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SUMMARY ®

This report presents the results of two years of work under

U.S. Army MERADCOM Contract No. DAAK70-81-C-0042. The purpose of f!;f
this effort was to develop a user oriented computer aided analysis and ;ﬁﬂ
simulation package for hydraulic systems. The project covered two fzj;
A years and consisted of two discreté units of work termed Phase I ,'(i
S T R
y and Phase II. ' B
< £
t The specific objectives of Phase I were to: !'14
[ 1. Develop the basic system analysis program with its E;fi
' associated numerical analysis package. o
2. Develop a Problem Oriented Language. _f{\
3. Develop models for commonly used hydraulic valves. ';fz
The specific objectives of Phase II were to: fo
, 1. Verify the valve models developed in Phase I by testing !i
T selected valves. Eifj
’ 2. Develop models for commonly used hydraulic pumps, motors, :;53
‘ <
: and cylinders. f'?q
- 3. Extend the Problem Oriented Language to include hydraulic =
pumps, motors, and cylinders. ]
‘ -
o
The results of Phase I were reported initially in Fluid Power T
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Research Center Report No. 82-A-11, User-Oriented Computer-Aided oo
. 1
System Design, Interim Report dated May, 1982. Cel
A1l of the objectives of the project have been met successfully. 4
ozl
o,
The work completed to-date represents only a portion of the s
total proposed project. While the individual models can be used j
to analyze individual components, the capability to analyze an entire .
1
hydraulic system still does not exist. The development of this full ‘
) j
q system analysis capability is the ultimate objective of the project ]
L'— A_4
}' and requires additional work. —.»--'J
[ B
b
9 It is highly recommended that this additional work be funded
b immediately in order to preserve the corporate experience of the .
L‘L; project team and to ensure maximum benefits from any future efforts.
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PREFACE

This report was prepared by the staff of the Fluid Power Research
Center (FPRC), Oklahoma State University under the direction of
Dr. E. C. Fitch. The work reported here was authorized by U.S. Army
MERADCOM Contract No. DAAK70-81-C-0042. The report documents the work
completed under Phases I and II of the subject contract covering the

period 1 April 1981 to 31 March 1983.

The principal investigator for this effort was Dr. I. T. Hong,
Research Engineer at the FPRC. Project personnel were:
G. Ball

K. Izawa

o

Ong

~N

He

=

Hensley

The Contract Officer Technical Representative for this contract

was Mr. Delmar Craft.

The effort reported here represents the first two years of a
multi-year project. While individual components can be analyzed

using the models developed in these two years, the ultimate objective
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of a full system analysis capability cannot be met until the total

proposed package is completed.
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CHAPTER I
INTRODUCTION

The Computer-Aided Analysis and Simulation (CAAS) package is the
result of a multi-phased program to develop a user-oriented computer
aided techniques for the analysis and design of hydraulic power
transmission systems. The entire program provides a computer
package complete with system analysis, optimization capabilities,
component catalogue, Problem Oriented Language (POL), and operator
prompting as well as the ability to consider contamination sensitivity
and changing fluid parameters. The package essentially eliminates
the requirement for any detailed knowledge of computer programming
on the part of the system designer and allows effective use of the

technique by anyone proficient with the POL.

The first phase of the CAAS program was completed during the
period of April 1981 to March 1982. It led to the development of the
general system analysis program, the adaptation of an existing
numerical simulation package to this purpose, the development of
the Problem Oriented Language, and the modelling of the family of
commonly used hydraulic valves. These activities provided the

theoretical basis to achieve the objectives of the second phase.
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The activity of the second phase included testing a selected

group of valves to verify the models developed during Phase I,

developing models for commonly used pumps, hydraulic motors, and

cylinders, and extending the Problem Oriented Language to include

those three types of components.

To validate the developed valve models, a series of tests have [

been performed which include both the static and dynamic performance

tests. Nine hydraulic control valves were selected for this purpose. ' ;
Along with the experimental activities, each of the selected valve li>i
simulation procedures used in the CAAS system have been verified. ']

This assures the designer that a model which has been simulated will
indeed perform as predicted. ,._
In general, a‘hydraulica1]y powered machine consists of three ;?ﬁ
basic elements. These are the power control element, the power ’;
conversion element, and the external element. ;}?
— 4
The action of the power control elements modulates the rate, ‘?fq
direction, and level of energy transmitted by the power output _%
elements. The performance of these components was comprehensively _::f
investigated during Phase I. The developed component models were " ]
modified and verified experimentally during this phase. E
Ly

2

®,
-
S : ST - . 2
s e e e e ]
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Pumps, motors, and cylinders are the typical power conversion

elements. They convert energy for the external elements in order to

bi achieve the desired task. The energy transfer and conversion are :ii
:} controlled by the control elements. The characteristics of the gz;
F? power conversion elements influence the operation of a hydraulically i?
ji powered machine. Thus, the overall characteristics of a power ;?i
: conversion element are extremely important to the satisfactory P .
E operation of the machine. %1;
C ;
E, One of the important aspects of the CAAS program is that it ‘f;
{_ simplifies the communications between the user and the computer ;ﬁz

system. In order to develop a user oriented computer-aided design ;‘;

package, normally requires a highly conversaticnal procedure for
communication between the user and the computer, and an effective

numerical analysis procedure to simulate the mathematical models.

- "
v N
et ot
P L
W W P& S

During the first phase of this program, efforts were made to

1 -
PPN

select proper program languages that could meet both requirements.

PP - P
e T L . '
PPN . S

. . e e

i i I

It was found that the PL/I language has rich functions for
manipulating character commands and the FORTRAN language has functions L
?b for analyzing mathematical problems. Both languages are compre- ::J
' hensively used around the world. Therefore, the PL/I language was T:i
selected to form the POL and the FORTRAN language was used to do ;ﬁ
;‘ mathematical calculations in Phase I. i f
;
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The package which combined both the PL/I and the FORTRAN together
has been proved very powerful to meet the specification of the CAAS
program on the IBM 370 computer at Oklahoma State University.

Although this approach was successful, it was recognized that the
combination of two different program languages may decrease the

program portability and increase the effort of maintenance if the

package is implemented on different computers. With this in mind,
the entire CAAS program was completely rewritten in the FORTRAN

language in the second phase. Many innovative subprograms were j
developed which greatly improve the character manipulation capability -3
of the FORTRAN language; thus it maintains the merits that were :

provided by using the PL/I.

This report delineates the results of the project to date. It
presents the experimental verification of the developed hydraulic
valve models, the theoretical background of the development of
hydraulic pumps, motors, and cylinders, and the description of the
updated CAAS package. In addition, a user's manual is presented in
Appendix A. To assist the system programmers in maintaining or
updating the CAAS package, a CAAS maintainer's manual is furnished

and published separately from this report. S
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CHAPTER II
THEORETICAL DEVELOPMENT OF COMPONENT MODELS

The theoretical basis of analyzing a hydraulic component was
studied in Phase I. It concluded that the static and the dynamic
characteristics of a hydraulic component/system are governed by
the principles of energy conservation and momentum conservation.

In other words, it states that the net mass flow rates through a
control volume equal the difference of mass flow rates between the inlet
and outlet of the system (energy conservation) and the forces act in

equilibrium on the system (momentum conservation).

Pumps, motors, and cylinders are hydraulic components.
Consequently, the theories developed in the first phase of this
program can be applied to analyze the performance characteristics
of pumps, motors, and cylinders; however, because the function of any
specific component is different from others, the performance variables
normally are different. Thus, the performance model of each

specific component should be addressed individually.
The following is a description of the function and theoretical

development of the models for hydraulic pumps, motors, and cylinders.

It is intended to develop general performance models for pumps,
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motors, and cylinders individually in this report. The detail L
analysis of each individual component is illustrated in the sub-

programs of components (see the CAAS Maintainer's Manual).

HYDRAULIC PUMPS aE:
Hydraulic pumps are used to convert mechanical energy to ;-}
®

hydraulic energy. In general, there are two types of pumping O
mechanisms for producing fluid flow in a hydraulic system: non-

positive and positive.

Turbine, centrifugal, and jet pumps are typical examples of

non-positive displacement pumps. Because they are not commonly used

in the hydraulic control applications, these types of machines are

not discussed in this study.

The positive displacement pumps are the major power transfer
devices in a fluid power control system because they have better

performance and higher efficiency than the hydrodynamic devices.

Except in rare application, rotary rather than the linear pumps are

used in hydraulic systems. -]

S
PR

. B
a4 4 4 4 3 8 4

Rotary hydraulic pumps can be classified according to the

functional design. Gear, vane, and piston pumps are the most commonly

used units. Furthermore, pumps can also be classified according to

|
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the fluid delivery characteristic; either a fixed-displacement i )
or a variable-displacement unit. Based on the above discussion, |
the types of pumps employed in this study are outlined as shown in
Fig. 2.1. ;

lii
Pumps (1) Gear -

(2) Vane (1) Fixed (1) Balanced o

RN

(2) Unbalanced :A%
(2) variable (1) Pressure feedback
Pl
(2) Servo Piston !_‘
(3) Axial Piston a
(1) Fixed (1) Swashplate
(2) Bent Axis !z‘
(2) variable (1) Swashplate ;¥£
(2) Bent Axis f}:?_z;
» 'y
- (4) Radial Piston N
{ (1) Fixed ffi
r (2) variable 57
.. o
R -
3
- ~
- o
i‘ ]
- Figure 2.1. Classification of Positive Displacement Hydraulic Pumps -]
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FIXED DISPLACEMENT PUMP MODEL

The fixed-displacement pumps provide a constant delivery to the
system. The pump is driven by a prime mover. In general, the mass
of the pump rotating mechanisms is negligibly small as compared to
the mass of the prime mover. Consequently, it is a reasonable
approach that the dynamic characteristics of this type of pumps are

not taken into consideration.

In his static pump performance model, Wilson indicated that the
pump delivery is a resultant of the ideal delivery due to geometrical
features, the loss due to cavitation at inlet. And the torque
required to drive the pump is the total effect of the ideal torque
due to the pressure differential and physical size, the resisting
torque due to viscous drag of the fluid and the resisting torque

of mechanical friction. These relationships are represented as:

Qp

DpNp - Cs - DpaPp _

Zma . Qr (2.1)
Tp = Dp-APp + CdDpi:Np + Cf - DpAPp + Tc (2.2)
2T g ™
where Qp  pump delivery flow rate
Dp  pump displacement
Np rotation speed
Cs slip coefficient
APp  pressure differential
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u fluid viscocity

Qr delivery loss due to cavitation
Tp  torque required to drive pump
Cd viscous drag coefficient

Cf dry friction coefficient

Tc resisting torque of mechanical friction

The slip coefficient is proportional to the value of the
clearance ratio while the viscous drag coefficient is inversely
proportional to the clearance. The delivery loss due to the viscous
drag effect is caused by the journal operating concentrically in
a bearing with a full, laminar flow 0il film. The frictional loss
is caused by direct contact of two moving surfaces, for instance,
the metal to metal contact or the oil-seal contact around the pump

shaft.

VARIABLE DISPLACEMENT PUMPS MODEL

A variable displacement pump generates a fluid delivery rate
from zero to the maximum designed output. Although the speed of the
pump remains fixed, the variable delivery rate can be obtained with
the aid of a feedback compensation mechanism. A common displacement
control is accomplished with the pressure compensating mechanism

which produces just enough flow to meet the demand of the load.
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The pressure compensating mechanism is schematically drawn in
Fig. 2.2. It consists of a three way pressure compensator and an

unequal area piston which controls the displacement of the pump.

When Toad pressure exceeds the preset spring force, the piston
head side chamber is opened to the drain. This causes the piston to

move upward, thus, it decreases the displacement of the pump. When

load pressure decreases, the compensator displaces right. The piston
! chamber is opened to the high pressure side. As a result, the piston
' moves downward to increase the displacement of the pump. The process

continues till an equilibrium condition is obtained.

The mathematical representation of the pressure compensated pump

is represented as follows:

Flow equations for the compensator are:

Os = C, Wrxc\/’zf(‘o’&) (2.3)

Q.= =CaWe X, J%— (P -7r) (2.4)
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where Qs flow to the piston chamber
QT flow to the drain

Cd discharge coefficient of the orifice

o ..
a PR

o
mlamlat sl e .

Ws area gradient of the high pressure side orifice
WT area gradient of the drain side orifice

Xc the displacement of the spool

L 4 fluid density

p load pressure

Ps pressure in the piston chamber

PT pressure at the drain port

Force balance equations for the spool are:

l.‘l B ’l o
. L ‘.
P W O

+ Ke (X, +Xc) +0.43 WeXe (P-Pe) -
when Xc 20 4
(2.5)

PA. = Mc Xe + BeXe

EOBA

C:'\,c + 5’:_';{(: + Ku‘. Cxc +.\'c> +0.43 Wr Xc‘. (Ps"'r{/‘)
When Xe<O .

PAc= M
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where Ac the reaction area of the spool @

Bc viscous damping of thc spnol

Mc mass of the spool
Kc spring constant o
Xc spring preset S
P Assuming that the flow due to the compensator displacement is o

negligible and that the compressibility of fluid is absent, thus, the

continuity equation of the piston chamber becomes:

)
3 . K}
.' Q.s =Hs Xp + C.;_ (ps-lo-r) (2.6)
[
] where As head side of piston reaction area
cl lTeakage coefficient of the piston .
The force balance equation for the piston is:
f ) .
. /
: P Bs 4 Kp (Xo= Xp)= MpXp + BpXp + PAp (2.7) o
y .
¢
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where Ap reaction area of rod side of the piston

Kp spring constant

. v - v s v
. . s
'
RS W SPUY oF i WPy

b X0 the preset displacement of spring

!i Mp  mass of the piston with total pump displacement mechanism o
.- 1
- Bp viscous damping coefficient of piston ]
L 4
r‘ Eqs. (2.3) to (2.7) describe the pressure compensation mechanism o

¢ completely. Since Eqs. (2.3), (2.4), and (2.5) are nonlinear, a

computer-aided analysis is needed to obtain the solution.

Furthermore, to attain flow response, the pump displacement is -

b . K
i expressed in a linear function in terms of the piston displacement _ .

as shown in the following equation:

Dp=CXp (2.8)

where C is the displacement gradient of pump stroke control.

Pump flow rate is finally, calculated by using the Wilson model

as illustrated in the fixed displacement pump mode!, Eq. (2.1).
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HYDRAULIC MOTORS

A hydraulic motor is designed such that it receives the
hydraulic power and converts it into mechanical power. Hydraulic
motors, like pumps, can be classified as three major types: gear,

vane, and piston. Fig. 2.3 illustrates the classification of motors

used in the CAAS program.

Motor (1) Gear - fixed
(2) Vane - fixed
(3) Axial Piston - fixed
(1) Swash Plate
(2) Bent Axis

(4) Radial Piston - fixed

Figure 2.3. Classification of Hydraulic Motors

The characteristics of hydraulic motors are expressed based on
the Wilson model in this study. In general, the mass of the motor
is small compared to the load; therefore, it is practical to include
it in the load mass. Thus, the force equations and flow equations

are expressed as follows:
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The theoretical torque generated:

Dn AP,
Tvu= Tm

The loss due to viscous drag of fluid and dry friction is:

D,,.ARE
Tross = Cy D,.,/U. N + C¢ > =

Thus, the force equilibrium equation is:

;]'jfzj(ﬁV)== 7C%H "Tloss "-TL

where TL is external load torque
J is polar moment of inertia of load

The flow equations are:

vV dR ¥
é’;éd_:'zQa,"DmNm—CSM DM_—/ZZ_’Z\-
vV dP, A

2t =Q,+Dm Nm + Csn Dm M
24 dt
where V is total entrained volume in the motor
ﬁis fluid bulk modulus
Pa,b is pressure in each motor chamber

Qa,b is flow rate into or out from the chamber.
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Solving Eqs. (2.4) through (2.13) gives a dynamic response of

the motor and load combination.

HYDRAULIC CYLINDERS

Hydraulic cylinders are widely used to convert the hydraulic
energy into a linear motion mechanical energy. Basically, a cylinder
consists of a movable element that travels in a cylinder bore. There
are many different designs of cylinders to meet the requirement of
specific functions. It is very difficult and impractical to classify
cylinders in great detail. In order to develop a general model for
hydraulic cylinders in this study, cylinders are classified based on
their operational performance. Fig. 2.4. shows the various types of
cylinders used in the CAAS program. As can be seen, the study was
limited to linear and the rotary type actuators. It is noted that
the rotary type mentioned here is focused on the cylinder that pro-
duces a finite angular displacement; that is, a positional control
unit. This is different from the function of most rotary motors
which are used to control rotating speed. The selection of this
type of cylinder is merely for user's convenience so that he may
directly employ the model to obtain the mechanism of generating an

angular displacement.
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CYLINDERS
(1) Linear type (1) Single acting (1) One side rod (1) Piston

(2) Plunger -

(3) Spring
return

(2) Telescopic

(2) Double acting(1) One side rod (1) Piston
(2) Plunger
(3) Differential

(2) Double rod

(3) Telescopic

L IR
|‘-‘|""

(2) Rotary type (1) Single Vane
(2) Double Vane

L X}
| .

Figure 2.4. Classification of Hydraulic Cylinders

18

@ e
.

L
. . P ra .

..... ST e T R
................ . - - co. . ..‘-“_.‘
. a e e . . RS . e . -, L e e N Y .

[PURARL, . W WU WA DN P LY ¥ S - i - n PR Y L. PR S _;.A'.J-';'.a\_g.."-'x\'-";~ .




R~ (I Er

.
BAMRE ~ MO IGAIC

T ———
. S B
.

The 1inear type cylinders can further be categorized into single
acting and double acting cylinders. A single acting cylinder has only
one port connected with system, and the cylinder or plunger is forced
back by gravitational or spring force. Generally, it is used in an
auxilliary situation. The double acting cylinder has two ports
connected with the system and it actuates forward and backward by the

action of hydraulic pressure.

Cylinders that have one piston rod extending from the cylinder
bore are called the one-side rod (or single-rod) cylinders. Obviously,
the two-side rod cylinders are cylinders have a piston rod extending
from both sides of the cylinder body. Telescoping cylinders are

actually multiple single-side rod cylinders.

There are two rotary type cylinders included in the CAAS program:
the single vane and double vane types. The functions of single vane
and double vane type devices are similar to those of sinqle acting and
double acting type cylinders except that the rotary type devices pro-

duce angular displacement instead of linear displacement.

Although the control functions and control mechanisms of cylinders
are different from case to case, the fundamental principles used to
model a cylinder are identical. The following paragraph illustrates

the approach to formulate the performance equations of cylinders.
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Figure 2.5 depicts the schematic diagram of a hydraulic
cylinder. Assume that the movable assembly, the piston and rod,
are motionless at the start. The upstream pressure increases
whenever fluid flows into the upstream chamber of the cylinder.
This is due to the effect of the compressibility property of the
fluid. The drive force (upstream pressure times the effective area)
is balanced by the external load imposed on the rod, and the total
resistance force. The movable assembly begins to accelerate and
moves toward the downstream direction since the drive force is
greater than the external load. Simultaneously, at the opposite end of
the piston, except for a single-acting cylinder, fluid is exhausted

back to the reservoir through some other cylinder components.

In practice, it is necessary to provide hydraulic resistance in
the return line. Therefore, a certain amount of pressure, called the
"basic pressure" will be generated in the downstream chamber. These
forces (back pressure times the downstream effective area) act to
resist motion in the moving direction. This further results in an
increase of the upstream chamber pressure. Normally, the upstream

pressure should not exceed the nominal pressure setting.
Friction resistance is also included in the model. It is
generated from the viscous damping effects and the mechanical friction

which is always in the opposite direction to the velocity.
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Fig. 2.5. Schematic Diagram of a Hydraulic Cylinder
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& The flow entering the cylinder depends on the velocity of i )
f . the movable assembly. In addition, due to the pressure difference
q .
{ existing between the upstream and downstream chambers of a cylinder, ]
. -
the Teakage flow effect is considered in the model. .:
Consequently, the mathematical model of a hydraulic cylinder -
4
is described as: ._ 4
Vi dPe j
Gu'—'-Au.'U"‘f‘ K}.(pu_" Pd)"’ )éh 4t (2.14)
.
L
avr "]
- (2.15)
PuBu-Phy= Fp+F+Fs+F +m dE R
=
dx (2.16) %
— = .
d+ v ¢ g
and o
ey
Fs=F  +K X (2.17) .
Pe o
e s
F_;:RK*PK <Pu"/21> (2.18) -
- 4
.
Fr= B,V (2.19) -
- Dl -
Ba= T (2.20) S
o
]
- ]
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where Au upstream effective area _
Ad downstream effective area f
Be viscous damping coefficient B
D diameter of piston ;:
Ff seal friction Z;ﬁ
Fs spring force :23
Fv viscous damping force i ;
Fso initial push force of spring
Fe load S

L

Ke leakage coefficient ! 1
Qu flow rate entering cylinder . i
Qd flow rate draining from cylinder ;f:
Pk coefficient ..
Pkc exponent
Rk constant of seal friction
Vu volume of upstream chamber
X piston displacement
h radial clearance
e piston length
m mass of moving element
Pu upstream chamber pressure
Pd downstream chamber pressure
8 fluid bulk modulus ]
v piston velocity 1
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A absolute viscosity
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Eqs. (2.14)to (2.20) describes the dynamic performance of a

-

cylinder. The static performance of a cylinder can be directly

obtained by simply eliminating the differential terms.
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CHAPTER 111
AN OVERVIEW OF THE CAAS PROGRAM VERSION 2

GENERAL CONSIDERATION

The CAAS program is based on the development of a problem-
Oriented Language (POL) which simplifies communications between the
computer system and the system's users. This simplification of
communication allows users with no prior programming experience to
utilize the power of the computer for many applications, thus,
increasing productivity. Obviously, such a package requires both a
highly interactive procedure to communicate between the user and the
computer and an effective numerical analysis procedure to manipulate
system simulation. With this in mind, the function of the most
commonly used high level languages were investigated at the first

stage of Phase I of this program.

It was found that the PL/I language has its unique merit in
manipulating character command which inherently provides an attractive
procedure to meet the requirement of developing a user's oriented
program. On the other hand, PL/I doesn't have as many mathematical
functions available as FORTRAN. Therefore, in order to take the
advantage of both languages, the PL/I and the FORTRAN, the CAAS

program was designed to use PL/I in the POL and FORTRAN in the

25
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;!: simulation sections. These two procedures were successfully linked ’
E together and proved very powerful in meeting the specification of
& the CAAS program. The PL/I-FORTRAN version CAAS program was N
Fi termed "CAAS Program" Version 1. ?_1
3 -]
E : The effectiveness of Version 1 has been recognized by implementing j
b‘! it on the computer that has both PL/I and FORTRAN supported facilities; ’
f for example, the IBM-370 system. Although PL/I is a very commonly *
[ used language, the portability and the maintainability of the program ]
L. may somehow degrade if the package is implemented on different compu- ’ 1
;. ters. Therefore, under a recommendation from the MERADCOM, the CAAS -{
tn program was completely reconstructed and rewritten in the FORTRAN IV '
- language during Phase II. The consideration of portability and ? :
é maintainability is therefore reduced to the minimum. Furthermore, '
L; the updated FORTRAN version, the CAAS version 2, not only retains ‘;
}‘ all the character manipulation functions of PL/I, but also improves '
E the entire program structure in a way that provides a more effective ?
E approach in data manipulation and system simulation. i ;
.'. | .“1_
Ej Like version 1, version 2 uses one main (driver) routine and ﬁé
‘ many sublevel routines. The communication with the user is governed f“?
‘ by the main routine which calls the subprograms requested by the ’
user. The calling program displays the requesting information and
' accepts the related input from the user. In all cases, the routine
® ’ 1
A
2¢ o
L .
. e
. T T S|




scans each response by the user for feasibility, and, if an
incorrect response is detected, the user is told what error he

has committed and is asked again for a response.

Another important aspect of the CAAS program is its "HELP" T

- module. Anytime a user is asked for an input of some kind, he

S
F may enter the word "HELP" or an "H". Regardless of where he is in °
the program at the time, a tutorial explanation relevant to his

requested input is presented in order to help him decide what is

_' needed. This eliminates many unnecessary trips to a reference ®
manual which may not contain the desired information. :
,' THE PROGRAM STRUCTURE
| The entirety of the CAAS program version 2 is subdivided
o into several logical units, Fig. 3.1:
?. 1. Driver (MAIN)
E 2. Simulation (SIMULT)
| 3. Optimization (OPTIMZ)
r’ 4. Degradation (DEGRDN)
5. File Processing (GETCOM, GETINF)
? 6. Question/Answer (INPDAT)
F. 7. Help (HELPO1, HELP02)
i& 8. Output Interpretation (OUTPPT)
"
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;‘ The following is a description of all sections, the modules, and ,;‘:
3 their interconnections. i
- ]
N .
; Driver ‘._1
i This is the main drive modular of the CAAS program. It links j;;f
: all the logic units together to achieve the entire simulation. The f
;] main drive program along with the File Processing, Question/Answer, " A
HELP, and OQutput Interpretation forms the Problem Oriented Language %
4
f (POL) to communicate between the user and the computer. ]
t‘ ]
i *)
8 Simulation gy
?, Essentially, this procedure is governed by a main drive sub-
é‘ routine which receives input data from GETINF through the POL and .
- Tinks sub-level subroutines together. This simulation procedure
e
:; is used to perform the system simulation. Figure 3.2 depicts the
2
4 basic structure of the SIMULT procedure. Basically, it consists of

three major parts: component models, numerical analysis packages,

and auxiliary engineering routines.

In the component models section, there is a component model
bank which includes many preprogrammed simulation models of the

most commonly used hydraulic components (in Phase I and II of this

program, the models of hydraulic control valves, pumps, motors, and

cylinders were generated). Each model subroutine is designed in

t
P S LR
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POL

LOCAL
MAIN

PROGRAM

6

NUMERICAL
ANALYSIS
PACKAGE

Y

COMPONENT
MODEL

|

AUXILIARY
ENGINEERING
ROUTINE

Fig. 3.2. Basic Structure of Simulation Program

30

B L I " Lo (s . .- N . -
.Y = - . ~ - - 3 . . - . . . - o7 . N
FOENL WP DOP Dy T U, U TS SN W SRR W S N TR PP W SN WV WU PN S SR T S S SRR S S S N

.-

’-
o
w?

L
o
S0 d

el
PR VY -

) P

‘L,




el

i
. A N

Gl N ST e ol LOBL JUN S0 s oy -
.h P MO GO v H‘flf"(.rr‘v'v—‘ o

L. RN y .,

: o !i[ vkl -

[

AL M ot Ao PR 2 AT e AL AMAGFE IP R S S R A A S Gl Ty Ll e e e L »
Ml A L e C3) . ot .

such a way that the designer can select the emperical, static or
dynamic model to meet the specific simulation problem. Flexibility

in the model selection is one of the major advantages of the CAAS
program. The emperical model uses the curve-fitting method with the
polynomial interpolation technique to interpolate the performance
variable by the specific input data. This technique is very useful

if the information of the model can only be obtained experimentally.
There is a procedure in "HELP" developed to fit the data in a poly-
nominal form. The static and dynamic models are based on the mathe-
matical model derived through the power flow method. They are used to

perform the steady-state and the transient state simulations, respect-

ively.

In addition to the mathematical model developed for each
individual component, there is a design data request subprogram
which delineates all the input information required for performing

simulation of that specific component.

The numerical analysis package provides the necessary numerical
differential equation analysis procedure and the non-linear equation
solution package whenever the simulation program ' .:ands. The
differential equation analysis procedures involve the Euler's method
and the Runge-Kutta 4th order method. In addition to these two
methods, the program is allowed to include any user supplied

procedures. The non-linear equation solver is based on the algorithm
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t‘ of iteration searching and it is normally involved in the static .
model selection directly. The simulation algorithm will be extended

to analyze an actual system performance in Phase III of this project.

K
The auxiliary engineering routines are developed for special
engineering functions which may be repeatedly used in the simulation
program, for example, the subprogram DAMP is used to calculate the [
damping ratio.
Optimization [
OPTIMZ provides the required procedures to achieve system
parametric optimization. Several options of optimization criteria
are preset in the CAAS. This procedure will be developed in Phase IV L
of this project.
Degradation A g :
DEGRDN deals with the system performance degradation due to the
variation of fluid temperature and/or contamination level. This
procedure will be developed in Phase IV of this project. .:ﬂ
P File Processing
‘
g The File Processing section consists of GETCOM, GETINF, CIRCKT, d -
F NATSIM, FLUPRO, and RERUN, Fig. 3.3. It receives the required
{ information from user to achieve the desired simulation. This :
‘ rey
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procedure makes the user's oriented design possible.

GETCOM interacts with the user to choose a single component from
the CAAS component ID bank which is stored in an on-line data file.
There are two ways for the user to select the component. First,
if the user already knows the component ID number that he needs, then
he is allowed to enter it directly, and the program checks the
validity of the entered number. If the chosen component is indicated
to be correct, control is passed back to the selection manual for
next selection; otherwise, the user is requested to enter a proper
ID number. Second, if the user does not know the component ID

number when asked, he is given the master component menu and asked to

A (R

2.4 .';';,_;A.

o2t
I L
PR Py

choose one. Each component type has a menu which subdivides into S
several levels so that the user can specify every detail of any ;ﬁf
component with very little effort. ;21

]
1
GETINF carries on a dialog with the user for each component ]
selected. The dialog is specified by the component database sub- ;.i
programs. The name of the database subprograms are usually in a form F:i
. of "DBXXXX" for component XXXX. In addition, to get the data of each R
x specific component, GETINF also has a function to allow the user to g

° ]
- change data if such a change is necessary. S
T
- ]
. CIRCKT guides the user to construct the hydraulic control circuit B
. '
34 )
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in a way which is acceptable to CAAS. Because the CAAS program is
based on the algorithm of the power-flow method, before a series of
components can be of any use in a simulation, they must be connected
together in some fashion which is compatible with the power-flow
algorithm. CIRCKT gets the component port number and connecting

line numbers labeled by the user, thus forming the power-flow repre-
sentation of the hydraulic control circuit. With the aid of CIRCKT,
the computer "knows" the sequence of simulation and the process of

manipulating data.

NATSIM receives system simulation data from the user. The input
data required are the nature of system simulation (static or dynamic),
simulation time parameters, and the integration method used to perform

dynamic simulation.

FLPROP obtains the values of working fluid properties. It
includes the values of fluid bulk modulus, density, and viscosity.
A table of default values for five kinds of commonly used fluids are
preset. This allows the user to use the default values for a
specific fluid directly or he can change any of the default values if

he needs to do so.

RERUN gives the user the opportunity to alter any of the
parameters that he has already specified before he conducts the

simulation or reruns the simulation with only minor modifications

35
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of the previously entered parameters. .

Question/Answer

The Question/Answer section provides an efficient means of I/0 o

data manipulation. It also offers the ability of error recovery

- ‘. -‘."

during the program processing. Basically this section is governed

by the subprogram INPDAT along with sublevel programs that are required

PPN WP Y

to support it.

INPDAT is a general purpose routing which is used any time user
input is needed. It recognizes user input errors when a wrong type
or class of input string is given. The subprograms get an entire
record from the user's terminal and break it down according to the . ﬁfi

specifications requested by the calling program. Q;

INPDAT detects the following user input errors and reprompts
the user for a correct response, for instance:
1. An INTEGER number entered when a REAL number is needed.
2. A REAL number entered when an INTEGER number is needed.
3. An alphanumeric string entered when a numerical value is
needed.
4. A numerical value entered when an alphabetic string is

needed.
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5. A number or character string when a "yes" or "no" answer

is needed.

HELP
The HELP module is fully accessible to the user while INPDAT

(see nrevious section) is executing and aids the user when he is
unsure of what is required in the way of a response. The CAAS
program provides three different on-line help facilities to assist

the user in successfully performing the simulation he desired, Fig.

3.4.

HELP 01 provides the first level help of written clarification.

It calls from the data file short one-or two-line sentences to help

the user decide what the system needs from him.

HELP 02 is called when the user needs more detailed information

in addition to the messaqge displayed in HELP 01. HELP 02 is a series

of full-page explanations that detail exactly what the system is

asking for. There are many commands available for the user to "turn"

pages of the on-line user's manual to find any information he needs.

The third on-line aid is a series of subsystems that do
calculations for the user, for example calculating the integration

step size, the viscous damping ratio, etc.
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INPDAT

*: NO HELP?
A

HELPO1

y

DATA
FILE #1

<SS

HELPO2

o< DATA
FILE #2

CALCULATION
SUBPROGRAMS

Basic Structure of HELP Module
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] OUTPPT allows the user to select the simulation results of any
F effort/flow pair he desires to be displayed on either a tabular ° .
¥ format (TABLE) or a graphic representation (PLOT). Furthermore, ‘_
- subprogram TEKPLT generates a two-dimensional plot on a TEKTRONIX
] 4000-series graphics terminal. .J
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CHAPTER 1V ' '.~
PRESENTATION AND EVALUATION OF EXPERIMENTAL RESULTS '

- v
. 1
ik

- The purpose of this chapter is to present the experimental
work carried out at the FPRC to validate the models developed for . N
i hydraulic control valves during Phase I. There were 9 valves ‘
selected for this purpose:
1. Directional Control Valve: 2-way, normally open type.
P 2. Directional Control Valve: 3-way, 2-position, normally open ®

type.

3. Directional Control Valve: 4-way, 3-position, normally

P Y N

t closed type.

4. Flow Control Valve: Restrictive, pressure compensated type.

« v
(3]

Flow Control Valve: By-pass, 2-way, pressure compensated

type.

®

. . - . - . 4 » .
Miinattudedniuints e ddadoiddiddide

a r.v . L D A~

6. Flow Control Valve: By-pass, 3-way, pressure compensated

type.

g e e

ol

Pressure Control Valve: Direct acting relief valve.

N S
~

8. Pressure Control Valve: Pilot operated relief valve.

P

9. Pressure Control Valve: Pilot operated reducing valve.

4
The presentation of test results is constructed with a simple
format as shown below:
(]
40
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Test Component - Identifies the component tested. It includes the

description of component function, component I.D. number, and

component schematic diagram.

Experimental Verification - Illustrates the layout of test system and

describes all necessary procedures to conduct the test.

Computer-Aided Simulation - Uses the CAAS package to simulate the

test system by employing the actual measured data.

Results Representation - Presents and discusses both the simulation

results and the actual test results.

In addition to the above presentations, the following test
conditions were followed throughout the tests.
1. Temperature of working fluid: 100°F
2. Working fluid: MIL-H-5606
3. Measurement accuracy: Flow + 2%
Pressure + 2%

Temperature + 5OF
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TEST 1 ‘ :
A. Test Component ;
1. Name: 2-way, normally open, solenoid actuated directional ';
control valve. L j
2. 1.D. No.: 121131 x
3. Schematic Diagram: See Figure 4.1(a). . i%
o 1
B. Experimental Verification ﬁ
1. Set-up: Figure 4.1(b) illustrates the test system used :
for the dynamic and static performance test of a 2-way, L4 :
normally open direction control valve. The circuit g
includes: 2
- a fixed displacement pump which delivers flow at 20 in3/sec. ®
- a relief valve to accomplish a constant supply pressure
for the test valve.
- an accumulator and an orifice to filter out the excessive s ]
hydraulic pulsations. '73
- a D.C. signal to control the open/close function of the 'ié
test valve. 5;:
2. Test Procedure ;g
Static Test e
- Install the test valve and achieve test temperature. , 1
- Adjust system pressure relief valve to vary the inlet
(upstream) pressure level. _
>
42
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Fig. 4.1. The Test System of Z2-way Directional Control Valve
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Measure and record the outlet (downstream) flow rate in

terms of the pressure difference across the inlet and outlet.

Dynamic Test

Install the test valve and achieve test temperature.
Adjust the inlet pressure to produce an outlet flow of
20 in3/sec.

Close the test valve.

Measure and record the response of the outlet flow.

C. Computer-Aided Simulation

1.

Power flow circuit: See Fig. 4.1(c) component 1 (31111)
provides a constant pressure to component 3 (the test valve).
Component 2 (91111) provides the required force to close the
valve at the specific time.

Input Data:

Orifice area: 0.009 in2

Discharge coefficient: 0.61

Area gradient of discharge orifice: 0.09 inZ/in

Overlap (+) or Underlaps (-): 0.0 in.

Flow jet angle: 90 degrees.

Spring constant: 40.0 1bf/in,

Spool clearance: 0.00001 in.

44
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Mass of spool: 0.00012 1bf-secé/in. ;"

Viscous damping length: 0.5 in. 5
Unsteady flow force coefficient: 0

Spool diameter: 0.5 in. _.':

Initial Conditions: :

Spool displacement: 0. in. i

Spool velocity: 0. in/sec. ; f

D. Results Presentation e

3

1. Static performance: See Fig. 4.2.
2. Dynamic performance: See Fig. 4.3.
TEST 2
A. Test Component
1. Name: 3-way, 2-position, normally open solenoid, actuated
directional control valve.
2. I.D. No: 131131

3. Schematic Diagram: See Fig. 4.4(aj.

B. Experimental Verification

(Same as the Experimental Verification section of Test I).

C. Computer-Aided Simulation
1. Power flow circuit: See Fig. 4.4(c). Component 1 (21111)

provides a constant pressure to component 3 (the test valve). h‘l
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Fig. 4.4. The Test System of 3-way Directional Control Valve
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SR T
g .
Li‘ Component 2 (91111) provides the required force to close the S
. valve at the specific time. .
- 2. Input Data: Orifice area: 0.0255 in?
b Discharge coefficient: 0.6 .—.i
Area gradient at discharge orifice: 0.425 inz/in. o
. Overlap (+) or Underlap (-): 0.0 in.
] Spring constant: 20 1bf/in. i;:;
b Flow jet angle: 90 degrees o
i Leakage flow coefficient: 0 f
? Spool clearance: 0.0000/25 in. Léﬁ
: Mass of spool: 0.0034 Ibf-sec2/in.
:A Viscous damping length: 1 in. =
3 Unsteady flow force coefficient: O ® :
| Spool diameter: 0.625 in.
Initial conditions:

Spool displacement: O in. r'Y

Spool velocity: 0 in/sec.

D. Results Presentation
1. Static performance: See Fig. 4.5.

2. Dynamic performance: See Fig. 4.6.
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TEST 3 T
A. Test Component '

1. Name: 4-way, 3-position, normally closed, solenoid

.I
L

actuated, directional control valve. -3

Dl

2. 1.D. No: 142231 o

w

Schematic Diagram: See Fig. 4.7(a). s

B. Experimental Verification .
(Same as the Experimental Verification Section of Test I except RS
change 'close the test valve' to 'open the test valve' in

Step 3 of the Dynamic Test, and open the valve during the Static ,fp
' Test). '
{ .

C. Computer-Aided Simulation

1. Power-flow circuit: See Fig. 4.7(c). Component: 1 (91111)
provides a constant pressure to component 3 (the test valve). .1
Component 2 (S1111) provides the required force to open the

valve at the specific time. .

2. Input Data: Orifice area: 0.0255 in2 ]

Discharge Coefficient: 0.6 ' i

Area gradient at discharge orifice: 0.425 1n2/1n o i

Overlap (*) or Underlap (-): 0.0 in. 1

Spring constant: 20 1bf/in. %
Flow jet angle: 90 degrees. o

1
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TEST 4

2. I.

.........

Leakage flow coefficient: O
Spool clearance: 0.00005 in.
Mass of spool: 0.0034 1bf-secl/in
Viscous damping length: 1 in.
Unsteady flow force coefficient: 0
Spool diameter: 0.625 in.
Initial conditions:

Spool displacement: O in.

Spool velocity: 0 in/sec.

D. Results Presentation
1. Static performance: See Fig. 4.8.

2. Dynamic performance: See Fig. 4.9.

A. Test Component
1. Name: Restrictive type, pressure compensated flow control

valve.

D. No.: 223

3. Schematic Diagram: See Fiqg. 4.10(a).

B. Experimental Verification

1. Set-up: Figure 4.10(b) illustrates the test rig used for

dynamic and static response of restrictive-type pressure
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compensated flow control valves. The hydraulic circuit e
E : composed of: i
- a fixed displacement pump which delivers flow at 40 in3/sec E
- a relief valve to accomplish a constant supply pressure .
for the test valve. :
- an accumulator and an orifice to filter out the excessive 5
hydraulic pulsations. ’.
- a solenoid actuated 2-position, 2-way directional control j
valve to initiate a step input to the test valve. : j
- two needle valves, one for the first steady state ’
condition and the other for the second.
2. Test Procedure ' i
Static Test ,~f
1. Install the test valve and achieve test temperature. t{
2. Adjust test system relief valves to vary the upstream B
pressure level. ?“}
3. Measure and record the outlet flow rate in terms of the
pressure difference across the inlet and outlet.

Dynamic Test

1. Install the test valve and achieve test temperature.

2. Adjust test system relief valve to the test system

pressure desired.
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F_ 3. Set a test flow rate and load pressure by adjusting the o
test valve and needle valve 1 with needle valve 2 closed. }33

*i 4. Close the solenoid valve. ng

5. Apply a step input of load pressure by opening the ,:ﬁ

solenoid valve. -375

;] 6. Record the controlled (outlet) flow and load pressure as ﬁlj

. . ®

] a function of time until the steady state is achieved.

[ ]
- C. Computer-Aided Simulation ]
(] .

b |
1. Power flow circuit: See Fig. 4.10(c). Component 1 {91111) I
-1
provides constant supply pressure to the test valve . ﬁ
(component 3). Component 2 (91211) loads the test valve o
@
with a ramp pressure signal. This circuit diagram was used S
to simulate both static and dynamic performance of the o
LN
test valves. "

Y’ -
Aiendh b". L

2. Input Data: Opening area of adjhstab]e orifice: 0.021 in? ﬁ;ff
Compensation spool reaction area: 0.373 inz z ﬂ
®__
Damping orifice area: 0.0024 1n2
Spring constant: 42.1 1bf/in.
Preload displacement of spring: 0.537 in. o
Flow discharge coefficient of compensator ]
orifice: 0.6
L
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Flow discharge coefficient of adjustable orifice: 0.6 ':

Damping orifice discharge coefficient: 0.6

Area gradient of compensator orifice: 0.288 in2/in,
Flow jet angle of compensator orifice: 69 degrees
Minimum compensator spool displacement: 0.081 in

Maximum compensator spool displacement: 0,185 in.

Viscous damping coefficient: 0.1 Tbf-sec/in

Mass of compensator spool: (.000078 ]bf—secz/in.

D. Results Presentation

Y
. ' ) .
. " 2

1. Static performance: See Fig. 4.11.

2. Dynamic performance: See Fig. 4.12.

TEST 5 -

A. Test Component

- .

1. Name: Bypass type, 2-way pressure compensated flow control

valve. .
2. 1.D. No.: 2221 )

]
3. Schematic diagram: See Fiq. 4.13(a). .
- =
- B. Experimental Verification 3
® L
f 1. Set-up: (same as the set-up of Test 4). ‘ }
2. Test Procedure: (same as the Test procedure of Test 4 except ;
. having one more step used to record the pressure of by-pass i
[o ’ .
L 60 j
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at steady state condition in the Dynamic Test Section).

C. Computer-Aided Simulation 4
1. Power flow circuit: See Fig. 4.13(c). The configuration ;;i

of the circuit is similar to that of Test 4. In this test, Eiﬁ

one more component (91111) is required to supply a constant ; )

by-pass pressure.

2. Input Data: System relief pressure: 1541 PSI

Opening area of adjustable orifice: 0.01 in2 ®
Compensator spool reaction area: 0.373 in?
Damping orifice area: 0.00071 in2

Spring constant: 112 1bf/in 'Y
Preload displacement of spring: 0.193 in.

Flow discharge coefficient of adjustable orifice:

. . s, Sy
. .o . ‘ N -"‘I', -

0.6 )
Flow discharge coefficient of compensator orifice:
;f 7.6
- : . . o -
E’ Flow discharge coefficient of damping orifice: 0.6 !_1
- Area gradient of compensator orifice: 0.144 ind/in -
3 Flow jet angle of compensator orifice: 69 degrees
,6 Minimum compensator spool displacement: 0.039 in ! 3
Maximum compensator spool displacement: 0.264 in. ﬁ:%
[. Mass of compensator spool: 0.001357 lbf-secz/in, "}
*' Viscous damping coefficient: 0.1 1bf-sec/in. P‘,
.
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{ Fig. 4.13. The Test System of 2-way Pressure Compensated Flow Control
{ Valve
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D. Results Presentation @

'Y

1. Static performance: See Fig. 4.14.

2. Dynamic performance: See Fig. 4.15

. :
, AN
I
e -
calil ks xomlal.

?0:
TEST 6
A. Test Component X
1. Name: Bypass type 3-way pressure compensated flow control ° ?
valve. ]
2. 1. D. No. 2222 -
3. Schematic diagram: See Fig. 4.16 (a). L 'J
)
B. Experimental Verification ‘%
1. Set-up: See Fig. 4.16 (b). The test circuit is similar to .
that used in Test 5 except there is a relief valve used in the
bypass port of the test valve to regulate the required bypass
pressure. ®
2. Test Procedure %
Static Test (same as in the Test 5). }l;i
,_,
-

Dynamic Test

ha 'l

1. Install a test valve in the test circuit.
2. Adjust the test system relief valve to the desired test NP
pressure level. l -]
4
{ e
L
o
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3. Set the test flow rate and load pressure by adjusting
the test valve and needle valve 1 with needle valve 2
closed.

4. Set the bypass port pressure to the desired level by
adjusting the bypass line relief valve.

5. (lose the solenoid valve.

6. Apply a step input of the load pressure by opening the
solenoid valve.

7. Record the controlled flow and load pressure as a function

of time until the steady state condition is reached.

C. Computer-Aided Simulation
1. Power flow circuit: See Fig. 4.16 (c). The operating function
is same as that described in Test 5.
2. Input Data:

System relief pressure : 1524 PSI

Opening area of adjustable orifice: 0,012 in2

- Compensator spool reaction area: 0.307 in2

Area of damping orifice: 0.00071 in?

.} Spring constant: 71.1 1bf/in.

Preload displacement of spring: 0.316 in.

4 Opening displacement of orifice at bypass port: 0.183 in.
t Flow discharge coefficient of compensator orifice at

; regulated port: 0.6
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Fig. 4.16. The Test System of 3-way Pressure Compensated Flow Control
Valve
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TEST 7
A.
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Flow discharge coefficient of compensator orifice at
bypass port: 0.6
Flow discharge coefficient of adjustable orifice: 0.6

Flow discharge coefficient of damping orifice: 0.6

Area gradient of compensator orifice at regulated port:

0.575 in/in
Flow jet angle of compensator orifice: 69 degrees
Maximum compensator spool displacement: 0.222 in.
Minimum compensator spool displacement: 0.184 in.
Mass of compensator spool: (.000472 1bf-sec2/1n.

Viscous damping coefficient: 0.1 1bf-sec/in.

Result Presentation

1.
2.

Static performance: See Fig. 4.17.

Dynamic Performance: See Fig. 4.18.

Test Component

1.
2.

Name: Direct acting relief valve.
[. D. No.: 3111

Schematic Diagram: See Fig. 4.19(a).
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Flow discharge coefficient of compensator orifice at
bypass port: 0.6
Flow discharge coefficient of adjustable orifice: 0.6

Flow discharge coefficient of damping orifice: 0.6

Area gradient of compensator orifice at regulated port:

0.575 in¢/in
Flow jet angle of compensator orifice: 69 degrees
Maximum compensator spool displacement: 0.222 in.
Minimum compensator spool displacement: 0.184 in.

Mass of compensator spool: 0.000472 1bf-sec2/in.

{ Viscous damping coefficient: 0.1 1bf-sec/in

0. Result Presentation

1. Static performance: See Fig. 4.17.

2. Dynamic Performance: See Fig. 4.18.

TEST 7
A. Test Component
1. Name: Direct acting relief valve.
2. I. 0. No.: 31111
3. Schematic Diagram: See Fig. 4.19(a).

B. Experimental Verification

1. Set-up: Figure 4.19(b), illustrates the test system used for
the dynamic and static performance test of a direct acting
relief valve. The circuit includes:

- a fixed displacement pump which drives flow at 20 in3/sec.
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Fig. 4.19. The Test System of Direct Acting Relief Valve
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- a relief valve to accomplish a constant supply pressure for .."

the test valve.
- an accumulator and an orifice to filter our the excessive .;.\
hydraulic pulsations. o .

- a A.C. signal to control the open/close function of the shut- :ﬁ

. P e ——
1
M

—-

off valve.

Lalen v

P 2. Test Procedure )
Static Test

1. 1Install the test valve and achieve test temperature.
2. Open shut-off valve. o
3. Adjust the flow control valve to vary the system flor rate.

4. Close the shur-off valve.

0
—_—— e e 4 A aeaa

5. Measure and record the inlet pressure and outlet flow rate ..“
of the test valve.

Dynamic Test

1. Install the test valve and achieve test temperature. -9

2. Open the shur-off valve.
3. Adjust the system pressure and flow rate to 250 psi and
20 1n3/sec respectively.
4. Close the shur-off valve.
5. Measure and record the inlet pressure as a function of time.
C. Computer-Aided Simulation

1. Power flow circuit: See Fig. 4.19(c). Component (91112) pro-

vides a constant flow to component 2 (31111).
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D.

1.
2.
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Input Data

(1) Cracking pressure: 800 PSI

(2) Upstream pressure receiving area: 0.05 in2
(3) Downstream pressure receiving area: 0.05 in
(4) Spring constant: 500 1bf/in.

(5) Flow discharge coefficient: 0.61

(6) Area gradient: 0.389 in2/in.

(7) Flow jet angle: 209

(8) Leakage flow coefficient: O. ind/sec/psi
(9) Mass of spool: 0.00012 1bf-secl/in.

10) Fluid reaction volume: 50 in3

11) Maximum spool displacement: 0.2 in.

12) Damping coefficient of the spool: 0.05
13) Unsteady flow force coefficient: O.

14) System's initial pressure: 250 PSI

Result Presentation

Static performance: see Fig. 4.20

Dynamic performance: see Fig. 4.21

Test Component

1. Name: Pilot-operated relief valve

2. TI.

D. No. 3121
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3. Schematic Diagram: See Fig. 4.22(a).

Experimental Verification

(Same as the Experimental Verification section of Test 7)

Computer-Aided Simulation

1. Power flow circuit: see Fig. 4.22(c). Component 1

(91112) provides a constant flow to component 2 (3121).

2. Input Date

(1)
(2)
(3)
(4)
(5)
(6)
(7)

Cracking pressure: 1000 PSI

Main stage orifice coefficient: 0.61

Main stage spring stiffness: 37 1bf/in

Main stage preload: 5 1bfs

Main stage outlet area: 0.196 in

Pilot stage orifice coefficient: 0.61

Pilot stage spring stiffness: 77 1bf/in

Pilot stage outlet area: 0.0031 in2

Discharge coefficient of balance piston: (.61
Area of damping orifice: 0.00061 in2
Area of balance piston in main stage: 0.5 in?
Area of balance piston in pilot stage: 0.5 in?

Area gradient of main discharge port: 0.45 inz/in

Area gradient of pilot stage discharge port: 0.1626
in/in
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(15) Discharge angle at main stage: 69

(16) Discharge angle at pilot stage: 20°

(17) Leakage coefficient of main stage: O

(18) Leakage coefficient of pilot stage: O

(19) Mass of main spool: 0.0502 1bs.

(20) Compression volume of main stage: 50 in3
(21) Viscous damping coefficient: 1.09 1bf-sec/in
(22) Mass of pilot spool: 0.0045 1bs.

(23) Viscous damping coefficient: 0.58 1bf-sec/in

(24) Unsteady flow force coefficient on main spool:
0.1bf-sec/in

(25) Unsteady flow force coefficient on pilot spool:
0.1bf-sec/in

(26) Initial condition of system pressure: 250 PSI

D. Results Presentation
1. Static performance: see Fig. 4.23

2. Dynamic performance: see Fig. 4.24

TEST 9

A. Test Component
T. Name: Pilot-operated reducing valve
2. I.D. No: 3221

3. Schematic Diagram: see Fig. 4.25(a)
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B. Experimental Verification

1. Set-Up: The same as the Set-Up in Test 7.

2. Test Procedure

Static Test

1.
2.

Install the test valve and achieve test temperature.
Open the shut-off valve

Adjust flow control valve to vary the system pressure.
Close the shut-off valve

Measure the upstream and downstream pressure of the

test valve.

Dynamic Test

1.
2.

Install the test valve and achieve test temperature,

Open the shut-off valve

Adjust the upstream pressure of the test valve to 800 psi
Close the shut-off valve

Measure and record the downstream pressure as a function

of time.

C. Computer-Aided Simulation

1. Power-flow circuit: see Fig. 4.25(c). Component 1 (91111)

provides a constant pressure to component 2 (3221). Component

3 (91112) provides constant flow rate to component 2.
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2. Input Data

(1) Cracking Pressure: 250 PSI
(2) Main stage orifice coefficient: 0.61 ‘
(3) Main stage spring stiffness: 37 1bf/in 2
(4) Main stage spring preload: 10 1bf ?_.f}_
(5) Pilot stage orifice coefficient: 0.61 ;;E
(6) Pilot stage spring stiffness: 80 1bf/in g
(7) Pilot stage outlet area: 0.0031 inZ
(8) Discharge coefficient of balance piston: 0.001 ;?
(9) Area of orifice: 0.00061 in? :j.
(10) Area of piston in feedback side: 0.05 in2 ;:f
(11) Area of piston in pilot stage side: 0.05 in2 j.}:_?;'-
(12) Area gradient of main discharge port: 0.45 in2/in :{;
(13) Area gradient of pilot discharge port: 0.1626 in2/in o
(14) Discharge angle at main stage: 690 ~.
4 (15) Discharge angle at pilot stage: 20° .?f.
‘; (16) Leakage coefficient of main stage: O. Ei;'
; (17) Leakage coefficient of pilot stage: O. E{L
? (18) Maximum displacement of main spool: 0.02 in. ;ﬁ;
Et (19) Maximum displacement of pilot spool: 0.02 in. -j=f
K. (20) Mass of main spool: 0.00013 1bs. .
: (21) Mass of pilot poppet: 0.0000114 1bs. E§§
k{ (22) Compression volume of main stage: 50 in3 E;
p (23) Viscous damping coefficient of main spool: 0.08 1bf-sec/in ?;
4 52?
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(24) Compression volume of pilot stage: 5 in3
(25) Viscous damping coefficient of pilot poppet:

0.036 1bf-sec/in.
(26) Unsteady flow force on main spool: 0. 1bf-sec/in
(27) Unsteady flow force on pilot poppet: 0. Tbf-sec/in

(28) Initial condition of output pressure: 250 PSI

D. Result Presentation

1. Static performance: see Fig. 4.26

2. Dynamic performance: see Fig. 4.27

Discussion of Tests

Because of the similarity in test procedures, test conditions,
and test valve configuration, the discussion of tests is divided into
three categories: directional control valve, flow control valve, and

pressure control valve.

Directional Control Valves

Static Characteristic

Figures 4.2, 4.5, and 4.8 illustrate the comparison between the
test results and simulation results of the static characteristic

of direction control valves. It is seen that the results correlate

very well. This was expected because the pressure-flow characteristic

of most directional control valves is governed by the orifice
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discharge equation which is used in the directional control valve !;:
models. Due to the specification of the valves and the operation 1
limitation of the test system, no observations were made when ; 1
]

differential pressure across the upstream and downstream of the valve

was less than 50 psi.

Dynamic Characteristic

Figures 4.3, 4.6, and 4.9 illustrate the comparison between the
test results and simulation results of the dynamic characteristic of
directional control valves. It is found that there is a good result
coincidence of the 2-way directional control valve. However, results
of 3-way and 4-way valves do not coincide well in the first few points.
The reason that causes the discrepancy 1is that there are no
informative data available to describe the characteristic of the
solenoid actuation force. In this study, it was assumed that the

valve was actuated by a step electric signal (force) only.

Flow Control Valves

Static Characteristic

Figures 4.11, 4.14, and 4.17 show the static characteristic

P
N i}
r o

curves of flow control valves. It appears that the simulation results

(]

s e
ST,
S,

. ’
N A A

coincide well with the test results except in the low differential
pressure range. There are several reasons for the discrepancy,

primarily that the spring might not function linearly throughout the

ey, ey
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operating range. In addition, it is difficult to evaluate the ?-;
steady state force accurately because its magnitude alters with the :
jet angle when the fluid pass through the orifice. The angle has 225
been reported to depend upon the displacement of the spool opening, !{?
although a 69-degree jet angle is widely accepted by most designers ?5
and researchers. ;,é
4 4
The discrepancy could also be caused by the non-ideal character- 3
istics of the components which were used to establish the test _,j
condition. The surrounding components such as the system relief 2;3
valve, accumulator, and the conduits are presumed to have an ideal f{%
characteristic in the simulation. It is planned to further ‘};
[ ]

investigate the entire actual system characteristics in Phase III.

[t is noted that the system relief valve contributes strong
influence on the test performance of the flow control valve. The
major cause of the non-ideality stems from the pressure override of
the relief valve which causes the supply pressure to vary according L
to the amount of relief flow. Thus, at high load pressure, the flow
through the test valve is not enough to actuate the compensator;

therefore, no flow control can be accomplished. The excessive flow

ST KN
. +
.‘l ,v‘v

generated by the pump is then bypassed through the relief valve.
Due to the pressure override, the supply pressure for the test

valve tends to increase as the load pressure raises. As a result,

g
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the differential pressure could not increase at the same rate as that

@y

of the decreased load pressure. Therefore, a longer period of fif

unregulated flow was expected in the experimental results.

14
..
PR

In spite of the discrepancy, the validity of the simulation

P SR B S Y

results can be made through physical explanation. Figure 4.28 shows

e

® .
R

the characteristics of the orifice equation, the simulation, and the
experimental results of a flow control valve. Obviously, the

functional mechanism of a pressure compensated flow control valve can
be divided into three modes in terms of the function of the compen- ; y

sator: inactive, semiactive, and active modes. o]

In the first mode, the compensation mechanism is inactive because
of the low actuation force created by the low flow rate across the
adjustable orifice. The valve characteristic curve just follows
the orifice equation because there is an adjustable orifice upstream

of the compensator, Fig. 4.28.

In the second mode, the compensator starts to function, but it

does not receive enough force to compensate for the flow.

In the third mode, the compensator functions to retain the regu-

lated flow at a constant flow level in spite of the Toad pressure.
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Dynamic Characteristic

Figures 4.12, 4.15, and 4.18 show that the experimental results

behave similar to a first order system response, while the simulation -

results behave similar to a second order system (overshoot exists).

‘:: This discrepancy is generated from the different boundary conditions

Voo R v' '7, .
an e a2 a3 b b ' aaia o

jl used between the experiment and the simulation. The simulation
condition was set without any hydraulic conduits effect (the effect

of conduit will be studied in detail - Phase III), which play an

important role in flow response. In the experiment, there are .
hydraulic lines included. The hydraulic lines functional as a filter
and absorbed the high frequency contents of the natural frequency of
the flow control valves. This effect minimizes the occurence of the
overshoot of flow response. However, there is no hydraulic line
effect considered in the simulation. Therefore, the discrepancy

occurs in the starting period and then decreases due to the pressure

th daadnida X K

compensation mechanisms which corrected the discrepancy automatically.

Thus if the models for transmission 1ine dynamics are considered, the

el "

;, simulation results will be closer to the actual experimental results. i

Py

Pressure Control Valves

Frarere

L Static Characteristics »

'
ol &

The static characteristics of pressure control valves, Fig. 4.20,

4.23, and 4.26, show a good agreement between the simulation results
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and the experimental results. An average simulation error obtained

is less than 5 percent.

§
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Dynamic Characteristics

[

The dynamic characteristics of pressure control valves are

shown in Fig. 4.21, 4.24, and 4.27. In general, there is a good

correlation between the simulation results and the experimental

results. The errors occured at the overshoot points during th~
2 starting period. Like the reasons of discrepancy pointed . in
the discussion of other type of control valves, the errors m v

generated due to the non-ideal condition of the test system. For

instance, the consideration of hydraulic line dynamics, the non-

linearity of the spring, etc.

Obviously, from the above discussions, it is found that the
hydraulic line dyramic is one of the major factors affecting
system performance. In order to minimize the simulation error, the
characteristic of hydraulic line as well as the intearity of
system simulation should be considered. These factors are the
principle objectives of Phase III. As can be expected, the simulation

error will be reduced to the minimum after the completion of Phase III.
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CHAPTER V
DISCUSSION

During the second year of this effort, the objectives of Phase II

have been met. Specifically, the results are as follows: ;;h

1. Nine hydraulic control valves were selected and tested to ) 1
verify the valve models developed in Phase I. The test

valves include three of each of directional control valves,

flow rate control valves, and pressure control valves. Both
the static performance and dynamic performance were investi-
gated.

2. The CAAS program was used to simulate the performance of the
test valves. The actual component design data were used in

the simulation.

3. The simulation results were compared to the actual test

F results. It was found that most of the static performances
= coincide very well with the test results. However, in the
f’ dynamic simulation, the results do not coincide well

{f during the first few points of starting period. After that

E period, it behaves well, although there were discrepancies,
* the validity of the simulation results can be made through

physical explanation (see Discussion of Tests in Chapter IV).

. The major factors that affect the accuracy of the developed

[
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models can be summarized as:

- Hydraulic line effects were not considered in the simulation

(The Phenomena of transmission 1ine will be investigated in
Phase III.)

Some of the parametric coefficients, for instance the orifice
discharge coefficient and the spring stiffness coefficient,
are either set to be a constant or to bear a linear
relationship. These are widely accepted approaches in
hydraulic performance simulation. Nevertheless, they may
not behave so well in an actual system. As a result, some
discrepancy may occur.

The purpose of a mathematical model is intended to represent

a physical system as close to the actual condition as possible.

However, a model essentially is an "ideal"” description

of the system. This inherently generates some discrepancy.
Twenty-seven component models were developed in Phase II.
These include 11 hydraulic pump models, five hydraulic motor
models, and 11 hydraulic cylinder models. The details are

listed in Figs. 2.1, 2.3, 2.4, respectively.
The CAAS program was entirely re-written in the FORTRAN

language. This activity included the conversion of Problem

Oriented Language from the PL/I language to the FORTRAN
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8.

language, the modification of component models that they might
be compatible to the new CAAS program structure, the expansion
of the package interactive function (for example, the function
of input data reconfirmation and on-line data correction), and

the development of on-line user's help modules.

A User's Manual for the CAAS package is furnished. The manual
enables any hydraulic engineer who is inexperienced in computer
work to operate the program. It is included in the Appendix

of this report.

A Maintainer's Manual of the CAAS program is also furnished.
The Manual is intended to serve as a guide to programmers
responsible for maintaining or updating the CAAS package. It
consists of the entire program 1isting, the description of
programs, the cross-reference of every variable used in the
program, the engineering information of component models, flow-
charts of the entire control program and major subprograms,
formats of disk files used by the program, and other vital

topics.

A magnetic tape containing the entire CAAS program developed to

date has been provided for MERADCOM use.
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CHAPTER VI
CONCLUSIONS AND RECOMMENDATIONS

The objectives of Phase II have been achieved. Throughout
the efforts of Phase I and II, the most commonly used hydraulic
valves, pumps, motors, and cylinders have been developed. The
results of the experimental work show that the developed power-flow
technique and component models are valid to analyze the performance
of hydraulic components. The success of the CAAS package in analyzing
both the static and dynamic performance of individual components
provides great confidence to extend the entire philosophy to complete
the analysis of an actual hydraulic control system. It is also noted
that the hydraulic line property may significantly affect the
performance of components. As a result, it is necessary to develop the
model for hydraulic line and fitting before the simulation of an entire

hydraulic control system can be confidently carried out.

Consequently, it is recommended that Phase III of the project,
including verification of the pump, motor, and cylinder models
developed in Phase II, the development of the models of hydraulic
transmission lines and fittings, the extension of the POL to analyze
the actual hydraulic system, and the study of the fundamental basis

of adapting degradation parameters (for instance, thermal, wear) into
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the CAAS program, begin immediately.

It is expected that after the completion of Phase III, the
CAAS package should be able to analyze an actual hydraulic system.
In addition, it will provide a firm basis for extending the CAAS
program to achieve the long term objectives such as system
optimization, system reliability, contamination sensitivity, micro-

computer and computer graphics applications, process control, etc.
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CHAPTER I
INTRODUCTION

The CAAS package is a group of computer programs written in the
FORTRAN IV language (extended) which aid in the analysis and testing

of hydraulic systems of many different types and configurations.

The version of CAAS for which this manual is written is Version 2.
The purpose of this user's manual is to assist persons who want to
utilize the CAAS system in order to minimize their individual time and
effort spent in hydraulic design. The CAAS package simplifies the
tasks of creating a workable design in a much shorter time by numer-
jcally simulating the system, enabling the designer to easily
determine whether or not the system is performing as desired. This
saves much time and effort which would traditionally be wasted either
in the shop experimenting with components until the correct performance
was found, or at a desk, performing laborious and complicated

calculations to determine theoretical system performance.

Most of the critical component simulation procedures used in the
CAAS system have been verified experimentally in the workshop. This
assures the designer that a model which has been simulated will indeed

perform as predicted.
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This user's manual is divided into sections, each section ° |

being one of the areas of user communication with the CAAS system.

The material is grouped in the order in which operations are performed

as the user builds and simulates his model. o

In addition to, and supplementing this user's manual, there is

f
; . .
L . .
bbb b ded Bt

an on-line HELP facility build into the CAAS system. At any point
where the user is being asked for input, the word HELP or the letter
H may be typed, and the on-line tutorial file activated. There are
two levels of the tutorial: the first time that the user enters H

or HELP, a short one or two-line message explaining the desired input

T Y
el
.!

is displayed at his terminal. If the explanation is not clear enough, i

a second H or HELP entered immediately afterwards puts the user into

the second level of the tutorial. This level of the tutorial consists

of full-page explanations of the reason for and allowable limits for
the input the CAAS system needs from the user. The user can move
around through the tutorial at will, examining any part of the topics
covered. When the user is satisfied that he understands what the
system wants from him, he can exit the tutorial and the system reminds
him of what it needs by re-displaying the question. The only
exception to this procedure can be found when logging on the system.
While being asked for his user I1.D. number or password, the user only

has access to Section 2 in the tutorial (Section 2 covers the

procedures necessary to log on the system). The tutorial also has a
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short glossary of design terms that are frequently used in hydraulic

design work and their meanings.

The user also has one other means of obtaining on-line help from
the system. There are many situations in design work where a variable
depends on several other parameters in a system. These various
coefficients and constants usually have to be calculated by hand for
use in a simulation. The CAAS system has several routines which can
perform the calculations for the user, at the time that the user needs
to have them calculated. Some of these procedures include a least-
squares approximation (for calculating the coefficients of a
performance curve), a procedure for determining the unsteady-state
flow in a region, finding the area gradient of a discharge orifice,
and several others which can further save time, energy, and effort
during the design of a hydraulic system. If such a procedure related
to the question being requested is available, then the user will be

informed when he conducts the first level HELP.
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CHAPTER II

WORKING WITH THE CAAS SYSTEM

2.1. General Consideration of the CAAS Program

The CAAS system is divided into several logical units. The

major units are:

Defining the CAAS environment: The CAAS system is designed to
be run by users with different computer terminal equipment. CAAS
needs the user to tell it what kind of a terminal he is using, as
this is a factor in several of CAAS's actions (such as output plotting,

screen clearing, and so on).

Selecting components to be simulated: The CAAS system has a
database residing on magnetic disk which contains all of the possible
components that the system is capable of simulating. The user is
shown a series of component menus that get increasingly detailed,
until the component is completely defined. The user is allowed to
'back up' in the series of menus if he believes that he is in the
wrong place, or can delete a component that he feels should not be

in his model.
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Defining the nature (type) of the simulation to be performed: ® f
The CAAS system can simulate systems both statically (time-independent) ‘
and dynamically (time-dependent). For static simulations (also called ' ;?;
steady-state), two different modes of operation are available. For .,j
the dynamic simulation, two different numerical integration
procedures are available, and the user can select all starting and -?'i
ending times, along with the output step size and the time interval ¢ 1
between system sampling. )
0 |
Defining component properties: The CAAS system communicates with T
the user interactively in order to define component properties. It
allows the user the option of selecting either the emperical data or ; >]
detail component design data for system simulation. °,

Defining the system interconnections: The CAAS system needs to
know how the components which have been selected are connected to each

other. A table showing all of the interconnections made so far show

;] the user exactly what he has specified so far, and the program allows
? the user to alter the connections at anytime before he goes into the
[ simulation section.

K

f Examining the results of the simulation: The CAAS system allows
; the user the option of producing tables or plots of the output

[

‘. results, and allows any number of tables or plots to be produced and
; observed.
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Other factors: The CAAS system allows the user to examine and
vary such system-dependent parameters as fluid properties, system

conditions, and external conditions.

Each of these major functions of the CAAS system are covered
in complete detail in the following sections, along with other
functions which are important, but are global in nature (the on-line

tutorial is an example of this).
Each section is cross-referenced to other sections when necessary
to allow greater understanding of the interconnections between the

various subsystems of CAAS.

2.2. Logging on to the CAAS System (A)*

The CAAS program is equipped with a security system that allows
each separate user to have his own user I.D. number and confidential
password. After invoking the package, the system prints a title and
prompts the user to enter his user I.D. number. After the user enters
it, it is checked against the user I.D. file of the system and the
password is retrieved. The system then prompts the user for the
password associated with the user I.D. The user is given three
attempts to respond with the correct password, and if he fails to do

so he is logged off the system.
*A, examples related to this Section are shown in Section A of the
I[1lustrative Example, Appendix III.
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The System's Programmer in charge of maintaining the system is
the person responsible for issuing user I.D. numbers and passwords,
and has the ability to change passwords for a user when the user's

current password has become unsecure.

If the HELP facilities are invoked during the process of logging
on the the system, the user is limited by the security procedures to

Section 2 of the HELP file.

After the user has correctly specified the user I.D. number and
password, he is asked by the package about what kind of a computer
terminal he is using. The CAAS system supports several kinds of
terminals, and a listing of the major terminals that are supported is
displayed to the user. CAAS uses the terminal type identifier in
several of it's functions, including screen clearing and the pro-

duction of plots after a simulation is run.

If the user invokes the second-level HELP tutorial, a table of
the terminals directly supported by CAAS and some terminals that are
equivalent is displayed. This can assist users whose terminals are

not on the first 1ist that is displayed by the system.

The CAAS system has several different but related primary

functions, such as system simulation, system optimization, etc.

112

L 4 e

o

f
SRTEN
s

‘ . L
A b a5

T
e

(Y

adetendh ok A 44




v

AR AR s

v T —~
B Sl S & S Gad Sl M Nl ol Al e Al Pl 0 & i Sl S A Al Al A 8l s a e e el g Py
~ fales Pl A Al 8 o T

In this version (2), the only function that is operating is that of
system simulation. The user builds a model in the computer's memory
of the system that he wishes to simulate, using standard hydraulic
components. After the system is completely defined, it is simulated
and results are produced in either tables or plots. The user can
modify it and run the simulation again, or simply quit after he is

finished.

After choosing to do a system simulation, the user is prompted
to create a new model, then, the system immediately begins to prompt

the user for components to be used in simulating the system.
For more information see:
Selecting components to be used in the model rerunning

or modifying a model HELP tutorial (on-line).

2.3. Selecting Components to be Used in the Model (B)

The CAAS system has an extensive inventory of fluid power
components available to the user. There are nine different classi-

fications of components, and many different varieties of each type

of component.

The component selection primary menu allows the user several

options in selecting components. If the user knows exactly what the
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I.D. number of the component that he wants is, he may enter it
directly. It is checked for accuracy, and it's description is printed
on the screen so that the user can verify his choice. The component

selection primary menu is then displayed again.

If the user does not know the I.D. number of the component that
he wants, a menu of the main types of components available is
displayed. This is called component define mode. While in this mode,
several new commands are available to make component selection easier.
Table A-1 shows these commands and their effects. By selecting a menu
item, the user defines the component more precisely, until all of the
components functions are known. By using the define mode commands and
the menu data, the user is given a very easy method of selecting the

components needed for his model.

If a user selects a component that he later decides is not needed,
he can select the option to delete the component. The delete procedure
displays a list of the components selected up to that point, and asks
the user for which component to delete. This is done until the user
decides that he has deleted everything that he needs to, and then he
is returned to the component selection primary menu.

For more information see:

CAAS Global Functions - Listing a Component's Description HELP

Tutorial (on-line).
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Table A.1 - Component Definition Mode Commands

Command Function
B or BACK Moves to the previous menu, allowing the user
to alter component descriptions previously
defined.
E or END Aborts the entire component definition that

has been entered, and returns the user to the
component selection primary menu.

H or HELP On-1ine CAAS tutorial.

2.4, Defining the Nature of the Simulation to be Performed (C)

The CAAS system can run a simulation in two modes, dynamic
(transient-state) or static (steady-state). The nature of the
simulation is controlled by separate menus for the system and for each

individual component.

The dynamic system simulation used time-varying values for a
time-based analysis of the model. The user must specify starting
(beginning) and final (ending) times, the time increment, and an

increment for which system sampling is to be done to determine output

variables.
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The starting time is the time at which system monitoring begins.

If this time is 0.0, then the monitoring begins at system simulated
startup. The final time is the time when system monitoring ends.

The step size is the time incremented of the system. The simulated
real-time clock is incremented by this amount. The output step

size is the interval between output variable measurements. It must
be greater than or equal to the step size. Another way to think of
this is: simulate the system from T (start) seconds to T (end)
seconds by T (incr.) seconds, looking at output variables every T

(output) seconds.

In dynamic simulation, the user also must specify a numerical
integration method to use during the analysis. Two different
methods of numerical integration are available to users: the Euler's

method and the Runge-Kutta 4th-Order approximation method.

Two forms of static simulation of system are available to the

user: the operating point static simulation and the performance

-

[

r curve simulation.
\

t. The operating point method of static simulation uses the input

values of the components to determine the final equilibrium conditions

for every other component in the system.
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The performance curve method is used to evaluate system static

performance over the components operating range. Normally, it requires

a various source input to investigate the related changes of components.

For example, if it is intended to investigate the pressure override
characteristic of a relief valve, then a varying source flow rate in-
put (say it ranges from 0 to 50 cubic inches per second, and there are
20 static operating points of interest) is required. Usually, this
varying flow rate can be implemented by using a ramp type signal input

(component I.D. number 91212).

The nature of the simulation for individual components is set by
the user when he specifies input data for the component. The user
may select the emperical, static, or dynamic component model to meet
the specific simulation problem. Note that if you are in the system
dynamic simulation mode, you may use the emperical, static or
dynamic component model to simulate the system; however, at least
one of the component models must be a dynamic model. If system
static simulation is selected, it is not recommended to use dynamic

component models.

The current version of CAAS program (CAAS version 2) allows
the user to investigate both the static and dynamic performance of
any hydraulic component which has a mathematical model developed. It

also allows the user to simulate the dynamic performance of a
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hydraulic system. If the static simulation of a complete hydraulic

system is desired, it may be obtained by doing the dynamic simulation

and observing its steady-state performance. :u
.
-
. . -
For more information see: .
o
General Consideration of the CAAS program ;4
1
Setting Component properties. »
HELP tutorial (on-line).
Final Report of Phase II (discussion). ;;
1
. . . )
2.5. Setting the System Fluid Properties (D) ~_:
’ A
The CAAS system allows the user to alter the value of the -
7
various properties of the fluid used by the model. This lets the ;g
user use special fluids in his model like those that would be used ‘52
) .
- in an actual working hydraulic system. o
- o)
< B
- . ®
[ CAAS lets the user specify the three most important property 1
@ )
- descriptors of a fluid: the bulk modulus, density, and viscosity ?
g of the working fluid. X
[ .
L )
o The CAAS system supplies default values for the working fluid, ]
t-: and these values are representative of the hydraulic fluid typically R
r
r
y. used in hydraulic systems. The default values of the working fluid
[ l_;
) R
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that are used by the CAAS system are listed in Table A-2.

If the user elects to alter one of the values of the working
fluid, the system requests the number of the property that he wants
to change (the user selects the number from the menu), and then
asks the user for the numerical value of the property. After the
user enters the number, the system replaces the previous value and then
redisplays the proper*y menu so that the user can alter other values

if he wants to.

Option #4 (in the rerun mode only) on the property menu allows
the user to reset all of the fluid properties to their default values
at the same time. After resetting the properties, the property menu

is re-displayed with the default values for the user to inspect.

Option #5 (in the rerun mode only) on the property menu allows

the user to return to the main program menu.

For more information see:

HELP tutorial (on-line HELP).
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TABLE A-2: THE DEFAULT VALUES QF THE WORKING FLUIDS

Bulk .
Modulus Density 4Viscosity
Fluids Type Reference Fluids (PS1)  (1bf-sec?/in )(1bf-sec/
in.
Petroleum Base MIL-H-5606 150,000  7.80x10-° 2.0x10-8

Water Glycol HOUGHTU-SAFE (620) 259,100 9.57x10-5  7.0x10-6
Water/0il Emulsion STAYSOL-FR 290,000 8.30x10-5> 12.0x10-6

0il/Water Emulsion HYDROLUBRIC
120-8 310,000 9.40x10-3  0.07x10-®

Phosphate Ester SKYDROL 500-A 308,000 9.70x10-5  1.90x10-6

2.6. Setting Component Properties (E)

The CAAS program requires the user to input the component
parametric data before it can do the simulation. In addition, the
CAAS also requires the user to set the simulation mode of the
individual component. There are three component simulation modes

available to the user: the emperical, static, or dynamic modes.

The emperical modes uses emperical data (for example measured
in a test rig or obtained from the manufacturers) to determine an
approximate performance curve for the component, which is then
evaluated in the simulation. The user may conduct the HELP to use the
curve fitting method to correlate the performance curve to émperica]

data at this stage if necessary.
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If either the static or dynamic component mode is selected, CAAS
will prompt the user information and request that he input the required
data for that individual component. Normally, the parameter data are
related to the design specifications, for instance, the diameter of
flow discharge port or the preset system cracking pressure. The
explanation of the design terms is available in the Glossary Section
of the HELP. The specific term will be displayed by simply pressing

H for help when the explanation is necessary.

The CAAS allows the user to alter the input data, either due to
an inproper input or when a new value is preferred. The change of
input data can be done after all the data for that specific component
have been entered or during the rerun model. The user will be informed

whenever the data change function is available during the process.

For more information see:
General Consideration of the CAAS System.
Defining the Nature of the Simulation to be Performed.
Rerunning or Modifying a Model.

HELP tutorial (on-line).

2.7. Defining Component Interconnections (F)

The CAAS system cannot simulate a series of components that have
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no relationship to each other. Some method of defining the various 41
interconnections between the components must therefore be used.
- 4
e,
In the CAAS system, each component has a definite number of ~5€
ports. Each port provides a passageway for the various fluid logic ?
control signals and power transmitters through the component, 'Y ]
where the signal is modified or acted upon in some fashion. ;
Each port has a transmission line connected to it. This ® i

transmission 1ine connects the port to other ports that are in other
components. This port number/transmission line interconnection must

be numbered and used to define the model's interconnections.

When a new model is being created, the user will be immediately
prompted, component by component, and port by port for each component,
for the number of the transmission line connected to the port. After
each port for each component has been defined, a table will be displaved
which graphically shows all port/transmission line connections. The
user is invited to examine the table to verify that the connections
are correct. He is given an opportunity to correct any connections
that are incorrect. If the connections are all correct, the system

will procede to the next task.
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If the connections are not correct, the user can enter the
number of the port and component and then the new line number. The
table is displayed again and the user can examine it and repeat this

process until a correct configuration is obtained.

NS SO G SR

It is recommended that the user have a sketch of the circuit o
ready before starting to enter interconnection data. In larger cir-

cuits, the Tine numbers can grow quickly (there are about three Tlines

required for each component), and the user can easily lose track of

what is supposed to be connected where.

When assembling a circuit, care must be taken to ensure that
the output of one energy port is the same as input for the port at
which it is connected. This means that only an arrow to dot power
bond configuration is permissible. (See Figure A.1 and Chapter 4,

the Interim report of Phase I).

Furthermore, when constructing the circuit to be modelled, it

is important to enter each component in the proper sequential order.

Because the power-flow modelling technique is based on the concept

of power transmission, it is highly recommended to arrange the

component sequence to coincide with the power transmission direction
in the actual physical system. Normally, the priority for entering
. the component to be modelled, from first to last, is as follows:
¢
123
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1. Signal Control or boundary elements ]
2. Power elements
3. Hydraulic control elements °
4, Actuators id
; -4
& . o
*‘ Once the circuit has been constructed, the lines connecting the ®
¢
{ energy ports must be numbered. In Appendix III is an example sketch 1
of a typical system that can be modelled using the CAAS system. Note 1
1 4
Eq the numbers associated with each line. The numbers are arbitrary and ® .
) 1
: chosen by the user. They match those in the table below the diagram 1
. (which is exactly what the CAAS system prints for the user to .
]
examine and verify his model's structure). R

For more information see:

Component's model Information Data Sheet (Maintainer's Manual)

HELP tutorial (on-line.

2.8. Selecting and Examining Output Results (G)

The user must define to the CAAS system what simulation results
to output. This can be tables or plots of component input or responses

for any component in the system.

A11 output from the simulation is generated as a function of two
variables. The two variables are chosen by the user using a set of

menus.
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The primary menu begins the process. The user can define the
type of output generated, and define or delete plot requests. Two
types of output are possible. Only one type can be used for any
particular simulation. If tables are selected, a table of data
points will be printed. If plots are selected, an x-y plot will be

generated along with an exact table of data points.

A plot request is essentially a single plot of a set of data
points. "Plot Request" refers to any type of output, whether the

output is a plot or a table.

A1l plot requests have to have x and y axis labels. These labels
are either a measurable variable at a component port, or time. It
is often desirable to plot some output variable as a function of time
in the dynamic simulation (as a measure of response for example).
It is also possible to plot some output variable as a function of
another variable (such as valve output pressure versus pump input

flow rate).

Each axis has the same label regquirements that must be entered.
If the desired variable is time, no other data needs to be entered.
If a measurable variable is to be plotted, the user needs to specify
a component number, a specific port on the component, and the

variable to be measured.
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If the user has defined a plot request that he later decides
is not needed, it can be deleted. This can be very useful when CAAS
is in the rerun mode and the user has decided that certain plots are

no longer needed.

For more information see:
Logging onto the CAAS system.
Rerunning or Modifying A Model.

HELP tutorial (on-line).

2.9. Rerunning or Modifying a Model (I)

After the user successfully simulates his model, the system
displays a message indicating that the simulation is complete. A
menu is displayed which gives the user the opportunity to rerun the
simulation after altering some aspect of the model or to stop the

simulation.

The rerun primary menu gives the user the option of altering any
of the properties, components, or connections that he has already
specified. A menu of every one of the CAAS system's main functions
is displayed, and the user is asked to select by number which of those
functions he wishes to perform. After he makes a valid selection, the

system displays the appropriate menu. The user will note that the

menus displayed and functions performed are the same ones that he used
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while in the process of building the model in the first place.
The only difference in this case is that he is able to perform

these functions at random instead of in an ordered sequence.

The user must be watchful that he does not cause the basic
nature of the model to be changed to the point where it will be
impossible to successfully simulate. The system provides very
little error checking on a model, so it is possible that the user
could enter a quantity that could cause a catastrophic error that

results in the loss of the model under construction.

As long as the "changes" made to a model do not result in the
rendering of the model as unrecognizable as the original model, the
user may be reasonably assured that the simulation will be performed

as expected.

? For more information see:
1; Selecting Components to be used in the Model
—
f Defining Component Interconnections
b
{ Specifying System Fluid Properties
" Defining the Type of Simulation to be Performed
g Specifying Individual Component Data
[ Selecting Output Formats
[ HELP tutorial (on-line).
{
t.
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2.10. On-line User Assistance

The CAAS system provides three different on-line help facilities
to assist the user in successfully performing the simulation of a
model that he inputs. There are two Tevels of written clarification
and the third on-line aid is a series of subsystems that do

calculations for the user.

The first level of tutorial is invoked when the user enters H or
HELP in response to a prompt for information by the system. It is a
set of short one- or two-line sentences that try to help the user
decide what the system needs from him. After the short sentences

are displayed, the system waits for the user to respond.

If the user responds with a second H or HELP, the second-level
tutorial is invoked. This is a series of full-page explanations that
detail exactly what the system is asking for. The second-level
tutorial is like a version of this user's manual that is available
to the user any time that he is logged on to the system. The second-
level tutorial has it's own set of commands to supplement to set of
standard CAAS commands. The commands and their functions are given

in Table A.4.

When the user first enters the second-level tutorial, he is at
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the area of the tutorial that deals specifically with the

information that the CAAS system requires him to enter. He can,
however, move around in the tutorial and review any of the other
topics covered. The tutorial has a Table of Contents which lists all
of the major sections of the tutorial. The user can go from any panel
in the tutorial directly to the Table of Contents by entering T or TOC
in response to the command prompt. If H or HELP is entered as a
command while in the second-level tutorial, the system displays a
section of the tutorial which deals with how to use the tutorial

commands (Section 13 in the Table of Conti.nts).

Some parts of the tutorial have menus of subsections of the
tutorial. The user can jump directly to one of these subsections

by entering the menu number of the desired subsection.

The last part of the on-line help system deals with assisting the

user in the determination of varijous coefficients and constants.

There is no second-level help directly accessable from these questions.

Instead, when a user enters a second H or HELP response for one of the
subjects that falls into this category, he is routed directly to the
subsystem that takes care of making calculations for the user. The
user is led through any of the calculation subsystems and then is

returned to the main CAAS system where he can enter the value that he
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has just calculated or he can go back and make another one if he

doesn't like the one that he just made.
After the user exits the second-level tutorial, the screen
& is cleared and the question is reprinted so that the user can

remember what the question was that caused him to go into the tutorial.

TABLE A.4. Summary of Tutorial Commands - Level 2

Command Action

B or BACK Displays the page of tutorial that was pre-
viously displayed. If the user is in the
Tutorial Table of Contents, he is returned
to the question previously asked.

N or NEXT Displays the next page of tutorial in the
series being displayed. If the user is at
the last page of the series, he is returned
to the question previously asked.

T or TOC Displays the Tutorial Table of Contents.
E or END Returns directly to the question asked in the
simulation.

H or HELP Displays page 1 of Section 13 of the tutorial
‘ (How to Use the Tutorial).
Q or QUIT Exit the CAAS system immediately. The model
9 and data being worked on will not be saved.
ol A number If the user is in a section of the tutorial
L that has a sub-menu, a number command will
i select the tutorial subsection.
[
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CHAPTER III
PREPARATION OF THE INPUT DATA

The purpose of this chapter is to demonstrate the CAAS procedure
described in the previous chapter with an illustrative example. As
noted, the CAAS system can not simulate a system without a descrip-
tion of the relationship of each component used. In addition, the
CAAS requires the user to provide component parametric data before

it can do any simulation.

In practice, the CAAS system allows the user to select the com-
ponents to construct the proposed circuit. It then prompts the users
for the required input information. This usually consists of the
nature of simulation, the working fluid properties, the component
design data, the relationship of power port connection, and the
output interpretation. In order to assist the user in preparing the
required information before he actually uses the CAAS system, a CAAS
simulation work sheet is prepared. A copy of the work sheet is
included in Appendix I of this Manual. The procedure (shown in the

Work Sheet) is described as follows:
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Step 1:

Step 2:

Step 3:

Step 4:

Step 5:

Step 6:
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Draw the system hardware circuit. Normally, the circuit
is represented by the ISO or ANSI graphic symbols to signify

the relationship between components.

Draw the related power flow symbol for each individuals
components used in the hardware circuit. The component
power-flow symbols are shown in the CAAS Component Catalog,

Appendix II of this Manual.

Initially construct the power-flow circuit based on Steps 1

and 2.

Check the power flow connection consistency between each
connection port. Only the Effort-Flow connection pair is
allowed. If inconsistency occurs, use the capacitive line

(I.D. 711) or resistive line (I.D. 712) to correct it.

Complete the power-flow circuit to represent the system

according to the information of Steps 2, 3, and 4.

Assign component sequence number. It should be noted that
when constructing the circuit to be modeled, it is important

to enter each component in the proper sequence. Because the
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power-flow modeling technique is based on the concept of

power transmission, it highly recommended that the component

sequence be arranged to coincide with the power transmission -
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»
direction as in the actual physical system. Normally, the
priority for entering the component to be modelled from
‘ first to last are as follows: .

1. Signal control or boundary element
2. Power elements
3. Hydraulic control elements

4. Actuators.

Step 7: Label the connection lines sequence number. The order

in which the lines are labeled is optional.

Step 8: Complete the power flow circuit data sheet according to the

information of Steps 5, 6, and 7.

Step 9: Determine the working fluid properties. It specifies the

9
three most important property descriptors of a fluid; the
bulk modulus, density, and viscosity.

e )

. Step 10: Define the nature of the simulation to be performed. This
includes the static and the dynamic simulation.

e
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Step 11: Determine output format and simulation results. This
requires the user to select the output format, either Table :
or Plot, and to specify the simulation results to be ;§€
observed. 'ffi
Step 12: Obtain the parametric data for the components. These data 1.?}
are usually cbtained from component technical data sheet ’ ;
or from a direct measurement of component physical quanti- ;
ties. The required input information for each component is ; .;
| shown in the component model data base subprograms which fij}
| usually have a format of DBXXXX. The corresponding sub- ]
E' program to each component is shown in Appendix II, The CAAS

Component Catalog.

Upon completing the above 12 Steps, the user is ready to use the

R
L J

CAAS system to perform simulation. In order to manifest the
function of the CAAS package and to illustrate the procedures

described in this manual, the simulation of a simple hydraulic

‘-l
|.|"..

BN QPR

system was chosen for the demonstration. The circuit selected
for this example consists of a fixed displacement pump, a constant

rotation speed prime mover, a direct acting pressure relief

-
)

valve, and a tank. The function of the circuit is to investigate b
the performance of a relief valve. The hardware set-up and its

related power-flow circuit are shown in the work sheet of Appen-

dix ITII.
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The input data of components were from a direct measurement of
component physical quantities. The flow out of the pump (source flow
rate) is 20 cubic in/sec (5.2 GPM). The set cracking pressure of
the relief valve is 800 PSI. It is assumed that the pump provided
a "step" input of flow rate from O to 20 cubic in/sec on the relief
valve to achieve the required dynamic simulation at the starting
point. This condition also can be achieved by using a solenoid valve
along with the relief valve. By turning on and off of the valve,
it provides the required step signal. The input data and the

simulation result are shown in Section H, Appendix III.
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APPENDIX 1

THE CAAS SIMULATION WORK SHEET
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Check Peover-Flow Consistance of Circuit (only effort-flow pair allowed).
Construct the Power-ilow Circuit.

Assipn Components Sequence Number (signal-power-control-actuator).

Label Conneotion Lines Sequence Number (no sequential priorigw),

Complete the Power Flow Circuit Data Sheet

COMPONENT COMPONENT NUMBER COMPONENT PORT NO. TO CONNECTOR LTNE NO,
S0, WO, L., No, OF PORTS 1 2 3 4 5 6 7

R
§
-1y
DX
R
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’t STEY DESCRTIPTTON [ ]
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Determine the Nature of System Simulation. j
( .
b Static 1. Cperating Point K
2. Performance Curve 7
a (required at least one various performance as input) (3
Dvnamic 1. Simulation Starting Time Sec. w
- 2. Simulatio Step Size Sec. -
{ 3. Desired Output Step Size Sec. ST
S 4. Simulation Final Time Sec, o |
r 5. Integration Method:1. Fuler's Method ®
2. Runge-Kutta Method 1
.. 3. Others
4
}
s - - — -
3 Determine Working Fluid Properties.
:
b Py 1
LC Use NDefault Values _ 1
] 10 V ) . A
3 Use User's Input Values 1. Fluid Bulk Modulus psi Y
¢ 2. Fluid Density 1bf-sec**2/ink%, . |
- 3. Absolute Viscosity 1bf-sec/in%%2 o
I -
;‘ Determine Output Format and Simulation Results. ®
b o
- o
:» Format: Table (defaulted) -
b . Plot ]
o 11 :
= Output Parameters:
C »
P’ PLOT NO. X-AXTS Y-AXIS ' r
- - - T
i .
! D
4 " )
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- Chtain Components Desiugn Data. X
. | ‘
‘ d i
- P .-' ‘ﬁ
;
- N
. a ‘l
2
L
¢ 140 =
.z s i o -; . N P . . LR N _A A At e A Ll - v |




Y A Y e, N [ S a .0, e e et D e e -l e -

TR I WA, T L T WS A T T
-

v

.

T T T T

[0}

o

-

<

—
b <C

— (80

* —
b —
1 >< =
- — L —
. =) = <
b = o -
s w =3
. a. =
b o o
, =g o
p
. vy
b <
£ A . .
3 s :
A I

—

TN

. LA S I - - . . . . R 3 i / \ - LA . A EUE
e, W | . . ;o LL]L @ .r;' .. ® ... ® .. ® { J
W.P.l.ll. LA N L AL i s A o - P QP S R S ¥ e e Pt»&r’ P rﬂ ot N et e e PN o




jualag

Buradg

Suyids -

4
1
ud1aq 2
1
Jua13q 7

1

8uridg -

pyoua(os ‘t

Jo01d T

1EdtuRydal "

13AQ SS01) 133U3] PISOYD 7

Jurady
Jud3ay
3uyidg
jualag

8uradg

Prouaios g

011d 2

‘1 TEIJUYIIN

‘1 33aQ 8S01) 223U3) uadp "I

pLUERE:111

‘'z
Suyadg g

Quridg -1 20134

Burads -

jualaC ‘7

{e2ueyday

3u3aq "7
Surads [
uaag ‘7
Suyadg "1
Us13q 7
Bupadg

pjouatog

lo11d

1eayuryday

FUEREN
guradyg
juaaq
Suridg
Juaiaq

Suyady

“z

1 Plouajos

K4

‘1 redruvydoy

.

-

<

pyoudjes ‘g
u313q "7

142

o11d °Z

NOdROD SVVD 3R




Al i

Ry
Ll

A Zad\ Shoe R ate Sese e

(lini gt

Ty e

e

o LW AN

Ty

T

Rl S AN e S i S B

‘_

P T e = = e vy —--

- ’ - . I Y S T Y LT -
ua39q ‘¢ IARRL S
8urads ' Pprouatos ‘g 11151
M””.ﬁ__mm wa3aq 7 it
WOHSDQ Burads 1 WId 2 g
ualag 2 2rrst
Buradg -1 [edjuydoy [ uadg A1[ewioN 2inssaid YIfH | uoyI¥sOd-7 Lep-¢ °¢ Tit1gt
IuslaQ 7 enest
8uyads -y prouatos ‘g : 150
Juaiag 2 2.
Sl 8urads -y 0714 2 st
$34%24 u213q ‘7 [A real
hJi~Ja wr;,.—nm ‘1 Tedjueylay j§ 193U3) P04 "% | B R
L4 juaseq 7 266
7\_. __ 8upadg -t pjouatos ‘g [ R Te
£ty u332q 7 F& Bl
ww”_wm Lo S Sujads °1 10114 teict
o120 i ualaq 7 T 2
ﬁ. .h Surads - peojueyday 1331ua) wapuel ‘g IS -
" P U Judlag ‘g €L
Jn 8urads - prouayos g teoont
g | 0T ua13q 7 zeoot
.m.%“(,o 8urids -y 0114 2 I
w2 . T A RO
Bupads | (eEd1UYydAY 133uU3) pasold ‘¢ AL
luaiag ‘Z
Sugads ‘|  prouafos ‘g
Jualag 7
mwwmwm uridg 1 0114 2 RN
Kound uslaq -
Buradg 1 yedjuyday -1 121u3a) uadg [ wopIfsud-g 7
WLAUOEdENS SVYD CITSTNTY NOT1d142830 (ARSI

DUIVLIVD INA

) SVY) ]




-

. i : y—r—r v IM\ s i.. .4 w, .4| v . e, L .
. B - Y R .
. ,- g
.
ualaq 7 PAR TLSH
Buyads -1 pyouajos ‘¢ 16928
ualaq 7 Tenist e
EITREL 8ugads 1 011d “2 P .
FE{Eele] Jualaq ‘g [4 s : g
€S
Kitsa Buyads | TEdJURYIAW ‘1 aIIuI) 1L0[4 % [erct .
u313g °7 A P S
Juyadg 1 prouajos ¢ 166271 Y
Iu313q ‘¢ Zoelst , .. '
Bupads +f 0114 2 1zecct R
1e5a9a . . e
SLEsoa uaiag "¢ Tie st
wlfcda Buridg [ [e2jueydIY "] I31u3) wapuel ‘g 178
s «
ot qual1aq L <+ .
1 ) i - o
Mnnﬂ P Buyady °| piouatos ‘g 162351 — S
S e o
| . . PO
J6c0Hn gk J 3upads 1 0114 "2 core -
Saeso5a "o quazaq g .
"] P
Rk futadg *1 1eIdUEYIIR 1 A3IUI) PpIsSOY) 7 .
ualaq ‘2
Burads ‘| PJoOuUaTO§ °g €100 )
1ualaq oot
015454 fuyads 1 011d 2 1ot ’
s0L504 aag - quL
KNESO uazeq g PSR
duradg *1 (edpueyday [ J23u3) uadg ‘[ UOTITSOY-€ T t11¢t ) .
w313 2 PN A .
“3 1
“ * « .&h.ﬂ.v Buyads " Prouaes g Tecios
B 0
¢ - -1_ 1 _ 1 1urIag 2 M
LWL :
G B0 [ ﬁa : L Burids WL 7
SO * * ) uaag "2
W Il
ha15d Ind Buy1dg 1 [edfunda | uadQ A[lewioN 2InES3Ig MOT ‘T
RYADCY NS SVV) 1TSN'Y NOILiTHIS3d o
. DUIVIVD LNANGdAUD $V¥D FH1
. .- . ’ ’ .F U Ny By
.. oo AsSan St A bt Boda




1 DA EAE . AARFMrFEOan Lo 4 Lanal P ,J-;
< ‘v ..... Y, e . MR X ! ST ..,.. G
m.. e . e Y TR ® U ey
b L
-
=
b ‘
1
r .
5 .
o
p
b
<
P,
'.
d (£861 Wd>1ew jo se y/y) s3usuodwo) OAR3S 7 xxX7q
3
1 (£861 udiey jo se Y/N) Siclefnunidy *{ 9iuaundwoy (eydadsg °g xX1g
'.-
Ya ko ¥
3 LTI
y — N~
4 pasiaAul g . 226
£ .
T F RN S ¥
p N i +|.
° = aeynBay ‘1 uyiluay 7 126¢
r.
L aEEE = N
* N 2 v
b e AN
s pasasaur "2 Z216¢
... y:h b
: -V
. -
. jeynday -1 eaiy "l Jawlojsuri] ‘¢ 1157
[ -
(€861 Yo2EW jo sB y/N) 123urydX3y 1€y "y xXxy/ Ed.u
(£86] Y>1eW Jo se Y/N) SIdINV4 § XXf ¢ -
. (£86]_u21en jo sv y/N) s3upiird - XX7y
: " z t .
. o.hlhll_\‘; 4 4 :
' adA] aayisysoy T ¢
: Y PR P B !
RS ] 1 15
g ad{] aajifdede) 1 Bupl 1 SA3UOFIJPUL] PUE §10IIINPUL) f 11!
X » 3
’ -
3 .,ﬁ ; ‘ \4/, auep dranvg (g (44
b 3 .
1!
L arsone | P :
¢ ssao |t Y
4 WETIAD auey atdurg -1 adhl Kieioy -7 1o
d . .. - .
- 2 > SYV) CITSTNTY NOILJINOSId ON "4l
3
: SOIVIVD INANOIWOD SVVD HHL
p
! .
r. . i o
o L
- ]
: . ;
b L L e, = e s o ow .o R - T - N . ...
...».-.- T T aanagan ey PP - WA PR n»b | A e s s F. . . .r»l‘...




. . P P A A
............

Kl
. e o .
b SN

8
[ 3
3
B 4
§
4
3 .
3 -
4
’ o
’ ...\‘q.x
, w \. ....n
. - : ...A
i P . .
1 .
b — = T
— > -
M — L N
S ¢ A
. >< [TY] % K
b — > s
f o — — i
1] N T 0
' (TR <L o
24 a o _
B a. — B
<t w
oD -
L <
-
—
(v8)
I
T

s

T I M i S o~ =l A AT SR s
A

.........
.........

......



TNy

L S

LAE At At Sadh S S Ry

. s P
P i

' @
CWUNODMY S9YD L 40
_ 1:YITIN HIYI HLIM FIVH 33 11IM LSIT SIHL 01 SHNOLLIAIY
“ SJI1H4YND NO1L1N0S3N
-HIOIH ‘Y9I 1I-NIINOS S31Y35-000¢ XINOYLINIL
4v373 N3IINIS 01v0 XIHAYNOW LWL
SITHJIYYD *¥YITI-NIINIS 34A1-04CE WAL
S3¥NIYI4 WIDIJSS AYNIHYTL
a0vd .kxh?. W ye B ossow ~
—-— HIALSAS SYYD IHL A9 931¥0440NS STWNIWNIL WID34S
u
» aN ving o v, T
draw vo olud  1saN aya kv, LANYHHOD

*39vd4 LX3AN 3JHL NO NIALID ST W3ILSAS
SY¥D 3IHL Ad 31404408 ATVLNINYND STYNIWNIL 3HL 40 ISIT ¥
*S1074
1IN41N0 ALIWNO-HIIH AY3IN *SIYNIWMIL SIIH.IYY9 40 S3ITYIS-000¢
XINOMAINGL 3HL 30 3SVD 3HL NI 40 “SNOILINNY ONTNY3ITI-NIINIS SV
HINS ¢3MWVYIIVNAY SIUNLIYIS EINFINISII-TUNIWNIL FHL 3ISA QL WILSAS
SYYd 3HL MOTW LAYHL STUNIWNIL 3WOS 3NV IN3HE “N3n3IN0H

CTUNINYIL £-WIY SHOY NY MO TYNIWY3L

MILTNMIF] NOIIVNO4NM0OD INIWSINDI WLIOIM ¥ ST TWHIWYIL

FTOH-3INIT ¥V 30 IV4WYXI NY  CTTUNTHNTL , 3I0W-3NT T, ¥ ST

3SN ONI34 MWNIKWMIL 3HL JYHL NOILJWNSSY JHL HO S31vY¥340

HILSAS FHL ‘IO LN 4PT FHL NU 3 uiv 1IIvAY TeniuNIL
Yivi]l ANY LSUW'I¥ NO 135S 39 NYD WIISAS S¥vD 3HL

drgnt 20y -ug yady puz I wat} ~ﬁewus§_

drsm 3ary-do )12} pPez F1F a0} <,qﬂ-.:1x.._ow:m|‘ Y

drse Jvpmve AL S| N wai} afyssow TONISN 3NY NMOA LYHL TYNINYIL 3H1 30 $3I9uNN 3HL ¥IIN3
4 dv'j-un .w.!.u. (391 LTS .9.*:‘ 'tv-:.ull|'| u
¢SNNT1.40

SHIHLO (>

XINONINIL (£)

XIN O] (O

0¢7f Wl (D)

TONISN 39v NOA 3dAL TUNTWN3L IHI ¥IINT 3svily

HILSAS SYYD FHL AT 231N044N5 STWNIWMNIL

washs Syvd g opud ﬂ:..mmOI—
12
~ZATL *d°1 NISM MOJ QNOMSSY 4 INIYNND YIIN3
ANORSSYd 4] Wwam]

PERER]
.< ~Z6TT I 1 HISN O J INOMGEY | (N34 1M

et

. .. . \
Jrdur $.03S() 1 2 2TWLOY ) 3v) dBme] YN L N 0L

. BT s a2dd SShon WYNT0 ) SUN Iy
PARINZ 20 M : 310N I9YNIVY NOISIT WILSAS HIMO T 10 o

sfrssa sandwod

(A IR SU N YL

| PRSI B

1™

147




A2 A

PoTTTTrTv Y

e

—

Fv v

Trrow LATF SN

Pasa

29 o4 Aw:m_.i‘_.:ov ﬂc..vuw_um

RITA TN T
S dan

Q4 vy poen

T s g

'S

’

INY +tx3IN d349 19504d 51
SONIW Uy w0 SN

dHNd ISIHE 40 INn 5103135 ¥3I5n IMy

S4UNd 30 S3.4a) IN3IN 14410 40 2SI @

¥ NOILJD S123135 3 ‘ANNS 40 3441 31419315 Y MUS MNINDO Y

SI MIsn 3Ny ERLL L & BRI “d3Av 1451 5] ISVl Ing n]

SIN3NOARND 30 G344 HOACHW IHL 40 (51 v CINIW RO L3
IN3NOWOD 3Hy NU ¢ NUIL40 S133195 yysn L ¥4I

1D 01 MMunn
IN3NOJWOD ¥ NOISSY 01 WILSAS Suw) gy 350 01 ¥311uw

ASY3I NY SI LI *NO{)19NN4 SL1I 40 SSIN9 wyINIg v N3In3 ¥O
ININGAMOD SIH 30 Iyl ML 40 Y3IYI Ny Sun NS0 N 41

YNINNN ANINO4UHOD NROHNND ~ AN INOJun ) 9 ONIL1D31S
U]

SMYNWND
*NN3W NOTI133735 LN3N0ARNOD 3HL Q) SNYRT 34 HYN90 44
3HL INY TI0H IHL OINI (32v14 SI {] ‘YIIWNN AN3ND.IHOD 11 vn
vV S1 11 41 “ALDII WA NO4 NJIND §] LU JINIINT ST 11 LRI
ONY 4NIINAN IHL NO4 T314H0MA ST 3H sy NOI13313S IN3INOJ
~HD2 3L NO I ONIL12313S A4 ATLI3NID 11 NMIINT Hy] 3H 435N
01 SINYM 3H 1YNH) HIGUAN ANINO.IWOD v SMONN ¥3Sn 3M1 41

MITUAN ININOAHOD NMUNY Y ONINIINT
uy
‘IN0AY SNOILL40 3H)L 40 Jn0 1231135
y

&NOT 140
*INNTINGD 01 3INIY qanom NOA 1Iny
SININOIUOY INIILITIN/ONISONND I3HSINII 3094 npa -

*ININDINDD NISOND v 1313y 01 3INIY Qnn nox
CYIWNN LNIND.JHOD 3Ny noNN L.nD1E nga -
CHIARON ININOIWOT 3IHL NONN oA -

=-time

Tttt I300W 3HL NI 23sa 39 0L SININO.IWND A4133.45

‘aFeIe4 seed ayy Jo afqwens BATIRIISOI[T  ue st sy
8537 MO SAILIYNYHI 64 30 4SMW 31111 Mgy
- 40 SIHE ¥04 3171y INTLAINISITL ¥ NIn3

39Y¥MNIVS NOT LY INWIS W3IL1SAS Syy)

!

eNDT LD

NOLED133NgY 34171 3InN3IS - 8

NOTLIYZIMILA0 WILSAS -

. NOILIY WIS WILSAS - 1

3NV WYYIOMS SuY InE 40 SHOTLINNY M)
[ 4
260101 A0
EL RTINS )
XTuoM 3y o)
XTH- sy
QoCy WL (1

SUNISN 349 NOA 3441 MR j5egy

WHINNIL 3M)

L4
HUIUMISIVIE ]

148




2 4 -— 3 i Ty rumCan i IR ASLED A AL SR R M A4 <d
K ' ‘ ‘ . S, .
v . .
, @ * |9 o, A e .. L4
" a
"
\-
¥ INFUIIW LIS L] 3 MY INYA b4
- RUR ARSI ELRE! f ]
" ~ONIMOIUS IHL 40 3NO 12913 . 4
) ISYAYIYT JHL WOM4 ININOIHOD Y 9NT1I9135 e
2 4
’ AR
" £ C e
I\ LNDT 140 C A
- NOLSIJd T9IIvY v )
L NOISI.4 WIXY £ 1
r nwn < 1
b4 ¥v 39 1
b -ONIMO 1104 IML 40 3nO 133748
4 ISYAVIWI IHL WONY (NINOJNOD ¥ 9HIL1D13S
r. ' ]
r . 1 2 .
[ ¢NOI 140 .
d , 4
9 ¥ITWNINOD TWNUIS & o
br ININOAW0D W14 8 4
I NNYL ¥0 NINOILIONOD ¥ ¥0130IHOD L .
ﬁ HNIINLI) 9 . 4
~ yO1OW S .
\ 444 v -
b ANTYA NMNINDD INNSS 344 £ 1
. . 30 WA 1041H0D MU 1Y z
. INWA I0NINUD TYNOT LD I v
: ~ONIMO 1101 3HL 40 3NN 1230138
' ISVIVIVT JHL WONS INJNOJHOD ¥ 9NTLED3 135
z . A. ....,.
¢NO1140 4
< CINNTINOD N1 3INL 1 4N0M N0A NY A S
. SININOAWOD ONT3LITIN/ONISOOHD MIMSINT 4 IOEH NOA - b — :
b, : : *ININOSHOD NISOHD ¥ 313130 0L 3INTT 010N (oA - €
*NITUNN ININDIHOD IHI MONY 1,NOY NOA - T 1
r *YIAWON ININUWOD 3HI MONN NOX - 1
b, .
b 9
k. Zitts 1
b, .‘
e e aamed ML 1YY 0S 13133135 SININQIHOD 4
b = L
surusdwo) o TITREZE aq) ) clils .
3 . - WBWAN ININOINOD M1 MIINI e
et Cosriny prorpes
I SIDMW on a g ayi
peasede?s agr sb om gor . o
P 241 couy ol wacgy —— o : R
v - iNDT 140 , )
£ *INNTINOD D1 3INTT 2I00M NOA dHY ,
b SININOAHND ONTALIVIN/ONISOOHD T IHGINT S INEN NOX - b . :
CININOJWOD NISOHT ¥ 31313 01 INEL 100N N8 § s
[ CYIAHNN ININDAHOD 3HT MONY 1 .NOW UL -~ & .
CHPIMON LN INOWOD 3HE AONY NOA - T S
a . ' K
SN0 )
_ . *309%.4 IXIN JHL NO DI SHNYWWHO) 35 9H1 40 ONTLISTY %
I CJPOW STHL NI QINSST IM NYD SINUNEOD WIS 10 STINIS ¥ .
h v
MmH. CEIMOW SN0 ML O0INT TINTINT S . T
r LT INIO4 HOTHM 19 SWINI I3 ST 40 0 40 JUESTIT DN ) 1830
. FLING SANTINGTG SSIINL B GNTANNNUN STHL  *5 VG Td 2] 19980
( .
. .
b
v, . - 470 -~




Lt Tl Sl T e e AR

Ll Ve e

g

1 A A

.~

PRDNErT YPYYE UR Y)

. 1\ 144\'114111111 n-clq.-\f ‘. m.a._. ..
e

... ... . ' 1 @ . a ’

1
NI 401

CINNTINGD 01 3NLY 3 N0m N0x gy

SINIANUANND ONTIEITVIM/INISOOHD IHSINI S Inve (U4
CININOAHOD NISUHZ ¢ 311130 01 3NT 9 10r nos -
SHIAWNN IN3NOA4HND IHL MONN 1,NOT (W04 -
CHIHUNN ININOJHOT 3HL MONY 00 -

-limea

9¢
1Ly
[ 9834
[ARS Y

$¥Y4 0% 9313135 SININOIW0D
9¢
= HIGNON ININOIHOD IHL MIINI

1
eNOT1.40

*3INNILNOD Of 3N 000M NOA NY
SININOAHDD OINTILITI/ONISOOHT TIMSINI S IAYH NUL - ¢
*AININOAWOD NISOHTI ¥ 313131 01 3NIT QIN0M MDA - €
CMIFHON ININOAWOND 3HL MONN | NDT DR - O
CMIRUNON IN3NOJWO0D 3HL MONY N0 - 8

Tirg
tifey
Jtlts

$N¥S 0SS dD3INIS SININD M)
[ 228 5%
= MIJUON ININOAWOD IHL MIINT

1
eHO11.40

C3AANTINOD 0L 3ANIT 1IN0M NOA oMY
S1IN3NOJHD) ONTI1LI1IT/INISOOHI 1IHSINIA IAYH NOL - b
“ININOASWO]J NISUHI ¥ 313130 0L JNIY IN0M NOs -
SHIMMRNOR ININOSWDDY IH] MONN §ONODT A - O
"MIHWON IN3INOSWGD JHL MONN Noa - 1

el

1ice
PR S ¥

SMY 4 Q5 d3103138 SN INGuan
\
eNDL Y )

S1xy IN 1} P

iy g setmy 1

SONIMOLI0 Y ML 4 e 133

ISV I I HOM Y (R ) v 1435

1
N1 N

150




- i i B i st e A ey I e e e s ——
. A S , ® e o
4
"4
£ CMIUWON AININOIHDD IHL MOHN L NOD NOA - &
y THIIWON ININD4WOD IHL MONY oA - 1
1
-
5 9L
. 188 854 ;
. TIEY
S 21114
P tMY4 0S 13123135 SINIHOAHOD
3 Z '
A *NIW NIYW 0L YIvd 09 - & -
7 CININOGNO0D ¥ 313730 - T d
» .
A d
-
g ‘0313131 5 *ON IN3INO4HOD
, o
! ’ N0 1140 s
‘ i - o
3 zi1g Q
b R4 v
] : ' 1544 8> £
. 1igy 4
b, ZiL1s 1
1 .
- -~ 313137 01 H5IM NOA
- LYHL IN3NO4W0OD 3JHL 40 ¥24une 3HL N3IIN3
-
p
1
*ONIW NIYW QL NIWd 09 - &
SAININOSNOD ¥ 313130 - U
—
wwa;—. ‘..u~\~»w E:.v € qrm
srsucduay 2pay2p o) ——ur et f1do
*INNTLNOD 01 INIT 0IN0M (0 N9 .
b SININOAWO0D ONIILIVIT/ONISOUM) IHSINIA IAWH NOX - ¢
b *IN3NOJHOI NISOHD ¥ 3131 0L 3NLT 30N (L - €
: *NIAWAN ININOAWOD HL MONN L.NOT NOA - &
I CHIYWIN ININOAWOD IHL MUNY nGa - 1
L
L
[ )
4 SRS Y
a P .
£ tvreg
b 18 #2322 -
. PASRT ,
4
F
b, tqY 4 0S 03133735 SIH IN0AMN0D . 1
4 AR Rk
v -YON ININOSWOD JHL M3INT
-‘
v. PRy m .
1 FER T . e
INIHOAHOD N IONY oL - O s
. . (AW HIVY ) Ny 1 ;.
g Gy ) ATUSY e NI THAN ININGIHO O] WANT NY T LF )
S T P A by C
L ottt s S N DIWON PN ANDNOD 3T NTINT . <
), .
g !
4 L
' ]
b R . ]
r L
2
4
v
b
. .
> .
b 9




=

po b A M <1 CIA A

e g

el

- ety

Powie)ad aq

S o 2umuN ays ﬂ‘.c.vuo

Sacpraderd peory Coosrern Ryiradg

(23S 3715 43S NOLIYINWIS (O)

£O- 346/ 0BEGT NYHL SS537 34 1SN 121G 4315 IHL
0045

—ININQSHOD WIILTE)

3L 40 INYLSNUD SSINIAILS ONIMAS 3IHL HIIHI

v-ac°l
~(Z¥%JIS/NI/3AT) ININOGNOD TWIIIIND JHLI 40 SSUW 3HI HJIN3

*3715471S HOTLYNIIIND N340M4
3HL INIWMN3LT 01 NISN 3L SH3H WYH90Md STHY

u
*H MO Jd13H M3IINI 43215 4315 WWIL40 341 319029 01 317 1IN0n
N0A 41 *ADNINO3MA HNAWIXYHW THL 40 001/1 - 02/1 1NUYY 33 JINOHS 11
*H31SAS 3HL1 40 ADNINDINI TYNNLIUN HARIXYW 3IHL NI SIKI473T 3715 431S
u

21038y 3ZIS A431S pOIIYINWIS (L)

0°0
43H MO4 H 1IH SNOTLIWWDA4NT INOW MO
SteMINIGN 35Y3NS

YIIUAN w3y ¢ 3T 1SHE ¥INSHY NN0A

0¢°0
$(I3IS) 3NIL ONIINYILIS NOTIVINWIS (1)

: NOILUWNOANT NOTLVINWIS JIWNVYNAIT W3ISAS 135S MON
NOI'YIARIS JQIWYNAL ¥ WNO4M T4 0L NISOHT InYH NOA
Z
*NOILYINWIS HNOA NAN OL INUYM NOA HIIHM NI NINHNYW 3H| 1237135
[
3 30DV 3ML 40 IND 3S00HD
NOI LY TIWIS JTW2HAN ()
NOTIYIOWIS 3TIVLS (1
tWILSAS FH! NOJ NOIIYTINHIS J0 INOLIYN IHL 135S 3IS¥INS
]
ON MO S 3t MIINT
& SNILINYNVY ISIHL 40 INTIWA ANV JONYHD 0L LIN%M noy 0d
ZXRN1/235- 917 50-3000000C° $ ALISOOIA ILNTOSHY JIN14 - §
CEANT/Zx%33S 4971 v0- 3000008, ° H ALIGNDY aiats <
1S54 0°0000%51 : SN UMON NWT gInid - T
TINY 135S S3IT1NI4NNS 1IN 40 SINwn IHY

1
e SHUT140
Y005 TOMITANS M11S3 JIVHACONS 5
g-0CT JINHMINMIAN NOIS MW M3Ivn 110
. ¥4 - 10SAvIS NOIS MW oS Ien t Y
0C9 34YS - OLHONOOH AR ROERE L N
90945 -H-1IW R IR EUETE ¢
SITIN1Y IINIMI Y Jqat STINUY

(SINTWA LINVAT IHL 135) SIHTOTE ONTNMIM 40 3900 ML S {INY

SITIMTIONS MTINTL 40 IV WA ML 135 01 AMYGS I ST 1Y din

14
et L0
SINNTINGG 0 1L 0mnomn o ey
SININGLAHOD ONTIL I I NI ONT S L) HGTIND 4 A nos v

CENIHOLIOT B

YV I B I TN o §

o
un
—




) .-.u T J. L AL o b 4Ty Ty v vy (P Jaet auud - PO PP -
2 o o , M S " ; " ———
: i . @ K ®. i . @ ® . S
3
P
-4
-. (R79e) S A g e sl
1 Sapiard a0 awad rir yweigy -
Jen 3 P
ﬁ oo ON MO S3IA 431N .
r PREICT IR . A
A ININUAHOD STHL 40 vivl LN4NI 30 39NYHD ANY INIHL SI T
eaprata] praved vy ﬂ-.:v.\ — 1 &9t B 9% .
¥ < ! 3WIL ONILNYLIS NIL4Y JINIT114WY WHIIS () 1
- 0°0
3 m ¢ 3IWIL INTLINYIS 3IN0 {33 VINLT LAWY T¥NOIS () .
. 00
b $ INIL ONTINYIS WNOIS 4315 (D)
- TITTé $ININOJHOD HO3 NOTIVWNOINI ONIMO 11U JHL ¥IINI 3S¥ITd
3
m *135 I LSON SLNINGIWOD)
B IHL 40 HIVI 40 SHIL WYV HOISIT 361 MUN
4
} ﬂ * 13104
. HNDA ONILYINWIS N3IHM 3ISN OL STOHI3IW NOILLYNOIINI 3HL 40 3NO 123135 . )
3 y
$3A01Y 3HL 40 360 3SCOHD 1
N R JOHLIW MIIND HIb 9LION - 39uNY (D)
y MOHI3W $.N31N3 (1) 1
s 46530084 NOILYINWIS NI 13NISIT 1HOML3W NOTLIYN9IINT L3S b
) 4
'
: £-90°C
i $¢33S) 3IZIS J3ILS LN4LN0 A3INISIT ()
8 . 10°0 R
o 1(23S) IMIL TWNIF HOiIY OIS (f) —
, a E
3 SIHYHWOD . B
v . . *SINDBJ3S (1Ndlnod L .»xubu SIWYINVA 1NJLND 1Y ININCOD 1
4 1GINGDIS (MINIDL A9 SIONOJIS (INDIL O SUNUJIS (IMYIS)L HOMS
. WILSAS AN JLVINWIS ST SIHL J0 MNIHL 01 AvM NM3IHIORY
3 *371S 4315 3IHL 0L ..
b IYND3 MO NWHL ¥3193NO 30 1SOW LI *SINIWINNSYIH ITHVINUA -
ﬁ 1N41N0 N3I3IMLIY WANTINI JHL ST 3715 434S 104L00 IHY .
N CINNOWY SIHL A4 G3INIHININI SI NI01D 3IWIL- WIY 1LY WIS
L IHL *WILSAS IHL 40 INIWININD 3IWIL 3HL ST 371IS 4315 ML N
1 .
£ . *SIN3 .
. ONIMOLINOW WILSAS NIHM IWIL 31 ST IWIL WIISAS SMDING 3L 1
b ' TANINVLIS QLY INWIS WAISES 1Y SNI9IM |
2 ONINOTINOW 3HI NIHL 40°0 SI IWI1 STHL 41 “SHIOB 9NT4NT L
. —NOH MILISAS HITHM (Y 3HTL IHL ST 3IWI1 ONINHIO D] JHi k
o SN IWYNYY JUT ) )
. u
s SAMTL MU WA ¥ NN .
8 u
r TS WL e NI INUTS (7)) :
), 1
N ] v 201
y .
v o-
M .
b .
b .
k : .
f k
4
»




‘0001
1INWA X ¥IINI
£ 1HIUd iy
e 6 61
mwl.uhlun.'u.l“.! 1IN WA & HILNI

005
$3INTWA X ¥IINT
T 1N104 viwd
“oc
13NN A ¥ILNI
or 2
® $3ANTWA X MIIN3
T 1104 91wl
;.

Q31114 39 0L SINIOH ¥IY¥I 30 ¥UNN 3IM] N3N

2rv) 2yt agplorvy s ¢ _.::—

*SINIOA V1Y ¢ 1Sv3)
1Y LNANL Of G338 Q0K °€ 334937 01 1 33INOTY HOY S TYIWONA 1004

40 334930 HIVI ¥O4 SINIIJII4303 ILN4WNOD T1Im HYMI0M.4 THL

SHUHL 3N S3yunps
1SY37 IHL INISN SINICH VIVG-N SIT4 1533 ~<:~4¢~:OZ>JCL

33MOIT-W 3IHL 40 SINIIITI4309 3IHL SIINJHOD WYNIOHJ SIHL

y
‘H N0 JdI3H N¥IINI ¢S:. JI3144300 3IHL 31vINIWI 01
d33IN ADA 41 *qQ3IT33IN 3INY 3ANAD IHL 4O HUTIVADI 3HL 40 SINIIZI4430)
IHL CWINUNNDTIE ¥ A9 JIIN3SIy 54 ST INNNID 3INYNNO 3834 3HL
y
SIN UINIIII4430 (D)
(23S/7E%&NTI) 1YY MOTS JuLd ¢ MOy
CIS4)  IINSSEA4 90T ¢ 5S I3 IYIHM
EXKSSIYSXENE TAXSSINAKEN + SSINSASN ¢ Iy = moutd
30NN FONYHYDANIL 40 SINITIL 44900 JHL MIING

T

t4AMY IHL 30 3N ISOOHD)
NMONN SHIINWYNUS NOISI] VIVI3T - 31V1IS JINENUGT ()

NMONN SMILIWUNYY NOTSIT YL -- JLyls AMvILS «)
NRONN Yivil 3ONYWMNOIMIS -- 31916 AIMILS (1)
a3sn rige $ANINOHOD ¥O4 NOT IV MINIS 340 3NNIYN IHL L3S

| 8334 TININOJHOD 04 NOTIVWMOANDL ONIMO 1103 IHL N3IINT ISv3ldg

u
ON MNO 534 M31N3

LIINYHT I O
. SU3IN IYHL ININOJWOD SIHL 40 NIl IWUNY.4 NMIHIO ANY

8°9c¢
NSNS STHL NOY IN WA MIN 3HL MIING

POLIONYH) 31 a0t St e
TYHL MILIUvNYG JHE 30 S 3NN TINIONIS WE s gn

Beabo "9y

FOAHILE ONTIMVIS ML AY DI LAWY s )
o

SOOI ONTINUIS IO EI O] ey en e, (]

L L W]

M KR IFT R I TE I

, Al i,

154




YT YT YT T T Y LT MDA -d
ey : . . . - .
K . ;

. Y SO P K ¥ - Y Y o
] . ® . . 5
r «. 4
~ A
. ‘N340 01 SNIOIY e
: TR eersps gy pe VYA QILUNTAO - IINGSING YV HIIHA LY INNSSINY IHL LONTNIwNTD TR
' ve v ::._-.q 1w peyu aefy ) Mo 0] o ’
. B PUISH) INNSSINA ONINIWND (5) .
. ¢ .
) $3A09Y 3HL 40 ING ISOOH3]D ,
; NAONN SMIINHYNYY NOISIT VIVIIN - 31viS JTWYNAL (F) .
E NMONY SHILIWYMYY NOISIT VWL -— Jjuis ANYIIS (D)
' NMONN VI 3ONYHNOIN IS -~ J1yig Agv3ls (1)
; 13sN TiT1E SANINONOD ¥OJ NOILY WIS 40 391YN 3IHL 13S
v .
, 148484 $ININOJHOD H04 NOTIVUNOINT SNIMOTIING IML ¥IINI ISUI 14 -
L}
.-, ‘
vu u
. ON M0 S3A yIIM3
' L3939 0}
L 24 ININOJHOD SIHL 40 ViV LNANT JO 39NYHD ANY INIHL S .
0'0
Ly A njs v
v RO A A 1N INIIDI44300 (b)
N VEOP a4 e aperu ») 00
7 Carwuiina Pus salivive s yi $EN IN3IJI4430D (€) -
v e hd aacd 10 00 ,
" 200V 4B w13 Paueyiq0 $CN ANIID134300 () o
', IV r i wan A g 0c0°0C x
@ PP CANIIINAAI0T 40 INTYA ¥II0M4 IHL NIINI 3ISYIN4
P, 62100°0 ST 3IINYIMNYA IHL
v 0000 000°0- 000°0- 964" 61
b 3¥Y SIN3IIJI44300 € 40 IINOIT N0 ) B
: #1100°0 SI FoNYINVA 3L
W 000°0- 000°0- 900°0C o
‘ 3V SINIIIIH4300 ¢ 40 3IIN9IT HO.4 @ ‘
" 001000 SI ADNVIMYA 3IHL : —
; 000'0- oZor oo
v, 38V SUINIIOI44300 T 40 334930 NO4 .
?, “HY3L HINN0 LISIHOTH 30 LNIIDL 33300 0L WNIL NIINO
v 1S3M07 40 AN3IDI44300 WOMS 131SI) INY SINIIII 44300 .
il . 9
4 : $(ON MO S3A MIIND)
i <INIOJ ¥ 3ONYHD 0L HSIM NOA 01
-
4
P, 05461 £ 000C 5 ,
i 09°41 *0051 v
£ 0861 000§ £
i 06°61 0°00% < .
. 00°0C 0’ 1 o
b A X 11104 o
L , .
'
v [2Fe
v 3N WA A N3NNI
4 O00C
Vv 1IN WA X MIIp]
. 5 OLNIO wpen
A 9 st A
3 S TR T IR
1, fonnt ‘
. HE TR ILONE E TRTR k
v mm~ b OINIDLG wps) R ) :
" : 851 9
. I HE (TR SRR PR
' .
. J
. , R
-.
. .
1]
', °
. A ] [ J
O P . g WA - - il
M ttaley g




M 4 TP p——— 0

. . - .. . . & : [ o @ ®
. . . . " ¥
SCIS) INNGSING NNYLE IHL (D) Cy
9L TANINOIUO]) HOS NOTIVHRNOINT ONIMOT1I1I04 IHE ¥3INT 36T 1Y !

7]
ON 0 S34 N3IN)

eIYN 33 01 A
IN3NO4AHOD SIHI 40 YAV LNJINT 40 JONYHI ANY IN3IHL SI
0° 052 e
413K HO4 H LIH NOTIYMWNDINT INUW 303 e
CC MIINIIN ISV c ]
HIUNN  IWIN ¥ I ESAK MINSHY HNOA co.
. -h
e-Q ‘.... .‘J
$(1S4) 3MNSSIY4 HILSAS (£0L)
$SNOTLINNGD WILINI o
0°0 S
$(NI/J3S-497) IN3IIDI43300 30404 MO14 AMIYILSNN €L1)
500 E
7004S 3H1 40 INIIITH4300 OHIIW] FHL (91 ‘.
had] .
S$ONI) INIWIDYILASTA 0045 M0 134404 WNIXUYM (51}
‘05 .
SCEXENT) 3WNI0A NOTLIYIN INT4 (v1)
-2t
: S$(NI/Z%%J35-497) 1004S MO 134404 40 SSYH (f1)
. 0'n J
; ©* et IN3IOIN44300 39YNU3T 40 INTA ¥IJ0MS IHE MIINI ISYINY o
f. Z1-308192° ¢ ST 39vNYI ) 40 INIIDT 43300 IHL . 4
] ©
I §*0 wn
iy S(NI) 39YSSY4 40 HIONIT 3AT1D3443 3IHL —
4 ¥-30°1
ﬁ S$(NIY IDNYNYITD TVIAYN IHL
' 50
r, $ONI) N¥3I13IWYIT 10045 MO0 NOLSI IHL YIINT
. . *39YNYIT MOTA 40 INTITT44300 IHL INIWNIIDT 0L SNISN SIT3IH HYNIOM4 SIHL
4 4
. u ]
fs *H 40 Jd13H ¥3INI 4SIHL 319IND WD 01 @3N NOA 41 *3INASSING TWIINI -
=N3IJJIA ONY LYY MOTY IHL SILY 1INNOD INIIDI 4300 MO 399NYIT IHL
. u .
: $CISA/703S/79RNT) ENIEIT 44300 MOTd 39VNYIY (TT) d
) .
oc
. $CIIMODY £ ANOS 40 3IONY LI Mo (D
f 48£°0 R
’ SINI/CSRND) £ 1404 0 INIDIVYNG YINY (O1)
3 190
V $E IMOJ 1Y INFIDI 44300 IQUVHISTI MOTS (&)
. 1005
CINAW DV IAS DT ILVIINSSY SIT THY ]
) ) 30404 ONINIS 40 31N L DUNVISHOD SSIN 4115 OMTH 45 N9 INT :
. u )
A SONTZ B THYESHND OHTHAS o) o
b . 500
SCOMENT) YIMY NDE LV DI 1A W I ESHMMNT ()
g 509
b TCOKENT) VIMY NOTLIOWIM 4 1M MY IS N (€)
) M ONE o
L
P . . .
'
' "




LAl Sl A Sl

Ll Rl sl Sl

Pal il Jia 4

Bad e 008 el

b Sl Aadh s

i

LSl Sl S8

o

-

W P Y e e re—y

ST bl ey o

SW graunINur w..fu:i_.c.u ﬁ.s.:&&&

d

————=—{ILSAS JTMUNUAH FHL NO4 LININTID MUY NIN0S FHT LONYIGNOD O ANYSSIIIN ST 11§«

3

JHD IYHL A4LINIA NYD NS0 3L IYH)
ALY WYV 44 3HL AV IS T34 1M WSS LU

SINDG IHE O FIHDYVILY 3T o

0S HOLIDY Y0 It

©OLYHL (3NO 123MM0D 3HL) M IHUNN NI M FH0 A TIUNT 4 ey
LN04 FHL IO HTIWON FHL N3IHL SNTIFUNN TININNIS LN 00
JHL NIINTI NOTLYHMOSHNT 133INMOINT ML 12 31N0D 01

*SAVIASI WIISAS SYYD 3IHL LYNi

HYNOVI 44 FHL NO LI 3IDILON 1IM

TH 41M04 S, AN

=HOD ¥ HO4 NIAWAN INIT ONOMNM Y SMILNT NISH ] 4]

HYNOYIT (dd) MOT4-MIN04 IHL ONT LD INYOT

*NOTLYWNOANT 3MOW NO4 3008Y

CHYNOYIN 44 374WUX ) NY A4S T]
SSYIHUNN INT T -
CSMIINAN INOY -
THYNIYI (44) MO -MIMO4 ¥ OMTLIINN0DY -

A
HIRLCR O N
3HL 40 N0 11345

i me

*IFION IHL NI 1MT3ISN SININDAHOD FHL NO SINOJ INY STHIT
30 SWN3L NI J391IN82S31 34 01 SI LINJMID SIHL  *M3ISN M) 14
NINIO 33 1SAW 4713511 LININID 3IHL 40 NOILJINISHI ¥ SHIISLS

Y¥3IN04 GINTS ¥ IIVINHIS NYD WILSAS SYYD IHL INOII

SYY) 0L T3700W 1ININID ¥ ONINT 33

(V)

CH N0 130 MILHT NOTIS W0 <]
JYOH ¥O04 NOTIVINISINGIN MOIS-MIMDY ¥ ONLL WML DO ) 1 10

T 1NM04 1Y "ON INTT 3L 4N

s : S1M0 4 "
i1y H TON ]
£ LUON FNna s

£ 1M04 1Y CON T WML 431,

< I1NOA (¥ CON T AN e

i

i L1304 1Y CON INTT N

T H L LA AR U B ISR ]

TigY : CON ‘T N0 s

< TCON W INNTS Ao au

]

1 LINO.4 1Y CON NTY 3 M1t

1 H [ T BTV i

cltla H LRI ] B BN 2 IR VXTI )

¢ $OON IIN BWIIS 1R 0

1MO4 AGNIND A HVIINSEY JHL D) "ON INT

ININD4RO Y STHIL T30 vIviT (N4NT

T NOTID NN 3L 380

'

ON MO 3t v

2 DAS TR T Y

40 JONYHI ANY I3¥ Nt o8
[\ARN]

157




DA " o . ICRCCCaC D A it etk A LT G T —
. W
. ﬂ .
T. | Id
U L S
y 4 1804 1Y *ON 3INTT 3HL N IIN3I ]
r. 3
v : S1¥0.4 40 YIdU N
t L 74 H TON 11 1 ININOARO) L)
v 1*ON 3DMINVIS IN3NO JHO0D LA
b ’ :
' 9 - \4 L
8 s 1804 1Y *ON 3INIT 3HL ¥3LN3I 4
> r ‘e o
v 1N04 1Y DM 3NIT ML NIin3 ]
v o
b £ 1M04 1Y *ON 3INTT 3HL N3N .
. m . ! b
I z £M04 LY CON INIT 3HL ¥3IIN3 .
- < -
3 T 1304 1Y 0N 3NIT 3HL ¥3IN3 .
: [ S1N¥0.4 40 NI e
12841+ t o toN 1 T AIN3NOAUDD S
g £ $°ON 3IN3INB3S LNINC.IHOD '
] . <
) SINYEHED o)
- 9 S v £ e v
b 1 z £ £ voe £ 1
] £ v z e < ]
- S 1 z 9 4 £°8 t )
) $ & ¥ £ T 1 51904 40 CON ‘0°I ‘ON -83S . “
v *ON 3NIT 01 °ON 1¥O4 ININOJIHOD  YTIHAN  ININOJHOD  IN3INOJHOD @ o
~ . :
— .
s D + R
v t $o—mm + ;
v T O3INITC d £ C
¥ C $----[Z EEFf ¥ [----m-—----- +
B oo + C 4 1 t € 3ININ : Cd
; C £ r T C I R + $--- -t iy
v . t  wvy ZC----- + r L z t .
b 4 T L T 3NI $ommmm o e cee € R
L D it + 9 3NIT t v k
t D +
b t 4o + C .
v $ommmm o oo A 8 4 B 4 G 1 A
- £ INIT T + v 3INIT i .-
L v R
rL $ANYUHN) o
w . *NOTIYWNOJINI 3NOH NO4 3IN0AY 3JHL 30 3INO 133135 - c
w CWHYNOYIIL 44 ITAUYXI NY AVIASTIT - b
CSNPIMAN INTT - € . e
CSMIIHON 1MUY - &
THYNMOY DI (44) MDTA-MINOS YV ONEIIINOD - ¥

0N IHL NI 135N SININOAWOD 3IML ND S1MOJ aANY SINTD
40 SHMIE NI d3MI4IS3I 3 01 ST LININID SIHL “MIun ) A4 .
NINTID 39 1SOW 213511 LTMVINLDY JHL 40 NOTEAENDS 4 Y SRS v .
MINOA TINTE Y FIY WIS NYD HIISAS Suer ML vyl ’

SYYD 01 1IM0W TINIMITE Y 9NN YNl

Rl 0 8 B ane R4 are 4 pan e

g
— S YHUN )
_ CINUW 01 ATNUM N IVRL HO ML ST NOT1D3¥NOD

y . . .
» 4
) .
A
L} . L
» e
I ‘Y
» L
' .
..
'
s

1, W a0 .
Aty 4 R A ot
o h st g g s ohod A et ad,

-




MR B e 20 T e Y T Ly T
= ‘. -
Y< -'
l. . <-
[l .
] . SHUL L1 SN
- v 9/ v e
. [ 18887 ¢ .
: € 1se :
'3 ~ 1 Cltls 1
J ML . C
S1NO4 INIHOJUN) c(1 ;
) o ©J39Y7 SIXY-X L 10117, o
.-...
.. ’ 1 f
eHuET ) .
J . ° [LT75 e !
3 . ] ON SIxy A - N

' 0 N Slew v -t oy

: AVLHINNAD 13103135 :
> s
; ITHYL N0 1014 Y 30T 4 :

Kl

< N

N : ST c
ANIH NIYR 01 HEDt 1y - b

. WYL B0 1014 NISOHI 9 JL1180 - ¢ .
] IWYL MO 1014 Y T 4I C Cd
g (51074 N0 SITYL) LYWN04 1N4EN0 13 F13. 1 .

S ’ spprsag bden0 Coowvng pav bvipra)as

i . s
’, ) AN - w J
) €315 - — .
i LYENO 1O04LG (13T

t . ‘1

4 e P
‘ ANIW NTVW 0L By v R
\ 3YL MO L0 W HISOHD Y 1T -

. ) YL N0 1004 Y Il .

", (510714 MO SIMWVYI) LYWNO4 LOLIN0 1D 185 )
3 R

. 9
e ON NO S0 NN
3 i JIONYND 33 01 033N LVHI NOTLDINNOD ANY I¥INL SI
4 8 v [ ¢ v 9 v
b 9 [ v £ z S tineg ¥
b ¢ z ' £ TIEY :

- 1 H Ttite 1
S ittt i bt e e == . ... ’
3 ¢ 9 S v £ T U SIND4 40 CON  COcl CON cnas . ]
3 *ON 3INIT MO1JD3INNOD OL ‘ON 1N04 ININOSHOD  NIHWON  ININOJWOD  TH IR0 4E0) o

.

. . n
| ssssnsmzssssosszszsssszz=ssszzie
- & AH4YNOUJOL LININID MOT4 MIMO4 %

. i . 'd
¢ v INOA 1Y CON INTT 3 N3 o
. v .

d £ 104 1Y CON INTT ML y3m .
4 3 ,
) . z 1804 1Y 0N INTT ML M) 7

, .
L i
N L
F o
2 |
» .

® ® . .
g P a a a Pb»LtFL .»q..\- 2 A0




v

=

—
~

S et o e

pr WL

AP W

&

r[hj.IWLLb -

.

S101d SI NISOHD fywn0 4 LN41na Inyg

ELDPN *SA  IMNSSINY ¢ Tirse 1
1ymn 1404 ININOINGD 14Hm 1404 ININGIWDD QN
SIXY x SIxy-4
dfYL3IS 1N 34NN
INA1N0 I3INIG P A 413345

£
eNNI 140
an3 - §
e Sk SIxw A - ¢
00t S3A Sixy x - 1
. ATANINNND 13133138

3 MYL MO0 1073 ¥ 3INI 33

1
<NOTL 40

ALI3J073N MY INaNy
nnyor -

AL130 130 -

30904 -

319y MOA -~
3YNSSINS -

N e

*SIXY-A 3IHL NO T (NOJ ¢TTTYF ‘ON
ININOJWOT ¥O4 3yNSy3y 0 378YINYA IHL 1D313s

‘3MMYINYA SIXY-A 3INL 133738

\
-1310H Gf MIANNN 18G4 IH) 1337138
*S1¥0d S SYH TT1IIE °*gN IN3IND.IW0O 2

‘1304 SIXV-X 3HL (3313S

£
éNOT 1490

92 14
Ituie €
tige Z
AR AT I
uri o
S1M04 1NIND.IMNOD ‘ON

-Mne

TIMYT SIXV-A IHL 1337135

C

CAZ) S H]

Ng -y

] ON SIyw 2 - o

Qo1 &3 Si»w x 1
ATINTINNND DETMEREIN

ANV N0 101 v o NT 43

160




—w—vv YT ™

SpyeaA vAYpnue g

v
wyva ez Goydsia

o —

ZEEINL/D - M1 S0 3000000C° SALISOISIN 31N70S9% 1IN4
vESNI/CE)35-40 1 vO- 30000002 H ALIGNIY INYS
154 0° 000051 H SNINJUN ¥ 11Ny

% 0350 S311M340M4 JDHI ¥

10H13W S.¥31N3

& 135N QOHLIW NOTLWN93IINT #

(J33S) 20-300C°'0 : 431S 104100 23INIS3A
(33S) 10--3001°0 : INTE VNI A NOTLY INWIS
(33S) £0-3001°0 : 3ZIS 4315 NOISY IS
(238 0°‘0 SAWIL ONILMULES NOTLIYINHIS

* NOILVWMOINT NOILIYINWIS DIWYNAT &

NOTLYINKIS DIWeHL]

X NOTLYINWIS WILSAS 40 IMNIUN *

p2333332323 1333332322322 2 2028t
% SNILIWVYNYLS NOIIVINWIS WILSAS ¥
b3 8333322338232 2233233283232 33 2]

*39YNIYY SYYD IHL 40 I T4WYXI IATIVHISNITL 'NY ST SIHL

KERKRXKERRKEK
* ILIL 407 %
TXRKEKKERRRAEK

(2R bR 2322333333333 3 33333 02 8¢ SR T 22232 3233323233237
LI A:T IR kL UERED] 0°T NNISNIA SYyD %
* %
X SISATYNY HIISAS IIINVYNAH HO4 1001 avd v X
] HUNOONY NOILYINWIS ONY STISATYNY IV NIINAH0D 3ML ¥
X %
P23 2232233332323 323 3333 Rl i st ssss)

u
CON N0 S3A NIINT
NI IHLE 40 AJOIIMYH ¥ INVYM N0X 00

L
ON NO S3L N3N
e INO UIININS 39 01 YLI¥] [HE4NT IHL LHYM N0x 01

t

dNOLL Y

NI NIYR O HNDE Y t

IMEL NU o HIGOHD Y LIl ¥

INYL ONO QO Y 3N - O

(STU LY MO STV FRu g it 133035 -t

161




- o rrere

T T

v >

SINI/ZSENTY £ INOd 40 INIIYNG w3y (OF)
0000019°

€ O1M04 LY INIIDI 43309 IGYUHIS T OIS (A)
063500045

NI/ INYISHOD 9NTg6 ()
10 - 36000006

1(ZXANI) VINV NDILDVN IUNSS34.4 HYIYIGSNMOIT (£
10 -30000005*

T(TREND) YINY NOT LYY INNSSINS WY INISYN (9)
0000 " nn8

LOIS4) IMNSSING YnTdavy) (5
NMONN SH3)INYNUINDISIT TIyi3g - JLVLS JIHYNATT (£) INUI IV WIWIG u:m&:-«:

|28 85 **CANINDAHAOD
[

0°*
SHN IN3IOT 43300 (W)

0°
SEN INTFITT 44300 (€)

0°
$ZN INITIIH930T (2)

664610°0C
SIN INJIOI 44300 (1)

(JD3IS/EXENT)Y 1YY MOTS Jundg ¢ LURE}

(IS4)  INNSSINA QY01 ¢ 5SIM4 34 IHM
EXXSSIVIKENS TRKSSINAKEN + SSIM4®IN ¢+ 1IN = nOod

JANND JINYWNOANIY 40 SINIIDL 14300 3IHL 431D

NAONN ViYd IONUWNMOINIY -- 3JLlv)S AY3LS (1) INOLIYMIHIS 40 YN LYN

1§82 * 1IN 3INO4N0D
8667948
$ 3INIL ONILIYYIS Y3134y LT VWY TUNSITS <(f)
. B66L°9%¢y
S OINIL ONLLNVIS IMQ I3 AL VMY WHDLS (2
. 0
$O3WEL ONTINYIS WNOLS 4315
AR QY CUININGGN0D
'-nuuﬂhunb.nnbhnnutnhurubi.an:uinnu
¥ SHILINYNYL NOL LY INWLS ININQ4WOD ¢
.'-.-nQuiauuuaqnunn-unnnaunnn.nuu-
8 14 S A 14 b 44 [ 4
? S 4 £ < a tites £
L < 1 £ TIeY <
1 ¢ M AN 1
4 A4 S L4 € Z b SINDY 40 ON e ON iy
‘ON 3NIT YOLIINNUD OL "ON INO4 ININOJEN) L RUTSTITY [ R TV T TE N LW 30O gu
BRI R IR I RS ARSI AN RO P OB a b ¢
& OALIYNDOAOL TTRONL Mooy Mg WwarGac, ¢
LA R N N IR T eIy
o
Lo ! N . o
P U} .r. -b‘ 4

162

el adhe

5,

W e

-
»

~
. ™ v b
PP D R W Dol

P I,

N

<




[T PRI T T TR, T T o T —
. - B N . . - 3 - 13 .n ) - b .. ... . 0 i .
{
3 g
g
h v
, e Rt r £043v¥8°0  10-3001°0 .
$omomom oo e ittt C £0436T/°0  Z0-13908°0
' $om-oe- B bt b C £013509°0  £0-3009°0 g
- et it C £0+A¥BY'0  ZTO-300¢v°0 :
3 $ommmmm 4 £0+3v9£°0  Z0-300Z°'0 .
+C £0+3052° 0°0 .
i e 001
[ Zo+30vy '8 Z043005°2 .
, X9u NIW P
] i
A S
: T 39vd S
v. & 4
] (SIXY-A) © (SIxv-x) o
i _ 3YNSS3ING :IINVHNOINI IWIL :IDINYWNOIMIS B
‘-
K, T :  *ON 1304
X SNSY3N % I
b FITIE ¢ *ON *Q°I
£ ¢ 1N3NOJWDD
p
4 aNOJ3s WL
. INOJIS 34 SNVIMYN ¢ AL1ID013A NYININY
F ANNO4 - HINI @ 3nNnA401
3 UNOJ3IS N34 HONT @ ALID0 734 ™
e (497) uNnod ¢ 308014 w
' 23S N34 HINI D14NnJ ¢ EJCERLORE —
. . (ISJd) HINI 3INYNDS Y4 1INNOS ¢ 3INNGS TN -
[ $33SN SLINN z
3 EXRRRKKEKKKKRERIRERER L i
. X LIAS3IY NOTIYINKRIS & . . )
SIS RE TR ELE L3 .
13 0°
" . $CIS4) JUNSSIVY NNYL FHL (D
4 9L ***ININOAW0D .
! . o
- 0000° 9062 T
] $C1S4) INNSSINA WILSAS (EOT) . oL
. ISNOTLINNDD WILINI
P Co
$(NI/J3S-497) INIIITA4300 3DM04 MOTS ANYILISHN (/1) . B
10 - 30000005 " :
10045 IHL 40 INTTIL4430T ONT4Red W (91D .
0nonnol” .
$INT) INIWIDYTASTA 10045 YO 134404 WNTCN 151)
0000 s
. SCERXANT) JWN DA NOTLIV T JINTTE cv D ¢
FO Jugooanll?® 1
r, : SINT/ZCHED S DI 100915 M 1 3304 b SLud (7 1
! °. .
T ) SCISA/ZDIS/ZERINT)Y INITIT 410 MOy v i3 GTDo
v COUR0 " 0C . .
SOOI N F OEMOY I 3Ny L0 A (L

Ahasollgl

T
t:f:.'
b .
3
L
C

- - P




LWL e

TN N

£ S ot aPe A b A gt}

T

pProvid 0. _7446,_ 1o Curqunriag

CCUNNM3Y ¥ HO4 SYILAWWMY Y 3WIL 13SIN ISV

Z0-30000C" $(J35) 3215 43S 1041Q0 QINISIHT (o)
10-300001°0 : (J33S) 3HIL YNI4 NOILY MIWIS (F)
£0-300001°0 H (33S) 3715 4318 NOTLYHINIS (D)

0°0 $(D35) 3WIL ONTLINYLIS HNOTJETIMIS (1)

tINY ASN0TA T4 LTS SMIIIWUNYY 3HTL IHY

$ NOTIVWWMOSNT NOTLIVYINWIS DIHWNAT WILSAS 135S AON
NOTIDINHIS DIWYNAT Y W33 44 14 0F NISOHD 3AYH NOA

<

$3AMY ML 40 3D 35001D)

NOTIV WIWLS JTUUH T ()

HOLIVY KIS JILYLES 1)

SWILSAS 3HL M¥O4 NOIIYTINWIS 30 Jyniwn 3l 135 359301
NOILYINWIS 40 3INNLIVH 3H1 39HVHD 01 H3IS501D 3avH NOA
4

$an0y IHL 40 INO 35001D)

HILSAS 3MTLINT 3HL 1I10WTY -

auTIvwyD gy 104100 3IHL -

SININOIN0D IHL NIINLIT MO0 INL -

ITON 30 FYNLYN 3HL ANY SN AWUNYA SR ) W00 HILTAS -
WILSAS 3IML MO4 NOILIV'INWIS Nt 41 JANLYH WL -
SIT1IN3IH0ME JINT4 40 S wa 3IHL

—~fimaeus

R

OH MO S3L M3LN]
4INYW 0L HSIM NOA SIONVHI SHIIIHUNY L NIHEN ANY 343IHL 3N
P

SreCHDIIAN 3N 0 INN 12305
CANJHW NNMTY WIISAS 0 HMNL3y -
SSINTIEA 1INV AT 01 SITIMNIH0HS 1INTS 1 135 -

S
v <t
CEANI/I23S5-31T 50-3000000C° $ ALISOJIA ALNINSHY 1INT4 - £ (Y] ’
YEENT/T88D35- 33 v0O-3000008L° H ALISHR] 1IN - C - K
154 0°0000°9T1 : SO NI 1iNT4 - T
3NV £3S SITINIINNA IINT4 S0 SINTUA 3HL
0'0000%1 . .
SMILIUYNYS STHL NUO4 HVISA M3AH 3N ¥3IN) .,
. 1 g
*CeSNOIT4N 3HI 40 3NO 1D3IMIS .
TANIW NNMYIY WIIGAS OL NMNL3Y - 5 9
CSIMIWA LW AN OF SITLINIANNS TS 1 (35 -
ZE¥N1/J35-437 50-30000002° $ ALISO3IA 31005V aINYy 12
PRANI/Cx%D3S-437 v0-3000008¢° : ALISHIT qIN14 - C
1S4 0°000051 : SAWNIOE NWMY dinYsd -t
$INY 135 SATEMITI0NA Q1074 {0 SHUVWA 3IHL
¥ O
$3N0NY 3H1 40 3RO 150040 T
. HILSAS INTIMNT 3H] IPIOWIY - 9
ONTIWNE LN IR a v
SIN INDJUOD JHL NN MO 400 It - o
30K 40 INNAYN JHL ANV SHTLINVYV Y SR IHOKOTDY W EESLG £
HILSAS FHL MU NOILVINHIS Nl 40 Mniey i o
SITIMIANEY NS 0 S W IWS L -
ONIMDII0S 3HI NI INUW 01 HSIM NOA SIONVHD ANY eI 39y
1
LAGMIY Wil 40 An 3 )
THNLIY KT 401 ()
CGADNUHI HTLAWUMY.L ONTMUM ML Y U | ST MivE 3 o)
AR
IR XY NOTIYIOWIS a0 n) XXIXITE] '
o e T T e i




-

~ ¥

-~

£043050°1
XUW

1

IINSSIYA
4

125842

o Ol e et aui s o i AhCin Mo e 2o ot v I SeEMC A — \ e
‘. \, oL . S N . * ‘ -V. . .
®.. e @ ® S T
+o-- - b § £043005°0 Z0-300v°0
+ R § 0324800 €0-3002°0
iC £0430500 0'0
Tis 001
2043005°C
NIW
39vd
(SIXY-4) (SIXV-X)
$ IONYHH0 3434 3HIL P IDNVRND NI
: *ON L1¥0d
% SNSY3IN % 3l
: ‘ON °n°*1I
¢ 1N3NOJWOD
GNO3J3s ¢ WIL
aNOJ3S ¥34 SNYIIIYY ¢ ALIDOTI3IA HYINONY
ANNOd - HINT ¢ INDNGL
GNOJ3S ¥34 HIONT ¢ ALI3073A .
(4477) INnod ¢ 323404
J3S M3IJ4 HINI 31402 ¢ 31vy MO
(1Sd) HINI 3¥YNUS M34 INNOS ¢ 3INNSSIN

E3S 232222333233 20802 ]
X LINSIY NOIIVINHIS ¥
L3222 2222220022008 24

$Q3SN SLINN

J
‘ON MO $32 ¥IINT

165

&NNM JHL 30 Ad0JONYH ¥ LHYM NO4 04

[t]
ON YO S3x NIIN!

4 1N0 NIINING 3 0L ¥i¥l LNJANT 3HL 1NvM N0 01

o
ON MO SIA MIINI

AINYW 0L HSIM NOA SIONVHI SYILIWUMYY HIHIO ANV INIHL INY

1
$3NADHY 3HL 40 IND 3IS0040

GOHIIW HIIND HLIE YLINN - JONNY ()

JUH I 3IW ¥3IIN3 (D

1SS300Y4 NOLLIYINHIS NI 3NS5 TUHLIIW NOTIYNOTINT 135

$(3IS)

$(J3

£ 90°7

JZIS A3LS 104G dIYIS D (v

o

5

10
IRIL O WNT DT L INWES (8

b A0t

TODASY TS S OV INRT (O

HE R NS

¢ 0

I SIS HOLER WD (D)




e st

v

T

Ao aret B o -y

. W

- i ael mbd g

™

I

T——

it

\Shal)

T e W N

o

£043050°1
Xy

2222238 )

co+300G° ¢
Niw

[4 39v4

R e oo e e P t
D e e - C
frmmmmemmen mmemmme L TSI -t
4o e i e €
$ommmm oo T R T S C
$mmmmmmmmm— mmmmmmmm e B e oo 3
T TR —mmmmm e e
$ommmmm o e m e T T L C
F e e - C
dommmmmm e e B L T T T C
pomm - e B e r
t---—- e R R e R e C
pommmmemm - m———mmmme oo B TR e T C
b e ————- B TR - r
pomm e o C
b e e " 4
o B T R cemmmmememmnL
fomm o B e - --=C
pomm- m————me- e emmmmeee e €
pommm - ———————— ———————- B R e R e mmmmmmemeo t
e et —————————e it B e t
o e e e C
$o-m-- e ——————eee e e e t
t--m- e B e e C - C
I e cmmmmmmmm e T T ----r
A--mm B B L S TR SR r
oo oo e e e aoo-t
Hmmmm e B B e t
B B s f
pommon Ao B e {
$ooene B ———— s c
fmmmm e e B LT T T CE R C
$ommmm oo e et e e C
$omeee B —————— e A r

Bmo e m e R Rt e o
b e e T TIPS ¢
Frmmm mmm e e m e e e mmme
Boemmrem e oo - R |

N W R

.- -- et

NOTLY WIS 40

v043501°0
18357

$0+3501°0
¥0+3501°0
v0t3501°0
v043501°0
v0+1501°0
v0+3501°0
yOot3501°0
vO+I50T1°0
Y0+31501°0
v043501°0
vot3501°0
v0t3301°0
Y0+3501°0
bOE3501°0
voi 3010
tots3s0r1°0
votri1a01°0
voi3501°0
v0t3501°0
¥033501°0
rotisorco
vo+3501°0
v0+3501°0
v0+3501°0
v0:3501°0
$043301°0
v0t3501°0
$0+3501°0
vot1501°0
vOH1L00°0
¥ot1s01°0
v04 1315010
Y04 35010
v0t 15010
vor3s01°0
vor3LotLen
Vot 1untto
vor1501°0
rO4 1010
AU I 5 ]
vOt 1,000
01 IENT O
IR MR B
FOL0ovsto
Tor e, Nt
170
Forie vt

ULE]

sesatans ..

00t3001°0 .

10
10
to
10
1o
1o
10
10
10
10
10
10
10
10
10
1o
10
1o
Ie
10
1o
10
10
10
10
10
[ 4¢]
10
10
10
10
10
10
1o
10
10
10
10
10
tu
19
1]
10
1o
10
o
O

oot .

-3086°'0 i
-3096°0 ’
-30v4°0
-30C6°0
-3006°0
-3080°0 R
-3098°0 ‘
-30vA°0 s
-3006°0 R
-3008°'0 o
-308.°0
-3092°0 L
-30v(°0 -
~-30C¢°0
32020
-30€7°0
-INT9 0
S3069° 0
-3027°0
~3009°0 ..
-3085°0 4
-3695°0 . o
-3985°0

302570 4
-3605°0 o
-396¢° 0 .
- 39960 T
jory 0 p
30500

300¢ 0

-308B£°0 X .
309£°0

B 120 o

- 300F 0 R
3001 0

EDII T

109700 R
12V 0

307000

30070 « : 4
3981 ¢

jevl o

EL LSS A .

[DRREEY :
[T

Jous ar
RIEIN I

166




;
ﬁ
f
b

T2 LVES Seu ~.l<gﬁ9 ..5..*
!'s ™ 3bwny) pup

Wy

AN L TR S VTS Unady e

TR TR

3

«

Shat Sl 'aod 4
- A

— ——

, Ry e e e . -
[VIP S I VST S RSP — EPESAIEN I e N I

=
~m

$3n0MIY 3HL 30 NG S
WALISAS IHILINY 3HL 13INWI4 - 2

ONTIYRNO S INH0D M) - G

SININOAWOD 3HL NI IMLIT NOLIDIWNODY Wy v

TIIOW 40 INNLYN THT ANY SHYILIWWMYS SININOANND W3 G - F
WIISAS IHI NO4 NOILYINWIS IHL 40 I4N(wH dHf - C

SITIMI 44 IS 40 S3INvn 3HY - T

L3

ON H0 S3x ¥IIN]

&3NYW 01 HSIM NOA SIINVHI SHILIWENY.S HHL0 ANV 343HI 3HV
1

$INDNY JHL 40 3N0 ISO0HD

FAMND AINYHOAN G MM G anlIvnwnld ()

ATING IMNTI0G ARTEY43D 1w (1)

$I3NISI] NOIIYVINWIS DIIYIS 40 14A1 FHI 135 MM
NOTIYINWES D11I¥1S 9 W40 44934 0L HISOHD 3aun N0

1

SOoAAeY 3L 40 IND ISDOHD

HOTIY WIS JIWHAL (2D

HOTIYINIIS J11%1s (1)

SHILISAS 3IHL 404 NOIIYINWIS 40 Iy 3HL 135 36U
NOILYINWIS 30 IMNLUN FHL TNV L W 350D 3nvd (04

“
$IA0HY L 0 0 ISUNHD
WIISAS I4TInY 3t 130Ny -
GHE LN S 10400 IHTL -
SININOAWOD 3IHL NI ML I N0 LN ) 3N
AFI0ON 40 AYNLYN JHL ONY SNILIHUNYY SINIR0IE0T WI(SAS -
WILISAS 3HL H04 NOILVYINWIS FHL 40 INLEH FHL -
SATIMTIJOMS TN TS 40 SHEPIA FHL -

“-ermen o

A
ON 40 ST4 43N]
43NYH 0L HSIM NOA SHONVHI SNIIIWYNUE M BI0 (KNF FYTHL 3Ny

~
>

‘ . *CTSNOTTAO ML 30 3N0 1D3 WG
CONIW NANTY HIFSAS 01 M1y - 6

CSINTWA LINYANT 0L SITIMTF AN 1014 A 135 - b
Z¥RN1/J3S-447 50-3000000C° ALTGOMA 10 Y4 21 d - F
YXAINI/ZX%335-497 v0- 3000000L° : ALTSHAL gINtd - C
154 0' 000051 H GO UNIOW NNy a1ty - 1

$39Y 135S SATINIJOMA GIuT4 40 ST Ien IHE

14

CCCSNNTLAI0 3HE 40 IN0 103135

SONIW NI W54 01 NNy -

TSINTYN LINYANTD 0L SITLAT40MS Qlald 119 135 -
ZEANI/23S5-4971 G0-3000000C0° ALISOOTA LN 1053 Q10 -

YAANI/Zx%23S5-497 v0-3000008L° ALISNIT 1IN -
1S4 0000091 H SO WMOW NI A4 -

- SV LIS SITINTA0MS 104 {0 i va 3L

1

SANTY L 40 D 3500

Lol Tl Vel

WILGLG TN L T oW 3 ?
ONTIMENO S Jhdtnn Bl - S
SINANOAWID ML M 1IN DL N o Il 4
APIOE 40 INNLYN FiL NV SN IRV ZRIENTTIN B R FRN 3
WII1SAS dHL MO4 NOTIVINWE: [ (IR NIRRT I TN <
SATINYA0NS S TN 1] 40 SN ea i
ONINNTIN G T NI 1NEW 01 HSTM NDL SR LY 3y 4
1
HETH [ )
THOT LY NI )
CSPIMVHI NN OHTNYW YT WY A SEHE NNy

167




T Y

<
SUIINYHIY 3 N1 SN
TYHL INJHO4HOD FHL 40 MIAUNN 3ININNIS JHL MIING

A

ON MO S3A MILHN2

L139NYHD 39 0t

SAIIN LYHL YIWT LNJNT S, SNINO MDD H3IHI0 ANY IN3INL ST

]
ON MO S3IX ¥3in3

LITIONVHI 39 01

SA3IIN L1YHL ININOAWOD SIHL 40 MILIWYNV.Y HIHI0D ANY

AR -Y4
$¥ILINYNYY STHL NO4 INTWA MIN FHY MIIN3

s

t 139NVHD 39 01 S133IN
LYHL ¥313WYNYd 3HL 40 NPIWNN IDHINNIS IHL NI1n3

0°

1CIS4/03S/78%xNT) INTIDT 34300 MOTS IQUNYIT (2D
00000° 02

$(IINGITY € LNO4 A0 ITONY L3I0 MOS 1D
§66633F "

S(NI/ZRXNIY £ 1MO4 40 INTIIWYD Y3V <Ooh)
0000019

€ 1IN0 LY INIIIT 44700 IGHUHISTL MOYS (6)
0000° 005
SCNI/Z 41T INYISNOT QHIMAS (8
. 10-30000005 "
S(ZHRNI) ©INY NOTLIYIN INNSSIN WY INIENAOL (L)
10 - 70090005
S(ZRENT) YINY NOTLIYVIN IYNSSINI W ILISAN 1 9)
oonoong
. $C1S4) FMNSSINS NI IIUYD (§)
<
: $IA0MY ML 40 O I500H
NMONN SYILINKUNYY NOISHT TIMLIT - JLVIS ITvvenrd (£
NMONN SNILINUNYY NOISIT VLI ~- ILVIS Ad¥3L5 )
NMONY W1l IDONUVHND N34 -- 31VLS VIes (D
a3isn 11TIg ¢ LNINGHOD NO4 NOTIYIOWES 40 3MNIYR 3HL 13§

A
ON MO S34 NIINT

(11118 31t 1) & ININD IO SEHL 404

- THIOW 40 IMNIYN FHL 40 JONUHD AN 3MIHL ST

NMONN SNILINYYYINSISIT IV - 3L1vLS IIHYNAY (§) tHOTLYINNES 40 INNLIYN

e et INTNOMWO )

. 3
MURRI ar S1n

LYHE AN O NN IHE 40 N DIWNN 3N RITEEE RN

168




v T v v ~—

S e
. . . [ . *
3 MYl H0 1014 v 3NT 43 <
(S1014 M0 S11vL) 1¥UMO Y AN4I00 (33115 - F
* S107%4 ST f1G0HD LYHND S T4 N0 3HL
3HTL *SHA IMNGH 1M 1 1t !
1YHM 1804 1NIHOIW0D 19Hn LMD INJHO4WOD “ON
SIXY-X SIxY- A

dN13S INPIHN0)
INSLNO M3IMIS T A J1334S
G
$IN0HY M 40 3IND IS00HD
HILSAS IMTIHT ML TIOR3 -
ONTIVHAO S LASIND 3HD -
SININOAHOD 3IH1 NI MOLIDIHNOD 3IHY -
F300H 40 3INNLYN IHI IINY SYIL UMY SENINOR0) WIISAS -
WIISAS 3HL NOJ NOLIVINKHIS 41 41 3MNIYN 3HL ~
SIAT1IMIAONS HTINTVS 40 SIN WA IHE -

—“time N

F

ON NO S3A HIIN]

LINYN 01 HSIM NOA SIONUYHD SHNITIUUNVY HINTO ANY INIHL ¥V
"

ON MO S35 431H7

LIIIUNYHD 3 0L

SA3IN IYHL ¥Ivd 1NJINT S, AININOIHOD ¥IHL0 ANV INIHL SI

u

ON MO S3X N3N

N IINYHD 39 0L

SAIIN LYHL LIN3NOSHOD SIHL 40 NILIUNY Y MIHLO ANY

007

IN3LIUYNYS SIHL N0 3NTVA NI 3HL HTINI

1

. . ¢ I3ONYHD 34 01 SN
LYHL ¥ILINYNYY IHL 40 MIIUNN IININNIS 3IHL NIEN]

0°
SeN INH3IDI 4300 ()

0
SENM INIIDI 40 F)

o
$CN INIIIEA3300 (D)

66410°0C
$IN INIID044300 (D)

(J3IS/EXANT; 31¥Y ADTIS Jund ¢ MOTY

(1S4)  3¥NSSINA UYDT 1 5SS I 3NN
. EAXSSIVIRENE THASSINIKEN + SSINJEIN + IN = nOM
INNND IINYWMNOINIY 40 SINITIT 33100 IHL Y3ILN3

uJ

ON  NO S3L NILIHT

(rige TN T & ININONOY STHL YO
13H0W  $0 INNTYN JHL 40 J9RUHTY a3 ST

NMONN VIWT JONYWNNONYL -- FIVIS AUV LS (1) SHDNLLIY INHTS 40 J9Lvw
Tyt SN INO HOD
‘
et W Ll . 3 &

169

oA

-
N




MO RSOra el B o b e sn Saan e Shaaading
- B P A L-
- .

L\

'-

ﬁ.

T

[

E

.

g

2

.

4

.~

-

{

{

b

3

-

-

f'

"

b

g

-

5

3

L

g

.

3 :
2

b )

A

\_

b,

‘-

AR A AP R AL «‘ Do uLas S are —
- . R - Y T - R
S1M04 ININO.INDD) *ON

CAMYY SIxw & 3IHL 1D313S

4

¢NUT 140

aH3 - &

[ ON SIxy A - &

1233 S3s Sixyw x - ¢
ATVANINHND 1131233138

3MYL NO 1074 ¥ 3INT 43

I
éNOI 140

AL12073A MYINONY -
3nuNoL -

ALIJ203n -

30M03 -

31Yy Mo14 -

INNSS NS -

-CiM e O

*SIXY-X 3JHL NO T 1MO4 TTIIE °‘ON
IN3INOJHOD ¥0J 3INNSYIW 01 IWEYINYA IHL 1D2313S

*3713YINYA SIXY-X 3HL 10313S

T
=TI0W 0L M3IUHON 1MO0.4 3HL 133135
*SINO4 S SYH TIIIE *ON ININOINO0)D

“1¥04 SIx¥-x 3HI 133133

£
eNOI140

9L

| R 28

Tisy

A RS T

3HIL
IN3IN0-3HOD ‘

-y e
DO =timw

SiNO4 N

“A3Mu T SIxXY-x IML 133135

¢

¢NOT L 40

guy - ¢

] oN Sixw » - O

] oN Sixv x 1
ATININNND 13123135

IMYL NG 10014 ¥ INT I

<
cHOT 1.30)

ANTIH NIVW 01 N 34 14

JML N0 1IN NIGIHDY v 313013y ¥

® . . v
L

PP AWt a_a

170

4
|
A

WIS VO YW SO W,

P .

4
.
4

-




ad vy oy VT T P Y T— PPy
‘e [N - - S e L et D et s PR
L
b,
! SIXY ¢ SIXY-
. dNL3s IN3I¥NND
A 104400 GINISHT AITD14S
.. *g313770 T 3MYL 80 1074
i i L
i -313731 01 INYM NDA LYHL 37AY1 ¥0 1074 3IHL 30 HIAWNN IHL H3IINT o
, - _~l
% LHOT LD L
: NHIW NIYW 0L NNNL13Y - & e
= 3WYy ¥0 L0 14 NISOHD ¥ TN - § J
o JWYL N0 1074 9 INTSI) - & B
3 (51074 N0 SIMYL) LYUNOL INJLNO 123138 - § )
.- .‘~Q
, * 51074 ST NISUHD 19W303 104100 3HL .l
. 3YNSSING 1 138315 *SMA 3ivy MO © 8388+ z ..:u
2 NTL *SN INNSSINY 1 18841+ 1 "
! IYHM  1NO4  ININO4WOD LEHM  1N04  (M3NNJWGD CON LS
. SIXY-X SIXY-&
& dN13s INIFNNND ]
, INAIND A3INISUI A 412145 :
g 3
- &NOT 140 .
N - ¢ A
4 zee 534 SIXY A - T
b 115 S3IA SIXY X ~ 1 b
L, ATLNINNND 73123738 4
< A
w IYL MO 0T Y 3NT 434 o,
A
4 —
w. ™~ A
. —
< a.
4 iNQILJD .u~u
wv . 0
\ A1170734 NVINONY - 9 ]
. 3ngyoL - g . R
V. A1T30730 - v g
7 N0 - € .
A 31vy MOVE - ¢ .
£ IYNSSING - T S
a A
Y *SIXY-A 3IHL NO € I1NOd *TITIE *On .
[ ININOSHOD N¥OJ I¥NSYIN 01 IMYINVA IHL 1D3 135 s
“ cIMYINYA SIXY-A IHL 133135 -
Y. . .
P £
' 1300 01 ¥3MNON LNOJ4 3HE (23135
F, *S1MI4 S SYN T111s *On ININO4HOD
W N -
u *IMU4 SIXY-A 3HL 103735 R
.« : ..“
p PR
.
b Y . .
. ZNOT LY ‘]
v 9¢ v .
1 < Tt £
4 € vy <
. 1 ARREY 1
m' Uil [¢]
p
s . . . <
.-. U
9 ey
.4
.. 0 n‘
b .
N A
.. @ e ', . e
- el h Pas PRy PP EN GNP e PR




’

TwET S

T w T

 —

T Aar Sl Wik b

LA nad

e “Biie e S Tt I

el R 8

b TR e

(s

-

TR

ONINNIIG Y 3FHL NI INeW Ot HSIM 004 S IgNSEY Aney I IHL 39w
1
$3N0HY IHL 40 IND I5nOND

TNOLIY IS 401 (2
“SIONYHI HIL IWYNY.4 anNINuw MILAY WUNIOND SINL MDYy (1)

XEEXERARS NOTIYINKIS 40 qN3 [ 2222232

c043102°0 18I Nwa 4
vOo+311T1°0 ST INma x
RREXXEAINT T MO TUNIG T3JIINNN 10 V4% 00 angs
(SIXY-4) (SIX¥-X)
3194 M0T4 $ITNUYNNO IS FNNSSING L IINYUMNO 4y 14
£ ¢ *ON 1¥04 | S “ON 1MNO4
¥ SNSM3N «

L3 48 £33 ‘ON *g'l ey @ ‘on cacr

£ ¢ ININO4WOD £ ! IN3INOJWOD
1INDD3S ¢ 3wl
INOJ3IS M4 SNYLIYY : A113013n MY INONY
ANNOd - HINI EDIETN]
aNOD3S N34 HINID AL1D073n
(44T aNnod ¢ ERNIE]
J3S Y34 HINI 21402 3tvy Nty

CIS4) HONI 3NYNDS ¥3.4 quning NS INY

213500 SLING

EEEEREKERERC RN N KA &
X 1NS3IY NOTLVINWIS #
EXRRARARRANRRE AR AR RS

]
TON NO 334 N3N
ENNY 3H1 40 A4DIUNYH ¥ INUM NOA m1

3
ON NO S34 NN |
¢ 1IN0 I3ININY 39 01 ViVT (04NT ML INYM UL g

i

ON ¥0 S3IL wiqugy

LIANYW 01 HSIM NOA SIINYHI SHILINVNYS MINI0 ANY ML Iy
v

SNNT L 40

AN W NIVW 01 NMDT 1Y t

JWMYL MO 10T NSO ¥ 3] )1 ¥

INMYL ND JOLE Y Jut i .

(S101 MO SI MV LvwNed 1100 JE R KN §

4 S LS ST MUY [vagn g N 3

NG ING 1 s SN 3V Mg £ ity 1
Lvim 1MOA ANIND 0D - 1vHnm 1N TR0 R0 O

172

,

S
-
o,
N

~

~.

<
L N e e

N




—

T

W W

————

- A S el C e
/’
(IS4) HIN1 3INvYNUS ¥3d4 ONND4 ¢ 34NSSING
$103SN SLINN
EXEEAKXRARRRRNRNER RS
¥ 17NS34 NOILVINHIS »
(2222232233 22233323823 4]
u
‘ON 30 S3A N3ILN3
&NNY 3HL 40 A40JANVH ¥ LNYM NOA DO
u
ON NO S3A ¥3IINA
4 IN0 JILNI¥d 33 01 vivil LN4NI 3FHL INYM NOA OQ
- u
ON 40 S3A X43IN3
4ANYH 0L HSIM NOA SIINVHI SHILIWUNYL MIHLIO ANY IN3IHL IuY
14
ENDIL40
NN3W NIYW 01 NMNL3IN - &
374vi ¥0 1074 N3SOHD ¢ 3137311 - £
31yl 40 1074 ¥ 3INI439 - C
(S107d4 ¥0 S3M1qVL) 1YKN0O4 LN4IN0 123738 -
* S§3MMYL SI NISCHD 1¥WNO4 LN4LN0 3HL
3YNSSIYd T 12588 *SA 31¥N MOT4 £ trire
1VHM L1804 IN3NO4WOD LYHN 1404  AININOIHOD °ON
SIXY-X SIXY-A
dNL3S IN3ININD
LN4L1N0 d3¥ISIT A4IDI34S
1
ENOT 140
S1014 - 2
S31vL - 1
1YWNG4 INdIN0 13373S
1
éNO1140
NAN3IW NIVW 01 NNNL3Y - ¥
3YL N0 S04 N3ISOHD ¥ 313731 - €
IMYL MO 1014 ¥ 3INL43d - O
(S1074 N0 SIMVL) 1YWNO4 LAJIN0 123735 - ¢
¢ S10714 SI NISOHD LYHNOS L1N4L1N0 3IHI
3¥NSSINI T T1t1E *SA 3LYH MONY £ e 1
LYHM 1804 IN3NO4WO] 1YHM 1¥04  ININOJHOD 'ON
SIXY-~X SIXv-A

AN13S IN3NNNT

1INJ1IN0 d3MIS31 A41034S
S
$3NMMY WL 40 HO ISOOND
HI1SAS INTINT IHL YIOHIY - 9
GNTIYWNOY L0 3HL - S
SAININOAWOD IHT NI3IMI I3 HOLDINNO) IHL - &
ADIOW 40 INNEYUN AHL ANV SHILIWVUE 5N INOINLD WIISAS - §
HILSAS 3IHL MO4 NOLLYINRIS I 10 JM0Lve dnt - &
SITINIAOMA A1 14 40 SIN WA IHL - 8

173




D B A e N S

CTTRTRE

e

.

B A e S T

”~

Bl S S A S

~ RN

[ Shad

Nl S Yol *faflh S it Sl

.n Pty Ny, 4 —y — o y P
P R . ) -
] - .
ANY 3N
cceceonILlXT
<t
. < ™~
$300Y 3IHE 40 IND IASNOH]D -
*NOLIYINWIS 4015 ()
*SIONVHI MILIWYNUY ONINYH N3IL Y WYNOONY SIKL NANIY (1) .
gxpxxxxx NOIIYINHIS 340 NI Srxssssx
090°0Z g o111
(SIXY-3) (SIXY - X)
ETCE LRI E R TR ERE ] IYNSSING  FINUHNOINIY
[ *ON 1MOd T ‘0N LNO4
& SNSY3IN %
TIeIE ¢ "ON ‘u°l 1228 530 *ON ‘01
£ ¢ ININOJNOD £ ¢ AIN3INUUND
' aNolas @ kTN
INODYS M4 SNYIUN D A1TD0 1A MY INaN
UNDOG - HINT ¢ EROETIT]
AN 3G N33 HONT ¢ AI1 W
' CH D aNnpag 2 M09
23S N34 HINT D140 ¢ EVCERLIIRE .
@ N ) ' ® - -




W

Ln e nivn o Slan)
W .
s les

. Bt it B S A Ao 2 e n I Sl Rl B R s Y A SHE IR
LN MO B R - A
.

P

2-85

1

| DO

L
L




