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APPLIED TECHNOLOGY LABORATORY POSITION STATEMENT

tn the area of aircraft structural dynamic design, the existence of a reliable structural
optimization method can be a valuable design tool, enabling a designer to perform rapid
identification and evaluation of the most promising structural elements, which, upon
modification of their modal properties, could minimize vibration response. In this pro-
gram, a feasibility study was performed to evaluate two structural optimization methods,
the Vincent circle and the forced response strain energy method for reducing vibration
response, primarily via structural stiffness changes, using NASTRAN beam-element repre-
sentation of the AH-1G with uniform damping. The forcing function consisted of a
single main rotor 2 rev steady-state vertical excitation. The pilot’s seat was selected as
the location for dynamic response reduction.

The relative effectiveness of the methods to minimize the dynamic response at the
selected location, subject to the constraints and considerations stated above, was based
essentially on two factors: (a) selection of practical stiffness changes that an element
can undergo, and (b) evaluation of the effectiveness of the groups of elements predicted
by each method by calculating the response of the structure subject to practical stiffness
changes.

The results obtained from the two methods, i.e., stiffness changes required and group
of elements identified with high potential for reducing vibration, at best, do not agree.
These results indicate that the forced response strain energy method is more suitable in
attaining response reduction according to the investigative methodology used in this
program.

The Vincent circle method was further investigated in conjunction witih mass and damp-
ing changes. Also, the possibility that the Vincent circle method would indicate the
optimum location of a fixed mass and damping dynamic absorber was investigated,
yielding negative results.

The project engineer for this effort was Mr. N. J. Calapodas of the Aeronautical Tech-
nology Division, Structures Technical Area. )
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model of the AH-1G helicopter. The forced response strain energy
method was then applied to a large complex built-up NASTRAN AH-~1G
model. This application provided useful comparative data
identifying the structural elements considered to be the primary
contributors to the response. Realistic structural stiffness
changes in these elements were assessed to determine their
effect on vibration reduction. The Vincent circle method was »
further evaluated for mass tuning, damping, and dynamic absorber
parameters using the elastic-line model.
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PREFACE

This investigation of vibration reduction through structural
optimization was performed under Contract DAAKS51-78-C-0011 for
the Applied Technology Laboratory, U. S. Army Research and
Technology Laboratories (AVRADCOM), Fort Eustis, Virginia.

The program was implemented under the technical direction of
Mr. Nicholas J. Calapodas of the Applied Technology Laboratory.

A literature survey of structural optimization techniques for
vibration reduction was performed and _two techniques - the
Vincent circle method and t _respomrse strain energy
method - were evaluated-tUsing a NASTRAN analysis of the Model

AH-1G helicopter. Mr. Horace W. Hanson was the Bell Heli-
copter Textron Project ineer. R
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INTRODUCTION

In the development of a helicopter airframe structure, part of
the design cycle must be concerned with keeping vibration to a
minimum. The analysis and control of helicopter airframe
dynamic characteristics are quite complex. The reasons are,
in part:

- The large number of main rotor harmonic excitations
simultaneously present, as well as excitations from
secondary sources such as the tail rotor and shafting.

- The large variation in main rotor oscillatory hub forces
and moments and phase relationships as a function of ship
gross weight and center-of-gravity, airspeed, temperature,
altitude, etc.

- The large number of locations at which vibrations must be
controlled within the aircraft for reasons of crew and
prassenger comfort, system reliability, and service life
of the airframe structure and components.

- Design changes for vibration control that must be accom-
plished within the framework of the overall design cri-
teria, including many considerations such as size,
strength, weight, and aerodynamic drag.

Vibration reduction is primarily accomplished through dynamic
devices such as vibration isolation systems and dynamic ab-
sorbers, and/or through structural modifications that improve
the vibratory elastic deformation characteristics of the air-
frame. Rapid and efficient techniques are needed for evalua-
ting and optimizing these structural changes to minimize the
vibration response. Two methods of reducing vibration through
structural optimization were evaluated in this study - the
Vincent circle method and the forced response strain energy
method.




LITERATURE SURVEY

A brief search was conducted to locate and review exicsting

literature applicable to vibration reduction by structural

optimization techniques with emphasis on the Vincent circle
and the forced response strain energy methods. Three data

bases were ' sed in the survey:

- The National Technical Information Service (NTIS) '
- The Defense Technical Information Center (DTIC)
- The Engineering Index (COMPENDEX)

The information that is cataloged in the National Technical
Information Service is A-rived from pubiications of the fed-
eral, state, and local government agencies; private industry;
and universities, with emphasis placed on commercial applica-
tions. The information available from DTIC is obtained from
placed on military and defense usage. The Engineering Index
contains publications of the engineering societies, such as
the proceedings of conferences, journals, and magazines.

Five documents applicable to the Vincent circle method were
found (References 1 through 5). Only one report addressing

tVincent, A. H., A NOTE ON THE PROPERTIES OF THE VARIATION
OF STRUCTURAL RESPONSE WITH RESPECT TO A SINGLE STRUCTJRAL
PARAMETER WHEN PLOTTED IN THE COMPLEX PLANE, Westland Heli~
copters Limited Report GEN/DYN/RES/010R, Yeovil, Somerset,
England, September 1973.

’Done, G. T. S., and Hughes. A. D., THE RESPONSE OF A VIBRA-
TING STRUCTURE AS A FUNCTION OF STRUCTURAL PARAMETERS,
Journal of Sound and Vibration, Vol. 38, No. 2, 1975,
pPp. 255-266.

3pone, G. T. S., and Hughes, A. D., REDUCING VIBRATION BRY
STRUCTURAL MODIFICATION, Vertica, Vol. 1, No. 1, 1976,
pp. 31-38, (paper presented at the First European Rotor-
craft and Powered Lift Aircraft Forum at Southampton,
September 22-24, 1975).

4pone, G. T. S., Hughes, A. D., and Webby, J., THE RESPONSE

OF A VIBRATING STRUCTURE AS A FUNCTION OF STRUCTURAL PARA-
METERS - APPLICATION AND EXPERIMENT, Journal of Sound and
Vibration, Vol. 49, No. 2, 1976, pp. 149-159.

5Balmford, D. E. H., THE CONTROL OF VIBRATION IN HELICOPTERS,
Aeronautical Journal, Vol. 81, No. 794, February 1977,

pp. 63-67.
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the forced response strain energy method was located (Refer-
ence 6).

The search did not disclose any other literature that dealt

specifically with vibration reduction through structural
optimization. i

, ¢Sciarra, J. J., USE OF THE FINITE ELEMENT DAMPED FORCED
RESPONSE STRAIN ENERGY DISTRIBUTION FOR VIBRATION REDUCTION,
Boeing-Vertol Company Report D210-10819-1, U.S. Army Re-

' search Office ~ Durham, Durham, North Carolina, July, 1974.
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STRUCTURAL OPTIMIZATION METHODS UNDER EVALUATION

VINCENT CIRCLE METHOD

If a damped linear structure is excited by a constant sinu-
soidal force at a single location, the response of some other
point in the structure can be shown to trace out a circular
locus in the caomplex plane when any single structural element
stiffness or mass parameter is contlnuously varied from minus
infinity to plus infinity, as illustrated in Figure 1. This
dynamic property of linear structures is known as the Vincent
circle phenomenon (Reference 1). The phenomenon requires that
some value of damping be present in order to develop the
imaginary component of the response. The minimum response
attainable, due to a particular stiffness or mass parameter,
is indicated by the radius of the response circle and location
0% its center. Use of these circular properties will here- |
after be referred to as the Vincent circle method. :

The relevant mathematics of this circular response phenomenon,
based on the theory originally established by Vincent, are
given by Done and Hughes (Reference 2) and are summarized as
follows:

The structure shown in Figure 1 has many degrees-of-freedom,
and the response at point g due to a single sinusoidal force
at point p is being examined. The amplitude of the displace-
ment response vector, x, for the structure is given by i

X = GF (1)

where

~ 2 _ -1 .
[K - Mw + iwC] (2) ‘

Consider two points, r and s, in the structure having mutually
compatible degrees of freedom. A linear spring of stiffness,
k, is inserted between these two points so as to exert zero
force when the original structure is in equilibrium. Con-
sidering the structure as a free body, the forces exerted on
it at points r and s by the spring are F and Fs' respectively,
which have the relationship

F, = kixg = x.) = -F_ (3) ;

12
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F
p./p

Damped structure

Apply constant sinusoidal force of amplitude F at
point p, vary spring stiffness k between points

r and s, and measure response x at point g.
Imaginary
1 Note: Circle can be
described by three
variations in k.
Increasing
/ stiffness
/
[/
)
= —» Real
Xq as a function of k
Figure 1. Vincent circle phenomenon.
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The nonzero elements in the forcing vector F are Fr' Fs, and
Fp' The response equations of interest are
= G F_+ G F + G F 4
*¢ 7 ®ap p T Car 'r T "gs °s (4)
X, = Grp Fp + G F.+ G F_ (5)
X, = GSp Fp + GSr Fr + Gss Fs (6)
where
qu is the complex receptance providing the dis-
placement at point g due to a force at point p,
etc.

Expressing Fr and Fs in terms of X, and Xg from Equation (3),
and subsequent elimination of X, and X from Equations (4),
(5), and (6), gives

k_(
1 +Kk(G__+G__-G__~-G__) (7)

This may now be rewritten in more general terms as

k(a + ib)

£+ in = (e +if) + 93 1) (8)

where

X
szg‘l-ir]
p (9)
and a, b, ¢, d, e, and f are all real. The imaginary part

of Equation (8) can be rearranged to the equation of a
circle, being

[g'(e+ga)}2+[” '(f'g_d”zzézfé?b_z (10)

It is important to note here that the radius of the circular
response, as well as the complex coordinates of the center
of the circle, may be obtained from these original complex

14




receptance matrix coupling terms of Equation (10). No
iterations in k are necessary; in fact, k drops out of the
solution when expressed in this form. Furthermore, it is
clearly seen that these circular response properties are
purely a function of the imaginary terms (i.e., damping).

Several papers have been published (References 2, 3, and

4) to both mathematically and experimentally substantiate this
circular response region, and to employ these circular prop-
erties as a possible optimization technique for reducing
structural vibration. In a more general sense, Balmford®
describes the Vincent circle as a method for providing a
reduction of vibration in a local area by adjustment of
airframe modes such that modal cancellation will take place

to reduce the response for one frequency and one loading
condition.

STRAIN ENERGY METHOD

Strain energy is an expression for the potential energy of a
structural element and is most commonly expressed in matrix
form for the static condition as

SE = 1/2 (5Txe 5) (11)

For the dynamic condition, structural elements possessing the
highest strain energies in a given mode of vibration have been
shown to be the best candidates for modification to reduce
overall structural dynamic amplification.® Two approaches are
generally considered, as described in the following sections.

Modal Strain Energy Approach

This approach seeks to reduce vibration by detuning a struc-
ture natural frequency to a better position with respect to
the forcing frequency. Modal strain energy is calculated

for each structural element using the mode shape (eigenvector)
for the natural frequency to be modified

SE = 1/2 (¢TKe o) (12)

Elements with the highest strain energies indicate t..e optimal
structural elements to change in order to shift the natural
frequency away from the forcing frequency, thereby reducing
dynamic amp-lification.

15
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Forced Response Strain Energy Approach

This is an extension of the modal approach that takes into
account the response participation of all modes for a parti-
cular load application and excitation frequency, including

the effects of structural damping and combined forcing func-
tion phase relationships. Therefore, the resultant strain
energy of each structural element will be a periodic function
in time. Sciarra® has done considerable work in this field
and has arrived at an expression for the maximum damped forced
response element strain energy within the period

T
6 KeGR + GIKeGI

o3

4(SE)max

- &7 2
1~ SrKeSR)

+

T
[(6IKe6

+

2 1 /2
(agxeal + 5¥Ke6R) 1/ (13)

Elements with the highest strain energies indicate the ele-
ments that are most responsible for the structural dynamic
amplification. Because the forced response strain energy ap-
proach gives direct information at the specific excitation
frequency of interest, it was selected for comparison to the
Vincent circle method.

Figure 2 illustrates an application of the strain energy
technique. First, the modal strain energy approach was used
to selectively stiffen the structure in order to move a
fuselage natural frequency to a higher position above the
excitation frequency, thereby reducing the dynamic amplifica-
tion. A damped forced response analysis of the modified
structure was then compared to the original structure, and
it was confirmed that an overall vibration reduction had
resulted in the fuselage area of interest.

16




STRUCTURAL NODES - 1s
STRUCTURAL ELEMENTS - 343
AXIALS 16
BEAMS 105

SKINS 222

S-68 STRAIN'ENERGY PROGRAM

APPLICATION SHOWING VIBRATION
REDUCTION BY STRUCTURAL MODI-
FICATION

STRUCTURAL MODIFICATIONS

STIFFENED FWD CABIN
AND SIDE PANELS

A/CG W 20000L8S
ADDITIONAL WY 500 LBS

Original Modified Excitation Frequency
Fuselage Fuselage
Mode Hz Hz 11.45 Hz
7 6.687 6.703
8 7.879 8.160 Natural Freguency
9 8.442 8.494 Changed (Mode No. 10,
10 12.03 12.74 ~———( 4th Elastic lode) ~
11 12.52 12.79 Mode Amplification
12 14.48 14.82 Factor Down From :
13 15.69 16.02 9.1 to 5.0 $
14 16.95 17.22
15 18.94 19.06 ;

d A damped forced response analysis comparison of the
original and the modified fuselage resulted in a
vibration reduction for 99 out of 123 degrees-of-freedom.

Figure 2. Boeing-Vertol CH-47A vibration reduction by
structural modification (Reference 6).

17

I e




PROGRAM OBJECTIVES

The purpose of this contracted study was to evaluate the
practical applicability of the Vincent circle method, as
compared to the forced response strain energy method, for
reducing vibration through realistic structural stiffness
optimization. The analytical study was performed on the
Model AH-1G helicopter, and the effort was limited to
application of a single steady-state main rotor 2/rev
(10.8 Hz) vertical excitation force with a goal of mini-
mizing the pilot's seat vertical response.

The Vincent circle method was further investigated for
usefulness as applied to evaluating mass changes, damping,
and ability to optimize dynamic absorber locations.
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ANALYTICAL APPROACH

METHOD OF ANALYSIS

For evaluating the Vincent circle method, the receptance
matrix technique previously described offers an attractive
and direct means to obtain the response circle radius and
center-of-location properties based on a single stiffness
(or mass) parameter. However, for a feasibility study of
this nature, several important disadvantages also exist in
that the receptance matrix technique is not easily adapted
for evaluation of the following:

- The sensitivity of the circular response region versus
element stiffness (or mass) values.

- A coupled stiffness matrix between two points. 1In
dealing with real structure, rarely are we concerned
with a single uncoupled parameter like a simple spring,
but rather structural elements behaving more like beams
that have coupled stiffness matrices. For example, a
single variation in the area moment of inertia (I) of a
beam affects both the shear translational and rotational
degrees-of-freedom between the two ends of the beam.

- Individual element damping variations while the damping
for the remainder of the structure remains uniform.

- Tuning sensitivity of a dynamic absorber at different
locations on the structure (i.e., effect of backup
structure at absorber location).

Since the purpose of this contracted effort was not to evalu-
ate the merits of the receptance matrix technique, and in
order to use the same analytical tool for evaluating both the
Vincent circle method and the forced resgonse strain energy
method, a straightforward linear NASTRAN’ analysis was se-
lected for performing the study. Also, due to a unique
situation at Bell Helicopter Textron wherein many NASTRAN
computer runs can be accomplished quickly and at a low cost,
the additional time and cost that would have been required
to develop a special purpose receptance matrix manipulation
computer program was avoided.

7THE NASTRAN USER'S MANUAL, NASA SP-222(03) National Aero-
nautics and Space Administration, Washington, D. C., July
1976.




As applied to the Vincent circle method, this straightforward
NASTRAN approach required the evaluation of several iterations
in the particular parameter under investigation to develop

the circular response region, from which the response circle
radius and center-of-location properties were subsequently
determined. However, no restrictions were necessary on what
parameters could be selected, and more in~depth information
was provided as to the characteristics of the circular re-
sponse region than if the receptance matrix technique had been
employed.

The version of NASTRAN used at the time of this study was
Level 16.0.5. This particular level of NASTRAN does support
strain energy calculations, but only for static analysis.
Although desirable, it was found that the NASTRAN internal
mcdifications necessary to incorporate the complex damped
fecrced response strain energy calculations (Equation 13) were
beyond the scope of this study. However, by using the Direct
M«triz Abstraction Program (DMAP) capability in NASTRAN, the
static strain energy module was incorporated into the dynamics
frequency response analysis with the following limitations:

- All applied oscillatory loads must be input at zero
degrees phase.

- No damping can be included, thus the applied load and
response vector have only real components.

These limitations were required because the statics format
of the NASTRAN strain energy module is not compatible for
processing complex numbers (i.e., only the real part of a
complex number is considered). Therefore, the forced re-
sponse strain energy expression for a structure element re-
sponding to a single resultant applied load with zero damp-
ing has now been reduced to

. T
3E = 1/2 (6RKe6R) (14)

This results in a strain energy distribution that is a close
approximation to the strain energy distribution obtained when
a small amount of uniform structural damping is included. For
the purposes of this study, this undamped strain energy dis-
tribution was acceptable for comparison to the Vincent circle
results, wherein a small amount of damping must be included as
previously explained.
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MATHEMATICAL MODELS

Initial stiffness parameter investigations were conducted
using a simple elastic-~line NASTRAN model of the AH-1G heli-
copter (Figures 3 and 4). This elastic~line model was originally
developed as an AH-1J (Reference 8) and was later modified
into the AH-1G configuration (Reference 9). The structural
optimization method showing the most potential for reducing
vibration through realistic structural stiffness changes was
then applied to minimize pilot's seat vertical response using
a large complex built-up NASTRAN model of the AH-1G (Figure
5).19 The elastic-line model was also used to further evalu-
ate the Vincent circle method as applied to mass, damping, and
dynamic absorber parameters.

For use in this study, both the elastic-line and the built-
up models of References 9 and 10, respectively, were updated
to a basic mission-clean wing configuration. To show the
similarity of the two models, a comparison of weight data and
natural freguency placements is shown in Table 1. From the
natural frequency comparisons, in addition to the obvious
absence of landing gear skid modes, it is seen that the
elastic-line model has no fuselage torsional modes in the
zero to thirty hertz frequency range of interest. This is
due to inadequate fuselage torsional mass inertia representa-
tion in the elastic-line model which, due to the torsional
coupling, is also partially responsible for the differences
in pylon roll and fuselage lateral bending modes. Note,
however, the close agreement between the two models for

the pylon pitch and the first and second fuselage vertical
bending modes that are of primary importance in this study.
Both the elastic-line and built-up models have the same
elastic-line representations for the helicopter tailboom
structure.

8Cronkhite, J. D., and Wilson, W. F., DYNAMIC ANALYSIS OF
TWO-PER-REV VIBRATIONS IN THE MODEL AH-1J HELICOPTER - PIP
Task No. AH-8-123, BRell Helicopter Textron Report 299-100-
021, Fort Worth, Texas, 4 February 1972.

9Cronkhite, J. D., XM-97 (20MM) WEAPON ON THE AH-1G - PRELI~
MINARY DYNAMIC ANALYSIS, Bell Helicopter Textron Inter-
office Memo 81:JDC:mb-054, Fort Worth, Texas, 29 May 1973.

!YCronkhite, J. D., Berry, V. L., and Brunken, J. E., A
NASTRAN VIBRATION MODEL OF THE AH-1G HELICOPTER AIRFRAME,
U.S. Army Armament Command Report No. R-TR-64-45, Re-
search Directorate, Gen. Thomas J. Rodman Laboratory,
Rock Island Arsenal, Rock Island, Illinois, June 1974.
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Figure 3.

AH-1G elastic-line math model.
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TABLE 1. AH-1G MODEL COMPARISON

3-D Elastic
Built-Up Line
Basic Mission-clean Wing Model Model
Weight Data
Gross weight (1b) 8394. 8394,
Sta (in.) 192.9 193.1
Center-of-gravity %BL (in.) 0.0 0.1
WL (in.) 70.6 68.7
Roll (1b-in.?) 1.139 x 107 1.139 x 10’
Inertias {Pitch (1b-in.2) 6.193 x 10’ 6.200 x 10’
Yaw (1b-in.?) 5.196 x 107 5.215 x 107

Natural Frequency Data

Mode Description (Hz) (Hz)
M/R pylon pitch 3.03 3.02
M/R pylon roll 3.90 4,24
lst Fuselage lateral bending 7.14 6.80
1st Fuselage vertical bending 7.94 7.93
1st Skid mode 14.57 -
lst Fuselage torsion 15.66 -
2nd Fuselage lateral bending 17.49 16.70
2nd Fuselage vertical bending 17.49 17.86
2rnd Skid mode 18.76 -
3rd Skid mode 19.84 -
2nd Fuselage torsion 21.49 -
4th Skid mode 23.43 -
M/R mast lateral bending 25.28 24,79
M/R mast F/A bending 24,97 25.80
5th Skid mode 25,75 -
3rd Fuselage vertical bending 26.96 29,47
6th skid mode 29,04 -

»
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The AH-1G elastic-line NASTRAN model (including the DMAP ALTER
procedure developed for obtaining undamped forced response
element strain energy output) is included as Appendix A.

PRACTICAL CRITERION FOR STRUCTURAL STIFFNESS CHANGES

A practical criterion for stlffness change limitations was

develcped by considering the classical single degree-of- §
freedom spring/mass/damper dynamic system that has a re- 4

sonance dynamic amplification factor of 25 for 2 percent
damping. This amplification factor can be reduced to 1.1 1
by either reducing the stiffness by a factor of 0.5, or

by increasing the stiffness by a factor of 10, assuming the
mass and damping parameters to remain constant. This 0.5
to 10 stiffness factor range seems to be within the limits
of practical considerations even though, realistically
speaking, structure designed for strength would not have
its stiffness reduced by one-half or increased ten-fold
without undergoing a considerable redesign effort (i.e.,
geometric shape factor, type materials, added weight !
penalties, etc.) 4

sonia

Based on this practical stiffness change criterion, the |
forced response strain energy and Vincent circle results :
were compared to determine which was the most promising :
method for vibration reduction through realistic structural |
stiffness optimization. :
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STIFFNESS PARAMETER INVESTIGATIONS

ELASTIC~-LINE MODEL ANALYSIS

The forced response strain energy. method was used to deter-
mine which structural members had the highest forced re-
sponse strain energies. Using stiffness parameter varia-
tions, these members were then analyzed using the Vincent
circle method.

Forced Response Strain Energy Results

Figure 6 is a NASTRAN-generated plot showing a side view of
the elastic-line model forced response vertical deformation
mode shape. The resultant forced response strain energy
distribution is shown in Figure 7. The element identifica-
tion numbers shown are related to the two-digit GRID num-
bers at each end of the element, as identified in Figures 3
and 4. The strain energy shown for each element is the
total due to the resultant six degrees-of-freedom deflec-
tions at each end of the element and the element stiffness
matrix as calculated by Equation (l14). Since the elastic-
line model is essentially symmetric and the applied load

at the hub is in the vertical direction, only deflections
in the vertical plane are contributing significantly to the
strain energy calculation. Note how the strain energy dis-
tribution compdres to what might be expected from examina-
tion of the elastic deformation mode shape of Figure 6.

The elastic-line model NASTRAN forced response strain energy
output data are presented in Appendix B.

Vincent Circle Results

As previously shown, this circular response property is based
on variations involving single parameters only. However,

in this study the Vincent circle method was evaluated with
respect to realistic element property changes such as AE
axial stiffness and EI bending stiffness parameters, wherever
applicable, so that the influence of all stiffness coupling
terms would be included.

In all cases, a single 1000-pound 2/rev main rotor vertical
excitation force was applied and the vertical response of
the pilot's seat was calculated. Unless otherwise stated,
all vincent circle calculations were performed assuming 2-
percent uniform structural damping.




Figure 6.

Fsin (wt)

Elastic-line model 2/rev forced response mode shape.
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Thirteen elements, each having greater than 2% strain

T energy, comprise 85.8% of total strain energy
A
Ve N
o 601
=
[
o+
o
¢
)
g 404
-
o
v
51
* Total of all remaining

elements, each having
less than 2% strain

20T
energy
0--DDDDDD|IDDGDD
1415 1506 1617 1718 1819 1920 2021 2122 2223 2324 5112 5455 4550 Others*

Element identification number

v J L J Fylon Upper Ppylon

Aft Tailboom l1ift M/R Sth
fuselaqe link mast mount

Figure 7. Elastic-line model forced response strain energy
distribution.
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The first application of this method was to verify the cir-
cular response property using the elastic-line model. This

was accomplished by evaluation of the AE axial stiffness
parameter for the upper main rotor mast segment, as shown in
Figure 8. Of particular significance are the zero response

at zero stiffness and the sensitivity of response to stiffness
variations. The zero response at zero stiffness occurs since
the main rotor mast provides the only load path. The baseline
stiffness value of the element indicates a low initial amplifi-
cation factor, and the response is seen to be relatively
insensitive to stiffness variations except for drastic changes
over a very small range of values where, in reality, the element .
stiffness is the single parameter responsible for the resonance
condition. Since the applied load was directed straight down
the mast axis, only the mast AE stiffness parameter was
evaluated.

with the circular response property thus verified, the re-
mainder of the thirteen elements showing significant forced
response strain energies were evaluated for Vincent circle
properties of circle diameter and center location. In each
case, all parameters were maintained at their original base-
line values except for the particular stiffness parameter
under investigation. Aft fuselage and tailboom elements
were evaluated separately for both AE and vertical EI stiff-
ness parameter variations. It was found that element AE ?
parameter changes produced a response circle which included
the baseline AE stiffness response point, as previously shown
for element 5455 in Figure 8. Changes in the element EI
parameter were found to produce another response circle, but P
one that was offset from the baseline EI stiffness response . |
point. Further investigations showed that this offset of .
the EI response circle was due to the I associated stiffness

coupling between beam transverse deflection and beam bending

(slope change) degrees-of-freedom. This stiffness coupling

offset effect was found to be most pronounced for element !
1415 (Figure 9). The pylon lift link, element 5112, and the |
pylon 5th mount, element 4550, are analogous to axially loaded !

pin-ended rods so that only AE stiffness parameters were
evaluated.

The response circle diameter indicates the maximum response ,
change possible due to a particular element stiffness param- !
eter. A normalized circle diameter distribution is shown

in Figure 10. Figure 11 shows the maximum reduction in re-

sponse due to each element stiffness parameter as determined

from its circle diameter and center location. 1In the case

of elements evaluated for both AE and EI stiffness parameters,

the parameter providing the maximum reduction in response was

selected. Note that the trend of element effectiveness estab-

lished in Figure 10 is similar to that depicted in Figure 11.
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structural damping

Simple elastic line model with 2% uniform

tlement no. 5455 Imaginary

AE=, 380
Ab=, 390

Increasing
stiffness
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—3p~ Real

?:izéigg 2E+i)100. At AE = 0,, response = 0.

Pilot's seat response, inches

Figure 8. Vincent circle plot for upper main rotor
mast segment.
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Normalized to largest circle diameter

0.84 ") AE stiffness parameter
NN EI stiffness parameter
+
0.64 _
0.4 4
O.Z'JF
Ao o gl
1415 1516 1617 17 18 )819 1)20 2021 2122 2223 2324 5112 5455 4550
Element identification number
—_—— 3t ——+ Pylon Upper Pylon
Aft Tailboom lift M/R  5th
fuselage link mast mount

l'igure 10. Elastic-line model Vincent circle diameter
distribution for pilot's seat response.
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Elastic-line model optimum pilot's seat vibration
reduction based on Vincent circle properties.
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In other words, in this application the elements with the
largest response circle diameters are also capable of achiev-
ing the minimum response; however, this is not to be con-
strued as true in all cases.

The most important result to be pointed out is that the
Vincent circle properties of circle diameter and center-of-
location in the complex plane clearly can be used to deter-
mine the minimum response attainable for a particular stiff-
ness parameter; however, no information is provided as to
what stiffness value is required to achieve this minimum
response. Table 2 shows the drastic and unrealistic stiff-
ness values that were required to produce both the minimum
and the maximum pilot's seat vertical response points on

the response circle defined by each element stiffness param-
eter. The two cases where negative stiffnesses are indi-
cated occurred because several elements provided parallel
load paths so that a negative stiffness in one element was
required to sufficiently reduce the combined elements posi-
tive stiffness resultant. In most cases, there is very
little difference between the element stiffness values at
minimum response and at maximum response (with exceptions
for elements 1415, 1516, and 1617 due to their EI response
circle offsets (see Figure 9)). Figure 12 further illus-
trates the stiffness nonlinearity around the response circle
by depicting the typical stiffnesses generally found to des-
cribe the majority of the circular response region. This
inherent property can be somewhat rationalized by considering
a single degree-of-freedom model where the dynamic amplifica-
tion is greatest for the resonance condition and decreases
rapidly as the natural frequency is shifted either higher or
lower than the excitation frequency.

Strain Energy/vVincent Circle Comparison

Figure 13 compares the undamped forced response strain
energy distribution to the 2-percent damped Vincent circle
diameter distribution for the same elements of the elastic~
line model. Here again, where multiple stiffness parameters
were evaluated for the same element, the stiffness parameter
producing the largest circle diameter was chosen. It is
seen that the Vincent circle method does not give the same
distribution picture as the forced response strain energy
method. The forced response strain energy method points

to the tailboom as the area most responsible for dynamic
amplification due to elastic deformation, while the Vincent

1
1




TABLE 2., ELASTIC-LINE MODEL ELEMENT STIFFNESS VALUES
FOR MINIMUM AND MAXIMUM PILOT'S SEAT RESPONSE

Stiffness %2 of Baseline Stiffness

Element Parameter Minimum Maximum
No. Type Response Response

1415 AE .021% .024%

EI 100% .071%

1516 AE .011¢ .013%

EI 100% .027%

1617 AE .190% .213%

EI 100% .015%

1718 AR .181% .206%

EX .020% .021%

1819 AE .190% .210%

EI .024% .028%

1920 AE .168% .188%

EI .027% .031%

2021 AE .152% .168%

EI .035% .041%

2122 AE .123% .139%

EI .036% .043%

2223 AE .115% .132%

EI .056% .071%

2324 AE .104% .118%

, EI .109% .190%
E 5112 AE -.775% -.570%
: 5455 AE 03 .3873
' 4550 AE -167% -147%
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Figure 12. Typical sensitivity of Vincent circle
responsSe region.
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circle method points to the pylon as the area having the most
potential for reducing vibration at the pilot's seat.

The pylon elements indicated by the Vincent circle method to
have the greatest potential for reducing vibration were further
evaiuated. It was found, as might be strongly suspected from
the previous discussion of results, that stiffness variations
for these pylon elements within the established confines of the
0.5 to 10 stiffness factor range, even if done collectively,
vielded virtually no substantial change in response at the
pilot's seat. However, stiffness changes of this same magni-
tude applied to those tailboom elements initially undergoing
substantial elastic deformation, as indicated by the forced
response strain energy method, were found to produce signi-
ficant changes in response at the pilot's seat. Therefore,

the forced response strain energy method was determined to be
better adapted for vibration reduction through structural
stiffness optimization by indicating which structural elements
are responsible for the initial dynamic amplification; it was
also determined that realistic structural stiffness changes in
these elements can efficiently alter the vibration character-
istics of the structure.

BUILT-UP MODEL VIBRATION OPTIMIZATION

At this point in the investigations, the selected forced
response strain energy method was applied to a large complex
built-up NASTRAN model (Figure 5).

A NASTRAN~generated plot of a side view of the built-up model
forced response vertical deformation mode shape is shown in
Figure 14. The resultant undamped forced response strain
energy distribution as compared to the distribution for the
elastic-line model is shown in Figure 15. The elastic-line
mocdel element identification numbers were retained on the
figure for reference. Note the similarity of the two distri-
butions. In the case of the aft fuselage and main rotor mast
elements, the single element representation of the elastic-
line model has been replaced in the built-up model by more
detailed modeling involving many elements more uniformly shar-
ing the load, and each accounts for a smaller percentage of
the total strain energy.

Previous analyses® have verified that the most dynami :ally
efficient structure for a given mode of vibration is one with
a uniform energy distribution. Therefore, the most efficient
structural stiffness modifications incorporated for pilot's
seat vibration reduction should also result in a more uniform
strain energy distribution.




N 1
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!

Undeformed shape

Fsin(wt)

Deformed shape

Figure 14. Built-up model 2/rev forced response mode shape.
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From the baseline forced response strain energy distribution,
the tailboom elements are seen to possess the most strain
energy and were selected as the best candidates for stiffness
modifications. The first step was to evaluate both extremes
of the selected practical stiffness criterion range. For the
stiffer case, the tailboom element with the most strain energy
was made ten times stiffer, and the other tailboom elements
were made stiffer according to their baseline strain energy
ratio. For the softer case, the tailboom element with the
least strain energy was made one-half as stiff, and the other
tailboom elements were reduced in stiffness according to their
baseline strain energy ratio (an additional criterion had to
be imposed here - the resultant element stiffness could not
be increased because of this strain energy ratio scheme used).
The strain energy ratio scheme is shown in further detail in
Table 3, along with the accompanying results. In both of
these cases the resultant strain energies are more uniformly
distributed. 1In both cases, the pilot's seat response
increased in magnitude, but for the stiffer case the response
changed phase. This result indicates that a proper stiffness
increase, being within the selected practical stiffness
criterion range, would result in an absolute zero response at
the pilot's seat. Two additional stiffness iterations were
required to achieve the desired results. 1In each case the
selected stiffness ratio was applied to tailboom element
number 4014220 (largest baseline strain energy) and the other
tailboom elements were made stiffer according to their base-
line strain energy ratio. As shown in Table 3, it was found
that a maximum stiffness increase of 375 percent resulted in
near zero response at the pilot's seat and reduced the total
strain energy in the tailboom by 46 percent. This also
resulted in a slight increase in the strain energies of the
two tailboom elements nearest the fuselage. Additional selec-
tive stiffening of the tailboom could, no doubt, produce the
same zero response results with a more uniform strain energy
distribution; however, as it was not the purpose of this study
to develop a general optimization procedure, further investi-
gations in this area were not pursued.

A better interpretation of these results may be gained from
examination of the simplified forced response mode shapes
shown in Figure 16. Here it can easily be seen how the
deformed mode shape was altered through the stiffness modi-
fications to place the pilot's seat at a node point.

Although in the foregoing analysis it was possible to achieve
zero dynamic response at a particular point under a unique set
of circumstances, in no way should these results be inter-~
preted as implying that zero response is always attainable
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Figure J6. Simplified built-up model forced response mode
shapes showing vibration optimization process.
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through any type of structural modification. As previously
explained in the introduction, many factors need to be con-
sidered. Also, for the purposes of this study, no change in

mass was considered for any of the stiffness changes evaluated.

One of the next most logical steps necessary for any realistic
vibration optimization program would be to evaluate the com-
bined effects of both stiffness and the associated weight
change. The end product is, of course, a minimum vibration
environment obtained through optimization of a structure
within a given set of practical criteria.

45

D




FURTHER EVALUATION OF THE VINCENT CIRCLE

The Vincent circle phenomenon was further evaluated for mass
tuning, damping, and dynamic absorber parameters using the
elastic-line model and a simple add-on single degree-of-
freedom spring-mass-damper system.

MASS PARAMETER RESULTS

Element mass parameter changes were found to describe the same
circle that stiffness changes produce, only the increasing
mass traced out the circle in the opposite direction. Data
points on the example shown in Figure 17 have been somewhat
exaggerated for clarity.

DAMPING PARAMETER RESULTS

Damping is usually not considered as a practical method of
effectively altering airframe structural vibration. As
shown in Figure 18, both the maximum amplification and the
potential of the element for vibration control are greatly
reduced by small increases in element damping.

DYNAMIC ABSORBER PARAMETER RESULTS

The adopted procedure for investigating dynamic absorber
parameters was to evaluate the effectiveness of one absorber
for attenuating 2/rev vertical vibration at the pilot's

seat when placed at different locations on the structure;
and then, to compare these results to the maximum reductions
in pilot's seat response obtained from element stiffness
Vincent circle properties at these same locations (as des-
cribed in Figure 11). The adopted approach does not imply
that any such relation between Vincent circle predictions and
optimum dynamic absorber locations exists, or has been
reported to exist.

The dynamic absorber energy absorption potential was kept
constant by maintaining a 25-pound absorber mass and a 0.2%
absorber damping coefficient. This required several absorber
spring stiffness iterations to achieve the proper tuning of
the dynamic absorber at each location due to the different
boundary conditions (i.e., backup structure stiffness) which
exists throughout the structure. In each case the dynamic
absorber was positioned in the vertical direction for re-
ducing pilot's seat vertical vibration. For this study
seven dynamic absorber locations were evaluated and the
results are shown in Figure 19 as compared to the maximum
response reduction distribution obtained from the element
stiffness Vincent circle properties.

46




Moo

- A

Fsin (wt)

S
o

System 2% damped

Imaginary 3
Resonance condition
of add-on element
E £=2%
{
Max. response
N
Increasing N Increasing
mass stiffness
b (kb constant) —+i\\ (mb constant)
RN
\ N
\\\ response
AN
b3 Rea l
3 )

} . Z response

; Figqure 17. Typical Vincent circle stiffness/mass response
region relationships.

47




Fsin (wt)

I s 4

| It

System 2% damped

Imaginary
1 Resorance condition
; of add-on element
7=2%
3
y .
Increasing
stiffness

po—Jp Re a1l

Z response

Figure 18. Effect of damping on typical Vincent circle
response region.




Maximum reduction in response based on
element stiffness Vincent circle properties

oz efa s R

B

3 Dynamic absorber effeciency normalized to
NN most effective grid location

Percent
1
1

L \\ AR N \ s, s
O_
12/ ) 89/8D 1516/18 1920/20 2324/83) 5112/ID 5455/65

Elementﬂg:zg)identification numbers

Nose Pilot's Fwd Mid Aft Pylon Upper
seat T/B T/B T/B lift M/R
link mast

Figure 19. Comparison of Vincent circle properties to
dynamic absorber location effectiveness for
reducing pilot's seat vibration.
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Examination of the dynamic absorber location effectiveness
shows that the most efficient location for reducing pilot's
seat vibration is at the pilot's seat; but, it also shows that
a remote absorber located either at the top of the main rotor
mast (grid 55), at the pylon lift link (grid 12), or at the
middle of the tailboom (grid 20), would also be significantly
effective for reducing vibration at the pilot's seat.

Use of the Vincent circle properties shows that both elements 89
and 5455 are capable of reducing the pilot's seat vibration by
100%. However, these results are inconclusive because any
element providing the only load path is ultimately capable of
reducing the pilot's seat response to zero if its stiffness is
reduced to zero. Further examination of the comparisons shown
in Figure 19 shows no definite trends to indicate that the
Vincent circle method can be applied to predict optimum dynamic
absorber locations.
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CONCLUSIONS ]

The Vincent circle property of a circular responsé region has
ﬁ been examined and verified by .straightforward linear analysis.
{ This property would certainly be of value to the dynamicist
‘ for evaluation of a localized portion of structure known to be
in, or very near, resonance and which could be controlled by
changes involving only a few parameters.

+ However, for vibration reduction through optimization of an

| : airframe structure where many elements are involved, the forced
f response strain energy method was found to be more suitable than
the Vincent circle method by indicating which structural elements
are most responsible for the elastic dynamic amplification.
Practical parameter modifications of these elements will most
significantly alter the airframe structural dynamic charac-

3 teristics to reduce vibration. For the more detailed analysis
involving complex applied loads, phasing, and damping, the
damped forced response strain energy method has the potential
benefit of rapid evaluation and optimization of structural
vibratory response, which would be particularly beneficial in
the predesign stages of an aircraft.
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APPENDIX A

AH-1G ELASTIC-LINE NASTRAN MODEL
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APPENDIX B

NASTRAN FORCED RESPONSE STRAIN ENERGY OUTPUT DATA

Lo g oy

Nyt oV

el

LSafan 000 A% vg NEVELS ANIh 11
aaiNOsy 1NaNT YONINGD LVl

Uiz )

TRt LN 1909994998359 59935339399 997979 4aqvevteserttggudegiqaqs
T It I TN 3T bl i1 sty S a1V e e IT4T 443393333159 999993¢%
1

Toarta LSV A0, 2addY 0 Y lasein iy 1

TRIUAYR MO OonaN Av KWOT =T v [ 1500 - gb 4
CLACHLN M IO Yy CruaRitey fSME 4 dig )

CXPOLEN AULL LN AN N~ ¥ S btk = ) A3
SEOI WY sw *

INabl ab 1S S 00w TWO 0K S515TE0 R g rO -2, 398 1
CHLOWPED SIIINLO0E30S A0 HabwiMe il S GO IN TS iv o b

GAMING 93 10T vivE > W 1

<

SULVRAN Jas ¥V S N secstimk NG o « M 1
Tive a9 <

[

Y

L]

AT T LYYt T 9938909999495 1F3 245888384892 49333319944%
t+ bl lvend

*
1
]
3
s
3
$
s
+
13
13
%
3
3
13
*
1
s
%
e + LWOB NS NAG LS, FRTRER
3  ISOMIW /Al Lad AlDOG
$ S TSONIW 7/ oD% Yol Alnr
s OISANIR /£ Da® 2D AT
$ s FunNIR 7 DAaon®2dAasn ATD T
L3 LMD /SRyt / adttay Klrvy
< T I*N*D / 81D / dh** ) NV
+ s/ R ety 2an0 TATHHO a0
+ * SOPIVISANSD / T6GIa00* LAOHNG
$ / IDd0 8 L O3dDNEX LI ID3Y IO R T3NS 1D AGN® DD L v D LI AOTE )
% $ TeN*D 7 *2Dul'* e DGyl 7 *c1d* Dt Mol etV
$  IENGD 7 CeDAGNtCLDAGN 7 fdd* DA Nihva
4 $ NAGLL 5 Taev
SLILIITLITLISIHUTILIII43035300290FERET0ER 4993133993235 338339 2093391953943
% %
% 43SN AE 13% 3t ASNW SEHL ~==3>>> T AATROUANSNSA / dONSN®D s/ nNaY S
* LS
4 CUSLNDSXY ST DO AOMENT NIVHLS AN3WINI 3HL G imiL A6 %
< VIOWNN SHL STOHINUD SIHL  *IATROBIN WwIHL *2 0l SIvADI SIAIONIAE st $
3 30 USEBWAN JHL 4T ¢ITOWYXH HOd NG SIONIW QF1Naw0D SIIDN NG a4 ¢
4 40 B3UWAN 3ul GE WAB3 3NTWWA ¥ LAVH Lsnm TRDBON  *x35n il 8
3 AU Llas 36 LSNK D IWOHINE 30 3WYN 31 A H3ILIWvBVG BILW MOT5a bl 8
s 4
$1193383339489999293899993943333 031485933 993439958 933998993333 UunIRsI 0959
3 § {-#ISNNIWENCA 7 O(IN*N*D ,/ PRV
< $ pce [T
(AR A A R R R e R A T R R IR S S R A I R R R R S X R X TR AR ER L
'S ]
s ONJAWYO Dy o2 »
3 BSVHA S 3209040 GuaZ Ly Us10ady il iSOk SGvOTY Q3 ddvy Ny -1 1
L3 3UVY SKNOTLD1aac o “
s
s *260409X% JINC0OW NOTLIVINDIVD AQuaNx &IVBAS il 0L *
3 Wokif UNISSVYO abldad NOLLIOTOS SDOILvIS Vv IAVvINWIS 04 SXI07te vyv( ¢
s ASNUAS I ADININCIHg 41 NdING JHL SNOTLTE W B2 SEHL *203f1vist S
4 I NOELATAS VRG0S G190 NVHL d3HI0 NOITSNTIOS ANV 804 SNOLivINDTwD) 9
$ AOHING NEVULS INTRITT LB0daNs LON Sa00 S*0° 91 I3AIN AwiLYN M
s 3
s AOBdNS NIVBLS LNawsd aSNUESEY G3I0H GFanvaNN HO S 39VNIVE nat v ﬂ
s
s N 231ass /7 B NULLIOWS 1ywdQy4 QIS 7/ S*0*9F TIAST Ny LsvN u
s
(333333355835 03 253533 035353333 3 23 Rt S PR R SR R A R L R Y R S R R R R R PR AR Y
uan-w’a.ﬁ‘»wu‘».u..*u*nuiunuunpuuﬂﬁpaua4»¢uﬁ.wu-uunaﬁsa-uun».uaﬂ-‘u‘oun-‘
oleviti Yvla
o1 awid
0y LS
AL LA eV
THESNOYRVHR Gl
>3 A D g ti T 6L O 1 NOUD 4 A1 L O D 3 x 3 NV LY YN

58




XN NEDIBY
00U I#0avVOTa
IIve3dsa
ANMva>Ivant 1l uisXkdsia
1Nd1N0
01405y
HIGOLHOHDI
BV IHS bBNH LUIA AIB/2 61 0001 01 S5NLUASIN LVaS 1UTTd 8TV 3uv
OOHL3W ASUINT NIVHIS 3SNOaSIU O3DH0O4 Q3ahVINNG #3711140NS
YILSODIII OT-Mv JHL 40 V400W NI DILSvIE #3741

- eNONDOO

ANNGD
ayvd

0O MW D a D 3 0 Town L NOD 3sS v
HY3HS BNH 183A A3S/Z 41 0001 0L 4SNOaS3y 4viS 1071d

OOHL AW ADOHIANT KWIVHLS 3SNOJS 38 030804 Qlawvann

z 49vd 2174178 NVHLISVN nlol *v Maov HALA0D I3 HI-HY FHL 40 3008 3INTT D11Svd




I [PV}

§ DRI

1 [CRaY)

1 PR V)

] g0

1 'Rl

1 00

i 0°0

1 [VRNV)

1 (LAY

! 00

f [(R2]

] Jru

! vy

f 0*v
aNIONS
BOH U/w
NShX
b UsL
107 a
NNY w2

¢ o1 e 4 oy .

U H D4
g d L7171 NVMLSYN tinl v

vl

ot

Maav

e

v

LN A T

MANT Sy

¢

D™

DAL N Lol 4
TLaf.wC e CQ
.y s,

l = =Ci=™ | ~0CCCOC

c

-
1
<

s e s e e s

DTLCIOCCCVOCOL

*POLTLCTCTITOOTCOOC

v

6ol

dhet Lol

G2
ofe

NN aC T

Vo colL oYM
.
~
<
-

@ Tiiy e
.
~
<

Geely

s oA

-
R

20 -
<

DO

~
e

LV D

v
foralea

ewiy

LV

Hve')

o
L GEaY
alas
clay
i feay
alao
alad
whao
wIay
(38 R
ulesr
Gilun
Glen
Gian
dlas
olesy
aloy
GInY
s
Glen
aras
ley
vE atas
Gl ay
aley
alren
[s) RN
[T O r
e Gl e
= Glas
(9% R}
QY2
Al
il &
iy
dley
(2} Baind
Qe
Glun
[ B3
Otad
a1 59
alao
Ot uy
atasy
arHo
usHn
aleas
afus
(RE el
1 Ralal
GrLot

o
PR

LAl
-t e

<
PRl i

S ONT T Om e

TIO~=N"ao
MY eoeerdroT OO

O~
-~ m

(

'y
~

Oy~
e

v
cure”

<
o~

OmONMEe N ONT O Sy
A g D e et ot o e v (7 By

Taes <

-

bk fndA Aldard BT 000

01 adSKUdbal 4vay 10 la

UOHE v 298 3NT NIV ELS 2UNQES 48 G380 CinpVOND

HILAGDIT 9 U~y o)

Al

ik

LS In)

KR N A A F)

60

! A

e

RIS > -



[V ]

LY AR R BRIV N ]

Y ULty

B . ., ]

e e ORI R

1 veod v
ALt g bl 22telel v Loy 1 2210 HYART]
vty Il Jetl0f 2 v0tolvd YOGt ey i 1202 avhie
CETIZPL OY F2eE Yb Il VPVIhy t o2el L ARY)
vUtTYe ]l 19*0L0Y On*YTy LWV LY [4 il v
TUCLAEE SUCOUEY LA QLOr Ti0veyy t uisl A
AECHEr IS Yoz ezr 1 214t nvig
*07 sy *Qo0l ] Gl Ve
0018 *Coot i Siwl avtid
c00hy 1 “000t 1 vi§l B
*000%t ‘00t T £171 LaR ATYY]
*oo0Al *onal 1 2ttty Vet
oSzl 0001 1 tt1o1 LV
cQLle *000t 1 LA YN bVt
“VofL *Qoot 1 o yvtid
*00y 2 *0001 ] [*F uved
*00 2L *000¢1 1 49 by by
*00HS ° Q00| 14 Iv aved
M ‘uout i of Hv i
*00¢ ¥ *Qo0t 1 ic bV dd
*06%t ‘ooot 1 et “#vFd
R 09 vt o9vl  lantad
1 EX v GutS S5v6 HYH)
1 ve S vSt S vSES uvi)
b4 £6263
£62s3 ] e 235 yaes £526 Hved
9cet i 24 16 €52616 SOSIMD
£ 34 €€ £0GSe 153D
£ vy € £6vey  {Svi3D
b4 vy I 4.3 442 1Sv13D
1 ve 1 tovyy ISv1:)
£ £v 12 £OvEY tava3ad
2 £€v 2 ZHeE e 1Sv13D
1 £y I tavey (Sv13d
£ 2v £ £4v2y  IuvIED)
4 44 4 zLezv ISv1xd
1 2v 1 12920 Is¥12D
€ Iv € £9viv  ISv13D
2 (34 2 Z29vlv 1ISv13)
1 iv T 19viv ISv13) —4
el°9l 0°0 0y°¢- XN ALTD O
WNIL AT 1 et 15 2iis 211s HYLD
iv 9v is ovils 1a91wd
2v |54 2t ovelt taoiyd
3 ov 6t OvoE 096 Hyed
[ 4 of [y 6t 8t 6L 0 HY D
1 RE it BELE -l wasy nvud
0°0 O°0 HHZ*b- €213
LE€E2LI t i€ 21 x4 eeel By L)
B89y *6 0°0 0°0 219€9
elvE} 1 43 Yt 219¢ 219t Hv €D
1 af sC YESE 9% S¢ HYHD
1 0°0 0°0 0°1 Sf vE SEVE SEveE uveEd
1 0°0 0*0 0°*1 v £€ vEEE vEEe sviad
€1 1 3% o€ olLof 209 1y)
1 0o*0 0°0 o1l ef 1€ 2rle Z2ELr HYHD
S 1eoe9
1€0K£2 1 Q°vu 0°v 0*1 ¢ oy 1ro¢ teof HVHD
teeG~- 0°0 LGt 1- 0°0 [ R] [VRd1] uE623
oto6cd t 0°0 (8 00 of 62 of6e otol ved
1 0°0 o°1 0°0 o ue (3124 62uc viid
1 0°*0 o°1 00 ac 2 BelLe Crays Hvnd
{ 0°0 [ | 0°*0 22 2 L2248 1297 Hotd
t 0*0 0°1 0°0 a2z ce 9262 92ue avid
1 0°0 ot v*o [ ve seve saev? »yhd
1 0°0 0+t 0°0 v 2 vAE? vare LVhD
{ 0°0 {2} 0°0 €2 2z £2ce [ Liey HYRD
14 0°0 ot 0°0 ea 12 eele cete Ll At
i 0°*0 0*1 0°0 1 02 120 1202 HYHD
4 Q0 ot a*0 o2 (21 0c6l ozot BVHDY
1 0°0 0°*1 [T 3] ot wi 6tlul (28311 HVED
] 0*0 o1 0°0 a1t Fa ) atzt a1 HYED
e 01 e o ™ ee e gy PP . v N ¢ e o ooy .
0 H D3 >3 10 v 1 v 1N u 1 H d N
MV IS QN L8aA AdarZ2 + 1 0001 1 ASNUOSHN BVas JU L
QUL 3W ASHINS NIVHLL ASNOAS 39 G4N04 GaarvaNn
KAL) X% 2rsL 071 NYHISYN tlel *v WHrrav BIJAUDL e Ol -ne any 40 300 3NLTY D s T




i

]
o R [ v Sy
IRV ¢ i ety
3 i l e 2. ‘PN
Chgevat [ . At
ot ov Ow MRS
)L ey [aY t [AT15e}
6 veuy hE i NN
226 ¢ 1t it SeNOD
LS 9E L1 CRHGD
uf oy cntidd
vl vi RN
v (%2 TeNGD
14} P-4 <ntd0D
13 1t ZNDD
o gor 2hNOD
(13 [+ 1% ZinND
T4 (X4 2hNLD
e [th4 2hNOD
rd 42 2iNUD
Q2 92 ZnRNOD
G2 s2 2rHDD
w2 ve ZhNND
£e £2 ZWNGD
az c WD
te 12 <SWN0D
14 oz ZihNDD
61 61 2RNOD
el er ANNGD
13 1 ZWNGD
91 91 Z2rN0D
Sl S Zrn0d
vi vi 20D
SYE*YER [ €1 Zhta0)
Yrovd°0 2Vi»3
21im3 P M v 2l el 2wNOD
vHe *Gu9 Tt 1t ZRNOD
of ot 2hWNDD
[ 6 2HNOD
L] " 2hNQOD

I3 < ZNND o~

5 9 2wNOoD O
5 S Z2WNDD
14 04 ZANCD
€ 13 ZANDD
2 2 ZhPNGD
{ 1 SHNGD
930°1 930°1 1 1984
cove *0cl °00l [ SS S uvad
*0L2 *SEt *001 i vSES by Hd
AR 221 *22 *001 ] £62S HYRAJ
*ogoo2 [y Svi3d
*00SY £ Svlad
*setlae e Svi3d
°szZ182 1 Svlad
18*s¢e 1 2lis v Qd
*O0ve a1 * 0092 * 0001 4 0 bv6F HV Hd
*08¢ *“fcol *0%2% *0001 { 6EVE uvsd
* 096 *SuHvl *0L2W *0001 1 Livay MV
‘uGals *£89l 4513 *0001 1 ifel uvtid
*0sts *E891 *21ve *0001 1 219 HY o
*09% *sevl cosen “0001 [ 4 OEGE BVHd
COME * 0001 1 SEvE HYHA
‘o082 *0001 | ¢ vEEE HYHA
0L *0001 1 2ELE 4yl
ol *000( 1 te0r AL
L°E® Sv*G2 1 0E6 UVHd
SRy seie L2 1 62RZ uvHd
K9G seror 3 8Zie uveid
0°69 0z 2e 1 L2902 YV hd
214 £1°GE 1 9262 MY HA
Lertt oS8t 1 Geve ¥V ud
v gy AL A DA 1 1 v2fc Yt
« 05 ** & ee g ee 2 . v se ¢ e 2 oo .

OH D3 3 D2 30 v ivaa b T Y T 1 L N uaN

UVIHS UNKH SUFA Aan/e 671 0001 NE 3SNOS b v =S 10710a

QOMHL AN ADYIN: NIVHLS ASNOCAS 3 G3D809 O aanyONn
S Awvd Le/L1/1 NVBiISVYN 6Lt v v YIAUDITVM OT-HY IHL 40 NFCON ENTT DL v T,

e i




LR I St SF T O

T334 BAAMO- M T 180X UGAIH0S LON vEVA X *202 I9¢SSTn NOLIVRA 2] 1.0 aea

9t 2 ®LNOODY yviO)

ViIVOONT
‘ﬁﬁid’“ﬁ"*l*&!ﬁﬁ’éﬁ&lﬁf*ﬁf‘ﬂ“&ﬁ“##ﬁi**(!'&!.—.v.&‘##&i*¥¢ﬂ¢‘$f’,&ﬁ¢.¢#&..ﬁﬂ.—&
s *0 4 M | 1 1 ot 1wO
< 1 4 1 1 ¢ 0 an 1+
< 1 P4 ‘0 ] 1 oD TwQ
+ I e t { z 0 o) I1nG
t ¢SV L30 804 %D 3I0 SAELAD 3y 3 NL SO MIva a1y LINSNG) - SNOLAVMAD WD &
$ ADUINS NIVHIS DIWYNAG INIW3E 204 1OGNT 30 1SOW S3DI181v INC S 4t} %
ﬂﬂaﬂvwﬂnﬂﬂﬂinﬁﬂnn&&&&n‘*.—.ﬂﬂﬁﬂﬂiu"ﬁiiﬁnﬁuﬂnOﬁ‘ﬂlé.nﬂ“‘dﬂﬁpﬁﬂﬂ’ﬂa‘A“‘maa,
10N3 vl 0°002 0o°1 o*u S ARG
> %67 6o Ta-Tevy
*0V01 1] G0 £G4 v nhvQ
o oo 0 bl s C00Oo1 “Ovli
Hegt 4°01 ot
4] PRI ¢t 1] e
eudont LOVNLN WV vl
‘00 Ve tousaul *Q0HLT
UNIT RN Q9 O
Sl 55 (VPR .
L2t G 4 LS AR
¢ Ut e o ee g e g4 e g ce g sy N e .- 1 »
(o BN SIS I | » D) 30 v ivaa LR A ) F ARV Pl |
SV i bW R A A des 000l 0L 4SNGaS 1a 4V - v g
bl coaa N tebve 0 O R O S ERRZRNN

T ot tisegst Nyrlcon clol se Mo LIRS R R A I TS R A 1T BT I EST e T I T T IR




1
t
£62%9 I
s1°91
NN IV “
3
1
BYd*6
219E2 i
1
1
]
1
1L0£3 i
j2ec~
gL} 1
i
1
1
t
1
i
1
i
1
(
1
]
[
4
t
]
00
4€213 1
1
]
t
1
i
g
t
4
t
t
]
s 0 ** & ‘e g
0
Z 49ve L2/7L071 HNYMISYN vlol

©
COOOC +COOO sC OO
e

<

A Y - Y X

occ

‘v

- O e T
<

o°l a°

o
.
oc oCOoLOoCOC
CC s

~
"

OCCOCDCLLCO COOOCOCOROCOOOCLCT »
T eO e et

s e e P e s e e sl s e P B grs e besre e~ O

© e et e e e e 8 O S ot ot o o o ot ot ]
©
A

qTMav

c

o
Om(IMh e 2 L PR IPOWANMSENCNT DO oo

CNME LML Vet N mummmmea NN A NNUNMNO™

a

LR

ol (2} Wit

o « Sh.bate)

] I LT

Z 4 2wtiuy

4 4 M

> -3 D

v " L)

[y t chNi)

4 < ‘nnQ0d

H 1 TRNOD

wv t e fus.e tav3adn
ve £ FOeyY 15v\aD)
vy 2 Thery Iy i3)
ve 1 Tuent, tvv13d
v (3 frHegy 19y 13)
(37 < 2ovin tuvid
(4 1 Taven  tsvaD
v £ €290 luviad
2y I 2Lvie 1hyv13D
ev i levwen teviad
te 13 €avly Isv13d
s r4 2ovly 1<¢33D
iy 3 1ovir 1Swsd
(£ Sav3 5645 [33 210
£G vLES vSEy HIHO
95 O T4 3]

s £9esS €526 avud
Olvg~ WNL SN
[ S Zlta A8 34 A An]
(3% ovey OvEy 2VED
tr 6F By 6wy [ 2%}
I3y 8rsv A2y uvud
uco PI9¢ Y
G ¢civy 2iwe EVHD
o YESE 9EGE UV HD
vE SE e SCury HyuD
£ vEFE vEEQD HUvH)
1t 2yrie r44 1% BvHD
95 I£0E7

[:Iy ffue 1£08 HYED
u*o 0E6L2Y
[-T4 ored 0£62 uved
e ocse 6262 1A 1]
i geeLe weie jMVEAD
92 Le9e L29¢ HVED
s2 wese 92se HVED
ve s2ve S2ve "V ED
€2 Qe LA X4 MYEHD
22 £2ze €eee HYHLD
12 ee2re ez2ie hvH)
[0 -4 t2o2 1202 uved
61 026l 0261 HYED
wi olut 6181 nved
41 vl elel LA AL ]
at 4191 2191 A Atal
wi Sisl 9161 1) 1]
vl Slvl Sivt v
€1 vivi vigy HYHD)
862 v 5217
21 et L ct BYHD
21 [ 3 X4} €171 VD)
1t 21 atit I3 1]
01 110t 1ot HYiD
6 016 olo aveEd
o &u (] nvnd
4 73 He HYHD
9 29 19 uved
® 14 9 VYD
£ (13 vy UvED
-4 ¥e £2 HYHD
1 21 b= § 111 A3l
v e & e 2 PRI .

1L aUs

HYaHS HNH 1H3A AIN/?

QUHL AW ADSBINI NIVUIS ISNOGSAY 03D10d4 GiawvunNn
OT~ny 3l 40 VI00RW INTD D1y

HILAOD LN

HY 0001 01 HSNOaS3s 1v3S 101

S

-4
-0¢
6%

2
-85

=65




[ e KT 1 Glet -vyl
ae v’ D P
- €1 1o -evl
o 6l a1ean -lvl
g Pa] (persy ~-ovt
ne <l OF ~ttl
v sl Gl -0l
Q- v Gian -<¢El
(Vg €1 (43 BT -ecl
0 e | Q1 a0 P |
G- 11 oley -vil
0° ot ql ey el
o S GIu9 -zt
10 a g 1 aren -1t
o° s Gl -Jft
0 B arsy -62t
NND WWOC o - Gray -ultl
Q- v atno -2
R4 ¥ ara -921
Q- e aj&ao -5t
[V 1 Giyy -vlt
2401 ot [ET7F] -€2¢
+ [P A¢] 2 ‘1 f at Iwa -2et
L3 i 2 1 1 [+] 3111 Twd -121
% b ! I 0*0 1 D Iwa -0z
$ 1 4 |4 1 ] dd I wa -6lt
*o0ul SS £5% v arva -a11
-4 L) YsvEel 1 8% £92614 291D -211
v o 0L o8 JUtuld -9
0s oV 1327 4w 1% ovis tanied -511
vl ogvl 1Ta918d -vll
Sv ve e 44 et cv2 (AL E R b -yt
v S LO9FIHD -2t
s*ivo 5% 0bs 2wWNDD -1t
vou G2 ot ooy ENNOD -0l
*00rve *00%601 “00uLY VN3T -601
ONIZ SE*GCRG 09 09 2hN0D -d01
6v2erye (14 S5 ZWNDDY -40%
096 *s21 vs vs ZKNUD -9501
BlG*0L2 £s €S ZWNOD -S01 [V}
80L°G11 26 26 2wN0D ~-¢0( Ve
e68°€01 s is ZWNDD ~£01
68R*E ov ov 2WNOD ~-zZ0t
v0L°SE -3 6F ZWNOD -$01
[ 33 AT 8E 1 EWNGD -00¢
LLG*S0 e I3y ZuNOD -66
225°G6 9t St ZWNDD 3o
bS Y 9 SE of 2ANGD =46
v0LGE v (43 2nuNDD -96
686 fuy €F JANOD -6
990 vf P4 2f ZWNOD -06
enzZ* 1l 1€ i ZnN0)d -£6
vy5°2 [\ of ZHNOD -2o
"ot b 62 (Y4 ZWNOD -16
GlLve@ a2 Qe ZWNDD -06
veEst Il L2 12 ZWNNDD -68
60u*9 92 Ge ZWNDD -88
gf1°0l s2 S Z2hNDD ~48
2Gl°ev ve 2 ZWNOD -98
2ot°Gi £2 €T ZWNOD -58
€lace 2e ze ZWNDD ~vq
EE9°*Hw 12 12 ZHNDD -€9
vivele [+24 oe ZhN(D -28
Ivs°09 (-]} [ 2hNGD -18
LiGEY vl 132} 2wh0) -08
BSOEY Lt 2l 2KRNOD -6l
19248 91 9t NG -dl
L ] - Tid el S D) ~4e
220°v55 vl vi CWNGD -9
dbr *9r £1 (R4 ZWNOD -G
9jevec0 21imy -vd
211m9 for*azl el Z1 SN -€
. °~ LR b -0 o e Vi .o [*] .o S Ld v L [ (] P4 . — . hz:A‘U
quvd

O HD 3 vi1iva b B 9 41 805
OVIHL HOH LY83A Ad0/7Z w) 0001 0L 4aSNOGSIM &V o> A0 o

GOHL 3N ADNIND NIVHLS 3ONOAS 34 O3D80 2 TsurvuNn
R X LL/7LV/71  NVMLISYN hiol *v vagv 831a03173H O l-nv 3HL 50 VICOW 3NIY 1ISYRT




¢
<.

LTI

B "t btV 1 AR RILASNY e
Vot *leul c0v Y MUV R 1 SEOY avtig -1
] cofe ‘niy tune *voolt 1 vEft Veid ~viz
usL 5 ey cuuut 1 eyt ret -f12
»M.—.". .WML C.hnw ..c,wo_. “ _momv nviia ~-c¢te
SIS FUR At B S+ S 45 S {1
WeOS  fObLE UtSEl Leeo, 1 bl avi -602
] 0°6e  *0261  0*2GE Qrv7y 1 leqr tytig —w0?
1 P 5] ‘ouet DRARE Y IR RANY 1 S rANY [ A X3 ~207
. wer b AN £ AR O e uf I Scve UV Hiy -G02
WETLIP OT"ASTIT Q0°WOUL wrmisoy i verd Qv -502
VGG vL°22rl YL HIDL wby ¢ ®yy ] reze eV g ~-v0Z
VZ*lby BE°ZWZT 22°6161 vuldsn 1 z2te evida -+ 02
vEer 111 Co*lur2 v0*6lbvZ Yuv s p I 1202 avia -207
c6222vl QE°*ETEF 9velell vlul i, 1 0zel eV ket -102
BOHrSHl 19°0590 Qu*OIFT dedve Jy I oiwl vt -007
en*zuce S0°00F9 eu*Utvy 2uvvoyy 1 @21 tvig 661
29°927f 19°¢029 6L*8LIG €0ve2y 1 4191 tvta ~tol
*0012 *00t e *0Gaw ‘Quot ] 9151 av b -2t
..WWMN. “NMMWM ”NW—M—— “Moc— “ “ive P2 4207 ~-961
<0S1S  *fwel  e2t6é  -ooot 1 3 M ae
couic ‘Clive *000ul ‘oot 1 _.—m_ :q_.,”. |NM~
..cm-m, “o—be— ”Gocm— “cc.: 1 AR R nyri -2
.Cuwm w_xc_ wmxz_ .ccc_ { 1ol HV H -int
200z 1%z grn  oeed N

G \ -
* 0549 “000¢- *00f£2 ‘OWW" ] Mw. N“"‘.M“ IM.M“

c0% ‘0622 *00¢ ¢ *Q00l 1 3 -
.mxu -o.\. . sod Yy [AL 2208} 461
.uNN .GO—— -oo@m .cco- ] G Vi -9nl
TR VIS s S I T R
2 & -uy
*+ 002 *0%2 *0591 *Go0!I 1 21 Byia -ful
©05200°%  Luvmwim rvava ~-Zul
0 AN OHY 23 23 -161
_ 301 9ot ] {iviw -0ul
. ANTONS 09y [ 0'wv2 09 apus -621
j INH HB/W o*rYgt (L] *00¢ cC aguo ~Hel
. o*sqy o *vo? v5 arns -4zl
0°B6 [+ B4 ‘ooz €4 arnw -941
222 [V ‘002 24 Qg -%21
NSWX CREx o° ‘002 15 [{FR5) -veit
] 4S%2eL 0 0Os5%vile U Glao ~F21
LG es  Setc2t 2cLcIte (30 Gy B -c2l
1S*22 wiE*’1~ PXARE & 54 £33 SRR ~t21
45°%24 GLE*2T veronl ir [OR N o] -0l
4S%2L SlE*P1- votest 9y [£3 R aat] ~69t
4 i5°2L o [V 3 -4 L33 4 [RE K i -eul
4624 Sf*2l 21112 (X7 G1hO -491
3 4S%2L SeEEl- 2zt (5 4 ayao -99l
E anhh ﬁmpmh,—w_ No.vn- v (21§78 -%91
22 Sl - & bl v [<B £ -v9l
uveeey U009 uGB 66l ov urhn -y ot
9z2e*19 &2 CeLS*9el G [a) -0} ~aul
v6v* 09 0*0Y UEZ*wol [¥1% GO -191
goRey al*el 20220t v (43 WL -0vl
BIBELS m~l*GI- C02°*201 9f ayruo -o61
86v°09 0°0€~ OEZ2*vel S€ aryy -85
MWW“MW W“MMI WMW“GNN 113 D—ZW -6l
- 3 to [N a1y ~951
HNH d/1t 22wl ol vl L9026 <t GIND -5t
1261l GzeL  19°02% 1€ afuo -v51
42wl 0° L9*pes of arun ot
9ue6H0l O Evesly (%3 Qruy ~261
to°001% 0 09* 90y ae [¢) RiL) ~-1s1
. 2y 2e, 0* 2L Loy Lz agao 061
[ U £6°ygn 9z GYao ~6vl
S Ve £2%0He ce G1u9 -uel
! OR* 6y [0 Ol *vae v agan -ivl
4 05y [A R4 SI*cov [ X4 [¢) Eait} ~ael
0z sy 0 m2t322y 2z A -Gel
3 e 01 ** o e g ee 2 e o v ¢ ey PRSI ce Ve g . 1800
3 auv D

0+ 2 3 vV i vV O > 1N ou G931 8 0o

YU SHS HOM LAaA Asasd B 000l DL 46N0aS Ik 4V 5 30V

Ukl 3w Attt NIVRLS 3A5NOOS i GO du s Colagr vONn
6 ERR] iL/21/1 NVUISVYN oiol *v B} R2X2IY CETRIaRY B TS EYYL TRV SR 1o B B INTATORNEL N SR S A A i

66



SIS g

"

Lan3

*oc¢lt
*sil
*2L

*vSb
c1c0l
*civl
*ga9t

AN ow

. e
*HO

4
£
<

1

!
L
I
v
o
[
.

woocC
- ne
o NN L

Neves

v

o*uge

*Qut
*001
00l
1652
*0001
*000l
*0001
*000!

3 1L 40

BYINS BAH Ju3A A /e

vivOUN3

Y A% 3

Taiuvy
cuhel g

S¥iw
R A ET]
SeTH4d
Sv 3d
rvid
b2 RV
HYL o
vt
bV
IS AT}
(W]
ISA AN

.

LR EVIVIVE |

AONINI NEIYNSS
RAES N J

A T

ey

~
o

el am ke e D e

ASNUS 2 AW oy

[AFRTUTE R T 3 X4 WA

FELIY ] FAO0GK NI DB icYY



;
§
i
;
:
7
g

“Oy o

IERZAYA

NevtulSviN

eled

‘v

T oanISONS T

T vV RN CUY KT 4w NN
CVVERT Jauhatiae. M e e T O L L RPN I I ST S R BT S I P21 LY ST

LI TS VA R RV ANTS RN §T YT
A T Y N R T A L L L TV HENFU RS S ® [ * 1S % uw

TN G N Y e TS LN

BN IERSAZ L TINGIONS NS AL NS S/ =W D S

N A 8 AN A R VA S LT B ISP RN A D PR LY RN A TR WIIEL Y I I
$ Liac

OAVUTUNSR AL LG /0rd 30N <030 Pl 3%
$ S13595%51 3Savtavdli g

+ 1o

/77134000

+ 371 3o

P AN A7 Vi G

4 AL ANl SN AL SO LSAZTTGN
NCA ZEXLOTast 2 ) pilx 40 L0 L

fODARVIS L s -t dh et aval o

+ M dawiir * 1a

P UNYD/OING I 2T UGS NS A AR NS Dy
T ISNS D/ N D70 UL TGO NP AZAGNY N D/
$ s/ ASL N

+ 10JdannC* 1SN

T I-€107 aawiir
tA ZATSKENSA/NL 4914061 390D avol T XL 451 Vs D34 NG X303 EUDG

$ LGIAON*T o

* BUDUON/S LSS 4% aval Ya* X 555 g

T OLOGIULNE N A/ N D/ N D/ NI/ WRACN* DI/ /0D
$ 405

LD /NIX I 58 Py

AN S I Y

LA SN N 35UV /VAL TS X LA LA D i UL I DGt 45 3% 4N
.d(ev.-(<I-<dﬂ-<<v:\:v-20-»ww?-‘.—m-:dﬁumnv.hwuuhﬁ..;,..?—vwaum-dﬁo

$ 1O UNZSLASTIR S L 5509
CUVAL NG XL3520T1d* 1D 344S 3 DA 4SS AN YV EN® YRS LAITRE A D A S A AR Y]

$ LQOdOUN*L13SNT

» LOdD0N
CNCA /LASOTENSAZTIISHIAaOR  * mIS DY JUGO NI NS §¢1ah /e ZRG39% INN3D

T SAVSEURD ZHAVS RGOS/ 3avi 89N 7/ EFaViErLYN

TN S ala3s = STISATIVRY 95NOGOS I8 ADN 31K 30 4 424110 v 0N

Grat

dtictne ™ t

AT EN .
(LA SN
bvi Yo

AN D <
PESLCIS 3
INag Yy
RETT -0
R0 ¥ LN 1

PLA AN U

ETEITY e

L T wi
nwerva 21l
wWverve 9l
Durnlita S

nve vl

1351 b
[CTSR I 4
ERTTANY) it
Mmeava 0}
AN L
cet

une Z

INCEYHD o

FOHIa S
3AvVE v
e ¢

ELE Y

NI e 1

EVIHOULN 4 1aunN XJI0GON 451 TuN <Ry GY  @31D%44: N1 SNOL Lk

SNILST ahnne - ye

e et RN NLSYN VTS TEah o

YV A WM L U4A AIBSZ 1) GO0 DL LHSNDASIH Le S A0 i

Glal v ADp g NIVELS 3SAOGS 38 QIDH0S O 30 nvin

Taauv SV RITCNE IR T IR BN TIC T TS W15 B Y S 417

ANTT DY v

68

[RCPTPRIPR




K31 V)

(2222 Y4

NYEISYN

L ca Lo v - - - ‘
l<‘i.33§dﬂ

B SUr SN AZTINC S LS A/ LTINS A/ 05/ 29 R | T PR
W NS T T ONE D
3 VO™ Lhiombe o
LN ON/ DS XS RTO N Aldt - 2y
L it ] Pavv 1
AP A R R R R YO CRETEEOL
P OLHLVELARYACO/ T -RINIUC DI A AZGFODG/OR SN 6 19 W1 S D L gty MGG
P YNNG vOGIae 3 Urats D v
T ANGOHO* T [T i
¥ VVLL AIEONNBT D0 TV N NN O PETVL MV
1 HOBUN/ VYL 446NN Avald G
% OUNUN/VEW® 3N NNK AUt v
T LUNINL R IFTYL B T Y
$ Uaun ARIRE <a
3 DOUNUNSNAAZCLOUR/n LR L D1UR® LD 30O ve 10
 SOUNGNS O YN [N [N
E LV X I ] TR N 3 4
$ 596 LNaXH T bY
$ O /nT46% D106 LD HaY vhs LY
T DOHEONCLDLYN GNE Yv

$ VURTIHTY B ETEE Bn RN N

s LUK TN vy o
S O IASSVINLASAC D/ L= N* I/ Y/ htin® 1 D TURS 1D 34dS Vi v
* DURUNS OO OonNe D v
% xOONIW REIS M v
% LSdI*ADUN LNONHTY OY
T LSO XOVN/WNAXC U DLUN 1D 33Y V4 ot
* X¥OONOUNSXOIN NN GNO L By

1 AD106 WIIHS LD U R I D TUR S RIS N ANGPRD Ly
4 GUEAROGNT SOLUNSDONON® XU XUN FIANS Y
% DSHHMLIaAd A I/l TNABLUICACD /L NaUbAD * A D/ U NLaD*A*D/2V itiia)d

CASDI/ZIVINIADCAC D/2UVADUIY A I/ TGVNIDGD® A L/ UGRUD S ASD /Y B0
CASI/SSYRANGDICASD/ENS D/ODVRON NG A/OOUONS NCAZSINLNEN S A/ XSONGNS N

‘A AU WIASH LD IGHE RSN IDIGR RSN/ 2RN5H0 LG L Ih®* W1SD% 153 awn o Y
B OINSO/ISNYDI/DOUPHUNSNG AZCQVEN® D/ / LX'Z12 23N 1
* O'NESD/TIANSD/LI ~FODUINSN* AZUOVE N D/ Y/ [ A2 AV N Y
S OO'NPO/INSDI/OONUNSNS A/ GOV NS D/ / hydivet  2v
T OMNSD/TANA DRGNS N AZ OOV NS D/ hytvo Iy
ONLILSET 420005 = M3V uwtt) ¥ NYUISYN 0°2 =AY

BYaHL Wb LadA ASBZ¢ v L 00Ut G 4SNUGSad Lvas 1O Vg

GOHL 3 ADYEING N BLS oSNAYS 3t GADBU 4 Oy tan
mndel *v At sav UILAOITATe =% 3HE =20 3300w INEDY D] iSv YA




et

49v ¢

LLsLV71

NYOLSYN

6L0l

‘v

L MR R Y R P S 1]

s Liwu* s

Y OVUYRCYVHO YV NS VY R

1 LIWO/VYeR® J40x

* LINO/VVES 948

S LIWO/YY WS 34y,

$ LINO/VYRG 3%

t £}

T AUV I AW A AN S aN

P FAVX S0 JINS SN HAN/NNY R NNLUSNNWNSNNN® | 350

+ IVINIS*EIED

LEEET 2 LIFFTILE FTLRY

s Lch_m\kucv.ZZcx\w4®z_V\uut.77f\w4cz_m\uur.rzr\VJsz_m\uuy.ZZx
+ 2

B NNUN*NNE® NN NNY

3 ONNURINNEOCNNWONNX/DTUNS DL GO HO%S WD s § JoN0

L)

$ WO/ON%} 3SN

% TADawe 2

B NNUX® NNB* NNKh® NN

$ TADAR/NNUVX* OV Y R/ L AdJUN/NNE* Uk /1 ADAW/NNWS DO/ T 3D aN/NNZ* OO %
+ vu

T /7044808 15990

$ 1%dO0N* pIEY

$ 1Sa90N

P LSAYOUNS N AZLISAOO/TVS* 13SN*1SGO* 1aD

% dWiISON*eY

% IEN3DYeIBT

$ 135N*D00HSAS AN UY S UD DY * GO * WS

4 uJUZ-m\uzc-kvt.mkv\b_!C\Oﬁu-Ow\-kUl!\D!U-IQ

) dCIuJCZ-btuﬁml-n-¥¢Z.NlU0$.»V<lmchwm92.b_IO-WJ¢7_V-MUQS

3 0—:3&-)-0\402-Z.>\JSZ.Z.>\hw¢QZ.Z->\_ﬂuuw¢-2->\n—¥m2
SNSAZLDVIUCNSAZI TRO N A/ ITONIS N A/ AN N AZ L ADIW  N* A/ 1 3SN
“N*A \hWW(-bWWD.-Od\wau;»QQO!.»GQ@-J-W.Z-quM.Q!CMQ.UUWW(U
T 0N D/0N D/ AL NSNS NS AZADRE N D/ /

$ 11w

+ 9O%

Ut D
AN
Adrie
Ablres 4
Ao
AlNo L
LETY e
dhaxe)
143
CNOD
INOXHD
ALt 4
BB
ANCMED
240w
ENUXH)
1iDn
UNGD
INO%HD
ALNG3
auv
a0
aNGl D
ELYAN
[T ab]
AN D
QNI D
INaXh)
avinNag

3AVS

b
nVlive
NtV Y

LivedbiD

ONILSETD 328008 - HIVLADD avihO NYGLISYN 0°¢ TaA- 1

wo
L
Yo
‘o
ve
fo

<n

ve

¥}

4

Gy

v
e

28

(1]
oL
Ye

442

He
v
2
L
14
0z

69
e

iy

HVAHS ©H LHIA A3M/Z ©) N00T OL 3ISNOASIH Av3S LUl

UOHL 3w ADH3INY NIVELS 3ISNOGS 3u G3D804 OHeWVOND

Hoav BIJOI1 VAN D I=-hv HHL 40 1300m aANTD

Dlasvyy

70




S i e e N ae e e . - - - A T TN TR

P i

MWt ALV G e AL b Y S Y e iy s 1% Y ) ey ) ] vl

b P A AR RN IS AN Levh R I PR RSV

R e e S T SO NN

Y SadcE CaacH SHLTGAY L LNV JGL Gt T UAX S 2D g S 2dAGNUS ¢ el
: SEDGAL I LGRS LU EDACTHIGE D Lot T DG v AL ThaA X S D ACOHUY TIAGAD it oy
) LR I I | Toetw el
L N B T ] LI or f
3 bBUSKREDIZ0S IS D/ NI VISNS AZ AN NG 2/ 7 LRI AN [P |

LR T Ll T Atvanii
LI 2 FI T | [ |
1 V36 ROUNS LALVUN AV

+ utN
COANSUACN NP AZVAVEONS NS AZGE SN FENC AL DX 10 97 * SNAGD 3900l * CNEXUID

T AN oty

T VdavONZ/ TSV 2 YEN0ON/ T NI ETS)

T ONAUNUNSNCAZTTAUVUNSNAAZ T RINSNCAZONYESNG D/ /7 hviiva
3 LN TALNON® SV IN Irve

$ 1DVvam
CNSA ZTILVIING NS AZTISEMUNS NS AZ ICLOGE ZINES DS X 30 3% LAa9EH* WDAL Vi et

BN S/ NGO/ LV AGINI NS A AOKE NG D s/ nveve

b O°NCD/I*NAD/ULSAINSNCA/GUY NG D2/ nVhVg

3 0Nav* TGS A* GIAISCUND*GND* Iy LG I0NASL *NAGHE UL 15N ENa>hD

3 HNONZORS W/ INGNZ QLU GY ALNC 5

105 GON® T JUNS S T0LNY NN U4 4500 AN S
% INONSN*AZ*N*D/UIIUNSNC*AZTIUINONSN® A/ L AINON® N AZ 1M AN
ENCAZTASANNENCA /L TOONSNCAZ TALION N*AZULESOIONSAZ L SNV NS AZNAGL S

CETHIALTIOS A LA WAL P GLASO GRS * AN/ 1 550011, € 1S55I  RYNAQ Lot

$ STuN RIFIE 28

T VVOeN Ahane )y

AR A S VAN A MR S LTE) "y

t SOUPNIINCSTAT UNTO

* e qv

$ vvbr AN wbe)

3 VYR AIC09% L AN Sy

$ YDUON*wTIY) (VTR ]

$ W Yaov o

$ YUK ANA» )

t VR DINC 0901 Fun P L

T OONWON*RTIL (W L

$ Y¥YXN*0O ANA>D

ONILSET 3Da00S5 =~ BIITAWUD vy NG NYLISYN 02 MaA L

BVIHS GNM 183A A3B/C ) Q00K 01 ISNUAS 48 v IRIRY -]

GOBE3W ATHLNT NIVELES 3SKNOAS B C3DBU2 O sory Onn
juvd L7171 NvtiiSenN [P X350 B RERIT<1) UILACDI I ODI-hiv OHE 40 J00N ST L DN ESe




(o}

Al At}

tirsLizt

NVOLISYN

[ XA}

‘v

ERE ST RENY U1 SR VLM § N

G Gt AL
Ll LN GULN® Gl

T USKRED/GUNSINSAZGUNS NS Ay LS NS AZ L D dai ¢
TS/ IDAGMLZ L UDAX® S0a® SAGH G o LO*NAGO3* XX 35D

ENS D/ a4

BoAdat AAdN 3ua® S a
4 LaSUN/H0a® dad
b 1 ALCHASNCAZANDNDONS NS A

ZtlnONNC AL NISSNCAZT 4D CHAAZOLSSOTICNYA/ZLID TH1ON®D/ZGS LOSNSD
7 Sua® S0 45 A% AN/ ETA S GNP  OUL* GURCJOUGRD* TN 4 1 10U 35O A Xasv )

% L1VWAONC CHLhG S
3 AL IONS ot o
3 O0SSURS* GURCGOHLS LUR

VP SHIUALOONeC

2% ZanlSUN/GAN*GLGON Z799HUNZU0GH* GG,
£ &I

t I-*nN
CV/EHIANSNCA/OOLUNC RS AZSHUAONA NG AZSNUNSNA AZ L WO S NS AZ 3TUNTS NS A
Z13DUn*N* A ZAICEINENC AL/ AACNONENYA ZAAZNONS NOAZUCOSNY DZ70 U N D
/0°089¢AI/1DTBTA N /ST AMSD/dS 300 IHI* NG D/ C0CE * 002K * QG2 X* A0S

CORO QAW A0H QUN/GAZEB S JSZH® AAZX YV IRV VRS VYIS VYN 0% ¢ Of 535N

$ LUAYUN*B] WL
T OGN OUB 00U TUSH UUCH* diZH* AdCH® AdS >

% v 30U/ QGH
CYVYH/VRIGH/UG W YV /VON/QUE R A2 R/ VON/AUZ 14 aaZ 11/ YO/ CAZW * AP N

% JACHUN/QACH/ AdEWIIN/NOIN/ AdZNON/GAC N

P AACHONS N A/INON N A/ VRAURS NS A/ONVE N D/ /

+ CI—MSZ-Z-)\JZ&GDI.Z->\Nih$¥-2.>\DZ<;Z-U\\
T GUELUN*N* A/ INCN NS A/ VU SO NS AZONV SN D/ /

$ 2737

% ADVANS N A/ W/ G2 e LTV IGY

$ LV46V/Vauv

* V4HVON*Z T3

% D00 0 I-X*N*'I/ AN/ ** AU ¥ * VAU N* VAl

1 VIUVON/SAdZn® ddA2n

$ dOUZRUN*N*A/Z TJUNSN*AZAAZWINCSN* AZ/ONY*N*D /Yy
T AdAUZNON NP A/ TIUVONT N AZSAGCROIN® NS AZONY*N*D s/
$ ddZuliN® ddO2 WIIN® 3302 XUN

$ dAZbUN*N*A/daQZRON* N* A/ JaQ2 RXON
ENPAZQLASOTISNS A/ A2 H AUUZIR® AdAEH /100441 * *NAGUS* TI00 DL Y XX3SYD

$ xX3SvD

s dOOMN® 1 v3ivdy

ONTLSET 3UNOS = BITIadRID av¥wO NYHLISYN 0°Z T3A3N

BV IHS HOK LY3A Add/<E ) 0001 01 JISNOASIHY LV A4S

[S T sl
Cwnr s 72N |
EV AT R
aé a i
ANa>eD  1ul
AL s D4l
[V RN SN |
GiNe ) el
Ginrd 2,
ANU»H, Gyl
LY TLIRCT S |
RETIL v B T |
[SLSTINNN N §
aNG s et
INa>hD o s ]
Al s O
900G vl
Kvhiva syl
wWvova vl
wvave vl
RIETTE 20 B TN §
utGv  wvl
[SE TSN W R
GNOD vl
SOy vt
ALy oel
Kvhva ofl
wytvd vl
dAvS it
Nixdaiw  9f
AN XD ol
ELY U 0 §
Fish iRt

Q0L ADHANI NIVHLIS 3SNOGS 38 Q30304 Uiakwvinn

IMeav B3IV R OT-HY 3IHL 40 300w INED D1aSYI3

e S SRR 8~ ot a2 i

72




91

I9v A

-

2271171

NYULISVN

B R o
BT WY i et o e L - L . . - .« 8 EL

1 UhlhnN® Gl u AT AP I Yol |
1 0Inv* 4050 L0 tabe ) e
+ QuOn IAve ol

1 OQUUNSN*A

ZOLAV S FAGa/XR-H VDS 2T, 2850 2DAt P 20aah* SIACINI S TGS % 1 1A £.0DAX Widinv e wed
T FUSGUNS G TR [ESTUR RN §
% //7410aAy 1UaAY Pl
3 ONGMYDIC S Do AV Eol
$ LNOUY ICNCA/IVTIA N A
ZLA5 AN D /Z0FBIONS D/ A1 NDAX /D450 236 504 2IASNG* PDai0* 2B ¢ FIODAX NVMLAY ¢61
1 ONUYVD AvS Lol
3 ONQUVIANCA/Z/* 2265304224504 2DAuN* 2 D80 2D adD eI (VI3 §

® 224aU*2I83042OAANG® Z3dD0* 2Ddul) INaxtd oGl

22530 DA DAl IDadi/* 12430 EDS30¢ [ DALNG® -U:Nc“wwuww LG 661
s ZLUOSON* 218D Gis6i D> twml
$ S1L8050N dava uwd
3 ZLUGSUN N A/ 0L B SH3 N D/ 1D 330U 1DS30% IDAGN0* 130 1D ual
/3dd®HADARS LS I DTAAN DG J3g* *** QS NAQD3 L1 fuh* WLSD S XxKISVD Znus Luel
* Da0*dAdN ANA>»RD vis
+ olu REIN A [t}
% SOUWVNAGUNSD/TANSD/DUG *DAGIV * * SR SSACUND GOV * ¢ JAGNS * L 55N tHas cult
$ VUN*6I1 W [ 038 ot
* VON/DAoN® JAON AlDG S om
$ dON®* 9167 G d oLl
% st RETA TV |
3 ONUBVYD) SANY 2018
% ONQuVISNSAZ/*** 4 IHAGN0 g b2l
* ¥SIW MY G210
& Stoan akitir w2l

$ /7¥3ILNAAX LOAIAX WA}
T ONOBVD® 371 4d ELY A Jet

$ ONGHVD
SNCAZITNNAD NS AZL3SA N D/0THANTD/VILVSAX/ S 8 S 2DAAN0* HODAX NV Uil AXx 121

$ ZlAano ANaXHD 02l

+* ONQYyv¥D 3AVS 64l
* ONGBVISNEAZ/S 4 ¢23A0N0 TETE RS {
® SESSLOOHAGNHO/ RS YAUND [ RTINS |

% 1>AQN0O Fhectabed Gl

ONILASLT 328N0S = YATIanild VNG NYHASYN 0°2 13A50
BYaAHS HNH LE3A AN/2 W) 0001 UL JdSNODSHg ivas Lo to

QOHL3W ADHINI NIVELIS 3ISNOCAS 34 Q3DHO4 UadnVONN
6L61 *v uav 8314021731 H1-HY 3IHL 0 YIAOW 3NET DSV Y)

73

B R AY o s T R




21

Yt

LL7217%

NYHISVN

LYX-¥)

2 e b NS NALTS 3

4 VININ / abtlan
OISNANIR / ad*lad

9 I*ONIwn 7 D30*23uaU
1SN IW / DA 2DAai

S UCN*D 7/ *Tant 7/ ud**du
* 1ON*D 7/ **1dD* / au**ad
T S/ P LA LAVUNG

3 SALUIVESEN®D /7 Teisauet Acdng
7 100 1D LuNtNIXIC S 1034 ID10UC RTINS T DA D DISYD

B LENSD /S 2Dabt T s YaDd*dab

3 IONSD / CCDAGOCCTIDAAN / Sd)*DAUN
$ NAUISH

HA50 Ak 135S 50 LG Y 1HL —==>>D> $ THTNONANSNS A / GOINSN®D /7
1 1-#ISONLKUCNSA 7/ QON*N*D 77/

+ SINIA

$ UUDSNIGANSD/y=-*N*D//

1 vhlbu3

$ QuuANIASN* DI/ (- N*D//

s Tuoun3

$ UHUITA*NSDI/2-4N*D//

$ 2aOvul

$ UHbdalOSNSD /v~ N D/ 7

s fatund

4 SINIA

s LHUHYS

£ 00I*ET1 W

% JAIVIAIN*SINII

£ 91w

s ONAUVD

+ ONCGBVI*N*AZ/*1D530° 12430 § Dat)* 1 DdwD* [ DAINO
s 217

s 913U

$ //81VOAX

3 ONUHYI* 3718 da

B + UNUHYD
SNEA Z3TLSA N AZLISA N D/UNVESND/ZYLTISAR/ S S 2 1LV 3USI® ODAX

La i
Al o
AJOre,
AlDE
Alhe
Nidiva
Nlava

eI

HG4a
Nieva
Niavd
Nl

1. 32:0 X8
wWvav
Tatev
WiVulbu
REI )
houvol na
As0v
WHY Al e
Vitiw 3
nNavdliHd
RAED A
an "

o e
daidy
ONL D
BT 2 |
ET. A
(=T
Tatv 1
ann e
AUTVaAY

3AVS

NVELAX

UNTLSIT 4D8N0S - ¥3TEukud aVRNO NYBLISYN 0°C T3AL

Oc ¢
vde
vee
o2
oce
ove
(Y 2ar-4

072

Qe

oze

g1z
sic
vie
t i
¢ie
112
otle
wae
wO2
o
Y02
[ g
voe
[§'Xd
02

lue

002

UVaky GAH La3dA A3B/C 81 0001 0L 3SNOOSab Lv3SS 4011a

. : QOHLIW A983INI NIVELS 3SNOJGS 3 GIDR0T Gianwvonn
v Thaav BINADIITIIH 9T-pv 3HL 40 IZOOW HRED D) ASV,

74




"y

19viv
2t
2t
I

Rl L CTIEVI DON A . R,

# 1 ANaW3S HLLN UNINNID LG *o¢ & IdAt 50

Ul Hilm ONLinvys og
Qb HLIM ONllbvys 4] IdAl

# O INIW3I3 HYLm ONINNEID Y *pg o 3dALl 30 SINZW:

O HLIm ONfLyvyS A1% ELTSY

Lerd st NvHISYN 6L6T ¢

. eemilarase

ddAl AU SINIW3TI NUISIDang 30060 ONISSAD0Bd ObuYna ‘ELte

SENanyy UNTISSED0Hd S) QO WOwI 201F ILyLSIW NOTAYWHOSNT nisac
FUYSY I NOLLYWHOINE naasay
=2