:

H=[1(o +)+oyH - zHy]i+((;od)Y +CHy - wxl)/+(oz +OxHy - CwyHZ )k (4-13)

Expanding (4-13) gives:

H= (1l6x + I, + WyIoC% - (OzfoCy)1

+ [IO(Ly + W1i(W X + s)- "'xIOZ]T (4-14)

+ [10( + Wx1 OYy - WyIi (Wo + s )]k

The time rate of change of angular momentum is equal to the net external moment; in
vector notation,

m = H (4-15)

Expanding (4-15) and substituting in the expressions from (4-14):

M X = I16, +11

My = ody - (IO - Ii)W. xOz + llczs (4-16)

M z = 0oJ'z + (I0 - I, )Wxcy - ii WOyS

B. Conversion of Euler Angles.

The Euler angles (,y, 8, 0), which describe the orientation of the blade with iespect to the
X-, Y-, Z-axes system, are chosen so that the Y-axis always remains in the YZ plane (i.e.. 'Y is
measured in the YZ plane), as shown in figure 3.

Expressing the angular rates in terms of these Euler angles,

S ='P (4-17)
,= - sin 8

,= (4-18)
W= Cos 8

Differentiating (4-18) with respect to time:

I= cos s - :j sin s

6 sY +s(4-19)

6z sins +"cos6

Substituting (4-17), (4-18), and (4-19) into (4-16):

M1, =- I1 yS cos8 - !1 "sin6 +1 1 **
My =Jo' +(I - I1 )j2 sins coss +I1 4 Coss (4-20)
Mz = -10"i sin6 +IoY cos 6 - (10 - 11)6 sin6 - 1id

Expressing the moment terms about the Euler axes system as defined in figure 3:

A,, = -M x sin 6 +1M cos6

ms = My (4-21)

1, =M7

17



Substituting (4-20) into (4-21) results in:

M, = A(lo cOs 2 5 + I sin2 6)- 2(Io - I )jh sin 8 cos 6 - I1, Cos - 11 '" sin
M6 = 106 + (10 - I, )j2 sin 8 cos 6 + 1 " cos 8 (4-22)

A10 = I, 6 cos8 - 11 *' sin 6 + 11

Note that the equations do not contain the terms y or 0. nor any functions of them, but include
only the first and second derivatives (rates and accelerations) of these terms.

C. Changing Descriptive Ter.inology Symbols.

The basic symbols used thus far to evolve these equations are now changed to different
symbols, which have more meaning to the physical system being analyzed. These changes are shown
in figure 4.

The symbol denoting rctatioi.al rate of the blade about the store center line - is replaced
by the symbol S2, which is commor: terminology for hub rotation rate. All other terms are altered
accordingly:

S j'2 M, = M

The symkol denoting rotational rate of the blade about its long axis ; is replaced by the
symbol w, whick -s common terminology for autorotor spin rate, resulting in:

= W M.c = M",

The angular symbol 6, which describes the angle of the blade measured from a plane
perpendicular to the store center line (hub spin axis), is replaced by its complementary angle 0 so
that:

sin6 =cos0 cos6 =sin0 6 = 9 0o - 0

8-0 =-' M6 =-M 0

The angle 0 is then termed the "deployment angle," which has a more useful physical meaning in

this application.

Substituting these new terms in equations (4-22) gives:

Mn = (1o sin 2 0 +11 cos2 0)+2(I0 -- 11)n0 sin0 cos0 +1 1 o0 sin0 - I1 ccos0
-M o = -Iob+ (I0 - I, )J2 sin 0 cos 0 + 1192o sin 0 (4-23)

Mo =1 1 20 sin0 - 11 , cos0 +11J

Solving for the angular accelerations:

a = -- 20sin0 + hcos0

=10 + (I0 - Q22 sin0 os0 + I, 2w sin0 (4-24)
=0

(1osin2 0 + Icos2 0) [MA - 2(1o - I,)f'0 sin0 cos0 - I, 0 sin0 +1 , cos 0

18
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Figure 4. Basic System Terminology

D. Formulation of the Aerodynamic Moments.

The external moments M,,, M., and M. in expressions (4-24) are assumed to result
solely from aerodynamic forces. Blade weight and bearing friction for both the blade and hub are
not considered.

The aerodynamic load distribution acting over the blade is evaluated by the standard
blade element propeller theory method.3 In this method, the magnitude and directional sense of the
aerodynamic force is evaluated at distinct locations, these being the center of area elements located
at incremental intervals along the blade. The forces are a function of the basic aerodynamic
characteristics of the blade shape and the local flow conditions at each el. -ent.

In addition to the determination of the aerodynamic load distribution, the forces
evaluated at each element are summed up, resulting in the net force and, consequently, the net
moment acting on the blade.

In this analysis, axisymmetric flow relative to the store body is assumed where the free
stream yelocity V. is parallel to the body center line (X-axis, which is also the hub spin axis, 12).
Consider the aerodynamic forces acting on an element of the blade located at a distance r from the

3Von Mises, R. Theory of Flight. Dover Publications, Inc., Nev. York, New York. 1959.
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point where the blade int( rsects the body center line axis X, as shown in fit; 5. The equations
describing the motion of the blade derived thus far do not depend on the angular position of the
blade as it rotates about the store center line, indicated as - in figure 4. Thus to simplify the
geometry in the following analysis, the blade is considered to be oriented in the XZ plane.

The relative velocity at this element is V, which is the vector sum of the free stream
velocity and the tangential velocity of the element caused by the hub spin.

V = f **2 + (rrp s , ) (4-2 5)

The relative angle of attack W, which is defined here as the angle between the resultant
local velocity V and the free stream velocity V. , is as follows:

W tan-1 (r I2Isin O) (4-26)

/

YY

i Wa

Figure 5. Aerodynamic Conditions at a Typical Blade Element
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The velocity component at the element resulting from the blade deployment rate, r0, is
not included in the computation of the relative velocity because it is small, relative to the other
velocity terms; its inclusion is not warranted in light of the increased complexity that would be
added to the already complicated terms.

Let xw , YW, Zw be a wind axes coordinate system centered at the blade element
considered (r), where xw is parallel to V, zw is perpendicular to both V and Ei, and yw is
perpendicular to the plane defined by XwZ w . The aerodynamic force acting at this element can be
expressed as a drag force component (D), acting along xw, a lift force component (L) acting along
zw , and a side force component (SF) acting along y., The directional sense of the aerodynamic
forces are indicated in figure 5. It should be noted that the wind axes system used is a "left-hand"
system, as opposed to the commonly used "right-hand rule" concerning the positive direction of
orthogonal vectors. This was done to facilitate the derivation of the angular relations for the
physical system considered.

The aerodynamic forces acting on the blade in the autorotor decelerator system will be
expressed in such a way that the autorotor blade sectional aerodynamic coefficients can be utilized
directly in the same form in which they have been determined from wind tunnel tests of the
particular autorotor blade sectional configuration.

The aerodynamic forces are expressed in the standard coefficient form where:

D = CD;TS
L = CLTS (4-27)
SF = CqS

= dynamic pressure = 2 (4-28)2

S = planform area = CAi (4-29)

The dynamic pressure used is the local value, evaluated at the center of the element; the
area of the element CAr is used as the reference area, as shown in figure 6.

The aerodynamic coefficients CL, CD, and Cy are obtained from wind tunnel tests on a
rotor blade of identical cross-sectional shape.4

It should be noted that once the blad spin co has been initiated, the aerodynamics are
not a function of the angle of the air flow relative to the blade in a plane normal to the blade spin

axis. The aerodynamic coefficient values, however, are a function of the blade tip speed ratio - at
the element, and "-- ". angle 0 of the blade to the local velocity vector V, as shown in figure 6.

A mo deca. escription of the form of these coefficients, as well as the method by
which they are obtain" : icluded in section V.

The aerodyna.mic characteristics of the autorotor blade, as determined from wind tunnel
tests, are expressed as a function of the yaw angle 0, as illustrated in figure 6.

4Flatau, A. CRDL Technical Memorandum 15-49. Preliminary Investigation of Modified Autorotating Finne.,'
Cylinders. 17 August 1961. UNCLASSIFIED Memorandum.
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Figure 6. Details of Blade Element'Termdiology

For the autorotor decelerator system, the true yaw angle beti~'een the relative velocity
vector Vand the blade spin axis 0 is termed 13, as shown in figure 6. The angle pis the complement
of the ang-4' ,

190., - 0 (4-30)

From figure 7 it can be seen that the angle~ p is a function of both 8 and -0:

I'

C3ScoI (CoO 0COS _) (4-31)

Figure 7 also illustrates the details of the derivation of the angular relations between the
wind axes and the body axes systems that are required to resolve the aerodynamic forces in the
proper form for inclusion into'the equations ofm~otioip 2f Lhe system. Let the wind axes system
X, Yw Zw1 be initially oriented to coincide with the X-, Y-, Z-axes, with X., directed along 1', YW
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zYwYw Note:
1) For a right spherical triangle:

cosa = cose Cosa

2) Plane Zw OQ lies in plane XOZ;

plane QOzw is perpendicular to w;
plane ZwOzw is perpendicular to V;

intersection of planes QOz and
wZwOzw define a line zw which is

perpendicular to both -W and

where:

tan = tan(900 - O)cos(90o  a
or: tanE = ctnO sina

Figure 7. Derivation of True Blade Yaw Angie and Wind Axes Angular Relations
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directed along Z, and Z directed along the negative X-axis. Rotate the Xw, Y,, Zw system about
the Y, -axis through the angle (900 --&). Now Xw is parallel to V, and Z4 is perpendicular to V
Next, rotate the axes X,$, Y4, Z, about the axis Xw through the angle t, where:

tan [ = tan(900 - 0) cos(90* -
or: = tan- 1 (ctnO sin-S) (4-32)

Now zw is perpendicular to both V and W (i.e., the long axis of the blade). The yw -axis is likewise
perpendicular to V, but lies in the plane of Vand U. The drag force (D) is directed along xw , which
is parallel to V; the lift force (L) is directed along zw, which is perendicular to the plane of0. The
side force (SF) is directed along y,, which is perpendicular to V and lies in the plane of $. The
aerodynamic forces relative to the blade and to the relative velocity are now identical in form to the
wind tunnel data; the relations between these forces and the autorotor decelerator system body
axes are defined.

The aerodynamic forces acting along the xw -, yw -, zw -axes will not be resolved along the
X-, Y-, Z-axes, figures 5 and 7.

Considering figure 8, which contains a view at the blade element looking al.ong the Z-axis
toward the inertial axes origin, and figure 9, which contains a view looking along the Y-axis toward
the origin, it can be seen that:

FY = L cos t sin " + D cosW - SF sin t sinE

F-" = L cos E cos W- D sinT- SFsin t cosW (4-33)
F= L sin t + SF cos i

Now consider figu:e 9, which contains a view of the blade element looking along the
Y-axis toward the element. "Ile forcesof (4-33) can be resolved into a force component that is
normal to the blade spin axis in t.- X-, Z-plane.

FN = Fi sin 0 +F cos 0 (4-34)

Substituting the expressions from (4-33) into (4-34) results in:

FN = (L cose tsin W+D cosW-SFsin t sin W) sin0 +(L sin t +SFcos )coso (4-35)

_Thus, the component of the aerodynamic force acting normal to the blade in the 0-plane
(i.e., the X-, Z-plane) for a particular blade element is:

E. FN = L(cos sin sin 0 +sin cos)+D cosisin 0 +SF(costcos6 - sin sinisin0)(4-36)

The net normal force acting on the blade in the 0-plane is the summation of the normal
forces evaluated at all the elements along the entire length of the blade. Using the aerodynamic
expressions of (4-27) through (4-29) in (4-36), and integrating over the length of the blade results in
the following expression for the net normal force:

F, f I CP-V'-C(cos tsinsin0 +sint cos0)+CD-y 2C cosasin0

+ Cy V C (cos cos 0 - sin t sin'i sin0) dr (4-37)
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Figure 8. Aerodynamic Forces Contributing to Hub Spin Moment and System Drag
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Figure 9. Aerodynamic Forces Contributing to Blade Deployment Moment
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Where r0 indicates the location of the iniial blade element, nearest the root of the blade,
and rf indicates the final outermost element, near the blade tip.

Thus, the net aerodynamic moment acting on the blade, about tiie blade/hub pivot point,
in the 0-plane is:

Me 1 r VC2L-C(cost sihisin 0 + sin t cosO)+ CDP2CcosYsin 0

ro

+ Cy LI! C(cos t cos0 - sin t sin sin 0) j rdr (4-38)

The component of the aerodynamic force at each blade element acting normal to the
blade spin axis and in the 92-plane (i.e., the plane normal to the M. vector in figure 4) is shown
from figure 8 to be:

Fn = FW = L cos t cosT - D sin F- SF sin t cos" (4-39)

The net force acting to give a "torque" to the blade, about the hub spin axis, is obtained
by the summation of these load forces evaluated at all the elements along the entire length of the
blade. Substituting the aerodynamic terms of (4-27) through (4-29) into the expression (4-39), and
integrating over the length of the blade, results in the following expression for the net hub "torque"
force:

Fa rf CL- 2-Ccostcos'-C-2 Csina'-C--2CsintcoswI ]; (4-40)
r0

Thus, the aerodynamic moment acting on the blade about the blade/hub pivot point, in
the 12-plane is:

r I- V2  
.7

Ml , 4 r CL 1 2 C Cos tCos af CD--Csina- Cy -- C sin tcosT rdr (4-41)

The aerodynamic moment acting to spin the blade about its long axis at a particular blade
element is:

P r m SC (4-42)

where, as before, the dynamic pressure and reference area are for the local conditions at the
element. The spin moment coefficient Cm, like the force coefficients, is a function of the blade tip
speed ratio and yaw angle.

*The total moment acting to spin the blade about its long axis is the summation of the
moments at all elements (i.e., the integral of the moment distribution over the blade).

M = f Cm--- C2dr (4-43)
ro
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Substitution of the moment expressions (4-38), (4-41), and (4-43) into the equations of
motion (4-24) results in the general equations of motion for the articulated autorotor decelerator.
These equations are shown summarized in figure 10. along with a simplified sketch of the
decelerator system and the main variables.

The equations of (4-24) represent the equations of motion for one blade. The analysis to
this point assumes that all the blades act as independent entities, with no mutual effect on each
other. Further, it is assumed that all blades act in unison in that the motion of one blade is identical
to all others.

The first equation of (4-33) represents the component of the aerodynamic force at the
blade element, which contributes to the system drag (i.e., the force opposite in direction to the free
stream velocity V0.). The total drag force D, resulting from one blade is the integral of this force -.
component over the length of the blade:

D, =fr {C -P-2 C cos t sin - + C-P-V-C cos'-y-P ---in t sin&)dr (4-44)

ro

The total system drag is obtained by multiplying the drag determined for a single blade
by tne number of blades included in the system. The autorotor decelerator system considered here
has four blades; therefore:

Total system drag = D = 4D (4-45)

E. Additional Considerations.

It should be noted that in an actual physical system, the blade spin axis might not
intersect directly with the hub spin axis because the blade pivot point would probably be located on
the hub at some radial distance from the store center line. This factor has not been included in this
analysis because it would incorporate an additional term into an already complicated system. The
purpose of this analysis is to obtain a geiieral understanding of the system from as simplified a view
as possible. Future effort could include this feature without altering the general results of this
study.

Inspection of the equations of (4-24) reveals that the equation describing the deployment
angle is a second-order differential equation and, as such, could have an oscillatory form of solution.
For this type of equation, a term containing 6, usually referred to as a damping term, is required.
Even if the system described is basically stable, the creation of spurious, positive damping effects in
the sclution process could result in an invalid buildup of the basic terms and eventual "blowing-up"
of the solution. This was seen to be the case in this instance, and an aerodynamic damping term was
therefore added to the moment expression. The damping term was assumed to result from the
action of the blade deployment rate 0 relative to the free stream velocity expressed in the following
form:

M =Cm (. 2 Sbsin2 0 (4-46)

Obwhere V is the nondimensional deployment rate of the blade referred to the free stream velocity.
Cm is the damping moment derivative with ispect to the nondimensional deployment rate. The
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Figure 10. Summary of the Equations Describing the Motion of the

Articulated Autorotor Decelerator System
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Where:

- tan -1 (ctne sin&)

Stan-l( r I1 sine
V.

CL  CL( 8. t )

CD c CD( 0. a

c. c= ( 0. a )

Cm  cm ( 0,  )

Cos (cose cosa)

C)wC

2V

= -V + (sir sine)

S-LC

Figure 10. Continued
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term b is the distance from the store center line to the blade midpoint, measured along the blade
span. The term sin 2O introduces the effect of the blade angle relative to the free stream velocity
(normal component of b is b sin 0).

In addition to the moments of inertia of the blade, the moment of inertia of the hub lH
must also be considered in the 12 equation (4-24). Therefore, a factor of 11/4 (for , four-bladed
system) is added to the basic moment of inertia term for the blade.

V. AUTOROTOR SECTIONAL AERODYNAMIC CHARACTERISTICS.

A. S-Blade Autorotor Configuration.

Figure 11 illustrates the type of autorotor utilized in this analysis. The shaping of the
blade cross section in an S-shape causes the biade to autorotate. This cross-sectional shape offers
excellent lift and drag coefficients, and its geometry allows good stowage potential (prior to
deployment) along with good structural qualities resulting from the corregated effect.

B. Testing Methodology.

In using the blade element propeller theory method outlined in section IV, the sectional
aerodynamic characteristics of the autorotor blade are used directly. No satisfactory method has
been developed to analytically predict the characteristics for autorotating shapes; thus, these
characteristics must be determined experimentally from wind tunnel tests of the autorotor blade.
Although somewhat different in testing procedure, because of the unique spinning properties of tie
autorotor, the general method and results are analogous to the approach used for airfoil sectional
characteristics and their use in standard propeller analysis.

The aerodynamic characteristics of the autorotor blade cross section are determined
experimentally in the wind tunnel using the testing arrangement shown in figure f2. The rotor is
mounted on a yoke type mount, which is attached to the tunnel balance system. Each end of ihe
rotor spin axis shaft is attached to the upright yoke arms with high-speed precision bearings. This
allows the rotor to spin about its long axis with a minimum amount of friction. The rotor can be
tested at various yaw angles to the air flow by rotating the yoke about its single center support.
Figure 13 shows an S-section rotor blade model installed in the wind tunnel. The yoke is mounted
to a pyramidal type strain gage balance located beneath the test section floor. This balance measures
the three forces and the three momerts directed along and about the three wind axes directions.
The strain gage deflections are read out as microvolts and are calibrated to determine the actual

"r.

TI
Figure I I. S-Section Autorotor Configuration
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Figure 12. Autorotor Wind Tunnel Testing Technique

loads acting on the autorotor. A strip chart recorder is used so that all six load components can be
recorded simultaneously during the run and so that the transient effects can be determined.

A utorotation spi rates were obtained by means of an optical tachometer. This basically
consists of a light source that projects a light beam on the autorotor normal to the autoroior spin
axis. The light beam is positioned so that the beam is interrupted by the surface of the autorotor. A
light pick up senses the reflection of the beam over one-half cycle. Then the periodic reflection of
the light beam is counted by' counter part of the device, and the spin rae of the autorotor is
recordzd on the strip chart along with the balance loads.
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Figure 1l. Autorotor Blade Installed in Aerodynamics Research Group

14- by 20-Inch Subsonic Wind Tunnel

The procedure of only testing the autorotor over a range of yaw angles in the plane
defined by the rotor spin axis and the free stream velocity will provide the complete relationships
between the aerodynamic characteristics and the angle of the free stream velocity to the autorotor
for all combinations of pitch and yaw angles. This happens because once spin is initiated, the
aerodynamic characteristics are not a function of the angle between the autorotor spin axis and the
free stream velocity, measured in the plane perpendicular to the spin axis. Thus. the autorotor can
be considered to be a purely symmetrical body, aerodynamically, thereby permitting this simplified
testing method.

C. Aerodynamic Characteristics Nomenclature.

The axes system and the associated terms and symbols used in the wind tunnel data are
illustrated in figure 14.

D. Aerodynamic Characteristics at Steady State Spin Rate.

If the autorotor is set at a fixed yaw angle ' in a constant velocity air stream V_, it will
assume a constant spin rate w. The "steady state" spin characteristics of the rotor can be expressed
in nondimensional form as the steady state tip speed ratio W., where:

A cossC
co°ss 2 V. (5-1)

The su'script ss refers to the terms evaluated at the steady state condition. When discussing the
aerodynamics of the basic autorotor, the tip referred to is the leading edge of the autorotor shape as
viewed along the spin axis of the autorotor. Thus, the tip speed ratio is the ratio of the tangential
velocity of ,he rotor tip, caused by spin, to the free stream veloty. The steady state tip speed ratio
is a constant for the particular rotor cross-sectional shape and the particular yaw angle.
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Another parameter that influences the steady state tip speed ratio and the other
aerodynamic characteristics ;s the rotor aspect ratio (R/C). In this sense, the assumption
that the aerodynamic characteristics obtained in the wind tunnel on a rotor with an
arbitrary aspect ratio can be utilized in the blade element method for the analysis of the
autorotor decelerator has the same rationale as using general airfoil section data in evolving
propeller performance tving the same method. In addition, for the case of the autorotor,
the combination of yaw angle with the consequent span wise flow would seem to be
aftected b. a nect ratio. However, other than using autorotors of relatively high aspect
ratios in the wind tunnel tets to determine the sectional characteristics, no aspect ratio
corrections have been utilized in this analysis.

It might also be mentioned that the aerodynamic characteristics of autorotors are
also a function of Mach number. However, this analysis does not involve situations outside
of subsonic velocities, and' compressibility effects are not considered.

ii

At a steady state spin condition, the autorotor has an aerodynamic lift, drag, and
side force that can be expressed in standard coefficient form (CL ; , CDs, CY ) where the
subscripL ss denotes terms evaluated at a steady state spin condition. rlhe autorotor also
experiences a yawing moment and rolling moment. But in the case of the S-blade with no
end plates, considered here. the yawing and rolling moments are extremely small and have
no meaning because they are a result of side flow and end effects for the blade aspect
ratio and constant test conditions of the tunnel that cannot be applied to the variable
conditions along the blade for the autorotor deceleration system. Thus, they are not
utili7ed in this analysis.

At steady state spin rate, the moment about the spin axis, or spin moment, is
zero (otherwise, the rotor would experience spin acceleration, and the steady state
condition would not exist). During the condition when the autorotor is spinning up to the
steady state spin rate, the spin moment does have a value, and this will be treated in
detail in the section on spinup transient.

The steady state values for the force coefficients and tip speed ratio are shown as
functions of yaw angle in figure 15. These parts of this figure contain actual wind tunnel
data for an S-section autorotor. As can be seen, the steady state characteristics can be
expressed as a function of yaw angle as:

A A
Coss = WSSO cos2  (5-2)

CL =CL o cos 2  (5-3)

C D D = Cos 2 , (5-4)

CYss = C, ss° sin 2 2 4 (5-5)

where the subscript (0) refers to the terms maximum value (i.e., CL o and CD are

evaluated at V/ =0 °, and Cy.ss is evaluated at ' 450). Because the aerodynamic
characteristics of the autorotor can be expressed in standard coefficient form, wind tunnel
tests at one velocity are sufficient to determine these coefficients. Actually, all wind tunnel
tests were condticted at several free stream velocities to evaluate such effects as Reynolds'
number, bearing friction, etc. In the case of the general autorotor shape. inertial properties,
Reynolds' numbers, etc., used in this analysis, the constant coefficient properties assumed in
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IN

the analysis were verified by wind tunnel tests. Thus, the wind tunnel data are presented for a
single set of wind tunnel conditions merely to illustrate a typical case or to evaluate a general
expression.

E. Aerodynamic Characteristics During Spinup (Transient).

If the autorotor is set as a fixed angle of yaw in a constant free stream velocity
and released, it will spinup to the particular steady state spin rate corresponding to the
steady state tip speed ratio as described in the previous section. Figure 16 indicates how
the various terms vary during a typical spinup in the wind tunnel. As can be seen, the
drag coefficient and side force coefficient remain fairly constant during spinup; however,
the lift coefficient and spin moment coefficient (indicated by the relative slope of the tip
speed ratio versus time orve) vary with the spin rate in the transient condition.

If the ratio of the lift coefficient to its steady state value is plotted versus the
ratio of the tip speed ratio to its steady state value, as shown in figure 17, it can be seen
that the generalized lift coefficient can be expressed as a second-order function of the
generalized tip speed ratio as follows:

CL 'a2 (5-6)
= C I + L2

where CL I and CL are constants for the general autorotor configuration, and C, _ and
4 are steady values f'or the particular autorotor shape and for a specific yaw angle. The data curve
(solid line) in figure 17 was formed using a second-order curve fit of the wind tunnel data.

Substituting expressions (5-2) and (5-3) into (5-6) results in:
A A

CL CL o(CL CL2 A 2  cos2  (5-7)
s ss0 OS 2

Therefore, the lift coefficient during the transient spinup condition can be expressed as a
function of the tip speed ratio, yaw angle, and the maximum steady state values of the lift
coefficient and tip speed .tio. The specific lift characteristics of the S-section autorotor, utilized
for the blade in the autorotor decelerator system and presented in thp form of expression (5-7), are
shown in figure 18. These data, which were obtained in wind tunnel tests, show the maximum
steady state tip speed ratio Ass, to be 1.0, and the maximum steady state lift coefficient CL.so to
be 1.55.

Equation (5-7), which describes the transient behavior of the lift coefficient for any yaw
angle and tip speed ratio, is based on the assumption that the transient coefficients CL I and
CL 2 -which were determined from spinup tests at a 00 yaw angle-are valid for all yaw angles. This
assumption was verified by wind tunnel tests in which the autorotor was allowed to spinup while
being held at various fixed yaw angles. Figure 18, in addition to containing the lift coefficient values
versus tip speed ratio for several yaw angles using expression (5-7), also shows data points
determined directly from a spinup test for the autorotor at a yaw angle of 30' as a means of
illustrating the justification for expression (5-7).

All the aerodynamic forces and moments are measured directly during the wind tunnel
test using the standard tunnel balance system: except for the spin moment. The spin moment is
determined indirectly from spin rate versus time traces obtained during the spinup process. The
slope of this curve at any instant of time is the spin acceleration at that time. The product of the
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Figure 16. Typical Autorotor Aerodynamic Characteristics During Spinup Transient
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S£ C R V Type Test
(in.) (in.) (in.) (ft/sec)
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Figure 17. Generalized Lift Coefficient as a Function of Generalized
Tip Speed Ratio for an S-Section Autorotor
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Figure 18. Lift Coefficient as a Function of Tip Speed Ratio
and Yaw Angle for an S-Section Autorotor
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spin acceleration and the autorotor moment of inertia about the spin axis at a particular instant of
time is equal to the spin moment acting on the autorotor at that ir.stant. The spin moment can then
be reduced to a spin moment coefficient in the standard way:

CM = MO,
p V., Sc

where

I= moment of inertia about spin axis

dco
S-spin acceleration

Thus, the plot of spin moment coefficient as a function of tip speed ratio can be
determined by following this procedure for a large number of points from the spin rate versus time
data.

The most common method, however, is to use a three-point curve fit from the spin rate
versus time data to form a second-order equation of spin moment coefficient as a function of tip
speed ratio. The three points chosen to evaluate the coefficients are the initial slope, the final steady
state condition, and some intermediate point, usually the point where the spin rate is one-half its
steady state value. The resulting expression is extremely accurate. 5

The spin moment coefficient can be plotted versus the tip speed ratio (similar to the
method used with the lift coefficient), as shown in figure 19, and can be expressed in the following
form:

- 1.+ C / I m (5-8)

where Cm I and Cm2 are constants for the general autorotor configuration and WSS is the steady
state value of the tip speed ratio for the particular autorotor shape and for a particular yaw angle.
The data curve in figure 19 was determined from wind tunnel data using the second-order curve fit
technique.

m-" is the value of the spin moment coefficient at zero spin rate (the value at steady
state is zero) and is a constant for the particular autorotor shape and angle of yaw.

Cm-6 = Cm 0 cOs 2  (5-9)

where Cm 0 is the value of the spin moment coefficient (evaluated at 1 = 00).

Substituting (5-2) and (5-8) into (5-7) results in:

Cm =Cm0 cos2 4 +Cm -X- +Cm 2  (5-10)M 2 2U cos2

5 Brunk, J. E. Final Summary Report. Contract DA-18-108 AMC 236(A). Analytical and Aerodynamic Studies cf
Rotating Bomblet Motion. 31 January 1965. UNCLASSIFIED Report.
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Figure 19. Generalized Spin Moment Coefficient as a Function of
Generalized Tip Speed Ratio for an S-Section Autorolor

where the new constants are evaluated as:
C. - C andC, C.oC.
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Therefore, the spin moment coefficient dnring transient spnpcan eepesda
function of the tip speed ratio, yaw angle, steady state tip speed ratio, and the maximum spin
moment coefficient evaluated at zero spin.

The spin moment characteristics of the S-section autorotor, illustrated in figure 11, are
presented in the form of expression (5-10) in figure 20. These data, which were obtained in wind
tunnel tests, show the spin moment coefficient at xero spin and zero yaw angle Cm a to be equal to
0.20.

As was the case with the lift coefficient, the transient coefficients Cm o, Cm 1, and Cm 2
for the spin moment coefficient, which were determined from tests with the autorotor set at 00 of
yaw, are valid in equation (5-10) for all yaw angles as demonstrated by the wind tunnel data points
included in figure 1 for the example case of a 300 yaw angle.

For the autorotor decelerator system mathematical model evolved in section IV, the
relative angle between the velocity and the autorotor blade spin axis is 10, where:

1= 90 - x (4-30)

Hence:

sin* = cos

cos 1P sinj3

Thus, in terms of the system angle 13, the expressions for the steady state aerodynamic
coefficients (5-2) through (5-5) become:

A A
S = C)SS sin213 (5-10)

CL =CL S0 sin 23 (5-1l

CDss = CD $° sin 2o (5-12)

CYss = Cysso sin 220 (5-13)

The expressions for the transient values of the aerodynamic coefficients (5-7) and (5-10)
become:

6'L = CL S L 2 2 2ss ssoC 20 sin21/

A A2Cm =Cm Si ,6 +Cl +C ' siA (5-15)
m1  ~ (12 sin2pSS sso

F. Aerodynamic Characteristics for an Overspin Condition.

As described in the previous section, the autorotor aerodynamics can b.- basically
expressed as a function of the tip speed ratio.^Up o tniL point, only the spin regime between zero
and steady state has been considered, i.e., 0 - w c ,s.

In using the blade element method in the analysis of the rotor decelerator system, if the
tip speed ratio, yaw angle, local dynamic pressure, etc., are known at a particular element of the
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blade, the aerodynamic coefficient for that element can be determinqd by the functiohal
relationships for the blade shape. For the case of the rotor retardation system, the blade, being a
'rigid body, has the same spin rate at any point along its length. However, the velocity varies along
the length of the blade. The tip speed, therefore, varies along the blade, decreasing in value from
root to tip. At some elements on the blade, a condition exists in which the tip speed ratio is greater
than the steady state value corresponding to the conditions at the element; this condition is termed
"overspin." Therefore, an understanding of the autorotor characteristics for an overspin condition
(i.e., n > wss) is required.

A wind tunnel test was conducted in which the aerodynamic loads were measured on the
S-section autorotor, which was forced to overspin by an eledtricimotor. Figure 21 illustrates 'the
rotor and mount used in the test. The results of this test are found in figure 22. As can be seen, the
lift and drag remain at their respective steady, state values, even when the rotor spin rate is 40%
above the steady state value for the test conditions.

A A
Therefore, if W > ,̂S:

C" = CLss' CD = ' and Cy = 7 ss

The lift and drag values were also measured with the motor holding the rotor spin rates at
values less than steady state. The agreement of these data with data obtained from rotor transient
tests using the free-spinning rotor method, as indicated in figure 17, demonstrates that the motor
mounting installation did not introduce invalid or spurious conditions.

The overspin condition also affects the blade spin moment coefficient in 'that in an
overspin condition, the blade will experience a iegative' spin moment coefficient tending to decrease
the ,spin' rate. A wind tunpel test was conducted to determine the nature of the spin moment acting
on the autorotor in an overspin conditi,.-.. Tne S-section autorotor and yoke mount arrangement
shown in figure 21 was used. An ex -m..'nal motorized friction wheel was utilized to give the

Figure 21. Autorotor Oveispin Wind Tunnel Test Mounting Arrangment
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autorotor a higher spin rate than the steady state value for the particular f.ee stream velocity at
which the test was condtuded. When a sufficiently high spin rate had been achieved, the friction
driving wheel was disengaged, thus allowing the autorotor blade to freely spin down t the steady
state spin rate. The spin rate 'ersus time data trace was analyzed in the same manner as for the
underspin case. The results of this test revealed that the expression for the spin moment coefficient
(5-10) previously determined for the underspin condition remained valid for the overspin condition,
at least up to a blade tip speed ratio of 1.45, which was the highest value attained during the test.
Thus, a very strong negative spin moment coefficient is present for the overspin condition, as
indicated in figure 23.

G. Autorotor Spin Initiation.

Almost all autorotating shapes have the common characteristic that they will not
automatically initiate spin for all attitudes of the rotor chord to the direction of the free stream
velocity (which is actually the definition of the angle of attack in the commonly used sense). The
angle of attack in this instance, as defined in figure 24, is important only to the action of the spin
initiation. Once the autorotor is spinning, the angle of attack loses meaning in the description of the
magnitude of the blade section aerodynamic characteristics. Actually, the aerodynamic forces act in
a cyclic manner over a complete rotation. This periodic nature of the lift, drag, etc., can be observed
a+ low spin rates or in water.6 At the higher spin rates common to the rotors in air, the cyclic
variances are too rapid to be measurable, and only an average value is indicated.

Wind tunnel tests of a nonspinning S-section rotor blade at various angles of attack
indicate that there exists angle of attack ranges in which the rotor is statically stable in pitching
moment (dead zone) and ranges where it is statically unstable (live zones). These conditions are
apparent in figure 24, which shows the pitching moment coefficient as a function of angle of attack,
where a live zone extends from - 105o to -60 ° , and a dead zone extends from -60' to +750, with a
stable trim point at -25*. Thus, the S-blade autorotor considered has four alternating zones (two
live and two dead) in a one complete 3600 rotation.

This means that if the rotor were oriented at an angle of attack within the dead zone and
released, it would assume a very stable trim altitude at an angle of attack of 25'. If oriented at an
angle in the live zone and released, it would initiate spin and proceed to spin up to the corresponding
steady state spin rate. In actuality, releasing the rotor in the outer fringes of the dead zones still
might result in spin initiation because of overshoot of the blade past the trim point and into the live
zone. This results in more realistic live and dead regions, each covering a 90 ° range as indicated in
figure 25.

6Dupleich, P. NASA TM 1201. Rotation in Free Fall of Rectangular Wings of Elongated Shape. April 1949.
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The irvbility of the autorotor shape to initiate spin at any altitude is of' particular
importance in the autorotor decelerator system application. Experience has shown that if the blades
of the autorotor decelerator system are manually deployed (i.e., thrown out a near right angle to
the body center line) without blade spin, the blades would assume a "stall" attitude or angle in
which they would not autorotate about their long axes. Because this stall angle results in the blades
being at a slight cant angle, they will initiate a steady state hub spin rate opposite in direction to
that which would be obtained if the blades were autorotating. Although the resulting hub spin rate
is greater for the stalled condition than the autorotating condition, the system drag of the former i.,
less.

This stalled condition occurs whether the blades are deployed aft to forward or forward
to aft. It is extremely difficult to get all the blades to autorotate; usually one or more are in the
stalled condition with a resultant loss in system performance.

DEAD ZONELIEZN

V

LIVE ZONE DEAD ZONE

Figure 25. "Live" and "Dead" Angle of Attack Zones for Spin Initiation for
S-Section Autorotor
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The aft to foiward blade deployment method (from an initial hub spin rate) considered
here always results in all the blades achieving the proper autorotation. This is a result of several
factors. Frist, the blades start out with an initial spin rate caused by the hub rotation; secondly,
their angular movement during deployment from a deployment angle of 0' to an angle of near 600
causes portions of the blades to see angles of attack in the live zones. Most important, as will be
shown in section X, a gyroscopic moment due to the hub spin rate and the blade deployment rate
would seem to be the mzain cause of blade spin initiation for the autorotor decelerator system.

Figures 26 and 27 contain the lift coefficient and drag coefficient, respectively, that were
obtained during the wind tunnel test on the nonspinning autorotor. These data are included for
completeness and also to give an appreciation for the effects of the spin on the aerodynamic coefficients
by comparing these nonspin values with the values at steady state spin (figure 15). It should be
noted that the lift coefficient at steady state spin is about twice the value of the maximum lift
coefficient for the nonspiniting case. It is also interesting to note that the maximum spin moment
coefficient, as determined from the spinup type tests, figure 20, is much larger than the maximum
spin moment coefficient measured on the nonspinning autorotor. This also emphasizes the
significance of the effects of the induced flow field created by the autorotation.

VI. METHOD OF SOLUTION.

A. General Approach.

The equations describing the motion of the autorotor decelerator system (figure 10) were
programmed to be solved on a digital computer The physical characteristics of the system (blade
weight, blade length, etc.), the free stream conditions (velocity, air density, etc.), and the autorotor
aerodynamic sectional characteristics (lift coefficient, drag coefficient, etc.) are read into the
program for each run. Starting from a set of initial conditions (blade deployment angle, hub spin
rate, etc.), the program solves the equations and computes the system motion as a function of time.

The aerodynamic load distribution acting over the blade span and the resultant net
moments are determined by computing the aerodynamic loads acting at several elements over the
blade span and summing these to get the total load. Thus, all the local conditions at each blade
element, as well as their distribution over the blade span, can be determined, in addition to the net
effect, at each instant of time. The differential equations are solved using the improved
Euler-Cauchy method of numerical solution. 7

The steady state solution is obtained by initiating the program with arbitrary values for
the initial conditions for each term. The program will then solve for the system motion as a
function of time as the system experiences a transient motion conve. ing toward a steady state
condition. The steady state condition is achieved when the higher derivatives of 0, co, and Q2 are
negligibly small, indicating the absence of nonsteady effects. The closeness of the initial condition
values to the final steady state values deterrjnes the rapidity with which the steady state solution is
achieved.

B. Description of the Computer Program.

The form, as well as the nomenclature, of some of the equations evolved in sections IV
and V to describe the motion of the autorotor decelerator system have been altered to facilitate
programming on the digital computer. Thus, where applicable in this section, the computer program
expressions have been designated with the corresponding equation number from sections IV and V.

7Kreyszic. E. Advanced Engineering Mathematics. John Wiley and Sons Inc., New York, New York. 1962.
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The digital computer program essentially solves the three basic differential equations [hat
describe the motion of the system in terms of the angular accelerations of tile three main system
variables 0, S2, and w. = - sin 0

I ! [ I cos0 -2S2 (1o - I, ) sin 0 cos 0- Owl1 sin 0 - AI(IH /4 + 1 , cos2 0 + 10 sin12 0)

0 [W121l sin 0 + g2 (I0 -. I, )sin 0 cos 0 +Mb +M0  (4-24)

These equations are coupled and contain terms that are, themselves, functions of various
time dependent system conditions.

The method by which the equations are solved is to start with a known or assumed value
for each motion term correspoiding to conditions at a given instant of time (to). Although the
terms actually vary as a function of time, it is assumed that they remain constant over a small time
increment, (At), providing the time increment is extremely smalL Using this assumption, the values
of the main system variables and their time derivatives cait be determined at the end of the selected
time increment (t = to + At) by using the improved Euler-Cauchy numerical method as follows:

6 =0o +O'oAt

0 =0 0 +AO

2 =2 0 + At

W =C 0 +c At

where the subscript 0 indicates the term value at time to.

Using the values for the main system variables and their time derivatives computed for the
new time (t), the other system terms can be computed. including the values of c,, e, and 0, thus
totally describing the system performance at time t. These term values then are used as the initial
conditions for computing the values at the end of the r.ext time increment. This procedure is
repeated, thus providing a contint.al solution as a function of time. The small time element or
integradon time used in this analysis was At = 0.001 second. Check transient runs made with
inteSration time elements of 0.0001 seconds did not indicate any appreciable change in the results.

C. Aerodynamic Load Distribution Over Blade Span.

The aerodynamic load distribution over the blade span is determined in the following
manner. The blade span or length is divided into 10 ,qual spanwise area elements (Ar). The center
of each element is termed a blade spanwise station and is identified by the distance (r) it is located
from the hub spin axis (i.e., store center line) as measured along the blade, illustrated in figure 28.

The aerodynamic conditions and the associated aerodynamic coefficients are evaluated at
each blade spanwise station as follows:

V =/l' + (2r sin 0)7 (4-25)
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=tan- -IsInO) (4-26)

Stan- (ctnO0 sin W)

3Cos- (Cos 0 COST) ='an' i(L O2 o COS2ZA (431)Cos* /s

01 (4-28)

/ A A2
CL0  Ws CL W; sin (514

0 /
A A (-0

A AIf oi > WS then

C. C1 S sin 2j3

C'D =CD S sin 2 o (5-12)

Cy =Cy S0sin2(203)

A A 2

Cn I'~ WW~j +CC 1 2 CAs
2

s0 sin2~

These conditions and the resulting aerodynamic loads are assumed to act over the area
element (("6r) at ue particular spanwise station (r). The aerodynamic loads acting at a particuliar
station Wi are determined as follows:

D,1 .= C~D 'C~r (4-27)

LB, = CL 71CA r (4-27)

SPB CyT7CAr (4-27)

Alfi C,,,.70 Ar (4-12)
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DsI = s1 , COs t sin F+ Da1 cos& - SFq sin t sin(

Ts, = Laj COS t COS 7 - D81 sin f- SF8. sin t cos (439)

FN, = LB,.(cos t sin i sin 0 + sin cos 0) + DB cos sinO

+ SF8 (cos t cos 0 - sin t sin i sin 0) (4-36)

The total or net loads acting on the blade in the various directional senses are determined
by summing the loads of all the spanwise stations.

10DB = , DB

IO10

LB = q,i

10

Ds = Ds, (4-44)
1

10
Ts = Ts. (4-40)

1

-4 10

SFB = SF8 .

10
FN = FN. (4-37)

1

The net aerodynamic moments acting on the blade are determined by summing the

moments of all the spanwise stations.

10
MwA = . i (4-43)

10

MeOA = ~FN, (4-38)
10

101o
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The remaining system performance terms are computed using the following expressions:

PV2

qco
2

D = s(4-45)

A n (b + k/2) sin 0
V.0

MW, =IL0

M o  = lo b*

m = (IH /4+11 cos 2 0 +0 sin 2O0 )

FA = nbb(g22 sin 20 +b2)

FN =FN -mbba 2 sin 0 cos0

Fx =FA cos0 +FN sinG

Fz =FA sin0-FNcos0

F = + F,

ST = 7r(b + R/2)2 sin2 0

D
CD T qooS T

MOA

rB o = " -S'2 '
= F .._.

B TS

mb =wgtg

A CO

SSo sin2
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Figure 29 contains a summary of these terms and illustrates their directional sense relative
to the physical system.

Appendix A contains a listing of the actual computei program along with a listing of the
definitions of the computer program terms. Also in appeni'x A is an example of a typical solution
printout forma,. The first block of data for each run ct atains the physical and aerodynamic
characteristics of the various elements of the autorotor decelerator system, the free stream
conditions, and the initial conditions for the particular run or case to bc solved.

The solution giving the various term values describing the system motion, and other
conditions, are printed out at preselected time intervals. At each time, two blocks of data are
printed out. The first data block describes the aerodynamic effects acting over the blade span. The
values of the various terms at each blade element station, as well as the net effect of certain of these
terms, are presented. The second block of data printed out at each time interval contains the various
system motion and force terms.

It should be pointed out that the computer program includes .terms for Mach number
effects and trajectory determination; however, these areas are not included in this analysis.

VII. EXPERIMENTAL RESULTS.

A. General.

A large-scale autorotor decelerator system was tested in the University of Maryland 7- by
10-foot subsonic wind tunnel. The unit tested actually represented realistic full-scale dimensions
and structuring for application to a typical air delivered store that was used as the forebody in these
tests.

The hardware was fabricated, and the test was conducted under an Edgewood Arsenal
project. 8 Although this test was not conducted specifically for the thesis purposes, it afforded an
excellent opportunity to obtain performance data on a representative full-scale system, which could
then be compared to the theoretical predictions based on the thesis material.

B. Model Configurational Details.

Figure 30 contains the structural details of the unit tested. The autorotor blades were of
S-cross-sectional type and were II inches long by 3 inch chord, as shown in figure II. The blades
were made of aluminum of 0.0625-inch thickness.

The maximum forebody diameter (i.e., hub diameter) was 5 inches. The blades were sized
to fit within this 5-inch diameter envelope when in the stowed (undeployed) condition (i.e., blades
lying back parallel to the store center line).

C. Test Setup and Procedure.

Figure 31 shows the unit mounted in the wipd tunnel test section. A single strut mount
was used to attach the model to the beam balance system beneath the test section floor. The unit
was tested in 0* angle of attack and sideslip. Steady state drag load measurements were made by
means of the tunnel balance system. Transient and steady state spin rates of th - blades and hub
were obtained from a high speed camera. Blade deployment angles were measured from a low speed
camera viewing the unit hub from the side.

8Autorotor Decelerator Retardation System. All American Engineering Company, Wilmington, Delaware. Contract
DA 18-035 AMC-356(A). 1969.
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Figure 31. pull-Scale Autorotor Decelerator Mounted in University of
Maryland 7- by 10-foot Subsonic Wind Tunnel

Tests were conducted at three velocities: 100, 141, and 173 ft/sec. The procedure for
each test was as follows. The autorotor blades were initially pivo-ed back to lie parallel to the body
center line. The blades were held in place by a single strand of break cord looped around the folded
blades at their tips. The break cord was kept from slipping off the blades by a small notch in each
blade edge located about an inch from the blade tip. The break cord was of 11-pound break
strength and would break because of centrifugal force tending to deploy the blades at a hub spin
rate of -4bout 900 rpm. This initial hub spin rate was obtained by four small turbine vanes located
on the hub.

The turbine vanes initially were folded down inside the hub structure and held there by a
cord loop with a simple pull release knot, which cc.ild be released by pulling it outside the tunnel
test section.

After the tunnel had been brought up to the desired velocity, the turbine vanes were
deployed, thus initiating hub rotation. The hub spin rate would inc. ,, until the break cord
holding down the autorotor blades would break. The blades would then deploy, and the system
would undergo a deployment transient motion and finally achieve a steady slate condition. Figure
32 shows details of the blades and turbine vanes.

D. Test Results.

Figures 33 through 35 contain the steady state perfornance results obtained from these
tests. Two separate units of identical configurations were tested as indicated. The spin rate of the
blade (w) and the hub (n2) are linear with velocity, as shown in figure 34. The deployment angle
(0), the ratio of blade spin rate to hub spin rate (w/12), drag coefficient based on swept area (CD T),
and consequently the effective drag area, seem to be constant with velocity.
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Figure 32. Blade and Hub Details of Full-Scale Autorotor Decelerator

A summary of these characteristic term values for the configuration tested as determined
from the wind tunnel test is as follows:

Term Steady state value

0 76.50
j /2 11.3

Q 1.01

CDT 0.58
D/q 2.6 sq ft

in addition to the quantitative results, which could then be compared with the theoretical
results, the test indicated other important factors concerning the design of this type of decelerator
system. Comparison between t'.- results obtained in the two separate but identical units indicates
that consistent performance can be achieved with a large number of these items in spite of their
seemingly complex nature.

The linear nature of the blade and hub spin rates with velocity indicates that no frictional
or unbalance effects are present. Thus, initial fears that precision or advanced state-of-the-art
bearings would be necessary are not substantiated. With regard to the bearing problem, it is realized
that for actual application, the relatively short times of flight mean that the operational time is
measured in seconds. Each run in the tunnel lasted an average 60 seconds. Yet at the end of the test,
the bearings showed no indication of wear or degradation. Analysis of the test film record showed
that all four blades had the same spin rates at any given time.

It should also be mentioned that the original concept of the deployment angle degree of
freedom was to relieve the large bending moments on the blade/hub attachment point. Early
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autorotor decelerator designs all had this "flapping" freedom, but rotation of the blade in a plane
normal to the hub spin axis referrea to as "lead-lag" was restricted. Tests with these early units
resulted in the blade shafts fracturing completely. Analys.s of the failure indicated that the shafts
were experiencing large bending loads because of the restrictions of the movement in the lead-lag
direction. Any unbalance or extraneous loads of the blade results in small prercession about the
blade spin axis. If this rhotion is restricted, the resultant moment is taken out by the blade shaft. In
addition, theseloads occurred at a high frequency (i.q., that of the blade spin rate), resulting in a
fatigue effect on the blade shaft and consequent structural failure. The units used in the test
described here, were designed to give the blade a few degrees of angular motion freedom' in' the
lead-lag direction. This relieved the high loads resulting from the.small precession, but allowed the,
basic hub torque moment to be realized.

VIII. CORRELATION BETWEEN EXPERIMENTAL AND ANALYTICAL RESULTS.

The physical properties of the rotor system and the test conditions for the wind tunnel
test were used in the computer program described in section VI, and the analytical steady state
solution was obtained based on the equations derived in section V.

The conditions simulated and the resultant output are includ in appendix B. 'A
comparison between the computed theoretical results and the experimental results are shown
below for a free stream velocity of 100 ft/sec. As can be seen, the' agreement is not satisfactory.

Term Experimental Analytical
results results

850 rpm 1330 rpm
9650 rpm 11200 rpm
11.3 8.4

0 76.50 80.80
CD T 0.58 0.84
Dq 2.6sq ft 3.8 s ft

1.01 1.64

A general parameter study was instituted to determine if vny term was so sensitive that a.
very accurate measurement was necessary and also to indicate any term or terms that could be
altered to give better results. The procedure was to solve for thesteady state results for conditions
in which a single parameter was varied on incremental value above and below the, nominal value.
These pUra:neters included: blade weight, blade length, blade chord, free stream velocity, blade
aerodynamic coefficients, blade aerodynamic tip losses, and bearing friction.,

The procedure in solving for the steady state conditions was to start with assumed initial
conditions for each term. The motion of the system would then be solved for a function of time; by
I or'2 seconds. the values were essentially constant, this being the steady state condition.

A summary of the results of this study are shown in table I. This table presents the
various terms of interest along the left side with the trend (increasing value or decreasing value)
required to bring the analytical value more in line with the experimental value. The most important
term is the hub spin rate in that it has the greatest effect on the other tem values. As can be seen,
altering of none of the parameters results in the desired trends for all terms considered. Even tip
losses were considered. This can be done by assuming a linear lift distribution from the value at a
selected blade element to a value of zero at the tip. Although the trends of the terms are all in the
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Table I. Summary of Results of Initial Parameter Study to Determine Reasons
for Discrepancies Between Theoretical and Experimental Data

Term

Required* At* c 0 gParameter (A)red 0 D A

trend CD T q

Blade weight (wgt) t 4 - t 4 4

Blade length () t 4 - 1 4 4I 4

Blade chord (C) t 4 '4 4 t t t 4

Blade tip speed .4 4 4 44 4 4
ratio (6)

Tip losses t t 4

Blade bearing t4 4 4 4 4 4
friction

Desired trend to -, ,4, 4I
match analytical
and experimental
results

*This column indicates whether the parameter value hid to be increased (t) or decreased (4) relative to the nominal

parameter value for the analytically determined value of the hub spin rate to equal the expeimental value.
**Columns 3 through 7 indicate whether the analytically determined value of the indicated term is greater (t) or smaller

(4) than the experimental value when the analytical hub spin rate equals the experimental value.

desired direction, matching the analytical with the experimental values for all terms could not be
done. Frictional effects were simulated by limiting the blade spin rate to various fractions of the

'steady state value of the no friction case.

With the inability of the initial parameter study to provide an answer to the discrepancies
between the theoretical and experimental results, attention was centered on the aerodynamic load
distribution over the blade. It should be noted that the basic method utilized in analyzing the
performance of the autorotor system was to determine the motion and forces resulting from a single
blade and then to multiply this by the number of blades where required to obtain system effects. It
was assumed that the blade is not influenced by the presence of the other blades.

'Figure 36 shows in graphic form the conditions at several stations along the blade at the
condition of steady state spin. It illustrates how the magnitude and direction of the relative velncit!,
changes from the elements near the blade root to elements near the blade tip. It also shows ,,, ,1e
lift and drag forces combine to give a resultant force that acts to spin the blade about the ' ib %lid
also to provide the system drag. It should be noted that elements near the root resoilt in - jio.-i spin
force tending to spin the hub faster, whereas elements near the tip tend to resist hub spin ratc. This
illustration shows how the lift force contributes to increasing the hub spin rate, whereas the drag
force acts to decrease the hub.spin rate. Also clearly shown is how both the lift and drag forces
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contribute to the system drag, and the advantageous effect, of the high lift and high drag inherent in
the autorotor blade, toward producing the high drag of the autorotor decelerator system.

Inspection of the aerodynamic load distribution over the blade reveals that a rotation of
the velocity vector at each element (i.e., an incremental change in the relative angle of attack W)
would ctuse a rotation of the lift and drag directional sense at each element. The general result
would be to increase the magnitude of the force acting to spin down the hub, as shown in figure 37.
It should also be pointed out that a decrease in hub spin rate would also decrease the magnitude of
the relative velocities at each element, thus decreasing the aerodynamic forces, and influencing all
the other terms in the system, and in particular, reduce the system drag. All of the resulting effects
of changng the angle of attack at each element by an incremental amount Aa would seem to bring
the analytical and the experimental results more in agreement.

Runs were then made in which the angle of attack at each blade element was aitered a
fixed amount 6a

=tan- I (LI+ _ I(8n0)-1)

The Aa value was a constant at all elements. Runs were made with various values for Aa.

It should be pointed out that the viewing sense along the blade spin axis, indicated in
figure 36, does not present the lift and drag forces truly relative to the hub torque and system drag
directions due to the angle t, at which they are inclined. At the steady state condition being
considered, however, when the blade deployment angle is large and the relative velocity at all points
on the blade span is essentially normal to the blade spin axis, the effect of the angle can be
neglected for the purpose of this discussion. At the steady state condition, the effect of the
aerodynamic side force is negligibly small; thus, only the lift and drag forces are considered.

Excellent agreement was obtained for a Acr of about 15'. A possible physical explanation
for this interference effect is that it results from the flow field about a blade being influenced by
the flow fields of the other blades in the system.

Figure 38 shows a typical flow field about a single autorotating shape9 and illustrates the
strong positive and negative vortices each shed periodically during one revolution. A relatively large
wake is produced with a pronounced downwash angle. These flow field features are typical of all
autorotating shapes. It is easy to see how the flow fields of the preceding and following blades could
have a turning effect on the flow over a blade in the autorotor decelerator system. The physical
reason for this angular change over the original approach was probably an interference effect or
induced effect caused by the blade flow fields. It then was decided to express it as a function of the
lift coefficient. This follows the usual downwash or interference practice and also makes it, in
effect, proportional to the spin rate of the blade, which would seem reasonable. In addition, it
allows the effect to be physically valid during the deployment sequence in that this induced angle
would be zero when the blade did not have a spin rate. The new expression for angle of attack is
therefore:

Act = KCI, (8-2)

where K is an arbitrary constant of proportionality.

9 Flow Analysis and Dynamics of Autorotating Lifting Bodies. University of Notre Dame, Notre Dame. Indiana.
Contract DA 18-035 AMC-356(A). 1964.
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Figure 38. Typical Flow Field Around a Single Autorotor

Figures 39 through 41 show the steady state results computed for various values of K for
the three velocities used during the wind tunnel test. Also indicated are the data values obtained
during the test to indicate the value of K that best matches the experimental data. A value of
K = 10 results in the values shown below as compared to the experimentally determined values:

Experimental Analytical
Term Eresults

(K= 10)

850 rpm 830 rpm
9650 rpm 9200 rpm

c[/t 11.3 11.1
0 76.50 76.60

CDT 0.58 0.576

D/q 2.6 sqc ft 2.55 sq ft
A

1.01 1.00

Table II compares the experimental results with the analytical results obtained without an
interference effect (K = 0) and the analytical results obtained with an interference effect (K = 1 0).
The it-odynamic conditions over the blade span are shown in figure 42 for the K = 10 case. and can
be compared with K = 0 case shown in figure 32. Note in figure 42 that the angle of attack at each
statio:n is slightly larger than those in the K = 0 case (figure 36). In other words. the new angles of
attack are not merely the old plus the correction angle (An). The effect of adding the Aa term alters
all other terms in a feedback type effec!, resulting in all new conditions. The complete steady state
conditions for the K = 10 case are included in appendix B.

NOT REPRODUCIBLE
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The value of K could be a function of other terms, such as number of blades, autorotor
blade shape, solidity factor, lift coefficient, etc. It is most certainly a function of the lift coefficient.
The constant nature indicated in this case could be a result of the nea- constant lift coefficient over
the blade span.

Figures 43 through 45 indicate the transient motion f'uring deployment determined from
the computer program using K = 10, compared with the data obtained during the wind tunnel test.

It should be noted that the aerodynamic damping coefficient was initially selected
arbitrarily to be the lowest value required to keep the system from "'blowing up." Witihut a
sufficiently large value of Cm , 0 was founi to diverge after the system had achieved a near steady
state condition. This diverging oscillatory behavior of 0 resulted in the other system terms diverging.

The existence of an aerodynamic moment, which is a function of 0, is physically realistic,
especially in view of the large values of 0 realized during deployment.

Several values of C . were used in figures 43 through 45. As ,:an be seen, the lower the
damping value, the more oscillatory is the transient motion. A low value of damping would seem to
be present during the initial phase of the deployment, evidenced by the large angular motion of 0 in
figure 43. The absence of additional oscillatory motion after this initial phase may indicate that the
damping effect may be a function of factors other than those assumed in the analysis and may not
be of a constant nature.
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An appreciation of the rapidity of motion involved is gained by noting that the system
achieves steady state conditions in about 1 seconds after deployment initiation.

It should be noted from figure 43 that initial deployment motion of the blade takes
about 0.1 second. From figures 44 and 45, it can be determined from the average hub and blade
rotation rates during this time interval that the blade makes only one complete revolution, and the
hub makes about 3/4 of a revolution during this initial deployment phase.

IX. STEADY STATE PERFORMANCE PARAMETER STUDY.

A. Method of Analysis.

A study was conducted to evaluate the effects of the various physical and aerodynamic
properties on the steady state performance of the autorotor decelerator system. A nominal set of
values for the rotor physical characteristics, aerodynamic characteristics, and air flow conditions
were selected that were representative of a realistic physical case. The steady state performance of
the rotor system for this nominal case was computed using the equations of motion programmed on
'the computer.
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The steady state performance then was calculated for the cases in which a selected
parameter was given a value larger than the nominal value and smaller than the nominal value. Table
III contains a summary of the terms and values used in the parameter study. The high and low
values selecti ' for each term represent realistic ranges. Appendix C contains the computer printout
showing the steady state conditions for each parameter run.

To facilitate discussion, the performance of the rotor system is plotted versus a specific
parameter for a constant value of K. A value of K = 10 was selected because this value of K was
determined for the full-scale autorotor decelerator, which closely resembles the nominal case for the
parameter study.

As stated previously, the interference effect, and thus the value of K, may be a function
of several terms. In this parameter study, however, it is assumed that the value K = 10 holds for the
values of the parameters used. These data will be presented in three parts: rotor syst,:m physical
properties, flow conditions, and rotor blade aerodynamic characteristics.

The terms with values plotted as a function of each parameter include the following:
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Table II. Comparison Between Experimental Results and Analytical Results
Computed With and Without an Interference Factor (K) for a Free

Stream Velocity of 100 Ft/Sec

Experimental Analytical Analytical
Term results

(K =0) (K= 10)

850 rpm : .330 rpm 830 rpm

W9650 rpm 11200 rpm 9200 rpm

w/ 2 I.1.3 8A 1.1

0 76.50 80.80 76.60

CDT 0.58 0.84 0.576

D/q 2.6 sq ft 3.8 sq ft 2.55 sq ft
A

1.01 1.64 1.00

A S2(b +' )sin 0
!. Tip speed ratio, R - , is the ratio of the tangential velocity of the blade

tip in a plane perpendicular to the hub spin axis and the free stream velocity. This is the inverse of
the advance ratio and is a common nondimensional term used in describing the rotational
characteristics of autorotating or spinning type devices.

2. Deployment angle, 0, is the angle that the blade spin axis (i.e., long axis) makes with
the body center line.

3. Blade spin rate, w, is the spin rate of the blade about its long axis.

4. Hub spin rate, f2, is the spin rate of the blade long axis about the body center line
(i.e., the hub spin rate).

5. Blade/hub spin ratio, W/12, is the ratio of the blade spin rate (w) to the .iub spin rate
().

6. Effective drag area, D/q, is the total drag of the system expressed in terms of the
free stream dynamic pressure.

7. Drag coefficient, = , the drag coefficient of the systen based *n the total7. ra coffcietC D T qST

projected area swept over by the blades where:

ST= Wr(b +!) 2 sin2 0

This coefficient represents the efficiency of the system to produce drag for a given projected frontal
area.

Although only three data points are used to construct the curves for each parameter, the
curves would seem to present valid trends because of the absence of any severe nonlinearities under
the assumptions used in the analysis and the relative closeness of the parameter value (i.e., same
order of riagnitude) used to construct the curve in each case.
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The main ptirpose of these curves is to indicate the general effect that varying a single
parameter term has on the decelerator system performance. Of special interest is the sensitivity of
the decelerator performance on a particular parametric term. Thus, the curves developed should
provide valid and meaningful results.

B. , Effect'of Rotor System Physical Properties.

I. 'Effects of Blade Weight.

The effects of the weight of the autorotor blade on the steady state performance are
shown in figures 46 through 49. It should be noted that the nominal value for blade weight would
represent a blade fabricated from aluminum. The heavier weight would represent a steel blade, and
the lighter weight would be a boron-fibre type material. The most significant effect of blade weight
is that the blade deployment angle increases with increasing blade weight because of the mass effect
on the centrifugal force. The hub spin rate increases slightly with decreasing blade weight. This
makes up for the reduced projected frontal area from the lower deployment angle, and the result is
that the total drag produced is independent of blade weight. The drag coefficient increases with
reduced wcight because the drag results from a reduced projected area.

It should be remembered that changes in the system weight and dimensions are also

included in the mqments of inertia, which, in turn, affe,:t the inertial and gyroscopic terms.

2. Effects of Blade Length.

The effects of blade length on the performance are included in figures 50 through 53. It
should be noted that the changes in blade length also affect corresponding changes in the mass and
inertial properties of the. blade. The deployment angle decreases slightly with blade length. The
blade spin rate remains the same regardless of blade length. The hub spin rate decreases with
increasing blade length; however, the tip speed ratio remains practically constant. The system drag
increases with increased blade length, but the drag coefficient decreases, indicating a loss of
efficiency with increased blade length. The blade-to-hub spin ratio increases with increased blade
length, reflecting the reduced hub spin rate.

3. Effects oCiBlade Chord.

Figures 54 through 57 show the effects of the, blade chord length on the performance
characteristics. The mass and inertial values of the blade correspond to the changes in the blade
chord. Here, the hub spin rate remains constant With chord length, but the blade spin rate decreases
markedly with increasing chord length. The' effect of chord length on the blade spin ratio is
consistent with basic autorotor performance. Interestingly, the deployment angle exhibits a
minimum value near the nominal conditions, which is a result of the interactions of the inertial
gyroscopic and aerodynamic effects. These deployment angle differences, however, do not result in
any effect on the tip speed ratio, which remains constant in accordance with the hub spin rate. The
effective drag area increases linearly with increasing chord, as does the drag coefficient. Note that a
chord of 4 inches, which is not an unrealistic size for the configuration considered, results in a
relatively high drag coefficient of 0.78.

4. Effects of Solidity Factor.

The effects of blade chord and blade length also can be expressed as a function of the
solidity factor (a), which is defined as the ratio of the total areas of the blades to the maximum
projected swept area.
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Figure 46. Effect of Blade Weight on Steady State Tip Speed Ritio
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42C

S
where

7r (22 + .583)2 _ maximum swept area

- (blades at 0 = 900)

These data are contained in figures 58 through 61.

In effect, an increase in solidity factor gives the same results as an increase in the blade or
chord length, as shown previously. However, it is interesting to note the linear nature of the drag
coefficient with solidity factor. The nonlinear effects indicated can be attributed to the influence of
the inertial terms (gyioscopic terms) that are present even at steady state conditions. It should be
emphasized, however, that the interference factor K could be a function of the solidity factor,
among other things, and could influence the shape of this curve.

C. Effect of Air Flow Conditions.

I. Effects of Free Stream Velocity.

The data showing the effects of free stream velocity are included in figures 62 through
65. Although the blade and hub spin rates increase linearly with increasing free stream velocity, the
remaining terms are constant, including the blade-to-hub spin ratio.

2. Effects of Air Density.

The effects of air density are shown in figures 66 through 69. The densities investigated
were half the nominal density that would correspond to an altitude of 2C,300 feet and double the
density that admittedly is not a realistic value for air but may have meaning for another fluid if
Reynolds' number effects are not considered. The results are surprising in that the increased density
results in a reduced steady state deployment angle, probably due to the large aerodynamic loads
relative to the system inertial loads. This causes a slight increase in hub spin rate with increasing
density, resulting in about the same effective drag area as for the lower density values. Since the
frontal area is reduced slightly, the drag coefficient is constant with air density.

D. Effect of Autorotor Blade Aerodynamic Characteristics.

I. Linearized Aerodynamic Effect.

As described in section V, the aerodynamic characteristics of the autorotor blade areA
described as a function of the steady state t!p speed ratio evaluated at zero yaw angle (Wo )O This
term not only describes the blades spin moment coefficient, but also its sectional lift and drag
characteristics. As can be seen in figures 18 and 20, the aerodynamic coefficients are actually
expressed by a quadratic function of the tip speed ratio. To simplify the expressions used in
investigating the effects of the aerodynamic characteristics, the spin moment coefficients are
expressed as a linear function of tip speed ratio, as shown in figure 70. This linearization makes it
possible to understand the effects of varying the aerodynamic coefficients in a general manner
without complicating the results with second order effects. The difference in the steady state
performance between the linear and nonlinear nominal case is small, as shown in figures 70 through
73. This is due to the relative symmetry and the similar slope values of the coefficient curves in the
vicinity of the steady state tip speed ratio. Inspection of the computer output for runs I and 12 in
appendix C shows that the effects across the blade span are similar. The linear case, with its
decreased lift coefficient in the underspin region, results in a slightly lower hub spin rate and lift
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2,0

1-5

0 1,0

4 J

1*

P ,1 ,2 .3 .4 Is

Solidfty Factor (c)

Fiur'e 58. Effect of Solidity Factor on Steady State'Tip Speed Ratio
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coefficient. The reduced spin moment coefficient of the linear case results in a slightly reduced
blade spin rate.

2. Effects of Blade Steady State Tip Speel Ratio co 1.

The effects of the blade sectional steady state tip speed ratio are included in figures 70
through 73. The lift coefficient is assumed to be directly proportional to the tip speed ratio, as
shown in figure 70.

The final system blade spin rate is proportional to the blades section tip speed ratio. All
other terms remain constant except the deployment angle, whose differences in values reflect the
effect of' the gyroscopic term that is proportional to the blade spin rate.

3. Effects of Blade Sectional Maximum Steady State lift Coefficient.

The effects of the blade sectional lift coefficient are shown by varying the maximum lift
coefficient value. As before, the lift coefficient is expressed as a linear function of the blade tip
speed ratio. The performance data in figures 74 through 77 show that increasing the maximum lift
coefficient value results in increasing hub rotation. The increased hub rotation results in a higher
blade spin rate and a slightly larger deployment angle; the blade-to-hub spin rate ratio, however,
decreases. The effect of increased hub spin rate and lift coefficient values results in increased system
drag and drag coefficient. The hub tip speed ratio increases with increasing lift coefficient.

4. Effects of Blade Sectional Maximum Steady State Drag Coefficient.

The effects of the blade sectional drag coefficient are shown in figures 78 through 81.
Increasing the sectional , qg coefficient has the most marked effect of decreasing the hub spin rate
and, consequently, the h. "'- speed ratio.

The consequence of this effect is to decrease the blade spin rate, increase the blade to hub
spin ratio, and decrease the deployment angle. The interesting result of all of these effects is that an
increase in the drag coefficient of the blade results in a slight decrease in the total system drag as
shown in the effective drag area and drag coefficient. The change in system drag is small compared
to the relatively large change in the drag coefficient value.

5. Effects of Blade Steady State Sectional Lift to Drag Ratio.

The effects of the lift and drag coefficient can also be expressed as the ratio of the lift
coefficient to the drag coefficient (ie., the lift-to-drag ratio). These cases are shown in figures 82
through 85. Essentially increasing the lift-to-drag ratio results in an increased drag for the system.
Whether the increased lift-to-drag ratio results from increasing the lift or decreasing the drag, the
basic result is to increase the hub spin rate (i.e., hub tip speed ratio) with the resultant increased
dynamic pressure acting on the blade. The value of the lift coefficient results in a much more
pronounced effect than the value of the drag coefficient for the same lift-to-drag ratio because of
the effect of the value of the lift coefficient in addition to the increased hub spin rate.

E. Aerodynamic Effects Distribution Over the Blade.

Figure 86 is a graphic representation of the manner in which the various aerodynamic
terms vary at different spanwise locations (stations) on the blade. The example shown is the
nominal case at steady state conditions. The velocity at each station is the vector sum of the
free stream velocity and the velocity caused the blade spin about the hub. Thus, the velocity and
the angle of attack increases from root to tip. The increased local velocity results in an increased
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dynamic pressure; consequently, the aerodynamic loads are larger at the blade tip, as indicated in
figure 87, which shows the aerodynamic force distribution over the blade span. The angle of attack
of the local velocity at each station determines the directional sense of the lift and drag forces, as
shown in figure 86. The resultant force due to the lift and drag, shown as a dashed vector in figure
86, is seen to act to spin the hub up at stations near the blade root and to act to de-spin the hub at
stations near the tip. This is also shown in figure 87. The component of this resultant force in the
direction of the free stream velocity is the system drag for the blade, shown in figure 87.

The essentially constant nature of the lift coefficient distribution over the blade is shc wn
in figure 88. Figure 88 also shows how the local Hlade tip speed ratio decreases from root to tip.
This results in the blade spin moment acting to spin the blade up near the tip and to de-spin it near
the hub.

The angle of attack distribution (including the effect of the induced angle of attack) is
included in figure 88, as is the true yaw angle of the blade, p, which is used to determine the
aerodynamic coefficienis values. The relative tip speed ratio, wR, which is a function of 3, as
indicated in figure 88, is also shown. The relative tip speed ratio wR indicates whether an overspin
condition exists, and this also determines the aerodynamic coefficient. It will be noted that 60% of
the blade length is in a true overspin condition.

X. DEPLOYMENT TRANSIENT CHARACTERISTICS.

A. Detailed Discussion of Equations of Motion Terms.

Before presenting the results of the analysis of the full deployment transient
characteristics of the rotor system, it would be helpful to consider the meaning of each of the terms
in the equations of motion. A familiarity with the basic effects of each term is helpful in
understanding the consequent transient (and steady state) behavior of the system.

Consider the equations for the three degrees of freedom of the system shown in figure 10.

1. F-Equation.

The equation describing the angular acceleration in the 0-sense includes four basic terms,
which are as follows.

a. wS211 sin 0-An inertial moment term, which could be termed a "gyroscopic"
moment. Because an autorotor blade spinning with a positive co, as shuwn in figure 10, will create
aerodynamic forces that cause a hub spin rate in the negative S2 sense, this moment will always act
in a negative 0 sense (i.e., to force the blade back to a smaller deployment angle). Note that the
term becomes larger with increasing values of 0. This moment is present even at steady state
condition.

b. p 2 (i0 - I1) sin 0 cos 0 -The moment resulting from centrifugal force. This
moment always acts to pivot the blades out normal to the hub spin axis. It has a maximum value
when 0 = 45*.

c. MoA -The external aerodynamic moment acting on the blade in the 0-
direction. It always acts in the negative 0-sense and is composed of the blade lift, drag, and side
force coefficients.'

Note that all these moment terms are diviled by the moment of inertia of the
blade (10 ) to give the blade angular acceleration.
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d. M3 -An aerodynamic "damping" moment. This moment is proportional to,
and acts in, a directional sense opp3site to the rotational rate of the blade in the deployment sense
(0).

2. 2-Equation.

The equation describing the angular acceleration of the blade about the store center line
(i.e., hub spin acceleration) is composed of four terms.

a. -Owl sin 0-A ."gyroscopic" moment that is effective only during the
deployment transient because of the 0 term. From a consideration of the terms and their signs, it
can be seen that this term results in a "spin acceleration" effect on the hub as the blade deployment
angle is increasing (i.e., positive 0), because the hub spin is in the negative sense.

b. -2120(Io - 11 ) sin 0 cos 0-This is a Coriolis moment. which acts to decelerate
the hub spin rate as the blade deployment angle is increasing (i.e., positive 0).

c. -MnA -The external aerodynamic moment acting to spin the blade about the

hub. As can be -3n, a positive value of the moment results in hub spin moment in the negative
sense. This moment is a function of the blade sectional lift, drag, and side force coefficients.

d. 1, 6 cos 0-This is a kinematic term that evolves from the derivation of the
equation in the form where the blade spin rate w can be considered as a relative term.

3. c -Equation.

The equation describing the blade spin acceleration about its long axis (i.e., autorotation
spin) contains three terms.

a. MWA -An external aerodynamic spin moment. This net moment is determined

by summing the spin moments acting at the various blade sections. It is only a function of the blad--
sectional spin moment coefficient.

b. 9261, sin 0-A "gyroscopic" moment that acts to accelerate the blade spin rate

as the blade is deploying (i.e., 0 is positive).

c. hIj cos 0-A "kinematic" term that is a result of the derivation that makes w
a relative term.

B. Relative Contributions of Terms to the Transient and Steady State System Motion.

The relative contributions of the various terms in the equations of motion to the motion
of the system during the deployment transient is shown in figures 89 through 91 for the 0, 92, and
w equations respectively. In these figures, the terms representing the moments resulting from
various means are plotted as a function of time during the deployment transient. The term values
used for the system are the same as the nominal case of the parameter study of section IX,
specifically, run I. The nominal hub spin rate at blade release is 750 rpm. Note that the nominal
interference factor of K = 10 is used. The motion of the system during the deployment transient is
shown in figures 92 through 95. The compete computer printout for the nominal deployment is in
appendix D. The purpose of these plots is to show the relative contrifutions of the inertial,
gyroscopic, and aerodynamic moments to the transient and steady state motion of the system so as
to facilitatc a physical understanding of the system.

Figure 89 shows the three moments acting in the blade deployment (0) direction as a
function of time during a typical deployment transient. The moments are caused by centrifugal
(inertial), gyroscopic, and aerodynamic forces. The aerodynamic blade damping moment Mj is also
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included. From figure 89 it can be seen that the centrifugal moment always acts in a ppsitive sense
in that it acts to pivot the blade out to larger values of 0. The net aerodynamic and gyroscopic
montents always act to force the blade back toward the undeployed position. In the initial
deployment phase, the centrifugal and aerodynamic moments are prevalent; but when the system
has assumed a steady state condition, the gyroscopic and aero~v'namic moments are of about the
same magnitude and together balance out the centrifugal moment, thereby holding the blade at the
steady state deployment angle. The sharp increase, decrease, and steady increase of the values of the
centrifugal and aerodynamic moments during the initial deployment phase reflect the corresponding
fluctuation in the hub spin rate during this time.

The time histories of the moments in the hub spin (,2) direction for the nominal
deoloyment transient are shown in figure 90. The moments considered are the Coriolis (inertial),
gyroscopic, and aerodynamic. It should be noted that because of the defined positive sense of the
blade spin rate, o, the resulting aerodynamic moments acting on the blade will cause the hub to
spin in a negative sense (as defined in figure 10). Thus, a negative moment value tends to spin the
hub faster, whereas a positive value tends to resist the hub spin rate.

From figure 90 it can be seen that the gyroscopic moment is small relative to the
aerodynamic and Coriolis terms. Thus, the hub spin acceleration is essentially due entirely to the
aerodynamic and Coriolis moments. The nct aerodynamic moment always tends to increase the hub
spin rate. The large Coriolis moment resulting from the initial rapid deployment motion of t'e
blade is the main reason for the abrupt decrease in hub spin rate. The consequent oscillation of the
blade deployment angle in reaction to the hub spin rate change results in the Coriolis moment
fluctuating between a negative and positive value. With the transient effect of 0 diminished, the net
aerodynamic moment then continues to accelerate the hub spin up to its steady state value where
the net value of the aerodynamic moment is zero.

In addition to the external moments acting on the system, the moment of inertia for the
f2-equation also varies during the deployment phase, becoming larger as the blades deploy to larger
angles.

Figure 91 shows the moments affecting the blade spin acceleration. As can be seen in
figure 9 1, tik initial blade deployment motion, combined with the hub spin rate, results in a large
positive value for the gyroscopic moment, which acts to give a large positive spin moment to the
blade. This is the most significant effect in initiating blade spin (autorotation). The aerodynamic
moment, acting to spin the blade, increases as the blade is deployed to larger values of 0.

As will be noted ir. figures 89, 90, and 91, the deployment transient effects are essentially
over by I secrond after deployment initiation.

C. Illustrative Examples of Deployment Transients.

In order to investigate the general transient behavior of the system during deployment,
deployments were simulated using the computer program. Selected variables were varied to show
their effect on the resulting motion, using the nominal case terms (table III, run 1) as the basic
input. Figures 92 through 95 show the effects of varying the initial hub spin rate on the system
motion as a function of time. Figure 92 shows the characteristic deployment motion of the blade
where the blade is initially thrown out to a large deployment angle, hesitates momentarily, and then
deploys to the final steady state value. Figure 93 illustrates the severe hub spin deceleration that
occurs during the initial deployment phase. Note that the hub spin rait decreases to about the same
minimum value regardless of the initial spin rate value. Figure 94 shows how the blade spin rate
steadily increases throughout the deuoloyment transient. The total system drag is shown as a
function of time in figure 95. Although these data are for nominal conditions selected to illustrate
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the systew performances, they show '.e same characteristic behavior as was obtained experi-
mentally in figures 43 through 45.

The effect of free stream velocity (or free stream dynamic pressure) is illustrated in
figures 96 through 99. It should be noted that a steady state condition is achieved more quickly at
the high velocities, although the associated spin rates are higher.

XI. SUMMARY.

Equations have been evolved that describe the aerodynamic and dynamic performance of
a self-deploying articulated autorotor decelerator system. These equations describe the transient
motion during the deployment sequence whereby the decelerator system goes from a stowed (low
drag) configuration to a fully deployed, high drag configuration; they also fully describe the
motions of the various system components and the overall system performance during both the
transient phase and the final steady state conditions. These equations were formulated using the
modified Euler's equations approach and include the inertial, gyroscopic, and aerodynamic forces.

The aerodynamic force distribution and the resulting moment acting on the decelerator
blades are determined by means of the blade element propeller theory. The sectional aerodynamic
characteristics of the decelerator blade are determined from wind tunnel tests of the autorotor
section utilized in the blade. The wind tunnel data thus obtained can be utilized directly in the
equations.

General expressions were evolved to Oescribe the transient and steady state aerodynamic
characteristics of the autorotor configuration and were verified by wind tunnel tests. The
expressions derived permit the complete transient behavior of an autorotor to be determined with a
minimum of wind tunnel testing.

A condition of overspin exists at certain spanwise locations of the decelerator blade,
where the term overspin denotes a condit'on in which the tip speed ratio of the blade at that
location is greater than the steady state tip speed ratio corresponding to the conditions at that
location. Wind tunnel tests on an autorotor in an overspin condition were conducted to determine
the aerodynamic chaiacteristics of the autorotor for inclusion in the decelerator system analysis.
These tests revealed that, for an autorotor in an overspin condition (1) the lift and drag coefficients
remain at their steady state values, and (2) the spin moment coefficient follows the general
expression determined for the underspin condition.

Wind tunnel data obtained on a nonspinning autorotor are presented to explain the spin
initiating difficulties characteristic of autorotors in general and to illustrate the effect of spin in
increasing the lift and spin moment coefficients of the basic shape.

The complete equations were programmed to be solved on a digital computer. In addition
to the transient and steady state performance, the distribution of the various terms over the blade
span is also determined.

Data from a wind tunnel test of a representative full scale autorotor decelerator are
presented and used as the basis of comparison with the analytical results. Excellent correlation
between analytical and experimental results are achieved when a mutual blade interference effect is
included in the analytical equations. The blade interference effect utilized is in the form of a local
flow directional change, similar to a downwash, which would seem to be physically valid.

The analytical results, which were verified by the experimental data, indicate. the
following for a 1,articular autorotor decelerator system under steady conditions.
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I. The blade deployment angle is independent of free stream velocity.

2. The blade spin rate and hub spin rate are linear with velocity.

3. The ratio of the blade spin rate to hub spin rate is a constant with velocity.

4. The drag coefficient is a constant with velocity.

A parametric study is included in which the steady state performance of the decelerator
system is investigated analytically by investigating the effect on the decelerator performance by
varying a single term value about a nominal case value. Plots of these effects indicate specific

qualitative trends and illustrate the contribution of the inertial and especially the gyroscopic effects
on the system performance. The presence of tht gvroscopic effects, which ale a function of the
inertial properties of the system, does not permit the non-dimensionalization of the systen,
performance that would be possible if only the aerodynamic terms were used.

A nomina! deployment transient is presented in detail to illustrate the relative
contribution of the various terms of th,' basic equations of motion.

Only one gyroscopic moment is present under steady state spin conditions; namely, a
moment that acts to push the blades back. This moment, which is a function of the blade spin rate
and hub spin rate, is of the same magnitude and directional sense as the aerodynamic moment.
During the deployment transient, only one gyroscopic moment is of consequence. This moment,
whicL is a function of the hub spin fate and the blade deployment rate, acts to initiate blade
autoro.ation and is the major r:acn for the autorotor blade self-starting feature during the
deployment sequence.
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GLOSSARY

AR Blade aspect ratio

a Angle of attack for nonspinning autorotor

a" Angle of attack resulting from hub spin rate

Flow angular change (interference effect)

b Distance between blade center of gravity and hub spin axis-measured along
blade

Yaw angle used in decelerator system

C Blade chord

CD Drag coefficient

CD SS Steady state drag coefficient

CDSS0 Maximum steady state drag coefficient

CL Lift coefficient

CL1 , CL 2  Transient lift coefficient constants

CL S Steady state lift ,oefficient

CL $so Maximum steady state lift coefficient

C Spin moment coefficient

Cm- Spin moment coefficient evaluated at condition ef zero spin and zero yaw

Cm I' Cm2  Transient spin moment coefficient constants
Cm 0' Cm V' C- 2 Combined transient spin moment coefficient constants

CM; Deployment damping moment coefficient

CDT Drag coefficient based on swept area

Cy Side force coefficient

CyS Steady state side force coefficient

cys0 Maximum steady state side force coefficient

D Drag force

DB Blade drag force directed along wind axes
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Ds  Aerodynamic force acting on blade in the direction of the store center line

DI Effective drag area

5i Euler angle defining blade orientation in plane containing the store center line

IT Total force along blade spin axis

F Total force acting at blade pivot point

F, Ts Aerodynamic force acting normal to blade and in a plane perpendicular to the
store center line

F,v. Fe  Aerodynamic force acting normal to blade and in a plane containing the store
center line

Fg- Total force normal to blade spin axis

F-. F- , F- Aerodynamic force acting on blade referred to inertial axes system

g Gravitational acceleration constant

7 Euler angle defining blade orientation in plane perpendicular to store center line

H Angular momentum

H. , H :. H: Absolute angular momentum referred to body axes system

I Moment of inertia

10 Moment of inertia of blade about transverse axis through blade/hub pivot point

11 Moment of inertia of blade about the blade long axis

I. IX, I, Total moment of inertia referred to body axes system

IH Moment of inertia of hub

i Subscript indicating conditions at a particular blade element or spanwise station

i /_k Unit vectors for body axes system

K Blade interference factor

QBlade length

2Distance between store center line and root edge of blade-measured along blade

L Lift force

LBg Blade lift force directed along wind axes

, l Blade mass
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MB Spin moment

M.y, M6 , M, Total moment acting on blade-referred to the Euler axes system

MA' MOA' MA Aerodynamic moment acting on blade-referred to the modified Euler axes
system

M., Me, M n  Total momen t acting on blade-referred to the modified Euler axes system

Al Total moment

M x, My, M Total moment-referred to body axes system

Deployment damping moment

Hub spin rate
A

Ratio of tip velocity of blade about the store center line to the free stream
velocity

*Euler angle defining blade orientation in plane perpendicular to the blade long
axis

Yaw angle used in wind tunnel

11 Ratio of circle circumference to radius

q Dynamic pressure

q- Free stream dynamic pressure

Total dynamic pressure

r Distance from store center line to particular blade element-measured along blade

R Radius of curvature of S-section autorotor

r- Blade station located nearest root of blade

r0  Blade station located nearest tip of blade

rB Blade center of pressure location for force N

rBo Blade center of pressure location for force T

s Spin rate of the blade relative to the x-component of the body axes

S Blade aerodynamic reference area

S Total blade area

Ar Spanwise interval used in blade element method

p Air density
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o Solidity factor

SF Side force

SFH Blade si4e force directed along wind axes

t Time

T Blade thickness

Integration time interval

0 Deployment angle

V, V Total velocity

V0_ Free stream velocity

vgt Blade weight

Blade spin rate about the blade long axis

Total angular velocity

) WY) W~yz Total angular velocity

o, woy, woz  Total angular velocity-referred to body axes system

oX, WY Wz  Angular velocity of the body axes system, relative to the inertial axes system-
referred to the body axes system

w Total angular velocity of the body axes system

S/a Ratio of the blade spin rate to the hub spin rate

A Ratio of tip velocity of blade about the blade long axis to the total velocity (tip

speed ratio)

A^ll Ratio of actual blade sectional tip speed ratio to the steady state tip speed ratio
corresponding to the local sectional Pow conditions

ÂS Steady state tip speed ratio

ASO Maximum steady state tip speed ratio

Angle used to relate the wind .xes to the inertial axes in the decelerator system

X, Y, Z Inertial axes system

x, y, z Body axes system

xy,, z, Wind axes system
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Subscripts:

X, Y, Z Term referred to inertial axes system

x, y, z Term referred to body axes system

Y, 6, Term referred to Euler angle system

a, 0, Term referred to modified Euler angle system

ss Steady state condition

B Refers to aerodynamic force or moment acting on blade in the decelerator system

i Denotes condition at a particular blade element

Superscripts:

Denotes absolute value of angular momentum

Denotes a vector (except in the case of q, S, and c)

Denotes the first derivative with respect to time

Denotes the second derivative with respect to time

( )r Denotes absolute value of term expressed in terms of the body axis components
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COMPUTER PROGRAM DETAILED LISTING AND SYMBOL DEFINITIONS

4m0jrft 1. C S080 P198017C9 STUO.
"020 n C Et1*1*1 J WvSTEVtLT

0020 e* C DACH16

0S2 7. 452 024

00110 P. C 440 UT

002 1 109 10 82*0 1000,O:'1T..GT. .I.,VTr.b
0.171t 119 -P0 00.EAD,."'
n013? 129 READ 100O0A1.A2...V

I02* 13. 91* , OnorLII.C S .CYII. COS.afro

001t P1 rAn 10'O -W~*190H.9..
001" 17. REG0 Io

0
.*LIK,T".?vf.7f,1710T t

002P* 1I (k REA 10V0,Y3.*L T.8U*1.21r0. T2
0ll21, 2. *orAo o I 10nT*1.~7y91 1.17

0071t%1 719 9(104000W.A*.8K
n00es2 ?PC 0012*1 7070
00747 73. 9992*1 70*0
no7*s 2*. CALLCU9*9.S.*C*0V.!92
a0d7: c . 9T110N.ft.026f TO I-
n00790 Z.;. PO1T 2040

00752 2'S.. CALL-.123212GT.0(*.LT..OO.12.92)
071 289 IS -'1*T 2oIOu0T:VOTS:,atL'.VyWF.9u0

DO 0021 2 2n S99 ?2,. C A L,.
0077t 3flj. -TNT '3vIH*1alS.l
0010" 31: :01,#T 7fl*0.:CLII .COII.CYSI;.0N6.09'l
001407 379 09, , 20m 1 .c9V.

0
vj.w2.CWOT.r2*no

DONIS 33. _06omr.ritv,..,
n00l12' 199 .TNT ?r41;n.CPflCN'7:CL2.CLT,
070371r 31. P'TNTI 707n HE A.THIT? .Wv COI.'NIO.LI0
00337 3%9 POW t%'t .t . R.1N . -0.A9.*.L
a ' 1 7 IT: C INT1L *0N011TIONS

0 tit' 3%. T11
"0010; 4pl - T7:t-
00351 4* TNfTA=THrTA.O4D

00n"? 2 ? G*=6,4.Q90

an",10 *9 7T:V39r.qv'N*G**I
00n1-,- s. A.NASUGTIIG
0019M qk;* -A"m~ T/.'j IG.
00357 47. 8:1*1821
0fl390 *8. VLTZW9LIN/.CY
"n" 003 %=1. TtO------

001c1 519 2270
njnlt5a _-. - - ALtIALT.

001115 54. C lvf8A?3-T09

'a0.71 sg1. TI:51(26,)
'IrP317 57. 7':COIG
pn0177 _f- .0*. C1:SIl(tI~rt*2
n0314 599. C?7COICTHVTAI
0075 sm. Cmv:CWvICv?."G.01*..Y!*7l

-n7 6I1 . 2402.1._20i 59
Onl*no :29 CALLOCStMJO*67.'l*1 ',1.OH04.J".N1
0D*O2 I1 10 9?..H*VTNF992/ 2
Q"*07 69 C:ACIAI

00*1 6'".--- LU0,
0*01 1m. pv=:0.

n00*"? 69. 7090:0,.
O .0011 7091 A45-0.
DOW2 71. A*0.-a
0091t? 729 89170.

11 1113 73.. ....ATSF. -o

.014 71A: CIO-0.
n(2111.?% - 0,:.
0no2 77 JG99:0.

ore21 - 789 .1(Ji*.NI0 *1
on*7 80 POINT 2 0 .

00*7.p' 81r. 11 01 7T1 7:,0

n0:*31 :2. AL-H r YAN&8*0 191y1tl

00 3T N*O CI:COSI-LN1
039.. S:9 OE - TAZATANSORTI.,C2.991C199?211C79C611

001 at.: C*:S4T***07A2.....
is1 AT9 V msoPT*VTNF9.009'Cr99

fill92 11".C"

00944f 14 R 8NV.*S?

o09*7. -K.- Tr *859.GE.WQICLCLCI9C*992

*0 165 ~ o



flfls% q. At MAAtLtH~Vt.t
n no fIon.- :p(t'~
Oftt! 1 fit. C5:CnitAtO"uA01t
-, " ICO ,4-;?.!r 4 CP?:ttIOi. ?.s.,t2e

nnsst F n~ n rg RTI i:Cf).tl

flA4,7 2 0q.

'int'l1 It?-* c

A f l1 1 .1 .i ~ t 1 1 7 A T ., t I F.t z T I-f T I .l r .. f I - F t . l .%

nm I 1 1". rtJk=A~rq'pI

fln.t! i. h.:A.n A)

'"'si In. A-oA-,n.TnO ti.

IF 7" -t! Dl~~. t/. 7

,n 4 INA. 7s D:,D
lint. ti~* irtj.-.N-irn To tO

antet 1iM. 0'14T t7Ofl~fl,8Lt.0.T'QQ*At~t,F .r.M

u.'' I tt

'inct iftt. Wi"T:V

nnt~ ttn,,. 71:1.

1-1CT. IS,- 7 nnz.??1) '

'I'16" sm. v?,AeeITi-erno1.WT
nnfl, 5*. IrtUGrt"r3,:ULV"r
PCftft tsill* IFi?.ttTT rlIut~o.
nao is0t1 . 0 -, -: %tn;.Attvcc2tNllr~c-Hv~l~Ie~o

(ws~ 157. t$V. Ot.Ctfl .Csl/IATP/a.*t c 0 1AO .2I
"is"f? iG:I. 6-mr -
eant I iTH te EBqn .2 . .. V -f-A CIfw..?. 2.~f.s.8.A"

1 " 9 1 1' 1 5 8 . t Tw; ( j CEj b T~ f T -1 I Z

nnrliA 17n. ht: cAt'r-

flfl5?' 1tt. AS Irqlrn.rA.nirA In Ali

an. , t 1 79in 1P'.'t

nuts?? it? in rT:i.Gt~ G ItF'
nntlt 17%. Inn iU~ylm
'nsl' ita Irnem reIt:G TEl--
nn I .I I. F Zfgn.I.rIn . 7

0Ptt Z N I R. itS ; r'- *IIIAt/II VN

n"go' ifS. THCIDUTHE?*IA
t

Appendix A 166



flno~ 3~in GV"Of.-GH'
V 1fC1nJq. AMHVNrt!

ttf%t 1%3. A"I:A'1.Ia'
Vflfl 4  11411 A"":10.TrTT

q"At, 1t?. Qtfl:1.n/Tnn

n1'c" 2n'I*

n..c. 701. X'G:TTT/c,
00060 7t%. Z'0:ryl/r
flflC7 21n. y-AT44 F

0'6;.2 V117. CfT:IQG.nrana0.l,,
qlfi6' 208. CflO:(nehG~ftrs/mn*n

5 1406?!I 2115. 150 *QT4T 200'1 T--(4 o1 1*H VOG.f.tf.?rT ?@
fiftY! 211. 24t..ClT.qRT.fltn
n-1,*" :17. Vrn~Al To nnl'
nn~a' 21It. rnf To t

fif'21%. 17S -'4T 2Sfifl,
007.0 71. 'f10:1

fnflr 217. 200 014R115.r%*rAtI rTTT

n?t 7jqA. G 40144.

nn' 2jn. r VnAC

nfl1!6 22%.l 20110 rIPATIII 119 go ?.0i5.S.m ':.415.8.6i OH.Elt

on5 221g. 5 Wrl4.8~.t.H v:. !..SH Gt:.rtS.714 Pf:.X.Sd. II07S07 22.. 5.rt.s. /!M vjSw:.r's* 65 rj.I':.61.M5 $-=415..64 V,'t

fifl7cfO 711. a nRt:=.rls .64 n.rt;.,
fl'7!? 212' 7'Ijf F

0
QNAIIOHP WG':.(IS.'.GwR UC-':.fS.a.64 *LTO:.EjIi.8.IM yfM7:.rIS.onl,! 231. l.S.H Du4fl.r15..it

1197'c" ?1%. 1070 C 11 : . C:.IlS.It .I:'S..1 I~l... *.a.
Onfl 234.. 203n VOQWIWItt61 TJ:cSn.w O:65e6 O.I.~I v:.r15..

fn,.,7 21'. I..* fV.tSR
017C,3 74.. fllt FtOW&I(Uft!,I5S% C0S!:.tIS.I.w CT'.1t5.I oft.C5.

flt 11. 1.,.. 0~fl-..15.a/;S..C
0'76.3 240. '05'C VOCTw tp.l..6 evrlS.sw C"82:j.62%..w F :.I.
1.7c, 741. I t:I.ei
nfl,.5  241t. tOf0 rORWAIAl 1!.l. ~ HtT.I*g~a M.I.,w l?.g.
90c 74S. 1'9" toK'is'~l~,
'fi3r 9Te. "in rno"ItI, n5T.H rcu.,Y.,f1,.t,,

On0'? 25'. 1080
7
l5?!!.HI(.'.Jp

,n7?' 741. -I
"77" 21'. 2/Iv

n'l,. 2t* T0'rMtIs.Ht.r....,

fnnv 257. 2/1

Appendix A 167



DEFINITIONS Of' COMPUTER TERMS

SYSTEM PHYSICAL CHARACTERISTIES:

MACON MACH MNGIER OF VELOCITY COPN9NT HOWML TO BLADE SPIN AXIS ..

WSS - ROTOP BLADE TIP SPEED RATIO CORRESPONDING TO VACH NUMBER OF

AIRFLOW NOOKA1 TO BLADE ..

061 WEIGHT OF BJDE (LBS) . g

NGTS W IEIGHT' OF STORE (LOS) . U

ALTO - INITIAL LAUNCH ALTITUDE (FT)

VINF - INITIAL FREE STREAM VELOCITY (Fr/SEE) .-.. V.

RK OEVSITY OF AIR (CONSTANT OR VARIABLE WITH ALTITUDE) (SLUG/Fr3 ) .P

S - BLADE PLAN FORM AREA (Fr
2

) ... S

C - MADE CINID (FT) ... C

L BLADE LENGTH (FT) - I.

B - LOCATION OF BLADE NIOPOINT FROM HUB SPIN ALIS. MEASURED ALONG
BLADE (Fr) 8~

GHl - INITIAL FLIGHT PATH ANGLE, OFF HORIZONTAL (DEG.) .-

I- MOKLE.T OF INERTIA OF HUB0 ABOUT HUB0 SPIN AXIS (SLUG-FT 2). .'.IH

11 - MOMENT 'IF INER'IA I'F BLADE ABOUT BLADE SPIN AXIS (SLUG-Fr
2
) .'I

to - MOMENT OF INERT:A OF BLADE ABOUTY BLADE/HUB PIVOT POINT (SLUG-FT
2
) *

1
o

SY - REFERENCE ,JEEA OF STORE - BUTT EID CROSS AREA (Fr
2
) v

DV - REFERENCE DIAMETER OF STORE-BUTT END DIAMETER (S INCHES) (FT) *..d

CISS MAXIMUMI BLADE LIFT COEFFICIENT .- C L $s

Coss MAXIMUM bLAE DRAG COEFFICIENT .-.. C 0$s

CYSS MAXIMUM BLADE SIDE FORCE COEFFICIENT ... CYs

OG- INITIAL HUB0 SPIN RATE (REV/NIB) -no

ONGI - INITIAL HUB0 SPIN ACCELERATION (RAD/SEC 
2
)..0

0E0 - RADIUS DISTANCE OF OWAE PIVOT POINT FROM HUB0 SPIN AXIS (FT) ... ~
CKVI - TURBINE VANE SPIN MOMENT COEFFICIENT ...:. evaluate in

cI )terms of one
Ivane

CMV2 - TURBINE VANE SPIN DAMPING MO1MENT COEFFICIENT.. C v2

C0)T - BLADE ROTATION DAMPING CGEFFICIENT IN e - PLANE _-. C

CHO - MAXIMUMI BLADE SPIN MWMNT COEFFICIENT .. Cm

CM' - BLAE SPIN TRANSIENT COEFFICIENT Co. C

CK2 - BLADE SPIN TRANSIENT COEFFICIENTr C. C2

CLI BLAE LIFT TRANSIENT COEFFICIENT CL I

CL2 BLADE LIFT TRANSIENT COEFFICIENT . L 2~C

110 - INITIAL BLADE DEPLOYMENT ANGLE (DEG.) .'.. 00

TI - INITIAL BLADE DEPLOYMENT RATE (MAD/SEE) .. 0

W - INITIAL B'.ADE SPIN RATE (REY/NIB) ..w

WI - INITIAL BLADE SPIN ACCELERATION (MAD/SEE
2
) .:..'

COS - STORE BODY DRAG COEFFICIENT - C..

THII - INITIAL BLAY' DEPLOYMENT ANOJIAR ACCELERATION (PAD/SEC 2 % *

WLEN - BLADE SPIN RATE LM!T (REV/KN) - lm

RINT - DISTANCE FROM HUB SPIN AXIS TO INITIAL BLADE STATION FOR EVALUATION
OF AERM)YNAMIC LOADS - MEASURED ALONG BLAE (Fr) .. r
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DR - DISTANCE SETAEC BLAE STATIONS - MEASURED ALONG BLADE (fl) . a.-r

AN- NUMER OF BLADES IN SYSTEM ... N

AK - INTERFERENCE FACTOR (DEG) ... K

IL - BLADE STATION AT WHICH LINEAR TIP LOSSES INITIATE

AEROOYNAMC CONDITIONS OVER BLADE SPAN:

NOTE: THE SUBSCRIPT (1) REFERS TO THE PARTICLAR BLADE StATIGN
MBER FOR WHICH THE TERN IS COMPUTED.

TIME - TINE AFTER STORE Rt.EASE (SEC) ... t

I - BLADE STATION (INIESER) - 1

R - BLADE STATION AT WHICH AERGOYNANICS ARE EVALLTED - MEASURED
ALONG BLADE (FT)... r,

VB - TOTAL VELOCITY OVER BLADE AT STATION I (F/SEC) .,. Y

WSS - BLADE TIP SPEED RATIO AT STATION I -. W|

0e - BLADE RAG FORCE AT STATION I (ACTING OVER A 6r SPAN
AREA AROUND STATION I) (Lb) ...

LB - BLADE LIFT FORCE AT STATION I (LBS) .. LBI

OS - BLADE DRAG FORCE (IN DIRECTION OF FREE STREAN VELOCITY) AT
STATION I - (LBS) ... oS

TORQ - BLAJE TORQUE FORCE (IN HUB DISK PLANE) AT STATION I(LBS) . . S-

NB - BLADE SPIN MEN AT S)ATION I (r-LBS) .-.. N!

SFB - BLADE SIDE FORCE AT STATION I (LBS) SFBI

CL - BLADE LIFT COEFFICIENT AT STATION I CLi

FN - BLADE NORMIAL FORCE (DUE TO AEROOYNANICS) AT STATION I (LBS) ... FM

ALPHA - ANGLE OF ATTACK AT STATION I (DEG.) ..

NOTE: THE SUMMATION OF THE TERMS AT THE VARIOUS STATIONS REPRESENTS
THE TOTAL LOAD ACTING ON THE BLADE. THESE TOTAL OR NET
LOADS APPEAR BENEATH THE CORRESPONDING COLUMNS FOR D8. LI,
OS. TORtO NO. SF!, FA. AND FN

SYSTEN PERFORMANCE:

X - IORIZONTAL DISTANCE TRAVELED B' STORE (FT)... X

I - VERTICAL DISTAW.E TRAVELED BY STORE (FT)... I

TH - DEPLO ENT ANGLE OF BLADE (DEG) .. ;. 0

0SS - TIP SPEED RATIO OF SME TP ABOUT NUB ...

W - BLADE SPIN RATE (REV/HIN) ... u

XE - HORIZONTAL '/ELOCITY COONENT OF STORE (FT/SEC) ...

ZI - VERTICAL VELOCITY COM'ONENT OF STORE (FT/SEC) ...

THI - OPLOYNEXT RATL OF BLADE (RAD/SEC) .>. 9

ON - SPIN RATE OF HUB (REVIMIN) ... a

WI - SPIN ACCELERATION OF BLADE (RAD/SEC
2

...

XIG - HORIZONTAL ACCELERATION OF STORE gs) ..'i/9

1IG - VERTICAL ACCELERATION OF STORE (gs) .... " g

THII - DEPLOYMENT ANGULAR ACCELERATION OF MADE (MD/SEE
2

).... B

ONGI - ANG.AR SPIN ACCELERATION OF HUB (M/SEE
2

) . .i

Q - FREE STREAM OYAMIC PRESSURE (LBS/FT
2
) ... Q_

FA-  TOTAL AXIAL ORCE ALONG BLADE SPIN AXIS ACTING AT BLADE BEARING (LBS).:.FA

N TOTAL NORAL FONCS TO BLADE SPIN AXIS ACTING AT BLADE lEAIING (LBS)....
TN

FX- TOTAL FORCE COMONENT PARALLEL TO STORE CENTER LINE ATII AT LADE
BEARING (L S) , FX
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Fi - TOTAL FORCE COMENIt P rENOICUAR TO STORE CENTER LINE ACTING
AT BLADE BEARING (LBS) .>. F,

F. TOTAL FORCF ACTING AT BLADE BEARING (LOS) .,. F

HACH - FREE STREAK tACH MINER .

Nw - TOTAL (;ET) SPIN WENT ACTING ON GLADE SPIN BEARING
(FT-LBS) N

MT - TOTAL (NET) MOEXT ACTING ON B SADEURING IN DEPLOYMENT
ANGLE PLANE (FT-LBS) - Me

no - TOTAL (NET) MOMNT ACTING ON BLADE BEARING iN HU/DISK PLANE

(FT-LBS) .... No

DRAG - STORE DRAG DUE TO ALL BLADES (LBS) ... D

WINF - FREE STREAR VELOCITY (FT/SEC) ... V.

ALT - ALTITUE (FIT) -.-. ALT

Co - TOTAL DRAG COEFFICIENT BASED ON STORE OIAMETER ,.. Co

G6 - FLIGHT PATH ANGLE OFF VERTICAL (DES) ... ,,

OF - STOREDRAG DU TO BOY (LBS) - DF

ATT - NEXT AeOUT LADE SEURING IN BLADE DEPLOYNIENT PLANE DUE TO
AEROYNIIC LOADS ON BLADE (FT-LBS) .. N SA

ND - WNW A M 81-W IM HU/DIS PLANE DUE TO AUEONMIC
LOADS ON LADE (FT-L!S) .. A

CDT - TOTAL DRAG COEFFICIET BASED ON TOTAL SwE:PT AREA

RST - CENTER OF KE,,SURE FOR tADE DEPLOYIENT OW (Fr) ..

RID - CENTER OF PIESM FON M SPIN oEXf (FT) r eo
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APPENDIX B

INPUT CONDITIONS AND SOLUTION PRINTOUTS FOR THE ANALYTICAL
SOLUTIONS OF THE STEADY STATE CONDITIONS FOR THE

FULL-SCALE AUTOROTOR DECELERATOR IN THE UNIVERSITY
OF MARYLAND SUBSONIC WIND TUNNEL

CoptrProgruInput for the ArAlyttea CmutAtfon of the Porforaw*

Piaryland Ittd Tvwo'

*073s37n333 .30730000.01*
0
33

30onft'3.o. .anonevoo.01

.''333 40o33 .730001.33

.30n3300033.n3 .6001rn0"?.7

.030"333 .3370033.00t

T:..'o0'333330300611 .40,000D*' ALtTO- .53000000q.03 VITV .10000a330.03 *no= ?7?0330

S: *27%mano30*0 C.25701300a.- IT i3g'nono3.ro 07 .77110--a-0.0 rw= .000000)

Tw. .7S30000-07 ITa: * - 33 To: .63?7330'-07 Sr .116245033.00 - lbw: .. a'so00,..oU

MS 33$033'3T3T0I '3311: A 25,70002.3 In ST .67s30o003* O CZ - *7337003Q.03 00163% Boma&(,0

BAT0 .33313333300* CpWS: C"23'30T31 :1: -.339'a?333.O0 CMI': -$00000-7O MIT 330000000

C73: t= 'O CA: .150030.-~ 3:,:.7- - "O00TI.0 rtj: .:714-000. CL7: *.73000%.0O

7140: .'C33no03300 'CT: .3300no003 W_ .00000.t9 VIC .0000ra.7 Cos= .6o0000u;Fjt

Wm: .. 01'l LI14 .i'.311000.m .'07: .1161500.1w33 n.- .137003300-03 073:0: -. 200000002

AW, .93'300010 At- .. noft030 It: 3

Stagily state Cowittioal. K - 0

V q WSI 08 t. 0'Sr o : CL $N Coke

0.3853333..0.7 27?6.,)q -.07 .S.3 6.01."Sn 37-c -,.5'-0 1.76.3-07 3.573-. S.SIIsfa 71.V9

S 50307.3 2.225-037 3.703.33 936a-2a637O 7.S,?:. 7.73-o -1.'10-02 a.787-oy32 .130 7.599-01 39.55
4 A.." 30 1. 339.a I. .3n : 3*23.3 " .510-ST 0.7403313 *.-0, 1.60.3 3.70-02 a.527.0 4.709-03 31.21
S .... 4' 1. 37 07 13.06S.01) 6.166~ 3.64-9.33 .70-03 1.121-02 .00 10 .797-01 a.5364b 3bas 37
6 7.753I3 1. 41::01 13.00.I3'0 7. n 33*3 .107-33300 7.04'--0 7.1SI6.04 I -6-07 3.532000 :.0.3; 96.W

7 .'04 3s..3 539933 .9633017.03 3.2339.00 3.570-02 S.481-03 'r *-3;475.0 1 .100-00 53.06
* ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ '0 I.077 M.307 ~ 370" .300 .030 7790 .- 0, I.' -CZ7 31.910 39447.0n 5%.0

* 33330303.00o'643.3 .06.373.700"a.*a:0o -3:.77-03 3.74-0? a:%23..Jz I.%3.00 .55Pe00 5.37
to3 3.9.1 .865-0' 7.61.3 37.33a. .-- a .T57 7.4.3 ~.477-02 3.-ne.07 I .104-cc 1.759.Wa 57.56

7.214." *.?Is.3 I3.3.39.333V 6.400-OT 7.-B . 3.717.j S. "I 333 i.108.01

I- .364477701 zz .8976 'T: .03157719.70.7 OKI -. 3&4I6T3.03 0 .23a59!G6 -

SI **3712-~7 733 .93401% S0' "IT : .34767339" I.G .1S360 03: - .354367-03
AT:.9037933?76 .312714 " -M I TTT .0'0000 a" : -. 893060 07 . Is5390
,a- .1&114112-1. vw -. as0 .. .3300 31: .:13337Z37.7 3:7- .3.3733365 3333 rT 393S5al900
CH-. .13390093.3 Av: .4806114-0. 3000001" 33 -36372-04 333507 t905 : 02

V79 .333330.33a? *333403 :: .7436793.0 -v: .'3632636.07 OFT: .7381 70
ITT: -91966757.3ni ARO: .'"7%4193-G' COT= .2403201."0 661: .61?613 N40 . q3676

Steady Stat.e Conditfa. K - 10

3 SS OR 03 09 t 033 73300 00 333 -- . VC - - A3o"A

T 1:164:11 3.00 3.263.33 1.4.96.03 9.7q*-nT 1.11-003 .154-03 31 03 3.0000 3.72!90 5.357-03 25.71
7 .0.33I 03. 333. .626- 9.971.33 5.979.333 3.6-ns -S5.'03 A.33-02 1.753 .53-031

I3C V.37.3 ".6 n0 3.3 1 0 3 :33*39750-0' 5.843-03 3..-03a -4.s"37-3 7.033-02 t.49103 5.999-0 37.71

3 60993333.33.37 3093330 J43-33 .3353 6.670.33 .9107 -3.:77 -03 7.566-07 y.96 in 6.0-wi 6If6
6 7.733.3 .33.5%0' 13.0"7.003 .. ,as-, "-,)I33 71.3n 21.909397 -7.50.% ? '.66-02 131530 7:64015 99.3

74.'l0 1 S.900 :*,I33 5.33, I_7333 4.5'3,_, _,."0_' I37AT-0 3 2:.97:!07 :%956-00 8.013-03 53.39.

.330.0- 1.3.3503.17 333.3 013-3 :;::.-0 25060 2..00 7.5-0 577Z33 15.41S-41 56.82
In3 I.39.3 3.3on 3. n 41.90-031 6.146_' 7.20..3"1 5.06.3 " -- 3 .Sz!-3 8.9!403 7.-3 3.14 1. 00.3 : .5

0:~~~~~~~~~~~~~~ .3377.3 : .3053.3 34 7P~370 0<:-3333. 1 fit .33577 .001: 9

73 .3333~137 3: .6334. 333: 1.33359300 1 01 .. 1173.'1V .. "?3390 6 -1

333 -93~33339.33Zt: * 3633373.q' 1C3T 74%6-1077 0093 O .03070 6: .33363T00933
:2:.505974.372, -. 7475.0 A.:7706.3 "CT -. 42595333.7 WT:: .5331.7

r e - % %j.3ft33 1300 a St? . 3 2 .3 3 ' 3: : .3" T93 . 3 S e . 1 6 0 7 333 : 1 3M7 .0 3
I37 -0333.3 : . '33330-3 C': .77160 ft : .6139.3 00 .33590
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APPENDIX C

COMPUTER SOLUTION PRINTOUTS FOR THE STEADY STATE PERFORMANCE

PARAMETER STUDY RUNS LISTED IN TABLE III

2 343!-03 1.043*02 1.5i*00 3.226-01 3.8-t6780 3460 -52.3 7.5-2 .8.0 6A60 3.0
2 466-01 1.C15*07 1.232400 36-0 6.17302 4,.126-01 2.611-02, -642,"30 2477-022.600 .1-3753

.35O0.1..A5380-d tz-..13 Do 3.502-01 S.4 40 .....0 1. 1,.O1 -. 603 220-02 1.487=0 5.521-01 38.693
S .8-0 14502 2.071.00 3.769-03 474-11 .876-02 8.2 O-0 -. 00-03 .- 0 3.047 .12-01 62.25

5 .68 -021 1.160-01 2.03940 .220 4.126-02 6.305-02 5.680-02 -. 302 2.0-30-)2 1.*.0 6370-02 45.62
_-..7.51Umfl 211*2 1.0D5.00 '06-01 5.3 (it 1 677-0 1.410-02? 5.232-IS 2.56-22 2.698.00 1. 6-05 .17 8.13-02~~ 2.680 I.0-2 1*$7l 5 .73-1 .6-2 2.0 0 3a 610 2.103-021.530 7.550 SL

311.370-021 1.'86-02 3.363-02 6.977" .100 7.6-26.202 302-03 1.777-02 2.5600 6.037-02 56.6

...... 0060.1.33±l..slA N.06-2 .1 ...3L-0I -8.724-0; 5.636-03 ..73-0 1.Z 0 6 02 56
6.72.30 5.365*00 .6..1.00 3.214-01 -3.42--07 7.066-02 6.737-02 6.761.200

-0110L08118 FauLt AT_ 01012~

0: 275668.0 a .210750 3 :.77312337-02 0611? -11212137:00 80 .120 00
... I. .27S4666003 : ?- .. 18368o2 73422: .r630436-04 0.0: -. 6302fl26*03 WI: .75597698 -2

0*-2100.026 .3%I 7393.017 1822: -"903046-120OG~ 80 :.1676;5.03 0:am 05'*2
F8: .567l60. F:.62615*1,0 .6602019272^ F, .57V49i77.02 FT .57s"2677.02

31CI - A05105-t..4 -44301312"90 R0;._ -66843110-12 "0..'55 -A*: z2G7G%34o7.nz

I8It: .100000 817 . 2001771?.01 C0: .O00000 v 026" 2 of:.0000
80?: .15202n761*01 DM07 -. 02040628-05 CDT= .51533262.80 832: o7f?"2 ' 360: -. 256142726O-06

-fat. ___'S DR . s 5.-- DS 1M! SI8 CL. ..- ~ .L8

2 3.332-02 1.062-02 1.263*20 3.olo-ni 3.716-02 6.652-03 162 -. 333.-3 6.8*6.02 1.62 1*00 60.612-02 20.3
-- .. A.2.5r.L4.6502..d1*a 3.209-q31 3.371-nj .0-3 1310 -6.6213-03 6.325-02 1.677 ,2-162

1 K.000-02 2.*021 .21*0 31 4 62060 5160 2 01830 -3:76--03 6.S46-02 623:00, 5.291023 37.9c
6 4.36-0 2.223:02 1.0-00 1.606-2 6.720 5.330 3.6-2 -2 97--(3 6.3-2 1.6300 5.685-0 61.I38

.. _S.A.68,1. 1.38ut. I-.0I6no 3 85 -42 .. 778-02 5.941-01 5330 -2.470-0 6.0-2:47031601 66.6A
60.-01 2.197*02 0.020*00 6.2141 2.2-2 6370 22502 -3.28207 6.033-02 t:.665.00 6.S7-O 67.7

7 .336-01 2.238*02 1.766-01 6.6642-q 5.517-02 6.8627-02, -1.26-02 2.608-u3 3.660-02 2.652*00 7.71 0 : V"~
- aa.nooz.. zflnt. .66-fl67711536-..0-1 -6.422 3:113-013: 2.8-02 1.450-00 .. 3.615mf1 53.37

9 .80*0 1.300 921-0 .172 1:.0 8.5-103 .785.02 S.33 -3 3.162-02 1.551.00 803-8 06.77
In10 086.GO 2479*02 8.8-0 .592-03 7.230 .7-0 -1.260-01 7.674-03 0.268-02 2.52600 1006-01087

- .---- - .279810 5411o00 ..36 OO 3.060-01 21.155-07 .5.092-01. 0.630-01 6.5021M

IT .256378932*03 IT .28957055.01 IN: .71809355.02 08610 -. 186.2072:00 V* .425630133*0~~'A .. 213±*Z..7; .2070,86.02 ... 2877. -. 14155936-11% O- 0 -. 8018 4.03 820 -78026766-02
It6 -.. 0382S:00 Z167 .6421,P03*00?!4!T= .7197262 76-20 0200? .1s56'6-03 8=: .2 3885008*0

F M .04116 02 FM: -. 24167426*0 z*$.:l787.2 ff.t8639.02 F? .215535102
3 .0 0901=051I.L. ,2?30386I-Of "I= .22?7337-22 ft-:3 .7061007-05 086: - .243123:02 -

87: .52087770*01 8P0* .. 168- CO? .17000 80 .513700 -*0: -. 16306135-14

mm3

.5 8 8 6 08 16t 0% 1084 "ft 15 Cl. Fm ALPHA

2 3:332-01 2.062-02 2.153*00 3.7 2 .0-0 6.6-1 2793-.8-1 166-15000 6.220 310

2 6.66-2 203602 1.121*00 3.630O41 6.560 1239-02 1.60-03 -. 21-03 .3502 1 .200 52727.1
......- 1...1t3*2 1.031Oo 3.6115,011 1.63-0 5.00 1.8-02 -6.026-02 2.126-02 I.536*0C -5-At2-03.1

6. 1-wo 0.2*?1060 .33-23 633-0 6. 006-01 8.0-02- -2.836-03 2.268-02 2.516*00 6.3-2s '6
5 6.680S-0l211202 1.036*00 4.06S-42 5.066-02l 6.667-02 5.82-02 -2.670-03 1.231-02 2.528-00 6.6373-01 65.67
c S.2Ja-OL . 11"I flS .1J6Z,00O431-02 3.420-0 1513-01 2.520o-02 7.216-05 1.255-02 0.5200 6,"1-C2 46,73M

78.336-01 2.202*02 1.67"-1 4.690-2 3.136-02 7.52 '-03 -6.856-03 2.787-03 1.085-02 L:53*0 2.556-03 02.0
8 9.10000 0.28302 1.339:1-0 506342i 6.2"-0 7.600 -6.76-2 3.676-03l 3:.6-02 1.532*00 ..037-1 06.3

L.....0t0 b33t_-0L..3IS.6 021 5.'I-02 6.651-02 8.6803 -9.1?33-02 3.762 1.1002-02 3.501*00 8.535-83 56i.55
20 1.086*80 t366*02 8.682-02 5.86-02 7.049-02 1 10 -0.366-02 7.54-03 1.663-02 2485.-00 9.0-02O 58.59

6:.3300 5.397:30 1.808:00 3.286-02 -7.352-06 2.288-03 3.639-02 6.866*00

ITT *279270 7: .18185328:01 TNT P.03326*02 OM'sz : -11354606:00 8= .92820771-r - -
17 32-4987.0t 70= .77776566.0' 180: -. 1657469-06081 O -. 85600'00:07 83: .267602DO=1

225 .203orft.10- .226 712 1660 702; .%186113670 0I62 .853840 *O .23365000."02-
FLr2636:l F:- 1.263063.7 FI: .60096.034 Fr 1.22660 7730 n3 F: .11660160.03

NCII? .19010013-01 MOO -. 75286635-05 my= .5163131"M0 f.T 3106570125-03 0*16 .27233994.02Z
a-lx.. .100M0000*31.ALTL .- 33826672:0 COT .00000000 68? .2I77563.67 for: .0000000c, . .

873? S52227653*02 AP0= -- 222508395-01 COT= .10325711.00 "3?- .75153'Ie:00 860: -. 33319S6:,-03

0 8S of tft0 0 06 ?* me It's CL. ;Z $LON&

I 2F.0-3 3F6*,2360 .314.-1 2.122-02 34511-03 1.05143~ -3.901-03 c.4l-02 1.4"85.-0 1S0f2360
2 3.'92-22 1.116:07 1.222:-00 2.46241I 3.053-72l 3.822-01 8.833-02 -3.'20-03 3.531-01 2.6300 3.763-02 78.20

6 .001 2.670 1.640 2.714 3.060 6.620 0.1:02 -2.03-33 2.670*02 31.69*0 6.269-02 4.23
5 I 5.56-02 200 1 .023:0 2.11542 3.6221 3.720 3.830 -817-0 1.22: .1 6.620 67.06

7 .784 22500 .50 .24 '.206-0 0.3,4: 0 300 2:2:2101022167-02 2.51*8" Z 2602 33.2
8 7.1-02 1 2.60 1.603342 3050 - 3 6.003 1103 3.202 2.2603 2.2-02 9.57n S.;3202 150

.I...3.-01 - 1-333002.4 _.106-01 . 3.Z84 -1....1 S .040-111 -5.852-12 '.305-03 1.173-02 1.3±6.00 5.12-1' 56.92
t0 8.*58-02 1.3$4-07 8.811-01 6.042-0 6.112-02 6.367-02 -8.760.02 5.0-6-03 2.23-02 2.500*00 6.236-02 38.48

3.0*5*' 3.660*01 6.880*00 2.7601-02 -2.552-07 2.08-02 3.2 4 .793-M1
-. 0LziM-flVLrt.AuLLSL. 01 ts.. - - ---

2? .2321515*0 20 .22232520.0' 3N. .17183507222 0361: -w03*6'0'3-2 8: .- 3!8O:61."
.. XL. 5123695-D? 21: .752362460 tm :lG.417358-06r 080: -:12:073840:04 W1T -. 1623'535-2'

IT6: -. 30162970*00 Z18: .62633167*00; 7820:T -621" In 082 .161 88515-03 83 .21686.2*2
VA8: 563006SS-0? For. -:71535101 Fl: .6801ft7'8.02 FIT "65 020 F: ... 72830.02

... mM...S .03* J0L.SM_..321 1.01 T = aO -6571-0 MOs .26062-0 06 : .32181,"7U
I IN: .1170000o:*03 ILI: .31767660*f 10: .00030 w . 8.0 OF.00000
NT=: .30751776*1 80: .. 31219".'5 tO :0.76228267.00 38fl: :.40008500 ."* .2 68O-m

173 HO RPRO lB



-RUN 5

I Vo 88 s - asE 0 - LO DS TM9 0.9 Sr8 CL FN . ALPHA

I 3.858-ni 1.030*02 1.i73100 4.043-01i 5.018-01 5.973-03 2.810-01 -7.91-9-03 8.208-02 1.853.1)0 5.88,-ni 29.25
-2 -4.582-01 1.057*fl2 ±48k7f00 8.280401 5.257-ni 6.836-0CE 2.089-01 -6.9'6-03 8.033-fit 1..'i63.00y 6.332-01 33.816

I5.92S-0! 2.08507 2.1 . 0 o) 8.88941l 5.567-01 6.943-01 1.675-01 -5.642-03 3.859-02 1.868.1) 68029-n1 37.57
8 6.7"8-021 1.120*0 1 .082.0n 4.7q2-112 5.982-ni 7.529-01 1.281-01 -8.0167-03 3.687-02 1.873.)0 7.373-01 811.85
ax 7.792-ni 1.25$-02 i1.086.00 5.1848-131 F.388-02 8.ir,6-01 8.59-02 -2.202-03 3.516-02 i.8178-00 7.98S-0211#S.i0
6 R88A-01 1.202-0? 1 .009.00 5.958-Oh 6.891-ri 8.8401-0i 8.041-02 -5.267-05 3.'46-02 i.883.00 8.687-01 #86.50
7 q958s-01 1.18407 9.707-01 6.3120-01 7.465-n2 9.530-03 -9.045-03 2.378-03 3.177-02 1.88400 9.365-01 S1.66
& .1180 .299*.ft.S.31.0L .. 36-1 -8 8122-fit 2.065.410 -5.518-02 5.07S-03 2.926-02 -..1.551400. 1.03110.SS.16-.
9 2.712400 1.352.02 8.962-ni 7.205-"1 8.940-01 1.117.00 -1.184-01u 8.066-03 ?.8086-02 I.523.00 i.i08.00 57.53

10 1.121.1)0 I.cPA02 8.606-01 7.727 -"! 9.526-01 1a12.00 -2.860-31 1.130-02 7.693-02 1.893400 i.i82.00 59.68
--- - 5.566.00 6W43.00 8.v6200 81.150-01 -5.286-07 3.826-01 5.858-Q1 t.5~o0*~0

IT .20108141n 2: .2670183140' 58: .75529785.n2 0M'Sq -. 10317025.0I u: .r?osisoozn.
It 1: .t1508J502.....Zf.... -Sq819966.0' T~tl -. 12630088-D8i 086; -. 78025886.03 W1: :.75?61816-02------ --

II': '-.2"784232-00 716: .16259866.00 7141!: .1109139--9 0085: .95205728-03 Q: .2280OV-nl2
FA: .682162-0-02 FMt -. 7S227462.01 FX: .87620221.-02 FI: .64058876.02 F: .68665316.02

MCI: _.9q09393-O1... 0o.....,5T88083-06A "1: .10231815-11 140: .88318769-0$ 0886: .350810.1)2 n -

ytn: .21101)0 03 ALI: .38299069.0v C0: .00000000 68: .i7i05265.07 Of: .00000ti.
*77- .819590686-01 886? -. 1240707"-0 CODV: ..53020$!8.00 R87: .10382688.00 880: -288638491-m8

I .132-412084) 1.15." .170 .79" 3.377-01 !.!rA-01 -7.679-n3 4.809-03 1.532.)0 3.329-01 31.69

I .1)01)-O 1.e 5.07 2 .'440 '.8-i1.0S" 37 7.-9;-07 t .013P-n3 1.538.01) 3.0nn-11?~.l2
8 1.440 2, 274'1.6. .4 ' 1.'5-112 401-111 t.'l'5-02 -1I.2AC-" 't S.85-03 1 p on3..o 81.07n-n! 4.56

-6 olJisADL .111.40 i.33.. '.7 t?' 1.4l1 -~l c.!'6-4l3,- 
4

8-' -. ,~q 67 -1Sf*0 I 8,5-"I 8S.80
6 7.0-2 l19'99'' .q4'.l 3.688-)1 8.6,7n1)1 .7c6-712 3.9's-P)S I.608-0V3 2.53go41' 8.681)-m? 88.8
7 S,'06-0i 1.041.17 9.C68m-' I'1.1 ' -n I - 34v-nl 4.1310-1 -5.787-013 P.5-n . 426-01 I.548'fo0 S.010-ti! 51.73

--- o0.'1_n1 _.j±±IJ3.I _3.',i. q871 r.7 -.loiv.2-02. 1.540-01. 3.192-03 1.522.0o. 5.5-02 55.17
8 1 01), '.33.0" 8.9.9-i 3.68S -1 4.816.'j1 .66*-01 -6.ln"-02 2.S"c-0' 3.0c 7-03 1 .50n111) S.6P2-'1 96.42

'.r*.44-~" 1.3Q1.0' P.1c'.12 ."- 4.("t'5-01 1.01'-I12 -3.icc-0' 3.597-)1 7.95,-03 1.877." 6.0-0 O5.8
o-- -- - - - r.1S*1 3.!n~j±2 u.5"1.09 Z,?'2-111 -?.738-06 3.6281-02 1.827-1- 8.s884"n

0..-1-i
6

.. 2AlL..V .1-1-4 qlL!Q~ 11. -{: _ .05.1132?1 02. 0"7< -.99 16 19i0Q : . .1 37!'8 1'±5-
75: *8665'~574fl 71 .18'S.-I' -.j52'168-8 D'S'-C.883fl8l VI -. 708671'-I

T~r -. 6*~.''17~1:= * 4'4.l '5 .Il 37820-09 aMrt- .7022718-0' 0 1 8I8A'D1).n2

VIII: .i1nplonn-pm ?t7: .45 . Cot nnouoj CIV= .72991r,47+01 OF: n'0qno0n1
J3I'.niz2L~lt.~k:..,.'11rl'n~r C.U- .354280275.00 5"T f_15qn-q5tOQ 0.: = ..lZo?81-'.j3 -----

Rift 7

.. I.....t...- 8 V 01 T_ S!7,' 0 7 CL -- _ FM t *PHA

I'7 -' .847 ..289."' 8.8-nl1 5.51'-1' 6,.r71-01 2.'41-01 -1isq 1-fi' 6.817-03 1.5316.)0 6.6;76- 1 7.72

3 1.~' 2003 1..nn .017 C-1)58-1 7.62 1-02l 2.00'-02-.700 6.737-03 1.537400 7.418-01 39.15
I.08l q(2,57 . nn0 S.1-.1 C.8'- 8.I00-01 1.?11-01 -5.nc68-1) 5.956,-n3 3.536,70 8.2S7-n1 8'.58

-- p1 ' 8, s.6L' 1 -1f6.10 0 I_51 -". 1 3-"L _-.731-!n3 7.9S51-0? - f jLq-5'3 5.8.t1,518_.00 IL.79 Trrj t
6

'.071) I.'~4' .90-l!4~433 '0-" S.152-01 3.53q-02 2 .9'5-08 5.811-03 1.535.1)0 9.375-l 88.86
7 1.73C,- 1)1 2.212 9 .1IN- 0 1 6.tl?-'! 7.002-01 1.00400 -52-0 .23'-03 5.188-03 1.580.00 1.0wi6.sc 52.69
....±J0- I- l256i±flL.5.1.-1 6-.7-5, 2 I _!2251:01 ..i0800 r6.S3!8-02 5.588.1) .. t3o3 . D±Ot..f0t00k 91.L

S 2.'91400 2.i'7'2" 8ql'I 7.2q7-'J M.7-7-1j 1.10.00 -1"- 12.076;-n? 8.7145-03 .841 i. I'6.n0 55.1f
11) 1.0448.01I3'0 .q0' .~' 9.'j7-ni I.2".00t -j."1'-01 2.82,-a? %.4;66-oV j.475.'o 2.208.1)0 58.03

-- -- - ' ~'7".' ... 215400 3.I'2.'08867 '!5f5t'Qo' ,9-) 34n) -

V= .i.7687564flt Z: .7m30849.0r' 'N: 05'12085402r) 0M~: - 9911!14,0 8: .68606816."8

Y7;": -. I"t71)7f67.' 776: .oil67. 411: '1"77S9'-3 014:7: *473fl'3440f7 I: .218A401nf.'2r*: .7'7 4n 4:. 1 7.0 .7I: .'11836t4n3 F,: .7974848.01 r: .75801817.02
:;.M: !0 n~t 1ka8'8 -0 V: -. "5'10os_ ": n- I. 21 n2"19 -0jP : n L .. 366%73187.'7.
VIM: Innon-n-ot.0 ALT: .7Qr25'17.0' *! n'Onn1)nD 08: .A50817402 OF:= .0000000'
LT: .. 01300-1n1 040: -. 11S4881-0- p7): .7A48088.0fi 987: .37775-0 ON0: -.73760853-07

8514 8

~1 3..3Z0t.5±J2±.LA.ZSPPO .0902.A.70Otl19-Oi- .288-02_-2 .30-03 1.8-3,181'0 2.207-02_31.20
P OF-T66-61 93270 13S.00 8.14 1.088f-02 1.2771-01 3.582-02 -1.233-03 5.9813-03 1. 88400 1.'290-01 35.03'

'Z .5.00- 5.634 #0! 1 .303.00 8.878-02Z 2.101-Cl 1 .349-01 2.898-02 -9.897-08 5.701-03 1.887-00 1.382-021 38.69
... AA3189Lsi2hi.,Plsl0..21".1X2 -- t85 -01 2.i81,D2 -7.002-08 --5,062-93. J.!00 ADDjQj3-q.Lq7.1!L

5 6.6.8-02 3.04 12.039400 2.005401 1.287-91 1.576-02 2.820-02 -3.508-t'8 5.7281-03 1.8198400 1.593-02 85.82
6 7.502-01l 5.917402 21.0 5.00 1.077-03 2.335-01 1.691-01 6.078-03 2.301-05 8.990-03 2.898400 1.71-01 88.519
7 .8.36,0k &.2Ostfli.A!0..pL_ t2d6dtj.980 .818-0; -2.695,03_ 4.5t1) .758-03 1.±0i8'0I 13

* f70.01 6.852401 9.388A-01 2444-011 1.585-01 1.985-0, -1.103-02 9.008-08 8.8842-03 1.586400 2.009-1 58.88#
9 1.U)00.00 6.570-02 9.038-02 5.3410 1.677-02 2.107-01 -2.188-02 1.409-03 4.275-03 1.521.00 2.213-el 56.66

1.0718-00 2.336-00 1.673.00 8.086-02 -7.361-07 5.320-02 2.059-012.692400

.a:..... 4s1029032s3 _z .39641003.01 ,714: .. 77312S70-02 QPST: -. 992986;65.00 W_ .86033006.r'8'4
55: .32614803#02 71= .13957520.0' TNy: -. 8925292-1 006ST -. 43i96;7fl903 UZ: -2790693-1

TOG:- -. 38002876-02 216: .83711030.00 71415: -. 66907728-08 08651' .18577709-02 9= .297125t0.01
.Sfl....ff±72.S.. ,.13109fifi .611. ,IG162?9840L. 77: .1880Q1528.02 , F;= -_98M8350.02

8614: .8s55585-0? 08: -. 75055789-09 Pt:_ -1881'.J8-06 M1O: .11315271-00 0RA6: .66913798401
VIM: .5000000102 ALT: .1835891740' CD: .0..0002.' 69: .131';2416.02 OF: .0000000)

.*2:. 7I 0.31.t..80_ -32Z7)603-0807:T - -. 52538673.00 387:= - .7VI105400 _9.!t0: :.157l.31%n3.

Appendix C 174



RUN 9

0 7q 9 9 MS 03 L9 09 700 0 s CL FN ALP14A

2 3.37-2 P.118A.0? 1.-16100 1 .2911.00 1.6W-0f0 1.99400a G.s9%-03 -2.3q?-0? 9.626-Q2 ..983.110 1.'15*-S 31.55
a :.166-11 ?. 36-02 1 .1135,00 215 1.351 I.11 I 7r .07--00 5.832-01 -2.061-02 9.23S-02 1.986110 2.090.110 3S5.64

1 %.0100-01 74194-07 1 .1fl5.03 1.41 2.011 1.776-00 2.212-00 81.728-02 -1 .613-02 5.599-02 1.48-100 7.196-00 39.16
9 5.9591-01 2. 29%0±0 I1.073.n0 1.523.0 1 Pjq.nO Z.400.00 3.SS%-oi -1 .161-V22 8.966-02 1.013.011 2.362011 97.67
5 r..669-01 7.334-02 1 .0 1440 1.625*10) 7.014*00 2.589.01 2.325-01 $63'-3 5088-02 2.496,0 2.59.1400 95.97

*6 
7

.5011'1 1.414-07 1 .004 In 1.79400 .16.0 7.707400 9.93q-02 2.325-04 7.735-02 I.50OO.m0 2.732100 99.n7
7 A.336 -31 7.507*112 9.69 _n I .I SO -If)2.4111'0" 3.07?.Gf0 -1.747-02 7.272-03 7.243-02 1.56700 3.0115-00 S'.59
f q.1711-01 2.595*07 9.346-91 7.077l."0 7,.573.1 3.2712-00 -1.599-01 1.506-02 6.C39-02 1.S3.00 3.20901 55.01
9 1.000-00 7.691-02 9.00as-"2 I .9.f 7.729,00 3.479+00 -3.629-01 2.356-02 6.596-02 1.518110 3.91110P 57.23
in 1009400 2.796-02 S.r73-01 2.1163.00 ?.5220.00 3.692.00 -5.535-01 3.274-02 6,352-02 1.92*00 3.615".0 391.23.

1.7*9.n2 2.176.011 2.7401 1.316100 Y.679-07 7.493-01 3.7119.00 2.705."!

7: ..44692713-01 2: *15509127.0" 74: .779#74646-n2 0*95: -.101411301 9l: .19326599.05
V_ .100190 71: .32110689l.1 TNT=: .1371)933T-011 090: -217614139-04 VI: .15317-03

WIG= -22161)74201 ZtG: .2S3199970.02 1140: .7912t279-20 0901: -.18414609-02 6: .475399994"2
fA:. -.2911529192*05 FR- -.25231547.02 FX: .27531082.02 FIC .24027734013 F- .29159469103 -

"C*4: .t1118160 m9: .94447916-06 "It .999179739-12 Po: -.1122039-M4 1056:_ .1101Y233.'3
91N: .21000000-03 ALI= .34449,683.01 CO- .nic0O000 rv= .1?3Sr50.lt OF= n0000000-

*TT .99,503?40: *2988%4G-04 COT- .61170671.001 R9: .75717911"00- RAO: -. 1215370tI"9 _ __

12 Z32:2 '.0!Q 1 .Q-I15 71. 1.;4'-11 -1,031-11 A.00 . 4; S6 -- 7 .1'.-(13 -7. 750a3 .. 1~.Z3jJ0*9.
7 .169'1I t.'G06*7 3.'.'$.2-I ',,' '-nl 7.1"O-0 -7.51P-03 6.969-11 I.$2.00 2.632-111 13.12
I 6000-p1 I.119l*n' 3 ".' .z-3 2.744-1 '.0.l 5"'0 ?"9" .r73-013 1.539.110 2.@17-"1 38.96

9.7.1-'31 13D 1.'P" .3-' ''-" '160 .~' -1.970-03 r..379-03 1O .30 -! 9'*
t4 6.c60-01I.210 1.114.-* '.'9'-"l A.77'-q3 7"1-1 -7.'T"-"4 S.092-113 1.515800 3.24"-0! 493.67
6 7971 *04 1 l2. ," '. p-" .713-01 '.4c-01 I*!r.-02  3.631-0 59.90-01 3.520.110 3.97-03n 44.73

S 6.1711-0' I .197*0'7 0.311-ni 7.914-3 .49" 3,9'" 01 -?.TfS-02 3 .'1-0(3 -. 239-03 1.537-'q 9.0791-" 1%.13

9 q.000,n 1.3'14-n' q.0-P"2- 1 '-11 1.116-11 4.2.1-01 -4.'-OZ '.AS7-0' 5.037-03 I.13-0910 9.773-ni 56.55

,.1-4."n 1.732,01 '1.4"R.00 1.1.99-02 -91.959-06 5.977-02 1.825-1 l.'26400

X= .315979672! _.Z .212%'94490" _. 7 A;.l..8 5
1

-02_ On, S- - .959YW8.00.t 8; t SJ.I*
Xo= : *19?71.n 1: .l920*, 'IT3 TN -. 9S7-1 000: -.9S'98"%.075 wit -.9"2.0--

110: -. 179171 13#000 Zl0- .- 07-! 2.n- ".IT= .- 77-719.09 0*11?: .I2"6695q-02 at .59499-g9.

r5: S 5992j37A2_._ -t -- 17471g.01 775 .1141-11, .01. '7!- _5$7149'5.Q2- F: _.232"_o.i9.L....
WON: .. fl*09'19!-nl mw- .. '*T9S.1 lSI4'5 978;G-qr or .76q ... 3-fl9 0056: .136332%7.n2

VINT .3nnn0'nnn.-T R17: I'D-?3.2 10 .-"000130 09: .12619 r: .0000000"
AT:= _.2914727G-1- L0U._ _..3'72s!99-3 .. Cor- .5?31986'.111 09' .7115597090 .9ft-z._ 1922ZG7.3_ --

RU 311

1 .?" .4*'1.1clon- r.177-11 7.597-01 9.9'r-02 3.1!77-03 -3.nr69.07 9.793-02 1.911-00 9.23S-n1 30.39

I 1 ."0" 2.97117 1.1 10." A.720" 99-1 .1- 2.031.01 2.1-4-01 -7.4-7-n3 9.129-02 1 3.90 30*0 1 7Or.OI.90
4 6.834-10! 3.173#0' 1.079.nI 7.71-1 9.997-02l 111.00 1.f692-01 -5.312--3 8.774-02 1.930.110 1-135.00 41.31
S6.662~I.3 15950 I i.0~t? ±_k 0 ke -. 71C - 1._1 -5587D!_ - 1391 .01.- 1.009-OL M230.5.0.0Jj3L21.. 2j.M A2.6L.
6 .cq7_n, 1.117.0' .2'" I."9n3 30", !.7111710 4.14C1-:2 -6.611-n7 e.356-02 1.9*9.00 1.317210 97.77

7 4.03r-02 1.114.n7 9.700." -,%II 2.2I 19."'l 2.37-.10-?'"-0 3.22"-3 7.740-02 1.951,00 1.9 18.00 5".67

-- .j'-: . .L23t!"2_. 9.qV6z^1 1-1 -11 1.7
0

.. J.9Z0- 'SO _t".%'3. !_Q91Z.J~O.O -2 51.17
9 .0701 .3117 923-! .'70 1 .51.01) 1f-2-017 -1.56"-03 3.tlr9-02 6.790-012 1.551"0n 1.703,00 3s.77

10 .659'11" 2.379.117 p.'6'-j1 .119.I'0 ,tp9.'m 1.741q00 -2.90-02 , I .4-6-n2 6.S112 1.52##.-On 1.503,00 58.77

...... 1..,95f 7: 9 "' . '4 IN '7"".0t.~ Z O*90: - .99610fl?9,00 w- .92SR4299.09
XY7 .1694-l -51- TNT=2'!0 fl1 -.1-105080-04 e,0. 1 t ~ 9 -W -_ 6L -2_
1111: -.8-107142-'f To '.0: .7v7ft29'9.0 THIII -.'-124127c-10 02.01: .99"19n-03 0: .2160009.02
FA- .F*2I'*" 30 .1Q1 I : .1113421fl'02 F,: .577.11777.02 Fz .59109713-02

91*: j-nq-ln, 4L7T .9079?'9n.qT rlltl;'"Oon0 iV: .1900,97#01 OF= .00j00na"
*17: P-'f~l~7 10: --.07614-00 r"?: *0"67F57.Of) 097T .759-86'9.00 0.0:= -. 15355739-09

RUN 12 _________

24.166-0123.1165.07 3.1115.00 3.172-01 9.197-01 ;.I2013 1:487-01 -1.915-03 2.257-02 1 .95.11 5.90-03 3509

9 s.834-01 1.12S-02 1.047400 -3.779 -01 4.680-01 5.939-01 9.156-02 -1.134-03 2.101-02 t.493-00 5.645-01 92.16
5 6.68-01 1.1611.07 1.O1125.0 .02r6-03 4.9,32-01 6.351-01 6.359-02 -6.289-090 2.00"-2 3.9701 6.271-U 45943

7 9.35-02 1.241.02 9.48S-1 4.629-"! S.623-01 7.273-01 -6.999-03 F.321-091 1.856-02 1.9701.00 7.199-02 51.03
8 4.170-01 1.286407 9.159-01 4.951-n2 5.616-01 7.641-01 -4.182-02 1.392-0311 .011-U2 1.919.110 7.301-03 53.16

In 1.089400 1.381.102 8.310-01 3.785-01 6.256-01 8.41T0-01 -1.030-01 3.20-03 1.796-02 1.319400 S.241-03 36.90
9.302100 S.032400 6.603100 3.389-03 -1.998-06 2.005-01 41.26t-0! 6.92.20"

NT= .39533720ID2 71: .74541170.02 714!: .101993-04 0N6= -.56257309.03 VI:: -32337619.0!j
116= .26233lZ1W_.MI .. M 35555j22210".11 .2921ih51j0_0 NI _- .1U 5Z.J.A1U0±D..
FA= .5757T8401. FM: -. 59293659.01 Fl: G60032%Sft40l F,: .37*i%576*0I F: S7293M.22

MCII: .9"139091-01 Mu: -. 18975730-09% -I. -. 13901323-05 Pn: .11636791-09 DRAG= .2693Z950.02

ATT=s SmO9f~tlfI .. APO= -.9644176-sICOT= . 861U0000 RO3TT -7517- ;2--?-07-

I. NOT REPRODUCIBLE
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T 7 94 V' s O LS 0R TfQ v4 " FA CL Fit ALPHA
11.13Z-fl01.0 0 8471.nl~ 1.240_n,3 .018_n)4.2.-~ 1-735-02 -2.306-03 1.131-02 1.4197.00 4.853-01 31.n?7

4. !079-nl W.00 0.0 8.4.7*." T.%mr-'3 4. 19p-03 5..50-01 1.473-111 -1181%-03 3.450-f)2 3.495.00 S.380-al31.84
q.oo-nl I .0-lnf7 a .091I-n I 3.Scq -ni q.)5" 5 .5qt.) 1.20'.01 -L.456-03 3.778-02 1,501.00 5.539-nl 35.44
S .l-n 1.3')1,n' 7.n63-n) 1.77 -1) q.680-01 S.69,01 9.29%-02 -1.087-03, 1.704-02 1.504,00 5.931-fl 43.86

5 ".9s04-01 I.)55.03 7*p;34flj 4.01g-) q.9 0-fl1 A-311-01 6.219-07 -6.037-04 1.630-02 t.SO7.00 6.3-;8-01 45.09
s 7.0fl2-nf1 ).)'.l0' 7.392-01 4.291-.'1 S.32t-ql 6;.764-03 3.14-02 -4.023-05 1.557-02 1.S09400 6..820)-03 48.13
7 0-Alf6-l 1.234-0? 7.347.n) ,.5q9-O1 5.571-01 7.157-n) -1.458-03 o;.013-04 1.507-fl? 1.477O00 7.2131-01 50.62.. 170-75 t.17,n, 0.s1o13 4 .'j -, I -;.763-fl' 7.507-a) -4.5.c 

0
2 1.331-03 1 .413-02 1.427.00. 7.567-": S- .74

I ..'f~l 3.74 -07 G.CC2-Q) '.73 1-'3 5.91i 01 7.006-o) -9.164-n? '1''.6-03 13.443-112 1.177.00 7.924-111 -;4. 70in 3.(Qx4-nn G.7,l .427-03 5.715 -1 6.196-1 8.7341-01 -1.4101-01 3.077-03 1.1#17-fl2 1328.00 8.291-ni 56.89
4.ZAI.0)0 5.131.l'? 6.572.n0 3.1498.' -5;.282-00 1.629-01 3.987-n3 6.565,00

n009107 CHECK 
3

AULT A, 016074

T: Znr0q.onn.nl Z: .1174s6'02.n, IH: .7'.'5"?09.n' ON-z: -. 975fl5148-00 V-: *673649fl.l
If: .4"507'.? c7? IT:.O TNT=)73g7r, -34-0828'-0% 000: -. 4354541-01 VI: -. 84839245-fl3

710,: - .3grznrr') '16: .4"'S'0nOI?: -14163W-0.3 0p"G3: .753157646-02 8: .11685000.-02
CA: .5"4r-9-5177 INd: -. 077780.0) I 7 FY= '89.01 F,= .55165447-02 F: .569520

1.?U: RnOq,)qj- I~f W- -. 5277465.0 -T- A'24lo65R4.ns -" .11r24 371-t-q 0086: .260843c7.0'2
Y IN- .IncOaOfnU--,, &LT- .3R703"Rol c0: .0l0nnOOO 09: .34141,770-0' flFz .00ooono"
A? T- .4 *9985 9 3.tl 4.0- -. 41471)-f. C"?: .57176891.00 89??= .749576'4-nG 040: -. 14778069-03

RUN 14

a 45 4~s O Lq 0' T0RO 1.4 51,8 CL FN ALPHA

1.13203 5041,? 1 *90.0 7.11-")3.934-0? 4,712-01 1.7117-01 -?.15"-C%3 7.999-02 .6"0 475)3.2
q 4. 160-n01 .061.07 1.367.00 3.117-01 4.1141--l 1.0141-01 3.445S-03 -1.867-"3 7.886-07 1.470-00 S.077-01 14.4S
I .n00-n01 ).0084.0' 1.134."') 3.4941-91 4.1,3-l1 S.700~c-0) 3.381-0) -1.518-113 7.77q-02 1.474.011) 5.412-01 3P.10

4; q jo -nI 3.370,0 70l 1.2 1&3-'13 4C,537-n) 5.747-0) 9.042-07 -1.09q-01 2.67-02 1.478.00 15.821 -01 41.53
S '.66-rt 1.1)54.0' 1 .2-P).n. 3.44.0 4.R441-0I C.111-01 6.114-02 -R.050i-04 2.552-02 1.48 2001 .244-03 44. 76

6 7.50U2-0) 1.14"0 13.74.019 4.77-03 1 .210-') 6.6)0-01 Z.52-02 -3.12F05 '2.442-02 1.4816.n0 6.705-00 47.02
7 A I'M-at1 .?11-07 1 1 79.flfl %.73-fl 5.507-0)l 7.017-01 -6.681-03 c.21?-nt 7.361-g2 I.R467'00 7.110.0) 53A
A -.IO--]~ 1 .276.0? 1.- 39.00 4.860-") 5.696-") 7.3SG-0) -4.830-02 1.356-013 ?.110-02 1.,412AP0 7.460-01 5'.Sl
5 5."fl0.00 t3527"0' ).fl05.n 5.2l0-") 5.1mi-1 7.709-01 -9.7141-02 2.183-01 ?.265-02 1.361"00 7.317-111 -;4.47
in I.*40 ox+n . 1.00).'I SI ) 5.612-n) 0i.116I-ni 8.070-03 -1.383-01 3.104-03 2.226-02 131S.on 8i.164-01 56S.7

~2)4771 : 4.219-"0 q.031."n 6.37S-00 3.2'-01 -. 000 2.548-n1 4.417-01 s.460'00q
.21437n = .1 A01.113(1.. 714: .75990.818.02 075S= -. 971421-6,.06 A: .11099306.05

71: .376'.0475SS..02 ?I- , .41638515S.0' 747: .14997276-04 cOG: .. 850'5'014.01 Id!: -.301970944*00
lie.: - .2c 13*4'70 1? )0: I .41 S4 174.1 71,11: T - 1 IA7 373Y-03 01M.0T: .3671112Z-97 0: .3118850OnV.02
VA: 51n'1)0 FIN -. 77705761.) IT= .A375n533.n) F': .55410577.02 F: .55800897.02
1.C"= qp0"oq051-nl 41: -. 5q77786.;-0 ..7 -. M'35219-06 nfl .22147,106.04 0066: .255002)4.P2
VTR .: *IflflOn~fll*01 eL?: .1137 1990, C0: .0no000000 6v= .24)97no1.02 nF: nor)C,no
ITT- .49sss5'1-n3 61.0: -. Z)0)5553-0'. C:1? .57X46404-00 8477 .7510 t91.Ion O00: -. 639ZI1646-"o4

V 4 I1; OR LR 05 TOO() No4 08 re 3C FN ALPHA

I 3.137-flI I.30 1.ps5.In 3132--03 3.132-01 4.172-03 1.386-01 -13.6519-01 2.160-02 1,187-10 4.202-0) 26.18
7 .600 .flo-o? 1 .067.109 1.?46-1) 3.246-01 14.307-01 1.172-01 -1.472-n3 'P.8'1-02 1.185-nfl %.%12-01 25.58

.. 5.100-01 - 1.07).0:1 1.049.14 3.3415 - 3.385-0) 4.s'5-a) 9:52s'-02 7))4n .807-02 1.1914fl0 4.634-M1 3,.66
% % .41%4-05 o.UAfl 1'.0?3.nn I.So45-"3 !.549-01 4.51S-0l1 2.55-02 -815" .731-02 1.194-I0 4.9'8-01 36.03
5' S .406r-01 3.73 9.57S.0) 1.738.l 3.711.-fl 5.207-01 4.887-07 -4.700-04 2.656-02 1.1?7.fl0 S.2.5-l 395.02
6_ '.4n?-Ol 1. 1% 3.0 9.7)2-nl 3.9S3-11 3.95l-o01 VP52-fl] 2.187t)-0 2 -3.80.-OS '.583-02 1.194-00 S.575.03 43.87
7 X.136f01 t.1-6-07 9.4.)4*133. 4.116-01 5."-1-5.74q-03 4.947-04 M.241-02 1.)80.00 5.864-fl 44.15
a .370-03 1.277-07 9.0.0 .458-0) %.1 ;0 .061-fl .3.91T.02 1.070-03 7.484-02 1.146-110 6.1?7-nl 46.54
t, 1.000.,10 1.260.0? 8.89)-fl) 4.749-111 4.371-11 6015-01 -7.420-02 1.716-"3 '.447-02 1.1'00 6.397-n3 48.57

I0 ).l40l330,7809" .q0441 4504-41 6.'10-0) -1.11)-01 2.433-n3 Z.4)4-02 3.077."') 6.674-0) cn.47
3.047-11n 3.874.0-) 5.369.00 2.601-0) -5.910-07 71.6493-01 4.273-01 5.427.1111

018107 0HECK FAULT A' 016074

7: .1)2ISG66'0l Z= .701.21)34.01t 71: l76574Z4f- I 01.55 -80)57701.00 W-: .8K67061.n4
Xt: M3fS5171-02 73: .1nG0S711.0- 7ut: .25)G-1 O-Cn -.751*3T74.03 m3iz )7844"

71 43447.7 70 :r A -. 0746re01 F?-: .30r77574n) , .4 0357n F: .476570,07
K671. .5inquiam-61 Rut -0"3,0458-00 -T= .))ns7966-nG -n .578257005 0080: .21-03033.02
0wN: izfvocinn0- OLT: .21 )13967,31 CO- .01000000 0'.: .397TR8981.07 OF: n03no000f
A'?: .47004*l)810 -. 77746flfl1-0 C0T= .4iqno5748.00 88!: .7441fl(11.00 ORO: -29Z36204-114

RUN 36

0 VIc V's 01) 64 IrTel0. F CL Fl) ALPHA

1 7*37-ol 1.0%5-n? I .142."n 1.242-") 4.%351-01 5.387l-0) 1.927-0)1 -2.354-01t 2.256-02 1.676-130 c.221-01 11.70
74.166-01 t1,110*0? 13.1136.' t" 7.404-")' 4.760-0) S.S0'-03 3.039-01 -2.0SO-01 2.348-02 3.680.15 5.61-01 '17.64
I .""-fln 3.n ...07 1.fOstr0on 7.607-fl S.o4'!-tt 5.51-nl 3.140-0J 1 .671-03 2.042-02 ,.681I1f0 c.042.10) 41.19

4 44- .)11.-02 3.053,10 1.446-01 5.70" 6.447-0l13.020;-01 -).217-0? 3.9337-02 1.697-119 6.51(1-11 44.14
S .60 .7.l1 .013.00 4.305s-n 1 5.747-01 6.9%41-0) 6.9)5S-02 -c..790-04 1.634-021 ).6913'00 7.020-01) -, 7

6 '."W-0) t-21707 9.A4C0 1l 4.4 13-n") 6.176-01 7.410-01 3.133I-02 -4.545-OS 1.733-n2 I1.695.00 7.572-01 5617
7 A .11-01-n I.50 q.4*0.03 1 .~3.l 6.508-01] 7.954-0) -8.47'-03 6.747-04 3.062-02 !1.6 *0 804- S1.92
A q.370-n) 1.105-3' q.3419-01 S.17)-2 6.755-fl) 8.3c4-01 -5.50.;-02 3.I 0 1.6)9-02 3.60) 008.54" 55.98
9 1 .""0*" )3n '0 8.4)0-03 S.544.fl 7.3-)8.74C-0) - I..01 -01 2.4)0.03 1.581-02' 1.54 ?-011 8.869-11 57.816

3" v.in0 1.4fl070 a.4 Al -11 5..4 - 1 'A7-01 I.I14-01 - .5-)3.43P-03 I.S46-02 ).484.00 9.2134--l 55.57
4.4117."0 S.q20.0Ols 7.145-00 3.723-01 -1.357-016 1.63-01 4.182-0) 7.2055'0"

Z-.3065-0 1 .311604.0' IN-: .770fl7396.n7 01.PM -. 3l2R2171.01 8: 1110'7011.Ph
O?: .29790)2.02 2!: .74489667.0' 71.1: .134884)0-04 0-0? -. 40351430.01 W1= -. 23629372-01

v Tr- -2AROf7)154-" 216:- 313317774-0" v.'rr: .. *S080381.04 01.0?:. 1 .30a410 0: OW -)85 .2
FA= .61M38'57*'7 IN- -. A73n0040.fl3 F:- .1385994sfl Fl: .6)735''2.": F= f;PzS?07?.f02
1.CAT qft0q9oll-o) hA .. 1'A-7)3600 -T7: -. 70720531.06 ."z .73411725-05 0080: .287119-9.n2
vII: .0 1 nn0cllf11 ll .7?76n56.0' If). .00000000o G v .2)896659.0' OF: .'0000000

A?? .07777'~) Bo:.~173 COT= 07 .0;37%114F.00 84': .757477"3.00 000: -134449774.04
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RUN 17

tr 0s OR 6 L 04 TAND M% s78 cI. F" ALPHA

I3.T%7-nl 1.071-07 1 .200."n 7.?735.4P 6.2ne-02 4.60%-01 1.67-01 -3.nAM-03 1.S65-02 I.507*I'0 4.636-01 36.66
7 .166-n2 1..85*07 3 38.0 .882-03 64.4p-01 C.067-02 I.G?1-O1 -7.71 3-ni12.67-0 3.510.tl0 5.076-01 39*31
I '.0"o-fl t.13i.? .17,0 3.108-nt 40717-01 5.520-021 .341-01 -2.236-03 1.390-07 3.513037 5.569-03 63.23

S .834-01 1.17A.07? 1.321,0n 1.10;7.01 S."1 W-P1 8.083-03 I16-03 -1.86t-03 1.116-02 1.S5."0ft 6.110-01 67.08
S .M6-01l.26 1.22 6.0 1.659-n?3 5.S70-02 6.64-9-02 7.21-01, -9.381-06 3.260-02 3.S36.O0 9.703-01 50.64

6 '.502-01 1.28140? 9.943-"1 1.q92-ml 6.107-01 7.247-M2 3.711-02 -3010 .t6?-0? 3.s2i1.lf 7.368-n2 5,t.91
7 .'3f-t1 I.3O 9.8131.71 6.385..' G6.S%2.-0 7.78'-02 .24 03 a.651-06 2175-02 36475.00 7.3f1712 56.43

8 '170-02 l70*f02 5.1n'-0 6.7- 49 6.680 4.245-01 -5.%K;-02 3.7 OSA109-O? 1.q11.37 8.327-01 58.51
f S~l.flO 1.8,0 .7t'(-ql :4?10 nI 7.363-01? 6.721-O1 -1.05St-01 3.232-03 1.075-0? 1.349-110 2. 7.lp-n 6-.19
In10 0640"n S.3.7 8380 .721-.1 7.65-01 9.19'-01 -1.9"1-01 6.667-03 1.055-02 1.291.00 9.277-01 62.08

?.8842.n10 5.n'82*00 6.925."0 3.724-03 -1.363-06 1.267-01 2.-961-01 6.971.rR)

wr .26088120'fl3 zz .1014.1902.0' 783 .7q8gv11l.0o 60 -.12014172.01 W= .%72780)3t
Vt: .32366460-n2 71: .77fl%8578'07 7347: .302761n-04 090: -.103585'0*06t U!:-?576""
Vi1a -. 818190 ZIG: .36257149.0" 134773 .674R9026-05 0361!? .14049127-02 0= .1181)500n..2
PA: .83ff0780.07 78:-.'5610 to: .8q"67067.01 7'= .837S60552332 r= .6075s302

OWN- .43nqf609s-n1 V3!: -. 1759l75-7 "7: .10741 884 -n? VA= .4i1907681-06 06863 .276s8836.q2
VIM=3 InC0000n003 ALT= *31N03098.01 MI .017000000 31V: .21794689.07 Of= n0n00000,
£773 .3,44s%7l.01 £80:- -76002897-0! CnT= .4317402811.00 867: .760PRI10.00 8':? .7878O=0

RUN 18

1 0 6p 2 w a0l L. 0v 7070 - 0 CL Fit ALPHA

I 1.3137-73 l.780 .01.,30 I.657-3 3.775-01 't.900-01 1.961-02 -3.567-03 3.s79-02 1.441-00 5.0l1--l"3 7.44
7 4.166-01 1.044-n7 ~.045-"U 1.776-01 3.807v-01 %.Z2001 1.11-01 -1.336-03 3.697-02 1.46-00 S.256-02 31.06
3 %.000-n1 1.067-02 3.027.0 3.87.4l14 .052-ni S.692-01 1.081t-01 -3.079-"3 I.i$5-02 1.450400 S.525-01 1.61.19
6 5.1-36-01 1.088*02 3.308C.00 6.0%4-01 6.210-171 S.747-01 8.009-0' 7610 3.676-02 1.856.037 S.817-02 37.20
5 08.r.68-02 1.10P.0' 9.866-02l 6.28-01 4.41-t.l 6.766-02 S.288-02 -6.37.;-04 3.563-07 3.688037t 6.M7-02 80.09
6 1.507-01 t.3195-07 9.809-TI ts7.7 .fg*-"2 6.1684-07 2.434-"Z -3.170-06 3.252-02 1.662037 6.676-02 41.86
7 a.116M-01 t164-07 9.39/.fll 4.769-11 6.478-01 6.721-01 -7.3n6-03 6.577-04 3.IS7-02 1.452.00 6.003-nI 65.19t
8 6.270-02 1.1160 .37-01 5.067-02 5.013t-f7 6.9m8e-01 -8.376-02 9.667-06 1.096-02 2.631100 7.078-02 87.61
-t 1 nnO-nO0 2 *770 .884-01 5.151-n1 5.1-;1-01 ?.267-01 -8.10"2 3.6-3 3.061-02 1.375007 7.362-M1 69.15

30 1.084-007 1.286*07 9.3.0 .683-12 5.302-01 7.S%9-03 31 60 2.172-03 ?."91-02 1.336-00 7.653-n2 51.16
%.S11.197 4.S%1.070 6.2'2*00 2.961-01 -6.251-07 3.367-03 5.750-32 8.313.3

T= Z=917~' 2 .21933761.0' 38:Z .76416721.02 0606: -. 80577810.00 W!: .03325616.--6
XT: .30266162.03 7: .q0608,0 71 -. P?7003-D 0066= -. 70587127.-03 Vt = -. 76104368-"2

AM=: -.167'83620 716 .4-566928,00 7877: .86030346-30 009t73 .8507817V9-03 0= .118850Oi."2
FA= .386568f6077 863 -.612M477.01 71: .62116393-01 773 .S3866*4402 7= .38694-9.0'p
"r": .9n0400081-03 owV -.466?616.0-3 "7: IGM436712 MA=: .56qfsonS-OK 0986 .26929SSS.n2
VT',= tmnnQ~nln-nt ALT= co:3?1,' P: .0000000 683 .17691870 or= ."00000"
£77: .44250002 APO= -.?262a53%6.0 roT: .54%35q'kq00 887: .741264SOfl 090= -.26513783-06

NOT REPRODUC.IBLE
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APPENDIX D

COMPUTER SOLUTION PRINTOUT OF THE DEPLOYMENT TRANSIENT
FOR THE NOMINAL CASE-TABLE III, RUN I

* VTT .32gan000 urys: .11 000010. nT ALTO= swianaon00.wt viu1: .100ftr000.03 *m0= .717100V1-n?

ST .:08,tO.OO.On C- *'SOo'1000.V' t.: *8180n0.'n.00 ft = 7lnon1n-a.an OH: *00O"00o

-'TH- .79nO0000-02 It: .,S8640000-04 TO: .5780na00007 49: .Ono-fnOc VT .0000000

7155: Issa01acc001 fflsl- .1 ManO.," CySS: .$1300000.00 086: -7SOPOM10.03 086: fl1000

fwo= fir0an00co tpIIV .0f000000 CNV?- .0000000 CWT=? cornon.6 ~e-- na0na00o

CWl7 .700110000,00 CMI=, .l50nOOOD." CMT. .. 15MO0000.00 CLI=. .17I1117fl.0I CL?:. -. ?183000ft.qc

70: .nnnnnua*qI THT- .0n00000 VT q0000p UT: .0n00"0""O rs .00000000

'N'?: apoonpac'0 81.18: *'fl100."K

*JR-: .3321o000Ia OR8= .41800000-01" £9? .80000019*I ART .1n00000"0.05 It= If?

.T: 004

1 1 3:0110n ' 1 8457f 09 1:5: 0: :2:11:0 1:-1:0 1. '8-820TV

I .320 'S":*0 I.3 "0 2..n 11 .8-04 159 2 .2 f.5 7.638-0 3.85-0a9 gas0-at 3.577.0 1

3 4.000-0 1 l.000*7 I 14-fto I.11- 1.580 :-n1.7-0 -S.*9:O50 : .1 2&:106 1.703-:08 :1.640 1.*-n .50
To 4*8-0 1.On"07 1. q 7-k .79S-18 9.18-0 q.7.-0 -8 0 8.5-6 3.888-08 1.60A-00 3.qqq- 4 So8

49 6.6-MI 1. fin.07 I .357.0 .8-88580 1.8'0 -N.1-0 .1- 0 .051-0 3.60-08 ",0-no .66

£ ."2-01 2.00n0007 1.357-08 I.S58.' -4 .0 1.d10 t. - .847Or S.2PS .3-0: 3.058 .2'.8
7 *., U-0I 1.0 00 1 .357-04 7.11-"8- a.34-0S 2.081-0 -1.AQ0-08 9.7s -0I ..5I-no 3 .695-n t 8.36 no .8?

8 01'0-01 I.0011.0' 1 .3SY.8 472.2 48 6.5413S-0 9 2.229-04 -2.394-08 1 .02t-05 8.85-011 3 .6O0 a 1I.S730 .13
C '00.00 1.100071.347-04 2.38S-" 854f .1-0 -2.S84-0 R .04:_05 S.151-08 3.90S-04 *.Go2-.4 .15

1n.0801.100 IrnO 1.SS- .57- S 11.91C.111 I.Sn2- -7.547-08 1.14-05 S.S38-94 3.605-08 8.043-04 1.10?
1.115-T I .815-f)8 1.7-'-.'0 .291-f'S 4.317-03 4.8-0 .173-n,;

flyVI~r CHECCK 'AULT AT 03flA78

V= *5985887a.-On 2: K13617-07 TH= .13197414..I 08(1: -. 20258157?-Cl W= .1133702S."1
ITT .*849 1 0 9. 1 : T .3'17?T552.0" TNT: *2193535'.0l OR6: -. 74*52."1.03 WT= .31226s@!."2
J1: .87871z 216: .5858588q3.0" ?HIT= .13292771.03 OPIVI? .130"017.07 *8 .I t a.-
r :.3076-1 3:..177.0 : .1104MA3-0I 1 .101810".01 6: .I038179I.01

It": * 0%01-l MU:11 .10323755-0 NTT v'31zs43'."O -f)= .72MM862-01 09A6: .786.1018-2
978:1 .100500009053 OLT= .88581590'- cc: .0,0,0200 GV= .8884cill nF= ."0000no-
ATT: .8N868-0 -7:~ 11866q77-fl7 'I'? .31t711:07-00 387: .7311437:0.00 *-O: .87108668.10

77.4: .014

T 9 t 99 5 an 1.8 Olt 799 P. 468i CI. 68 ALOP*

1 't.112-nl 1.0n002 I 11A744: 5.71-. 6.608 a .8. 117ft-08 1.01.q-05 J.119-n3 '.678-0'12?" .62
7 8.264-1 100 , -.(I8-03 5.180 4.318.ne 5:.7-0 28%"-fie 7.127-01; 2.131-03 7.67"-1 1.351.113 *77

3 4.000-01 1.000-07 1.00".3 5.666-00 6.6311.n4 4t.so-081 1.502-08 3.221-OS 1.231-03 2.67801F 1.811-n1 .92

8, T180 1.nO0 1.f80 "Is:.:0 65n 4:8808 8.7t85 3.'17-05 9221-q3 v.678-03 1.873-0' 1.06
.68-0, !:0"1071050 .8866808 310 -6 ?01 3.84 I-S 3.15503 2.678-n31 1.35-0 1.71

6 7.470 1....07 1.00k-0lt 4.55-" 6.3-48 6.548-08 -1.780-04 3.602-05 1.439-03 7.678-n3 1.5-l 2.14U

7 :, * 10 1.000*07 e.0-03 6.587-"8 6..80-0 6.911-0 3080 .6-S1520 2.679-1 1.9'1t' ?.51
8 8.170-01 1..01002 1.008.0l 7.4 ?1."8 6.6810-08 7.1n00 -8.10f-08 3.IJI-0S 2.617-03 2.677-03 1.777-01 1.6S
9 1. a 00 .O "0 .0002 1.0nA-c3 1.86."8f 6.641-08 7.711-M8 -%."8-04 4-111-05 1 .721-0j3 2.677-n3 1 .792-01 1.810

In .0800 .0O*7 1 Xa?-f'3 4.0 1 "4 6.%83.08 4.174-04 -7.121-no 8.781-06 1.a13303 2.677-01 1.457-n3 '.IS
6.S485-" S419-31 fi5'8-0' -..- n '.S49-08 1.83-fl 4.1098-03 j.R70--7

07930' CfCK fUL A8). T 013078

IT .14%19448-01 2: .98387968-0' TH: .78107791.01 DM41: -37261491O W= .110939102--I
ITT .55455513"2? 71: .34797G.00 114TZ .74172'49#~01 086: W.88000 IT .385878Mf'0"

1 16: -. 651, 7,;0-03 216: .58888301I.n, 'Nt!: .,74887.01 0801:Z IS17949-OT 0= .II8850fl0..2
F8: .1 4,3 1 4800 F": .. 98831.2 3 .70885515-01 r'= .111479116701 f= .!8449700.01

87C4= .40405051-01 8W: Ass"8130-01 87: IS344831W01 "AT .058ftO590c 0ivas= .76113574-31
,," 118: .100000003 SLY= .48jq83S7.0' cc0_ .rq000000 fi8 .9C311111-07 or=: norria.t0
*77: .14524835-02 *80:= CDT=852n 17 .3n3n072R.00 Q867 .73614sas.0O 980: .1253111.I

?tTO8 .025

I .17 -nI 1.06)'07 %.?06-01 2.147-"' 1.244-01 2.27'-nl1 1.780-03 1'00 .783-03 1.174-07 S.-C73-n01 t.73
2 8.136-0 1 .0000 q.'85-n1 2. 748-; 3.151-.03 2.252-0' W.'

3
-03 l.' .0~ 9.09-03 1.174-2 4.825-03 1.58

1 .0-1I.000*0? 8.74-01 7:.38. 1 1.,190-11 2:.70.1 S.36*-08 I.010 .1-3 1780 .5-'28
8 o.88-0 1.030 878-0 2.88-"' 3.a130Olt S.360 5.3 -481.88 44 It -3 1.77 -7' 6.16-1 '.6

an 634-0 1-10 473-037 ?.6.i . -'t ?.17q.01 51.0to-as 1 .88-po 45.617-03 1.274-07 6.675.111 '.8S

78 .31K _01 1.0111-01 8.7*5.01 1.26" C2:6-v1 on51801 - 1103 2.8.1 .9304.'1 .81R *
TO_ I.0.1 l.0n207 8.738"'1 3.15" 1a

3
8-01j '.08-0'l :1:%11-03 1."-l 6:017-03 I '77-0' 7:071'-'3 if6)

20 .0800 1.0"2907 I.74-07t co47" 3 III 1.201 -2.1 "-03 c M. 0 1.01?-03 1.77 ,0 7.551-'3 '.85

78-0 .'-2 2.991-01 -2.800-03 I.581-3 5.4196-02 2.:??-')? 6.7695n'
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V_ 5516.I 2 ..8?.... 0, l .5TZ680 0WW- .784'-0 : .23747*7."2

64: .617 76G6.,fn 68: 1.1 -7.20l 61: I'1834377.no r': .1% ?81)S7 02 1 r .388753.01
.C" .4*5030 T- 1'.66n .2s"871'5'.0 91 -A .44661778.,0 00*6: .30561nt-no

2nV .lfAl0:".:'T 8r :*llA5.l en: Zooloo 66 C .4 C,,0 n6: .o1ooa
AllT: .1 12-" 1-0 n.518n53-0' 01: 2 1 .28 o.l lIT .687 7.00 -0: 202 7 095.11

,f..r: 0

6o W' OR u's 0S lsron A. 668 FAI6 ALPHA

I A.132-nl I.oil .07 I .*Z'-07 A.q815n v 3.78-0' 4.In' 01 S.So1-3 S.ln%-Oo 2.911-02 8.85 1-" 2.2110-02 '.50

' .16-l .O1:1; 360 .3-1325" 1.160 1.4'0 4.050 a.80 8.957-0 2.338-07 ".00
3 6I'l0'33*~3-l~3 82- 1.4- S. n A.,70 3.-0 5.120 2.0052 8.50-02 2:428.0 't.50
8~~~~~~ AO1.33'0'380 .0 - 1.0-'57-n 2.44--03 5.675-04 2.n73-02 8.847-nZ2 .11-0' .00

6 .68" .nn6, 3 .l 40 q.6f12.206-07 2.0"'-02 9.5,g-nq6S~0 .5-?8.8-?250785
A.'620 .1107I.7-'2~ 3.2717-1)7 l.036-0? -6.01-04 6.0359-04 2.250-02 4.po2-02 2.58S-0'? 5.00

7 *'6-3 .380'I 33~? .02~~201"1.-66-0 --m8f0 c.21,5_0% 2.151-"2 8.613-02 2.,nn-fl, S.5'1
:nn41 .f5.'I.20' .120 1.204-17 z.0-0 -2.4n-03 14f8 .60'? .3-0 2.7- ."

3'3 'l" I 0517 35 1. 7'' 1.71?0 I.1''-0' - 7.613--03 G.I3A-01 '.705-O2 81.925-02 3.053-0? 7.1!0
1 .0 15 A 2n .707-91 l.? - I -. I1 -3 fi.o0003 2.282-015.870 2..688-n!

IT- 48170 2 '73000 HV .3'25lS.0 0A 6 P;-.1232q787.00 WV v: .5674138.:(3

I: *58 I V .7 415- 1 I: .411 750 141:= .1178196.01 2 0 :703711,1.04 -v :.178 031:01
16-078l0321 *85*710. lull: *6,570 31 .105'30 o: 18100'
A: .11)4 O st 1*' . 8: F-_. 613101 TV: :Ito t1lq1 4*0RSS a, .8830 1: .50 AS I.0

.:1'05'-' v .~'6I5oo .T: .*'88l001-01 -0- .1461C,41.01 floss: ql3oqoqs.no

VII174 C3l1'.1at ,t~~ . tn: Oq000000O 6V: .127AC4.07 "6: .1000000"
All: q;q .20635" all A.. Is I S-0l 1fl7: .27-71170-30 801:_ .73362585.00 030:_ .0O5G0-Z.'2

I1 .117-1 l .ofl1.O' 8.61-n?24? 06-"3.0,2_-' 2.c88-0? ! S61I-01 5.173-0? 1.735-03 g.s@7-"? It.7s

I .265(-n3 1.007-0' .517 ?.-)'1-'12 1.317-1 1.036C2 1.114-02 3 .62*-"3 5.856-02 1.'34-01 7.02R- v? %.It
3 '.00ni)n I.0'0 8.650.41 -.f. 1.1164-66 3.077-0' 1.117:02 3.53-01 5.551-0? 1.233-02 7.171-0' 5.00I
4 g.n3l0 . .010 q8.686-'np :co? 3.01- 0 1.1"1"-7 810 1.7 1: .050 1.72-1 .322" 5.6

01 '.)1-0 .18 , 1.687. 1 '.6. T P,'80 21 1. 02 5604 3 7803 6 F.10902 2.32-01 .7-262
6 .66fie 121.0125-17 A.170 g67'3? 1.017-0' 3 .3I"6-02z 2., 0 " 1. 705-093 r.. 112-02 1.?231-01 7.424-02 5.87

n,3-0 .62' S.77-" 1.:1-0 :,11r:112 -2:Z:-0 1 .:731:031:!.]2-02 1.'-01 7:629:n2 .857

I ".n70-01 C14-.0 8.e 2 1.70" !.0:"- , 3.26-0? -3.177-0 130-0 6.614-0? 1.227-01 7.942-0? 4.11
S~ ~ lctO'f !.3140 8.60.' 165 ~ .10' .3l41 .5-0 1 03 6.723:02 12S-'ll 8:.I1'-n' 873

in 1.'8.7 .14?8.1.?384" 3.05:f-" ..60 -72-03 1.885- 6 IC1.02 32'8.2 52"

3.7-!3.0'?' 31-01 3.811-0? 9.20 750 .271-02 7.550)-01

T: .855577.' 2: .82 3-o1I 7.4: .11052105802 01116:T -. 31ASOM'7.00 34 .11022531-03
It .451783fl 71: .61'3O 14: .l'f"68I8.02 -0 -3:*9 -.7 16710 W41: .25802ftr2*'8

lIt -31 l~-1 216: ..486" 87.0 :1ll .'35'0 0l':.'787.8 0 .1360"

6* 1 .156872' 1 PH: - "1671.0' 1: .'3 911387.'1 ' .40067.0 1 : 01A.860550

.c.4 .- 05~ 3*) _1 W: . 384'6 .. 0 T; .?1"1 ^7 R03 I : .26653530 0S1.*0I:-A .1 267 S I "..,
VII .1noonn'o-00 ALT: .8057. -D .0,000000 1,- .$856618507 nF: .000000"
LTv gm'?s-sm-na 830: .7023" 351-' Fit: .'CS3*193.00 PST= .72781628.00 PAO= I&83s2qpgno

'166 ASIR

o R W8 ORT 0 L. 0V Tenn ~ -. 6 CL rag ALPHA

i;:, 1.117-0 101 71-:1 1-:142::' 018?0 :.0 2.770 a .70 15701 .5-l .0-181
7 .- 1 1:.*0 7.8-7 6 1 2. 188" 7.0802 2.%703-0?2 3.%G-073 1:.53-03 .5-0 11-l.5
.q "010 1.007.0' 7.1.7688-7857C .010-02 2.0-7-02 3.858-0' l.1f.9-01 1.5813-n1 1.427-'l 5.58
,1 ,~t80 l01 7.5?" S .5l" n.;1 7.2.fl2 :.77:o 3:;.85:o0 1.17O 1.8-1183-15

6.6 1 1.01 7.5'65n0? 6813-f! 8.56." 7.I 0 1.810 J.51-0 385-0311 18-R 1.5?' 1.7
6 .ft?- 3.(" a' 7 % _ P? C*557 -11.650 T.15'-0' 1.136-0? 3.585-0'" 1.155-01. 58-1 1.65fl01 r,.,,

Ir .10 I15 7 :5121.-? 7 . 060 8.591-" 7.1%6-02 7.*42-03 1.583-011 1205-01 1.I A2 -o I 1.871-01 7.58
* *3.1713 1.003n7 7.-03-1? T. 171 -2 8 .464-n? 7.2--02 4.813-03 3.517-01 3.735-01 1.50o-Cl 11853.01 80.%6
* I .(, 103 o 1.0019:07?:7.8843 7:'05-?888"'7'l0 1:0:2:-' 3.68-03 1 .77-01 1.977-01 I.507-03 5.05S
in I."$%~l 1.0007 7.88" n7 '4-2 .5-' 7.1 a? -2.35-03 3.5." .'0-o 1.578-a1 2.521-'1 4.63

r.'85 -1 4.qt$-n 7.1'-0Ol 3.6-0 .58602 3.S13.00 4-121-02 1.46f"m

T- Z;5l'?' "on.----ll~ 1-: .'875002 0366: -. 117715-;8.00 W= .55557166.03
Tt: I55 Il1" 1 *16610 '-l- .106q .66 00:- -. 74264-198.03 vi 15783.'
TIC:--' "75761-011 : .It 678." T-11 n.f878' 1.1: .1 1918ll'.04 Q= .1lsp160n.n2

ill: 4l70"0 LI: .8.80.'co- .010,01100 ftsm.33m8,#20, 06; - nonoo.3o,

L': .1 Tf4812."! 4-0: .6061.1coT: .261355831.00 CA' .7187477000n 0.0: .531073'?.n0

1136: *053

1 0 V. u'S 05 14 ITS "0" Ph68 C t ALPHA

I '.''2-0 7 3.:'1" 5.7-1 1 1! -311-? .6"0 3.56C-02 5.848-01 3.572-03 2I.55-01 2.1- .56c

7 .156-0 on"17'0 21'?- 2.18" 6.117."7 1.1-4-01 3.311-025.3" 1.57--0 2.588-11 2.924-01 5.38

8 % 3.88 I 1r"*0 .7120 15-6 S .20? 1?'0 2 ?7 1-02 S55403 03.8-1 .5-0 2080 .2
5 C.665.n31 1. n0 0,' 5.74;;.n? l1." 1 6.Tz??-"' 1 .7'S-Ol 2."I3-07 5.570-03 3.585-01 2.535-01 2.054-02 5.79

6 1 ,0-o I l.0'660' . - 7 -n7 1 7'-t6 5.1-0 .210-02 2.14%-02 S555-03 :.530-01 2.538-03 2-063-l 7-7

*.'6.0 l.'l07 1 .63.423~A3 '7- 120 1.3?0 ;.r.22-03 L555-"1 .57- 2.073~f01 7.13

8*l70-0 M .04'5.3 1" 5. -02 1.-0 .S"-0, S.F."1 1.601-01 2.533-02 7.043--1 4.11
I I.'00 -.l61 4.6 y, I.4' I.810 I."'-:0 1 3.-07, S.637-0 2.506:1 7.538-91 2.053-"! 8.8

1- 10."8' y.0 I 5. CA, 7 1.157-" 51807 3lO .3-3 .7150 12" 2.58-1 :.0-" .15
a.'."6120 a."50 S.~10 5.660 .500 -5A.252-0?2 1.03.

TI A55?I 3"."?'""!: WI= 11:4I -75' 10 1141: .613702 030?. -411550 1 1 .36 T 4."
Ifsn .128- 16 .7350:nn"- -- T: -:;3101181.3 03.: 5386131 0: .386t6.

y'. ."03~.0381: 66*713-6 o: ."0000 1I .83"86' 1.0' .fr= ."0"00 7p
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I1.132-"? 1.fl.0 168 .1 1-" 64-n 10 1.500-01 4.529-02 7.77S-03 1.574-fil 3.016-02 2.3$3-01 S.00
4 .165-al 2.001-0? 2 .191-f01 2.55-?? 7*.a6.i', 1.614-01 4.141-02 7.?10-03 1.57S-Ol 3.03S-01 2.370-"? 5.89

3 5*flROfl*5 1.0012.0,j j.161-"? 1.168."? 7.8*5-fl' 4.1- .017-02 7.25S-03 2.V77-01 3.028-01 2.378-nt 5.86
8 5.3- 1 .0137-0:1.2 1.1 .572-0) .5-' .'-) 3.771-07 7.277-a3 1.6741-02 3.013-01 2.386-? 6.8
S .580 1.0327-07 2.162.321 1.574-'!? 7.497-07 I.s"P-OI S.441-07?7.757P-03 1.5-'? 1.011-0? 2.30%--l 6.4)?
c 7.cf2-fl t.O01*07 2.Ic.-01 1.578-"? 7.502-0? 1.631-01 3.15-a-z 7.310-03 1.682-01 3.009-01 2.802-l 7.86
7 *.T56-0l 1.001.07 26) 1. 580-17 7.507-07 1.610-02 2.007-02 7.137-03 1.034-01 3.007-03 2.410--l 7.5
I %.170-01 I.an'-O' 1.118-ft 2.507-02 7.S?'-07 1.65f 2.617-02 '.363-0' 1.686-01 1.00% -0)1 2.810-'1 4 .81

41 1 5. "n0I I r 2.0'l507 1.256.0l 2.5531? 7 . .51 -. 7 1.680 2.'2'-02 7.1-P-0" 1.689-01 3.0"2-01 2.47?-Cl2 8.13
1" 1.068800 2.10i07?1170 I 1S-n .SiO- 7.125-fl2 t.658-0l2Z.019-02 7.0140-0- 1.692-01 7.99"10 2.835-"? 1.82

I .578.1?' 7.501-02 1.12.4)0 S.117-0l 72-5 .642-00 -t.000-01 2.398--'

W= .,709OSS39."I Z: .2-210 70." 18: IN .4%40026'.02 o's:-.16'88f W: gn%417247."s
ii: .49615106-07 71: .2S7171"7.01 TNT-- .18177.0 0 -.1377'508.-51 VT-_ IS152893.f'o

T1IC= -.1clarq"O000 716= .-)O5858620fl HIT.- -.88581758.0)' '2w.y: .20078*82.03 0: .1 to50MMfl2
78: .185052SMfll 78: .?t58qqq1.fJ? r1: .217*1019.01 77! r=8~18.j 7 .22747350.01

arm_- .558 r-0 u: .8570-2 .17= .158.2 -" 7?71"-T700 '086: .65244673.-'1
VIN= .10000"00.0' ALT= cc55770' : .3"000000O fly: -85~' 'F. nlOcOOnlO-
8'?:_ .215144858*0l A-00 .216K*7S7.01 *OT- .?*755.0 =, .72082669.00 too= .6491-111.-0

I 1.332-n2 1.0fl1-1'17 .358.0f! 1.47S -1 8.91?-0' .*60 S.Sc8.02 8.366-)' 1.6341-01 1.&7q-23 2.526-fl? S.44
7 4.16-111 1.001-0' 1.358-01 1.477-1' 6.635-02 !.PO'-01 S.20S.'12 4.177-01 1.6)8.0? 3.478-01 M.33-? 5.52
3 .. 000- 1.01-07 1.11" T 1.8S-"I 6.638-?? t.07-02 5.006-02 A.!"-03 1.61-'I? 3.877-02 2.K81-fl? 6.81
8 %.414-02 I.1.07*01 2.353-"I 1.6'2.4' 6.60'-0' "-1 8.727-02 8.41f-01 1.619-ft1 3.875-01 2.585-"? c.50
% 6.61-fl 1.09070 .'20 1.8'6-"? 8.687-0' l.5*-01 4.44"-2 8.8'S-OSt 1.620-01 3.873-4' 2.557-"? I.'5

6 7.46Z~-51 .001-07 1.151-o? t.aftn"? 8.657 3' 1.919-01 o.197-07 8.850-r)1 1.1-01 3.*71-02 2.Sg5-n2 7.or
7 8.516-4)1 1.'1f0.07 1 .350o-0)134-128." 4~.64 1 .5-1 .. 1 .6-?-0? -. 471-01 1.6-72-0l 3.499-0?? 2.S73-2? 8.16
8 -. 17"? !.004.011 1.184-01 1.885-4'3 8.065-0' 1-1-"-01 1S.505-02 8.%5-)PSl 1.6:23-4)1 3.866-01 2.512-l 8.88
8 1.000.n)5 2.OnsflO' 1.385-01 1."58-"? 8.577-0' 1.931-A? 3,176-02 8.374-t-3 1.528-01 3.863-02 2.591?-"? q.12

I1" 1.084."0 1.006*0? 1.347-"t 1.655-"? 8.640-fl' 1.4l-0l 3X61I-02 '.55,-OT 2.62g-n1 3.860-)? 2.558-n? 5.800
6.1.f .651-01 1.541200 8.3r55-01 8.447-07? 1.621.00 -100? 2.562.00l

1= .84977270.01 2: 2'n?QftqT.Oft IN: clans18O4.02 Or's: -. 125C2267.00 V= .20500573."8
Im: .458376112 ?I= .2A81n755.0* 183: c"c50q2n-Ot 0WI:= -127137?0.01 WT= .1542886."8
ol: .l2125*f 276: .14585'511.0" 787: -.83t?8386'.3 ONG?: Si?71170'.07 0:_ .11**50"'.fl2
CA: q71922478*f00 fu= .18758157.0% r?: .,n&55065'.01 7': -. 88%-S6.04? 7= .21175076-01

H"=II g50oqgnq-t0t V8= RqSI'$?3q-2? "7- -. 2747635."l ..= .71172co28.00 08*6: .75488126."
VIP: .1naflOnfflO03 ALT= .4-*A6%7-5.n, cnz .osooocflO GV7 .88384).410' "7= n"0eaona

£17: zsn075s7s*ml APO: ."75'75.0- C07= .?1"61314.10 we,= .7206128".06) WOO= .66371366.-O

*?PrT n06

I i= ,: *55 0m L* 0 I 7 - lea CL. rm ALPHA

I 5.3-0 .04)1*07 1 .544-11 l.6-" .7i?-) kC2 " 6.4S-02 t.'523-03 I.517-01 3.985-21 Z.1.2-? S.91
7 4.165-0? 1.001-07 1.587-0? AS 1.1-?3 75 7.016-0l 6.169-01 :.7- I .5555'? 3.s85-0 2.631-' 6.45
3 '.)0" .0lI.0'1.570 1.955-? 9.719-"' 2.087-"? 5.V*5c-02 R.q8.0T 1.SS6-ca 1.143-0? 2.611-0? %.5
8 5.1-0 .Dn7f'P0 . 1.5. 5-('? 95R.80-fl 7204-"3 5.G00-02 9.0"8-05 1.557-01 3.91-ps 7.67*-Il 7.85
5 9.968-"? 1.0)7.0' 1.-t %-0? 1 .56T-' .85 7.05'-"? S.'-02 19.02--03 1.557-0? 1.93"-1 Z.637-1? I . I
& I.C07-21 1.001.4)' 1.8' 1.56I.A? 5. 50 12.063-02 5.V25-02 9.PSZ-01 1.557-01 3.13"-0 2.906-1 R.15
7 '.1-" .0328.07 1.83I t.971 -1 9.877-07? 2.074)-Cn 4.741-02 1.076:-05 I.558-l? 15189-03 2.655-"? A."5
8 4.170-n? t.005*0' t.582-fl? 1.976-1' -1.430-07 2.07*-01 8.857?-02 1.1-2-01 I.558-02 353,?-01 2.6 90 .88

* 1'0" .006-07 1 .. 0 -'jI 1.582-"? 9.079-n7 2.085-0? 8.155-02 V.110-03 2.555-0 3.127-1 2.678-" 9.51
I" I 1. k' II .- r 1.110607 1.Sf5-q2 t.qffil- 51.448-07 2.0434M 3.*42-02 59.?60-01 1.580-0? 3.923-0: 2.6111-0? ?".43

9.6.f .825-01 2.0:0.00 5.170-02 9.P%08-07 2.557-nO -S.4647-02 2.642."'

:: .v5q57x8s580 2: Icnucao8.on In: ..57587657.02 0055:- -. 1tse5"20.00 W: .?1158124S."8
it- .1712755"? ?I= .32?16551.Ot TNT-- .7"1t700'.01 0.4': -1'702"'8.03 wT: .1SS1R6oc- '

176:- -.2055195S.010 215 .44341713.-1" 78?PT 'R?58.1007 -."N3115011'7--l~lP0.0' 0: .?1 1050"""2
CA= .85196;110.00 ru: .1-685656.0? 7!: .7q7*0366.01 r,= -.52688727.n0 F: .21413SCA.0?
PC#_- .*0fmlqn51-0I Pmz .51fl35858-0 "I-- -.?8*38"58*02 -f -.11457750.00 0056= .42409411.-?
WIX: .1-000'1"0-03 ALT= .88*87.0 M5,.V2'0000 61= .491C.1.01 W-: ."00400
AIT: .25582150."0 8.0: .38567.0" CDT= .77G6861.20 "57: .08*"0480: .971Q8775-O

7V. *55 00 to Os IP* P. 55 ct Cal ALPHA

2 3.7-01 1.00t.07 1 .760-41 1.577'-" 1.094-"? 2.071-03 7.787-02 1.250-01 1.581-0? 8.821-02 2.536-"? 5i.52
7 O.285-01 I.0010'v 1.740-111 2.574'? 1.015-fl1 2.0811 5 .1927-02 9.178-Ov 1.540-0S 8.809-'? 2.606-)2 7.#01
I 5.4)010-0? t.0n:'0' 2.735-0? 1.M5-' 105-02 2.06-.01 6.9*7-0? 59.1*'-01 3.580-l? 8.807-12? 2.556-1 7.S7
8 n.8180?O 2.0017-07 1.134-n? 0.56-? 12;-r? 7.046-O? 6041'-02 9.217-0. 1.1411-01 8.805"?l 2.56-? a."1
5 .. 64-0t12.0171-47 1.737-ft1 J158- t.097-01 2.255-02 6.0-1-02 *.714-07 2.580-0? 8.802-21 2.576-n? 8.62

6 .507-2? 1.00585p 2.715-1f1?.2.588-? 1.087-02I 2.113-)3 5.780-02 5.7t-03 2.5800? .71- 2.6-0? 1.14
7.1-'? 1.008.0'1 1.718-01 t.85-)4-1 5-0 2.1'S-al 5.*'S-a? I.286.4)3 1.581-02 8.3t5-03 2.65?-"? 9.6"

8 50.170-0t12.405.021 1.731-41 2.055-? I."19-0? 2.1--nl 5.17F-01: -08.315Ol 1.581-0? 8.352-P? 2.7011-02 ?".10
q8 2.400.00 2.00)6-07 1 ' 111 '.Ott1-t 1.100-4)1 ?.1"t-01 8.7-0 .1*6.-03 1.582-01 o.397-01 2. 125-02 j0.U3

102 t.Ag8l.00 2.04)T-' 1.'2"-1? 2.027-"? 1.1'?-"? 4.874) .564-02 9.175-031?.543-11? 4.302-1? 2.730-n? 1'.-1
1.5.I .0117-0- 2.1"*.500 5.!P21-01 *.251-02 l.S82.00 -S.152-02 2.F*Z800

1= .1fl552c87*02 2: .2888*05.0' TH- .- 2191050 1376- ! -. ?p"6'*0 V: .23850724.08
TI? -)q7O55o5*n? 7?= .3%322.4) 71.5: -7'007?5'.00 084': -. 11121138?.ql' W? .321609b..4

1731: -. ??075586*00 215: .-5825*761.00 7*77! -. 73076.258.51 fiW' -. st55f7 8 .118O102

71: .1817'52.nnf Vu- M53"711.01 71: .711'5I.02 r7!-.262.0 r= .22520383.02
a,"- .84040955?-4)1 og: .0-24-778-0- 8?: - 1285770.01 '4P? -. 17687196.00 0996: .88'7001ag."?
VIP: .25f0l100 ALT= ro5f55.' 7: .080O000Q GV? 853610 ..T ."OcaO0
A'?: .7911132001 &"0: I18100.0 .07 .20-7'21.0l 8*? .72127791-00 WOO= 5752'.'

NOT REPRODUCIBLE
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I.37n I.410 sr .87n .
1

-3 ."-3 2070 .1-2804-73 S.01 4.460-03 2.644-03 '.12
7 .3~"t lon~' .2-4'l.'-" .?q4-91 2.059-03 7.716-02 9.0-0-01 3.SK5-01 8.162-03 2.956-33 7.68

B.10- .7-0, I .-8:7s-III3 s.88n0 3. 28.3 I.65-3 7. 14'-0? *.3-0 .565-01 O.860-03 2.6'?-"?1 6.23
4 .. 4 It -n.I I nn,.n I1.824-03 1.882-13 1.70-3-01 2.078-03 7.099-02 9.143-03 3.565-03 %.at 1-01 2.671-r' 8.78S .6 I3 .n1%*0' 1.1.3 .8-3 .710-01 2.068-03 6.74'-02 9.16*-431 .565.01 %.853-1 2.692-3~ %.1$

1 .7.3 .007.4n7 3.171 _n I I.,s3-3 3.i33-01 2.81 6.424-0? 9.3.7-0t 3..5-03 %.8%49-01 2.7fl8-nt 4.83
7 .36' .005.0' 1 .,3-" 38574' I.3-3 2.41 6.(1.-02 8.278-01 1. S66_0 1 8 .8843 71 .736-0l104.06

1 .7~3 .006407 3.83'-nt 2.81'3 3'1- 3 ?.12130 1 5.765-0? 9.-M-03 3.567-01 4.840-31 2.778-01 11.01
8 13'0' .3s-3.0' 3 .j35-03 1.170." 32 I.'35- 2.122-l S.437-02 9.277.01 1.568-01 48381-3 Z.782-3 33.56

I-3 3.43.n. 3.014807 I.831-03 1.47843 11 1.'6-01 2.311-01 5..1-07 4.116-GI 3.S69-113 8.828"01 2.'54-01 11.11
3.853.738 1.'11-01; Z.438o.0 6.-7a.0, 8.381-02 I.56S.0O -6.%31-32 2.688.34

.338842.7 7:.Z- 81.3 74: .'382858'.02 0815? -. 13163893.00 39: .344713808.0
VI: .86873n? 2: .34SO3876S.01 T.KI: O.5I1873 086 481071%7.01 39: 35787.3
1"-- -7007415309 730: .*.z7nn.o - 7.?'I-.575.3 097: -.335*6138.03 0: .2 850'I'.437
18: .11747175-1l Fl: .3313.3' *: .3'87.3 F:-2128.0 3 .731295.01

.CHT .'148-'?I II: .8553387I 0 I? : -a66 I -57168%15-00 3)*86: .*15584G7.ft3
If".: .1 fwq00"430*0 I ST: .88876861 ."1. Ca3? rro04300 Gv? .4774C618007 fir: 04000090.
Alt- .2858* 1 .0: COT-57.r RR7 787TT30 87 .711220-00 W80? .%78116?5.30

I V-I WS 0-1 L. Olt 434 8 1 CL. fm ALPHA

1 .3-33 I.4303.0' 2.3194."3 316-"3 1.116-91 1.8781-n3 8.716-02 2.621-"1 1.630-13 5.300-01 2.638-3 7.77
7 .366.433 3.0"3*07 Z.3113 3.*82.33 3.'36-83 3.8-q3 a.,7-02 8.487-0? 1.E30-03 5.197-02 2.68433 8.V3

6.Sn04.43 3.043'*07 2.307-03 3.RO6 -13 31743 3880 6.006-02 6.6-1 1.630-01 5.280 Z.6-388
5 F.3918.0 on%310 7.03.3 a .5" 3.118.I33 7.0'S-03 .'3 6.816-01 3.6310-03 5.290-01 2.676-! 8.51

I S:6-43 3 0710 2.8 3 1 *6413 3.-11 7.035-0 7.788-C? 0.876-03 1J311-03 5.78S5-nI 2.693-03 30.3
:O '0-43 .1507 2,46--"3 " 36 . 1 320-e3 207-3 :;37-02 ::;60-03 1.6312-03 5.2.80-03 2.705-021137.73

7 ma 1.1.3 .006. 07 2n438-ql33 3.8433 q 1.127-"! :.0 1r, o"- 6.578-02 8.87-03 36 3-03 1 5.27IS-03 2.720-n? 31.12
8 .700 .007.02 2.0897-n3 85'1 .2-3 2.08*-03 6.2243-02 1T.016-03 t.934-01 5.U68-0 2.735-03 33.87

1.343.40 300.47 .438-3 .83-" 312 00 ?0-03 5S '8-0 9.07P-03 t.616-01 5.262-03 2.780-"3 3'.53
:On :.n8o43 3.0438.O 2.48-l387" 2.127-0 7.43 .3 5:.$-02 q.371-03 1.9611-03 5.258-4'3 2.765s-03 33.30

3.Nc3.n34 3.'20.43 7.013.03 7.332-03 6.845-02 1.612.00 -8.580-02 7.688.433

7: I 7,19S452-" 7: .71388753.3" ?34- .1302780209 -. 14411805.01% 9= .3C2172*2748
I3: .8572782437 vm.181870 7! -. v763%q01.33 0943 -.3s511-803 WT=: .33657.4

13T3: -.743186235.00 ZT0: .3485'7TT' -. 83824356107 OWT: A=8512.3 8 .3116'5000.'?
9*: .361388 m FM 36011343 7 .? 1A7117ft.0 r': .3110466-01 r: .?067798.03

*'"= -W-088-33 99 .4134,108-01 IT:- -52705001.00 -~ -. 716713'5.00 "@16:- .80$585F6..!
138: .3nann73.j.O 8LT= .6875.' cc: .31"0400000 rv= .8'FF3-0 .. 0000fl0
£77: .257 80 4-0= .4712"731. 3'Of- * 2%1n368'.0 ART= .73272144-00 860: .67 311588.31

I VI 95 0S OR 9T5 TPA43 Re SF8 CL F" ALPHA6

131.137-03 1.001-0' 2.21FR--3 1.716 -1 3.838-433 1.4711-413 9.104-02 S.857-0' 3.6S1-03 S.712-02 2.GC1--3 0.18
7' 8.366-3 1.007-07 2.?61-'1 t.711-13 1.418-01 1.882-01 8.836-0? 8.480-0' 1.652-03 S.704-13 7.676-33 8.00
I k.0'0-01 1.0#11.07 2.245413 I.

7
Z%-13 3.820-33 t.$'-03 8.522-02 8.510-0' 1.653-03 S.708-01 2.663-33 8.65

8 1.1-1 .003.0? 7.63-33 3.7-3 3.2-3 .1 4-01 S.127-02 8.1543-03 1.658-0 S.6431-3 2.860-0! 30.30
5 C.6R -03 3.04807 2.261-4'3 t715-333 '1.473-3 1.837-03 7.'32-1)2 8.SR0-0% 1.056-01 5.693-103 2.677-03 30.75
f 7.5ft?-03 3.0435.07 Z.25843l1.3474-1 1.828-03 3.97-01l 7.3-0 .620-03 1.6738-03 5.6117-1 7.685-33 33.51
7 .1'6-33 I.007.o7 7.75;-03 3.75*-.43 1.%76-01 1.483-01 6.817-02 8.668-01 31.680-01 S.9410-02 7.712-113 11.23

*. 8.71-33 1.01)4-01 2. 1.3 .751-3 1.828-1 .8-0 6.537-02 8.713-0! 1.6162-03 5;.672-33 2.730-3! 37.88
1.33394 t.0438l0' 74.133~n 1.79-13 3.%T0.03 3.86r6-03 6.317-0 8.761-0' 1.655-03 S."1'-01_ 2.748-113 31.51

I- 3.4388.7 !3-070 2 .7 f-" 1 3.778-03 3.I-01 1.74-01 S.73"-0 $.M3-01 3.668-03 S.653-33 2.766-03 38.35
1.742.3 3.828.43 1.1784-00 7.528-03 0.614-02 1.658100 -1.07"-0 M7.687."

1: .13880865343 Z= .31377773.07 !1 .87720831.012 CI'S: -W=37430 9 .3786537438
I!: .88508882.0? ?3I- 881580 T34T -. 3:?70 080 -. 17941901.03 39': IZSTD70n54

V3IC: -. 1167.43'6:= 83880 T4'r: -. 76750 OI -. 21001773.03 0= .338850434.432
ra- Ic,?r%665-OI 38: .36667.0 F! n?437614-;-f '11..3f.t F= .20855857.03
C334 q8"*0q083-03I Vz9 .7718003 : -. 231949S34.0. I'?-.47779-88.00 O.;=: .7688738.43
1"~: .3004.1 831?o-o .88817.4R3 1v Cn: Orlonacco0 r1: .$741719." nor= nooc0ui..

AI? A-883304l80: SC06-7*33.0" 437?z .28'51ft'00 *AT= .7129-Ift*7.0ft @0: .6722368*.43

1 w SI91 08 LIk Ot T06 "S8 98 ('E 73. ALPHA9

3 1.17-"t 1.00*0 83-0 3 3.571-3 3.535-3 3.7s2-33 8.8381-02 8.0-C3 3.G78-03 f-.097-43" Z.S71--3 0.89
7 %.366--33 i.onY*0' 7.3- I .S2-33 3.536-03 1.765-1 8.117-C? 9.07t-03 1.r.76-03 c.092-01 7.582-33 8.67

2.301 .3'0 .. 433-t 3.15 A84 - 3.SI7-3 1.7'-0138.887-0? 8.307-01 3.679-03 6.4387-03 2.63-43 In.14
I.q-O 2.3~3 -400 2-031 I.58- 1.538-11 1.7-03- 6.507-02 8.t80-07 1.681-03 6.080-03 2.633-03 33.18

5 .. 68q-33 1.1.01547 2.8438-3 I An I- I 3.520-03 1.608-CI 8.180 .382-03 I.688-03 9.073-01 2.655-01313.78
6 43.33106~'28461 .630-! l.S?'-03 1.81'- 7.636;-07 8.780-03 1.688-03 6.068-3! 2.676- 1'.41
7 .t61 30r.0 .8s0 3.3-3 3.528-01 1.8'1-03 7.370-02 4.711-0313.602-03 6.0-;S-13 2.687-03 33.38

8 .370C433 i.4308*0' 7.8.3 368" .526-03 3.088C3 6.7"1-02 S.1I*-03 3.686-03 6.085-3 2.71-013 33.881
* .- n-no3 3.033.07 7.*-3 6.C-oo 3.52433.ni 0 6.271-07 8.409-011 1.700-01 6.034-13 2.760-n3 38t.57

343 3.387 .3'C .1" .Sl-1 3.S37-43 3.873-03 5.82-0 8.871-0i13.10S-03 9.022-3 Z.762-03 S5.76
3.f5n9.3b13.57.4n 3.833.10 7.011-01 0.231-02 1.6*800 -1.237-01 2.666--0

7: .878.': Z .1IN-6.3 51: 83717.02 0855=:,1.70163003 39 .386s 4088.48
:'. 8811,38.437 : :44747 703 1-! sly'7503 at 8Gr -. 13038003 39: 38182.3

Tin3: -. l*73843326: .40313117t.4 u13?' .7O7678T3 09' .776ol088.03 0: .3 8503"
18. .R78143l43 VIl: .81713.3 3 .3'36116".01 ft: .756388438.00 F: .20903033.01

833.7 .8W038-3 3: .'21*77-03 -7: .44M24811-01 -4 -.97678863.00 0986: .77883561.33
vII .3103"30 817:. a.813617.. C43: .0103430n G1: .*7?7100 '33: nonaf).V04

87?: .780717~43 -0: .124267SI.' Inv7: .%0577868.00 687: .73196310.03 '.: 681So3"
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I n I.170 -Or140 2.545 -a01 2.447- I.1.50-f- 1.61%-02 1 nS_0 1 7.617-05 1.Vtli-0I 4.fte.3-1 2.578-2 q.57
2 4.269-02 1.007*0 402 Is-l1.447 -n 2.&II-02 .690 9.773-02 7.676-01 1 .'j0 S.447-01 2.553-nl2 q. 14

It Ame-01 fj.ii107 2.550-n I2 2.48" 2lI.606-n22 I JM4-01 I.'71-010 7.120-03 2.f 4~-03 f.440-01 2.S78-02 21.213
4 S.814-01 2.005407 2.98-ly2 1.461 -q? 2.608-02 1.670-01 0.786-02 7.768t-D3 1.L-6-01 6.432-01 11'3-22.87
5 C.60-02 I.noG-07 2.*-" 1 1.470 -11 .920-m02 2.9%-0 I 86.28-02 7.*.1-01 1.69?-Cli C.422-ql 2.c79-'2 IT.68
9 7.S90-02 20?*07 2.439A I t.440 -2 1.61-41 1 71-

2  
7.'98-02 T.073-03l 2.997-02 C.432-01 2.958-"2 1 219

7 4.1t95-02 2.00690'* 2.43-ftl 1.040-12 t.S2S-nl 1.7721-) 7.?00-02 7.941-01 2.703-01 C.000-11 2.610-02 28.25
A ft.170-ft2 1.011-07 2.410-02 l.992,-n2 t.18-0121.735-02 6.7--2 0.004-01 2.720-ni 6.397-E'2 2.7O5-nl 18.90
It 1.000."10 1 n02'*07 2.57S-021 1.525*1 1.572-01 1 .7-t0-01 6.287-02 8.T079-011 1.717-01 6.37 1-2 2.731--l 25.65

In 2.008.119 I A.06-07 :.IS29--01I 1.510-nl l.?-2 .ICS-02 S.779-02 4.156-03 1.72S-131 6.35-02 Z.IS7-"2 36.-"
t.*TO*O0 t.621.30M I.7RD.0o 6.03--C3 ?.562-0? 1.696.00 -1.32"-0 2.,.t'0(

IS165948*9-n17 Z= .*81l'5.fiftS.G H_ .8TS2%9cn02 00"= V .106'728.0 1": *289.4

t: .199192976.0'l 71: .42I263S29.02 TNTT -. 4188SSIO.02 0-11: -. 2122ft853.01 VIZ .10*5252.84
71:-.26O48203*0 716= "IT=07.0 'lilt o.98116.02 0,261: -. 32IS7171.07 0:- .2158.0'W'.'

rA: .21969691.02 fig: . 2SAM58241f rt: .27929306.02l r-: *1207onq&.O1 F- .207499S5.01
"Zt, .9'02=-1 g97 .537*866.09 -T= II1547410.00 "Tl -. 1n7O52%3.0l 41*86: .57985517-.
Win= .2010fn0'.cl ALT= .aq45590.0' CO= cr"00000 59: .8nog0 -rT . oooo41o4

5'?: .202919?*fl &No= .5T*94742.0f, lMT: val=6*O *? .7251284.S0' .6: 6587W

* 0 * We V 03 L. 144T**3 0 s 58 CL Fit $LOMA

2 .332-12 I.0'1?*0; 2.6al-02 t.77S-1" t.5*7-2t 2.5S-OR 2.06S-02 7.305-03 2.656-01I 6.780-2 2.8m.9-01 2'.24
4 .166-01 I.003*0' 2.578-01 1.3'zn't .648-01 I.S"2-01 1.020-01 7.142t-03 2.A61-02 6.776-02I 2.529-12 22.0

IS.O00-o21 t.008*07 2.67't2 .9-03 1n .690-12 I.SC7-01 9.556-2 7-401-07 1.6-01 C.7'-"2 2.550-fl? 12.53
8 5M*4-01 I.11i25.0 2.571-nl 12.347-01 1.f.92-02 1.1;43-01 95.007-02 7.860-03 2.675-0) 6.797-01 2.560-c02 27.66

5 CASS3-41z 2.ftflI*07 2.467-0. t.v.7-"2 1.595-02 2.5*8-'02 $Ait802 7.577-03 1.993-01 6.786-0 2.'20"2l 11-49
6 1.-902-01 1.0i23*07 2.cfi?-"I t.158-'21.- 1.618-01 7.845-07' 7.990-03 1.691-01 6.737-1 2.58q-I22 21.10
7 .036-02 1.2*26.002 .18"' 1.'iI-

1  
1.16"-01 7.33--02 7.461-01 2.19)0-01 5.728-02 2.670-02 25.22

a -. 170-02 1.02 l*0, :.Fs0,-21 2.95' 1.'0-01 1.6*5.02 6.777-0? 7.74?.03 1.720-41 6.701-01 2.7M2nI 25.92
9 1.19"0-00 2.0l6*0 2.948-02 .41 t.t I -nI 1.660-01 6.212-02 7.576-031 .720-M~ 6.688-O2 2.731-11 16.73
In 1.058092n 1.026907 2.697.421 1.85-' t.712-01 t.476-01 S.643-02 7.919-0- 1.730-01 6.665-02 2.76241M 17-53

t.3Cs.-n I I- I5.9 M .606.00 8.153-01 7.578-42 t.0684,00 -1.396-01 2.62S.'f0

Tr Icqts3ltl."7 2: .85178133. TM: .%M*8*8S'02 0.":z -2'"7931-00 W: .206076"T.04
IT= vul-onst-n07 21: .%4S*'77.0I TNit= -. 3070417*01I 0-6= -. 26299102.01t WT= .94726248.4-%

114c - -. l'%0352&907f T16: .91t2?27.92 litHM .11131&4q.-33 GMST= -. 320n7SI7.03 0= .22535005."?
FA= .75220686.02 fr= _.377qsa9.Oi' ri: j.mG6S7.0I r': .i9tsis7e.02 F= .192712.02
PCM-: .904099-ft 82'= ST7%S'6-v -T= .60102667.00 of-: -5839'6'S.ft0 0*56: .68736Y2.21
w'i0: .2M0 f0-q007 ALT= **4150 0_ wP"2000n 6,: .8668.0'o n: nop400o0
SIT= .?41IM2'96*fl 8"0: So.rII34.01; COT= OT12799'-00 IA ?: .725806%7.00 ROO= .6S2S5037.00

I 1t.332-02 l.00?i07 2.403-n11l 8.' 1.757-fl? 1.872-01 1.101-02 7.017-11 1.638-02 7.100-012 .871-01 1".73
7 8.165-02 t.123-07 2.*m043l 1.28*."2 1.765-02 2.o88.01 1.0141-U2 7.15C.-T12.6%t-01 7.0191-1t 2.507-12 12.63
IV .0-91 2-00S.07 2.796.02 .7-2 17-02 1.190-a 9.*20-02 7.220-01 2.650-01 7.051-02 2.542--l 11.

5
3

8 5.*38-02 2.00607P 2.701.121 2.M6.A2 1.773-02 1.572-02 9.908-02 7.27k-el 2.8-59-01 7.064-01 2.7-' 1.81
5 5.565-0l1 .01007 2.786-02 1.279-Al 1.776-02 1.S3'-02 GSq4-02 7.4*.03 1.670-02 7.25*-C 2.922--2 18.10
6 1.402e-02 1.030-07 2.7*0-01 t.21v-nI 1.780-02l 1.555-01 7.974-02 7.826-03 1.641-01 7.037-01 2.5*7-A2 25.25
7 8.39-01 1.011.07 2.774-f'2 1.107-0? 1.7*3-0?l 1.577-02 7.3680-)2 7.921-03 1.697-01 7.021-" 2.602-01 26.05
a 4.170-01 I.el5*02 2.76X-02 1.320.42 1.7*8-01 I.S42-01 6.734-42 76- 12.10S-01 7.000-01 2.716-01 16.92
9 1.0"0-111 t.024-07 2.7S9-01 1.38,-C? 1."92-01 1.4-S-01 9.112-02 7. 695- "'2.710-01 6.973-01 2.750-13 17.74

10 I.08*00 1.022*07 2.7S0-01 1.361-42 1.717-02 1.671-02 S.442-07 ?.W02-03 2.732-01 6.I55-01 2.7#4-fti 1-63
1247.0r, 1.771.Rn 1.5*7-00 5.770-01 7.817-02 1.678.0n -2.400-02 Z.62..

T= .l79SrAS747 2: .419*'187.401 711: .""92601-07 On": -.2159'190.0n V': ?25S02Gl-"4
I,= .197632-177 71: .5765111S.01 TNiT= .19l11234t-O 0-6= -.79261939.03 u817 .0"49157..3

114= '-.143623*"0o 216: .914*31.0if TWIT= tt"V7261-cl emc?: -. 24242950-03 0= .22555000-.
59: .25871712.02 Fig: .. 0r84.0 =E .09574100-01 r,= .7?P75.02 F- .10227727.02

.Cm= A"909092-11 8ow: .586*5350-02 4t- .3?'S*207.*0 On- -.52s597v5.v0 owa51 .613?7507."2
WTI$= t1mqfnnn-5j0 ALT= .4oftefl27.0. 00: ma"Dooly0 SW= .065774".07 iF: .- 10000004'
8'?: lv3qsoe.fj2 A80: .543655139.01 C0T= .3104715.00 64': .7376.6-1-00 000= G557181^s.no

I VC to .'5 Staf IV* 03 3 Ct rig ALPHA

1 .1703 1o';C,741-l .42.1 .67-p? 2.84%-01 1.140-01 7.05'-0' 2.628-01 7.420421 7.449-92 11.79
78166-02 1.004-07 2.q23-02 1.71" 0*-" .37C-Cl 2.07S-01 ?.11"-0 1.633-02 7.820-02 2.SS-n2 2'.'*
znno.'0-*2 2.0125*07 2.421-01 1.1114-01 3.3539"2 7."M-031.090 7.181-03 1.6*3-012 7.397-02 Z.565-mt 1'.19
9434-01 1.on07*07 2413-A1 2.716-02 1.5-1 1.k%?-n 2 I.S 7.257-.3 2.658-01 7.302-E'2 2.507-02 28.28

5 .C58-412 2.004-07 2.4p21-Cl 2.8* .858-01 1.579-01 8.7?'-" 7.13.-03 7.fcla-02 7.355-0 2.686-M1 15.07
67.40f7412 1.01"037 2.900-"t12.7684_1 2.362-02 2.547-02 5.106-07 ?.479-05 1.974-02 F~c- 2.685-01 16c.00

7 *.9-0 .014.0,y 2.597-0 2.281-"2 2.S57-n2 1.555-02 7.(38-02 7.571-01 2.693-03 7.32"10 2.723--j 14;.S;
a 1.170-41 1."117.07 2.26"1 t.700-42 1.872-02 1.5*1.02 6.79@00 7.'2*.03 2.708-02 7.300-1l 2.761-2 IT,*$
1 2.4100.00t 2.n?B*07 2.579-ml 2.370-A2 2.577-0l 1.600e-02 6.074-0? 7.717-03 1.723-02 7.225-02 7.799-M2 18.76
In 2.050-1 .026.07 2.659-8l 2.3*2-0t12.831-02 1.12801 5.398-07 7.8*4.03 2.734-02 7.288-21 2.817-11 2q.6"

2.75.4 12.967.- 2.5'8*00 50.822-01 ?..4"2 2 .676.00 -2.852-a2 2.668*'0

7: .2589305.07 Z= .%407448.0-1 Ti: .161211%.02 0 1164 -. 72%96'-6.0" 8= .225*9206.".
IT= '90777 ?1= fARIMM01o TNT= -IM26339800n COG= -M31774.01 Wt: .20966156.4
uIC= -.I43580.2.010 26 7W 41 50 ?T .2971*3.03 699T -:.129'84.03 0: .22803..2

F&: .318I5743.01t fim -*2581705.-02 cir I*15 $*'SO. F': ..42884071.01 F= .-590lt6Z%.02
NCli: .44002-2 .58358401 Orr .2ft86761.01 341= -. 0316-7A.170 #WAS= 65~'50"
WIN= .100-M07 ALT=: .8C09.0 0 00*9000 CVT .36692-o.n' -f: .0000-
5'?: .229g56602 &P*e: .55q7&G%"f) CC?: .h396't97'.i20 65?: .728*9299.00 400= .6*01400P

NOT REPRO DUC IBLE
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I P V 'I 0-1 to Tobf 88 NO6 a I- - V A ALPHA
2 1.17-012 2.0nl.0p 3.6274.01 2.7'l-") I qllt-01 2.7222-02 115-01 7.204-03 1.635-n3 7.790-n2 Z.585-2) 11.837 A t. 164-171 n.2"%07 3.fl72-fl I .76' I.3 1 2.722-01 1.116_01 ?.?K.-03 1.644-62) 7.74m-n) 2.551-1 1.8
4 S.*7-462 a.n7 I0 n.n6 I1.?90 -ftII t 2.Z-0: 1.7- 77-02 7.t'P3-03 1.666-01 7.719-01 2.S?6-l 14.82S c.6S*8.6' I nitt22nv M3-03.1 2.775-") 1.log-el 1.582-02 5.093-02 7.522-03 1.675-0) 7.69"T0 2.728-fl) 25.806 7 .502-72 1 .01#2 3 qfts7-63) .1-1 1 I.5567*6 16Snl 8.355;-02 7.S07_03 1.692-n: '..68-01 2.7551.nl 16.74 .7-1 .01 V.07 3.0 36J61 1.310-2 1 z.45-5-n, 1.670-0 7.687.612 7.721-01 1 .727-11 7.611"01 2.800-O2 17.78'.76-2 1.61'.0 3'*1 1.371- l .116-01 1.61-m1 6.5-02-o 7.02N-03 1.77'-02 7.622-01 2.881-fl 28.70* 2.20.ffl 2 007 I.026-Pl 1.353-) 1.107-21 1.6.-ol 6.705s-02 7.9',2-03 1.738-11 74S93-01 2.881-"! 15.65I"'68860 2.'.7 3.008.612 t.37.-a) 2.74-n2 .6*0 5.442-0? 9.094-03 1.758-01 7.S62-02 2.122-01 ?".59

""" I.,7n'nn 1.5-1-00 8.6%t-03 7'.55"-02 1.689.00 -1.S-7-012.7737*662
Z: .25585*3 z: .-. so.o. 114: . 18)739-t.02 066615 -. 24171689.oo VT .236747?nlr'sTIT .'a2n26It37 ZU: c%#671553n.nI rMg: .~2oI-o0I.O 087: -.37664037.01 WT- 12Sqg8n3.n".I-6: -. IS-7z753.no Z1G: .55878.66 H: .28675283.63 06661: ..75886307 O= .1&PSonn'..Zfar .3

1
768. m ,:-.837.n ry- .2n~ltll8.o2 r' *- 363557.01 F= .!9753898.01qm~s-O~qIn 88: .71227FG-0' -T- OM7f6727.ot -nT -. 2015227.00 08*6:= .63621786'.'2vim: .ne11"lo-03 it?- 16s5'2n COT .0-010000 626: .663017*?.0, fif: noooocon0ATT- *'3.67885.01 £660: .SaVIA304.01 SD?: .31'377n0 WIT: .71891073-00 140z .6S240253flO

Tp .70-
I V% vct 04 Lat 76Q. 88 Sri) C). 8m ALPHA
I 1.132-l I.0"'*07 3.241-01 1.30S-61 2.6725-67 .1'.0l 1.740-02 7.528a-07 1.660-02118.12"-0 2.6417-") 1'.TG2 ft.15667l ).044-01 3.434.11 1.31-2 .074-fl 1.624-01 1.163-01 7-517601 1.6"8- 8.2150 2.916 13.393 ;1."no6-at I Vfi16o' 3.7 32.0 3 1.7.' 26272-0: 2.Gg28*O 1.046-0. 7.674-03 1.678-01 8.099-02 2.73%-fl 14.83
8 :A .'1-2 n I fl61a07 3.775.01 1.380-") 2.095-l 1.67%-02 1.028-01 7.7SS-03 1.688-01 S.078-n11 2.T78-?) IS.%5I 6A6-1111 l. 026 11-O .226-01 2.3SG-32 2.nf80-fl 1.65-7 9l-It11.307-02 '.52-07 .1.700-01 8.056-Q2 2.822-fl 16.87V .6061 t.024.0;1 3 .217 -11 1.3741 2.04S-01 '1.716-02 8.0-07 7.5"-3 1.712-01 8.031-01 2.#68-01 17.87 -. "6f-0l 2.037.0:1 3.1157-nl I.'58.JI) 2."l51-01 1.738-02 *.036-02 8.06S-03 1.725-01 8.003-01 2.107-fl 28.88

8~~~~~~ *.t0-n ".I00 .2662 .1a7 7.7-l 27001 752 "Z 880 2.3-02 7.573-01 .8-2 19.4 7-~n7 S .'0n .707 3.7.' 180.6: 2.0 0 ( 2.792I01 6.585 ,-02 83 -0 175-01 7.8-0) 2.4191-02 261.815I" )6afnl t.078-02 3.161-01 2 .407-12 '.072-01 1.803-02 5.800-02 8.4147-03 1.765-01 7.905-01 3.033-02 '?1.-42-
1.371--c 2.00501 1.765.200 9.2-01 7.937-02 1.705.220 -1.657-0) 2.841667

T: .?61531 TS.7 2: ."7n877'j.of ?14= .4n?785826.02 0875: -. 25fl38800 U: zi'i7SGG7.fl8 --YT: Aq52I7ll6.n7 21: r 714-140.01 TNT= .146"0194-02 086: -. 37079357.03 VT:= .41368691.57161:-.7267.0 216: .4.AS'278.0" THTT- .1)888Seg.03 6781': .24323116.02 0: .128850226.n2far .3.66276-j.~ JIM: -. 87 I 7.2 a '1IIIS-:Icx .177157ofz.oI I': .388G'708.01 7: .82712089.01-H76 6s201n .11= -88550, ? . 22;.00 -M .785486701 08*6:= .6821-t885.61IN7 -62'30o ~: ""70.29710'' en: .0 70,0O0 Cyr 812239.02 fif: .f000'0fl06oA'?: .7hS27793..i~ £660: .S7'"52. T .'486106-00 88,:= .718483.00 OR0= .6531595f.fla

TT.,: .71,

7a Vt no 861 08 Too0* 0 - 588 CL. FM ALPHA
2 .737.2,, '.022707 S.% 30.n1I 1.8.4 -g 2.17v-n2 1.6-l .'0S-01 7.575-03 1.600-4)1 8.528-01 2.765-fl) I?.&?' .156V-111 2.',70 .82561 287- 2.22-l 1 .74c-ol 1.211-01 8.046-03 1.687-11 8.503-01 2.806-61 13.1413 '"'7-1 .01707 3.18.1:2.5041t.401 12-03' 1.278-02 8.125-03 1.658t-11 8.888-01 2.858-0) 15.00

8 5. 838432 ).061'*07 s.810-02 I2.85.43_n1 2.1301-121 1.8759-fil 1.0-4-02 8.2)3-03 1.702-01 8.1663-01 2.898-01 16.065 6g-"2 2.017*0' 3.86'1-"2 1.88l 1- 7.1%0-01 1.860-02 2.6720-0) 8.310-0. 1.712-01 8.438-01 2.5842-01 17.106 '.-V-ot 1.2225-07 3.71.621l I.5610-11 2.255-11 1.865-0! 9.34-t-02 0.417-01 1.721-01 8.810-4'1 2.585-fl! 18.287*S6f:1.01A-07 3.375.01 .'2" 2..57-Ou 1.91-0oz 8.589-0 8.532-03 1.732-01 8.38n-01 3.029-02 15.171 5.7063l,1:2077:07 3 .7.1) 2.85" 'SS-G .'-R .8.0 . -03 1.743-01 8.347-01 3.072-01 2-.25no ".'2066 ).0767 3.357.62I2 7 2.' 1" 7.257?4) .160.0)3 7.687-02 A.8-7 1.5-0 8.311-01 3.116-01 21.19)" ).688.ro !.0%0-02? 3.7139-n2I 2.555- 7.176-01l 1.gqS-n2 6.'25-02 8.111-01 1.768-01 8.272-01 5.255-0? '2.191.560."0o 2.285.61 t.073.00 9.708-01 8.1149-02 1.719-00 -1.698-02 2.963622
IT Z=981267 2 .77588568.0- Tat- .02970171.02 0828: -. 4$707418.0"' VT .2r.431397.08it: .5'fl756212,z 21- .7637583.3, TN:: .4541'874-01 0-r.: -372559.03 VT= ISSS75.fl47161: Z.'528 G*1 21: q51679015-C-1 Vu11 . 76"193612.02 0861: .73230230.0', Or .11885000.2ra7 .8168556.01 Fair -52770 FIT .187282.01 V7,: .3558217f.0l r: .48592687.01-C"- P52065.2 6VT .5715S3305-0 MT?: .8356803.00 on-- .24118917.00 0886: .78917765.lVINT: .160022660.03 ALT: .52156- Co- * 0o060000 Sv: .059"117S.D? 67: .00100006cAVTZ .276562')r8.61 an0: rot=28.0 W0: .82.7.0 8? .72867575S.7 880:= I;SSS70lS--o

55 VS 08) to8 0m I".8 S- 5c8 fit ALPHA
2 3.'3743 1. I30 .633.21 2!.-3 ."~ .9861.02 1.376-01 9.86"-3 2.677-ni 8.5)5S-02 2.885-n1 27.617 .6-3 .005*0' 3.627.0) 1.58"? 7.726-0) 1.174-012 1.562--';S 35.S 1.1501-91 S.es9-0 2.921-M2 28.89%I )oo t400 .0627"!7 3.2.1 .555") .72- 2.0 12-01 1.227-01 8.620-03 2.686-02 8.879-01 2.474-0! 15.58 Al

5.*7-0 .670.0 3.1111 3.6184 -2 22256 '050 .157-01 8.710-03 2.651-01 8.4%16-02 3.025l-6l126.66r60 ".6 I-270 S.Z~.01 1.632."1 2.'81-01 2.0sm-02 1.077-02 8.610-113 1.698-01 6.42"-1 3.063-l 17.737 .- 67.03 t.025*027 I268.1 1.C52-2 2.288-01 2.086-01 1.002-01 4.5310-0' 1.70S-01 8.'59.0 3.208-fl) 28.757 .136-01 1 ft61lt3z 3.1;76-02 3.675.." 7.27%S-01 7.114-01 5.260-07 '9.019-03 1.712-01 8.766-01 3.252-71 13.88! .7-' .7?0 .6.2 %.00" 2.76.22 ..870 .0 91,-03 1.720-01 8.730-01 3.1,7-01 2".S81'00.09 1.077.07 3.788-_n ':707.41 2.727 0 2.172-0 7.7%-02 9.306:23 2.729-01 8.691-0? 3.281-01 21.52 416 18.00 2.070 3.7%?-01 1 .774')'7 2.782-.1 2.202-0 6.57-2 9.858.Is 1.738-02 8.689-"1 3.296-) M'931.Gq12.6 2.1782.0n1 2.073-00 1.033.000 $.In, -01, 1.704.00 -2.65-12 3.085.70
Y:=2)86., 2 .88788765.07 TH: .85812578.02 666161 -.26882868.616 VT .740020-3.04TIZ5.238.7 2 .71SO'285.02 TNT= X4'187679.01 0867 -.31578675.03 261: .1680852~l.216 -.206.71212.62 ?16 : .44471175.0n2 TUHY?: .77570505.02 0862: .708111416.02 0r .I I*AsoM~. "2ro: .8872857fl61 Vol- -.170552IJ.01 FIT .71556277.01 F': .46SA1'60.0l 7: .86280271.01-VT .50535051-l 55: .5*526'~'-71? -I- .8P33M.) T .25777672.00 0886: .82VK677.6)

Vt.: .222"00f60*01 ALT-: .%q8128)5.0' C'?: .0n2060000 Gv= WSI-2583-07 -F- nO0000-6A': .656622A-0: .6. 63737.0" CaT: .78667528.00 VRTT .71041'886.00 *00 .S5l%7S5o.60
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'1W - '.23.

We VCS OR5 to Gs 7040 P. STM CL rx ALPHAI

I .37O .OO1-07 3.046-011 2.776-?1 2.321-027.'60 1.410-01 .'-1 1.666-02 9.312-01 2.9%3-e! 11.12
I .660 .O5os'o 3.63" -01 Ttp -2 1.'27-01 ?.6*0 2.'lM-0 9.001-03 1.665-02 9.294-01 3.039-PI 15..64

3 .00O-ol 3117 3.830-01 l.7S2-I 7. lt2-7! 2.230-ol I*$
6

-oI 9.083-103 1.647-0: 9.273-n2 3.084-02 16.26
*6660 .1.07 3.4221 qI .768-1! 2. 1917-012 .2't?-O 1213-02 1.179-03 1.G50-01 9.267-n2 3.130-! 17.77

S f.6-01 t.013-07 3.901-n 1 1.747-2 7.144-0? ?.261-nI 1.147-01 9.27'-17' I .GS6-03 9.216f-02 3.176-01 16.17
6 ?.507-01 I .019.O' 3.?*-i .06-1.1') 7."-I 2.29r-0l 1.070-02 9.392-073 1.656-02 9.26-01 3.222-"1 19.06

7 .1-12.470-02 3.7n21 1.4,12-1t 2.159-01 T.324-01 9.414-02 9.S16-01 1.G62-02 13.210-C2 3.766-01 .5
* .170-01 1.074-07 3.76.7-ni 1.68' 7.0~0 .30;7-02 9.19"-2 91cift413 1.667-01 9.111-01 3.16-411 71.61

q 1.01y0*00 1.029.0? 3.750-112 1.487-11 2.13-01 2.36-011 11.1811-02 19."96-03 1.671-02 9.01;1-2 3.360-M2 71.16
111 1.0964-0 1 .1114607 3.732-n1 219" 7.109-i 7.430t-fl! 7.610-02 9.14-03 1.976-01 9.024-01 2.0-1 3.70

?.07" '751.03 2.281.00 1.107-00 q.377-07 1.6-58.00 - 1.3t2-91 3.19"

V= .21SO344.0 To:" *zqq97sQ.n IN- .16*"98.07 065~: -.2727-747-00 V: .?j6%j5vn.09
Tyr .1M66S667.02 ?I: .76711606.01 7441: .6647959".01 0.0: -.310567-54.03 VT= .171012i4'."6

216Z -27746633.00O Z16: .44244070.00 IN??? -04%511135.02l 0661Tr .377t39"6.O' 0:or as"""
76: .06964989-01 Pki? -49959037.0. 7!? .738717%4.1 ?= .41684'33.01 7? .66036519.01

IM= onfl60njI2-nI MW: .102270.0 " 1: -an .76C60S7l.O0 -0= .16666830.00 To9As6. *927S0066.n1
VTM? tA"O0"nO0I ALT=: .4-4077nl7.". Cf: .f"000000 61: .8596-snl.ol nrz .0"'ll
677: .741S7'91*01 $No= .73174770.0. f07: .. 4776016-00 3371- .718-k41M2.00 &No= *660980M1I.n0

'6: .74.

I To VA S of)$ to 2.3 05 0fM PA, CL. 71 ALPHA

13.332-fi2 1.0'02 6.136.0 1.066-" 7.427-01 2.368-01 2.52201 9.306-01l 1.567-02 0.701-0 3.0*s-nI 16.6
2 0.16f-1 1.005007 6.0-112-n 1.677-1! 7.426-01 2.3S2-01 1.444-O1 1).37M-03 2.166-01 9.SI5-P2 1.1 I.12.63

; .O0l0-n01 .004-0' 0."166-171 1.61-)01 2.132-n! 2.363-01 1.TK7.01 9.443-03 1.S86-01 91.6$2-0? 3.142-02I 26.76
q .016-flI 1.011.071 %.05-11 1.911.-fl 2.13-P1 7.421-01 t.744-01 S.680-03 2.567-n2 9.636-nl 3.23(1'-1 17.12

5 C6.66-0 2.14-680' 4.077-01 2.'-I7.465-? '.65-0t12.217-01 9.C91-03 1.596-01 9.F02-01 3.276-02 1-3.06
6 '.502-02 1.027*07 6,.o06.11' 2.152-"! 2.o56-?'? '.o9s601 1.134-01 1.765-01 1.569-91 9.567-11 3.126-02 ?-.to
7 *1- 1 .021-0? 3.492-n1 1.4977-! 2.4cl-0! M.13-02 1.055-Cl 9.14-03 1.591-01 9.Z-l 3110 1.29
6 4.170-01 1.026-02 3.197C-l1 7.005-1 7.676-0i 2.S71-01 3.707w 1.005-02 2.596-"? 'J.406-01 3.623-11 71.1M
9 1.n00o.2 1.031-01, 3. ?~-l .016-n 2.4kag-ni z.s2"-nI s.971-02 2.021-02 2.51701 .11-n 3.o72-- 23.47
I- 1.0846.00 1.016-0' 5.136-01 7.070-" .630 7.6641-01 6.100-0? 1.037-02 1.600-01 9.391-01 I.S?2-1 26.54

I.SSI.n0 x.0.0 .%Ao.oo 1.171.00 9.70-2 I.591.o0 -1.065-01 I.303."

V3: .7669356*07 2: InqI2?97q.fl2 144: .3'196.0 95 -. 2ST9S'-2.00 W: .5119637.fil
21: .9*6'6116.0 2!: .74646l27.0t 1: .NT= 077;679.01 W0?= -. I12972692.03 WI: .17676776.fll

110:- -. 24714410-00 216: .60170." 1?? -.71-10722-n2 OKI=6-S94481-7.01 0: .26s000."
CA= .1006969.121 744: _.766223?q*00 fir .'5S5906'.01 77? .43760066.ol 7: .5D6947613-02

"I" = .90909n92-02l vw= .10377731.0- "7:- -.l1216677*00n -.= -. 2321310-02O D*66? .99290166.02l
WIN= tnnf)Onn#Oj ALT= .4q699373.'I' Cn: norloo0o0 67? GSISISIS-O'P 1Fr .-"000000
6.7: .79197376-02 A30: .7767463S.n- " OT: .15060155.30 66: .7I63S.-Ilyft ego= .9626662701P

T: " .75-

0 To NIS6 0-1 to 05 I"" ss $6 cL 734 ALPHA

17.117-02 1.014-07 6.2al1.1112.9s0-0 2.520-fit 2.477-M1 1.SM6.01 1.%73-03 2.520-72 1.009-00 3.173-0! 15."3
7 .166-nl12.009-0? 6.74-01 1.993-": 7.525-ni 2.515-02 1.1091-02 1.600-03 1.116-01 1.007-00 3.220-M216.76

3 SO.151l I.010607 O.766-01 2.06-11 2.431-"1 7.556t-01 1.63002 9D.739-03 1.126-01 1.OOS.00 3.270-nl 17.%3
6, 5.46-0 1.110 O.22-C z.760 S.3" "I .M9-03 1.30-02 19.860-01 2.S15-02 1.002.00 3.1211-1 16.62

S .66- ,:.0.87 6.,36-02 71469-2 2.567-00 7.61%-03 1.770-01 9.9%3413 1.526-"2 9.960-01 131" 9.71
67.507-02 1.019-07 6.270-02 2.1174-439 2.157-02 2.67r-02 1.2*0-01 2.004-012 1.516l-o0 9.962-1 3.622-01l Ms.9

7 O.136-0! 1.023-0? 6.202-1 2.201-91 2.16-f"i 1.710-01 1.304-01 1.0?2-2 I.S!6t-02 9.49*-02 3.676-0! 27.10
C 4.170-11 1.0?6*07 6.123-01 2.132-'2 ?.57'9-n! 2.1-41-01 1.076-01 1.036-02 2.525-02 I.S52-Ol 3.S26-01 23.713
9) 100*00 1.013-07 4.142-01 7.165s- Z.597-01 9.'-I1 10%59-02 12A53-"? 1.516-01 1.?02-01 3.S79-"1 26.14

1" 1.044.00 1.039-0'-1 2.231 - 7.606-02 2.364-0o28.63"-2 2.070-0' 2.127-02 93.769-01 3.632-ni 75.66t
7.073."0 2.55;6.00 2.656409 1.226.00 1.0-6-02 1.S160-7.210 3.396."

Z= .262nS02 2 .027113.01 IM=: .57627860.02 0665: -.29766592.00 V: .113011S25.-O
Ty: .447664-6-07 22: .0117701 TNT= .31107172.01 056?. -. 322q9G01.3 WI: .17767507..4

jllI1: -. 20660754.00 216: .9778761r.01 7441?: -. 79967165.02 066?- -. 46479618.07 or .1 21610""."2
,&= SitRI977sonj 734? _.cn62n715.'." 7?- .27-971ln01 r7= .4706'9tI.q1 7: .56427523.01

MCl.: .90909091-02t 644? .1(12S73-0- -I= -. 44179164.00 -"= -. 2"115672.010 09*6: .106311602fl
VIM: .i0000400.03 ALT= .41991 279.01t r0: .6"00Co0j GVz .65196bfl3,07 f noo00f00
&IT= .74866'*86.0 £60= .62qa5l7540l CDT= SSSvD".00 66?: .1!0662'0.00 *w60: .66340929.f.

I V. w5 0f) 2.' 'A 100 Pe s ro CL rot atom&

1 2 .117-12 I.006*07 6.503-171 7.072."! 2.627-11 7.622-01 1.651i-01 9J.79-03 1.655-01 1.04600 3.265-"1 25.62
2 6.166-01 .04-07 6.413-11 7.06s,"' 2.621-01 2.651-ft0 2.5cs-02 9.620-03 1.0S2-01 1.065-00 3.2%7-q2 16.66
3 9.0-0-01t 1.004t1'7 6.661-01 7.102-": 2.63ft-01 2.gq6-n I1.66-02191-3 .690 1.062.n0 3.150-0! 1.2
I .360 1.022002 6.6-!2.173-01 7.619-01 2.71-021 1.0-6-01 100"2-02 1.066-01 1.034.0n 13.404-01 lo.'5
5 K66-fl t.016-07 6.650-01 7.167-1, 2.669-1? 2.78"1l 1.320-01 1.016-07 1.666-01 1.035.-.0 3.659-01 70l.57
6 7.c02-, 1.070.02 4.%1-012.73 7.660-01 2.614-021 .737-01 t.07'-0? 2.667-01 1.031.00 3.51l-3 22.77
7 *.13g-2! 1.075*07 6.A621-101 ?.203-"2 ?.672-n1 p.6*2-02 1.11;1-01 2.062-07 1.662-01 1.026.10 3.5619- "1.96
6 q.120-02 1."30-07 6.6-!2.236-": 7.686-0! ?.970-01 1.066-01 2.0.t-12 1.660-01 1.022."0 3.626-01 713
a 1.000.10 1.0%6.0p 6.165.112 P.272-? ?.701-11! 7.-)77-02 9.337-02 1.076-0' 1.660-01 1.016.0)0 3.663-01l '5.'6
In 1.066*00 1.042-0', 6.319-ft 2.311-2 2.717-01 3.0?77.0 1.'- .0964-07 1.431-01 t.010-00 3.760-"! '6.62

?.t72."" 7.61t9.00 2.625.00 1.2777100 1.026-0? 1.665.30 -3.566-nz 3.48q.0

I= .266691766.02 2: Ilf;7v@A4.OI 754: S%%?1904-02 @65?t -. 30S371-31.00 V= .120o9977.ft6
IT= .9'6l96I3-n7 72: .46IS59682.00 134?: v'S4SS-lv&OI 0Or= -. 3122603 447: .2771167*"6

r1g= -20034344-"0 216? . ?561071.-n THI??: -0-92680 0 Pit I -.8.544042.07 or .1 166800m402
7ar .56'65566*01 76? .C2 1.011 7?: ."4616221.01 fl= r5=6850 7: S.67M398.01
PC"=? Afto099!1 6u: .lf661qG.qfl 37: -. 3916111S'.00 - -. 3se67no7.00 096? .17507.
VIN= .1"001000.03 ALT=? o66o127.n, f0r .000000430 rV? p.MI0c?-107 rr - .- "00000
&TV= 31250I£ .3.3672lf~ 1AP9.= rot= M3S7494-no 667= .729'OfV'2.00 0A0= .66169?2.-0
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2R W 8 S 08 t8 03 7080 MR SF8 CL. FN ALPHA

I 3.337-n2 1.017407 4 .722-ft2 2. 141 - 2.714-032 2.738-01 1.720-01 I.al28-03 1.397-01 1.086.00 3.1-216.'3
2 4.166-pl1 o.oI,0 8.720-0 12 .271-; n 2.iZ2101 7.7716-02 1..24-n 9.708-0312.393-01 1.083.rW0 3.37a-V2 17.S4

I .0Onf-nj 1 I.010*02 A6-MI0 2.176 -n! 7.721-02 2.R73-01 I.S37-01 1.000-02 1.389-01 1.000.00 3.427--l 18.9:

4 S R1-O12 :.013:07 4.60-011 ;i:11 .39-01 7:872:11 1 .411,11 1.:012-02 1.385-02 1.076.00 38 7'.11
9.680 F .280 G8.Ia662-015 12 ?22 ' a.7-. I. 1-0 1 . a-0 1.021,-02 1.382-01 2.072.0 358-2213

6 7 702 1.077*0 8.610. 2 2273-n1 7.3-1 3.710 17-0 1 .3 702 .380 01 1 1 01, .0 .6030 2'.63
7 4 .3316 - a1 1.07. 0 7 .6217_0 at 86" '.777-fl! A3.0 2,;-01 2.288-02 1.a6-02 1.117-01 1.062.00 3.663-0.2 23.8
ft8 7.71 .37 851.0 rg37:-t 1.9l :.7-0 2.1:00-01 t.072:02 1:375-01 1.:05600 3.728-0 1 25.3R

It '.0000 011:02 1.680 Rai-' a.070 3.172-01 10 1-a.1 1091 07 1.874-0 1 1.2,0.00 3.786-a 26.'
in 1.084.n20 .046-al), 5~2 .18" 2.9280232 3.187-01 S.206-0? 1.11-02 1.37Z-01 I.043-00 3.8489-111 27.85

'.Z22." 7.76'.09 2.977.00 1.318-00 1.038-02 1.397-i'0 -S.832-C3 3.576.20

V: *?7A76907 Z= .12550282.01 72: .95819811-02 0on"= -. 31905335.00 W-: .36801730.08N

00 .86570*? 71- *A .8278775:01 THY: .2023*329:.01 080: -:12739 8.3 WIT *174,84304:114
:4 9.73626780 220: .738753,03 HTy: 9.878030M.02 061-: - 1I'10 0: .a1850=.r

2: .6167720 f28: -. 1- "' FN.q,0 on 0:I .'4 79 8080 F-:- .6ans51n'.02 .6809214201
"VH z8877-1 81 . on7

8
90 -1: -.'R2468 91.00 80: -.43216"P7.00 OQAG: .1I806237.mZ

YIN= 11 200'200:03 ALT=: 7 .68838897 o- C :.0qO000000o 67:- .88266,0 02: COO0
A l V .1238"*0 88 : '7

3
60~n3a50'i r FIJT: .765219 66.0 a77 MT= 9 1 15.03 9 -0- .667-16886.00

I 8 q 98 S 08 L
8  

0; Toon .0 sF" CL FM ALPHA

3 %.32-S]2 1.0's-07 8.780-f 2 .287-l 7.40.0i 2.*?--[t1 1.7-1-01 '1.8It70 -03 1.148-01 '.l23.O 36163-0 a26I.85S
7 8.66-02 1.nnj07 8.9 2r, -a1 2.2141 - 2.817-ri 2.881-11i 1.678-01 M.~21-03 1.387-01 1.120.00 3.880-01 28.71
3 .6000-91 2.2' .410-01 2.278'4 .8'-' 2.18-01 1.581-01 2.003-02 1.337-03 1.116-00 3.50-021 29.56

4 9.48-01 l.025'07 8.8791-01 7.259--l 2~3~0 .987-01 1.897-01 1.0127-02 1.333-031l.12.O 3.568-01 7n.90
I C668-01 .02q-7* 4.870-02 2.87 -3 2.772-32 3.082-02 1.401-02 !.021)-02 1.329-01 1.107-00 3.627-02 22-?1
6. '792-"I 2 .080o 860 .2- .6-l .98-2 1'09-0,1 1.04S-037 1.12S-01 1.10200 36222.2

"I *." ' .23 . .80-fl 2.348-n2 1 41.O 0 " 1 ' R6- 1 17-0 2.062-02 1.322-03 1.096.CO 3.777-02 284.79
8 ~ n 72-1 1.3602 6.,7I2-02 1 .78 7870 3.28-02 128-0. 1.081-02 1.329J-01 1.090.00 3.823-01 26.15

7 ~ an .. 0 n .'4a? &8.71,0- 02 2.8-17:11 '1:.12-0 1 7- i101-021 1.11-02 1.317-01 1:083:00 3.90-0~n1 27-'9
in I .088.00 I.600 4.727-nl 7.87 '.780-q 3.336-2r 9.7I0-0a 173-0'- 2.318-02 1.076.00 3.958-n 78.51

2.318--n 2.86S.00 1.07s.00 1.31-'00 1.043-02 1.329-00 2.05"-2 3.663,00

I -- 365.17 Z: .11858875.01 724: CC851814.02 0OR": -. 33371588.fl0 W=: ._380637.084
IT '?7' 717: .78211q6.01 THT: .26'5-507'.02 080:= -.3383o628,03 wit .i760886,0

01:-.30616426.2 720: 1'!3761:0" 'H11: -.78230.0 -*T I.2215FS36013 0=: .21885000.02
F12: .6914? n III F: -. 87,826.0' r0 .'081 004 01 F7=:.62960389 .01 F=:.70122S72:01

"in4 .77007-01 " n2 .025.0~ 87: -6886683,00 .": -673'397.00 =86 .120100141,02
,IN: .177000'0*03 ILT: .87865622,0' CO= .0n00000', G7: W48C810-6.11? art no00002o0n
AT: 2 31s618'31 880T .8*521887,0n '07:= .37141791t.00 RT: .720562981.00 8'0: .662169823.00O

' 21. 08sop La 06 0n8n 88 SF8 CL FM ALPHA

I 1.3?-1! n2.n 7 5.1s6-31 7.241-12 p.703-ni 2.9'Z-01 1.829-02 9.792-03 1.303-02 1.159209 3.14141-M 17.87
I .166-0n 1080 6.182-'2 ?.6-2 '70 .s7'-0i 1.72n-01 9.19n-03 1.297-01 1.256fo 3 s09-n~i 28.89

3 7 02 217:07 5:,i,,-n, 7.80 .230 :.03,-n, 1625-01 1.000-02 2.791-01 1.5200 3.56-01 In Inl
8 x- a.380 (1026*0 5.301-0 1.220 7.350 10- .521-01 1.028-02 1 286-Oi 1427.00 3.683-02 7t.69

S 9;:46-01 1.072102 5.2377.02 2.382-! 2.1970-02 1.16.02 1.431-01 1.07-02 1.281-01 1.142.00 3.711-01 2 T f.'
6 '.S7'-01 1:(0?,;07 S.049-01 2.376 -127.3r7-02 J.Zi6-32 1.337-01 1.04f--02 1.777-02 .1.136003 3.780-03 74.82

I 1r,-0 1 1.30 S.0711-11 .2." .198S-0' 3.27-01 21.280-01 2.0684-02 1.3T71-01 1.130.00 3.851-a2 75.74
7' 8 10-n1 1.019*0 V 8.787-01 N:Of'-01 1.060 0.9) . -01 2.094S-02 1.26-01 1.123-00 3.922-01 27.08

8 : 1 .2. I rI417:P7 q.72n2 756 -2 3.02, I ." 02 .083-01 1.7-0 a? .766G-02 2.125.00y 3.995-"?2'5.13
In 1.0348013 1.05*0'l 8.1)25-n1 7.551-1 3.012-017 3.4,f-O2 9.842--02 12.2132-02 .-163-01 1.12,7.00 4.069-0I 77q.58

?.375.00 2.996.0n30..1.00o 1.30.201 1.088-01 1.281-00 4.383-02 3.750,231

A: .28287.0 Z= .'188'700 I 7TNT .71981,1.02 02877 W.40=7.0 .3 3764 720-V8
IT : .9880888n2 T1:95.074867.01 TNT- .14338847.11 0857 -.35045623'03 212: .27551056.084

%If: -317611.0:00 726: -'204t:0 72433: -. 22876408.0 ONG'= -. 30030-1203 O: .1288500022
F,=:.7'060i3.7III FN- ; 10700 F :: .32t786701 27 64757f, 1.01 F: 76782520.01
822.4 .8077I'll-at 821: , '78760c.00n 0 -I= 59870 "0- -. 636-14115.00 0862.: .22763750-02

I ,7 I. 10O00010*03 ALT: .4 8186nl 3. It ,a .0no000000 07: .81#45453S-0? IIF: .00C0000
AT!: .32078(713-01 8-0: . -1 PRO ,0 '19 07 1) 38TIR6991.00 797: P7RO8-'0 80 .661037193.'1

* -t '.309

7 %. w~ 21 0R LA 06 ?s20 "a SF8 CL FI: ALPHA

1 1 I.0n6'07' 5 .3 71 11 7.'IRS-nI 2.78 3.022-01 1 .1 7-1a_ 9.708-03 1.260-01 1.198.0 -n 7.508-03 18l.07
IV 8660 100'07 7.3784-02 7.3 .2308-02 7.077-01 21.747-02 9.823-03' 2.758-02 i.igi1:0 0 :-f 19.57

':a?0002 1013-01 S.333-01 2.310-0! 3.026-02 1.276-02 1.61;1-02 9.14~-03 1.747-01 1.1...3'00 3.6109-01 21.(3
4 C.q38-V7, I.018-07 5.307-02 .570 3.031-s2 31'9-01 1.567-02 1.00i-V' .711-01 -1. 151.00 3.721-02 '.8
S .683 .013-07 5.782-111 ?.3919-1 3.088-0!l 3.2'-01 1 .86f7-01 1.075-07 1.736-01 1.17S.00 3.795-"? 7".90

6 :qn?:o;i '0770 5 .2 -1-_n2 71.832.'-! 3.2366-02 3.st..-32 1.160-02 1.083-0. 1.751-01 1.169,00 3.869-12 25.10
1 .3.n' I1I.0:'6*07 ,,n1: 7.770 7.88 ;0 3.2298,-02 :.830-a1 1.7,8-0! .06r-0 :,,r,:o1 :It62.n0 3:9 1:11,76.68

8 .1 7o- n 4 3*07 5I C23.02 2.72-32 3.122-01 1.70-0 1a 550 is 08602 1221-0 1 . 0 03-02 ?8.03

I 2.030,230 l.0 1*0' S.282-n2 2.5'?-! 3.136-02 3.782-02 1.073-02 1.210-0? 2.2-2 1.21440 4.101."] 29.16
in 2 .078.00 2.058*0' 5.nq3-n2 I.678-2 3.163-01 '62IC-01 9.887-02 2-136,-0: 1.213-01 1.137-00 4.182-02 .0.66

7.1.0 3.666.n00 3.398.220 1.48-00 I.082-01 1.235-00 6.632-02 3.83?.nf0

y: .3aanS72037 Z= .2S3Gq145.O0I-T: S485287S1.02 0836: -36-7-%693-1:0 21 .4 I438868,08

1- :4 81 O%7a3.n? 22: .ar'Sq1Aq.02 7247: .ft21T7'.0t 0,6 -363027 33. 441 .17519463#(1
vir3: - , P 460.00 216: q7jMA08q.rn 32422! .220404886802 ONG61- -. 132192178.13 0= .1 M'se0".02

VA: .',77287_. 11: -. 4272017 F3: .'323888'0.02 F': -1017~' Fr .838311576.01
CW24 .807079929'02 "W1: :237 087 " 7:= .265(i7216-n2 "OT -:6366 1:1'0, 01%G=: .1311782",,02

1,1. .3'087I80D02 A"(': .9273"(30 07 141778.00 881':PAT .721101706.10 0002 .6SM74S78.0n
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Vt 56 IS 06 tA To:? 7036 Sri% Ct FN ALPHA

I .370 .01740? 7.429-01 2*7j5.113 3.678-01 1.880-01 Z.1 51-0i 7.466-03 7.053-02 1.45001) 6.094-01 23.'6
4 6.166 -01 .28 7. '?! -fl1 2.757-0"2 3.707-1 3l '0 2.001-01 7.6611-"3 ?.Top1-02 1.417.00 11.219-12 25.16

3 S.000e-0 1 .026-02 7 .3 14 -q 7.8on?-ni1 3. 743-0 6.11-0 1.854 - M 7.698-03 7.233-0? 1.434.00 6.368-n2 7. 17
6 5.836-C2 1-04-A07 7,P%7-12 .7.2 3.7'6 -01 6.280 24AM I.?011-01 8.281-03 7.130-02 1.626.00 61.48 1 -M3 2".I$
S 6.668-0 2"1 .067407 7 .173111 2.q616-I 3*8t3li11) 4.37*-Ol 1.SK2-03 0 .506-01 7.032-02 2.1#3 300 4.t 10-02 32.28
6 7.502-12 2.05,6007 7.012-012 3.015-1i 1q.*9-01 6.526-02 -19-01 6. 877-01 6.937-02 1.601-00 % .759-01313.15
? 8.316-01 1 .0'7 70? 7.006-01 3.3f10 n o.l00 sqq6-OI 1-01 9.793-b l 6.8617-02 1.488.00 41.104-M 340.97
8 1.700 2.06017 6.-Oi ).191-0 1 140116-01 4.7q8-f1 "1-c 1.751-03 6.760-02 1.373-00 5.056-02 36 .73
64 1.00.loI 1.10)*07 6.a812_q1 3 .30S _n I %.1188-n2 toq9-0. ' R6-f 1.0126-02 4.676-02 1.135100 5.208-Pi !6.43

In t08*0n1 .119-07 6.710-021 1.471 -"1 4.26.1 to 6 t .09-n1 .474-02 1.041-P2 6.597-012 1. 343111 S.166-01 e'.fl?
3.013.nn0 3.~'029 M$ 6.4CQ*02 1.66500 8.070-02 7.001-01 3.097-02 64.705,00

5: .60560671.0? Z= .26774165.01 Is6: .67Sn5055.6* OM"6 -.S2215635-00 V= .57926-,r.M%
It- .17057119102 21= .276368%6.0' TNT: .'35I24S8.0l 00: .I6277 vi: .21527031.3.0%

WIG= '-.44746517-00 216: .962170ooo 7HT14: 1127454144'12 OIT -. 12611882#03 9: jI28*Sonq.Pk
6A- FN-6611*0 66 .211665Ag0o.I rtz .866I?6 3-101 67: tfl"92-8.02 F= .26713s.02

Hell: *81'409091-01 v11= . "w1610.0- 1 "Y: -. 788696678,-01 n6 -. 649R2606.00 68*0: .17954362.17
sly: .1"00017n0-03 ALT=: .4-732719-n- Co-, .0-7000000 115: .6260773%.0' 16 .1100n0011v
£77: .314503522171 £80:- *1'3631.0el CDT: .144783808.00 R8T= .72926092.00 *no= .635006779.n0

1 0 56 v'6 0R Ia 0c I"01 N. STO CL ot ALPHA

1 1.332-01 1.019-02 t.,141-01 2.112-i 41.039-01 61.3q0-O3 2.285-02 3.871-03 4.724-C2 2.S61.00 1.9-n 6.82
2 .1-l1.0104.07 l6.milg-o 3.0fonol q.09)-m 6.56-7-02 1.562-01 4.115-01 6.612-02 I.560*00 6.662-11t 76.41
1 4.000-02 1.063407 o.760-02 1.082-01 6.171-01 61.7r2-01 1.787-01 4.5-4-03 4.505-02 I.568.flO 64.877'-0 31.9!
8 6;.436-01 1.06840' O.626.12 3.3013- 4.- .9 6'5-01 1.S'-03 9.1171-03 4.%n3-02 1.535.00 S.071-Ai 316.35
5 6.6-0 .075402 11.1679-02 3.292-01 li.312.-l2 1.8.0 .3R6-01 %.929113 6.105-0? I.S21.00 S.279-P) 36.69
6 7.R0'-05 1.0916407 11.332-01 3.420111 .5-0 .3-66-01 1.180-01 6.25,%-03 %.222-07 1.505.10 S.-kgu-nl 38.93
7 a8.3P%-0 1 1.136*n2 c1 76-0 1 3.S62-1 1.56.70-02 5.576-02 9.738-02 S.960-03 4.122-02 1.467.f0 5.726-02 621.07
8 60.170-02 1.11407 6.1-13.7700 6M14.707-01 S.IM0-02 ?.52n-02 7.782-01 6.037-02 1.6600 5.96-0-01 6o3.2
" 1.000.00 12.261 *07 71.846711I 3.*42-"2 4866-02 C.018-01 5.720-07 8.600q-03 3.956-02 1.450.00 6.150-ni 65.06

I- 2.08.n1 .187-02 7.676-ty2 6.080-02 8.q656-03 6.27S-01 2.33?-02 I.517-03 1.079-02 1.61301) S.437-02 66.62
3I4 .66.no 6.650111 5.284-00 1.161-00 r,.204-02 6.27S-01 3.957-01 S.61501 n

It .50720'07S 7~ Z .81Q21869S5.01 IN: .726652696.02 08'S: -. 66539135.00 V1: .69716766.01
X2 SS55I2366.0~z2 V: .12166.0' TIT .91170791.00 08NG: -. 62 654 2.03 Vi: .106466'12,.n

116:ZIG -.. 2661 It6 .137 R G56.1 1n621: I -. 315668**02 080?: a--0'10S @ .211850o.nz
fR: .26%M9637-07 FN.- -. 28511117.01 62: .S?86q50A.1n1 6': .71;110640612 6: .21;67041.1.02
"CH.- .90606051-02 3.2: f62q76nT76-ov -I= -. 17'532741-00 ."T -617 23206s. 00 0046=: .222136228.112
518: .1nO0WH10P,33 ALT: .661567856.11' en- .oi0oo0oo0 Gv: 1801*6.. S 06: .11F- 000060*C

A: .4181?4?1.01 k80: .'9426264.00 CfOT: .44627.00 887: .735850*7.00 080: .59460465.60II'186: .60%
56 irz 06 opt Lot 7118 T"" S CL F" ALPHA

3.332-0M 2.026*07 9560-01 3.016-12 1.76,5-03 4.1"0-01 1.dI.01l 7.568-06 1.797-02 1.663.00 6.656.0l2 701

2 8.166-01 2.0411*02 6.1803-0 3.178-01 3.p78-02 8.626-fit 2.680-01 1.200-03 3.690-02 1.84600 6.661-112 30.6
3 .100 2060 .663-02 1.260-i 6.017-01 4.861-01 1.678t-f2 1.767-03 3.583-02 1.4SC.00 1.943-"l 31.69

6 6.836-03 1.078407 6 .666 4-02 3.272-01 6.1617-02 K.129-01 1.171-01 .3-31600 .83105266 66

S ;.968 -0 1 1.201,40? 9.261-01 %.575-01 6.709-0121 6.041-021 1.701-01 3.3693-03 3.268-02 1 .S69.00 5.753-112 60.361II6 7.6.02-03 2.2*0 .0;2-13 3.66-6'20 6.867-01 S.121-01 5.501-02 6.07S-03 3.176-02 1.551-00 6.033-0i 4'.82
8 .136-01 2.151*02 8.8616-111 3.863-l1 5.068-02 6.211-01 6.865j-02 5.062-03 3.090-02 2.531.l'0 6.327-01 65.!6

g .f70-nI 1.8*0 .676-01217 r?-mnI 5.735-02 6.520-01 6.107-02 6.256-03 3.0(18-02 1-511.00 G.M3-ni 67.1 7
.0 rmonf) 1.218107 a8.60an-0 1 4.342-2 5.440--t %.$]*-t 1.726-02 7.3';C-03 '.5110-02 2.681*-00 4.6~ 1-448

In0 A.0'n*0 t.249.2 .102 2TSq 4 S7.4-0 5 .667;-02 7.- I .10.02 S.646-03 2.857-02 2.46'7.00 7.27r-02 51.l*
3.6"6-On1 6.675.011 S.72S.00 S961-02 6k.0615-02 3.287-01 6.21 6-01 S.828.60

.675587*117 2: .6"511718,03 I"H .7819*182*02 OH'S: -. 77521823.00 a: .77-176312.016
.937650 66.0f2 21:= .28875.0' TNT= .7645579700 ONG= .. 6*7008603 Vi: fi'jqtl-T3."3

-. 5r,13051%300 216: .2t.753726.0, 1611:_ -6267176'*01 080?: .. 780T7162.07 0: .12806900n.62
A: .35600250-07 Vm3 -. 36681785.01 rx: .671#7811-01 f': .3536371707 F= .I5826#079.02

4cII: .50605062-13 8w:. .8116202-02 .7: -.73466795-02 NAZ -. 6'463128.00 OAG= .228980646
528. .30000000*03 ALT: .69616083.n' en: .0fl0b0000 G5: .78651666.11' OF= nlJ*40n0"
£71: .66978657*02 £60:- .5q72236,0ft CDT= .5226,583-00 867:_ .7658798*00 880:- .56702100n

7786: .70*

I * 58 vcS 063 Lo8 as 711 per 568 CL PH AIP9A

I 3.137-02 I.~20 13.1 ql01 3.191 -1'3.8%5-fl1 6.51,-Oi 1.822-02 -1.50C-03 3.265-02 1.4S93010 4.588--2 ?6.71
4 .566-01 2.nqa80' I.039.111 3.711-111 3.682Z-02 6.7164-01 1.6111-02 -1.507-04 3.160-02 2.616210 46-4~-01 37.1"
S .000-03 1.061407 2.019.00 3.386-01 6.169-12 5.077-02 1.374-021 -2.667-04 3.1037-02 1.666400 5.268.111 35.161

4L c .P34-"2 1.0,)3.07 _M56'3 4.160 .347-0, 5.386-02 1.186-_02 5.S33-r6 2.934-D2 .61.00 5.461n.2 165.67
.* 9.968-01 1.2211-0 .2-2 3602 2 .5'S-ql 5.2-0 .028-02 1.501-03 '.831-02 1.673-00 5.801-02 62.66
6 7.6;02-01 1.266*02 49.476-11 3.86112n 5.182-12 6.3112-01 7.540-02 2.564-13 2.665S-02 2.572*00 6.369-02 52

7 p.136-01 3.187;0 1.77_q12 .117-02 5.366-11 6.641-01 6.5684-02 3.78-03 2.562-02 2.550*00 6. 4. 1 66

1 .000.00 1 2.D? S0 8.,;0" _ 6 I4.672-03 5.AS2-01 7.Tr56-02 - I.62' -02 6;.573-0' 1.609-m2 2.506.00 7.682-02 S7.23
30 I5.086#(I01 .292-02 8.28-'2 16.976-02 6.136-02 7.768-02 -5.%35-02 8.156-f 1 7.139-02 2.687*00 7.86r9-01 56.2

3.863l.11 6.100*00 6.0-6-00 1.670-02 2.552-02 2.762-02 6.228-01 6.165.110[1=3 ;.!E3ft760o7 Z: .7624139.01 1N: .75C65666'.02 0M65: -. 65011150.00 V= .831398*9111
N5 *99077" qns* .2631050 72 .1427761S.00 06C*= -73658961103 vI= .43227878.-13

Tlr: -.58%SS7260 26: .*I68.' 7631:.r~!K.O ..780110 0801: -517911,99.01 0= .212!6S0111. 11
FA= .625836711*02 FN: -. 647241569.01 7-:= .61561254.01 67: .612%32116f9.02 F: .4 18%!S72.02

w4C4l= .401011191-02l -* .2366117-01 87: -. I317114i-^2 NM-. -32338717011 0VA$= .242264735S1"
576:= .2011001111?03 ALT: .6111760.01t CID= Onmt11o0 65: .7;5-91.07 3167 lo1330olln'
A'?: .67311383112 A80= .35326726.00 CDT= .86691687.11 867: .3707786.3 2;10 - .3121402f;.110

AppendN DOT REPRODUCIBLE
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ys W~S as LTs on yeon "a FmS I ALPHA

2 I. i37-31 1.03s-07 I Cq%8,nn 3.22- 1 !.996-1! .625-0! 1.780-0! -3.018-03 2.136-02 1.868.030 4.673-01! 79.60
2 %.166-111 1 nfl%-02 1 .074.nn 3.266-n 12 n.s0-0! 14.408-01 1.5806-01 -2.386;-3 2.8314-02 1.471.400 8.t62-n: 1.14
3 '. P0-01I I .0T70o7 1 .0 q .('0 T.%17131 4.238-01 K.21 -1-0 1.303-0! -1 .605-03 2.133-32 1.4174100 5.279-01 36.581
4 .1 1-440 .17100' 1 x26.nq1 1.5~0 3 .8513-fl 5.557-02 1.n-;7-01 -r.762-0 2.632-02 1.478-00 S..24-nI 3Q.19

A .c668-02 1.130 1.,551-_n 3.800l1 8.71S-0! 5.424-l 7.856--02 14.002-041 2.533-02 1.18'.00 5.S8ll 87.85S .sr7-01 I . Ig.02 I .7'1%-n I .0%7lt?_u $.0'16-fl! 6.31 R-01 5.115q-02 1.922-03 ?.1134-02 1.46*00 6.801-01 4S.827 1.'3f-0I 1 .2n7-n2 9.621-018.5~" S.501-O1 r6.51 t3In 2.-47-02 2.982-03 ?.272-02 1.55*00 7.028-01 45.78
a .I -1 1.249.01 9.13 _n-" 18.588-1! 5.A058-0! 7.3'S-01 S5.160-03 14.494-03 ?. 156-D2 1.537*00 7.425--01 51.63. i.ong.no I .7a1.0' O..1.071 % qO5-I 6.15220! ?.71s%-O1 -4.1711 01 6.14S-03 2.1?5-02 I.5j%.0O 7.p85-nI St.80o

If n .004-00, 1.313-02 8 .5-; r,1' S . MI -1~ 6. or, -01 8 . I l-01I -8.057-0? 7.933-03 2.056-"2 1.4119-00 S.2741-n2 55.81
8 .0 10.n0 S.08'.00 6.2743.00 6.000-01 1.580.132 2.475-01 8.243-01 6 .351.2In

V: .7 P 573 Iq- P7 Z: .1 r 1'7s!I8.n' 7 H: .*7f Z34S i A # 2 0o-slq --.,5flji1.1.0l w= .86526712.l8
IT: .857700 21= .78362168.0' 04r: .88586;,8-0l 0.0 -.78662,'70.03 PIT .76585528.mllIT,: -.Gn525417*02 ZTG: lflSl) .06560' 1110 TWT= 12% Sty IS,.00 01.00: -.3 S IZ360*43;' 0=. 1 18 5000132FA. .4 75.)7A70.00 ,7N. -. ZnlIJ747.02 1.0:z .6656.nI ' *1711638f..0 8 F .4881151.02

81: .405030 "M8 .15A 14 M60 -T' .714 37'-03 ":-21 35117 73-00 0086: .7507S337;l2-nn nn .20 0'I0 ALT: .8581'8.o' Co- .0an0000o00 67: .740r,1"l2.07 nF=I nDlOOO"OnLT .48883371.0Ii IO:O .2115'55S8.on CnT: SC6,8136q~q0 RO0: .75312n56.00 000:_ .386491IMT.fl 0

171.2? .109

0 V. 70 IS 081 tq 05 Ten~n ' $ CL FN 'ALPI4A

I 3.312-nl j.nl'7*fl 1 .1 27.rirl 
1

641 1.52,5-018.58 1.751-01 -3.555-nIt 7.758-02 1.873.003 8.728-01 3".t82 8.166-01 1.nso*07 2 .056.nn, '.102-1 %.5-0 .983-01 1.5SSO _3.300,_33 7.65-02 2.876*00 5.033-031 31.023 ;.OO0-fn! .1 llow 1 .071 .nn I.%65-I3 8.ZS6-l ';.312-01 1.75T-01 -2.162-03 2.558-02 1.474-00, 5.36m-n31 7.328 5.0o3l8-PI t.I!1.0' I .088.00n 3.657--l .535-l 5.6?0-02 9.pq'-02 -t1868. n3 ?.%5S-02 1,483-00. 5.733-01 10.65S r.968-1 .2 0 1 .014.0"31.8P0.'. 4SAl-nI 6.0559-01 7.127-02 -2.847-04 4.36;102 2.%87.00 r.129-fl! 41.81
6 '.50702i l.'.0 .8813-00l 4.11-11 5.121-fl C.11RO01 8.11.1-02 1.035-03 7.768-02 1.850430 6.558-! 86.757 A.136-nl1 .216*f75.n -0 .83' 5.726-01 7.1?1-03 1.745-07 2.507-03 2.108-02 1.563.30 7.216-01 Sfl.2
8 *.700 1:256:07 ').:7 27-0 .~f1 6.7,-ls028-01 %.:801-186-0 818-3 2.033:02 1.58130? .685-021 57.67o1.0.0 2%9 0.7 8.5211 a 906S-1 A.188t01 7 So 0 01 K76702 5.87 IT0 1.963132 1 57 CIO .08-nI 58.8s1" .1388*0 l.305.02 8.1621-q3 S.*'S-A2 * 6.655-fl! 8.810-01 -5.586-o2 7.11-S-03 1.858-02 1.452.00 8.587-01l 56.67

8.!8.0 .25.10 .87*0 505101 5.6_03 '.0-U .24%-01 6.50S.n0
13 .8565575.0 Z- .1772*T.l' IH: .70C44701#02 01155: -. 93331"131.00 1.= .88575877.n4

it- O8802zl5lS1I? j1 .'?0)13863,0? TWIT .54127851-11 0-r0? -. 81825715.03 VI= .168?9f681,f3V16: -.611443,1200 j- -NI . 15720" TWIT=: -I'fl51 -00 01600: -. 218470255.07 07 .1 1883000.n2?FAT 53l5nn3q-ni F8: -. 5578pk 15.01 lx: .603'6%231 .01 FIT .5098810.02 8: .513878488.02"CH: ."404o19st-oi PUTA .'-0fl0573Q.41' "?: -. 175181417-02 NOT -. 14147"700 13856: .257064771.?
VINT .1n'0O~nO-n3 OLT: .4472477G.01 to: .0000000 67: .775'870100' nFmr q00p00ol
AITZ SnflO3-6q-nj Apo1: .15136837.f111 COT= 5749411".00 ROT= .75%6F888.00 080: .3032573R.10

V. VI lS 0o0p'11 - SIF CL I'm 'ALPHA

I .12-"l 1.050 I 11 1 .160 351-0!1 8.2-01 I ',-01I -. 7-(I3 2.651-02 1.4761)0 8.168-01 3fl.56.66 -fl3 l0i0 1.150 3361 8.128-fl 5017-01 1.''-C -3.84-03 2.552-02 1.875.130 5.080-r31 34.7y r."00-0I 1.0 6C7 1.083.210 1.85411n 8.315-fl 5.377-01 1.214-Cl -3.0073 7.8153-07 1.1162-00 5.5476-ni 37.82* .180 .11r6*07 1 ."1f 3.sos .q31 4.585-02 %.788-31 -1650 -2886f03 2.155-02 1.886*00 5.805-01 81.11
S 16.-~I.i85'07 3.1 .080 I.5 op."i 8A7-c! r,. If-01 6.601-02 -7.187-08 2.258-0 1.490130 6.227-fl! 88.816 I.5s33-q0I1.iA6.7 9.121 -n1 s.1984 1 '.201y-r1 6.556-0! 3.Si85-02 6.738-04 2.162-02 1.493400 6.662-01 87.827 - -t M -0 1.2;'7 4 -Anl1-- 1 8 .874'!- 5.822-01 7.21;0-0! 1.017-02 2.2'1-l3 7.005-02 1.S66130 7.161-61 5-l.148 4.170-f.1 !.247-07 5.8-0 .08.5-Il C.1841-01 7.68q-91 .2.7*n-07l 1.938-03 1.935-02 1.543-00 7.787-"l 53.33

0 ."100.80 1.317.1' 4.195-1 S.172-1! 6.078-0! P.141-11I -6.87A-02 S.817-03 1.466-432 t.515.00 8.250-fl 55.53I"I.8.3 .155007 8.S-0 .5604'! 6.834-01 8.617-fl -1.113-01 7.8359-03 1 A02-02 1.41SO*00 4.727-nI 57.55
817'15.715,00 M6L51' 3 8.4120-01 0;.291-03, 2.2118-01 8.243-31 6.606-00

': .95659127.r)? 2: .iS87-nn.0' 7.4: .7685305',02 use"=: -. 955181C8.00 w=: .89861891,08
1r: .R'n397O1i.2 71: .7q1ss58.0l TWIT .310426-01 080: -. 83287275.01 VI= .106t,2286,03TT,: -. 617589265.00 216: .1770668.n" fHIT: -i0'I'401.30 087?? -. 15135550.02 Q= .118AS007.-2FAT Sl56577G.n7 FN- -.6'8158j75,flI : FX cin51ot.1*l r7= .5136S?83.02 F: .53764270.07."-o .no70o0j1r01 011 '"SAC6l5i -. -A'55810 NOT: -11103c1-02 0086: .?6120001.0l2

7138: .lnr'10o.n'3 OLT: .087nnl C'?: .O1o00o 08: .7!0?3750.07 nfr .ooooonon
AIT: .51

0
1 71:200i Apo0: .lOl.6s8.0 CnT: .4715181S.00 08?: .75gsct178.l:0 01.0: .22671339.lo

I 0 7. II3 05I In 05Z ?non M. ra CL FN ALPHA
1.3-I .04010' .I-IS).'' 3.2,7-32 3.565-0? 81.787-01 1.719-01 -5.025-113 2.585-02 1.878-00 8.758-01 30.800.6.3 .Pf167.7 1.1171) 3.3841!1 4.13-fl 5.061-0I1 .1461-01 -4.27-033 7.486-02 1.8200 5.110-fl 38.565.nOO-nI ""A08517 1 .5OqUlq V.517-3! 8.361-1 1 -0 1.146-0! -3.3"-)l1 T.'88-02 1.88.13 5.865-01 38.158 583-0 .1.3 "A .0600 , 75- 8.160 57'-0il"00 -n V 2.2,;:-03 2.791-02 1.88.130 5.852-01 81.576.'S~0 2.5107 I Osfl .6 4!852-!6201-01 6.7,7-02 9.308-04 2.298-02 t.8191400 6.278-ni 88.796 '.f?0 .15!07 ) .568.!I 8.77641! S.251-01 6.655-0! 3.111-02 4.874-08 '.099-02 1 .85!.00 6.730-Wif 87.837 3.36471 2 .211-07 ' 1-.01 4.540-1 5.81.5.02 '.33'-01 5.022-03 2.1486-03 2.988-02 1.567.03 7.8122-0! 51.358 '1 7--n! 1 .,)78107 95.3 13-11 0.876-n! 6,.215-ni 7-7-'-01 -3.342-02 3.818-03 12.875?-02 1.54,4.00 718:3 77

5 .00*0 .707'8.% 1?5.83'. 656-r 5250-01 -39-02 5.752-03 1.807-02 1.S5",13 8.355-"l 55.961 105* 1 368*137 S.7., .643-11 C.53'-n! 8.7327-01 -i195-01 7.1.82-03 1.788-02 1.858*00rj 8.806-fI 57.9#
8.275.-00 5.7-5013 6.550*00 3.947-01 4.000--03 2.142-01 5k.28 1-01 6.972.fln

.10816312.03 7: .106665;g72.nl lm= .77089393.07 0 MV75= -5658113%.00 IA: .5060.451.081TT: R0n053,q2.n7 713: .3?'?SlI?0.0l7 0.413 .O8NG8.0 =00 -. sq%38fl'7.03 II .67788693.n? -710: -. 6216845 r,.0 71n6: IS .76 qI "..O M71.10: -. 18777208.020160 -.56788,0 0: .116850c-'.02I': .
5

"?27i2S 18-F) " .. 00812S3.01 I':: .65175"56.M FI .159401cl*02 r= 5534081,02qnq: .050l)91-n "w5: .'700- T:. .26615285.0 3 -0:.6049C41,5.9 0006: .76352180.12515: IqqO00lMO-n? ALT: .8130,1 Co: .0000000 GV7: .65l"On-0*O nF= .000o0007OTT-: .1l7Sc73.oj 8.0= .605565-0!-O tot- .S487845%.nO R8' V7M300-3.00 0821:= .26251022.30

Appendix D 188



TIME=? 1.205

V" 01 2.8 05 a - 1084 MR 548 CL. FM ALPHA

1 3.33?-01 1.04100? 1.147.00 3. 20% -ft1 3.974-01 It.763 "1 1.712-02 521 0 2.543-02 1.1479.00 4.803-01 3-.96
2 4.16-01 1.6.7 21 .S-

2  
.15S-fkv 5.08%-0 1.4SO-01 -4.519-03 2.44S-02 1.48?400 S.13O0-3 34.74

37 5.00-02 1.00900? 1.-055.23 3.430-01 8.377-n2 s5.413-02a 1.182-01 -3.S77-03 7.047-02 1.486.00 S.489-01 38.16
4 5.434-01 1.121-O? 2.065-00 3.742-n 1 .6*0-02l 5.828-01 9.0f)8-02 -2.4-8-03 2.250-02 1.469.00 S.983-03 82.80
s 6.668-01 1 I6-o? 1.033.01) 3.986.-"1 4.583-01 6.285-01 6.037-02 -1.163-03 2.155-02 1.493-00 6.311-01 45.01,
6 7.502-01 t.1941402 5.197-02 4.263-01 5.26.02l *6.701-01 2.6'94-02 3.048-04 2.060-02 1.496003 6.77S-02 48.09
7 116I-0121.235.02 9.6*-fi 4857347 S.926-01 ?.386-02 1.650-03 1.93"3o 1.920-02 1.56701 7.875-01 51.62
8 q.170-01 1.271-02 1.333-'l 1 4.925-1. *.6*- 7.64-01 -3.7*0-0? 3.345.03 1.837-02 1.S5500 7.9*1-P2 38.02
9 I~mmIo.0 2.,326*0? J.005-0-1 lf.250-0 6.520-01 8.311-02 -I.005-02 S.727-03 2.770-0? 1.520.10 8.428-0! SS. ?3

1l 3.08%8900 1.374-02 8.686-01 S.617 -q 1 6.5502 0.809-01 -1.240-01 7.850-07 2.707-02 1.5:-.20 8 .592-M1 586. ?"
4.255.#00 S.318-00 6.641.00 3.721-01 2.553-01 2.102-01 4.231-nj 6.7359fl0

12 .11247027.0lt 2= .21"5713S.0' 3M: .77188281.02 O"515= -. 97061084.00 W-? .51700687.0*
ITT .A7m76q1Sf)2 Z= . 3%SO8776t07 TNT= ... 1360635't-02 040: -52"22.103 WI= .83260657.02
ITS% -.61730911-00 216? .7*2811071.00t 7*71: -.6155*8177-01 0861? -0=28570 A: . 485on.f02
far SKO055274-0z 68: -.51764327.01 -I-- .6681T307.01 F7= .SS940*33.02 F: SG63730-8.02
14cm: .-koiO9Ol-01 235: .2S3853S4-1 87r -.35562256i-03 o%= -.39507556801 0*86? .2%25322."2
V1%= .10000000.03 ALT:- .878100*87.03 CD: .01000001 65? .67256228.07 nF: .00000220n
ATT SIG-;6361-01 £840= .*1505172-01 COT= .3117',3'.00 *By= .7SG70596.00 Q-0: .117622'S-fO

TIME= 1.3t*

VS0 In l 08s D .o to ox 04 M 4 ; Fe8 CL FM ALPHA

1 3.337-01 1.042-02 1.1501.00 3.209-01 3.1750-01 8.773-01 1.705S-02 -5.889-"3 7.517-02 1.480200 4.827-01 31.06
2 1.Co .044-07 12.126.01 3.357-01 8.163-0! 5.097-01 1.4*3-01 -4.674-03 7.419-02 1.483100 5.142-02 38.86
3 S.000o-02 I.'0 I1.0*4.0Y %311-012 4.340-"t S.680 1.173-12 -1.719-03 2.321-02 1.486-00 5.505-m1 38.85
8 S.034-01 1.12340? 1.067.0"n 3.?751.02 8.658-n1 5.889-02 8.040-02 -2.585-03 2.722-02 t.490-00 5.903-n2 81.5*
5 9.964-02 1.15490? 1.035,00 81.000-! 8.5991-01 6.27ft-02 5.847402 -1.273-0; 2.12S-02 2.853.110 6.!35-fl1 *5.20
6 7.5112-01 5~2 1.fl9 1 .281-01 5.308-01 C.730-01 2.681-02 2.182-080 2.035-02 1.497.00 6.803-02l 88.25
7 0.336-01 1.234402 5.679-02 %.S58-471 5.553-01 ?.420-01 -5.373-04 1.8f;7-03 t.666-02 1,568.00) 7.505-02 52.73

8 5.1711-01 1.287-02 5.3*5-01 81.5*0-1 6.718-01 7.888-01 -8.0*8-02 3.*- 12.82-02 2.5*5.00 7.580-01 58.20
q 1.000.00 1.329-02 9.015-01 5.370-01 S.66-0 6.39;8-01 -8.307-02 5.607-01 1.7*6-02 1.521.220 8.861t-ft1 56.82

10i.6ib .178-02 8.953-01 '5.73241 7.031-01 8.860-0! -1.284-01 7.857-03 2.688-02 1.OS5.00 8.57?2-01 58.83
4.273.10 5.335.011 6.670-00 3.S%2-01 1.631-03 2.078-01 8.737-02 6.743.0"n

7~~ :-.2075505 .2%596271.9' IN: .7722075'1-02 04: -. 8*K85.t W: .515S32581.08
%I= M811613307 71: .36063253,0' TNT= .0611S212'-02 ON6= -.*SG9?tft7.03 VT: .27665730?
ITS=: -. 605,19077-00 716: ."~14139009 lull: -. 3q3188536-12 0863: -. 413277'4.91 0: .1131'500.02
FAT SS672276"92 Fair -.6366327.01 ,fv= .66655557'.02 F7= ~.S6288.02 F= .- ;?11%30F10.0?

2304: .505059092-02 NW .26234255-07 MT= -. 22AOn5SR-3 "Or -.25tl5800 0886: .26674382.02
538: .10000n00003 ALT= .87*81373.0' Ca: .00000000 65: .65252818-0' OF= .00-300n0'
LT: 52G7f134891q1 880: .29591791-02 COT: 5-194524.00 ROT= .756q7lc4.O0 OR0= .76051286.02

0 8 58 Vc 08 2.4 05 7050 lq rs CL FM ALPHA

2 1.132-01 1.047-02 1.153.11 3.712-021 3.143-01 4.771-02 1.703-01 -S.tl%-"3 7.8597-02 1.881.200 8.818-02 31.11
2 8.266-ti11 .06S-07 I1.278.11 3.361 ' 1 *.168* 1 6.0- 12.8*0-01 -5.775-03 '.1559-02 1.8822 518. 38.92
3 5.000-01 2.057'-07 1.1(009 3.5*8.02l 8.398-01 5.861-0l12.164-01 -3.828-03 2.302-02 1.487-00 S.5118- 34.56
8 -C.648-01 1.l28*-02 1.06.9"1 3.755-" 8.9f1-n2 5.856-02 8.*32-02 -7.671-03 2.206-02 1.4190.00 S.9181-111 6'.92
5 6.668-01 1.155407~ 1.03A.930 4.00-10 4.170-01 6.241-01 S.613,02 -1.350-03 2.111-02 2.858.220 S.304.-2 85.78
6 7.507-02 1.1-9?-0? 1.013.0n 81.210-11 5.920-02 6.786-01 2.S-01-02 1.875-08 2.017-02 1.497-00 6.825-01 80 .34
7 8.336-01 1.231-07 5.651-111 4.60-! 15.7.11-01 7.283l-02 -8.652-03 1.2 20 .528-02 1.50."0 7.325-01 S- 10
F1 4.170-01 1.284-02 6).358-01 4.55*S4'2 6.311-02 7.505-01 -8.180-02 3.6-56-03 1.757-02 2.585.220 8.001-fil 58. "
9 1.0500110 1.331-'P7 9.023-01 S.336 2 6.675-0? 8.388-01 -8.861-02 5.667-03 1.730-02 l.521.00 8.852-02 51.50
It, i.08800 1.380-07 6.700-02 5.751-02 7.054-21 8.887-01 -2.302-01 7.8*2-03 1.668-02 1.49S.00 8.59-01 58.52

4.210.100 5.325.041 6.66%.100 3.341-01 15.-*2-04 2.06S-01 8.738-01 6.73110l

I= .IR*l433-"3 2: .?-367r25.01 TH: .77'SSSS.02 03M-6 -.5756760O.00 W: .5171991f0.08
.T: .7818*551.02 71=: .351153181.0' TNT= .648531391.02 0.6:= -15583275.03 WI? .196131%4.n2

111? '-.556f38S97*00 216= .10173827.00- lull: -. 65435319.05 0467? -. V5901 Or .2131s50f0.2,z
far S5705803S-n? for -.636701377.01 fl= .966542"7.,1 F': .9911I31.02 F= .57179684.02

"CM= .5*515-0 =5 .578855277.0 -T- -. 1*746398-P? MR= -. 1 134003-01 O-A6: .26662685.02
52224: .10gn0ngo03 ALT: .87"63731.01T 220r Oq00000 65:_ .61315577.' qF: .0000000,
AT: .5184755903 848: .152*264-0! COT: .q513431.00 85?:= VS'87GP'S.nn PRO0: .490002'3--l

I q &K 8 ls 08 25 05 TORO MR s CL FM4 ALPHA

1 3.137-02 1.0*2-0? 1.158.011 3.213401 3.188-01 8.781-01 1.700-01 -5.607-03 2.899-02 1.480.200 8.820-01 3t.34
7 4.166-01 l.OAS*07 2.129.110 1.363-02 8.170-01 5.108-021 1.4137-01 -8.528.03N 7.801-02 2.883.110 5.15-02 14.96
I 1 4.000-0 1 .052407 1.2.410n 3.5*6.01 *.357-m2 5.868-02 1.168-01 -3.67-113 2.104-02 1.887-00 5.515-02l 18.61
q S.438-01l.*27 1.070.220 3.763'1 8.666-01 5.86:2-0! 8.755-02 -3?.710-03 7.207-02 1.*90-00 5.222C-11 *.17
S 44668-01 1.l55*02 1 .037.00 8.013-1 8.916-0! 9.291-01 5.758-02 -1.3111-03 2.112-02 1.*5*.00 6.356-ml 4S.13
6; 7.507-02 1.154.0P 1.003.011 .5-0 .327-01 6.75-02 2.525-07 t.716-081 2.018-02 1.857.0 6.824-01 4.80
7 P.136-02 1.240902 5.655-01 8.613-01 S.720-01 7.258-02 -5.8811-03 1.02212.928-02 1.50I1.0 7.336-01 51.76

8 .170-01 1.2R5.02 5.159-01 8.563-02 6.121-02 7.1*.0 .8k.272-02 3.686-03 1.797-02 1.5*6.V0 8.01r-0! 586.35
5 .000.110 1.337'07 1.025-01 5.386-n1 6.981-M2 8.508-03 -8.56 *02 5 G69-03 1.730-02 I.S?3.00 8.508-nl 56.56

in 1.nto8o0213.347002 6.702-01 S.763-12 7.018-02 6.5904-n! -t.'. 01 '.450-03 1.667-02 1.*9S-00 5.016-02l 58.55
8.288.110 5.332011 6.674-00 3.'15-01 7.027-0* Z.066-01 5.2*7-01 6. 7*7.00O

I _ .13621782-03 Z? .333q4780.n' TH: .77Z2552.02 0475:z - .194970100 W: q52l%9s12.n*
V?: .762838S57fl 2? .1137-729.02 THT= .15605r.31-03 046: -. 86133418.01 VI: .13150696--2

1122? -. 5167886200o 2226? .64194747.0f) TuIl? T1PS57774.01 0861: -.866249(%0.00 O: .1I8850s10-'2
68: .5730*70902 FX= -.6;1210057.02 FX= .667*8165.01 P7?= .!.7242010.02 F: .5763-688.07

wcH: .1090505!-01 , "W: .77164282-0- 87: .'273007'-02 or? -52%*2290-02 0881: .26697665."2

518? .l0k0005 8ALT= .46660511.0T CO? .011000000 2,5? .6576990 OF? .000000
AlT: .5190046R.01 £811: .81393212847 P0: .. 34417$1'.00 887: .75655652.00 Ro0: .?425840-11

Appendix D 189



0 Q y C S1 08 L- Os 005 (IQ sF CL FN4 ALPHA
r 47n .42.o7 1 .355-.On 3.1.74q1I3,1986-01 4.784-0, 1 .100-at -5.655-03 7.%s3-o? 1.481*00 saz3-o1 32.267 4 -166-0i1 .nosIn' 1.2 10.Cln 3.36541 4.4'-Og S.,22-02 1.'&o -_4.0g 7-8-? t.o .156-ni 494S:1oo-n a, zn .5-n 0ssn1742.i A-01 1-163-03 -3.900-03 2.288-02 1.487Oo 5.523-ni 3S.641.114-I 34192 3 .0 70.0o3 .46'il 4 .66.1-0" SarI7-al 5.165-02 -2.45-03 2.292-02 1.491-00 5.925-02 47.10C. .668-02 I . 60-07 1.014.00 4.016.01 4..480-01 6-n7-01 54737-02 -1 -4iR-n) 7.091-02 1.%94-o6' 6.36-ni 451I7s 4 Ir-n I 1.245.0l I .7f*O '50 O 5.17n I ,2-0 2.4q%-02 9.0-05-O 2.003-02 1a.a0 6.815-01 48.431 .06-l3 j43,1 9.0~0~467-j545-3 .22-3-9.811-03 1.7'1-05 1.911-0? 1.501.00 7n34n-n2 53.10A *4 PO-og 1.245*02 3.162-01 4.96-n 6.129-01 7.57?7-03 -4.327-02 3..624-os 1.784-02 I.546.00 8.023-0! 54.18* .a"0.oo 1.331-n7 9.030-01 5.1352 -1 6.69S-ag A.413-01 -8.677-02 5.f49-03 3.717-0? 1.521*00 6.5171 56.59I- S.87Oi.'*'8.0-2570-01 7.0*2-n,1 8.115-02 -1-S21-03 7.83'-03 2.655-0? 2.495*00o 9%0 7-n 58.62

442"00 5 -3"7.0 n' .63INOO 3-2-2-01 Y.821'041 3.052-Cl s.231-01 6.751.flo
IT .24371i5.n1 7= .loA~il.n7 OHT .71294362.07 OPK';: -.5qS?&60.03 W= .91936761.04IT- 71=t.~n~t .'1547,180.01 TNT= .136n40O2'-02 ONG: -. 86235878.0', wt= .64712446.o2IT': -. 51755S32.00 73G= rf;77S5'7.Gn TRY?=: -'5886591n.00 0460: -. 8174710.00 CZ .ii88ssan2FA:T 5~89n FN: .60490134..i FI: C06811527,01 F7: .5136380 F: .57353561.0?0.H5n35PVT F4 .37971263-0 or: -.12814bo1-0? on M-.44lao 00*0:- .26724612-"21 I .1nnnfl'o0.l' ALT: ."735863.0T en: nroooao 61: .59C65813.07 nFF: .10000011L'T: .51s..i33-i m.Oo .5; "171-a' COT: sq4-;#s.*0n 06*: .757024f'00 500: Mo118-1nt

T 9 44t itc 04 on OS Teso 00 53 CL F"4 ALPHA
3 .137-nj l.047*0' 1 .155.Oq 14215-1 3.547-nl 4.7'S-O1 1.6'-01 -5.679-03 2.481-0? 1.881.lO 4.8241-01 31.2874.260-nt ia6S*' I .i30.On 3.565-01 4.373-ni 0.123_01 1.435-01 -4.852-03 2.183-02 1.484*00 5.158-01 35.301 5.010-0i2010 21-2.00 % t5 -j 4.413-ni S.47%_01 1.161-02 -1.921-03 2.286-02 1.4$7.00 5.5S25-03 38.66* .'-i .' 77 3 1.3 .f '. 6-~ ^,730 5.8:: ' 70-03 8.750-02 I2468-3 2.195002 .9*05970 72O~~~~~ 0.6so 2.1P10 1 -041 4083 'ag .0-n 5.714-07 -1.4735-r03 '.10:02 2.9400 5.365-nis 4.9A0 .57a 21519-1o0 1.004.0- 4.107-ni 5;.335-nt 6.tr5.at 2.4171-02 7.531-os 2.001-07 1.498-00 6.838-nt 48.451 .16n l21*'9.7n3.03 .73" 5.775)-ni 7.266r-01 -2.010)-02 1.6-0 .909-02 1.502.00 7.348-nt 51.32A .l?0-ng 3.786.o' 5.YC4-nj1 4.5fl-qt 6.133-01 7.911-01 -4.354-07 3.C15-03 1.182-0? 1.546*00 8.024-ni 541.40q I.nOO00 1.113307 9.011-ni 5.505.-oi A.101-01 8.4190-01 -84'5S-07 5.1.43-03 1.15-02 1.52t.00 8.573-ni 56.621'1.040 i.3A3.3' 8.70'-o3 S.714-33 1.n87-Pg 8.971-01 -3.3,6-03 7.1136-03 1.651-0? 1.49S-00 9.033-ni 58.64ft.?4400 5.3480*00 6.685*00 3.260-nl 7.316-04 2.050-01 4.737-01 6.757.00

Z:.Si=l~n 2 .47i10151.'" TNH .7?779802 0.15:= -.9Jq156408aO0 U? .385088.n4IT: .77S73"07.02 717 .450;44q40.0' TilT: R'3%#867'-03 0N0: -. 6756. = y .3545001u4.o1VIAl: - 56961.0 20 .94470"57.0' OH!?_ .1287830n-al 0M6t: -524"t26.00 9= .11885000o.0?FAT 5'307 FN4: -Sii1'440.ni ri: FIT442.3 S'7.450139-02 F: .37817729.028CTH Rsnconsnl-o3 ot: .7134q768-01 or: .141872144-03 "AT -.32971198-027 00*0: .26738572.n2VINT .21
0
oa''nn-11 ALT: .45745A43J.3' en: On0n0og3r 6.: .S7812 01.02 OF: noaOanomAIT: .51s7:.7ni LNO: .3'qo,7a,-0, COT? .%4487188.00 POT: .757067z',aO0 RA0= .3042!928-01

,TIAF 1.80.

T y0 V. 04o Lk 0 T 090 0 S8 CL FN ALPHAI ?.
1

37-o2 2.047-02 t.36.Oon 1.725-13 3.987-01 4.786-02 1.698-01 -5.644-0'3 7.'71-02 i.481.n0 4.825-al 31.162 4.166-f1 3.06S.0, 1I 31.On 1.56S-ol 4.i'4-nl 5.114-01 1.434-01 --4.906-0n3 7.,t81-a? 1.,84.0o 5.159-02 35.01q .no?33.1 i.013-07 i.202.on) I.550-nt 4.402-ni 5.475-02 1.161-02 '-3.914-03 2.284-0? 1.487*00, 5.526-m1 38.674 
6

.1
4
-ni 3.i25-0217 .071.On 3.768-ni 4.677-01 5.873- 3  8.740-0? -Z.780-"3 7.188-0? 1.492.00o 5.929-03i 47.13O .6*0 .1rm*07 1 .38.00 4.039-ni 4-''-to? C.312-01 5.707-07 -3.446-03 2.093-02 1.494.00 6.367-ni 45.4106 -OO7-ri 1.155*0' I n050 n .010 5.116-nt 6.76,1-a 2.456-n2 6.649-as 1.99):7b? - I.118.aoo sW67 t 841 -.136-101 1241-12 9.705-01l 4.622 -1 5.711-01 7.264-03 -1.02"-02 1.754-01 1.907-a? 1.501.00 7.351-01 51.33O .7- i3.2*610? 5.6-34430 .115-or 7.l?6-Oi -4.375-07 3.609-03 1.780-0)2 1.546*00 8.031-01 54.429 lS'nnPn 1.334*07 9.092-31 5.159-1? 6.?0a-Ot .. 42,1-0 -8.6,10-02 S.640-03 1.7 30 1.201 8.576-02 569.633lI .- s4*03 3.383137 8.7r7-91 S.477.-1 7.01-., 8.9'S-al 112.2 7.835-03 1.653-02 1.495*00 9.037-ni 58.66*t.245.On 5.34'.no 6.647*00 3.24S-03 1.435-04 7.048-03 47?37-01 6S.7590

r: -355?S9ssn' ?- .4A76178.07 OH: -'71ft365'.0? art:= - .99706t77.o Ii .9202486-8.04xIT .7-77n43-07 'T: .7815o TNTl: r.07,S003 0.10: -. 86335678.03 WI? .243215ai'.nITTC: .S'c67.r4.00 710z .645067A.00 OHTTZ -.634077.2 0060: 33510808.oo Q= .2t88S000.02FA: .5
7
%104r16.o' Ff4: -. 'i2S5zot F?: s.6q6-51 FI .575-5fl10O2 F: .5789749020Cm: "W-0*~~~l Aj .1427'5s-jjo' 0T: -. 4673814-04 ".- _-7009Q70.02 00*0: .76747822.r'2yim: jn0nononnon3 ALT:- ~2iio en: .00000000 68: .160714702 OF: .00000000Ato: s.9?'5n8.ni AO: .21A6nA'3-a7 COO: .S5S054s55.ao 88?? -?5113137.a0 Q'0- .67366235-P2

0 yR wS 08 LQ Cis T090 ore CL FN ALPHA
1 04T37-03 1.087*07 1.156*110 3.216-01 3.907.01 %.707-a3 2.608-at -S.104.03 1.477-02 1.481010 4.826-01 31.197 

4
.266-Oi 2.00,5*07 1.2131.3n S.3;65-q 4.174-01 5.i2S-0i 3.434-01 -4.915-n3 7.'80-02 1.484*-00 S.159-al 35.02I '.3- il.P41*07 1.30)2.(, 3

-S5I1ni 4.403-ni 5.476,-0: 1.160-01 -1.942-03 2.283-0 2 1.487400 S.527-Ol 38.67F4 T.043 :~7* 303.n, 176811 14.673-01 5.872-01 8.714-02 -2.740-03 2.387-02 1.9*05910-03 14666-03 a2~~0 0 03*(lq *.020-'i 4*-0 6.330t-03 5.6'4402 -3.857-03 2.092a 2-9400 6. 36 'nh 45.89 '.o. .1955*7 1 .Os5+ln 8.304-aj S.338-01 6.769.0: 2.887-02 6.316-05 3.998-02 3.980 6.89202 8.8
7 4.-"6-ni 1.741-02 9-70A-13 4.671 5.732-ni 7.271-01 -1.01q-02 2.750-03 3.906,-02 1502.8,00 7.32-0 a 13"* Q.733 ..86O ".6'1l.l50 6.337-011 ?.914-01 -4.709-37 3.606-03 1.77q-022 1.546.0 8.033-0 54 .4q3

90 i.0n 1.140 9.330 5360- I 6.706-0 (l .475-01 -8.706-02 S.639-03 1.722-07 1St00 859n 662' .084.0a 1.301*.07 8.70.0(2 5.719-433 1.053- 1  8.908-02 -1.330-Cl 7.835-03 2.650-02 2.495*0 0 9.04-n 50.
4.2'S-na .S 3"00 6.68400 3.236-01 8.9JK4-a5 2.046-03 4-737-02 .6.

0: 6I05ssl-o3 2: .5S362643.0' OH. .77506711.02 081;: -- 9%2730.00 V= .9203328i*04nor: f;-qnO~san-n2 71= .4q6760E8.0' Ow!: .43%MO24-03 0ONG -.86S3et;435- WT: .I51t41lsnlr'fO: - .5 ';18oA 6n q IZro- .G 9 0515h16,3 Oqwl!:T= -15 74 74 61 -02 0460: -71571'.oo 0: O= *118415000.ntzFL: .57rnl333n7 FF4: -. 621*475.03 Fr: 6884311.01 F,: -57540'38*07 F: .57927767.02"rH .9 P 405333 Ag:1-)1 V .*-3067S3.0s AT: ~. 39 2 7 3 1 "0s o - . I '3I8173-02 0586:- _.01753733.n2VT: Inn3~ 0*01o 8LT: .%%A3306-o' cnt .0OOoo -2529O F-.00000000r: .4 "07 n- oonoLO: .573 n03n4 11 1 Ao: . 14n1)5 6n 42.o07 COT: .5151717'.o 0? 75oso 00 : 43 440293-2
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'T"T~ 7?.00'

s . 11 08 Lft Os 700 t* 8re ct 6 ALPHA

i1. 3332,-o I . nt?-w, .21.012n 3.221. -n2 3.qs7-03 8.To7.01 i.6'8-0 -o. 80 P.o7?-0? 2.882.0-no 8.621i-0 31 .25
2 8.266-0 1.065-OP 1 .131.'en 3.366.413 8.17%-02 S.114-0324131-01 -4.71)-n3 7.172-02 1..02 S.169-62 35.0?
3 .000-01 1 .0tc I.t102#nn 3.5-0 .4r3-n2 5.477-01 1.160-01 -3.1447-03 2.282-02 1.867.02 5.528-"l 38.68

8 S0834-01 2.175'n? 1.-071.-In 1.761 -n I 81.673-n2 5.871-01 8.?30-02 -2.782-03 2.186-0? 1.491.00 S.930-01 42.14
5 C.C6630f I 2.10.07 1 .0 38.0 1 8.020 _n 48.8*5-02 6.304-01 S.fwo-or -2.8.6-n3 7.091-02 1.494-00 6.31-11 85.41
6 7.502-01 2.285.0, 1.0125.00 8.305.) S. 333a-i o 1f.770-01 2.841-02 S.?R0-05 1.997-02 1. 498100 6.9833-01 88.48
7 0.336-01 9.8*0 .706.102 4.624 _42 5.73,101 7.27,-01 -1.0126-02 1.747-01 1.4105-02 I.5121.00 7.!53-02 52.15
8 4.270-02 1.286-07 9.31fl ll.%71--1 C.AlmR. 7.93R.02 -4.3-7-02 3.GOS-03 1.77$-02 I.586*00 8.015-02 58.43
9 1.000-001 1.338.0' 9.1V3.01 5.31 ^12 6.707-PI 8.8.7-01 -8.716-0? 5.C37-03 I.,?11-02 1.521.00 a.533n-03 5G65
2" 2.084 .nn1 .304-07 8.70h-n3 %.7*0-? 7.n%4-nl 8.110-al -1.37-01 7.435-03 t.641-02 1.49S.00 9.041-02 58.67

%.247-00 s.343." 6.s85.12 3.23-01 5.63q-05 2.081-02 8.237-02 6.71.0

y= .1 '20180.fl3 2: .567010158.'2 18: .710708g.02 0M<8 .5"780 V= .92004417.04

IT- .%7278722'fl7 71:- .5n4VtftS.O' 781: .04565291-03 ONG=: -. 6312988.03 VI: .405nass7."D
fir: -.S364S'06.04 726: .593n.'803.00 TWT: -.12ISS264-n2 0861= -.1365.002.00 0: I.;O0ft.n2
FA: .S762f,7*7-07 VII: F.X087.0 I .96891814.01 F7= .S?563n2:.or r= .s7qsoov,.o2
PC"=: .-InQ09"052.02 88: So11n7qA2I-1 87: -. 99770639-05 Mm: -.64301880t-n3 0881: .267S77529.02
vile- lfynooflso*03 GLl: .4432-1834.0.' C0: .030fl0000 65: .2507794.n7 or= 0000000,
A77: .52097703.01 ONO: qr0396784-01 rot: .5'8;?%177.00 88T: .757106'%.00 880: .27979-930-f$2

7289? 3.00'4

1 8 V* '415 0R LW O5 7080 we s68 CL VII ALPHA

2 .3~ 1.047*0" 1.11' 1.716-01 3.8,01 8.lf08-03 1.647-02 -%.721-"3 7.474-02 1.4811.00 4.q27-01 31.70
?4.26-01 l.O015*07 2.2121.00 3.3r.7-02 1750 4117-01 1.631-01 -8.931-03 7.316-02 t.84-010 S..61-01 35.03

I t.0003-0i 2.8*0 .t03.2 %.5. .808-01 5.8A75-03 1.150-01 -3.957-03 2.279-02 1.88740 S.529-ni 38.69
* .3-4 1.'S0 2.172.00 1.770-411 4.675-02 S.875-02 8.72%-02 -2.800-03 2.1288-02 1.492.00 5.932-01 87.26
5 4.918-01 1.Icn*07 I1.038.20 4.02l1n 84.8*7-02 fi.3mF-03 5.67%-02 -1.8163-n3 2.009-02 2.859.120 6.371-02 85.83
6 7.507-02 2.t258*07 2 o.nn.0 8.30742 5.30-02 6.7-03 2.428-02 S.136-0 2.95-02 1.49S.100 6.886-02 88.50
7 *.336-01 1.247*07 5.7017-01 S.7.1 .736-01 7.77$-C1 -1.0"l-0? 2.78S-03 1.80t2-0? 2.5122.00 7.357-01 52.16
8 *.270-02 1.247-0? 5).31;7-01 1.178-n I S.'8-121 7.9815-02 -%.473-02 3.60-03 3.776-02 2.581.012 8.03-02 58.85
5 2.000.0o12 .3340 13-01 5-n .36842 n .710-01 ft.4vI-02 -6.74S-02 S.671-03 1.70"-2 2.521.120 G.538-n2 56.6

In t.8.2 .3*8.-0? 8.708-01 5.7881-"! 7.098-02 8.9184-01 -t.3S-02 7.040-03 1.6117-0? 1.49S.002 9.086-01I 53.15
.246.n0 5.3*5.03) 6.142*00 3.711-01 19.020-06 2.043-01 8.237-01 A.764.00

t= z3Iq8825.n' 2: .11704-45.0. 8 .77119069.0' 09415? .5 716600 II= .92126S586.08
T- .5771888*-02 71= .g850n858.0' THtr -.17091119-03 ONG= 86'8290 Vt: .32816067.00

Itr' -.%05613O8*00 716= .8918288.0' Tutr: .38650 OGI: .73542612-01 *= j~sssorn0nZ
Va= .5790466.07 6N= -. 912%7012.nt r1: CS692"434.1 r7= 57SZ752G.n2 r: 508780

PCH: .508092g-02 "WA: .75208187.05 NY= .88770988-08 NO= .8879*213.03 0046= .26768175.02
VIM= .2T000)0*03 ALT= .1*282055s.12' i: .0OO00200 65: .17322865.07 06: .12000000
Alt: 52nzIs%.aI 880:z -. 5831708.0', rot= .1s,451971no 887: .75727879.00 9P0: -. 26914729-02
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