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SUMMARY 

Mining boom rippers are used in the UK coal industry to 
drive tunnels, which provide ventilation and access to the 
coalseams. The present tunnelling machines are open-loop 
controlled; a better positional control can be obtained by 
introducing feedback, and a microprocessor based system 
provides automatic operation. 

A dual microprocessor system based on the 8085A 8-bit 
microprocessor has been built and tested on a boom ripper. 
Poppet valves are used in this system for their ease in 
interfacing to the microprocessor and their high dirt 
tolerance. A bang-bang (on-off) control philosophy is 
adopted to provide the optimal positional control: the 
valves are fully opened to give the boom the maximum 
acceleration moving towards the desired position and they 

will be closed completely to provide the maximum decelera- 
tion when a pre-determined criterion has been satisfied. 

Two methods in providing the switching signals have been 
studied: the signals are determined by simply comparing 
the desired and the current boom positions in one method, 
or they can be determined by evaluating the switching 
function which accounts for the valve characteristics and 
other system properties. Both methods give a positional 
accuracy limited by the ADC (approximately +1 cm at the 
cutter end, +0.4% of the full range). However, the 
switching function evaluation method shortens the overall 
time to change the boom positions at high speed, while 
increasing the complexity in the circuit and software 
design. 

It has been demonstrated that an APU can increase the 
speed and simplify the software in handling mathematical 
operations. An APU board has been developed, although it 
is not used in the simple comparison method. The APU will 
be particularly useful if the system is going to compen- 
sate for the machine chassis movement when the signals for 
the machine's position and orientation can be obtained. 
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NOTATION 

The following notations are used throughout the thesis. 

If they are only used in the local text then the notations 

will be re-defined. 

A, Effective area of the ram in chamber 1. 

Ad Effective area of the ram in chamber 2. 

AQ 
a Area ratio =/——. 

x 

B Effective external viscous damping of the system. 

bi Effective width of valve 1. 

bo Effective width of valve 2. 

Flow discharge coefficient for valve l. 

Flow discharge coefficient for valve 2. 

Internal leakage coefficient across the ram. 

L
y
 a
e 

External applied force to resist positive movement of 

the ram. 

K Effective stiffness of the system other than the 

hydraulic stiffness. 

L, Reference length. 

Be Laplace transform operator. 

M Effective inertial mass of the actuator. 

Ps System supply pressure. 

Pe System exhaust pressure. 

Py Pressure in chamber 1. 

Po Pressure in chamber 2. 
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Notation 

Pi, 

PirP1/P2rB2 

Qi 

Qo 

2 

W192 

S) 

So 

(cont) 

Pressure 'external' to chamber 1. 

=P when X,_ >0O 
s lv 

=P when X__ <O 
e lv 

Pressure ‘external' to chamber 2. 

=P when X, >0 
e 2 

=P when X_ <0 
s 2V 

Non-dimensional pressures for P1,P1,Po,P2 

Fluid flow rate into chamber 1. 

Fluid flow rate into chamber 2. 

Reference fluid flow rate. 

Non-dimensional fluid flow rates Q) and Qo 

respectively. 

Hydraulic stiffness of the fluid column in chamber 1. 

Hydraulic stiffness of the fluid column in chamber 2. 

Time. 

Non-dimensional time. 

Reference time. 

Non-dimensional time delay for On-Off valves. 

Non-dimensional time for valve operation (linear type). 

Volume of the fluid between the ram face and the valve 

in chamber 1. 

Volume of the fluid between the ram face and the valve 

in chamber 2. 
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Notation 

Ye 

Vor 

Vin on, 

Nicer 2c 

lv 

2v 

x 
ay 

st 

Veaiig 

(cont) 

Total volume of fluid in the circuit when the ram 

is at its reference position. 

Volume of the fluid between the ram face and the 

valve in chamber 1 when the ram is at its reference 

position. 

Volume of the fluid between the ram face and the valve 

in chamber 2 when the ram is at its reference position. 

Volume of the fluid in line on side 1 and 2 respectively. 

Clearance volume of the fluid in chamber 1 and 2 

respectively. 

Maximum valve opening from the close position. 

Displacement of valve 1 from its close position. 

Displacement of valve 2 from its close position. 

Non-dimensional quantities for xy and oy respectively. 

Ram displacement from its reference position. 

Non-dimensional quantity for Y. 

Piston stroke measured between the two extremes. 

Non-dimensional acceleration, velocity and displacement 

of the ram at the application of the switching signal 

to the valves. 

Bulk modulus of the fluid 

Density of the fluid. 

ee eae 
Ratio = 5 

s 

Natural hydraulic frequency at the reference position 
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Notation 

Subscripts 

(cont) 

Br. 

Damping factor = => Iping tac 2M 

Constant = Jee 
2, Dy 

  

The following subscripts normally have these meanings 

unless specifically defined. 

st 

System supply when used with pressure. 

Spool valve when used with displacement. 

Reference. 

-Total. 

Upstream or chamber without piston rod. 

Downstream or chamber with piston rod. 

Leakage. 

Clearance. 

System exhaust when used with pressure. 

Equilibrium when used with other quantities. 

Valve. 

Stroke. 
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NOTE ON THE LAYOUT OF THESIS 

All figures and tables are included in the text to 

facilitate reference to them. They are put on the 

pages facing the text making reference to them whenever 

possible. Except that the figures referred to in 

Section 3.8 are grouped together and placed at the 

end of Chapter 3. 
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1.1. COAL MINING OPERATIONS 

Coal mining is one of the traditional industries in the 

United Kingdom. After centuries of development, it has 

attained a high level of mechanisation!1] , Nowadays, 

electro-hydraulic machineries are heavily used in this 

industry to increase the output from coalmines and the 

efficiency!?], iLongwall mining is the system used in the 

UK, some European countries and China; while the room-and- 

pillar system is generally used in America, Australia and 

South Africa!3] , Figure 1.1. shows an artistic illustra- 

tion of the typical coal mining operations in a longwall 

system near and at the coal face. 

Essential operations in longwall mining can be briefly 

described below. Roadways are built at each end of the 

coal face, which is normally about 200 metres long, to 

give access to the coal seam, to facilitate the transpor- 

tation of coal, machineries and personnel and to provide 

ventilation. Coal is cut along the seam by electrically 

powered cutters such as shearer-loaders, and is transported 

through the roadway. The cavity created by coal extraction 

along the seam is supported by chocks (hydraulic roof 

supports) which will be advanced after the coal face has 

been cut. 

The advance in technology has given rise to some degree of 

automation in the coal industry. The National Coal Board 

(NCB) has developed a minicomputer system known as Mine 

Operating System (MINOS) to monitor and control some mining 

operations (4], MINOS is used in some mines to automatically
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FIG. 1.2 Diagram Showing The Seven Degrees Of Freedom 
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monitor and control belt conveyors and bunker systems for 

coal transport, to monitor and record the mine environment 

for ventilation, to monitor and record the performance of 

a coal face, to operate fixed plants such as main pumps 

and fans, and to provide useful management information. 

1.2. TUNNELLING 

Roadways are made by first driving tunnels then by erecting 

arches as roadway supports. Setting of arches will be 

easier if a better profile of the tunnel is obtained. In 

the UK, tunnels are driven either by shotfiring or by 

direct cutting of rocks. Mechanisation of this process is 

highly desirable, therefore ripping machines, which are 

also known as roadheaders, were introduced to the UK coal 

industry in 1961. The high speed tunnelling techniques in 

civil engineering have some influences upon the development 

and design of ripping machines used in the coal industry [5], 

The traditional way to excavate tunnels in UK coalmines is 

the shotfiring method. In this method, a pattern of holes 

are drilled for placing explosives and then blasted. 

Conventionally, this drilling of pattern is a two-man 

operation: one operator stands at the drilling end and 

indicates the position of the drilling head to the other, 

who is operating the control valves for the hydraulic 

actuators of the drilling boom. Electrohydraulic remote 

control valves are developed to simplify this operation. 

However, a drilling machine used in coalmining normally has 

seven degrees of freedom (Figure 1.2 ) and is operated



  
FIG.1.3 Diagram Showing The Two Degrees Of 

Freedom Of A Boom Ripper



manually using open-loop control, thus a drilling 

operation demands high skill and a considerable amount of 

training for efficient operation. This method is highly 

labour-intensive and continuous processing is impossible 

because the machine has to be retracted to permit the 

blasting of rocks. 

Direct cutting of rocks is considered to be an alternative 

to drilling and blasting. A ripper with a hydraulically 

powered impact unit mounted at the end of a boom similar 

to that of a drilling machine has been developea!®], This 

impact type ripper can be used to drive the tunnel and trim 

the profile. This machine provides continuous operation 

in driving the tunnels, but a large amount of time is 

required to manipulate the impact breaker boom because of 

the large number of movements of the hydraulic actuators. 

There is another type of roadheader used in UK coalmines, 

the pick type ripper!71], This machine has a cutting head 

comprising of picks mounted and rotated at the end of a 

boom, which is installed on a machine chasis. The movement 

of this boom is reduced to have only lifting and slewing, 

(Figure 1.3). This arrangement greatly reduces the time 

required to manipulate the boom. Early pick type machines 

are restricted to operation on rocks of about 70 MN/m? 

compressive stress. 

Shield tunnelling used in civil engineering leads to the 

development of shielded machines. These machines are being 

tested in some mines, Gascoigne Wood being one of them.



Full face tunnel boring machines are also being developed. 

However, these machines suffer from many disadvantages 

including high cost, long installation and dismantling 

times and inflexibility in coping with variable ground 

conditions. A heavy-duty boom ripper is being developed 

so that harder rocks can be cut. This in turn increases 

the size and weight of ine machine. Cutting picks assisted 

by high pressure water jets are used in heavy-duty rippers 

to improve their cutting ability (81, 

Although the main aim in coal mining is to produce coal, a 

speedy operation in tunnelling will facilitate transporting 

materials and machineries, and hence increase the coal 

production. Therefore, in the UK coal industry, the MRDE 

(Mining Research and Development Establishment) of the NCB 

and many mining machinery manufacturers are trying to 

develop high performance tunnelling machines and improve 

the performance of existing machines. 

The average conditions of strata encountered in UK coal- 

mines make it more economical to use boom rippers in most 

areas. While shotfiring is still used in areas with hard 

rocks, e.g. Six Bells Colliery in South Wales. Shielded 

machines and full face boring machines may be used in 

areas where high flexibility is not required. Therefore, 

the aim of this project is to develop a better positional 

control system for the existing boom rippers. This will 

result in deskilling the manipulation of a ripping boom 

and enable further development in automation of the 

tunnelling process.



It can be seen in the figures (Figures 1.2. and 1.3) that 

a boom ripper has fewer degrees of freedom than a drilling 

boom. This is because a boom ripper is used to cut a 

predetermined profile of simple shape; while a drilling 

boom is required to drill a prescribed pattern which demands 

positioning and orientating the drilling bit mounted on 

the machine. Although the control system described in this 

thesis has only two degrees of freedom, it can easily be 

modified to include more degrees of freedom by considering 

the machine geometry, and hence the same principle can be 

applied to the positional control of a drilling boom. 

1.3. STIFFNESS OF A MINING BOOM RIPPER 

If the stiffness of a mining boom ripper is defined as the 

ratio of change in force to the change in displacement of 

the working end in the direction of the applying force, 

then better position stability of a boom ripper will be 

achieved if its stiffness is higher. Although this stiff- 

ness depends upon both structural and hydraulic stiffnesses 

of the ripper, the hydraulic one has a greater effect 

because the boom is supported by hydraulic actuators. 

Hence a study has been carried out for the hydraulic stiff- 

ness of a boom ripper (Appendix D). 

It was found that the stiffness of a system wild be higher 

if the supporting hydraulic actuator is connected to the 

boom closer to the cutter for a given actuator cross- 

sectional area. However, the stiffness may be kept within 

a range if the cross-sectional area of the hydraulic 

actuator is adjusted accordingly.



Unity positional feedback to the hydraulic actuator valves 

will have a significant improvement on the stiffness for 

excitation forces of high frequencies, while the stiffness 

cannot be much increased if the disturbing force is 

oscillating at a low frequency. 

If the maximum force is the force acting tangentially to 

[7] the boom , and components of the resultant force not 

acting in the direction of the actuator are resisted by 

another means, then the boom will have a greater stiffness 

when the cutter position is higher. This is because the 

component of the resultant force in the direction of the 

trunk lifting actuator is less when it is more vertical. 

Similarly, the situation will be the worst when the boom 

is in a horizontal position cutting an extremely hard rock 

and fails to break it. If this happens, the machine will 

'climb' over the rock and cause a bounce effect. Vertical 

supports at far ends will help stabilising the machine's 

sliding movement on the ground. 

Although the performance of a boom will be improved by 

increasing its stiffness, a different structure and 

arrangement will be required. Since the aim of this project 

is to improve the performance of existing boom rippers with 

minimum modification, alternation of boom arrangement to 

give a better stiffness is not considered. Alternatively, 

a better positional control of boom ripper is studied. 

As reported in this thesis, the valves of the hydraulic 

actuator are closed simultaneously based on the switching



function. However, it can be shown that a delay in 

closing the supply valve from the closure of the exhaust 

valve will improve the effective stiffness of a boom. This 

is because that cavitation in the supply chamber, caused 

by rapid closure of the valve, can be avoided, and hence 

the actuator will have less oscillation before it rests. 

This is being studied in a parallel project by J H Knight 

in the Mechanical Engineering Department at the University 

of Aston. 

1.4. CONTROL PRINCIPLES 

At present, most of the working time of a boom ripper is 

incurred in manipulating the boom. Therefore the overall 

performance of a roadheader will be improved by shortening 

the time required to position its cutter. A possible way 

to achieve this is introducing closed-loop control to the 

system. Since the movement of a boom is caused by the 

associated hydraulic actuators, closed-loop control will 

be developed for these actuators. 

Hydraulic actuators are basically integrators?! and the 

displacement of their rams depend on the fluid flow 

through the valves, hence one of the possible ways to 

control these actuators is to control their valve dis- 

placements. The conventional system used in this type of 

control is the hydraulic servomechanism, therefore the 

basic mathematical model employed in this closed-loop 

design of the ripping boom is that used for hydraulic 

servos. Analysis of the model will help developing the 

10



positional control strategy (the switching function) for 

the mining boom. 

Safety in coalmine operations demands the use of fire- 

resistant fluid in hydraulic machinery. There is a 

trend to use 5/95 diluted emulsion in UK coalmining 

machinery because of its fire-resistant property, low cost 

and non-toxity. The low viscosity of this fluid increases 

the leakage of sliding type valves, therefore traditional 

spool valves are not suitable and poppet valves are being 

developed. The conventional method in proportional control 

of the spool valves may not be applied because the displace- 

ment of a poppet valve is difficult to control using direct 

proportional control. But the control can be done by 

using pulse width modulation (PWM) to give an equivalent 

opening. PWM demands frequent operation of the valves and 

May cause fatigue problems. 

The operation of poppet valves is basically an on-off mode, 

and in the current project, PWM is not considered but a 

"bang-bang' philosophy is employed so that maximum power 

is used to accelerate and decelerate the hydraulic ram. 

To achieve a good accuracy, an optimal control strategy 

is adopted. Switching functions have been developed so 

that equilibrium can be attained by one switching from 

acceleration to deceleration, i.e., to close the valves 

at a point to give a final position within the neighbour- 

hood of the desired position. 

11



1.5. MICROPROCESSOR CONTROL 

Optimal control may need a large number of logical 

decisions, and the conventional way of achieving these 

operations is the use of expensive computers in which 

mobility is also restricted. An alternative is to use 

fluidic elements which are again bulky and expensive. 

Microprocessors are becoming more commonly used in 

modern control systems because of their compactness and 

relatively cheap hardware cost. Development in micro- 

electronics increases the reliability and speed of micro- 

processor systems and advance in the large scale integra- 

tion (LSI) technology further reduces the physical size 

of a microprocessor system. 

Microtechnology has a rapid development in the mining 

industry for the measurement, information and control of 

mining operations!1] , Therefore it is feasible to develop 

and use microprocessor control for the current project. 

The requirements for speed of data handling in capturing 

and analysing the input and feedback, suggest the use of 

a multi-microprocessor control system. In this control 

system, two microprocessors running in parallel are 

proposed where one is used to capture the input and feed- 

back data so that '‘updated' information can be provided 

for the use of the other microprocessor system, whilst the 

second is used to analyse the data so that appropriate 

control signals can be sent to the valves. A special 

processor, the arithmetic processing unit (APU), is 

employed to further increase the speed of operation, so 

12



that more sophisticated mathematical analysis can be 

performed faster. 

The microprocessor control system takes care of the 

appropriate hydraulic actuator movements in positioning 

the boom cutter, and this will in effect deskill the 

manipulation of the boom, allowing the operator to concen- 

trate on the quality of the profile. The proposed control 

strategy can be modified to suit all mining booms 

including the drilling boom which has seven degrees of 

freedom. Although the proposed control system is semi- 

automatic, full automation may be achieved if the 

necessary sensors have been developed, e.g. a machine 

position sensor will enable auto-correction of the cutter 

position. 

1.6. ORGANISATION OF THESIS 

The current chapter is an introduction to this project and 

gives a brief description of the coalmining operations 

incurred in the UK and the importance of positional control 

in roadheaders. Since the control principles and models 

employed to develop the boom positional control system are 

those used for servomechanisms, a brief review of previous 

researches on this subject is presented in the following 

chapter. In Chapter 2, a brief review on optimal control 

is also given, it will be seen that optimal control is 

normally done by controlling the closure of valves rather 

than the opening, i.e. control the deceleration rather 

than the acceleration. Switching functions are derived



for the linear actuators with simple valves in Chapter 3. 

Since it is desired to employ microprocessor control, 

arithmetic processing of data is an essential operation 

in the control system. A decision on using either 

hardware or software for this process has to be made, a 

simple comparison between hardware and software arithmetic 

processing is presented in Chapter 4 to help realising 

the choice. The main control algorithm and structure of 

the control programs are given in Chapter 5. The circuits 

for the microprocessor and associated boards for the main 

control system are described in Chapter 6. The control 

algorithm has been tested and the results are presented 

in Chapter 7. Chapter 8 is the conclusions and recom- 

mendations based upon the findings of this project. 

Details and listings of the programmes may be found in the 

appendices. 
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CHAPTER 2 

BRIEF REVIEW OF PAST WORK 

DONE IN APPLYING THE CONTROL 

THEORIES TO A HYDRAULIC SYSTEM
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2.1. CONVENTIONAL CONTROL 

The movement of a hydraulic actuator is commonly controlled 

by the position of valves and the open-loop system is 

referred to as a hydraulic relay, but called a servo- 

mechanism when there is a feedback. Traditionally, the 

valves used in hydraulic servomechanisms are spool valves 

which are either mechanically or electrically operated. 

These valves normally have a movement proportional to the 

input signal and so control both the magnitude and direction 

of the fluid flow passing through them. The basic form of 

a hydraulic actuator with spool valves can be represented 

by the diagram in Figure 2.1 , and Figure 2.2 shows a 

block diagram for a hydraulic servo. 

A hydraulic relay is an integrating device when used in a 

position control system because the output displacement of 

the actuator will be directly proportional to the time 

integral under ideal conditions!9], Mathematical modelling 

of such a hydraulic system will result in a set of nonlinear 

differential equations which is difficult to analyse, so 

analysis based on linearisation is commonly used Pele 

The flow through the valve ports is turbulent and its rate 

May be assumed to be proportional to the product of the 

valve opening area and the square root of the pressure drop 

across the valve as in the case of flow through an 

[10], orifice This results in the familiar flow equation (2.1). 
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where Q = fluid flow rate through the valve. 

a u a flow discharge coefficient of the valve. 

o " valve opening area. 
Vv 

Ap = pressure drop across the valve. 

po = fluid density. 

Analysis of the system is done after combining this flow 

equation (2.1), the flow equations within the actuator 

chambers, the equation for the dynamics of the system and 

the equation for feedback if any. 

Since valves are used extensively in hydraulic servo- 

mechanisms, their performance, behaviour and patterns of 

stability have been studied in the past. Lee and Blackburn 

found that there were steady axial and transient flow 

(12), forces acting on a 4-way spool valve They also 

demonstrated that the stability of a piston type control 

valve would depend upon the damping lengths, L_ and Lg as 
s 

defined in Figure 2.1. The length Ls is normally made 

greater than Ls to give a small positive damping on the 

spool valve to eliminate instability. Taft and Twill had 

similar findings for a 3-way underlapped spool valve [13], 

Harpur used a linearised analysis to show that the oil 

compressibility could cause instability !41], 

Notton and Turnbull showed with the aid of describing 

functions that a spool valve could have continuous



oscillation if the damping in the spool was not 

sufficient !+4], They also used a graphical method to 

predict the frequency and amplitude of this oscillation 

and suggested that the stability could be improved by 

complete reaction-force compensated spool valves. Foster 

and Kulkarni used a linearisation technique and the 

approximate method of Kryloff and Bogoliuboff to study the 

spool oscillations and found that the frequency of self- 

excited oscillation of a spool might be controlled by 

varying the supply pressure(15] They also showed that 

the amplitudes of these oscillations could be controlled 

by changing the fluid energy losses in the systems and 

that this type of valve was not suitable for operating as 

an oscillator because of the oil compressibility and 

resonant frequency effects at high pressures. Burton, 

Ukrainetz and Nikiforuk studied an inertially loaded valve 

with the describing function technique and found that the 

existence and stability of the limit cycle oscillations 

could be predicted as a function of the system para- 

meters [16] . 

Poppet valves attract engineers' attention because of the 

simplicity in manufacturing, less leakage for fluid with 

low viscosity (since there is no sliding seal) and less 

sensitivity to dirts. Poppets are often used as pressure 

regulators and relief valves in the past. Stone showed 

that the normal force acting on a poppet face was due to 

the pressure distribution while the tangential force was 

viscous in nature. He also reported that the stability 

could be improved by eliminating the flow forces and that 
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the downstream configuration had a larger effect on these 

(171, forces McCloy and Martin found that the flow 

through a poppet valve was parallel to the poppet face !18), 

Mansfeld investigated electro-hydraulic actuator control 

using fast switching on-off valves!19] He found that 

pulse width modulation ( PWM) of these valves could be used 

to achieve an unsteady fluid flow control, and that PWM 

might be used for the time-optimal control of electro- 

hydraulic servomechanisms. 

Researches had been carried out for the performance of a 

hydraulic actuator by numerous people in the past. In the 

early studies, neglecting the oil compressibility and 

assuming symmetry were commonly adopted for analysis. 

Turnbull proposed a graphical method based on the isoclines 

to find the step response of a symmetrical hydraulic 

servomechanism!20] , He neglected the oil compressibility 

and pointed out that the load effect was to increase the 

response time of the servo. McCloy developed a graphical 

method to study the step response of a closed-loop 

system!211 He also neglected the oil compressibility 

but considered the effects of frictional forces, inertial 

and spring loads. Butler provided analytical and 

graphical solutions for various kinds of inputs: step, 

ramp and sinusoidal !?1, He neglected the compressibility 

effects and derived the solutions under certain assumptions 

for special cases. His assumptions were (i) incompressible 

fluid and (ii) no leakage and no dynamic friction (viscous 

damping effects had been neglected). The graphical 

solutions were presented in the velocity-displacement 

phase plane. 
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Cook and Heaps presented a series analysis method to 

study a closed-loop system with unity feedback [27] , Their 

analysis was based on the assumption that the oil 

compressibility effect could be ignored. They also 

investigated systems with velocity feedforward, velocity 

and error feedbacks. In this method, they expressed the 

error term in a series and compared the coefficients of 

like terms. 

Royle derived the response equations of a symmetrical 

actuator for sinusoidal inputs (231 | He considered the oil 

compressibility but neglected the leakage across the ram 

and found an expression for the ram velocity in terms of 

the load factor and the input frequency. The load factor 

is a measure of the inertial load on the system. He 

presented a curve for the relation between the maximum 

load factor without cavitation and the driving frequency. 

As the driving frequency was increased to the actuator's 

natural frequency, the static maximum load factor was 

1/v2. This load factor could be increased by introducing 

an exhaust valve lap to avoid or delay cavitation. 

Lambert and Davies reported that the oil compressibility 

accounted for damped oscillatory motion !24725] | The 

damping ratio is a function of leakage if no other forms 

of damping are present. However, the most important 

stabilising effect in most physical systems is the damping 

effect caused by Coulomb friction. They also derived a 

method to evaluate the equivalent damping ratio for a 

sinusoidal oscillation. They derived an open-loop transfer 
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function assuming that the movement of the ram is restricted 

to a small value so that the (displacement x area) term 

could be neglected, the equilibrium position was taken to 

be the position at mid-stroke. Their analysis was done 

for a closed-loop system with unity feedback. 

Wang showed that an electro-hydraulic servomechanism could 

be represented by reasonably simple and accurate mathe- 

matical models with suitable assumptions!?®] , He 

demonstrated this with an investigation into the response 

of a symmetrical actuator to step and pulsed inputs. His 

method can also be used for time-domain design and near 

time-optimal design of electro-hydraulic servomechanisms. 

Martin had investigated a hydraulic servo with unsymmetrical 

fluid volume conditions using a linearisation (small 

perturbation) technique. He found that the marginal 

stability gain was the least for symmetrical oil volumes, 

therefore asymmetric oil volumes would give a better 

stability with faster response and enhanced damping [27], 

Montgomery and Lichtarowicz presented a theoretical 

investigation into the effects of asymmetrical valve lap 

conditions on the open-loop performance of a valve- 

[26ie Their controlled hydraulic symmetrical actuator 

studies were carried out in non-dimensional terms and the 

valves were driven with a sinusoidal excitation. It was 

reported that valve lap conditions would have a larger 

effect at low driving frequencies, while these lap effects 

would decrease when the driving frequency was near and 
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above the natural frequency of the oil column of the 

cylinder. Combination of exhaust overlap and supply under- 

lap will give a higher peak pressure and decrease the 

amplitude of oscillation, and hence reduce the cavitation 

threshold. Inertial load effect will be significant when 

the valve-actuator system is used as a vertical oscillator. 

In these cases, an extra volume term in the compressibility 

part of the flow equations will help to stabilise the 

system and stop the ram shifting. 

Cavitation reduces the efficiency of a hydraulic servo and 

may cause undesired damage and instability, therefore work 

has been done on this subject 19723] Cavitation may cause 

high pressure within the chamber and severe attenuation of 

the ram displacement. Cavitation may occur when the inlet 

flow of fluid into a chamber cannot fill up the cavity 

formed, e.g. there may be cavitation caused by the rapid 

closure of valves. Wang and Ma had derived the approximate 

cavitation conditions for a valve controlled symmetrical 

hydraulic actuator under sinusoidal and discontinuous 

inputs by neglecting the leakage across the ram and the oil 

compressibility !?9] | 

McCloy reported that cavitation had larger influence on the 

pressure dynamic response than on the displacement and ram 

dynamic responses, that damage caused by cavitation in a 

cylinder was less than that due to orifice cavitation /30/31] 

Therefore cavitation mode operation of hydraulic servos 

might be permitted. He also showed that simplified models, 

which did not take cavitation into account, might adequately 
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describe the dynamic perfomance of a system. This 

technique eases the analytical studies considerably. He 

showed that an increase in the natural frequency of an 

actuator was minimised by cavitation while the linear 

analysis predicted that the frequency would increase as 

the piston moved towards the end of the cylinder. He also 

pointed out that high pressures were usually developed in 

a system with on-off valves. McCloy and Martin investi- 

‘gated the generation of high pressures in an asymmetrical 

system due to the rapid valve closure and developed a 

damping using the linearised analysis. Their model assumes 

no damping, thus an energy conserved system has been 

modelled. In their paper, they also studied the effects 

of cavitation and derived an expression for the cavitation 

conditions !3?], 

2.2. OPTIMAL CONTROL BY CLOSING OF VALVES 

Many engineers and researchers had studied optimal control 

to minimise the response time, overshoot or undershoot 

within the limits of a system. Oldenburger developed the 

optimum control transient for the aircraft engine-propellor 

(33), systems and reported his findings in 1957 He also 

developed some optimal control switching functions for an 

electrical control system with linear controlling elements [34], 

Bang-bang controller was shown to be the optimal if the 

(35] | control variables were linear A bang-bang controller 

is optimal because the control always operates at either 
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the upper or the lower limit. This bang-bang strategy is 

also adopted in designing the optimal electro-hydraulic 

servomechanisms. However, literature on the optimal 

control of an electro-hydraulic servo is very limited. 

Wang used a simplified model to develop an optimal controller 

for an electro-hydraulic servo!36] | In his system, the 

valves are opened fully until a predetermined position has 

been reached, then the valves are closed under control to 

avoid cavitation. Wang avoided cavitation because he 

wanted to minimise the damage caused by the actuator 

cavitation and to use simplified mathematical models. 

Davies developed Wang's- method further, by not only 

maintaining the non-cavitating conditions but also intro- 

ducing a transition stage /37], Davies first fully opened 

the valves to give the maximum acceleration, and then 

allowed the system to enter a transition zone by fully 

closing the valves until a point when cavitation was about 

to occur. The valves were again opened followed by 

controlled valve closure to ensure maximum non-cavitating 

deceleration. 

In Wang and Davies models, the leakage across the ram was 

assumed to be negligible and the oil compressibility effect 

has been ignored in the regions where the pressure changes 

were low. 

However, many authors studied the optimal controllers 

[38,39,40] 
operating under cavitation conditions Since 
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it had been reported that the mechanical damage caused by 

the actuator cavitation was less severe than that due to 

the orifice cavitation, the more complexed sub-controllers, 

which were required to avoid cavitation, might be 

simplified. Wilson, Nikiforuk and Lepp developed a 

graphical method to find the transient response of a time- 

optimised hydraulic servo operating under cavitation 

conditions [381 , 

Armstrong and McCloy had developed an optimal controller 

with an imcompressible, symmetrical and leakage-free model. 

Then they constructed a sub-optimal controller aiming to 

give a zero positional error. In designing this controller, 

they took the oil compressibility into account. They 

demonstrated that a lightly damped servo would use the 

sub-optimal controller, while the simple optimal controller 

was quite adequate for a heavily damped servo. They also 

suggested that the system performance could be improved by 

using either a time-optimal controller developed using a 

more accurate model or a more complex sub-optimal 

controller 391, They had developed some optimal on-off 

controllers and dual-mode controllers. They argued that 

although the cavitating conditions might be permitted, a 

better performance would be achieved if there was no 

cavitation !4°], They suggested the use of a correction 

function evaluated from the steady-state errors to improve 

the performance of the hydraulic servo. 
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2.3. APPLICATION TO THE CURRENT PROJECT 

In order to study the system behaviour of the hydraulic 

actuator, Conway's mathematical mode1 [20] of the flow 

through a valve is adopted, and all the equations are 

linearised by series expansion. The control valves used 

will be poppet valves, which can be treated as a single 

spool valve, if the exhaust and supply valves are operating 

simultaneously. Therefore, McCloy's finding for the flow 

pattern through a poppet valve /18] is applied to evaluate 

the equivalent flow area used in the equation (2.1). 

The performance of the valves, which are being studied in 

a parallel project to this one by J H Knight, is not 

investigated in this thesis. However, the valves are 

assumed to be simple valves, and the switching functions 

have been derived for pure on-off valves, on-off valves 

with time delay and 'linearly' operated valves. 

The criterion for the asymmetric actuator cavitation due 

to the rapid closure of valves !3?] is used to check the 

possibility of cavitation in this control system. A 

simplified system model is adopted in which only inertial, 

viscous damping and external loads are assumed. The 

hydraulic actuators used have no experimentally measureable 

internal leakage, therefore the leakage across the ram has 

been neglected in deriving the switching functions. The 

optimal controllers, mentioned in the above literatures, 

control the valve openings during dace lerations (2079712873940): 

However, in this project, the proposed control is done by 
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controlling the moment to initiate the valve switching 

instead of the way it switches. This is because of the 

difficulty in controlling the flow area of poppet valves 

and the requirement for less complex controllers. Since 

actuator cavitation may be allowea [34/38], this control 

strategy will ease the analysis and design of the 

controller. 

The use of a correction function to improve the accuracy 

of the actuator positioning has been considered. However, 

the steady state errors, predicted by the computer 

simulations, are so small that the complexity in using the 

correction function is not justified. 
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CHAPTER 3 

DERIVATION OF THE 

SWITCHING FUNCTIONS



3.1. Introduction 

Hydraulic mechanisms are commonly used in positional 

control with closed-loop arrangements. However, in some 

applications, conventional feedback techniques may not be 

effective then alternative methods should be used. 

An improved form of control for a ripping boom can be 

obtained by using a microprocessor based control system. 

The microprocessor, being a digital device, requires all 

analogue feedback signals to be converted into digital 

forms. Qutput signals from the microprocessor control 

system will also be in 'ON-OFF' form and hydraulic or 

mechanical hardware capable of operating directly from 

these signals would have advantages. 

The change of the boom position can be achieved in a 

minimum time if the maximum available power is used. An 

'ON-OFF' mechanism can serve this purpose by driving the 

ram at the maximum speed, then braking it with the maximum 

retardation. In fact, the optimal control theory shows 

that the time used will be a minimum if the valves of a 

hydraulic actuator are closed fully when the ram has reached 

its desired position, provided that the fluid is incompres- 

sible !4], 

Because of the fluid compressibility, the valves cannot be 

switched off when the ran is at the desired position, they 

should be closed at some other position so that the ram 

rests at the required position. This requires the setting 

up of a switching function to account for the fluid 
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compressibility. This switching function will depend not 

only on the desired position but also upon the velocity 

and acceleration of the ram at switching as well as some 

other physical properties of the system. However, the 

coefficients associated with the switching function will 

remain the same for a particular system, therefore they 

have to be evaluated only once. 

S52 Mathematical Model 

The basic form of a hydraulic actuator used in the current 

project is shown in Figure 3.1. The poppet valves (I) and 

(IV) are connected to the system exhaust, while the poppets 

(II) and (III) are connected to the system supply. In this 

configuration, the poppets are operated in pairs: (I) and 

(III) or (II) and (IV). A brief description of the hydraulic 

system for the boom ripper under test is given in Appendix I. 

In this study, the poppet valve pairs will be operated 

simultaneously, they can be treated as a spool valve without 

any lapping as shown in Figure 2.1. The behaviour of this 

hydraulic actuator can then be described by the set of 

differential equations (3.1) to (3.5). 
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Flow 

2 ; ‘ Valves: Q1 = Cp, bi lx, yl ra = P,| Sign (P] - P,) st) 

W2jps - P| Sign (PS - Pp) (3.2) 1Xy 

where Q; = Fluid flow rate through the valve at 

chamber 1. 

Qo = Fluid flow rate through the valve at 
chamber 2. 

cy = Flow discharge coefficient for the valve 
. at chamber 1. 

oy = Flow discharge coefficient for the valve 
at chamber 2. 

b, = Width of the valve at chamber 1. 

bp = Width of the valve at chamber 2. 

eS Opening of the valve at chamber 1. 

Koy = Opening of the valve at chamber 2. 

= Erecure escent to hg 2, when X20 

x =P, when xy <O 

P} = Pressure ‘external’ to { =e when Roy 20 
chamber 2. 

= Ps when Xoy<0O 

‘Py = Pressure in chamber 1. 

P, = Pressure in chamber 2. 

oe = Fluid density. 

The signum functions are present to account for any reverse 

flow. The flow is considered to be positive when it flows 

into the chamber and the displacement is positive when the 

volume in chamber 2 is being decreased. 
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V, aP; 
5 ay 7 ae 

Chambers: Q; = Aj ar + Cy (Pi Po) + 8 aT (33) 

ay V2 dP2 
Qo = Asam + CP = Py) +] (3.4) 2 2 aT Tn? 1 7 at 

where A, = Sectional area of the piston face 

in chamber 1. 

Az = Sectional area of the piston face 
in chamber 2. 

cy = Internal leakage coefficient across the ram. 

V, = Volume of the fluid between the ram face 

and the valve in chamber 1. 

V2 = Volume of the fluid between the ram face 

and the valve in chamber 2. 

Y = Ram displacement. 

T += Time. 

8 = Bulk modulus of the fluid. 

2 
Dynamics: P,A, - P2A, = M — +a2swee (3.5) 

dt 

where M = Inertial mass of the moving parts. 

B = Effective viscous damping on the system. 

K = Effective external spring stiffness of 

the system. 

F = Effective external force applied to the 

system. 
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3.3. Reference Quantities for 
  

Non-dimensionalisation 

3.3.1. Reference Posttton 

When the piston is at this position, the total volume of 

the fluid in the circuit is Vn with Nae and Ve as the 

volumes of the fluid between the valve and the piston face 

in chambers 1 and 2 respectively. 

Vp = Vir * Voy (3-6) 

The reference position is chosen when: 

Vv. A 
ge-geea (3.7) 

ir 1 

on = Viel + a) (3.8) 

If this is satisfied when the ram face in chamber 1 is Mo 

from its mid-stroke position then 

Vv Aylin ae hwo ce Shang) 
+z. >; 10 e 

= 2A, (¥_. + 2Y_ + 2¥7 9) (3.9) 

Vor =A, (8¥54 + ¥2Q - ¥y) 

=% aA, oe + 2X55 ae 2y,) (3.10) 

sete “29 gtr tat) “40S 

Aye = 2(%55 > fig) 

Me a(S = X19) (3.11) 

34



where 

  

Yio = i=1,2 

Vig. = Volume of the fluid in the 

hose on side i i=1,2 

Vic = Clearance volume of the fluid 

in chamber i i=1,2 

vee Piston stroke measured between 

the two extremes 

3.3.2. Reference Length 

The reference length is chosen such that 

L Vor 4 lz 

rc” AD Ay 

= 2(¥., + 2¥y9 - 2¥,) 

= avo, + 2¥i5 + 2¥,) (312) 

3.3.3. Reference Area 

The reference area is chosen to be the area of the piston 

face in the chamber 1. 

i.e. Area =A 
reference 1 

3.3.4. Reference Time 

When the piston is at its reference position, the stiffness 

of the fluid column in chamber 1 will be given by: 

gA2 gA2 8A 
1 1 Ss. = = = ir — 

Vir aoe LY 
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The stiffness of the fluid column in chamber 2 is: 

ga2 ga2 8A BA 

tae ae ae ae 
2c zt = = 

*.The total stiffness of the fluid columns at this position 

BA, 
s.=Ss +S = (1 + a) e i Ss (3.13) 

Ir 

The natural hydraulic frequency at this position is: 

Ss. fea, 
o = VE = Vg ta (3.14) 

rc 

Therefore the natural hydraulic frequency will vary with the 

physical configuration of the ram and cylinder (including 

the inertial mass, stroke, piston areas, clearance, etc.) 

as well as the compressibility of the fluid, and this 

frequency is a characteristic of a particular system. On 

non-dimensionalising the quantities, the reference time is 

chosen to be the inverse of this natural hydraulic frequency: 

ML 
_ = 
= Vanja +a) (3.15) 

3.3.5. Reference Pressure 

= 

  

aoe 
z 

The reference pressure is chosen to be the system supply 

pressure, Po:



3.3.6. Reference Flow Rate 

The reference flow rate is chosen to be the reference 

volume divided by the reference time: 

  

Vir 
Q. = pe 

x 

Lo a) 
(3.16) 

Reference volume = ALL 

  

3.4. Non-dimensionalised Equations 

After the equations have been non-dimensionalised with the 

reference quantities, the set of differential equations will 

  

  

  

  

    

   

become: 

gM MMe ay op, op ye 9 Tie MEE Me 
1° O°" apr at 7 OP“ P2h 62, at 

PC P ap 
ey sl I =e sal 3e1l7 = 2, (pj -P2) +B (+ y) SE ( ) 

Qo PC. P 
eee BIE (3.18) ic a at sp be PL) 

x xr 

ME. oo Bg KL, : 
re y oye eee (3.19) 

Bi 12525 Syee? gia Page ce PER ey 
e 2 < 

Also 

2p : 
qe Ip, - p,| Sign(m, - P)) (3.20) 

2 
ste px |x |i— |p, -v,| siontp, - p,) (3.21) GG “Dp, Mate! *s p 'Pog ~ Pal Stomip, ~ Py ‘ 

r 2 
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3.5. Possibility for Cavitation to occur 

Fluid cannot sustain tension, therefore when the pressure 

falls below the vapour pressure, cavities form behind the 

moving ram. A necessary condition for cavitation to occur 

is that the pressure in either chamber takes on the bound, 

vapour pressure, for a finite time of duration. Both Wang 

and McCloy pointed out that rapid braking of hydraulic 

actuators may induce undesirable cavitation in the working 

[32,36] _ 
fluid of the actuator Wang also stated that non- 

cavitation condition is always satisfied during accelera- 

tion !36] 

McCloy and Martin ee) found that the conditions for 

cavitation to accur during rapid braking of a hydraulic 

actuator might be: 

ay y P 
at Z Yq = Be (3.22) 

max 

where Yq is the ram displacement from its reference 

position divided by the stroke; 

PB, 

chamber 1. 

= is the non-dimensional equilibrium pressure in 

If there is no load other than the inertial load in the 

system, then the equilibrium pressure will be equal to half 

the supply pressure. 

In many applications, the ram has achieved its terminal 

velocity before the rapid braking of the hydraulic actuator 

occurs, then this velocity will become the maximum. 
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For a symmetrical system with the following parameters: 

Inertial mass = 2000 kg 

System supply pressure = 137 bar gauge. 
(2000 psig approx.) 

System exhaust pressure = 0 bar gauge. 

Fluid density = 1000 Kg/m (5/95 diluted emulsion 
may be treated as water). 

Compressibility = 2.05 x 10° N/m?. 

Dimensions of the rectangular valve = 6 mm x 6 mm. 

Working stroke = 1 m. 

Effective piston diameter = 15 cm. 

Ratio of total volume in circuit at the reference 

position to the swept volume = 1.1. 

Flow discharge coefficient for the valve ports = 0.65. 

Maximum permissible velocity can be obtained from (3.22): 

dy 
acne = 1.30 x lo? 

Terminal velocity can be obtained from (3.17): 

dy = 1.098 x 10 3 
ot erminal 

Therefore with these physical parameters, cavitation is 

unlikely to occur. 
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3.6. Derivation of the Switching Function 

for a Symmetric System 

3.6.1. Analysts 

Subtracting (3.18) from (3.17) gives, 

2P_c P_ d(p, - Po) P_ d(p, + Po) 

=2%, 285 - ges) ele Ese 
Si tie: ck aoe ?1*2) |” iecmeece was i   

since a = 1 for a symmetric system. 

Furthermore, for a symmetric system, 

  

d(p, + P,) 

at 7 

2P.c P_d(p, - Po) 
a nie tere ee eno Se ae (3.23) 
St 2 ae 2. (By = Pg) + 8 at 

If the internal leakage is very small so that it can be 

neglected, equation (3.23) can further be reduced to 

sh Kelley Soo je) 
oe ee oe 

natomice del tcG at (3-24) 

If there is no external force and no external spring, then 

equation (3.19) gives 

ML z BL 
p-p=— oS ee (3.25) 

1 2 2 2 dt PLA TL dt PAT. 

It can easily be shown that if there is no cavitation then, 

by neglecting the compressibility effect, an approximation 

can be obtained [36] 

5 ; 
qi = - a2 = Ki |xl¥lpi - pil Sign(pi - Pi) 

where K, = 

  

and the valves do not have any lapping.



With the system exhaust pressure approximately equals to 

zero gauge, the following relationship can be derived: 

. ipa ae 

Pi = © for x<0 * 

' = 0 for x20 

Po = 1 for x <0 

Therefore, 

P, = 3(1 + py - Ba) 

P, = 4(1 - p, + Py) 

With these substitutions, equation (3.20) is expanded using 

Taylor's series for x>0O, the expression becomes, 

a=, x ¥i[2 - (Pp; Pa) (3.26) 

when the terms of order higher than one are being 

neglected. 

Combining (3.24), (3.25) and (3.26) gives, 

ML. 2 BL es e aey ra ] 
2K,x 3 [2 Gat aez * PAT, ra 

P ME BL 2 eas ree cey en ro ey 
2 3 2 8 PA,T2 dt PAT. dt 

Mt N ale
 

Rearranging becomes, 

BL, ML. 
me rc 'c an a BL. i ay z= y+ —_—_-+ Kx af +12 + Kx 

BAT.2 ats BAT. PA TS 1 dt! PAT, 1 dt 
VE 

= 2 xy Yi (3.27) 
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Br 

Let c= aE v -$ , and § = Ky Vv , then the above 
Ss 

equation can be re-written as: 

a3y. 2. 

Set 26+ vex) She r+ ake B= Ex (3.28) 
at 

3.6.2. Ideal M-Off Valves 

If the valves used can be approximated to ideal ON-OFF 

valves, then the non-dimensional valve displacement can be 

one of the following: -l, O and 1. The following discussion 

will be on the cases when the ram is required to move in the 

positive direction, similar analysis can be used for move- 

ment in the other direction. 

When the valves are opened, (3.28) can be written as: 

ay cay ea + 2 oe ae + (20+vé) AED ( ve) acme 

When the valves are closed, this becomes, 

3 2 
Sotelo (3.29) 
dt? at meade 

After the valves have been closed, the ram displacement 

can be obtained by solving the differential equation (3.29). 

Integrating this gives, 

a2y dy +25 +y=R (3.30) 
at? ae? S 

where %, = ¥5 7 2¢ To ee 

wa Initial displacement of the ram on 
closing the valves. 

y= Initial ram velocity on closing the valves. 

gs = Initial ram acceleration on closing the 
valves. 
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Solution to (3.30) is found to be: 

ae . 

) = (yl Fae. <9) 
L ° ° 8, 

|o*
 

o”
 a 

  y(t) = a5 (y, +2 by, = 81%5 — 

a 

  

$122 

where -s, and -s2 are the roots of the characteristic 

equation: 

s* + 26s +1 

R, 
° 

as) Ro = ¥o t BY, * Y, 

a oO
 

Ast>*, y+   
° 

“The ram will rest at the desired position, Yar if the 

valves are switched off when R, is equal to Yq: Hence, 

Yo + ey, + ¥5 = Ya 

is the switching function for this type of valve. 

3.6.3. On-Off Valves with Time Delay 

The actual operation of electromagnetic valves can be very 

fast, but there may be a time delay due to the residual 

electromegnetism. This type of valve can then be approximated 

to on-off valves with time delay, tq: For this type of 

valve, over the period between the application of 'close' 

signal and the actual closure of the valves, equation (3.28) 

can be written as: 

a? yey. eyudy = a + (20 + We eee + (1 + 2vZe) a 5 (S32) 
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Integrating this with respect to t gives, 

ae a ay ee\y = Aaa + (20 + ve) a + (1 + 2yse)y = et + R, 

where R, =, + (26 + ve)¥, + (1 + 2vce)y, 

Solution to this equation is: 

  

EG é eee er2t bi toe + —— E+ 
o1d2 1 - 2 g2 =n? Gee 

  

  

a [+ ot 92 o1t (91 +62) (1 - 92) 
+ =e = =o ee 

%, -d2bo2 o1 $102 

. bit dat 
¥, o1-9% a oid caer —=] 

o1- o2 e1 o2 o192 

where (s - ¢,)(s - $2) = Ss? + (25 + vé)s + (1 + 2vtE) 

At tg, the valves are completely closed and the following 

is required at this instant (Section 3.6.2): 

Ya 7 ¥e, 1 20% +2, 
d da 

Therefore, the switching function is: 

3 

  

  

o,t ot ae ° Lafitte De 2d z oe Mu oc+ Eas Ye pees [in + 25+ mS Sore Cg aa 

x6 1, _°2*a i, tite. fu $e (og +254 = ton .— 
* ares weet O ae a 

OT) 2 

* Sibe i: +a * Gree ae % 

ot 9,t 
& 1 1 ld au af 2°a ey = es =i) + [fits + 28 + Give ta 2 erie oe |   
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3.6.4. Linearly Operated Valves 

In practice, most of the spool valves dynamics can often 

p29)", If the time be approximated to linear operations 

taken to operate the valve is ear then on closing the 

valve, displacement can be described as: valve displace- 

ment (non-dimensional) = x =1 - = where t is the time 

after the application of the eiostag signal but before 

the complete closure of the valve. Over the period 

between the application of the closing signal and the 

complete closure of valves, equation (3.28) can be written 

as: 

3 2. 
ay Ss ary = ©) 1Se = oaks + [2s + a ve |S + [2 + ae a - Bo ea - 

(3.32) 

The solution to this equation can be found by applying 

Laplace transform and then inversing the Laplace transform. 

With the following substitution: 

(s = 01) (s - 82) (s - 63) = s3 + (25 + vE)s? + (1 + 2vzE + 2 )s = 2c 
c ic] 

the expression for the non-dimensional ram displacement 

can be simplified. 
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The solution is: 

Yo ayt Oot 43¢. 2 

y[(e3-82e + (81 -83)e + (@2-epe J X(t) <——$<$—$—$$ $$ —$< ____—__ 
a (1-62) (62 -@3) (83 - 0) 

in ait 
* (25 + vé + 81) (83 - Sale 
Yo 

(81 - 02) (6 - 83) (03-81) | +(82 + vE + 2c) (01 - Ag)e 

83t 
+(20 + VE + 83) (8 - A:)e 

Got 2 

  

  

2. et 
vé {1 + 2vdE + Eo + (25 +VE)0, +81 fe (83 - 82) 

y c 
° 

+ 2 oot (8; -@2) (82 - 83) (63 - 61) +{1 + 2v5E + = + (25 + VE)O +82 fe (81-83) 
c 

vé 2, 83t +{2 + ate + 2+ (2c + ve)03 +03 fe (-ey) 
c 

@yt 
L L (83 - 8) (= - ze a) E81 

Bot L c g + (81-83) G>- peaie 
* (ey — 0g) (@g - 03) (3 - 64) e 

eat l l + (89-61) (—- Je 
83 t,837 

B3i03) 81 >83 - 02-8) 
qian a0 emacs, 
    

ie 
= ¢ 

c 

q 93792 “81 =63°° G2'- 67 
+ (+ et ta? 92 832 

  

As in Section 3.6.2, the requirement for the ram to rest 

at the desired position, Yar is that at complete closure 

of valves the following is satisfied: 

yo Pet. ty. = Y cS ee te d 

This gives the switching function for this type of valve. 
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3.6.5. ects of Externally Applted Load 

If there is an externally applied load, then equation (3.19 

will hold and the equation (3.26) becomes, 

  

  

ML 2 BL. 
ah xt - ET = oe) (3.33) 

PAT dt? PAT. dt PA 
s 12 see sl 

Combining (3.19), (3.24) and (3.33) gives, 

  eo. 2s ay, ee 
aeyx fE)L - 8 a2 pad at ISR PAT Ate shy 

P BL Ec a ay | r aty 
de" 8 Lpadr at? Par. at2 

Sf slr 

Rearranging gives, 

ML id 3 BL. ML. 2 BL. a 

8a TL at 8a,T. PAT dat PAT. 
  

  

- Fr = 2x,x fh - t zm) 

  

3. 2, 

oe + (2c + vex Se 2 + aveexy = ga - 3 dx (3.34) 
at3 at2 dt 

gt 

By comparing this equation with equation (3.28), it can be 

seen that the externally applied load only affects the 

coefficient of the constant term in the switching function. 

However, it does not have any effect on the switching 

function for ideal ON-OFF valves since the valves will be 

closed immediately on the application of the switching 

signal. 
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3.7. Derivation of the Switching Function for 

an Asymmetric System 

If the ram is at its reference position, i.e. y = 0, and 

is non-cavitative, then with a small change in the ram 

position due to the fluid flow will be described yc 

a. =K, x YD- pi; a2 = -Kix Bz 

and 

a =¥+ a Bi (y= O for small movement) 

si Ps 
q = ~ay + > abe 

the dot (*) represents the operator = 

therefore, 

P 
a - G2 = (1 + aly + = (bi - abe) 

Equation (3.19) can be written as the following by 

neglecting the externally applied force and external 

springs: 

Pi-ap2so,y +o, ¥ 

where a = ue 
z ne P.AiT. 

a= P.A,TL 

es om 5 
fay = a7 = (la) yor os, y + a5 y) (3535) 

Because of the small movement of the ram, an approximation 

can be obtained by neglecting the compressibility effect |34! , 

and the following relationship is obtained:- 

agi = 2 

* akix Yl - py ®Kix Yp2 

P 
st i =1 

a 
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With these substitutions for p; and p2, from (3.35) gives, 

Gq - ¢, 8K x A (1 + a) (3.36) 

lita 

YI+ a3 

  Kix [p = (br = 2P:)| 

By Taylor's series expansion gives, Y PD 

Ps sLeviana: 

(l+a)y+ Fla A + ay =/Tp alk x (1 = 40, ee - apy) 

Rearranging to obtain: 

Pe . ee tte fe 1 

3 oY ze *»* five nis, ea Las i :] en 
lta 

* (3.37) 
  

For the symmetric case, a = 1, (3.37) can be reduced to: 
nN 

2 PF, artes S 1 : 
3 ay + Ee a +7 x0, |¥ [pee +2]i Fee 

this is the same as (3.27). 

Hence the switching functions for various types of valves 

can be obtained by the similar procedures as in the symmetric 

case but with the coefficients: 

1+ a 

2 Yi+a3 

  
49



3.8. Simulation Studies 

The system behaviours have been simulated on a desk-top 

computer, HP 9845B, with the switching functions for the 

valve types. A modified Euler method is used to solve the 

[41] differential equations the computer program for 

this simulation study can be found in Appendix C. 

Figures 3.2 and 3.3 predict the non-dimensional ram dis- 

placement” responses of the symmetric systems with ideal 

ON-OFF valves and the inertial masses varying from 500 kg 

to 2000 kg in the non-dimensional time domain a and the 

physical time domain respectively. The ram will take 

approximately the same amount of physical time to reach 

the same desired position. This can be explained by the 

fact that the same amount of fluid has been displaced to 

give the same ram displacement, although the response for 

a lighter system is faster than the one with a higher 

inertial mass. The dimensional ram velocity and accelera- 

tion are slightly smaller in a heavier system and the 

switching of the valves has to occur earlier with reference 

to the desired position. However, the non-dimensional 

times taken are significantly different because the 

reference time varies with the actuator's natural hydraulic 

frequency, which depends upon the inertial mass (the 

heavier the mass, the lower is the frequency). 

  

Recall that the ram displacement is non-dimensionalised by the 

reference length, L. which will be half-stroke in the case of a 

symmetrical system. See Section 3.3.2. 

** 
The time domain is non-dimensionalised by the reference time, T_, 

which is the inverse of the natural hydraulic frequency of the 

yam at its reference position. See Section 3.3.4. 
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The switching function for an ideal ON-OFF valve system is: 

y+2ty+y=yza, 

therefore, the damping factor, ¢ , plays an important role 

in determining the switching of the valves. If one keeps 

the damping factor constant (in the non-dimensional unit), 

the switching will be determined by the ram velocity and 

its acceleration for the same desired position. However, 

these two quantities will vary according to the inertial 

Mass: the higher the loading, the lower will be these 

quantities (in the physical units) for the same given system 

supply and exhaust pressures. This is because the pressure 

differences across the valves will be reduced to give a 

higher driving force in moving a heavier ram, hence a smaller 

fluid flow rate will result. It should be recalled that 

the non-dimensional time is also inertial load dependant 

(the reference time will increase with the inertial mass), 

therefore the non-dimensional velocity and acceleration will 

be higher for a system with a heavier inertial load, this 

is one of the reasons why the switching for the system with 

a heavier inertial load has to occur earlier. It can also 

be seen that the overshoot is higher for a larger inertial 

Mass system since the kinetic energy is higher at the 

switching point for a heavier system, hence the switching 

occurs earlier for a heavier system. Figures 3.4 and 3.5 

review the similar behaviours for the asymmetrical systems. 

The effects of damping on the system behaviour can be seen 

in Figures 3.6 and 3.7: the smaller is the damping, the 

more will be the overshoot and the oscillations before the 
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ram reaches its equilibrium state. According to the 

switching functions, the higher the damping, the earlier 

the valves should be closed for the same desired position 

with the same initial conditions, if the other quantities 

remain unchanged. The distance of travel is normally long 

enough for the ram to achieve its terminal velocity before 

closing the valves, therefore the determination of the 

switching point depends highly upon the velocity term, 

25 y- Although the terminal velocity will decrease with 

an increase in the damping factor, the effect of damping 

has larger influence on the switching point if the system 

is underdamped. As the damping increases, the effects of 

lower velocity will become more significant. This can be 

reviewed from the graphs (Figures 3.6 and 3.7) that 

apparantly an exponential curve might be constructed 

through the switching points. 

If one examines the definition of the damping factor, ¢, 

he will find that the damping factor can be increased by 

decreasing the inertial mass, hence an increase in the 

inertial loading is expected to have a similar effect as 

decreasing the damping factor. However, this damping effect 

is outweighed by the effects of the fluid flow rate, though 

a system with a heavier mass will take less non-dimensional 

time to reach the switching point, since the reference time 

is different. 

The effects of the time delay on the ON-OFF valves are 

shown in Figures 3.8 and 3.9 for the symmetric and asym- 

metric systems respectively. It will take a longer time 
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to reach the desired position for a system with valves of 

a longer time delay, since these valves will take longer 

to respond to the switching signals. Consequently, the 

switching signal has to be applied much earlier for the 

valves with a longer time delay. 

Figures 3.10 and 3.11 show the similar effects of 'linear' 

valves with various operating times. However, the inter- 

mediate oscillations are fewer because the valves are 

closed gradually and the pressures within the chambers do 

not change rapidly. The graphs indicate that the final 

errors for these systems are higher, it may be explained 

by the fact that the switching functions are derived based 

on the assumption that the higher order terms in the Taylor's 

series expansion can be neglected. Therefore, in deriving 

the switching functions, the estimated fluid flow is less 

than that obtained in the simulation. In other words, on 

deriving the switching functions, the flow through the 

valve is approximately linear, while the simulated flow is 

non-linear. This can be seen from Figure 3.12 that the 

non-linearity is more significant on the side with the 

piston rod (i.e. the side with a smaller sectional area). 

Figures 3.13 and 3.14 show that the deviation of the 

simulated flow from the linearity becomes larger as the 

operating time increases. This is why the final error 

increases as the valves take longer time to operate. How- 

ever, the magnitudes of these errors are in the order of 

1072 of the reference length, and are insignificant for 

this application: mining boom positional control. There- 

fore, correction functions are not introduced so as to 

keep the switching functions simple. 
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Figures 3.15 and 3.16 show the effects of the externally 

applied force: the initial overshoot will be higher when 

the force is lower, and it takes a longer time to reach 

the desired position if the force is higher. This is 

because the force is a measure of the resistance to the 

ram movement: the higher the force, the lower will be the 

velocity and acceleration. Consequently, the switching 

should occur earlier (with reference to the desired 

position) for a system with a lower externally applied 

force. 
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Fig. 3.7 Non-dimenstonal Ram Displacement — Non-dimenstonal Time Response 
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Fig. 3.18 Non-dimenstonal Ram Displacement - Non-dimenstonal Time Response 
Symmetrical Systems With Inertial Mass = 1588 Kg. 

Linear Valves With Different Operating Times 
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Fig. 3.11 Non-dimenstonal Ram Displacement — Non-dimenstonal Time Response 
Asymmetrical Systems With Inertial Mass = 1500 Kg. 

Area Ratio = 8.420E-@1 
Linear Valves With Different Operating Times 

External Force Applied = @.QQQ2E+@@ Effective Damping Factor = .52 
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Fig. 3.13 Fluid Flow Rate Through Valve 1 - Time Response (Non-dimenstonal) 
Asymmetrical Systems With Inertial Mass = 1583 Kg. 

Area Ratio = §.4@2E-a1 
Linear Valves With Different Operating Times 
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Fig. 3.14 Flutd Flow Rate Through Valve 2 - Time Response ‘Non-dimenstonal> 
Asymmetrical Systems With Inertial Mass = 1522 Kg. ~ 

Area Ratio = 6.4@@E-@1 
Linear Valves With Different Operating Times 

External Force Applied = @.@0Q2E+@@ Effective Damping Factor = 50 
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Fig. 3.16 Non-dimensfonal Ram Displacement — Non-dimenstonal Time Response 
Asymmetrical Systems With Inerttal Masses = 1582 Kg. 

Area Ratio = 6.4@8E-81 
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CHAPTER 4 

ARITHMETIC PROCESSING



4.1. Introduction 

Arithmetic processing can be performed in either hardware 

or software. Hardware operation has definite advantage 

over software in speed. On the other hand, if the software 

for the mathematical operations is available and is ready 

for programming into read only memories (ROMs), then a 

special arithmetic processing unit (APU) is more expensive 

than the ROMs. For example, in 1982, an APU (Intel-8231A) 

costs £120 while a 2K erasable programmable read only 

memory (EPROM), 2716, can be bought for £3. 

Using the Intel system design kit, SDK-85, a comparison 

between the hardware arithmetic processing and the software 

mathematical operation has been made to see whether the 

software arithmetic processing is suitable for this boom 

positional control. 

4.2. Function to be Evaluated 

In order to account for the fluid compressibility effects, 

a switching function has been set up to give the positional 

control. This function is simple if there are no 

significantly variable forces acting on the system (please 

refer to Chapter 3). This function is used for each pair 

of the hydraulic rams: the trunk lifting rams and the 

arcing rams. 
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For any pair of rams, closing (switching) of the valves 

should be taken place when: 

Enlyge¥/Yr¥) = Ay¥ + vgh + agy + AuYg tas = 0 

(4.1) 

where 1, * required ram position for the desired boom 
position. 

y = current ram position. 

y = current ram velocity. 

y = current ram acceleration. 

= coefficients determined by the system 
parameters; i= 172737475. 

All the coefficients in (4.1) are dependant upon the system 

properties (e.g. ram diameters, inertial load, damping, 

valve characteristics, etc.) and their expressions are 

complicated. However, they are constants for a particular 

system and can be evaluated and converted into the binary 

numbers when the boom is installed. Therefore, in 

calculating the switching function, there is no need to 

re-evaluate these coefficients. 

4.3. Timing Test Program 

The time taken by an APU to evaluate the above function (4.1) 

is compared with that used by the software evaluation. The 

actual switching function encountered will be more complicated 

than the one given above because of the geometry of the boom 

(since the aim is to control the boom cutter position). 

This simplified switching function is used to give an 

insight into the differences in the performance between the 

two techniques. The block structure of this test program 
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FIG 4.1 Block Structure of the Timing Test Program 
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65 

 



is given in Fig. 4.1. It is similar for both arithmetic 

processors*, hence only one diagram is presented. The 

actual assembly language programs are given in Appendix E. 

4.4, Explanation of the Test Program 

4.4.1. Set up the ‘Arithmetic Processor’ 

For the hardware arithmetic processor, the APU, the set up 

procedure is simply applying a reset signal to the RESET 

pin of this APU re This operation can be synchronised 

when the system is reset, since the microprocessor will 

issue a RESET OUT signal on recognising an active RESET IN 

signal. On the other hand, in case of the software arith- 

metic processor, the FPAL, settingis done by calling a set 

up procedure to initialise the floating point record (FPR) ost 

4.4.2. Diming 

It would be unfair to start the timing at the beginning of 

the program, because of the difference in the set up 

procedures, therefore the following timing scheme is used. 

When the actual procedure for evaluating the switching 

function is called, the timing will be started and it will 

be stopped on exit from that procedure. Hence only the 

time taken for evaluating the simplified switching is 

measured. This timing is done using the hardware timer 

resided in the 8155 on the SDK-85. 

  

* A term arithmetic processor is introduced to represent either 

the special arithmetic processing unit (APU) for hardware operations 

or the Intel 8080/85 floating point library (FPAL) routines for 

software operations. 
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4.4.3. Format Converston 

In the data capturing system, all the positional 

information is provided as single byte integers (OOH to 

FFH, or OD to 255D), therefore conversion from the integer 

format into the binary floating point format recognised 

by the arithmetic processor must be performed before any 

floating point arithmetic processing can be applied. 

However, all the other information is provided in the 

binary floating point format. 

4.4.3. Evaluation of the Switching Function 

The function evaluation is done as in the expression (4.1) 

for the function én(ygs¥/¥r¥) and the intermediate results 

are stored in temporary memory locations. This temporary 

storing of the results is required by the FPAL because it 

does not have any stack for keeping the intermediate 

results. On the other hand, the APU has a 16-byte data 

stack, therefore this storing operation may be omitted to 

increase the speed provided that the arithmetic operation 

performed does not destroy the current data stack 

contents [42] - 

4.5. Binary Floating Point Format 

Floating point representation (format) is more commonly 

known as the scientific notation in the decimal number 

system. The reason for using the floating point notation 

is to increase the number range for the calculations so 

that very large or small numbers can be handled. The 

floating point format consists of three fields, namely, 

the sign, mantissa and exponent. The sign field indicates 
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the sign of the number represented, while the mantissa 

and the exponent fields give the magnitude of this number. 

For example, in the decimal number system, the number, 

123400, can be represented as +1.234E 5 in the scientific 

notation. In this format, the sign field is '+' indicating 

a positive number with a mantissa of '1.234' giving the 

four significant figures and the exponent field '5', 

meaning that the decimal point should be shifted five 

places to the right yielding the actual number's magnitude, 

i.e. the actual magnitude of this number is obtained by 

multiplying 10° to the mantissa. 

Since the microprocessor is a binary digital device, the 

binary number system must be used. In a binary number 

system, all the fields are in a binary format with the 

exponent field indicating the power of two to be multiplied 

in order to obtain the actual magnitude. Both the APU and 

the FPAL recognise a 32-bit (4-byte) floating point format 

consisting of these three fields. These fields appear in 

this sequence: 

Sign exponent mantissa 

A floating point zero is represented by thirty two O-bits 

in both the APU and FPAL floating point formats. However, 

non-zero numbers are represented differently in these two 

formats. 

For non-zero numbers, in both formats, the sign field is 

the most significant bit (i.e. bit-31). A zero in this bit 

position indicates a positive or non-negative number while 

a one means that the number is negative. 
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Decimal APU’s Binary Floating Point Format FPAL’s Binary Floating Point Format 
Decimal Floating 
Number Point Sign | Exponent Mantissa Sign | Exponent Mantissa 

Format 1 Bit] 7 Bits 24 Bits 1 Bit] 6 Bits 23 Bits 

256 2.56 £2 a aga1001 1egeeeee eageaeea Basaaaes a 19088111 Baseasa gaasaaea aaveaaee 

-256 -2.56 E 2 1 @ae1a81 1gasaag@ Baaseces aeesaaea 1 19908111 gaeaeea eaawaeea aasaenae 

8.015625 1,5625 © -2 a 1111811 1gg0@808 Gaseaeea Baazaaee a @1111981 Qeaeee8 Basaazea avavacao 

-8.015625 | -1,.5625 E -2 1 1111011 1gas9898 aavegaga aeaagaea 1 @1111901 eageaea eaegases aazaeaaa 

11 i et a 90901208 1@1199@8 aagaseaa aaagasea a 1@@08818 @119@88 geaaaeeea aeagaeaa 

Table 4.1 Examples of the Number Formats 
  

 



There are seven bits in the exponent field of the APU's 

floating point format representing the power of two to be 

multiplied to give the magnitude of this number. These 

seven bits are given in two's complement for the negative 

power of 2. The exponent field of the FPAL recognised 

format consists of 8 bits and is offset by a bias of 27 = 1 

(i.e. the indicated exponent is 127D larger than the actual 

value). 

Both formats have 24 significant bits. In the APU format, 

the mantissa field consists of the remaining 24 bits and 

represents the fraction field beginning with a l-bit, and 

a binary point is assumed to preceed the most significant 

fraction bit (bit-23 of the 4-byte format), i.e., the 

mantissa in APU's format is a 24-bit binary fraction number 

in the range [0.1B, 1.0B) or [0.5D, 1.0D). OM the other 

hand, in the FPAL format, an implicit one bit is assumed at 

the left of the binary point of the fraction field, there- 

fore only 23 bits are needed to be specified for this 24-bit 

Mantissa. The number range of this mantissa field is there- 

fore [1.0B, 10.0B) or [1.0D, 2.0D). A few examples have 

been given in Table 4.1. 

These floating point formats can better be illustrated by 

the following examples:- 

(a) The decimal number 55D can be represented as +5.5E 1 

in the decimal floating point format. In the binary 

number system, it is 110111 B and can be represented 

10 

in binary floating point format either as 1.10111 B*io 
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or 0.110111B*10° ° B. Hence in the APU format, 55D 

is represented as O 0000110 11011100 00000000 c0000000; 

while in the FPAL format, the exponent field is offset 

by 127D to the value, 132D, therefore this number (55D) 

is represented as 

© 10000100 1011100 900000000 OcD0000000. 

(b) The decimal number 0.3125D can be represented as 

+3.125E -1 in the decimal floating point format. As 

a binary number, it is represented as 0.0101B and can 

be put in the binary floating point format as either 

0.101B*10~" B or 1.01B*107” B. Hence in the APU 

format, 0.3125D is represented as O 1111111 10100000 

Q0000000 00000000; while in the FPAL format, it is 

© 01111101 0100000 00000000 00000000 (the exponent 

field is offset by 127D). 

Since the magnitude of a floating point number is obtained 

by scaling the mantissa with the exponent, the size of the 

exponent determines the number range which can be 

represented in the format. The range of the exponent field 

of the APU format is from -1LOOOOOOB to 111111B (-64D to 63D), 

therefore the number range represented in the APU format is 

63 =84 -64 63 
GLO*2 D7 =0-5*2) DI; 0, 10.5*2. Dy 1-20*2 D)- 

While the range of the numbers represented in the FPAL format 

is 

128 127 =127 128 
(=2.0%2 D, --1.0%2 Dj; 0, [1.0*2 Di, 2.0*2 D), 

since the range of the exponent field is from -127D to 128D. 
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4.6 Operation Required 

4.6.1 FPAL 

The evaluation of the switching function is done with the 

floating point arithmetic routines provided by the FPAL, 

therefore the mathematical operations are performed by 

calling the appropriate subroutines. The routines called 

upon include: two conversions, four multiplications, four 

additions, four storing operations and two loadings. 

4.6.2 APU 

All the mathematical operations are performed in hardware 

within the APU. Every mathematical operation is initiated 

by issuing (writing) a command code to the APU's command 

port. Since the APU has a l6-byte data stack, storing of 

intermediate results may be omitted if these mathematical 

operations dé not destroy the current stack contents. 

However, every operand should be loaded onto the data 

stack before an operation can be initiated, so there are 

at least nine loadings to be performed. The numbers of 

conversions, additions and multiplications are the same 

as those required in using the FPAL. It has to be pointed 

out that the time taken for transferring the data from memory 

to the APU data stack depends upon the hardware configuration 

of the system. Instructions in the data transfer group are 

used for a memory mapped APU, while input and output 

instructions are used for an I/O mapped APU. Normally, the 

time taken by an instruction in the data transfer group is 

less than that used by an I/O instruction. For example, 

an 8085A microprocessor requires ten states to execute an 
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Operating 

Condition 

Number of 
Clock Cycles 

Used 

Time Used in mSecs 
for a 3.072 MHz 
System Clock 

Ratio = 

Time Used in Software 

Evaluation 

Time Used Under 

Given Operating 

Condition 

  

FPAL 13619 D 4.433 1,888 
  

1/0 Mapped 
APU With 

Storing of 
Intermediate 

Results 

4786 D 1,532 2.894 

  

1/0 Mapped 
APU Without 

Storing of 
Intermediate 

Results 

3276 D 1.@66 4.157 

  

Memory Mapped 
APU With 

Storing of 

Intermediate 
Results 

4529 D 1.474 3.887 

  

Memory Mapped 
APU Without 

Storing of 

Intermediate 

Results     3162 D   1,@29   4.3087 

  

Table 4.2 Time Taken to Evaluate the Simplified Switching Function 

Under Various Operating Conditions 

 



IN instruction while it takes only seven states to perform 

the instruction, MOV A,M. 

4.7. Results 

Since the actual time used in an arithmetic operation also 

depends on the values of the operands for both arithmetic 

processors, the same numerical values were used for this 

timing test. Timing has been done for both the memory 

mapped and the I/O mapped APU and the results are presented 

in Table 4.2. These timings confirm that the hardware 

operations are considerably faster than the software 

operations. 

4.8. Boom Moving Rate 

The time taken for the boom lifting has been measured and 

the normalised result is shown in Figure 4.2. The boom 

took 5.5 seconds to move down from the uppest level to the 

bottom one. The ram displacement was measured using a 

linear displacement transducer and then this analogue signal 

is converted into a digital signal by an analogue-to-digital 

converter (A/D converter). If an 8-bit A/D converter is 

used, the resolution will be 1/(2°-1) or 1/255 of the full 

range. If the range is adjusted to cover only the ram 

stroke, then for every bit change of the A/D reading, the 

analogue signal should have changed by 1/255 of the whole 

range. For this particular boom arrangement, the time 

taken to give this change after the ram has reached its 

terminal velocity is 21.76 mSec which is comparatively much 

longer than the time taken to evaluate the simplified 

switching function. 
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4.9. Comments 

Should the switching function be that simple, the function 

evaluation can either be done in software or in hardware. 

Since the hardware operation has no 'apparent' advantage 

over the software in speed and is more expensive, the 

software treatment is recommended. 

However, in the actual boom system, the desired position 

will be given for the boom cutter and the required ram 

position are to be evaluated according to its geometry. 

This will greatly increase the time taken to calculate the 

switching function. If more complicated mathematical 

operations are required, a considerable amount of time will 

be saved by the hardware APU. A timing test has been done 

for evaluating the sine function of an angle, the time has 

been reduced from 45.9 mSec to 1.36 mSec by using the M/M APU 

(i.e. the APU operates about 34 times faster than the 

software routines). 

Considerable amounts of memories have also been saved when 

using the APU, even though it is memory mapped at the 

suggested addresses which amount to 0.5K (512D bytes). For 

example, the program length of these simple timing tests 

are 1945D for the software evaluation, 230D bytes for the 

I/O mapped APU hardware evaluation and 214D bytes for the 

Memory mapped APU hardware operation (in addition to the 

0.5K bytes). 
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Furthermore, with larger sized valves or a higher system 

supply pressure the boom moving speed can easily be 

increased. Therefore high speed mathematical operations 

provided by an APU are strongly recommended for the real 

system. 
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CHAPTER 5 

CONTROL ALGORITHMS 

AND 

PROGRAM STRUCTURE



Fig 5.1 The Boom Ripper Assembly under Test  



BL
   Fig 5.1 The Boom Ripper Assembly under Test



5.1. INTRODUCTION 

It should be recalled that the aim of this project is to 

improve the control of the cutter position of a boom 

ripper, thus to deskill the tunnelling operation and to 

increase the overall performance of the roadheader. It 

would be helpful in deriving the control algorithm, if one 

has a rough idea of how the tunnel is driven using a boom 

ripper. In general, the cavity of the roadway is first 

cut layer by layer from the lowest one, the tunnel profile 

is then trimmed and followed by the setting up of the 

support arches. Hence the proposed system should be able 

to provide the cutting and trimming facilities in addition 

to moving the boom cutter from one position to another. 

It can be seen from Figure 5.1 that the boom ripper has two 

degrees of freedom, namely slewing and lifting, provided 

by the paired hydraulic rams. When the machine is operating 

underground, it advances using its caterpillar tracks (see 

Figure 1.1) after one face has been cut, but this advancing 

of the roadheader is not considered in the current study. 

However, this can easily be included in the control system 

if the necessary sensors and mechanisms are available. 

Because there are two degrees of freedom associated with 

the boom movement, it will be more convenient if the tunnel 

profile is defined in a coordinate system that resembles 

these degrees of freedom. Therefore, in this positional 

control system, the profile data are captured in pairs which 

describe the altitude and slew position of a point on the 

profile boundary, these data pairs will later be referred 
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to as altitude-slew pairs. Similarly, the desired 

position and feedback data will also be supplied in 

altitude-slew pairs. 

It is undesirable for the boom to move outside the defined 

profile boundary, an algorithm has been developed to 

restrict the boom movement. Considering the hypothetical 

profile shown in Figure 5.2, the following actions will be 

required. When the current position of the cutter is at 

(A), it is free from the profile boundary, therefore its 

movement in all directions is allowed. When the cutter is 

currently at (B), it will only be allowed to move 

vertically and/or towards the right; if it is currently at 

(E), the boom cutter movement will be restricted to vertical 

and/or left only. In addition to the downward movement 

permitted, the cutter is allowed to move towards the right 

while it is currently at (C), but towards the left if its 

current position is at (D). Similarly, the cutter is 

allowed to move up and towards the left at (F); while it is 

permitted to move up and towards the right at (G). In other 

words, the cutter is only permitted to move to a position 

without crossing the profile boundary. 

The proposed positional control system is composed of the 

mechanical, hydraulic, electrical and micro-electronic 

sections. The control program resides in the micro- 

electronic section of the system. In this chapter, the 

structure of the control algorithm is presented and the 

listing of the assembly language programs can be found in 

Appendix G. 
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5.2. GENERAL STRUCTURE OF THE 

CONTROL ALGORITHM 

There is normally an initialisation procedure which will 

be performed on a fresh (sometimes known as a cold) start; 

and it is often to begin the operation with all the 

hydraulic valves closed. Therefore the control program 

will first ensure that all the valves are closed, assume 

the default conditions and then wait for the tunnel profile 

to be defined. There are three functions available in the 

system: moving the boom cutter from the current position 

to that defined by the operator (Move Boom), cutting the 

roadway cavity (Cut Cavity) and trimming the tunnel profile 

(Trim Profile) defined by the operator. However, for the 

reasons mentioned later, there will be four branching 

possibilities: the first and the second for trimming the 

profile, the third for cutting the cavity and the fourth 

for moving the boom cutter. A flow diagram for the general 

structure of this control algorithm is shown in Figure 5.3. 

‘Trim Profile' is the first operation that can be selected 

as soon as the tunnel profile has been defined. If this 

operation is not selected, the profile data will then be 

transferred to the data manipulating area (so that the 

original data can be preserved), where they will be sorted 

and expanded into a table in order to establish the profile 

boundary. This table consists of data sets, which contain 

the minimum and maximum slew bounds for every altitude 

from the lowest level to the highest one. Hence the table 

enables the cutting of the cavity layers and the checking 

to see if the boom cutter is moving within the specified 

profile boundary. 
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After the data have heen sorted and expanded, all the 

function selections will be enabled. However, re- 

selection of a function will not be permitted once it has 

commenced its operation, since there is no need to select 

the same function twice. Hence the function selection is 

just an initiating procedure for that activity. After the 

completion of an operation, its function selection will 

again be enabled to permit a second trial if desired. 

The 'Move Boom' control has two functions: selecting the 

"Move Boom' operation and controlling the boom moving speed 

(there are two speeds available, fast and slow). It is 

undesirable to move the boom cutter to another position 

(away from its path) when it is cutting the cavity or is 

trimming the profile. Hence the 'Move Boom' selection 

control will be disabled if any one of these operations is 

selected unless that operation has been stopped or completed. 

During these two operations, the boom cutter movement is 

controlled by the program. 

5.3. INITIALISATION 

This is the first segment to be executed on starting the 

operation or resetting the system. All the input/output 

(I/O) ports are first declared so that the appropriate 

signals can be sent to or received from these ports. All 

the directional valves will then be closed. Initially, all 

the function selections are disabled, therefore no 

operation can be performed while the system is waiting for 

the tunnel profile to be defined by the operator. - The 

system will also assume all the default conditions: stop 
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the boom cutter, assume slow speed for the 'Move Boom' 

mode and set up the appropriate entry locations for the 

various routines when the selection signals for different 

functions are recognised. 

5.4. PROFILE TRIMMING 

After the profile has been defined by the operator, the 

‘Trim Profile' operation may be selected. Although in 

normal practice, this operation will not be performed until 

the cavity has been excavated. However, since the profile 

has been defined, it can be trimmed if desired. It has 

been mentioned in Section 5.2 that, as soon as the profile 

has been defined, the program will call up the data sorting 

and expanding procedures which take a finite amount of 

time to complete. The 'Trim Profile' operation can there- 

fore be selected before or after these sorting and 

expanding procedures have been completed (indicated as the 

branching at 1 or 2 in Figure 5.3). Different actions will 

therefore be taken to trim the profile depending on when 

the branching is originated. A flow diagram for this 

program segment is shown in Figure 5.4. 

If the ‘Trim Profile’ operation is selected after the 

profile data have been sorted and expanded, then the boom 

will be moved to the minimum slew bound at the lowest level 

and the cutter will be started. The profile trimming 

process then commences with the cutter being moved slowly 

along the defined profile. On the other hand, if it is 

selected before the data sorting and expanding procedures 

have been completed, the original profile data 
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are retrieved from the data capturing system, the boom 

cutter will then be moved to the first position defined 

by the operator in specifying the tunnel profile. The 

cutter will also be started and moved slowly along the 

profile. The boom cutter movement will follow the way in 

which the profile is defined by the operator. 

If the sorting and expanding procedures have not been 

completed, the profile data will be sorted and expanded 

after the completion of this profile trimming process. 

Otherwise, the system will then wait for the signal to 

select an operation. 

It has been mentioned that there are two ways in moving 

the boom cutter along the profile: one for the original 

data and the other for the sorted and expanded data. 

Figure 5.5 shows a sample tunnel profile which has been 

defined as the path: 1-2-3-4-5-6-1. 

The algorithm for moving the boom cutter along the profile 

using the unsorted data is relatively simple. The profile 

data are first transferred to the working area in the form 

as they are captured. Then the cutter will be moved to the 

location specified by the first data pair (the profile data 

are captured as altitude-slew pairs). It will be started 

and moved slowly to the locations specified by the data 

pairs in the order as they are captured. After the boom 

cutter has been moved to the location defined by the last 

pair of the profile data, it will then be stopped. In 

other words, the boom cutter will follow the path defined 

by the operator (the path: 1-2-3-4-5-6-l in Fig. 5.5). 
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The algorithm for moving the cutter along the profile 

using the sorted and expanded data is different. The 

profile data have been sorted and expanded into a table 

that contains the minimum and maximum slew bounds for 

every altitude from the lowest level to the highest one. 

Therefore the boom cutter can be moved to the location 

where is the minimum slew bound at the lowest altitude. 

After the cutter has been positioned at this location, it 

will then be started and raised slowly to the minimum slew 

bound at the next higher level, until the cutter reaches 

the highest altitude. Then it will be moved across from 

the minimum slew bound to the maximum one at this altitude. 

Afterwards it will be lowered to the maximum slew bound at 

the next lower level, until the lowest one has been 

accessed. The cutter will finally be moved across this 

lowest boundary from the maximum slew location to the 

minimum one, before it is stopped. Effectively, the cutter 

has been moved along the defined profile (along the path: 

6-5-4-3-2-1-6 as shown in Figure 5.5). 

5.5. CAVITY CUTTING 

The 'Cut Cavity' operation cannot be selected until the 

tunnel profile has been defined and the data have been 

sorted and expanded. After this operation has been 

selected, the boom cutter movement is controlled by the 

program. A sample path of this movement is shown in 

Figure 5.6. Similar to the 'Trim Profile' operation, the 

"Move Boom' and the 'Cut Cavity' selections are disabled 

once this routine has been entered. A flow diagram for 
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this routine is shown in Figure 5.7. 

After this operation has been selected, the highest and 

the lowest levels of the cavity layers to be excavated by 

this operation are first evaluated. These cavity levels* 

are chosen to be half the desired vertical depth of cut 

away from but contained in the actual profile boundary. 

The slew bounds at this lowest cavity altitude are 

similarly reduced. The boom cutter will be located to the 

nearest cavity slew bound at the lowest cavity altitude. 

After the cutter has been moved to this position, it is 

started and the 'Cut Cavity' process commences. The cutter 

is now moved slowly across to the other reduced slew bound 

so that this cavity layer will be removed. After this 

layer has been cut, the slew bounds at the level, which is 

one desired vertical depth of cut higher, are similarly 

reduced (half the depth of cut smaller on both sides than 

the actual profile slew bounds). The cutter will be 

advanced to the reduced slew bound on the same side at 

that higher level. The movement of the cutter is 

restricted to within the prescribed profile boundary. Then 

this cavity layer will be cut. The process is repeated 

until the highest cavity level has been removed. 

After the completion of this operation, a cavity, which is 

smaller than the actual profile by half the vertical 

  

* In this section, when a term is preceded by the word cavity, it 

refers to the reduced value. Therefore cavity slew bound is the 

same as reduced slew bound. When a term follows the word profile, 
it means the actual value. Hence the profile boundary is another 

way of referring to the actual boundary. 
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cutting step, will be formed. All the three function 

selections will then be enabled. The final profile 

boundary can then be removed by the 'Trim Profile' 

operation. 

5.6. BOOM MOVING 

After the tunnel profile has been defined and the comple- 

tion of the profile data sorting and expanding procedures, 

the 'Move Boom' operation can be selected while the cutter 

is neither cutting the cavity nor trimming the tunnel 

profile. It is desirable to have the 'Move Boom’ and the 

‘Boom Moving Speed' selectors combined into a single 

control. When this control is operated, it first sends a 

selection signal to put the system into the 'Move Boom' 

mode and continuously informs the system the chosen boom 

moving speed. A flow diagram of this 'Move Boom' control 

algorithm is given in Fig. 5.8. 

After the 'Move Boom' selection signal has been recognised, 

this function will only act as the 'boom moving speed' 

selector. It selects one of these three possibilities: 

fast, slow and no-move. On entering this routine, the main 

control system will collect the information on the current 

and desired positions as well as the chosen speed for the 

boom cutter (from the 'boom moving speed' selector). The 

appropriate subroutine will be called for moving the boom 

cutter at the desired speed. The subroutine, SMOVE, for 

moving the boom cutter slowly, will be described in a later 

section. The subroutine, FMOVE, for the fast moving of the 

cutter will be discussed in Chapter 7. This process will 
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be repeated until the 'boom moving speed' selector selects 

a 'no-move' mode. When this 'no-move' selection is 

recognised, all the directional valves will be closed and 

all the function selections will also be re-enabled. This 

allows the system to wait for a signal to select an 

operation. 

5.7. SORTING AND EXPANDING THE PROFILE DATA 

These procedures are performed immediately after the tunnel 

profile has been defined. When the data are being sorted 

and expanded, only the 'Trim Profile' operation can be 

selected. Fig. 5.9 shows the flow diagram for these 

routines. The captured data are first transferred to the 

working area so that the original data can be preserved. 

These data will then be sorted in the ascending order of 

the profile altitudes. The sorted data will be transformed 

into groups containing the altitudes with their two slew 

bounds for the defined profile. Therefore, the regrouped 

data will be in sets of three and will appear as: 

lowest altitude, min. slew bound, max. slew bound, ..., 

highest altitude, min. slew bound, max. slew bound. 

The original data are captured in altitude-slew pairs when 

the operator defines the tunnel profile. This data 

capturing is done using the system developed by J H Knight 

in a parallel project at the University of Aston. He built 

into this data capturing system an algorithm to avoid 

capturing incorrectly specified profile data. These data 

can be either the duplicating data pairs (because the data 

sampling rate is faster than the speed that the operator 
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can define the profile), or the data 'mistakenly' 

generated by the analogue-to-digital converter due to its 

accuracy. A tolerance has been introduced in this 

algorithm, it is therefore possible to miss out one of the 

slew bounds during the data capturing process. 

In the transformed data groups, there are three data per 

group instead of four to define the two slew bounds at 

any altitude. If only one profile slew bound has been 

captured, the system will generate the 'missing' slew 

bound by assuming the same value as the captured data. An 

algorithm has been derived to prevent the system from loss 

of data in the data re-grouping process: all the remaining 

data are copied to their next higher locations if there 

will be a 'crash' resulted from any data generating process. 

After the data have been transformed, any data group with 

the same left and right slew bounds (i.e. only one slew 

bound has been captured for that altitude), except the 

groups for the lowest and the highest altitudes, can be 

recognised as deficient in one data. The missing informa- 

tion will be interpolated from the adjacent data sets 

(data groups with the next lower and higher altitudes), to 

give the appropriate slew bound. 

The system can only detect single data point, but cannot 

determine whether the maximum slew bound or the minimum 

value is missing without additional checks, therefore 

interpolation will be performed for both bounds whenever 

the data group contains only one slew bound. Fig. 5.10 
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gives the four possibilities of single data point being 

captured. In (A) and (B), the maximum slew bound can be 

found by interpolating the maximum slew bounds of the two 

adjacent data groups. In (C) and (D), the minimum slew 

value can be found by interpolating the minimum slew 

bounds of the two adjacent data sets. However, in (B), the 

minimum value obtained by interpolation will be greater 

than the captured data; while in (D) the interpolated 

maximum slew bound will be less than the captured value. 

Therefore, a simple algorithm for interpolating the data 

can be derived: the minimum slew bound can be found by 

taking the smaller of the captured minimum and the inter- 

polated minimum, while the maximum slew bound can be found 

by taking the larger of the captured maximum and the inter- 

polated maximum. 

The table will finally be constructed to contain data group 

at every altitude. However, because of the way that the 

profile data are captured, there may be missing data sets 

at some altitudes. These missing data sets, if any, will 

be generated by interpoloation for their altitudes and the 

slew bounds. After this table has been formed, all the 

function selections will be allowed, and the system will 

wait for a signal to select one of the three operations 

available. 
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5.8. ROUTINE FOR MOVING THE 

BOOM CUTTER SLOWLY - 'SMOVE' 

When the boom cutter is being moved slowly, the signals 

for the directional valves are determined by purely 

comparing the desired and the current positions of the 

cutter. A flow diagram for this routine is shown in 

Fig. 5.11. 

This routine is employed whenever the boom cutter is 

required to move slowly. The checking for the cutter move- 

ment to stay within the profile can only be possible after 

the data table has been established. Hence this checking 

will not be exercised if the profile data have not been 

sorted and expanded. There is therefore a possibility for 

the cutter to move outside the prescribed profile boundary. 

However, this 'no-check' movement.is only performed when the 

‘Trim Profile' operation is selected before the completion 

of the data sorting and expanding procedures; during this 

operation, the cutter itself is moving along the profile 

and the overshoot, if any, is not significant after the 

"smoothing" action of the cutter. 

If the desired cutter movement is being checked to ensure 

that the boom cutter will move within the profile boundary, 

the following algorithm will be used. The desired altitude 

is first checked to ensure that it is within the profile. 

The desired slew at the required altitude will then be 

checked to ensure that it is not outside the defined profile 

boundary. The desired altitude is compared with the current 

altitude to determine the required movement: upward, 
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downward or horizontal. The comparison between the 

desired and the current slew values will give the required 

arcing movement: left, right and no slewing. After these 

signals have been determined, the effect of the desired 

movement will then be checked against the profile data 

table using the algorithm described in Section 5.1. This 

additional checking will prevent the boom cutter being 

moved outside the defined profile boundary. 

In addition to the positional checks, the cutter force 

(indicated by the cutter motor current) is also examined: 

if the force is above the permissible upper limit, then the 

boom cutter movement will be completely stopped. The 

finalised signals will then be sent to operate the 

directional valves for the required boom cutter movement. 

5.9. MODE CHANGING 

Since the 'Move Boom' selection will be disabled when 

either the 'Trim Profile' or the 'Cut Cavity' operation is 

selected, a facility, which stops the current operation 

and enables the operator to select the 'Move Boom' operation, 

may be desirable. (The operator may want to move the boom 

cutter away from a hard stratum which causes the cutter 

to stop). On selecting this 'Change Mode' operation, all 

the directional valves will be closed. The data sorting 

and expanding procedures will be executed if the profile 

data table has not yet been established. Otherwise, the 

system will wait for the operator to select the desired 

operation. 
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6.1. INTRODUCTION 

It has been decided to control the position of a mining 

boom cutter with a microprocessor based system. There are 

many microprocessors available on the market. However, 

the one commonly used in the Department of Mechanical 

Engineering at the University of Aston is Intel-8085, hence 

this microprocessor is chosen for the proposed control 

system. 

A microprocessor by itself can do nothing, it needs other 

supporting elements, such as address decoders, random 

access memories (RAMS), read only memories (ROMs), buffers, 

logic gates, input/output (I/O) ports and other accessories 

to perform the appropriate operations. 

The proposed system is a dual microprocessor system with a 

main system for the control algorithms and a second one for 

capturing the system performance and input data ready for 

use by the main system. Since the two microprocessors are 

running in parallel, this arrangement will enable a high 

speed operation. The block diagrams of this control system 

are shown in Figures 6.1 and 6.2. The 'hand-shaking' 

facility is provided by an interface to enable the main 

control system to get data from the data capturing system. 

Figure 6.3 shows the procedures taken by the two systems in 

communicating with each other. 

In this chapter, a brief account is given on the design of 

the electronic circuit for the main microprocessor system 

and the interface to the data capturing system. The data 
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capturing microprocessor system and the interface to the 

pilot valves of the hydraulic actuators are developed by 

J H Knight in a parallel project at Aston University. 

6.2. MAIN MICROPROCESSOR AND 

MONITOR BOARD 

The first board in the main microprocessor control system 

consists of the microprocessor, an address decoder, the 

first monitor ROM, two 8-bit I/O ports, buffers, the 

crystal and logic gates. A schematic diagram of this board 

is given in Figure 6.4. 

The Intel-8085 is an 8-bit parallel central processing unit 

(CPU). It is designed with N-channel depletion loads, and 

requires a single +5v supply. Multiplexed lower order 

address and data bus reduces the number of lines required 

for transferring the data. Detailed functional description 

of this CPU can be found in the Intel publication (42) 

6.2.1. Clock Generation 

A CPU is normally dynamic and requires a clock signal to 

operate. The Intel-8085 CPU has an internal clock generator 

which derives the timing inputs for the microprocessor from 

the 6.144 MHz crystal. It generates an internal clock 

frequency of 3.072 MHz with a clock cycle period of about 

326 nSec. It also makes this clock (3.072 MHz) available 

on the clock output pin of the CPU so that this signal can 

be used as the system clock. 
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and Power On 

This system can be reset by closing the reset switch to low 

activate the RESET IN input (pin 36) of the CPU. This CPU 

will also be automatically reset when the power is switched 

on. The Intel-8085 CPU employs a special internal circuit, 

a substrate bias generator, to increase its speed and needs 

time for this circuit to stabilise, therefore it is not 

guaranteed to work until 10 mSec after the supply voltage 

Yan) has reached +4.75v. A RC (resistor-capacitor) 

circuit is introduced to keep the RESET IN signal low 

during this period [44) so that the CPU can be reset at 

power on. 

On recognising the RESET IN low signal, the CPU will 

generate the high RESET OUT signal which can be used to 

reset the whole system. Since various signal lines and 

buses will be floating during the reset process, the low 

active control signal outputs (e.g. RD, WR) are connected 

to pull up resistors to ensure the inactive state during 

this resetting period. 

6.2.3. Address Decoding 

The address is decoded using a 3-to-8 line decoder, 

Intel-8205 or 74LS138 (a low power Schottky transistor- 

transistor-logic integrated circuit). The decoding is 

performed in 2K (2048D bytes) blocks by examining the 

address lines A,,; to Ajs5. The decoder will drive the 

selected output low, therefore this output can be used for 

any device that requires a low active chip select input. 
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6.2.4. First Monttor and I/O Ports 

The first monitor program resides in the erasable program- 

mable read only memory (EPROM), Intel-8755A, which has a 

memory of 2048D x 8 bits. Following the reset process, 

the CPU will start executing instructions from the location 

with address equal to 0, therefore this monitor EPROM is 

configured to have its addresses from O to 7FF H (i.e. the 

first 2K block). The Intel-8755A is compatible with the 

Intel-8085 CPU and has two general purpose 8-bit I/O ports, 

it facilitates the construction of the control system. 

The boom is moved by operating two pairs of hydraulic 

actuators: one for lifting the trunk and the other for 

arcing (slewing) it. Each pair of these actuators use 

four valves to control the direction of the ram movement, 

hence require four bits of the output port. This means 

that a total of eight bits should be made available for 

output. These are provided by assigning one of the two I/O 

ports of the Intel-8755A to be an 8-bit output port. Three 

bits of the other port are used for interfacing to the data 

capturing system. This arrangement leaves 5 bits of that 

I/O port free for other purposes if required. In fact, 

these five bits are used as outputs for resetting the APU, 

setting the boom moving speed (one bit for slewing and one 

bit for lifting), starting and stopping the boom cutter 

revolving. 

6.2.5. Low Order Address Latching 

Since the CPU uses a multiplexed low order address and data 

bus, the low order address has to be latched, if the low 
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order address is required, throughout the machine cycle of 

the CPU. This address latching is done by employing an 

8-bit latch, 8212. The low order address is put onto the 

bus during the first part of a machine cycle and is 

latched to the output of the 8212 by the address latch 

enable (ALE) signal when this ALE signal goes from high to 

low. 

6.2.6. Buffers 

Buffers are installed to provide the expansion facilities. 

The latched low order address has already been buffered 

through the latch, 8212. The control signals, the high 

order address bus and the multiplexed low order address/ 

data bus are buffered by the octal bus transceivers, 

Intel-82386. 

The buffer for the control signals is configured to 

transmit signals from side A to side B of the transceiver. 

These buffered signals are: I0/M, WR, RD, ALE, CLK OUT and 

RESET OUT. Similar arrangement is made for the high order 

address bus. For these transceivers, the OE inputs are 

tied low to enable the data transmission through the 

buffer, while the T inputs are connected to +5v (high) to 

configure the transceivers By - B7 as outputs with its 

Ag - A7 as inputs. 

The buffer for the multiplexed low order address and data 

bus is connected with OE low to enable data transfer 

through the buffer. The buffer's transmit control signal 

is configured so that this signal is normally high for 
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DESCRIPTION 
  

  

PIN | MNEMONIC 

fa GND 
2a 45V 
3a Aa 
4a AL 

5a Re 
Sa 3 
a Ra 
Ba RS 
Se 6 
12a Az 
Ita Pra 
12a PAL 
13a PR2 
14a PAS 
15a PAG 
16a PAS 
17a PAG 
18a PAZ 
1Se READY 
28a RESET OUT 
ala CLOCK OUT 
22a HOLD B 
23a PB? 
24a PEG 
25a PBS 
26a PB4 
2a PBS 
28a PB2 
29a PBI 
3@a PBQ 
Sta +5V 
32a GND 

to GND 
2c +5V 
3c ADB 
4c ADI 
5c Ab2 
6c Ang 
20 Ana 
8c ADS 
8c ADs 
18 AD? 
lic Re 
12c RS 
130 Aig 
14c All 
150 Al2 
16c A13 
170 Al4 
18c AIS 
190 10“ 
2c RDY 
21c ALE 
220 TRAP’ 
230 RST 7.5 
240 RST 6.57 
250 RST 5.57 
26c WR 
2? INTRY 
28 INTAZ 
280 RESET IN/ 
age +12V 
alo +5V 
320 GND     

SIGNAL GROUND 
+5 VOLTS 
DEMULTIPLEXED LOW ORDER ADDRESS BIT 
DEMULTIPLEXED LOW ORDER ADDRESS BIT 
DEMULTIPLEXED LOW ORDER ADDRESS BIT 
DEMULTIPLEXED LOW ORDER ADDRESS BIT 
DEMULTIPLEXED LOW ORDER ADDRESS BIT 
DEMULTIPLEXED LOW ORDER ADDRESS BIT 
DEMULTIPLEXED LOW ORDER ADDRESS BIT 
DEMULTIPLEXED LOW ORDER ADDRESS BIT N

O
G
L
O
N
H
O
 

CONTROL SIGNALS FOR THE DIRECTIONAL VALVES 
FOR THE BOOM ELEVATION 

) CONTROL SIGNALS FOR THE DIRECTIONAL VALVES 
FOR THE BOOM SLEW 

READY SIGNAL 
SYSTEM RESET SIGNAL FROM THE MICROPROCESSOR 
SYSTEM CLOCK OUTPUT [3.872 MHzJ 
HOLD THE DATA CAPTURING SYSTEM CHIGH ACTIVE 
HOLD ACKNOWLEDGE FROM THE DATA CAPTURING SYSTEM 
ENABLE THE INTERFACE BETWEEN THE TWO SYSTEMS CLOW ACTIVEI 
INVERTED HOLD B 
APU RESET SIGNAL 
STOP THE CUTTER CLOW ACTIVE] 
START THE CUTTER CLOW ACTIVEI 

} FAST/SLOW SPEED CONTROL SIGNALS 
(@ FOR FASTI 

+5 VOLTS 

SIGNAL GROUND 

SIGNAL GROUND 
+5 VOLTS 
MULTIPLEXED LOW ORDER ADDRESS/DATA BIT 
MULTIPLEXED LOW ORDER ADDRESS/DATA BIT 
MULTIPLEXED LOW ORDER ADDRESS/“DATA BIT 
MULTIPLEXED LOW GRDER ADDRESS’DATA BIT 
MULTIPLEXED LOW ORDER ADDRESS’DATA BIT 
MULTIPLEXED LOW ORDER ADDRESS“DATA BIT 
MULTIPLEXED LOW ORDER ADDRESS’DATA BIT 
MULTIPLEXED LOW ORDER ADDRESS’DATA BIT 
HIGH ORDER ADDRESS BIT 8 
HIGH ORDER ADDRESS BIT 9 
HIGH ORDER ADDRESS BIT 1a 
HIGH ORDER ADDRESS BIT 11 
HIGH ORDER ADDRESS BIT 12 
HIGH ORDER ADDRESS BIT 13 
HIGH ORDER ADDRESS BIT 14 
HIGH ORDER ADDRESS BIT 15 
Iv0 PORT OR MEMORY CONTROL SIGNAL 
READ CONTROL CLOW ACTIVEI 
ADDRESS LATCH ENABLE 
INVERTED TRAP INTERRUPT 
RESTART 7.5 INTERRUPT (FOR MOVING THE BOOM} 
INVERTED RESTART 6.5 INTERRUPT (FOR CUTTING THE CAVITY) 
INVERTED RESTART 5.5 INTERRUPT (FOR TRIMMING THE PROFILE} 
WRITE CONTROL CLOW ACTIVET 
INVERTED INTERRUPT FOR STOPPING THE BOOM CLOW ACTIVE] 
INTERRUPT ACKNOWLEDGE CLOW ACTIVET 
SYSTEM RESET INPUT CLOW ACTIVES 
+12 VOLTS 
+5 VOLTS 
SIGNAL GROUND 

N
O
U
A
W
O
N
H
D
 

  

TABLE 6.1 PIN ASSIGNMENT ON THE BACK PLATE 
OF THE MAIN CONTROL SYSTEM 
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transmitting information from side A to side B of the 

transceiver, while the data flow direction will be reversed 

if the CPU is requiring (reading) data from a device not 

residing on the CPU board. In order to avoid bus conten- 

tion, the controlling of this T signal must be done by some 

logic. Since the only on-board device is the monitor 

EPROM, the chip select signal for the monitor can be used 

with other control signals to generate the T signal for this 

buffer. The CPU will read in data if it performs one of 

the following operations: reading data from memory, 

inputting from an input port, or getting an instruction on 

recognising an interrupt. This T signal generation logic 

will be done by the NAND gates (74LSO0) and the inverter 

(74LS04). T will be high whenever the CPU requires in- 

formation from the monitor EPROM and its ports, or writes 

information onto the data bus. T will become low if the 

CPU sends out a low INTA signal, or a low RD signal with a 

high monitor EPROM chip select signal. 

6.2.7. Others 

The CPU ready line input is connected to the back plate of 

the system and is normally pulled high through a pull up 

resistor unless a low is sent from a device indicating a 

busy status. Table 6.1 shows the pin assignment on this 

back plate for the main control system. The built-in 

hardware interrupts of the Intel-8085 are constructed in 

the following way: 
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FIG 6.5 INTERRUPT INSTRUCTION PORT SUPPLYING THE RESTART 7 INSTRUCTION 
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6.3. 

TRAP 

RST 7.5 

RST 6.5 

RST 5.5 

INTR 

This interrupt has got the highest priority 

and is used to continue the system opera- 

tions after the tunnel profile has been 

defined. 

This interrupt is used to execute the 

routine for moving the boom cutter to the 

position defined by the operator with the 

desired speed (fast or slow). 

This interrupt is used to execute the 

routine for cutting the tunnel cavity layer 

by layer. 

This interrupt is used to execute the 

routine for trimming the tunnel profile. 

This interrupt is used to stop the execution 

of the current program segment so that other 

operations can be selected. This therefore 

provides a 'change mode' facility to the 

operator. Fig. 6.5 shows the schematic 

diagram for the RST 7 instruction port. 

All other unused high active input control signals (e.g. 

HOLD, SID) are grounded to enable normal operation. 

EXPANSION RAM AND EPROM BOARD 

This board contains the address decoder, EPROMs and RAMs. 

There are three 2K EPROMs with addresses from 8000 H to 

97FF H and two 1K RAMs with addresses from B800 H to BFFF H. 

Similar to the first board, the address decoding is done 

in blocks of 2K from 8000 H to BFFF H. Since the 
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microprocessor uses the high order addresses for both 

memories and I/O ports, the address decoder is enabled only 

when the I0/M signal is low to avoid accidental selection 

of the RAM or the EPROM on this board. A schematic 

diagram of this board is shown in Fig. 6.6. 

The EPROMs and RAMs used are 2716 and Intel-8185 respec- 

tively. Since they have standby facilities, they may be 

disabled when the chips are not selected to reduce the 

power consumption. These chips are forced to enter a 

standby state by applying high signals to their CS inputs, 

therefore the use of Intel-8205 (or 74LS138) provides this 

facility. 

The Intel-8185 is an 1K 8-bit static RAM with a multiplexed 

address and data bus, therefore the buffered AD) - AD7 and 

ALE of the microprocessor are connected to the corres- 

ponding pins of this RAM. These RAMs aye selected when the 

address is within the 2K block from B800 H. However, only 

one chip is enabled by the buffered A, 9 which is connected 

to CE, of one chip and to CE, of the other. On the 

contrary, the 2716 EPROMs are selected purely on the chip- 

select (CS) signals, since they are 2K EPROMs, and the OE 

pins are enabled by the buffered RD signal of the CPU. 
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8080-87FF H 

8800- 8FFF H 

9222-97FF _H 
8822- BBFF H BCRE-BFFF H 

eS | dag cS 
ALE CED ALE 

8185 8185 

CE>,-A05 ADS AD2 ADS TE,AD7 ADS AD3 ADI 
2AD7 ABS AD3 ADI 1 AD6 AD4 AD2 ADS 

  
FIG.6.6 Schematic Diagram For Expansion RAM and EPROM Board 
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6.4. ARITHMETIC PROCESSING UNIT BOARD 

Mathematical operations can be carried out either by soft- 

ware (program) or by hardware (arithmetic processing unit, 

APU). Hardware operation will speed up the performance and 

enable the valve control signals to be given at a high 

frequency. A schematic diagram for this APU board is given 

in Pig. 6.7. 

The APU chosen is the Intel-8231A for its high operation 

speed and ease of interfacing to the CPU. This APU is 

selected with the high order address FD H and FC H for its 

command port and its on-chip data stack respectively. It 

can therefore be selected as an I/O port or a memory. 

Memory mapping technique can increase the flexibility by 

enabling more instructions to be used for communication with 

the APU at the expense of the memory addresses FCOO H to 

FDOO H é K) which cannot be used for ordinary memories. 

The APU's ready signal output is connected to the CPU so 

that the CPU can be halted by the 8231A when this APU is 

busy and data transfer is requested by the CPU. The ready 

line is pulled low when the APU is busy and will be pulled 

high again when it is ready for data transfer. 

Since the APU can operate on a maximum frequency of 4 MHz, 

it is driven by the 3.072 MHz clock output of the CPU 

employed. Similar to the CPU, all the unused high active 

control inputs are grounded, while those low active control 

inputs are tied to high (+5v). 
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FIGEG.7 SCHEMATIC DIAGRAM FOR THE APU EXPANSION BOARD 
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6.5. INTERFACE TO THE DATA CAPTURING 

SYSTEM 

The proposed system is a dual microprocessor one, therefore 

an interface must be provided to enable the communication 

between these two parts. A schematic diagram for this 

interface is presented in Fig. 6.8. 

Both the microprocessors will be running in parallel unless 

data transfer from one to another is performed. When the 

main control microprocessor wants data from the data 

capturing system, it latches a low signal onto bit 5 of 

port 1 and this signal is inverted and then transmitted to 

the HOLD input of the data capturing system's CPU. The 

inverter is installed to ensure normal operation at power 

on. On recognising this signal, the second CPU will issue 

a HOLDA (hold acknowledge) signal onto its HOLDA output and 

relinquish the address and data buses as soon as the 

completion of the current bus transfer. The RD, WR and I0/M 

control lines of this CPU will also be tristated. On 

receipt of the HOLDA signal, the main microprocessor can 

start to read data from the data capturing system. 

The buffers for address, data and control lines in this 

interface card normally have tristated outputs unless data 

transfer is requested. This tristate arrangement enables 

the two systems to operate normally without any undesirable 

interference. The data and address buffers (8286s) are 

enabled by pulling the output enable (OE) lines low; when 

the buffer (8216) for the control lines is enabled by pulling 

the CS signal low. The RD signal is connected to the T
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PIN | MNEMONIC | DESCRIPTION 

te GND SIGNAL GROUND 
2c +5V +5 VOLTS 
3c ADe MULTIPLEXED LOW ORDER ADDRESS’DATA BIT @ (Matn System) 
4c ADL MULTIPLEXED LOW ORDER ADDRESS’DATA BIT 1 (Main System) 
50 abe MULTIPLEXED LOW ORDER ADDRESS/DATA BIT 2 (Main System) 
6c ADS MULTIPLEXED LOW ORDER ADDRESS/DATA BIT 3 (Main System) } 
20 AD4 MULTIPLEXED LOW ORDER ADDRESS/DATA BIT 4 (Main System) | 
80 ADS MULTIPLEXED LOW ORDER ADDRESS’DATA BIT 5 (Main System) 
80 aps MULTIPLEXED LOW ORDER ADDRESS/DATA BIT 6 (Main System) 
18c AD? MULTIPLEXED LOW ORDER ADDRESS’DATA BIT 7 (Main System) 
Ile Re HIGH ORDER ADDRESS BIT 8 (Main System) 
12c RS HIGH ORDER ADDRESS BIT 9 (Main System} 
13¢ Aig HIGH ORDER ADDRESS BIT 1@ (Main System) 
140 ALL HIGH ORDER ADDRESS BIT 11 (Main System) 
150 AL2 HIGH ORDER ADDRESS BIT 12 (Main System) 
16c A13 HIGH ORDER ADDRESS BIT 13 (Main System? 
i?o Ald HIGH ORDER ADDRESS BIT 14 (Main System} 
18¢ ALS_ HIGH ORDER ADDRESS BIT 15 (Main System} 
19¢ I0/M IvO PORT OR MEMORY CONTROL SIGNAL (Main System) 
28c RDv READ CONTROL SIGNAL CLOW ACTIVE] (Main System} 
aie ALE ADDRESS LATCH ENABLE (Main System) 
22c TRAPZ INVERTED TRAP INTERRUPT (Matn System) 
23 RST ?.5 | RESTART 7.5 INTERRUPT FOR MOVING THE BOOM (Main System) 
240 = 
25c - 
26ce WRe WRITE CONTROL SIGNAL CLOW ACTIVE] (Main System} 
2?c = 
28c = 
28c a 
3@c bas 
Sic +5V +5 VOLTS 
320 GND SIGNAL GROUND 

la GND SIGNAL GROUND 
2a +5V +5 VOLTS 
3a ADa MULTIPLEXED LOW ORDER ADDRESS’DATA BIT @ (Data System) 
4a ADL MULTIPLEXED LOW ORDER ADDRESS/DATA BIT 1 (Data System) 
Sa AD2 MULTIPLEXED LOW ORDER ADDRESS’DATA BIT 2 (Data System) 
Sa ADS MULTIPLEXED LOW ORDER ADDRESS”DATA BIT 3 (Data System) 
va AD4 MULTIPLEXED LOW ORDER ADDRESS”DATA BIT 4 (Data System) 
Sa ADS MULTIPLEXED LOW ORDER ADDRESS/DATA BIT 5 (Data System} 
Sa ADS MULTIPLEXED LOW ORDER ADDRESS’DATA BIT 6 (Data System) 
1@a AD? MULTIPLEXED LOW ORDER ADDRESS’DATA BIT 7 (Data System} 
Ila AB HIGH ORDER ADDRESS BIT 8 (Data System} 
12a RS HIGH ORDER ADDRESS BIT 9 (Data System) 
13a ALB HIGH ORDER ADDRESS BIT 1@ (Data System) 
l4a ALL HIGH ORDER ADDRESS BIT 11 (Data System) 
15a Al2 HIGH ORDER ADDRESS BIT 12 (Data System) 
16a R13 HIGH ORDER ADDRESS BIT 13 (Data System} 
17a Al4 HIGH ORDER ADDRESS BIT 14 (Data System) 
18a AIS_ HIGH ORDER ADDRESS BIT 15 (Data System) 
1Se I0vM IvO PORT OR MEMORY CONTROL SIGNAL (Date System) 
28a RD’ READ CONTROL CLOW ACTIVE] (Date System) 
2ta ALE ADDRESS LATCH ENABLE (Data System) 
22a HOLD HOLD THE DATA CAPTURING MICRO CHIGH ACTIVE] 
23a HOLDA HOLD ACKNOWLEDGE FROM THE DATA CAPTURING MICRO 
24a PBS ENABLE THE INTERFACE BETWEEN THE 2 SYSTEMS CLOW ACTIVE 
ese PBS INVERTED HOLD SIGNAL (FROM MAIN SYSTEM) 
26a WRA WRITE CONTROL [CLOW ACTIVE] (Data System) 
27a = 
28a ca 
23a = 
38a = 
Sla +5V +5 VOLTS 
32a GND SIGNAL GROUND         

TABLE 6.2 PIN ASSIGNMENT ON THE BACK PLATE 
FOR THE INTERFACE CARD 
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input of the multiplexed low order address and data buffer 

to enable the read data operation. When T is high, signal 

flow is from side A to side B, hence passes the AD) - AD7 

onto the respective bus of the. second system and addresses 

the appropriate memory. When RD becomes low, the signal 

flow direction will be reversed from side B to side A of 

the buffer, then the host microprocessor can read in data 

through this buffer. The other two buffers are configured 

to have information flowing from the main microprocessor 

system to the data capturing one when they are enabled. 

The flow diagram for this interfacing procedure has been 

given in Fig. 6,3, and the pin assignment on the back plate 

for this interface card is shown in Table 6.2. 
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CHAPTER 7 

TESTS AND RESULTS



7.1. Introduction 

The control algorithms and the control circuits have been 

derived and built. It has been mentioned in Chapter 3 

that a switching function can be derived to determine when 

the valves should be closed. The use of this switching 

function will be expected to reduce the time taken in 

positioning the boom ripper. It has also been shown in 

Chapter 4 that the use of an APU will facilitate the 

mathematical operations. However, this will mean a more 

expensive system. Tests have been done using various 

control strategies: (A) control based on simply comparing 

the feedback position with the desired position, and (B) 

the more complicated control employing the switching 

function evaluations. 

7.2. Control Strategies 

7.2.1. Stmple Comparison With Slow Speed 

The simplest control strategy in this boom positional 

control is to include a unity feedback. In a parallel 

project, J H Knight of the Mechanical Engineering Depart- 

ment at Aston University has developed a data capturing and 

information retrieval system, which provides the positional 

information on the desired input and the actual output. 

These data are supplied in the digital forms and are also 

arranged to give a unity feedback. 

In this simple comparison method, the input and the output 

data are compared in determining the required signals sent 

to the electro-hydraulic valves to give the desired boom



movement. It has been mentioned in Chapter 3 that the 

control by simply comparing the input and the output data 

would not be good enough because the physical properties 

(e.g. the inertial load, the fluid compressibility, the 

valve characteristics etc.) of the system might cause 

excessive overshoot. However, the inherent limitation in 

the accuracy of the 8-bit analogue-to-digital converter (ADC), 

#1 least significant bit (LSB), suggests that this simple 

comparison method will be adequate when the boom is moving 

at the slow speed. 

7.2.2. Switehing Function Evaluation 

It has been shown in Chapter 3 that the employment of the 

switching function, which determines the switching signals 

depending on the physical properties and the current 

conditions of the system, would reduce the overshoot and 

hence would improve the positional control of the boom 

ripper. This will be particularly helpful if the boom is 

moving at its fast speed, therefore tests have been done 

using the switching function for the boom fast move mode. 

The information on the system performance is provided by the 

data capturing system developed by J H Knight; while the 

mathematical operations are handled by the APU to increase 

the speed of operation and to reduce the complexity in the 

software of the control system. The valve performance has 

been tested by J H Knight and his results suggest that the 

valves can be approximated to 'On-Off' valves with time 

delays. Therefore the switching functions tested are those 

derived for this valve type (i.e. 'On-Off' valve with time 

delay). 
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7.3. Boom Moving at High Speed - 

'‘FMOVE' Routine 

It has been mentioned that two control strategies have been 

tested for the positional control of the boom ripper. The 

simple comparison method may cause an undesirable overshoot 

if the boom is moving at a high speed. Therefore, in the 

simple comparison method, the boom movement will be 

restricted to the slow move mode, if the cutter is within 

a specified neighbourhood of the desired position, to avoid 

any undesirable overshoot. Figure 7.1 shows the flow 

diagram for this control method, and the listing of the 

assembly language program for this routine is included in 

Appendix G. 

When this routine is entered, the necessary information will 

be transferred from the data capturing system. The current 

boom slew position is checked against the desired slew value: 

if it is within the specified neighbourhood of the desired 

slew position, then the slew movement will be set to the 

slow move mode. Similarly, the current boom altitude is 

compared with the desired elevation and the slow move mode 

will be set if it is within the neighbourhood of the 

desired altitude. After this checking for the permitted 

speed mode has been done, the 'SMOVE' routine will be 

entered (please refer to the listing in Appendix G). The 

determination of the appropriate switching signals and the 

other checkings will be done in the 'SMOVE' routine by simple 

comparison. A detailed description of the 'SMOVE' routine 

has been given in Chapter 5. 
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Another control strategy can be used for this boom movement 

at its high speed is the employment of the switching 

functions. Figure 7.2 shows the flow diagram for this 

algorithm and the listing of the assembly language program 

for this routine is given in Appendix H. Similar to the 

other routine, the system performance data are transferred 

from the data capturing system on entering this routine. 

If the cutter force is greater than the upper limit for the 

high speed movement, then the 'SMOVE' routine will be 

entered at FMOVES so that the boom can be moved only at the 

slow speed. Otherwise, the fast speed will be set. If the 

profile data have not been sorted and expanded, then the 

program will go to continue its execution from determining 

the switching signals. 

However, if the profile data table has been properly 

established as described in Chapter 5, the following actions 

will be taken before it evaluates the switching function. 

Similar to the 'SMOVE' routine, the desired position is 

limited to within or on the profile boundary defined by the 

operator. The current position is examined: if it is close 

to either the lowest profile boundary or the highest one, 

then the slow move mode will be set for the vertical move- 

ment of the boom; if it is close to either side of the 

profile boundary, then the 'SMOVE' routine will be entered 

at FMOVES. The reason for restricting the boom movement to 

its slow mode, when it is currently near the profile 

boundary, is to make the checking for permissible directions 

of the boom movement easier (please refer to Chapter 5). 

In this system, the criterion for being close to the 

boundary is 16D (10H) bits. 
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If either the current boom position is free from the 

profile side boundary or the profile data have not been 

sorted and expanded, then the 'FMOVE' routine will continue 

its operation. It will determine the switching signals for 

the two movements (i.e. the lifting and the slewing) 

separately using similar procedures. The expected sign of 

the switching function will be determined by simply using 

the current and the desired positions. Then the captured 

data will be converted into the APU recognised binary 

floating point (BFP) format. These BFP data are then trans- 

ferred to the APU stack and the appropriate switching 

function will be evaluated. The result will be used to 

determine the signal: if the evaluated function value has 

the same sign as the expected, then a signal will be sent 

to operate the pilots of the directional valves (the 

direction of movement will depend on the sign of the 

function value); otherwise, it indicates a change in the 

sign of the switching function (i.e. the criterion fn=0, 

for switching off the valves has been satisfied), then the 

directional valves will be closed. After all the 

directional valves (both valve sets for the lifting and the 

slewing) have been closed, the final position will be 

adjusted in the slow speed mode (this is similar to the 

‘inching' process used by the operator with an open-loop 

control system) 

Because of the hardware configuration of the hydraulic 

circuit for the boom ripper wnder consideration, the heavy 

mass of the boom causes (i) the lowering movement having 

preference over the boom slewing and (ii) the slewing 
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movement having preference over the boom raising. It has 

been observed in the experiment that the boom would lower 

down whenever the fast mode is set and hoth sets of valves 

(i.e. the valves for both the vertical and the slewing 

actions) are operating. The boom will lower down even 

though the raise up signal has been sent to the pilots of 

the directional valves. Therefore an algorithm has been 

built into the system for the vertical movement to have 

preference over the slewing whenever the fast speed mode 

is set. 

Another consideration has been the time delay in the valve 

operation. Because of the time delay, the boom will neither 

move nor stop immediately after the signal has been sent to 

the directional valves. If the boom is near the desired 

position (say 2 bits from it) and the correction signal has 

been sent to the valves, then the boom will not move until 

the valves are opened and its movement cannot be detected 

unless a two-bit change in the boom position has been 

observed (the data capturing system regards a change within 

1 bit as 'no change' because the ADC has an accuracy of +1 

LSB). As soon as this boom movement has been detected, the 

switching off signal will be sent to close the directional 

valves. However, because of the time delay in the valve 

Operation, the boom will not stop immediately, therefore an 

overshoot results and another correction signal will then 

be sent to the valves. Consequently, the boom will be 

hunting about this desired position. Therefore, the boom 

movement is restricted to its slow move mode if it is near 

the desired position (in this system, the criterion is +4 

bits from the desired position) to prevent hunting.
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7.4. Test Results 

7.4.1. Boom Control by Simple Compartson 

With Speed Limitation 

The control strategy, using simple comparison between the 

current and the desired boom positions, has been coded 

(programmed) and tested. In this method, the slow move mode 

will be set when the comparison reveals that the two 

positions are near to each other. The results are shown in 

Figures 7.3 and 7.4 for the profile trimming and the cavity 

cutting processes respectively. It can be seen from these 

traces that this control strategy is satisfactory: the 

accuracy is within the ADC tolerance (:1LSB). It can be 

noted from Figure 7.3 that the downward movement of the 

boom in trimming the profile boundary has got a larger step 

than the upward movement, this is because the dynamics of 

the boom ripper are different in both directions. The 

heavy mass of the boom causes it to lower more before the 

valve can be closed completely, while this heavy mass will 

help in stopping the boom from its upward movement. 

It can also be seen from these figures that the boom move- 

ment is within the defined profile boundary. This can be 

easily observed when the cutter is ripping the upper cavity 

layers. As described in Chapter 5, the starting and ending 

points of the cavity layer to be cut are half the vertical 

cutting step size away from the profile boundary. In order 

to simplify the control program, the cutter movement is 

restricted to within or on the defined profile boundary for 

all movements. Therefore the cutter will advance to the 

next layer along the profile boundary instead of a distance
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away from it when the cutter is ripping the uppermost 

cavity layers and hits the profile boundary. 

It is difficult to demonstrate the 'Move Boom' facility in 

a still figure (or recording), therefore only the 

observations are reported. When the boom is required to 

move fast to a position, it will move at the high speed to 

a region near the desired position and then it is restricted 

to moving slowly towards that and stop when it reaches this 

position. If the boom starts from a position near the 

profile boundary, it will move slowly away from the boundary 

until it enters the 'free' space where it can move at high 

speed if the cutter load permits. The boom will not move 

outside the defined profile boundary. 

7.4.2. Boom Control with Switching 

Funettion Evaluation 

It can be seen from the simulation studies in Chapter 3 

that the time delay in the valve operation, the external 

force and the ram velocity are the dominant factors in 

determining the instant to send the switching off (closing) 

signals to the valves. 

The time delay in the valve operation has been measured 

by Knight to be approximately 390 mSec with a system supply 

pressure of 138 bars. However, this time delay will depend 

on the system supply pressure and the pressure difference 

across the valve. In the system under test, a metering 

out technique is used to provide the different boom moving 

speeds, therefore the time delay in the valve operation 

will vary if the speed changes. This time variation 
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and the complexity in the system dynamics make it 

difficult to theoretically determine the coefficients in 

the switching functions for this system, and experimental 

determination of the coefficients has been used. 

The external force is mainly due to the heavy weight of 

the boom. It has been mentioned in Chapter 3 that the 

effect of the external force is mainly on the constant 

term in the switching function, while the time delay in 

valve operation also affects the coefficient of the 

velocity term in this function, and the acceleration is 

so small that its contribution to the switching function 

can be neglected (because the steady state can normally 

be achieved before the switching signals are sent). 

Therefore a plot of the amount of overshoot (the boom 

travel since the application of the closing signal before 

it comes to a rest) against the velocity at which the 

boom is moving when the switching signal is sent, will 

give the required coefficients. Figures 7.5 and 7.6 are 

obtained for the horizontal and vertical (lifting) move- 

ments in the units used by the data capturing system. 

The horizontal slew and the vertical elevation ranges are 

both scaled from O to 255D bits in the data capturing 

system. In physical units, the horizontal slew is from 

-52°57' to 52°57', while the vertical elevation is from 

-34°12' to 44°46". 

These graphs show that the overshoots and the initial 

boom velocities (when the closing valve signals are sent) 

have got approximately linear relationships. Therefore 
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the slopes of these graphs will give the coefficients for 

the velocity terms in the switching functions and. the 

y-intercepts will yield the constant terms. 

Although it is difficult to theoretically determine the 

coefficients for the switching functions, an attempt has 

been made to estimate the coefficients. The following 

parameters are used for the lifting rams: 

Mass of Boom = 3070 kg (Calculated from the measured 

boom dimensions and assumed densities). 

Mass of Ram = 7 kg. 

Effective External Force = 40 kN (due to the weight of 

boom, this ranges from 37.65 to 43.67 kN 

depending on the boom elevation). 

Valve Dimensions = 6 mm x 3 mn. 

On-Off Valve with Time Delay = 390 mSec. 

From the switching function in Section 3.6.3 with the 

Parameter adjustment (for an asymmetric system with 

external force) mentioned in Sections 3.6.5 and 3.7, the 

switching function for this lifting ram has been reduced 

to the form as Equation (4.1):- 

Aly + An ¥+ As ¥ + Ay Vg + As =O 

where A, = 0.998 

r2 2472 (mainly affected by the valve time 

delay)



Ay = ol 

As = -0.04568 (both the applied force and the 

valve time delay will contribute 

to this). 

The magnitude of the acceleration term is very small 

compared with the others in this function, therefore the 

switching function can be reduced to: 

hoyrtly- Yq) + rs =O 

After these coefficients have been converted into the 

units used by the control system. The coefficients for 

the velocity (A2) is 27113, and the constant term (5) 

is -0.188. The experimentally determined values (from 

Figure 7.6) are 29179 and -0.5 respectively. This 

suggests that the time delay in the system is longer than 

that used in the theoretical prediction, while the actual 

load acting on the hydraulic rams is higher. The reasons 

for a longer time delay in the system are thought to be 

an increase in the chamber pressures due to the metering 

out technique used and the actual working system pressure 

has been set at 110 Bars. The theoretically determined 

coefficient for the velocity term differs from the 

experimental value by 0.8%. Because of the complexity 

in the dynamics of the system, estimation of the external 

force cannot be accurate. If the quoted weight of the 

boom (3.25 tons) by the manufacturer has been assumed, the 

external force will range from 42.2 to 47.1 kN. If the 

average value (45 kN) of this force range is used, then 

the theortical prediction will give 27310 and -0.161 for do 
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and \s5 respectively. When the experimental accuracy of 

the data capturing system is considered: the 8-bit ADC 

used has an error of +1 LSB and the boom velocity will 

be calculated whenever a positional change of three bits 

or more has been detected. Therefore an absolute 

positional error of 1 bit and an absolute error of 2 bits 

in the velocity calculated are expected for the worst cases. 

Since the accuracy in the 16-bit timer is 1/(2-1), the 

error in the velocity calculation is mainly due to the 

ADC, this is expected to be + 2/3 (+ 66.67%). If these 

have been considered, then the slopes (\2) will lie 

between 29200 and 27090, while the y-intercepts (\5) will 

have values between 6.16 and -6.9. The theoretical 

values based on the 390 mSec time-delay on-off valve and 

a 45 kN external force also fall within this region. 

Similarly the theoretically predicted values of A2 and As 

for the slewing rams are 23443 and 0.01 based on on-off 

valves with 390 mSec time-delay. However, Figure 7.5 

shows that the relationships between the overshoots and 

the velocities can be described by two distinct lines 

depending on the direction of the boom slew. Since the 

boom slewing is controlled by two different sets of 

poppet valves, the time-delay for valve operation may be 

different. The experimentally obtained coefficients 

(from Figure 7.5) are: \2 equals to 24894 and As is -0.59 

when the boom slews to the right, but A, is 30303 and \5 

quale to 0.98 if the boom slews to the left. The slopes 

of these lines will give the approximate time-delays in 

the valves: 414 mSec for the valves giving the right 

140



Bo
om

 
Po

si
ti

on
 
(B
it
s)
 

122 ane 

125 NY 

. “sy   
  

    

71 r 

54 

& & & 3 = s & 8 & 3 & 
a s e a al 3 3 + + a co 

Time (Sec) 

FIG 7.7 Boom Lowering - Time Response 

Positn 

135 

tea; 

1ss+ Aacy 

152 * 
* 

135 
* 

12a « 
* 

195 + * 
* 

32 * . 
Fi * 

* 

6a 

. ~_ _ nw nN w w > Time 
or oe a or 

Fig 7.8 Boom Lowering Position (Bits} - Time (Sec) Response 

141



slew, and 505 mSec for the valves giving the left slew 

(these valves are slower than the measured value for the 

lifting rams --- 390 mSec). If these values are used in 

re-calculating the switching coefficients. The following 

values are obtained: 24049 for ’, and -.05 for \5 if the 

boom slews to the right, 30065 for jz and .06 for As if 

the boom slews to the left. If the experimental errors 

in the data capturing system have been taken into account, 

the values for \, can lie between 18182 and 90910 for the 

right slew valves, while they are within the range 14936 

and 74682 for the left slew valves. Similarly, the 

ranges for the coefficients, 15, are: -1.59 to 0.41 for 

the valves slewing the boom to the right, -0.02 to 1.98 

for those causing the boom to slew towards the left. 

Figure 7.7 shows an analogue recording of the time 

response for the boom lowering while Figure 7.8 shows the 

equivalent recording by the data capturing system. It 

can be seen from the analogue trace that the signal is 

very noisy. However, the magnitude of this noise is so 

small that it can hardly be detected by the data capturing 

process. Therefore, the values of the velocities and the 

positions captured can be used in evaluating the switching 

function without any correction (adjustment) to compensate 

for the noise. 

Figures 7.9 and 7.10 show the results of the tests 

on the boom slewing and lifting using the simplified 

switching functions as shown on P.139. The initial 

and final errors together with the velocities, at 

which the boom was moving when the 'close! signals 
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were sent to the valves, are presented in these graphs. 

It can be observed that the absolute final errors are 

never more than 2 bits. Since the ADC has an accuracy 

of +1 LSB, the worst error due to this ADC limitation is 

expected to be +2 LSB (+1 LSB when the switching signal 

is determined coupled with +1 LSB when the final boom 

positional reading is taken). This confirms that the 

switching function can determine the switching point 

giving a final position within the expected accuracy of 

the system. 

The switching functions have been programmed and tested 

for the boom positional control in the three activities 

(Move Boom, Trim Profile and Cut Cavity). Similar 

results to those obtained using the comparison method 

with slow speed limitation (Figures 7.3 and 7.4) have 

been obtained, therefore the recordings of these tests 

are not included. The only difference between these two 

methods is that the overall time taken for the boom to 

move by the comparison method (with slow speed limitation) 

is longer than the other one. This is because the band, 

in which only the slow speed mode is permitted, is larger 

when the comparison method is used (+ 18H bits compared 

with +4 bits). This band is included in the switching 

function method to prevent the boom from hunting when it 

is initially very near the desired position. 
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CHAPTER 8 

CONCLUSIONS AND RECOMMENDATIONS



8.1. Conclusions 

The test results in Chapter 7 show that the positional 

control of a boom ripper can be obtained. This involves 

the use of a dual microprocessor system, which provides 

a high operation speed. This is because the two micro- 

processors are running in parallel: one microprocessor 

system Can concentrate on capturing and updating the 

system performance and the required data, while the other 

system can analyse these data and determine the control 

signals. Furthermore, the use of an APU will simplify the 

software and increase the speed in handling the 

mathematical operations. 

Poppet valves have advantages over the conventional spool 

valves for this control application. Firstly, poppet 

valves are less sensitive to dirt and therefore are ideal 

for the mining environment. Secondly, poppet valves have 

two states: they can either be fully opened or closed. 

Therefore poppet valves can be operated directly on the 

‘On-Of£' (or digital) signals sent by the microprocessor 

which is a digital device itself. Thirdly, poppet valves 

are easier and less expensive to manufacture. They also 

have less leakage for a fluid with a low viscosity 

compared with the conventional spool valves which have 

sliding seals. All these features make the poppet valves 

suitable for use in this mining boom ripper positional 

control system. 

The optimal control theory shows that the response time 

can be minimised by maximising the acceleration and carefully 
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controlling the retardation. However, a 'bang-bang' 

control philosophy is adopted in this project instead of 

the normal way of controlling the valve closure. on this 

‘bang-bang' control strategy, simple On-Off signals are 

sent to the electro-hydraulically operated poppet valves. 

Two methods can be used in determining the control signals. 

They are both satisfactory in their performance in this 

application. 

The simple comparison method is the simpler of the two. 

In this method, the control signals are determined by 

comparing the desired with the current boom positions: 

the valves will be opened if the two positions are not the 

same, but they will be closed when the two data match. 

In order to prevent any undesirable overshoot when the 

boom is moving at its high speed, it is necessary to 

restrict the speed of the boom to its slow mode when it 

is near the desired position. This region should be large 

enough to prevent overshooting when the boom is travelling 

at its highest speed. Because of this band, the response 

time is not a minimum when the boom changes its position at 

high speed. 

The second method is to use the switching function evalua- 

tion in determining the signals sent to the control valves. 

Various switching functions have been derived in Chapter 3. 

J H Knight has studied the performance of the valves used 

in this control system, his results suggest that the valves 

can be approximated to On-Off valves with time delays. 

Because of the complexity in the system geometry and the 
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dynamics, it is extremely difficult to theoretically 

determine the coefficients in the switching function. So 

experimental evaluations have been used, which correlate 

favourably with the theory. These switching functions 

are then tested individually for each axis of movement 

(i.e. lifting and slewing). The results in Chapter 7 show 

that the use of this switching function can shorten the 

overall response time and hence an optimal control will be 

obtained when the boom is travelling at its high speed. 

It is worth noting that the data capturing system cannot 

detect a velocity when the boom moves slowly because of 

the limitation in the accuracy of the ADC and the capacity 

of the timer installed. Therefore, the evaluation of the 

switching function at the slow speed can effectively be 

reduced to a simple comparison. 

8.2. Recommendations 

The results in Chapter 7 show that the simple comparison 

method with speed limitation near the desired position 

can provide the necessary activities and adequate control. 

The simple comparison method yields a simpler and less 

expensive control system, which consumes less energy 

compared with a system using the switching function. 

evaluation method. In this particular application, 

minimising the time, taken by the boom ripper to move from 

one position to another, is not very important. On the 

contrary, the intrinsic safety requirement demands a 

control circuit with less power consumption. Therefore, 

the simple comparison method with slow speed limitation 

near the desired position is recommended for this system. 
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A dual microprocessor system can provide a fast and 

continuous monitoring of the electro-hydraulic valves. 

The control signals sent to the valves can be obtained 

in a much shorter time, when the simple comparison method 

is used instead of the switching function evaluation 

method. This is because the function evaluation method 

requires more complicated mathematical operations, which 

need more time to handle, although the data manipulation 

time can be shortened by using an APU. However, the 

requirement of a wide region, in which only the slow 

speed mode is allowed for the boom to travel, makes the 

total time taken to fast move the cutter from one position 

to another longer in the simple comparison method. There- 

fore, if a fast response in moving the boom at its high 

speed is desired, the switching function evaluation method 

is recommended. 

8.3. Suggestions for Further Work 

A microprocessor based system can simplify and increase 

the facilities in the automatic operations for a boom 

ripper. Since the microprocessor is a digital device, 

it must operate on digital signals. This demands that 

all the analogue signals should be converted into the 

digital forms before they can be processed by the micro- 

processors. The accuracy of the system performance 

therefore depends highly upon the resolution power of the 

ADC installed. For the boom ripper under consideration, 

the accuracy in positioning the boom ripper at its cutter 

end, is approximately lcm. If a finer positional control 

is desired for the boom ripper, then an ADC with a higher 
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resolution power should be used, and the associated 

hardware and software have to be developed. For example, 

a 12-bit ADC with l-bit accuracy can increase the 

resolution power from 1/255 (for an 8-bit ADC) to 1/4095. 

A basic or the simplest control system has been developed, 

and extra facilities can be built around this system. 

One example is to construct a selector that can choose, 

from a variety of patterns, the method used to cut the 

cavity. 

In the control system under consideration, no provisions 

have been made for the machine chassis movement. However, 

it will be easy to include the necessary correction, if 

the current machine position related to the tunnel frame 

is known, by considering the kinematics of the boom 

ripper. This can be done by converting all the positional 

data (desired and the current positions) into a common 

reference co-ordinate system and then determining the 

control signals with the transformed data. However, this 

will require a high amount of arithmetic operations, and 

the use of an APU will definitely facilitate these. Since 

the APU and its associated circuit board have been 

included in this study, the software development will not 

present a great difficulty. The main problem is to 

provide the information on the machine position and its 

orientation, therefore further work in developing a 

system to give these data is suggested. 
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The control system studied in this project has been 

designed for a mining boom ripper. This can be extended 

to provide control to the more sophisticated drilling 

boom machine by considering the machine geometry. Because 

the drilling machine has seven degrees of freedom, more 

mathematical operations will be required. Hardware and 

software development based on the APU is strongly 

recommended to provide a faster and simpler control system. 

It has been observed that the hydraulic configuration of 

the boom ripper under consideration makes the fluid flow 

through the path with less resistance. In this project, 

an algorithm has been built into the system to give 

preference to the boom's vertical movement at high speed. 

Further work is suggested to develop a fluid flow divider 

so that the maximum available fluid power can be utilised. 
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APPENDIX A 

Derivation of Switching Function for 

ON-OFF Valves with Time Delay



After the application of switching signal but before the 

actual operation of valve, the governing equation is 

given by 

3 2, 
OY 4 (2g + vee (2 + aveeyd = « (3.31) 
ats at? at 

Integrating with respect to t gives, 

a 
GY 4 (2c + veySh + (2 + 2veeyy = Et + Ry 
at? » at 

where Rj = Yo + (25 + vey, + (1 + 2vdé)y, 

Applying Laplace transform to both sides of this equation 

gives, 

Br 
s*fy - s¥, -y, + (25 + v6) (sky - y,) + (1 + 2v08)dy = S 

s 

Rearranging give, 

  

L Ry 
r= = i 
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S24 (20+vE) s+ (1+2VZE) [z Stag ar Son %| oe 

s2 + (25 + vé)s + (1 + 2vde) Let (s - $1) (Ss - 92) 

s? - (6, + ¢2)8 + $142 

Oe eee i ee epee cele eer a 
soe Aa -o1 one s eno % | 3 
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Applying inverse Laplace transform to this equation gives, 

  

    

eit oot 
eit 9 

y(t) = ee ee er Oe eae one ety 
a 2 2 aa? ° 

g1o2 oimo2 o1 o2 o1°o2 

Yo o1 o2t o2 b1t (612427) 
+ [ —e -—e - ——_] 

%1 =o ~ $2 o1 o1d2 

y o it oat 3 
§ on fe 

1-7 $2 o1 o2 o1d2 

Expression of ¥(t) can be obtained by differentiating y(t) 

with respect to t, the non-dimensional time. Hence, y(t) = 

    

  

ot oot * 
oot o1¢. 

dy ee pee et me ore Z 
So a ae ee 

¥ git bat. 
° 

¥ $imbe [e Ke 

Differentiating x with respect to t gives the expression 

  

  

  

for y(t), 

2. eit dat o192%5 o2t bit 
ge) = S¥ = le -e 1 + (aes a) 

dt o1- $2 o1-o2 

on eit oat 
+ (pie e 

o1 ¢2 

After the time delay, t,, the system behaviour will be 

described by the same set of differential equations as the 

ideal ON-OFF case. Therefore, for the ram to rest at the 

desired position, Yq’ the valves have to be switched so that 

at tq after the application of switching (closing) signal 

the following will be satisfied: 

Ya = ¥e, + 20y, ty 
da d 
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Therefore the switching function is: 

¥ eit oat $1 - $2 
° fe d a d aay . +204 4) 

$17 $2 a 2s 9a! * Sie2 
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APPENDIX B 

Derivation of Switching Function for 

Linearly Operated Valves with Operating Time t, 
 



After the application of switching signal (closing signal) 

but before the complete closure of valves, the governing 

equation is given by: 

ay t, ay t, dy 
+ (25 + Vet =) + [1+2 lea) =e 5 [25 + vé ea Ieee Et eu se ) (3.32) 

  

c 

Applying Laplace transform to both sides of this equation 

gives, 

sity - sty, - si, - 3, + (2+ve) (sty - sy, - #) + Ptaedy i) 

+ (2 + 2vb6) (sty - vy) + MEE Ly = ee - 45) 
ic . ts? 

Rearranging gives, 
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tee 

c 

161



Taking the inverse Laplace transform gives the expression 

for y(t), 

T 
y(t) = ————__________—__* 

(8, = 92) (Og - 93) (@3 - 94) 
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Similarly the switching function can be obtained by 

satisfying the following requirement when the valves are 

completely closed, i.e. at time, Sat after the application 

of switching signal: 

Yo=¥, + 20%, +y d te te te 

Therefore, the switching function is: 

L ee 
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a Bit, Oat 
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APPENDIX C 

Computer Programs for the Simulation Studies



The simulation studies were carried out using the modified 

Euler method ee) to solve the differential equations. 

This method has a long term stability which is desirable 

for continuous simulations over an extended period. It 

evaluates the forward states using the derivatives which 

are currently updated. The block structure of this program 

is shown in Figure C.l. The system data have been written 

onto a file before this program is executed. When this 

program is executed, the system data are first read and 

modified if necessary. Then the coefficients of the 

function will be evaluated according to the appropriate 

equations (Sections 3.6 and 3.7). The roots of the 

polynominal are found by the subprogram "Roots" which was 

described by Chuen!45] , The initial states and the 

desired position are then entered into the computer. The 

program will then evaluate the switching function and 

determine the switching signal. The system behaviours are 

then evaluated by the modified Euler method and stored if 

necessary for a small step increment of time. If the 

simulation is to be continued, then it will repeat from 

the switching function evaluation; otherwise it will 

modify the system parameters and repeat the whole simulation 

process if required. 
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(START, 

  

  

GET THE SYSTEM DATA AND 
MODIFY IF REQUIRED 

CALCULATE THE REFERENCE QUANTITIES 

EVALUATE THE COEFFICIENTS OF 
THE SWITCHING FUNCTION 

    
  

  

    
  

  

ENTER THE INITIAL STATES 
AND THE DESIRED POSITION 

EVALUATE THE SWITCHING FUNCTION 

DETERMINE THE SWITCHING SIGNAL 

EVALUATE THE SYSTEM BEHAVIOUR 
BY THE MODIFIED EULER METHOD 

  
  

  

  

    
       

    

    
STORE AND DISPLAY 
THE SYSTEM TIME 

RESPONSE 

  

     

  

   

END OF SIMULATION? 
  

  

     IS ANOTHER 
SIMULATION REQUIRED?    

FIG C.l BLOCK STRUCTURE OF THE’ SIMULATION PROGRAM 
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PROGRAMME STORED IN FILE : SWITCHIFS Page 1 

368 
376 
38a 

468 
$18 
428 
438 
440 
459 
468 
470 
483 
490 

568 

620 
839 
644 

LISTED ON : 26th January 1333 

OPTION BASE 1 

COM Thetaf, Thetai,Tlimit,¥eli,Zmin,Zmax,Ep(50a),2¢500) 

COM Tauct500),Fo,Zeta, Damping,P1i,P2i,Wtval, Changesl3] 
COM Deltai, Deltaf, Sety, Tdummyc,M, Tauclose, Type, Sum,Aratia 

COM INTEGER Rerun,Npoints,Again,Plotter, Dump,No,Printer, 
Pswitch(20),Psus 

DIM Coefficient<4>,Solution(3,2),Result¢23, Answer) 

DIM Operand(2), Operand! (2), Operand2¢2), Tempresi¢2) 

DIM Tempres2¢2),Coeffdum(4),Ramp1¢588),Ramp2¢Saa) 

INTEGER Divide,Multiply, Subtract, Add,Rtorder, Rtordert 
SHORT Shortdummy1, Short dummy2, Short dummys3 

PRINTER IS 16 
PRINT PAGE,"SELECT MASS STORAGE DEVICE WITH THESE CODES:" 
PRINT 
PRINT SPAC263,"1 - for Flexible Disk" 
PRINT 

PRINT SPAC2@9,"2 - for Right Cartridge marked T15" 
PRINT 
PRINT SPAC20),"3 - for Left Cartridge marked Ti4" 
INPUT Selectcode 
IF (Selectcode>@) AND ¢Selectcode<4) THEN 248 
BEEP. 

GOTO 200 
IF Selectcode=1 THEN Msus$=":F8" 
IF Selectcode=2 THEN Msus# T15" 
IF Selectcode=2 THEN Msus# Tig" 
MASS STORAGE IS Msuss 
PRINT PAGE 

READ Divide,Multiply, Subtract, Add 
DATA 4,3,2,1 
ASSIGN #5 TO "SOLN"&Msuss, Check 

IF Check=@ THEN 3938 
IF Check=1 THEN 366 
DISP "FILE SOLN ERROR: "3; 
GOTO 63a 
DISP “CREATE FILE: SOLN" 

CREATE "SOLN",5S 
GOTO 316 
BUFFER #5 

Deltam=Deltas=@ 
Again=No=Deltafo=a 

| ##£*%%% RE-ENTER AT THIS POINT FOR RE-RUN ###%2% | 
Npoints=Pmin=Pmax=Psws=8 
Zmin=Hmin=Amin=9E99 
Zmax=Wmax=Amax=-9E99 

{| ##**4% INITIALIZATION OF SYSTEM PARAMETERS +#+#2 ! 
Printer=16 
IF Again THEN 560 

INPUT "PRINTER DEVICE CODE: @ for Thermal Printer 16 
for CRT",Printer 

INPUT "DO YOU WANT TO SPECIFY DURATION OF SIMULATION ",AS 
Tlimit=9E99 

      

Rerun=1 
IF POSCUPCS(A$),"N"> THEN 56a 

INPUT "NON-DIMEMSIONAL TIME DURATION", Tlimit 
Tdummyc=Tlimit 

Sym=Onof f=Epsi ]o=Tau=Si gnal=Print=Sw=0 
BDratio=Aratio=1 
Vas¥b=.5 
ASSIGN #1 TO "SPDATA"&Msus$, Check 
IF Check=@ THEN 680 
DISP “FILE SPDATA ERROR: "3 

IF Check=1 THEN 668 

DISP "WRONG FILE TYPE, OR FILE IS PROTECTED" 
BEEP 
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LISTING GF FILE : SWITCH:FS Page 

650 
666 
67 
636 
53a 
738 
716 
726 
738 
746 
75a 
768 
77G 
736 
7398 
3oa 
816 
826 
330 
848 
$58 

86a 

87a 
338 
390 
986 
918 

920 
930 
946 
950 
96a 
976 
930 
998 
1966 
1816 
1026 
1636 
1846 
1056 
1866 
1976 

1684 
1096 
1166 
1116 
1126 
1136 
1146 
1156 
1166 
1176 
1186 
11968 
1266 
1216 
1226 
1236 
1246 
1256 
1266 

  

oP 

BISP "FILE IS MISSSING" 
GOTO 646 

BUFFER #1 

Readfile: | ##** READING DATA FROM FILE "“SPDATA" ###+ 
  READ #1; Sym,Onoff, Time,Cd1,B1,4s,Ps,Pe,Rho, Beta, i's 

READ #1;D1,A1,Ratio,¥r,C1,M,Bd,Ko,Fo 
Cdescdt 
B2=D1 
AQ=AL 
B2=B1 
IF Sym THEN 738 

READ #1;Cd2,B2,Dratio,Aratio, Va 
READ #1;Zeta 

READ #1,1 ! MOVE THE FILE POINT TO THE FIRST RECORD 

Thetas=Thetast+tDeltas |! ADJUST Theta values on Re-run 
Thetaf=Thetas 
IF NOT Again THEN 856 

Ag=Changes 
GOTO 956 
PRINT PAGE, "Sym = "Sym; "Onoff = “sOnoff; "Time = "sTimes"B1 

= "ZBL; "Xs "Ses 
PRINT "Cdl = "$Cdi3"Ps 

= ";Beta 

    

sj"Pe = Rho =     tho; "Beta 

   PRINT "Ys = "3¥s;"D1 = "ZD1i;"Ratio = "sRatios"Vr = "3¥r 
PRINT "Cl = “$C13"M = "3M3"Bd = "3Bd}"Ko = "}Koj"Fo = ":Fo 
PRINT "Zeta = “sZeta;"Cd2 = “jed2:*82 = “; 52 

  

PRINT “Dratio = "“jSDratio;"Ya = ";Va 

PRINT LIN¢S),"Note that if Zeta was specified then Bd would 
be calculated automatically" 

IF Again THEN 378 
Changes="NO" 
INFUT “ANY CHANGE IN THE ABOVE QUANTITIES? <YES“NO>",AS 
IF POSCUPCSCAS),"N"> THEN 1698 
IF Again THEN 353 
BISP "MAKE THE CHANGES THEN PRESS <CONT>" 
PRUSE 
Aratio=Dratio*Dratio 
Al=PIl*D1eDiv4e4 ! Di IS IN cm 

! PRINT NEW DATA INTO FILE 
PRINT #13; Sym,O0noff, Time,Cdi,B1,Xs,Ps,Pe,Rho, Beta, Ys 
PRINT #1;D1,A1,Ratio,¥r,01,M,Bd,Ko,Fo 
IF Sym THEN 1668 

PRINT #1;Cd2,B2,Dratio,Aratio,Va 
PRINT #1;Zeta,END 
PRINT LINC2), "Will there be ANY MORE CHANGES when rerun 
with different ",LINC1>,"initial & final conditions?" 

INPUT Changes 

D2=Dratio#Dt 
TypesOnoff 

Aratio=Bratio*Dratio 
A2=Aratio#Al 
ON KEY #4 GOTO Endcal 
ON KEY #2 GOSUB Changeprinter 
ASSIGN * TO #1 
PRINTER IS Printer 
IF Sym THEN 1246 
PRINT "SYSTEM PARAMETERS",LINC2>,"SPOOL:" 

  

  

  

   

PRINT " DISCHARGE COEFFICIENT FOR SPOOL VALVE 
PRINT " DISCHARGE COEFFICIENT FOR SPOOL VALVE 
PRINT " WIDTH OF SPOOL VALYE >B1; "mm." 
PRINT " WIDTH OF SPOOL VALVE 5B2; "mm." 
GOTO 12 
PRINT "SYSTEM PARAMETERS (SYMMETRIC)",LINC2),"SPOOL:" 
PRINT " DISCHARGE COEFFICIENT FOR SPOOL YALYE: "3; 
PRINT SPAC22>5; "WIDTH OF SPOOL VALVE: ";Bi; "mm." 
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LISTING GF FILE : SWITCH:F8 Page 3 

1276 
123 

  

     
  PRINT SPAC7>; "MAX. SPOOL DISPLACEMENT FROM CENTRE: "3x33 "mm." 

IF Onoff THEN PRINT SPAC1@); "TIME DELAY FOR THIS ON-OFF 

SPOOL: ";Time;"mSec." 

IF NOT Onoff THEN PRINT SPAC9>; "TIME REGUIRED FOR SPOOL 
OPERATION: ";Time;"mSec." 
PRINT “ACTUATOR: " 

Vts¥reRatio 

PRINT " AT MID POSITION, TOTAL YOLUME OF FLUID IN CIRCUIT 

Ti"g¥ts"cueme” 

Var=VbrsRatio#¥a 
IF Sym THEN PRINT "AT MID POSITION, VOLUME OF FLUID IN EACH 

  

CHAMBER: ";Vae¥t;"cu.m." 
IF Sym THEN 1450 
PRINT " AT MID POSITION, YOLUME OF FLUID IN CHAMBER 
1i"sVaeves"cu.m." 
¥Ybsi-Va 

YVbr=Ratio#Vb 
PRINT " AT MID POSITION, VOLUME OF FLUID IN CHAMBER 
2:"s¥baVes"cu.m." 
PRINT SPAC219;"PISTON DIAMETER (CHAMBER 13 
PRINT SPAC21>;"PISTON DIAMETER (CHAMBER 

PRINT SPAC259; "PISTON AREA “CHAMBER 1 

PRINT SPAC25);"PISTON AREA (CHAMBER 2 

GOTO 14708 
PRINT SPACS3>; "PISTON DIAMETER: “;D1; "cm." 
PRINT SPAC37); "PISTON AREA: "3A1; "sq.m." 
PRINT SPAC349;"WORKING STROKE: "3753 "m." 

PRINT SPAC2@); "INTERNAL LEAKAGE COEFFICIENT:" 
¢sec)/Bar" 
PRINT SPAC13)9; "EFFECTIVE EXTERNAL SPRING STIFFNESS: "3K 
"kN¢m" 

    

  

sDis;"cm." 
jD2;"cm." 
sq.m." 

sq.m." 

  

PRINT "OTHERS: ",LIN¢1)," SYSTEM SUPPLY PRESSURE: ";Ps3 
"Bar" 

PRINT " SYSTEM EXHAUST PRESSURE: ";Pe; "Bar" 
PRINT " EFFECTIVE EXTERNAL FORCE: "3;Fo;"kKN CASSUMED CONS 
TANT?" 
PRINT SPACS); "FLUID BULK MODULUS: "3 Beta; "GN“m-2" 
PRINT SPAC139;"FLUID DENSITY: " Rho; "kg~“m*3" 

| #£#224% CONVERSION TO S.1. *#*#4#4% | 
Time=Time’1680 ! Time from mSec 
B1l=B1/1006 ! Bl from mm 
B2=B2/1006 ! B2 from mm 
Xs=Ks/1008 ! ks from mm 
Ps=Ps#1E5 ! Ps from Bar 
Pe=Pe*1E5 ! Pe from Bar 
Beta=Betat1l&9 ! Beta from GN’sq.m. 

D1i=D1/106 ! Di from cm 
D2=D2/100 ! D2 from cm 
Ko=Ko#16008 ! Ko from kN/m 
Fo=Fo#1006 ! Fo from kN 

| eeee% END OF CONVERSIONS #4444 
| #4#%%% CALCULATION OF CONSTANTS ##+#e% | 

  

Refposn=-Vt#CCl+Aratiod#¥a-L)/(2*Al*Aratio? ! Ref position 
Lref=Vaevt7Al+Refposn ! Ref length 
Sl=Beta#Al-Lref ! Hydraulic stiffness column 1 
$2=S1 
IF Sym THEN 1754 
S2=Beta*A2/Lref ! Hydraulic stiffne column 2 
$=S1+S2 !Effective hydraulic stiffne at ref position 
Omega=SaR¢s/m> ! Natural hydraulic frequency 

PRINT “AT REF POSITION,HYDRAULIC FREQUENCY OF FLUID cCOLU 
MNi"; Omega; “"Rad/sec" 
PRINT SPAC49)5"="3 Omega (2#PI); "Hz" 
Tr=1/Omega ! Ref time = time for 1 radian 
Qr=Al#lref/Tr ! Ref flow rate 
IF Zeta=@ THEN 1898 
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LISTING OF FILE : SWITCH:FS Page 

1326 
1336 
1346 

1356 
1866 
187& 

1880 
1396 
1986 
1916 
1926 
1936 
1946 
1356 

1966 
1970 
1986 
1996 
2906 

2016 
2026 

  

Damping=Zeta 
Bd=2*M#2et a*Omega ! External Damping in physical unit 
PRINT SPAC11) FFECTIVE EXTERNAL DAMPING COEFFICIENT: "; 
Ba; "N/“(m/sec)" 

PRINT SPAC44); "Zeta ="; Damping 

    

Tauclose=TimesTr ! Non-dimensional valve operation time 
PRINT LINC2),SPACS395" NON-DIMENSIONAL TIME FOR CLOSING 
VALYES: “;Tauclose 

GOTO 1329 
ZetasBd-(2#M*Omega? 
Damping=Zeta 
GOTO 1346 
Bdtm=Bd*Trvm 
Pe=PerPs ! Non-dimensionalize exhaust pressure 
K1=Cd1*B1L*#Xs*S0R¢2*#Ps-Rho>/7Qr 
Zetas=Cd1#Blexs#(1+Arat jo) /2*SQR(2sPs/Rho-(1+Aratio#Arat 
io#Aratiod)/Or 

Alpha=BetarPs 
Rtorder=3 
IF Onoff THEN Rtorder=2 
Rtorderl=Rtorder+t 
REDIM Coefficient (Rtorder1),Solution(Rtorder,2),Coeffdum 
CRrordert> 

IF Gnoff THEN Funonoff 
Coefficient ¢1)=2*Al phatZet atZeta3/Tauclose 
Coefficient (2)=1+2#AlphatZet atZet a3+2#Al phatZetad-Tauclose 
Coefficient <3)=2*Zetat+Al phatZet ad 

  

Coefficient (4)=1 

GOTO Contt 
Funonoff: | EVALUATE ROOTS<ZEROES) FOR CHARACTERISTIC Eau 
ATION FOR ON-OFF 
Coefficient (1)=1+2#ZetasAl phasZet a3 

Coefficient (2)=2%Zeta+AlphatZet ad 
Coefficient¢3>=1 

Conti: ! Re-enter at this point 
MAT CoeffdumsCoefficient 
FOR Idummy=1 TO Rtorder+1 
PRINT “Coefficient for ys"; Idummy-13" term = "sCoefficie 
nt (Idummy> 

NEXT Idummy 

CALL Roots(Coefficient¢#),Rtorder, #5) 
PRINTER IS 16 
READ #5,1 
FOR Idummy=1 TO Rtorder 
READ #5; Solution¢I dummy, 1),Solution¢Idummy, 2) 
NEXT Idummy 
READ #5,1 
MAT Coefficient =Coeffdum 
IF Onoff THEN Function1 
REM To evaluate the coefficients for the switching function 
REM applied to linearly-operated valves 
RAD ! Declare angular units in radians 
Operand1(1)sSolution¢1,1)-Solution¢2,1> 

Operand1<2)=Solution¢1,2)-Solution¢2,2> 

Operand2(1)=Solution(2,1>-Solution(3,1) 
Operand2(2.=Solution¢2,2)-Salution(3,2) 
CALL Complexfn(Operand1¢#), Operand2¢#),Answer(#),Multiply? 
Operand1¢1)=Solution¢3,1)-Solution¢1,1) 
Operand1(29=Solution¢3,2>-Solution¢1,2> 
CALL Complexfn(Operand1¢#),Answer¢#),Result¢#),Multiply> 

MAT Tempresl=ZER 
Idummy= 

LbL? Idummyts¢Idummy+1> MOD 44+¢¢Idummy+1)> DIY 4303 
Tdummy2=(Idummy+2> MOD 44+¢¢Idummy+2> DIY 426) 

Operand1¢1s=Solution¢I dummy, 1) 

Gperand1¢2>.=Solution¢I dummy, 2> 

170 

4



LISTING OF FILE : SWITCH:FS Page 5 

2426 
2436 
2448 

2456 
2466 
2476 
2436 
2496 
2508 
2516 
2526 
2536 
25468 
2556 
2566 
2576 
2538 
2596 
2686 
2618 
2626 
2636 
2646 
2656 
26656 
2676 
2638 
2696 
2788 
2716 
2726 
2738 
2748 
2758 
2756 
2776 
2738 
2796 
2808 
2816 
2826 
2836 
2346 

2656 
2868 
2378 
2836 
2896 

6 
2916 
2926 
2936 

  

2948 
2956 
2966 
2976 
2936 
2990 
3888 
3016 
3826 
3838 
3846 

305 

CALL Funt(Operand1(#),Ansuer¢#), Zeta, Tauclose) 

Operand1 (1 =Solution (I dummy2,19-Solutiont I dummyt, 1) 

Operand1¢2>=Solutiont I dummy2,2>-Solution¢I dummyt, 2) 

CALL Complexfn(Operand1¢#),Answer(#), Operand2¢4),Multiply? 
Tempresi¢1>=Tempresi(1)+Operand2¢1) 

Tempresi(2>=Tempresi¢23+0perand2¢2) 

Idummy=Idummy+1 
IF Idummy<=3 THEN Lb1t 

CALL Complexfn(Tempresi¢#),Result¢#),Answer¢#), Divided 
Coeff3sAnswer (1) 
MAT Tempres1=ZER 

Idummy=1 

Lb2: IRdummyl=(CIdummy+12 MOD 4+¢¢Idummy+1> DIY 4>9> 

Idummy2=CIdummy+2> MOD 44¢¢Idummy+2> DIV 4>a> 
Operand1¢1>=Solution¢I dummy, 1> 

Operand1¢2>=Solution¢I dummy, 2) 

CALL Funt(Operand1¢#),Answer¢#), Zeta, Tauclose) 

Operand1(1>=Operand1(1)9+2#Zetat+Zeta3*#Alpha 

CALL Complexfn(Operandi¢#),Answer(#), Operand2¢#),Multiply> 

Operand1¢1>=Solution¢Idummy2,1)-Solution¢Idummyt, 1) 

Operand1¢2>=Solution¢Idummy2,2>-Solution¢Idummy1,2) 
CALL Comp] Pn¢(Operand1¢#),O0perand2¢#),Answert#),Multiply> 
Tempresi¢1)=Tempresi¢1)+Answer(1> 
Tempres1¢2>)=Tempresi¢23+Answer(2) 

Idummy=Idummy+1 

IF Idummy<=3 THEN Lb2 

CALL Complexfn¢(Tempresi¢*#),Result¢#),Answert#), Divide? 
Coeff2=Answer( 1) 
MAT Tempres1=Z2ER 

MAT Tempres2=ZER 
Idummy=1 

Lb3: Idummyts¢Idummy+t> MOD 4+¢¢Idummy+1> DIY 4349 
Idummy2=(Idummy+2)> MOD 44#¢¢Idummy+2> DIY 4309 

Operand1¢1)=Solution¢I dummy, 1) 

Operand1¢2>=Solution<¢I dummy, 2) 

Operand2¢1)=Solution< I dummy2, 1>-Solution(Idummyt, 1) 
Operand2¢2>=Solution¢Idummy2,2>-Solution<I dummy, 2) 

CALL Complexfn¢(Operand2¢#), Operandi¢#),Answer¢#), Divided 
Tempresi¢1>=Tempresi(1>+Answer (1) 

Tempresi(2)=Tempresi(2)+Answer (2) 

CALL Funi(Operand1¢#),Answer(#), Zeta, Tauclose) 

CALL Complexfn¢(Operand2(#),Answer(#), Operand1(#),Multiply> 

Sqdummy=2%Zetar (Solution (I dummy, 1)*#Solution¢I dummy, 13+30 
lution I dummy, 2>*Solution< I dummy, 2>> 

Operand2¢1)=1+Sqdummy*Solution¢I dummy, 1) 

Operand2¢2)=-14Sqdummy#Solution¢I dummy, 2) 

CALL Complexfn¢(Operand1¢#),Operand2¢#),Answer¢#),Multiply> 

Tempres2¢1)=Tempres2¢12+Answer(1) 
Tempres2¢2)=Tempres2¢2)+Answer (2) 

Idummy=Idummy+1 
IF Idummy<=3 THEN Lb3 

Answer (1)=1-AlphatZet ad/Tauclose+(Tempresz¢1) 
Answer ¢2)=-1#¢(Al phatZet a3/Tauclos2)4(Tempre 
16229 
Coeffl=Answer (1) 
MAT Tempres1=ZER 
MAT Tempres2=ZER 

Idummyst 

Lb4:s Idummyls¢Idummy+1>) MOD 4+¢¢Idummy+1> DI¥ 4>4 
Idummy2sCIdummy+2) MOD 4+¢¢ I dummy+2) DIV 4> 

Operand1¢1>=Solution<I dummy, 1) 

Operand1¢2)=Solution<I dummy, 2) 

CALL Fun2¢Operand1!¢#), Operand2¢#),Tauclose? 
CALL Funt(Operand!¢#),Answer(#), Zeta, Tauclose? 

CALL Complexfn(Operand2¢#),Answer(#),Operand1(#),Multiply> 
Operand2¢1>=Solution¢Idummy2,1)-Solution¢Idummyt,1> 

7A 

        

    

  

Tempresic13) 

2>-Tempres 
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3068 
Bark 
3586 
3896 
3168 
3116 
3126 
3136 
3146 
3156 
3166 
3176 
3196 
3196 
3266 
3216 
3226 
3236 
3246 
3256 
3266 
3276 
3286 
3296 
3306 
3316 
3328 
3336 
3346 
335@ 
3366 
3376 
33386 
3396 
3486 
3416 
3426 
3436 
3448 
3456 
3466 
3476 
3486 
3498 

3566 
3516 
3526 
3536 
3546 
3556 
3566 
3576 
3588 
3598 
3686 
3616 
362 
353e 
3646 
3656 
3666 
3676 
3686 
3696 
3786 

Operand2¢2>=Solution¢Idummy2,2>-Solutian¢Idummy1, 2) 

CALL Complexfn¢Operand1¢#),Operand2¢#),Answer¢#),Multiply> 
Tempresi¢1>=Tempresi¢1>+Answer¢1> 

Tempresi(2)=Tempresi(2)+Answer¢2) 
Idummy=Idummy+1 

IF Idummy<=3 THEN Lb4 
MAT Tempres2=ZER 

Idummy=1 

LoS: Idummyl=<Idummy+1> MOD 44#¢¢Idummy+1> DIV 43083 

Idummy2s¢Idummy+2) MOD 4+¢¢Idummy+2> DIV 450) 
Operand2¢1)=Solution¢I dummy, 1) 

Operand2¢2>=Solution¢I dummy, 2) 

Operand1 (1 3=Solution<Idummy2, 1)-Solution¢I dummy, 19 
Operand1(2.=Solution(Idummy2,2)-Solution¢ I dummy1, 2) 

CALL Complexfn(Operand1 (#5, Operand2¢#),Answer(#), Divided 
Tempres2¢1>}=Tempres2¢1)+Answer (1) 

Tempres2¢2)=Tempres2¢(2)+Answer (2) 

Idummy=Idummy+1 
IF Idummy<=3 THEN LbS 
Tempres1¢1)=sTempresi(1)+2#2eta-Tauclose#Tempres2¢1) 
Tempresi(2>=Tempres1¢2)+2*Zeta/Tauclose+Tempres2¢2) 
MAT Tempres2=ZER 

Idummy=1 

Lb6: Idummyt=CIdummy+1> MOD 4+¢¢Idummy+1> DI¥ 450) 

Idummy2=CIdummy+2> MOD 4+<¢Idummy+2> DIV 438) 
Operand1¢1)=Solution¢Idummy2,1)>-Solution(Idummy1, 1) 

Operand1¢2)=Solution<¢Idummy2,2)-Solution¢Idummy1,2> 

Operand2¢1)=Solution¢I dummy, 19*2-Solution¢I dummy, 23°2 
Operand2¢2)=2#Solution¢I dummy, 1>#Solution¢I dummy, 2) 

CALL Complexfn¢Operand1(*),Operand2¢*),Answer(#), Divide? 
Tempres2¢1)=Tempres2¢1)+Answer (1) 
Tempres2¢2)=Tempres2¢2)+Answer (2) 

Idummy=Idummy+i 
IF Idummy<=3 THEN Lb6 

Tempresi¢1)=Tempresi¢1>+Tempres2¢1)/Tauclose 

Tempres1¢2)=Tempres1¢(2)+Tempres2(2)/Tauclose 

CALL Complexfn¢Tempresi(#),Result¢#),Answer¢#), Divided 
Answer ¢1>)*Answer(1)#Zet a3¥¢1-ForPs-AL/2) 
Answer (2) =Answer(2).#Zet a3 
CoeffG=Answer(1)> 
GOTO Funend 

Pause: DISP "PAUSE At Pause" 
PAUSE 

Functionl: REM To evaluate the coefficients for switching 
function for ON-OFF valves with/without time delay 
RAD 

Coef fas 
Coeffisi 
Coeff2=2#Zeta 
Coeff3a1 
GOTO Funend 
IF ¢Tauclose=6) AND ¢Fo=@) THEN Funend 
Tdummy=st 

Lal: | HERRRERERR SHEER REESE 

Operandi¢1 951 

Operand1¢2>=8 

Operand2¢1>=Solution¢I dummy, 1) 

Operand2¢2>.=Solution<I dummy, 2) 

CALL Complexfn¢Operand1¢(#),Operand2¢#),Answer(#), Divided 
Answer 1)=Solution¢I dummy, 1)+2#ZetatAnswer (1) 
Answer ¢2)=Solution¢I dummy, 2)>+Ansuer (2) 
IF Idummy>=s2 THEN La2 
Tempresi(1)>=Answer (1) 

Tempres1(2>=Answer(2) 
IdummysIdummy+t 

GOTO Lal 
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3716 La2: | RHRRRRRR REESE ERE E EEE 
3726 Tempres2¢1>sAnswer¢1) 

373 Tempres2¢2>sAnswer 2) 

3748 Operand1¢ 1 =EXP(Tauclose*Solution(1, 1924003¢Tauclose#Sol 
ution¢1,2)) 

3750 Operand1<¢2.=EXP(Tauclose#Solution(1,1> IN¢Tauclose#Sol 
ution¢l,2)) 

3768 Operand2¢1>sSolution¢2,1) 

  

3316 

3826 
3836 
3846 
3856 
3866 
3878 
3836 
3890 
3988 
3916 
3926 
3936 
39468 
3958 
3968 
39768 

3998 
4936 

4016 

$620 
4636 
$04 
4056 
4058 
4876 
4938 
4996 

4196 

4116 
4126 
4136 
4146 
41598 

4166 

4176 
4136 
4194 
4296 
4216 
4226 
4236 
4246 

Operand2¢2)=Solution¢2,2) 

CALL Complexfn(Operand1¢#), Operand2¢#),Answer¢#) Multiply 

CALL Complexfn(Answer(#), Tempresi(#),Result¢#),Multiply? 

Operand1¢1)=EXP¢Tauc lose*Solution¢2, 133#C0S¢Tauclose+So1 
utionc2,2)) 

Operand1¢2)=EXP¢(Tauclose#Solution¢(2,153#SIN¢Tauclose#3o1 
ution¢2,2)> 

OQperand2¢1)=Solution¢é1,1) 
Operand2¢2>=Solution(1,2) 

CALL Complexfn(Operand!¢#), Operand2¢#),Answer(#),Multiply> 

CALL Complexfn(Answer¢#), Tempres2¢#),Operandi¢#),Multiply> 

CALL Complexfn(Operandi¢#),Result¢#),Answer(#), Subtract? 
Operandi¢1>sSolution¢1,1> 

Operandi¢2>=Solution¢1,2> 

Operand2¢t 
Operand2¢2 olution¢2,2> 

CALL Complexfn¢(Operand1(#),Operand2¢#),Result (#3, Subtract) 

CALL Complexfn¢(Answer¢#),Result¢#),Operand1¢#), Divide? 
Coeff2=Operand1 (1) +Coefficient (2) “Coefficient (1) 
Imaginary=Operand1¢2) 
PRINT "Coefficient for velocity term CReal]l = “s;Coeff2 
PRINT SPAC25),"CImaginary] = “; Imaginary 

Operand2¢1)=ExXP¢(Tauclose*Solution(1,19>*COS(Tauclose 
ution¢t,2>> 

Operand2¢2)>=EXP¢Tauclose*Solution(1,1))#SIN¢Tauclose 
utiontl,2)> 

CALL Complexfn(Operand2¢#), Tempresi¢#),Answer(#),Multiply> 

Operand2¢13=EXP¢Tauc lose#Solution(2,1))#COS¢Tauclose#3o0] 
utionc2,2)) 

Operand2¢2)SEXP¢Tauc lose*Solution(2,19)#SIN¢Tauclose#$ol 
ution¢2,2)) 

CALL Complexfn(Operand2¢#), Tempres2¢#),Operand1¢#), Multiply? 

CALL Complexfn¢Answer(#), Operand1¢*), Operand2¢#), Subtract? 
CALL Complexfn(Operand2¢#),Result(#),Operand1¢#), Divided 

Coeff3=Operand1(1>)+1/Coefficient (1) 
Imaginary=Operandi¢2) 

PRINT “Coefficient for acceleration term CReall: "jCoeff3 
PRINT SPAC29>,"CImaginaryl]: "3; Imaginary 

Operand2¢1>sEKP¢(Tauclose*Solution(1,1>9*COS¢Tauclose#$o01 
ution¢1,2)> 
Operand2¢2.sEKP(Tauclose*Solution(1,1)>#SIN¢Tauclose#$ol 
utiontl,2)> 

CALL Complexfn(Operand2(#), Tempresi(¢#),Operand1(#),Multiply> 
Operand2¢1>=Solution¢t, 19 
Operand2¢2)=Solution¢1,2) 

CALL Complexfn¢Operand1¢#), Operand2¢#), Tempresi¢#), Divided 
Operand2¢1>=EXP(Tauclose*Solution(2, 122 #C0S¢Tauclose#$ol 
utione2,2)9) 

Operand2¢2)=EXP¢(Tauclose#Solution(2, 1) .#SIN¢Tauclosessol 
utionc2,2)9) 

CALL Complexfn(Operand2¢#), Tempres2¢*#),Operand1¢#),Multiply) 
Operand2¢1)=Solution¢2,1) 
Operand2¢2)=Solution¢2,2) 

CALL Complexfn¢(Operand1¢#),Operand2¢#), Tempres2¢#), Divided 

CALL Complexfn¢Tempres2¢#), Tempresi(*#),Answer¢#), Subtract? 
CALL Complexfn¢(Answer(#),Result(#), Tempresi¢#), Divide? 
Tempres2¢1)=Zeta3*#Tempresi¢1> 

Tempres2(2.sZetad*Tempresi (2) 

  

  ol   

    301 
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4256 

4266 
4270 
4286 
4296 
$306 
4316 
4326 
4330 
4346 
4356 
4368 
4376 
4386 
4396 

CoeffGs¢1-For¢24Ps#Al) #Zetad-Coefficient(1)3#¢2#Zeta+Tau 
close-Coefficient(2>/Coefficient¢1))+Tempres2¢1> 
ImaginarysTempres2(2) 

PRINT "Coefficient for constant term CReall: "j;Coeffa 
PRINT SPAC259,"CImaginary]: "3; Imaginary 

Funends REM Coefficients have been evaluated 
PRINTER IS @ ! Print these onto paper 
PRINT "Coeff. for Accel term “sCoeff3 

PRINT "Coeff. for Vel term "SCoeff2 
PRINT "Coeff. for Disp term “;Coeffi 
PRINT "Coeff. for Const term “,CoeffB 
PRINTER IS Printer 
K2=K1 
IF Sym THEN 4396 
K2=K1#¢(B2/B1)*#¢(Cd2/Cd1> 

K3=Tr#Tr#Ps#Al- (M#Lref> ! Evaluate non-dimensional qu 
antities 

Bd=BdtLref/(Ps#Al*Tr> 
Ko=Ko*Lref/(Ps*Al> 
Fo=For (Ps#Al) 
Velrelref/Tr 
AccelrsVelr7Tr 
K4=C1#Ps/Qr 
KS=BetarPs 
Thic=KS#k3#2/¥ar 
Epsilopi=@ 

IF Onoff THEN 4514 

Epsilopi=Tr/Time ! Rate of change of valve opening 
Gaki#Bet a*#AlL#TreTr~ (Me¥reVaeLrefs2> 
IF Onoff THEN G=2#G 
! ##%%# INPUT INITIAL CONDITIONS *#*###*% ! 
IF Again THEN 4646 
BEEP 
INPUT “INITIAL DISPLACEMENT OF PISTON FROM CENTRE IN m",' 
Y=7-Refposn 

IF ABSCY)<=¥s72 THEN 4618 
BEEP 
GOTO 4556 
INPUT “INCREMENT FOR INITIAL DISPLACEMENT IN m",Deltai 
Deltai=DeltaivLref 
GOTO 4650 
Y=s(Deltai+Thetaid#Lref 
PRINT “INITIAL CONDITIONS: " 
PRINT “ PISTON DISPLACEMENT FROM CENTRE :"3'+Refposn;"m." 
Thet a=V/Lref !Non-dimensional Displacement 
Thetai=Theta !Initial Displacement 

IF NOT Again THEN 4720 
Vel=¥eli 
GOTO 4748 
BEEP 
INFUT “INITIAL RAM VELOCITY IN m/s", Yel 
Velisvel 
PRINT SPAC22); "RAM VELOCITY: "3¥el; "m/sec" 
Thetapi=Vel/¥elr !Non-dimensionalize velocity 
IF ¥Yeli<>@ THEN 4828 
Aratio3=Aratio#Aratio#Aratio 
PL=Ps#*(Aratio3+Fod/(1+Aratio3)#1E-5 
P2=Aratio#Aratio#(Ps-P1l#1E5)*1E-5 
GOTO 4398 
IF NOT Again THEN 4868 
P1=P1i 

P2=P2i 

GOTO 43899 
BEEP 
INPUT “INITIAL PRESSURE IN CHAMBER 1 IN Bar",P1 
PLisP1 
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5196 
Si9@ 
5206 
5216 
5226 
5236 
5246 
5256 
5266 
5276 

5238 
5296 
5290 
5316 
5326 
5334 
5346 
S354 
5366 
S376 
5336 
53396 
5438 

5416 
5428 
5436 
5446 
3456 

PRINT SPAC13>; "PRESSURE IN CHAMBER 1:";P1; "Bar" 
PL=P1#1E5/Ps !Non-dimensionalize Pt 
IF Again OR (¥el=9> THEN 49508 

BEEP 
INPUT “INITIAL PRESSURE IN CHAMBER 2 IN Bar",P2 
P2i=P2 
PRINT SPRC13>; "PRESSURE IN CHAMBER 
2=P241E5/Ps 

PRINT LIN¢1),"“REFERENCE QUANTITIES: " 

  

    

  

PRINT " TIME: "3 Tr#1880; "mSec." 
PRINT " PRESSURE: "5Ps/1E5; "Bar" 
PRINT @ FLOW RATE: ";Qr#1000;"Litrevsec" 

PRINT " LENGTH: "$Lref;"m." 
PRINT " POSITION: ";Refposn;"m. from Mid-stroke position” 
PRINT " AREA: "SAL; "sq.m. 
PRINT " VOLUME: "SALeLrefj"cu.m." 

PRINT " VELOCITY: "S¥elr3 "m/s" 
PRINT “ACCELERATION: ";Accelr;"m7s*2" 
IF NOT Again THEN 5188 
Thetaf=Thetaf+Deltaf 
Yfslref*Thetaf 
IF ABSCThetaf*lref+Refposnd<=.5#7s THEN S270 

DISP “Thetaf is now greater than .5 on either side" 
PRINTER IS 16 
PRINT PAGE,LINCS),SPAC20),"Please remove the disc from 
the drive" 

PRINT LIN(¢1),SPAC233,"and place it in the pocket marke 
di", LINC2> 
PRINT SPAC4@),"Flexible Disc" 

BEEP 
STOP 

! #*e¢4% INPUT FINAL DESIRED POSITION *####%% | 
BEEP 
INPUT "FINAL DESIRED POSITION FROM CENTRE IN m.", ‘Ff 
IF ABSCYP#<e¥s~72 THEN 5236 ! Check if within the stroke 
GOTO 5180 
YFe7f-Refposn ! Position relative to the Ref position 

INPUT “INCREMENT OF FINAL DESIRED POSITION IN m", Deltas 
DeltassDeltas’Lref ! Non-dimensionlize this quantity 
Deltaf=Deltas 
PRINT LINC1),"FINAL DESIRED POSITION FROM REF POSN.:"3{7F 
3"me",LINCL> 

Thetas=Yf7Lref 
Thetaf=Thetas 
Thi 2=Bdtm#Bdtm*Thet af*e(4#Thic-1)74 

Thetaf2=Thetaf 
Thetar=Thetas-Theta 
REM Alphal=Alpha2*Thetaf-1 
Alpha2=24Ps#AleTreTr’( (Rat io#V¥a-Thetaf > aMs7s) 

Qrootsg=CAl pha2-Alphal#Alphalo-4 

Alpha3=Thetaf#¢(Qrootsq-Alpha2> 
Weval=t 

| #*#4%% CALCULATE TIME INCREMENT ####4% | 
Deltat=.@2*PI 
PRINT "THE TIME INCREMENT IS CHOSEN TO BE:";Deltat#1E6;" 
microSec.",LIN¢6) 
IMAGE " ERROR S$", 2%, 5¢16A, 4x) 

PRINTER IS 16 
! Print messages onto the CRT 

PRINT PAGE,SPAC25),"Please DO NOT Interrupt",LINC2) 
PRINT SPAC25),"Please USE other machine if available", 
LINC2) 

PRINT SPAC19>,"PERMISSION HAS BEEN GIVEN TO LEAVE COMPLITER 
RUNNING OVERNIGHT",LIN¢S> 

PRINT USING S418; "THETA", “THETA-PI", "THETA-2-PI", "Signal 
Pacers lia. 
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S488 
5496 
S538 
S514 

S526 

S538 

S546 
S556 
S56@ 
ss76 
S586 

S596 
Seog 
5616 
5626 
5638 
Sé64a 
Sese 
S6ce@ 
S67 
Sésa 
5596 
S7ae 
5716 
S726 
5738 
S746 
5756 
S7réa 
S776 
S736 
S796 
5306 
5316 
5826 
5836 
5846 
5856 
5866 
se7a 
538@ 
3396 
5906 
S916 
S926 
5936 
5946 
5956 
596a 
S976 
598a 
599a 
6306 
6016 
6028 
6036 
6846 
6856 
6a66 
687% 
60sG 
6o9@ 

! End of print message segment 
! Print information on paper 
PRINTER IS @ 

PRINT LINC2),"Mass of moving parts = "j 
Coeff = ";Damping 

PRINT "Final desired position: "“j;Thetas;" ¢ "3 Thetas#Lre 
f+Refposn;" m. from centred” 

PRINT “External Force Applied: ";Fo;" ¢ ";Fo#Ps#Ai/1690; " 
kN>" 

PRINT USING 5558; Tauclose, Tauclose*Tr#1909 

IMAGE #,"Tau close : ",MD.3DE,2x,"¢ ",3D.D,2%,"mSec." 
IF Onoff THEN PRINT “ON-OFF Valves>)",LINC2) 
IF NOT Onoff THEN PRINT "Linearly Operated Valves)",LINC2> 

PRINT USING 5590; "Tau","Theta","Thetapi","Theta2pi", "Fun 
ction" 

IMAGE 3%,6¢10A,4x> 
PRINTER IS 16 
PLOTTER IS 13, "GRAPHICS" 
Tausc=38 
IF Tlimit>1E99 THEN 5658 
Tauscal.L#Tlimit 
Dummymin=MIN¢C Theta, Thetaf> 
Dummymax=MAX¢ Theta, Thetaf> 

Dummyrange=Dummymax-Dummymin 

Dummymin=Dummymin-. 1*Dummyrange 

Bummymax=Dummymax+. 1*Dummyrange 
Tausc=Tausc#MAX¢ INTCABS<Dummyrange’.35)>,1) 
IF Dummyrange<>8 THEN 5748 

SCALE -Tausc/18,Tausc, Thetaf-.@1,.1+Thetaf 

  

Kg", "Damping 

GOTO S756 
SCALE -Tause/19,Tausc, Dummymin, Dummymax 
AXES 
MOVE @,Thetaf 

LINE TYPE 7 
DRAW Tause, Thetas 

CINE TPE 2 
MOVE Tause~2, Thetaf+(Thetaf-Thetad~4 

LORG 6 
LABEL "FINAL DESIRED POSITION: "&VALS(Thetas> 
LORG S 
MOVE @,@ 
ON KEY #3 GOSUB Graph 
ON KEY #4 GOTO Endcal 
GN ERROR GOTO Errors 
ON KEY #5 GOSUB Chsignal 
ON KEY #2 GOSUB Changeprinter 
GOSUB Deriv 
GOSUB Signchk 

IF Signal<>Presign THEN Switch_valve 
GOSUB Intrgl 
IF ¢Tau>=Tlimit? OR (Npoints>=460) THEN Endcal 
IF Sw<>Z THEN 5908 
IF Pscor THEN 5986 
Sw=Swt2 
IF Scor THEN Sw=18 
Sw=Sw+2 
GOTO 5988 

Switch valve: REM SWITCHING TAKES PLACE NOW 

PRINTER IS @ ! Print information at the point af switching 
PRINT USING 6040; Tau, Theta, Thetapi,Theta2pi,Signalfn 
IMAGE 2%,S5¢MD.SDE,2K>, 7% 
PRINTER IS 16 

IF Thetaf<>Thetafl THEN Sw=0 
IF Sw THEN 6116 

Scorsa 
IF Signal=SGN(Thetae>? THEN Scor=1 
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$198 
6116 
$126 
6136 
6146 
$156 
$156 
61798 
6134 
6198 
62386 
6216 
5226 
$236 
6246 
6256 
$266 
$276 
6236 
6296 
5300 
6316 
$326 
$336 
$346 
$356 
636a 
6376 
6336 
6396 
6408 
6416 
6426 
6430 
6446 
6456 
$468 
6476 
6436 
6496 
$500 
6514 

6526 
5536 
6546 
$556 
6566 
6576 

8536 
5536 
66386 
5615 
6626 
8636 
$644 
8656 
6656 
6678 
5636 
6696 
5798 
6716 
S72a 
6736 

Sorg=Signal 
Sw=Su+t ! COUNT THE NUMBER OF SWITCHINGS 

IF Sw=1 THEN 6158 
Pscor=@ 
IF Presignt=Signal THEN Pscor=1 

IF Sw<>S THEN 6178 

IF Signal=Sorg THEN Sw=Suw+2 
IF Onoff THEN Switch=1 
IF Signal<@ THEN 62108 
LABEL "+" 
GOTO 6220 
LABEL “+" 
Psws=Psus+1 
Pswitch(Psws)=Npoints 

MOVE Tau, Theta 
IF Time=@ THEN 6430 
Deltatd=Deltat 
Deltatr=TimeTr/100 
Deltat=MINCDeltatr, Deltatd> 
Taui=Tau 
Tauf=Tau+Time/Tr-Deltat 
IF Onoff THEN Pureonoff 
GOSUB Intrgl 

GOSUB Deriv 
IF Tau<Tauf THEN 6328 

LABEL "#" 
IF ABSCEpsilo><.5 THEN Signal=a 

GOTO 5938 
Pureonoff: Taue=d 
GOSUB Intrgl 
GOSUB Deriv 
IF Tau<Tauf THEN 6388 
LABEL "#" 
Switch=@ 
GOSUB Intrgl 
IF ABSCEpsilod<.5 THEN Signal=a8 
GOTO 5946 

Endcal: PRINTER IS @ 
   

  

PRINT USING 6848; Tau, Theta, Thetapi, ThetaZpi,Signalfl 

PRINT LINC2>,"PRESSSURE IN CHAMBER 1 sP1#Ps/1E5;" Bar" 
PRINT “PRESSSURE IN CHAMBER 2 : ",P2#Ps/1E5;" Bar" 
PRINT “RESULTS HAYE BEEN WRITTEN ON FILE NUMBERED: ";No, 
LINCS) 

PRINTER IS Printer 
ASSIGN #6 TO "SMDA"&VALSCNOISMsuss, Check 

IF Check=@ THEN 6576 
CREATE "SMDA"&VALSCNO&Msuss, 20 

GOTO 65208 

PRINT #6;Fo, Damping,Wtval,Sety,M, Tauclose, Tr, Type, Sym, Ar 
atio,Npoints,Psus 

FOR Dummy=1 TO Psus 

PRINT #63 Pswitch¢ Dummy) 
NEXT Dummy 

FOR Dummy=1 TO Npoints-1 
Short dummy 1l=Tauc (Dummy) 

Short dummy2=2¢ Dummy > 

Short dummy3=Ep¢ Dummy > 

PRINT #6; Shortdummy1, Short dummy2, Short dummy 
NEXT Dummy 
PRINT #6; END 
ASSIGN * TO #6 
No=Not+t 
ASSIGN #6 TO “SMDA"&VALS( NO &Msuss, Check 

IF Check=@ THEN 6740 
CREATE "SMDA"&VALS (NO &Msuss, 29 
GOTO 6786 
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674a 

675e 
6758 
e77e 
673g 
6798 
6805 
63816 
6826 
836 

6846 
63856 
6866 
6876 
6336 
6890 

6986 
6916 
63926 
6936 
6946 
6954 
6966 
6976 
6986 
6996 
7866 
7016 
7626 
7038 

7346 
7856 
7866 
7076 
7086 
7896 
7166 
7116 
7126 

7136 
7146 
7156 
7166 

7176 
7186 
7196 
7266 
7216 
7226 

7236 
7246 
7256 
7266 

7276 
7286 
7296 
7388 
7316 
7328 

PRINT #6; Fo, Damping, Wtval,Sety,M, Tauclose, Tr, Type, Sym, Ar 
atio,Npoints,Psus 

FOR Dummy=1 TO Psws 

PRINT #6; Pswitch¢(Dummy) 
NEXT Dummy 

FOR Dummy=1 TO Npoints-1 
Shortdummyl=Tauc ¢ Dummy) 
Short dummy2sRampit (Dummy) 
Short dummy3=Ramp2¢ Dummy > 

PRINT #6; Shortdummy1, Shortdummy2, Short dummy3 
NEXT Dummy 

PRINT #6;END 
ASSIGN * TO #6 
EXIT GRAPHICS 
IF Again THEN 6918 
1F ERRN THEN PRINT ERRMS 

INPUT "INPUT 1 to run again, OTHERWISE INPUT 8 to stop 
",Again 

IF NOT Again THEN STOP 

No=No+l 

REM IF INT¢CNo“2)#2-No=@ THEN Tlimit=Tlimit+Tdummyc 
Tlimit=Tlimit+Tdummyc 

GOTO 426 
sToP 

Graph: REM ENTERING GRAPHIC MODE 
GRAPHICS 

RETURN 
Changeprinter: REM CHANGE PRINTER DEVICE 
Printer=16-Printer 
PRINTER IS Printer 
RETURN ‘ 
REM PROGRAMME STORED IN "SW2889" ON 1ST October 1981 ON 
DISC #51 

Signchk: REM CHECK SIGNAL 
Presign=Signal 

IF Sw<>@ THEN 7226 
IF ABS(Thetaf-Thetad<1E-6 THEN 7108 
IF (Thetapi<>@> OR (ThetaZpi<>@) THEN 7223 

IF ABS Thetaf-Theta)>1E-6 THEN 7120 
Signal=Presign 

RETURN 
ese ero bot Wie eee ueece ben (bet sni teael (ie cihes a=Th 
etaf)+SGN(Thetapi )*Coef fB 

IF Epsilo<@ THEN 7168 

Signal fnssignalfn+¢1+Onoff>4TimesTr-2*Thet api 
GOTO 7178 
Signal fn=Coeff3eThet a2pitCoeff2*ThetapitCoeffi*Theta-The 
taf+Coef fs 

Signal=SGN¢-Signalfn> 
RETURN 

Signswi Signal=-Signal 
Su=186 

RETURN 
Signalfl=Coeff3*Theta2pit+Coeff2*Thet apitCoeffl*(Theta-Th 
etafi+SGN(Thet api d*Coef fa 

IF Epsilo<@ THEN 7668 

Signalf1=Signalfi1+¢1+Onoffd*Time’Tr72*Thet api 
GOTO 7278 
SignalflsCoeff3#Theta2pitCoeff2sThet apitCoeffl#Theta-The 
taf+Coef fo 

IF Sw>7 THEN Set@s 
Signal=SGN¢-Signalf1> 

Signalfn=Signalfi 
RETURN 

Chsignal: Signal=-Signal 

Signalfn=Signalfl 
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N
A
N
 

3 
356 

7358 
7378 
7336 
7398 
7408 
7416 
7426 
7438 
7446 
7458 
7466 
7476 
7438 
7498 
7508 

75168 
7526 
7536 
75468 
7556 
7566 
7576 
7536 
7596 
7696 
7616 
7626 
7636 
7648 
7656 
7668 
7678 

7636 
7696 
7788 
7716 
7726 
7736 
7740 
7754a 
7768 
7776 
7738 
7736 
7308 
7816 
7826 
7836 
7846 
7856 
7868 
7878 
7230 
7836 

7306 
7916 
7928 
7936 
7948 
7958 

7968 

RETURN 
Set@s: Epsilo=Presign=Signal=a 
RETURN 

Deriv: REM CALCULATE DERIVATIVES 
Thetae=Thetaf-Theta 
Ppit=1 
Ppi2=Pe 
IF Epsilo>=@ THEN Skippi 
Ppil=Pe 

Ppi2=t 
Skippi: REM CALCULATE FLOW RATES 
QL=K14ABSCEpsi lod *#SQRCABS(Ppil-P1)>#SGN¢CPpil-P1> 
Q2=K24ABSCEpsi lo) #SQRCABS(P2-Ppi 2) #SGN¢(P2-Ppi22 

Plpi=kKS#¢Q1-Thetapi-K4#¢P1-P23)/¢1+Thetad 

P2piskS#¢(k4#¢P1-P2)+Aratio#Thet api -@2)“¢¢1-ThetadsAratiod 

Theta2pi=K3*¢(P1-Arat io#P2-Bd*Thet api-Ko*#Theta-Fo? 
IF Print THEN Noprint 

PRINT USING Prtim;Thetae, Signal, Theta, Thetapi, Thetagpi,s 
ignalfl,Epsilo 

IF Npoints>1 THEN 7538 

IF ABS<Theta-Thetas)>.1 THEN 7590 
Npoints=Npointstl 

Tauc(Npoints)=Tau 

Z¢Npoints =Theta 
Ep<Npoints)=Thetaf 

RampiCNpoints)=P1 

Ramp2¢Npoints)=P2 

DISP Tau;Npoints; Thetaf,Pl#Ps-1E5;P24Ps-1E5 
Noprint: Print=Print+1 

PLOT Tau, Theta 

IF Print>=5 THEN Print=3 

Prtim: IMAGE +,MD.DE ,X,MD,X%,4¢MD.SDE,249,MD. SDE 
RETURN 

Intrgl: REM CALCULATE INTEGRALS 
Presign1=-SGN¢(Signalfi1> 

Signalfl=Coeff3#Theta2pi+Coeff2eThetapitCoeffi+(Theta-Th 
etafd+Coef FO 
IF Epsilo<@ THEN 7718 
Signalfl=Signalfl+¢1+Onoffd#TimesTr/2eThet api 
GOTO 7728 
Signalfl=Signalfl+(1+0noff*TimeTr/2eThet apisAratio 
Thetafl=Thetaf 
Thetaf2=Thetaf2+Deltaf 
IF ABS(Thetaf2>>sABS(Thetas) THEN Thetaf2=Thetas 
Tau=Tau+Deltat 
Thetaf=Thetafl 
Theta=Theta+Deltat#Thet api 

Thetapi=Thetapi+Deltat#Thet a2pi 
Epsilo=Epsilo+Epsi lopi#Deltat*Signal+3ignal#0noffe(Switch=a3 
IF ABSCEpsilo>>1 THEN Epsilo=SGN¢Epsilo) 
P1=P1+Deltat#Pipi 
P2=P2+Deltat#P2pi 

IF P1<=@ THEN P1=8 
IF P2<=@ THEN P2308 
RETURN 

ErrorS: REM ERROR DURING EXECUTION 

BISP ERRM$ 
BEEP 
OFF ERROR 
GOTO Endcal 
END 
SUB Roots¢k¢(#), INTEGER N, #5? 
REM HEREFREL HEHE RAKE REAL RHEE EEHE 

REM # PROGRAM STORED IN "ROOTS" # 
REM RRR RRREEREE RELEASE HERES 

OPTION BASE 1 
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POTD REM HSH RARER H EERE RE EEE HEHE SS SSR SEER EERE EEE 

7986 REM # FINDS THE ROOTS OF POLYNOMIAL * 
7996 REM # VERSION 3-DECEMBER 1981 * 
866G REM # N --- ORDER OF POLYNOMIAL CLESS THAN 33 +# 
8010 REM * K --- COEFFICIENTS OF POLYNOMIAL + 
$826 REM * ROOTS ARE STORED IN THE FILE ASSIGNED TO #5 + 
8030 REM * THIS FILE IS CALLED "“SOLN" + 
SO4G REM tee x eee eee eee ee eee eR ESA H HASSE SESSSER EAHA EHH E HE SE 

3056 H1=N !Conserve H 
8066 IF N<=8 THEN 9370 
8876 DIM AC4),B¢4), X64) 
go8a@ FOR I=1 TO N+1i 
8O69G ACI>SKCN+2-1) 

810G BCI>D=ACID 
8116 NEXT I 
8126 PRINT 
8136 Ci=a 
8140 Bi=4 
8156 O=6 
8166 PRINT 
8170 PRINT 
818G PRINT 
8196 PRINT " The roots for the characteristic equation are:" 
8266 PRINT 

821G@ PRINT TAB<C14>;"Real Part";TABC32);"Imag Part" 
822G PRINT 

8236 IF N<=2 THEN 89438 
8246 IF ACN+1)=@ THEN 96308 
8256 IF N“2-INT(N’2)=8 THEN 8230 
8266 GOSUB 9120 
8276 GOTO 82208 
828G IF ABSCACN-129<1E-68 THEN 83208 
8296 PSsACN>7ACN-1) 
83GG GSACN+1)/ACN=-1) 

8316 GOTO 8348 
8326 PsACND 

8336 M=ACN+1> 
8346 FOR I=1 TO N+1 
835G XCIxSsACID 

8366 NEXT I 
8376 GOSUB 39478 
8386 FOR I=1 TO N-1 
8396 BCI>D=KCID 
8406 NEXT I 
8416 R=X¢ND 

8426 S=ACN+1>-P#X¢(N)-Q#*XCN-1) 
8436 GOSUB 9670 
8440 XCNI=P#KCN-1)-Q8KCN-2) 

8456 Dsx¢N-1)*2-X(N)D#X¢N-2) 

8466 IF ABS(D)>1E- THEN 84928 
8476 PRINT “Solution unobtainable with this Program" 
8486 GOTO 93738 
8496 PL=P+(R*X¢(N-1)-S#KCN-2)997D 
8566 GL=+(S*#XCN-1)-R¥XC(NII7D 

8516 IF ABS¢P>>1E-6@ THEN 855a 
8526 IF ABSCP1)>1E-68 THEN 95590 
8536 IF ABS(Q)>1E-6€8 THEN 8560 
854G GOTO s57a 
855@ IF ABSCP1/P-1)>.860001 THEN 3578 !Relative error allowed 

  

1E-6 
8566 IF ABS<G17Q-1)<.880061 THEN 8716 
8576 PsPrt 
8586 
8596 

  

$666 IF C1=D1#25 THEN 9629 
8616 GOTO 8346 
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PRINT 
PRINT "The solution did mot converge after"jCij"iterations"” 

PRINT "To CONTINUE for 25 more iterations TYPE 1 otherwise" 
PRINT "TYPE 8" 

INPUT K1 

IF Ki=si THEN 8698 
GOTO 33708 
Di=Dit+t 
GOTO 8348 
FOR I=2 TO N-1 
ACTOSBCID 

NEXT I 
N=N-2 
D=P#P-44Q 

IF D<@ THEN 8868 
D=sar¢D> 
PRINT USING 3818; ¢-P+D)/2,8 

PRINT USING 3810; ¢-P-D 72,8 
PRINT #5; ¢-P+D)72,6, (-P-D)72,9 

IMAGE 4%, 2¢6%,MD.SDXE>,6X%,MD.5D 
cisa 
Dis4 
IF N-2>8 THEN 8246 
GOTO 3944 
D=Sar¢-D> 
Z15P/2/SQR¢(P72942+¢D72942) 

PRINT USING 8818;-P’2,D/2 
PRINT USING 8810;-P/2,-Dv2 
PRINT #5;-P’2,D/2,-P~2,-Dv2 
ci=0 
Dis4 

IF N-2>@ THEN 8248 
IF N=1 THEN 9888 
IF N=@ THEN 9378 
P=BC2)/BC1) 
Q=BC3)/BC1) 

N=@ 
GOTO 8758 
PRINT USING 8810;-B¢2)/BC1),08 
PRINT #5; -BC2)/B(1) . 
GOTO 3378 
PRINT USING 8818;9,98 
PRINT #5398,8 
N=N-1 
GOTO 3236 
ROZISKC2I-P KCL) 
FOR I=3 TO N 
KCI SKCT)-P#xXCI-1)-Q#K 61-2) 

NEXT I 
RETURN 

IF B¢2)=@ THEN 9158 
Xs-BC2)/7BC1) 
GOTO 3168 
S-BEN+1)7BC1) 

F=Q 
Fis@ 

FOR I=1 TO N+1 

JsN-1+2 
IF B¢J>)=@ THEN 9248 
FsBCJ>#XeCI-1)+F 
IF I-1=0 THEN 9248 

FLisCI-1L)#BCJ>#xX*CI-2)+F1 
NEXT I 
XLSX-F/F 1 
IF ABSCK/K1-19<. 886881 THEN 3296 
RSRL   

181



LISTING OF FILE : SWITCH:FS Page 16 

9286 
9296 
9306 
9314 
9326 
9336 
9346 
9356 
9366 
9376 
9386 
9398 

9468 
9416 
9426 
9436 
9440 
9456 
9466 
9476 
9486 
9496 
9566 
9516 
9526 
9536 
9546 
9556 
9566 
9576 
9586 
9596 
9608 
9616 
9626 
9636 
9640 
9656 
9666 
9676 
9686 
9696 
9706 
9716 
9720 
9736 
9746 
9756 
9766 
9776 
9786 
9796 
9806 
9816 
3820 
9836 
9340 
9856 
9366 
9876 
9358 

98968 
9906 
9916 

GOTO S160 
PRINT USING 8818;K1,68 
PRINT #5;%1,9 

NaN-1 

FOR I=2 TO N+1i 
ACIDSBCID+X1#ACI-1) 

BCID SACI) 
NEXT I 
RETURN 
NSH1 
SUBEND 

Leomp: SUB Complexfn(Operand1 (#9, Operand2¢#), Answer #), 
INTEGER Operator?) 
REM FHKE AREER HAE HEARSE HERE RS ESHER E LER SELES SH ESE EE 

REM +* SUB-PROGRAMS TO OPERATE ON COMPLEX NUMBERS + 
REM SHH RAH RRE AHA LH REESE ESE HAE EEE LEELA ESE REESE SE 

OPTION BASE 1 
BIM AC25,B¢29,0¢2> 
FOR I=1 TO 2 
AC 1 =Operand1i¢1> 

BCI>sOQperand2¢1) 
NEAT IT 
ee 

! # Operator = 1 for Addition * 

! * Operator = 2 for Subtraction * 
| * Operator = 3 for Multiplication #* 

! * Operator = 4 for Division * 
| RRRE REAR R HERR EEEEREE EEE ERE HREEE 

ON Operator GOTO Add, Subtract, Multiply, Divide 

DISP "QPERATOR INCORRECTLY SPECIFIED" 
BEEP 
STOP 

Add: REM Add two complex numbers together 
CCL SACLO+BC1> 
CCZdSAC29+BC2> 
GOTO Complete 

Multiply: REM Multiply two complex numbers together 
CCL SACL #BC12-AC29*#BC2) 
CCZ9SAC19#BC29+AC29*BC 1) 
GOTO Complete 

Subtract: REM Subtract two complex numbers: A - B 
CCL SACL O-BC1) 
CC2.sAC29-BC2) 
GOTO Complete 

Divide: REM Divide two complex numbers: A“ B 
Dummy=BC1L)#BC19+BC2)*BC2) 
CCLISCAC1I#BC1)+AC294BC2)>7Dummy 

CC23=CAC29#BC1)-AC1) *BC2)>7Dummy 
Complete: ! Operation completed 
Answer 1s=C¢1> 

Answer¢2>=C¢2) 
SUBEXIT 
SUBEND 

Lfuni: SUB Funt<Operand<#), Answer(#),Zeta, Tauclose) 
OPTION BASE 1 

| RRR SASHA ASAE S HERES HEEL HEAR HEHEHE EEE SHS SSH SH ER SH SE 

! * Programme to evaluate: * 
! # (1+2#Zet atOperand+Operand*2>sEXP(Operand+Tauclose? + 
| RRR RR FEHR HEARERS SHEER EERE ESR A REHEARSE HEHEHE HSH SRS ESE 

RAD 

DIM ACZ),BC2> 
ACL sl+2eZet atOperand(1)+Operand(1)*Operand( 1)-Operand(2 
2*#0perand¢2) 

AC2:s24Zet atOperand(2)+2*0perand( 1)#O0perand¢2) 

BC1)SEKP(Operand(1)#Tauc lose) #C0S(Operand(2)#Tauclose) 

BCS .SEMP COperand(1)#*Tauc lose) *#SINCOperand(2)#Tauclose) 
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9926 
9938 
9946 
9956 
9958 
9976 
9986 
9998 
18886 

14318 
16329 
16838 
16848 
16058 
16868 
14876 
16980 
14998 
16168 
16118 

NG OF FILE : SWITCH:FS Page te 

CALL Complexfn¢A¢#), BC#), Answer t#3,33) 
SUBEXIT 
SUBEND 

Lfun2: SUB Fun2¢Operand¢(#),Answer(#),Tauclose) 
| RRRSRRE SHR HRE SHEERS SHES SESH SSSR ERASE HES EH HSE H RSE H ESSE 

! # To evaluate the expression: 

1 # (Operand*Tauclose-1)/¢Tauclose*#0perand) “Operand 
| RRR RRR SERS RHEE EERE EEA EERE SHESS + FEE 

! 1-1/(Tauc lose#Operand)=¢Tauclos2#0perand-1)/¢Tauclos 
#Operand) 

OPTION BASE 1 
DIM AC2)>,B¢2> 
MAT A=¢Tauclose)*#O0perand 

BCL SACL -1 

BC2.SAC2) 
CALL Complexfn¢BC#),AC#>,Answer¢#),4) 
MAT A=Operand 

MAT B=Answer 

CALL Complexfn¢B(#),AC#),Answer¢#),4) 

SUBEXIT 
SUBEND 
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APPENDIX D 

STIFFNESS ANALYSIS OF A MINING BOOM 
 



D.0. STIFFNESS ANALYSIS OF A BOOM 

One may define the stiffness of a boom of a mining 

machinery as the ratio of change in force to the change 

in displacement of the working end in the direction of the 

applying force. Although this quantity depends on both 

the structural and hydraulic stiffnesses, only the 

hydraulic stiffness is investigated because the boom arms 

are normally supported by the hydraulic rams. 

Suppose there is a boom-ripper as shown in Figure D.1. 

  

  

H       

Figure D.1. Diagrammatic Representation 

of a Boom-ripper ~ 

The movement of this boom (OA) in the vertical plane is 

provided by the hydraulic ram (QP). The analysis is 

simplified by assuming that all movements in other planes 

are risisted by other means. The worst case of this 

system will be that when the cutter at boom-end attempts 

to cut a hard rock, the force resisting will lift up the 
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boom so that the cutter and boom “climb" over the rock. 

This force will be a maximum when it is cutting ina 

perpendicular direction to the boom. By considering the 

geometry of the system, the hydraulic properties of the 

oil in the ram, the maximum force, F and applying the of 

virtual work principle, we have, 

e28a2 sin(8-9) 
Stiffness = o 7 V7 Ric

. 

where 8 = Bulk modulus of the fluid in the ram 

Vv Volume of the fluid column 

A = Cross-sectional area of the piston 

e, 0, ¢ as defined in Figure D.1 

It can be shown that, if the ram's cross-sectional area is 

ajdusted so that the pressure force within the cylinder 

can just resist the maximum external force when the ram is 

fully extended, the stiffness will only vary slightly with 

the location of the ram; while there is a substantial 

change in stiffness if the area has been kept constant. 

D.1. STIFFNESS OF A DOSCO BOOM-RIPPER 

The DOSCO boom-ripper has a slightly different configura- 

tion from that shown in Figure D.1. It can be diagram- 

matically represented in Figure D.2. 
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Figure D.2. A Boom-ripper 

The vertical movement of the boom can be represented as 

in Figure D.3. 

  

Figure D.3. Diagram to Show the Arrangement 

to Provide Vertical Movement of the Boom 

The boom OA is eoceeing) about O in the vertical plane when 

the link AOB may be considered as rigid. The hydraulic 

ram PB provides the movement in any vertical plane. Since 

a fixed configuration is considered, the stiffness is 

investigated with the angle of elevation varying. 

186



If the profile to be cut is considered and has a radius, 

R, then the position of the cutter can be represented as a 

function of R and the anole of rotation, 8, between the 

line joining the profile centre point (as in Figure D.4), 

and the horizontal. 

een ure D.4. The Profile 

There will be a certain relationship among these 

quantities and other physical dimensions of the machine. 

The mechanism of the machine can be represented by 

Figure D.5. 

C C2” 
0 B Pp 

pie2 

Figure D.5. Diagrammatic Representation of 

the Mechanism of the Boom-ripper 

Figure D.5. indicates that the links et and cat will 

rotate about O in a horizontal plane while the link ese 

will rotate about B in a vertical plane that contains es* 

Therefore any position of P can be found by applying this 

model.



The stiffness for this type of boom is found to be:- 

2 
. = a_sin(y-6-a) 

Stiffness = [eset | Ss 

where 6 Angle of elevation of the boom 

a = Angle of inclination of the ram to 

horizontal 

y = Angle AOB 

a = Length of the link OB 

L = Length of the link OA (the boom) 

S = Hydraulic stiffness of the ram 

All the above quantities are defined with reference 

to Figure D.3. 

This stiffness is then evaluated and plotted against the 

angle 6 as defined in Figure D.4. (Graph D.1). The graph 

shows that the stiffness is higher when the boom is 

cutting the top-part of the profile. This is because of 

the assumption that the reaction force is acting ina 

tangential direction to the cutter, i.e. when the cutter 

is cutting the top-part of the profile, this force has a 

small vertical component and the horizontal force component 

is resisted by other means which are assumed "rigid" that 

can take up a large force. In this type of boom ripper, 

the hydraulic rams, which provide the rotational movement, 

have fairly constant stiffnesses, therefore the rotational 

stiffness hardly varies and has less effect on the 

variation of the boom's stiffness than the lifting trunks 

have. 
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D.2. EFFECT OF FEEDBACK ON STIFFNESS 

The above two sections show that the effective stiffness 

of the system will depend on the hydraulic stiffness of 

the rams. Therefore any improvement in this hydraulic 

stiffness will improve the system stiffness. Analysis 

of a simple control system with a proportional position 

feedback will review this effect. Suppose that the 

hydraulic ram under consideration is a simple servo- 

mechanism with a proportional position feedback. 

The stiffness of this ram 

  

ai 
wW 

where w = Exciting frequency of disturbing force 

A = Area of the ram piston 

M = Inertial load 

V = Volume of the oil column 

8 = Bulk modulus of the fluid in the ram 

So = Hydraulic stiffness of the oil column 

in open-loop condition 

x = ¢ we Vee    

  

cy = Discharge coefficient of the valve 

W = Width of the valve 

K = Positional gain 

Ps = System supply pressure 

o = Fluid density 

This stiffness will be increased to a high value as the 

exciting frequency decreases. If the position gain is 

increased, the stiffness can also be increased. 
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D.3. RIGIDITY (STABILITY OF MACHINE ON GROUND) 

The machine is supported on ground by two simple supports 

1 and 2 which are X; and X, apart from the vertical plane 

that contains the axis of slew (this plane faces the 

profile to be cut, Figure D.2). 

The reactions and frictions of these supports can be 

estimated with reference to the position of the boom 

(Angle, 6, as defined in Pigure D.4). The reactions will 

be the least when the angle is in the range of 90° to 110°, 

this is because that, in this range, the cutter is cutting 

horizontally. The force/reaction is maximum in this range, 

therefore the machine will have minimum resistance to slide 

movement, so sliding of the machine is likely to occur when 

the machine is cutting in this position. The force over 

reaction ratio can be reduced by making the supports as far 

apart as possible, therefore vertical supports at the far 

ends can help in stabilising the machine on the ground. 

If the rock is too hard for the cutter, then a different 

story will result. Suppose that the ripper is cutting in 

a horizontal position and the rock is too hard, then there 

will be a grinding effect at the boom end and the large 

veaction at this point will cause the machine to slew. 

It can be shown that the chance for the machine to be 

lifted in this situation is very small. Suppose that the 

boom in Figure D.2 is in a horizontal position and is 

pointing forward without any slew, and it cuts a hard rock 

which causes the rotation of the cutter as in Figure D.6. 
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CUTTER 

HARD 
ROCK 

Figure D.6. Cutter cuts a Hard Rock and Stops 

By considering the conservation of angular momentum and 

the impulse force created by the impact, the angular 

velocity of the machine about O (Fig. D.6) in the 

vertical plane was found to be in the order of 10-2 rad/sec. 

Therefore it is unlikely for the machine to lift off the 

ground in this situation. 

D.4. DRILLING BOOM 

The stiffness of the boom can be analysed in the same way 

as in Section D.0, but with more degrees of freedom, 

therefore it is not studied here. The stiffness of this 

machine will affect the machine performance in a different 

way from that of the boom-ripper. In this machine, the 

“static" stiffness will be more significant while the 

"dynamic" stiffness will be more significant in the boom- 

rippers. Hence for this kind of machine, the stiffness 

of the machine will contribute to holding the drill in 

position and is subject to very small disturbance only. 

The problem associated with this machine is the 

positioning of the drilling boom rather than keeping the 

drill in position while it is drilling. 

192



APPENDIX E 

Listing of the Assembly Programs for testing 

the time taken to evaluate the simplified 

switching function using different methods.



NAME OF 

PROGRAM 

SEGMENT 

PTEST 

MMTEST 

PSWITCH 

SWITCH 

MAPSW 

ASWITCH 

APUSW 

RDSND 

MRDSND 

FUNCTION 

Driver for testing time used to evaluate 
the function in software. 

Driver for testing the time used to evaluate 
the function in hardware. 

Routine to time and evaluate function in 
software with floating point arithmetic 
library (FPAL). 

Routine to time and evaluate function in 
hardware without storing intermediate results 
using memory mapped arithmetic processing 
unit (M/M APU). 

Routine to time and evaluate function in 
hardware with intermediate results stored 
using M/M APU. 

Routine to time and evaluate function in 
hardware without storing intermediate results 
using input or output mapped APU (I/O mapped 
APU). 

Routine to time and evaluate function in 
hardware with intermediate results stored by 
I/O mapped APU. 

Routines for data transfer between system 
memories and I/O mapped APU. 

Routines for data transfer between system 
memories and M/M APU.



METHOD USED TO EVALUATE PROGRAM SEGMENTS LENGTH OF 

THE SIMPLIFIED SWITCHING TO BE COMBINED FINAL 

FUNCTION PROGRAM 

IN_ BYTES 

Arithmetic processing in PTEST, PSWITCH, 1945 D. 

software using FPAL. FPAL (Supplied by 
Intel Corporation) . 

I/O mapped APU with MMTEST, APUSW, 260 D. 

intermediate results RDSND. 
stored 

I/O mapped APU without MMTEST, ASWITCH, 230) D. 

storing of intermediate RDSND. 
results. 

M/M APU with intermediate MMTEST, MAPSW, 244 D. 

results stored. MRDSND. 

M/M APU without storing MMTEST, SWITCH, 214 D. 

of intermediate results. MRDSND. 
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IDENTIFIER IN THE ASSEMBLY NAME IN THE FLOW 

PROGRAM LISTING DIAGRAM FIGURE 4.1 

COEFF3 Ai 

COEFF 2 he 

COEFFL Aw 

COEFF As 

COEFFD Aa 

ACCEL y 

VELO ¥ 

POSN y 

DESIR Yq 

TEMP Result 

RESUL Evaluated Switching 
Function Value. 
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APPENDIX F 

FUNCTION APPROXIMATIONS USING 

THE CHEBYSHEV SERIES



It is extremely difficult if not impossible for a digital 

computer to evaluate the exact value of a mathematical 

function (e.g. sine, cosine), so various methods are used 

to obtain the approximation to a function. The use of 

power series is commonly adopted in these approximation 

methods. The Chebyshev series evaluation, which is developed 

from a power series expansion, is commonly used in digital 

computer library routines because it is easy and economical 

to use this series. The Intel-8231 arithmetic processing 

unit uses internally the Chebyshev series to evaluate the 

approximation to a mathematical function. In order to 

compare the function evaluation times in hardware and 

software, the Chebyshev series approximations to certain 

mathematical functions have been developed. 

A Chebyshev polynomial, which is orthogonal, can be 

expressed in one of the two forms below:- 

cos (ncos~ tx) a) T(x) = 

Nn = 0,1,2,3,.<. (F.1) 

wb < X61 

and 

b) TH (x) = T, (2x = ak) 

= Cos{ncos-)(2x - 1)} (F.2) 

TS Op ly 2,34 coe 

o<x<l 

Any finite range can be transformed to the range (-l<x<1) 

by a linear change in the independant variable, therefore 

(F.1) is normally used. However, if it is easier and more 

natural in transforming to the range (O<x<l), e.g. the 

function 1n(l+x), then (F.2) is used. 
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It can readily be seen from (Fl) that the Chebyshev poly- 

nominals have got the recursive property (F3) which is easy 

to implement in a digital calculating machine. 

Th 4 (x) = xT (x) - T (x) 
raL 

bo 2 1,2,3) .--- (F3) 

To(x) = 1 

T, (x) =x 

The first ten explicit expressions in x for these poly- 

nominals are listed in Table Fl. 

TABLE Fl THE FIRST TEN CHEBYSHEV 

POLYNOMINALS Ty (x) 

  

  

n Term Explicit Expression in x 

° Ty (x) a 

iL T, (x) x 

2 To (x) 2x2 -1 

3 T3 (x) 4x3 - 3x 

4 T, (x) 8x4 - 8x2 +1 

5 Ts (x) 16x5 - 20x? + 5x 

6 T, (x) 32x6 - 48x* + 18x? - 1 

7 T7 (x) 64x7 - 112x5 + 56x3 - 7x 

8 T, (x) 128x§ - 256x§ + 160x* - 32x? - 1 

9 Ty (x) 256x2 - 576x? + 432x5 - 120x3 - 9x           
A continuous function in the region (-l<x<1) can be 

expressed in a Chebyshev polynominal: 

£ (x) aay + a,T, (x) + agT2 (x) + .... 

=} at. (x) (F4) 
r=0 
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Ceveri) 

Transform the Argument (X} to a 
Value Within the Range [-1, 11] 

  

      

Initialize the First Two 
Polynomials 

TOLD@ = TgX} = 1 

TOLDI = Ty(X) = X     
  

Initialize the Series Sum 
SUM = agTg + 217 

      
  

TOLD@ = TOLD 
TOLDi = TNEW       

Evaluate T,X) 

TNEW = 2X TOLDi - TOLD       
  

SUM = SUM + a,T,{X) 
        

  

      Have All Terms Been Evaluated? 

  

Final Adjustment of the Series 
      

  
END 

PLC itso Flow Diagram for the Algorithm in 
Evaluating the Chebyshev Series



In fact, (F4) represents the Fourier cosine series 

expansion of the function f£(Cos 9) and is periodic. This 

periodic function converges rapidly, the coefficients are 

in general readily evaluated and the approximations of any 

specified accuracy can be obtained by mere truncation of 

the series. An algorithm in evaluating the Chebyshev 

series can be obtained from (F3), the flow diagram for this 

algorithm can be represented in Figure Fl. The coefficients, 

arr of the Chebyshev series are taken from the Mathematical 

Tables by Clenshaw !461, 

The sine function is used as an example to illustrate how 

this algorithm works. This series evaluation uses the 

Intel floating point arithmetic library (FPAL) and works in 

binary floating point numbers. 

The following FPAL routines are involved: 

Name Function 

FSET Set up the arithmetic library routines. 

FLOAD Load the binary number from the memory to the 
floating point accumulator (FAC). 

FSTOR Store the binary number in the FAC to the memory. 

FMUL Multiply the binary number in the FAC to that in 
the memory and put the result in the FAC. 

FDIV Divide the binary number in the FAC by that in 
the memory and put the result in the FAC. 

FADD Add the binary number in the FAC by that in the 
memory and put the result in the FAC. 

FSUB Subtract the binary number in the FAC by that in 
the memory and put the result in the FAC. 

F2ZTST Check whether the number in the FAC is less than, 
equal to or greater than zero.



FNEG 

FCMPR 

Change the sign of the number in the FAC, 

Compare the number in the FAC to that in the 
memory. 

The following sub-routines are constructed in evaluating 

the Chebyshev series, 

Name 

INCHEB 

NEWX 

SUMCH 

Function Code Lines in CHEBY 

Initialise the first two 20 -— 43 
terms in the Chebyshev 
series. 

Evaluate the new term by F3. 44 ~ 59 
Th 41) = 2xT_ (x) > Toy (x). 

Move T, to Toi, 60; = 73 

Tha to TL. 

Sum the Chebyshev series. 74-79 
SUM = SUM + FAC. 

The program for evaluating the function, sin(x), is also 

listed. The argument is first reduced to a value within 

the range [-27,0] and then transformed to a value within 

the range [-l,1]. The approximation is then carried out by 

the algorithm in Figure Fl, with the following Chebyshev 

series: 

sin }7x =x J a,,.7,,(x) where -l<x<1 
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APPENDIX __G 

LISTING OF THE ASSEMBLY LANGUAGE PROGRAMS 

FOR THE BOOM POSITIONAL CONTROL BY SIMPLE 

COMPARISON WITH SLOW SPEED LIMITATION



Loaras 
et 

  
      

4 
{110 

O1tO 
SI 

SIHL 
: 

HIO 
LNo 

zr 
toed 

+100 
HO 

JYOd 
OL 

NAALLWd 
LIA 

WWILINI 
3HJ 

Lodino 
¢ 

Hz90'Y 
TAU 

tr 
£93E 

2100 
440d 

3LVIDOSSY 
3HL 

OL 
OX3Z 

Y 
ONTGNIS 

LA 
3A TWA 

¥ 
NadO 

f 
oF 

4NOd 
FLVI9OSSY 

HL 
OL 

JNO 
NY 

ONIGN3S 
A9 

3A TWA 
Y 

35019 
6E 

S3ATWA 
NOTLOIAIC 

AHL 
ONITIONLNOD 

YO4 
G4SN 

SI 
0 

LaOd 
BE 

(2 
180d) 

"HCD 
SLT 

OL 
H4d0 

ONTONAS 
14 

Ze 
SINALNO 

34 
OL 

0 
LHOd 

40 
SLIA 

B 
3HL 

Ty 
aavI9aC 

Hz0 
 4n0 

oe 
Zoed 

o100 
SWvA 

ONTLAIT 
---- 

O'1'Z'E 
SLIG 

cE 
SWva 

ONTMAIS 
- 

bis'g'z 
SLIT 

te 
SAATWA 

“WWNOILOIAIC 
Hoo 

LAO 
ee 

ooed 
3000 

3HL 
ONISOTD 

HO4 
O 

LAOd 
FHL 

OL 
.H 

44d. 
TWNOIS 

3HL 
Lndlno 

H4so'y 
LAW 

ze 
443€ 

3000 
dLSLND 

LY 
3ZIS 

d
S
 

YaLLNI 
FHL 

. 
te 

ASWINT 
= 

LY 
NSWM 

LdOAMALNT 
3HL 

0 
NOTLYWHOANT 

JAOAY 
FHL 

3YOLS 
NSWINT 

OHS 
6Z 

a 
00027 

6000 
NSVM 

LdNASSLNT 
FHL 

13s 
WIS 

tLS0109 
8Z 

o£ 
8000 

ANAWAONYATY 
MALIN 

HL 
YO4 

3ZIS 
das 

LInvsId 
3H. 

INT43 
HBO'H 

TAM 
az 

g09z 
9000 

7 
OL 

NOLLYWHOINT 
STI 

td09 
vil 

AoW 
9 

49 
S000 

SLANYTINI 
TIY 

FIVSIG 
OL 

ASYW 
AAAMATLNT 

TWILINT 
JHL 

Las 
HATO'Y 

LAW 
sz 

4IFE 
£000 

SBLNIOd 
ANVLS 

FHL 
AZUIWILINI 

$ 
M
L
A
S
 

‘dS 
1X7 

+Z 
 @ 

00001F 
on00 

G4SS3%d 
334 

SVH 
NOLLNA 

L3SIA 
JH. 

YO 
NO 

ez 
G3HOLIMS 

ST 
SaMOd 

FHI. 
MIHLIA 

NAHM 
FAIH 

ONINNNA 
SLAVLS 

WyNoOdd 
NavLs 

Zz 
MALNNOD 

309 
WAdONd 

FHL 
3ZVIVILINI 

Hoo000 
940 

1z 
0000 

NIOIMO 
WwaDOAd 

FHL 
asv19aC 

oasy 
je 

seeeeeeee 
pees 

OC 
Oe eer E

e
e
 

EE 
sareeeespereseerees! 

67 
’ 

NOTLYZIIWILINI 
3HL 

ar 

  

SOP 
T E
R
E
N
T
 

ESE ON UFO NUSS 
ESTP 

ENURURES 
SPEEDS 

ORSOERORERNERSERERSS 
RES E SEES! 

ZT 
TWNOIS 'NSWLNT 

'14L40S 
'dLSLND 

‘ALANS 
I
I
T
A
 

9T 
T
E
N
E
T
 NEE 

E
N
N
 ONO 

UEU 
EH 

EST ESTED 
PROPER 

OH 
E
E
R
E
 ROH 

ERO 
RES 

HOSSES 
ESS 

R E
E
R
E
 

REEL 
CT 

HIND 
= 

AWYN 
FT 

Fede eeeeeeoereeseesegeususneeauel 
CF 

  
  

reeeee 
eter r

e
r
e
 

tree 

   
 

      

. 
WOO 

3HL 
3AON 

O1. 
s'z 

asa 
. 

KLTAVD 
HL 

3LVAVIXS 
OL 

s'9 
isu 

. 
FUAOMd 

TANNNL 
FHL 

LAD 
O41 

S's 
isa 

. 
MOLYAadO 

FHL 
19 

GANT 
sag 

. 
Na3q 

SYM 
ATL4OMd 

“TANNNL 
HL 

aval 
8 

Sane 
eeeee 

seen 
eee 

Z 
* 

NOTLTONOD 
ANSMALNE 

9 
. 

s 
. 

ISAYM 
ONTMOTIOS 

3HL 
NI 

GSN 
aa¥ 

SLINANaLNT 
3avnaayH 

& 
* 

5 
* 

TOMLNOD 
NOLLISOd 

WOO 
YOs 

WYYOONd 
NOTLYZTWILINI 

aML 
z 

rerererrr 
ri rriiry 

P
i
r
r
r
e
r
e
r
e
s
 

iti i ey 
S
e
e
m
a
n
!
 

7 

JNBWALYLS 
39aN0S 

anid 
ra0 

907 

NOISIAVdWOD 
FIdWIS 

HLIM 
TOAILNOD 

1 
3ovd 

= 
TLD, 

O'EA 
'HATAMASSY 

ONDVW 
SROBR/OBOR 

11-SIST 

CD 
TEMINTAE 

CO 
NOTSTAYANOD 

FIWWIS 
HLIM 

TOSLNOD 
JAILTIL 

SI4X 
FTLJONOWN 

ONATG 
GHGOW 

DAS 
T
L
I
N
T
!
 

Ta! 
oRWSY. 

228



a 

ANIOd 
(HINT 

L
A
M
O
N
T
 

G*Z 
Lsy 

aayMaWH 

ANTOd 
AMINT 

LANYAALNT 
ALNT 

aaymoyH 

ANIOd 
SHLNA 

LANeGINT 
S°9 

Isa 
aavACEVH 

ANIOd 
AMINA 

LAMPIGINT 
S°S 

Lsa 
TavMCNVH 

ANTOd 
JOULNT 

LIMINGLNT 
dvd 

aaunaavH 

HOLVNIAO 
FNL 

Af 
GINE4AG 

N33T 
SYN 

31140%d 
TANNOL 

FHL 
AVL 

BLWOTONT 
OL 

LAMRILNT 
dval 

Hos 
Lyn 

OW1d 
SIHL 

340LS 
O43Z 

OL 
OVIS 

FT4ONd 
LYOS 

IVILINE 
SHI 

135) 
G3dd0LS 

SI 
SALLND 

AHL 
M3LLaSaa 

LON 
ST 

Nd¥ 
IHL 

W3LS1S 
MIHLO 

3HL 
WON4 

GaxINOI 
LON 

JY 
viv 

ONILLIS 
LINVI30 

FHL 
St 

JOOW 
JADU 

MOTs 
WOOT 

ANN100110 
— 

'1 
JAQd 

HOA 
NATLLWd 

WILINT 
JHA 

135 
ANdLNO-0 

‘LMdNi=1 
--- 

OOO00001 
TNNALLYd 

(
L
O
G
N
I
)
 

W
3
L
S
'
S
 

M
A
H
L
O
 

F
L
 

W
O
N
d
 

Y
O
T
O
H
 

--- 
4
4
d
 

(NOLLIGNOD 
LINVS3G) 

NOTLYAIdO 
“TYLON 

1 
--- 

SU34ING 
AIVININT 

FNL 
FTAVNI 

OL 
0 

--- 
9ad 

(NOTLIGNOD 
LINV430) 

NOLLVaadO 
“TWMRION 

1 
~~~ 

WHISAS 
YIHLO 

IHL 
TION 

OL 
O 

--- 
Sad 

B
A
L
L
I
V
 

H
O
I
H
 

SI 
S
T
M
L
 

(0 
OL 

GaLIN430) 
Nav 

IHL 
Laszy 

--- 
tad 

(0 
OL 

G
3
L
1
W
W
4
3
9
)
 

A
A
L
L
N
D
 

Y
3
I
L
L
N
I
 

d
O
L
S
 

- 
G
a
d
 

(EOL 
aLINWAId) 

BLIND 
LaWLS 

--- 
zAd 

JAOW 
LSV4 

HO4 
0 

--- 
FAOW 

MOIS 
HOd 

t 
--- 

(1 
04 

G3NIWIIM) 
TONLNOD 

MOIS/LSV4 
--- 

tad 
o
d
 

AYN 
ONTMOTION 

AML 
NI 

GasN 
St 

1 
480d 

NOLLYBAOINI 
SIHL 

3NOLS 
TUTEETTO 

© 
NMALLvd 

SIMA 
HLIM 

(© 
LMOd) 

‘A'O'd 
SLI 

ONTLLAS 
1 

{1 
daOd 

40 
GLIA 

O/T 
FLYTdOuddy 

INL 
34vI9a0 

7% 
ANd 

= 
TAND 

493°3% 
08 

  
  

BAOW 
dWP 

T
S
S
 

GZ 
zooaed 

2€00 
W9E000 

9x0 
Bz 

9€90 
BELSa 

JWI" 
ed 

OoRSED 
BE00 

HBE000 
9x0 

92 
REOO 

ALIAVD 
dWr 

'S9LSH 
GZ 

ZoRIED 
FEOO 

Hreoo0 
=9#0 

2 
Fe00 

MdONd 
dN 

tSSLSA 
EZ 

oosAeD 
2200 

H9z000 
9x0 

zz 
Stisd 

dWP 
t
v
s
 

12 
e0azED 

Hezo00 
980 

oz 
69 

aw 
89 

92 
1z00 

‘141408 
WLS 

249 
0 

= 
OOZEE 

3100 
v
a
n
s
 

99 
g6 

0100 
so 
+9 
69 
zg 19 
09 
6s 
8s 
2s 
9S 
ss 
rs 
&S 
zs is 
os 
6 Br “a 

touqa 
wis 

ew 
0 

EO 
40 

ct 
Hazo'y 

IAW 
be 

ANAWALYLS 
39uN0S 

anit 
rao 

907 

NOISIAVAWOD 
FIWIS 

HLIM 
“TOMNOD 

O'ER 
‘MI TAWASSY 

OMIVW 
GROB/OROR 

TI-SIST 

229



NOTLYAIGO 
NY 

FLVILINE 
OL 

TwNOTS 
FHL 

Nod 
Live 

t 
2
 

set 
gz 

+200 
1a 

ret 
a4 

£200 
MAINIOd 

AIVLS 
FHL 

ALVIOT-38 
| 
B
L
S
 

'dS 
OT 

fel 
 o00001E 

ozn0 
ASWINT 

WLS 
ze! 

a 
o000ze 

A900 
ASV 

LANYABLNT 
JHL 

JASIN 
'ASTMISHLO 

* 
wis 

Tet 
oe 

9900 
Hato‘y 

TAN 
et 

BIae 
¥900 

LON 
41 

W3HL 
GNYdXxa 

GNY 
LHOS 

! 
stisd 

ONT 
6zI 

eoazza 
2900 

awa 
BzT 

21 
9900 

a31408 
N3aI 

FAVH 
V
a
 

TTSOMd 
HL 

41 
YORHO 

$= 
= 

-T4LHOS 
WaT 

Zz 
a 
= 

ooz0vE 
F900 

Hoo 
ino 

921 
o
e
 

1990 
SAA TVA 

TWNOILOIMIG 
FHL 

TI 
35019 

$ 
=
 

HSSO'Y 
LAW 

szt 
443€ 

4500 
Hto 

 Ln0 
ret 

Toea 
4500 

The 
0000 

NAALL Yd 
: 

HEOO 
180 

eat 
£094 

9500 

AGW 
MOTS 

OL 
G33dS 

FHL 
13S 

¢ 
HI0 

ONT 
zzt 

toad 
600 

aaytnogad 
ST 

AONVHO 
JGOW 

f 
TBELSH 

TET 
t 

ozt 
138 

eit 
69 

BS00 
NMALLWd 

SIHL 
Lndino 

! 
HIO 

no 
eu 

Toe 
9500 

@ 
OOODOTTO 

HLIM 
LI 

ONTNO 
44 

aut 

A 
OOKKTIX 

INNALLWd-LId 
.39WONT-SIG. 

BHL 
Las 

¢ 
Hog0 

140 
out 

0994 
+500 

aNWA 
3L14 

1 
LYod 

JNaMNND 
139 

t 
HIO)| 

ONE 
su 

Toad 
zS00 

a3/O4L93d 
34 

TITAN 
GHOM 

SMLVLS 
HOSSaI0ed 

IHL 
t 

FIT 
WALS1S 

GNOD3S 
3HL 

3OVONE-SIa 
OL 

3NILNOw 
vt 

TANTASO 
ETT 

Wva90ud 
ONITIYD 

FHL 
OL 

NUNLIA 
13a 

zu 
69 

1500 
10 

J40d 
OL 

J1 
aNas 

t 
to 

Lno 
V1 

1oeg 
4F00 

A 
TITTTOT 

HLIM 
LE 

ONIGNY 
14 

0437 
9 

Lid 
aavW 

t 
Hag0 

INV 
om 

493 
O+00 

ONTGYaY 
1 

LYOd 
TWNISTNO 

3HL 
4300238 

t 
ava 

ot 
at 

9F00 

GagCTMONADY 
LAX 

LON 
41 

ONTAOSHD 
daay 

t 
€-* 

ONT 
Bot 

oogtzd 
600 

A
N
O
S
 

GIOH 
JHL 

GATTIMONNDY 
SVH 

W3LStS 
ONOIAS 

JHL 
AAHLHM 

A93HO 
t 

awa 
Zot 

21 
BrOO 

“WWNOIS 
1 

La0d 
JHL 

avae 
! 

HIO 
ONT 

901 
toad 

grn0 

1 
480d 

OL 
NYALLvd 

STHL 
Lndino 

* 
HIO0 

Lo 
sot 

Toe 
FrOO 

A 
OOCKKOXX 

#ST 
N
A
L
L
Y
 

FHL 
f 

rot 

AVIVITONT 
HLIM 

41 
ONIGNY 

X9 
W3LSAS 

GNOIIS 
3HL 

JO 
Sasha 

! 
£0t 

Viva 
GNY 

SS3HGdY 
HL 

ONIGIOH 
HOS 

S
I
M
A
 

Lid 
JLviado¥ddy 

3HL 
Las 

t 
Hago 

IY 
zor 

4094 
Zr00 

1 
JNOd 

40 
ONTLLIS 

wvaaHNd 
139 

t 
HIO 

NI 
Tot 

1030 
0F00 

a3L0NLS30 
349 

TIM 
GAOM 

SMLVLS 
YOSSIIONd 

FHL 
t 

oor 

W3ISAS: 
ONIANLdYD 

Viva 
SHL 

WoMd 
t 

66 

NAAGNVAL 
VLVd 

MO4 
NOTLIGNOD 

JOWANALNT 
FHL 

dn 
13S 

OL 
aNTLNON 

vt 
SANTLIS 

86 
Horo00 

940 
4 

oro 
YNTSIOINTLIS 

OITANd 
96 

UD 
UDEEP 

ESOS UNCON UPR AT EEE 
EE SSNS 

EEC ES SPREE 
EOS 

STORET 
EERE EEE EEERES 

 
 

      

* 
GaXOALSId 

34 
‘TIM 

GHOM 
SALVLS 

HOSSAIONd 
SHL 

'6 

* 
SLNdLNO 

JMV 
1 

LY0d 
JO 

9 
ONY 

S 
SLIT 

£6 
. 

ANdNI 
NY 

SIT 
480d 

40 
2 
LI 

3HO4SNTHL 
ze 

. 
WALSIS 

WLVO 
JL 

ONTQTOH 
404 

G3SN 
SI 

I 
LHOd 

40S 
Lid 

16 

* 
Saa44nd 

AML 
ONITAYNS 

HO4 
G3SN 

SI 
I 

LHOd 
40 

9 
LId 

06 
. 

AYNOIS 
JOCTIMONIOY 

GION 
JHL 

HOS 
GSN 

SIT 
4MOd 

40 
4 

L1G 
68 

. 
cr 

. 
YNI'T 

WL¥d 
3HL 

39VONA-SId 
— 

ANTIIO 
a 

. 
SWALSIS 

OL 
FHL 

NASMLIT 
ANT 

WLYO 
3HL 

df 
23S 

ANTLAS: 
98 

=
<
.
.
.
 

e
a
 

=--- 
ca 

. 
NOTLONNS 

AMUN 
+8 

. 
WSLSIS 

ONTANLAVD 
VIVO 

FHL 
ANY 

WALSAS 
TOSLNOD 

NIV 
FHL 

£8 
. 

NSML39 
NIT 

Y
i
 

3HL 
JOVONI-SId 

GNY 
dq 

Las 
OL 

SANILNOY 
ze 

wane 
PeCRee 

ONAN CUED 
ERNE 

RENEE 
ORT 

™ 
seneveeuenneseeeeee! 

13 

ANAWASYLS 
3OIN0S 

aNrT 
rao 

907 

NOISIAvAWOD 
ATWIS 

HLTA 
TOALNOD 

30vd 
= 

TLD. 
OvEA 

'HATAWASSY 
OADV 

GAOR/OBOG 
IT-SIST 

  

230



4.93rat 
o8t 

  
          

 
 

  

Lay 
- 

69 
9600 

MSd 
dOd 

. 
14 

5600 
H 

dod 
. 

13 
F600 

@ 
dod 

= 
19 

£600 
SHALSI93a 

IHL 
A3AOTTA 

* 
a 

dod 
® 

la 
2600 

a'u 
AoW 

1609 
HOOXNT 

. 
£z 

0600 
ss3adav 

3HL 
aNo1s 

! 
a'W 

AoW 
. 

€é 
sgo0 

H
H
S
 

- 
Sa 

3300 
NOTLYNILS30 

LY 
SS3NMGY 

WIV 
LSU7 

JH 
ONIMOLS 

NOS 
MALNIOd 

3HL 
139 

¢ 
H 

dOd 
= 

13 
agoo 

JON 
43T 

sovd 
doo 

* 
‘4001 

or 
= 

ooszvd 
vHOO 

2 
duo 

= 
61 

6800 
ay 

AoW 
. 

a2 
8800 

4ON 
41 

Nova 
dooT 

! 
14007 

ZNr 
= 

004229 
SB00 

a 
dWo 

= 
BA 

FB00 
GaNIFASNVAL 

NIIA 
SVH 

Viv 
JSVT 

3ML 
At 

NoaHO 
! 

4
'
y
A
O
H
 

. 
d2 

£800 
AMOWTW 

NOTLYNILSAG 
3H 

NI 
LT 

3NOLS 
NSHL 

t 
O 

xvLs 
. 

z1 
2800 

HOLWINUOIIY 
IHL 

OL 
VLG 

F
A
N
S
 

JHL 
JOU 

* 
wy 

AoW 
€ 

32 
1800 

aq 
XN 

. 
£1 

on00 
Yivd 

39uNOS 
ANY 

NOLIYNIIS30 
JL 

HOF 
40 

Sassauqqy 
3HL 

asnray 
t 

HOXNE 
#14007 

. 
©z 

4400 
a 

XxNi 
= 

£1 
3/00 

wie 
AoW 

= 
gr 

0200 
HOXNT 

. 
€z 

9200 
9'f 

SYBLSIOI4 
IML 

NT 
LT 

ind 
any 

! 
wid 

AGW 
= 

at 
8200 

aH 
AOW 

= 
09 

¥200 
vivd 

394N0S 
HL 

40 
SSa¥dgy 

SVT 
3H 

La9 
! 

o'T 
AoW 

= 
69 

6200 
a 

Hsnd 
* 

sa 
8200 

@ 
HSN 

: 
$9 

2400 
H 
HSN 

* 
Sa 

9200 
JAINA 

NO 
SYBLSTORS 

JHL 
3AvS 

t 
MSd 

HENd 
tT4dNeL 

. 
84 

S200 
“WANN. 

O1IaNd 
= 

venes 
sueeeeees 

+s, 
seseeepenecoees 

suveveesenssent 
= 

. 
3OUNOS 

IML 
NI 

SV 
YLVd 

JHL 
MOTaT 

Salta 
at 

> 
. 

OML 
3HL 

NI 
G3Y0LS 

NQOTE 
NOTLYNTLS3d 

IHL 
LY 

af 
= 

* 
 SSIAMGY 

VLYT 
LSVT 

FHL 
HIM 

G3L7TdWOI 
MASSNVAL 

1
X
3
 

NO 
at 

= 
«© 

99078 
NOTLUNILS3q 

3HL 
OL 

INIOd 
3‘d 

SH3LSI93a 
at 

. 
* 

$9014 
WAVE 

FONNOS 
INL 

OL 
LNIOd 

9A 
SHILSI9F, 

1AYLNI_NO 
at 

= 
< 

vivd 
'SS3NGdY 

Wivd 
LsvT 

‘att 
at 

= 
. 

viva 
40 

SSAMGGY 
L5¥1 

3S 
ONIN4I99dS 

S3LAA 
ONL 

FHL 
at 

. 
# 

ONIMOTIOS 
S3ITHOWIW 

SNONDILNOD 
NI 

Ga340LS 
34 

LSNW 
VivG 

JHE 
: 

. 
NOTLYNIUS30 

3HL 
= 

" 
0. 

394N0S 
FHL 

WONS 
VAVE 

FITSONd 
YIISNYAL 

OL 
3NTLNON 

¥ 
= 

. 
veuseens 

VENSOnHPaSROOERES 
EEO 

. 
(09S 

A
N
A
L
 

141) TOTNES 

ANIWALWAS 
3940S 

any 
rao 

907 

NOISIAVAWOD 
ATAWIS 

HLIM 
“TOMLNOD 

b 
adv 

= 
P
L
N
 

O'EA 
'MATAWISSY 

ONIN 
SHOB/OBOR 

11-SISL 

231



Loaras 
BIZ 

  

  

 
 

     

  

  

43a 
irae 

69 
+400 

"Sd 
dOd 

giz 
= 

14 
£900 

Ho 
dOd 

siz 
= 

13 
Z400 

a 
d0d 

riz 
= 

19 
1400 

SMALSI934 
JHL 

NzA00Ra 
! 

Gd 
dOd 

Elz 
= 

ta 
0900 

G3L31dNOD 
NI34 

LON 
SVM 

AZASNVAL 
JHL 

41 
AOva 

dooT 
t 

ed001 
zNr 

zz 
= 

oosvz9 
avoo 

1 
wao 

1tz 
= 

sa 
ovn0 

H 
wHO 

otz 
= 

ta 
avoo 

MOLYINWNIDY 
3H 

yvaT 
¢ 

v
a
n
s
 

60z 
= 

26 
wyoo 

NALNNOD 
JHL 

LNAWIADAT 
¢ 

Ho 
xod 

BOz 
= 

az 
6¥00 

a 
XNI 

20% 
Et 

Byo0 
S3SS3NGdY 

HL 
LNSWIHONT 

a 
XNT 

g0z 
= 

£0 
2¥00 

NOILUNILSIO 
3HL 

OL 
SIHL 

JAOLS 
$ 

a 
xis 

soz 
= 

zt 
gvoo 

AIINOS 
WON 

ANIWA 
3LIA 

FHL 
139 

! 
@ 

XvdT 
ted00T 

FOE 
= 

vo 
S¥voO 

TH 
OL 

MRLNNOD 
FLA 

FHL 
ANY 

FG 
SHTLSIOIA 

OL 
NOVA 

SSgMaIY 
SIHL 

Ind 
¢ 

OHOX 
£02 

= 
43 

rv00 
HOHSNd 

zoz 
= 

ca 
Ev00 

SSFAGAY 
NOLLYNILSIO 

ONILAVLS 
FHL 

LI9 
¢ 

Ho 
dod 

1oz 
= 

1a 
zvoo 

wid 
AoW 

o0z 
= 

96 
100 

@ 
MFLSIO3Y 

OL 
NAASNVAL 

ONY 
3LI9 

YIdHO 
HOIH 

3HL 
4a9 

t 
HOOXNT 

66I 
= 

£Z 
ov00 

3 
AILSIOSY 

OL 
(YIGHO 

MOT) 
ANTVA 

ALIG 
STHL 

SadSNVAL 
! 

w'a 
AOW 

BEI 
= 

3S 
4600 

BFLNIOd 
AIVLS 

ANTMAND 
IHL 

JAOAY 
FL16 

GOT 
SI 

ABLNNOI 
ALLA 

SIHL 
¢ 

dS 
ava 

261 
= 

6 
3600 

ANNOD 
3119 

FHL 
139 

OL 
YFLNIOd 

YOVLS 
3HL 

Lsnray 
! 

cory 
1x7 

961 
= 

ooworz 
9500 

a 
HSnd 

set 
= 

Sd 
v600 

a 
HSnd 

rer 
= 

59 
6600 

SUSLSIOIA 
FHL 

JAYS 
H 

HSN 
£61 

= 
s3 

8600 
OUF9) 

HASI4O 
TCFANIISNVAL 

SILL 
JO 

NIAWNN 
WOUTXY 

z6l 
= 

ANILNOS 
SIHL 

ONITIVD 
3IOI3A 

AOVLS 
FHL 

OLNO 
AILNNOD 

ALAA 
FHL 

HSNd 
£ 

MSd 
HSNd 

tISNYAL 
TET 

= 
S4 

2600 
HUN 

EEOEEE 
NES 

U
N
E
E
H
A
R
E
E
O
H
O
E
P
E
S
E
 

HPSS 
E
S
S
E
 

E
S
E
S
H
S
R
S
E
E
N
E
S
H
U
R
E
R
E
R
E
R
E
S
H
E
R
H
E
R
S
 

OGT 
= 

ASNVAL 
DITANd 

BT 
= 

. 
JA 
e
v
r
 

ee se eeeee sea 
eeeseeseeseervestesaseeeree! 

OST 
= 

. 
GAAMaSIAd 

NIA 
FAVH 

SHALSIOIA 
'L1XF 

NO 
et 

ger 
= 

* 
 SSRAMTIY 

NOTLYNILSIG 
ONILAWIS 

--- 
3'4 

SARLSTOIA 
ef! 

oat 
= 

. 
SS3MddY 

FOANOS 
ONINAVLS 

--- 
9'A 

S
Y
A
L
S
I
O
S
A
 

*YLNI 
NO 

ef 
cer 

= 
. 

SALNd 
X 

4O4 
Sper 

= 
* 

N
O
T
L
Y
N
I
L
S
3
Q
 

OL 
394NOS 

W
O
4
 

VLYG 
NAISNYYL 

OL 
ANILNOY 

¥ 
s
f
e
g
r
 

= 
SU N

S
U
C
U
E
U
N
E
S
O
U
U
V
S
U
U
N
S
S
S
U
H
E
O
H
O
N
S
S
S
R
O
U
N
S
S
S
N
O
O
S
E
N
B
O
S
E
N
G
E
 

NESE RORESREEEREE 
ZOT 

= 
(ONS A

S
N
Y
A
L
E
 

TAP VACVIONTS 
TBT 

ANAWILYLS 
a9NN0s 

aNIT 
rao 

907 

NOISTAVdWOD 
FIdWIS 

HLIM 
TOLNOD 

S 
 39vd 

= 
TALND 

O'EA 
'MATSWISSY 

OMIYW 
GBOR/OROB 

T1-SISI 

232



  
 
 

  
   

               

1 
duo 

edz 
= 

aa 
sito 

a'y 
AoW 

Zéz 
= 

62 
FIO 

naao 
zNr 

Vz 
= 

WoLeZD 
1110 

Anon 
oF 

ode 
= 

To6I¥d 
3010 

Ho 
aw 

692 
= 

24 
goto 

ANd 
ONIAd 

St 
TINT 

LS3ddN 
AHL 

41 
AaHO 

t 
a'y 

AOW 
B9z 

= 
BZ 

2010 
ADLSYT 

CIT 
10NILI 

29 
= 

0 
 O90Z 

6010 
1'9. 

ADM 
99% 

= 
ar 

ROTO 
HG 

AoW 
soz 

= 
rr 

2010 
ADMYIS 

CTT 
+9z 

=a 
ooFovE 

FOIO 
GFLMVLS 

NI3A 
SUH 

HFLLND 
FL 

LVL 
ONTLVOTANT 

VIS 
3HL 

JuoLs 
| 

NaLIND 
v18 

£92 
= 

0 
006IZE 

1910 
Haso'y 

IAW 
29% 

= 
4436 

4400 
XXO1 

XXXX 
#81 

NUALIVd 
t 

"10 
Ln0 

19z 
= 

toed 
a100 

HEO0 
120 

092 
= 

B094 
1400 

Waso 
NY 

652 
= 

9499 
6400 

AWNOIS 
43LLN9 

LAVLS 
aHL 

a3nsst 
‘asinaaio 

t 
HIO) 

NI 
'TSLsvs 

BSz 
= 

toad 
2400 

MaHOvVAN 
Lat 

LON 
41 

xOVE 
dooT 

t 
Sisv4 

ONT 
sz 

= 
o093z0 

+400 
awe 

9cz 
= 

21 
£400 

GaNOVaN 
NazA 

SUH 
NOLLISOd 

(2NISId 
INL 

41 
A939 

| 
— 

SOdANI 
TVD 

ssz 
= 

20491) 
0400 

2ON 
41 

xo¥a 
doo 

t 
susvd 

ZNC 
tz 

= 
909329 

@300 
vv 

vxO 
eS2 

= 
24 

9300 
wu 

42 
4300 

G3S019 
NIFA 

IAVH 
SINTVA 

TWNOLLIZNIG 
3H 

41 
N93HD 

} 
Hoo 

NI 
oond 

6300 
INIOd 

ONLJSVLS 
SIHL 

OL 
3A0W 

Lev4 
t 

aAoWd 
IV) 

'Sus¥4 
opaya9 

9300 
Miva 

99 
YALSI9Fa 

FHL 
YaAGITa 

! 
a 

xod 
40 

S300 
AVIA 

HFS 
GIMISIG 

SIME 
JWOLS 

| 
=
 

-MS3TS 
LS 

a 
oovize 

2300 
qsald 

WS 
a 

oootze 
sno0 

anwA 
M31S 

3
 

La9 
t 

a 
xwdT 

vo 
3000 

GNNOT 
MATS 

(NIU 
FNL 

LY 
UNION 

OL 
9/A 

FHL 
LNAWINONT 

# 
a 

oXNT 
£0 

aano 
ysa0sy 

VS 
a 

vaoo 
vivd 

asivs 
ai 

isai4 
t 

a 
xvat 

6100 
4'9 

AoW 
ar 

8000 
Wa 

AoW 
tr 

2an0 
viva 

40 
435 

15413 
3HL 

439! 
— 

ADYYLS 
CIHT 

@ 
o0rove 

Fa00 
LON 

41 
3NILNOY 

LYOS 
ON 

3H 
OL 

dunr 
t 
— 

LYSLON 
ONT 

tooaza 
1000 

wa 
21 

0900 
G41N0S 

N3397 
JAVH 

Vivo 
J1140ad 

3M, 
41 

yOIND 
| 

TaLNOS 
vO" 

@ 
o0zove 

a
0
 

wis 
0 

9900 
IXETOX 

SI 
NISLIVd 

“STOYLNOD 
.3AOH, 

3HL 
t 
— 

ASNINT 
WIS 

@ 
co00z£ 

6900 
QNY 

.TI4ONd 
49, 

AHL 
FTAVSIC 

OL 
ASW 

LANAITINT 
FHL 

a5 
¢ 

Hato 
Tao 

a193 
2900 

ASWINT 
YO"l 

@ 
o000ve 

F200 
AVWIUVAY 

NOVLS 
FIONN 

FNL 
FIV 

OL 
MALNTOd 

NOWLS 
IHL 

3LVOOT 
! 

ALdALS 
‘dS 

1XT 
@ 

o000te 
1900 

H1o0 
 Lno 

lez 
= 

oea 
4100 

Hroo 
140 

oez 
= 

+
o
 

0900 
XxX10 

0OOC 
INMaLLYd 

t 
W2so 

NY 
6zz 

= 
2393 

1900 
waLing 

aM, 
dois 

! 
HIO) 

NI 
Bzz 

= 
1oag 

6900 
0 

180d 
OL 

Hoo 
1.0 

“az 
= 

ove 
2800 

440/01 
ONfaNS 

Je 
S3ATA 

“TNOILogeta 
IHL 

72072 
$ 

a
s
o
"
 

IAW 
TILdONd 

922 
= 

443€ 
SA00 

Cuneausensprener 
sessensnnes! 

GZz 
= 

Waoud 
| 

ot end 
Fez 

seveoeee 
seenvere 

see 
s!ece 

= 
LAMRGINT 

S'S 
Lt 

FHL 
AA 

GAXOANT 
ST 

INTLNOM 
sm 

zzz 
= 

' 
TILJO¥d 

TINNNL 
IML. 

1ND 
OL 

INILNOY 
Y 

lez 
= 

sopeecane 
ozz 

= 
(ONS OTL A

O
N
A
E
 

SEV ITNVTIONI® 
612 

JNIWILYLS 
3980S 

any 
9
0
-
9
0
7
 

NOISINVAWOD 
FIMIS 

HLIM 
TOXLNOD 

9 
30d 

= 
THLND 

O'EA 
'AITAWASSY 

ODUM 
SeOR/OROR 

11-SIS 

233



TVAATT 
LS3H0T 

FHL 
LD 

AMVANNOA 
ACIS 

IT4O¥d 
FHL 

LN 
OL 

YOvA 
dOOT 

“IAA37 
ASIYA 

FHL 
aNY 

aNNOs 
M315 

IML 
139 

49 
N334 

SVH 
THATT 

LS3M01 
FHL 

41 
X93HO 

ANVONNOA 
LHOTA 

SHL 
ONOTY 

3AOW 

TAAT1 
LSOW 

NaddN 
FHL 

1nd 

(AMVANNOA 
LIFT 

FHL 
ONOY 

FAW) 
ANIOd 

STHL 
OL 

LN9 

WLY0 
TART 

3SI¥a 
ONY 

GNNOA 
MIIS 

LXIN 
FHL 

139 
‘LON 

AT 

2 
30d 

T
A
N
 

1 1 t 4 

AISYLS 
ZONALD 
sald 

usaasa 

Tagan 
Tagan oh 

ot 
O"1LON 
taaann, H 

aty 
ADaWIS. 
13A0WS 
4saq1s 
Veisard 
13A0WS 
4saq7s 
qsat4 a a 

T
s
a
i
 a a 

qsat4 a a 
usaasa a 
O
H
S
 

US: 
Hig 

ADSSYT 
1owdL2 a § a a 
1aA0uS 
usaqsy a 
as3q7s 
1Sal4 a 
sul4 a 4 
RaAO 

ANSWALYIS 
394N0S 

O'eA awd 
dur 
vat 
vis 

xvaT 
xoa 

va 
W
o
 

ws 
vat 
xo 
xoa 
vis 

xvaT 
XNI 
wis 

xvat 
XNT 
WLS 

xvo7 
vIvd 
Aow 
AoW 

awd 
awe 
XNI 
XNI 
XNT 
XNI 

vW2 
vis 

xvaT 
vis 
vat 
xoa 
vis 

xvaT 
XNI 
onr 

'ragaNn 
aze 
ae 
9ze 
Sze 
bee 
eze 
eze 
Ze 
oze 
BIE 

IMOLON 
BIE 
Ze 
oe 
Sie 
rie 
ele 
Ze 
ie 
ore 
60E 
ROE 

ZOMdLI 
ZOE 
90 
soe 
Foe 
£0e 
zoe 
10e 
oo 
66z 
B6z 
26z 
96z 
sez 
rez 
£62 
zez 
16z 
06 

S143A0 
68 
BBz 
282 
98 
sez 
+8z 
eBe 
282 
18z 
owe 
622 
Bz 
222 
922 

tANLON 
SZz 
bez 

ouunma 
aa 

oonnon onunna 
aa aa 

wooene owen ouueanennn 
a aaa 

ao 

anit 

NOISIMVdWOD 
F1dWIS 

HIM 
1OALNOD 

‘AITAWASSY 
OXIVW 

SBOR/OBOR 

a 

oorovz 
10Zse9 
oooIwE 
oortze 

rao 

ZRI0 
4Z10 
azto 
6210 
B/T0 
2210 
9210 
EL10 
ZL10 
1210 
ogto 
agto 
vato 
6910 
8910 
Sato 
Z910 
1910 
0310 
acto 
wsto 
Zst0 
rS10 
tst0 
arto 
arro 
wrto 
6rto 
arto 
Srto 
trto 
Irto 
orto 
JE10 
DETO 
BETO 
BETO 
ZE10 
gE10 
es10 
o£10 
4z10 
azt0 
azto 
2z10 
6210 
9210 
szt0 
Zz10 
ANtO 
3110 
arto 
wito 
6rt0 
arto 

907 

  

SISI 

234



 
 

Aoaraé 
6hE 

= 
NOLLYAIKO 

NY 
LYVIS 

OL 
IWNOIS 

LANYABINT 
WILStS 

JHL 
MOF 

Livm 
t 

wa 
are 

= 
iz 

4V10 
2 

Lhe 
= 

aa 
3¥t0 

ASWANT 
SHE 

= 
G 

o000zE 
aAvIO 

sre 
of 

w¥tO 
ASVA 

LAMRIGINT 
FHL 

Lasza 
! 

 HBTO'Y 
ns 

BI3e 
BYTO 

H10 
Bre 

= 
toed 

910 
HEOO 

Zhe 
= 

toad 
FYIO 

740 
Tre 

= 
2393 

ZYI0 
WNOIS 

.YILLND 
dOLS, 

3HL 
Lndino 

& 
HO 

ore 
= 

TOA 
O¥TO 

13A0NS 
6Ee 

= 
Zora? 

610 
as3a7s 

REE 
= 

Gd 
OOVIZE 

veto 
veisatd 

426 
= 

0 
OOTIVE 

2610 
13A0WS 

SEE 
= 

Z00FI9 
FIO 

a83018 
SEE 

=a 
oovize 

1610 
Sard 

FEE 
= 

G 
O00TWE 

3BTO 
LYONS 

eRe 
= 

sogzoo 
9810 

asz0sa 
zee 

= 
1 

oOmIZE 
ABIO 

a 
166 

= 
vo 

“B10 
ata 

Of 
= 

at 
9610 

wa 
ze 

= 
rr 

SBIO 

ANIUILYLS 
39805 

aNtt 
ra0 

907 

NOISIAVANOD 
TTAWIS 

HLIM 
TOHLNOD 

8 
a
E
 

LIND 
O'EA 

'MHITAWASSY 
OXIVH 

GOR/OGOR 
11-SISt 

  

235



  
 
 

  

ANTIONITT 
HLIM 

LE 
ONTGNY 

1g 
t 

H24o 
INY 

tor 
= 

2493 
1020 

AXXTOXKXX 
TANVWWOT 

ATLIND 
OLS 

JHL 
aNsst 

t 
HIO 

ONT 
ttdsoLs 

Eor 
= 

toad 
60z0 

NOLLISOd 
31140%d 

LXAN 
3H 

AOs 
XOva 

dOOT 
t 

O01 
dwn 

Zor 
= 

1004€9 
90z0 

NOLLISOd 
SIHL 

OL 
L1M07S 

3AOM 
! 

TaA0WS 
“T1¥9 

Tor 
= 

200ta9 
£020 

5 
SHOX 

oor 
= 

a3 
z0z0 

SaLIOWAM 
3LVIAdOdddy 

FHL 
NI 

vivd 
38a, 

a¥o1s 
$ 
= 

ySId1S 
CHS 

66 
= 

0 
oovIZZ 

4410 
OHOX 

B6E 
= 

Aa 
3410 

wivo 
M415 

JHL 
139 

W'd 
AOW 

266 
= 

aS 
ast0 

HOOXNI 
966 

= 
€Z 

2410 
viva 

3Siva 
AHL 

139 
¢ 

W'd 
AOM 

t1TdLNOD 
S6E 

= 
95 

A410 
CAWWISL 

NIST 
SYH 

FIW4Oxd 
FATAWOD 

FHL 
aT 

dois 
t 

Wd40LS 
20 

tee 
= 

ZOROWD 
8410 

2 
do 

e6E 
= 

6A 
240 

AAG 
NACHO 

MOT 
FHL 

XOAHD 
T'v 

AOW 
Zee 

= 
a/ 

9310 
JON 

JT 
NOLLYARdO 

3ANTINOD 
t 

tdinod 
or 

16£ 
= 

tosava 
£410 

3 
a 

dW 
O6e 

= 
BF 

Z410 
GaHovae 

NFR 
SH 

Yivd 
45¥1 

41 
YoaHO 

! 
Hy 

AOU 
6ge 

= 
az 

1410 
SSIMGdY 

VLVG 
FTL4OAd 

LNIWAYONT 
¢ 

H 
OXNT 

d
o
o
 

BBE 
= 

£Z 
0410 

1 
44 

SSauqady 
TWNI4 

3H. 
LNaW3NONI 

t 
@ 

XNI 
Zee 

= 
£0 

4310 
* 
TH 

aaAooza 
H 

dod 
gE 

= 
1a 

3310 
VIVO 

FI14ONd 
FHL 

404 
SSTAGAY 

LSVT 
FHL 

HLIM 
9'a 

SMALSIOIN 
3HL 

avoT 
t 

W'S 
AOW 

see 
= 

fr 
at0 

‘ 
19 

Au 
hee 

= 
(tr 

9310 
avisv) 

amHT 
eRe 

= 
aAaasvE 

6310 
TH 

anys 
# 

HoOHSnd 
ZBE 

= 
S3 

8310 
MALIN 

WLS 
18E =

 
O06IZE 

S310 
SALWLS 

M3LLND 
3HL 

FOIS 
| 

HAdO'Y 
LAW 

ove 
= 

4436 
©3510 

480d 
FHL 

OL 
WNOIS 

3H. 
anas 

! 
HO 

LNO 
Bie 

= 
TOE 

1310 
ANTOTO000 

HLIM 
LI 

ONTAO 
NaH. 

aNY 
HA00 

180 
ae 

= 
f094 

Anto 
ALTOTITET 

HLIM 
LI 

ONTONY 
UsaT4 

ta 
Wado 

INY 
2ée 

= 
4493 

Gato 
GINIVLAO 

ST 
ANY 

ATIOTXXXX 
ST 

NAILivd 
HL 

926 
= 

30ON 
3AOW 

MOTS 
3HL 

Las 
any 

t 
Sée 

= 
(49LLN9 

3HL 
dOLS 

OL 
O 

= 
© 

LId 
: 

be 
= 

MILIND 
FHL 

LAVLS 
OL 

0 
= 

Z 
L1G 

) 
' 

£Ze 
= 

GNYWWOD 
YALLND 

JHVLS 
3HL 

anssi 
zd 

= 
NIHL 

ONY 
1 

LMOd 
40 

NMALLYd 
LNIMYND 

FHL 
139 

‘aSIMIZHLO 
t 

HI0) 
ONT 

126 
= 

toga 
gato 

4ON 
41 

¥Ova 
dooT 

¢ 
tisva 

one 
ze 

= 
tosaza 

Bato 
ws 

695 
= 

Zt 
gato 

G3HOVIA 
N3IA 

SYH 
NOILISOd 

G34IS3G 
FHL 

41 
M939 

$ 
= — 

SOdNHD 
TWO. 

BoE 
= 

£04909 
Fa10 

GAHOVIY 
NIAT 

AFL 
LON 

SVH 
NOILISIOd 

SIHL 
41 

4ova 
doot 

! 
s
y
a
 

ZNr 
298 

= 
Tosazd 

1010 
Gas019 

JAY 
SAAT¥A 

TIY 
41 

X93H9 
v 

vio 
996 

= 
44 

0010 
wo 

soe 
= 

4z 
4910 

ONILLAS 
3ATWA 

LNTAIND 
FHL 

139 
$ 

Hoo 
NI 

Foe 
= 

00ga 
a910 

JAOW 
Lsv4 

‘Tivo 
t 

3AoWs 
TI¥9 

698 
= 

opavad 
vot 

‘TGNv 
‘H 

"3 
‘0 

SYALSI9aa 
3HL 

SYSAORN 
OHOX 

Z9e 
= 

3 
6910 

SNOTLYIOT 
SLVISdONddY 

JHL 
OLNT 

SNOTLYWAOINI 
3S3H1 

3N0LS 
¢ 

= 
¥S307S 

GINS 
19E 

= 
G 

oovtzz 
9910 

‘TH 
HLIM 

3‘ 
JONVHOXR 

‘OHOX 
O9E 

= 
@3 

SO10 
a 

NBISTOIA 
JHL 

OL 
ANIVA 

.mI1S. 
GaaISad 

FHL 
avoT 

! 
wia 

Au 
6SE 

= 
3S 

tO10 
HOOXNT 

BSE 
= 

£2 
€910 

0 
MAISIOIA 

3HL 
Of 

3NTYA 
.NOILYARTA. 

G3¥IS3q 
3HL 

ayoT 
! 

wid 
AoW 

2Se 
= 

9S 
Z910 

MH 
OL 

SSIMGGY 
VIVO 

F11JO¥d 
ONTLAVLS 

3HL 
GvOT 

! 
mavis'H 

1X1 
t1usv4 

OSE 
= 

ogo0tz 
4410 

SWILSIS 
OML 

FHL 
NIIMLIT 

INIT 
3HL 

asvaTaa 
| 

ANTAIO 
TI¥9 

Sse 
= 

007609 
9410 

WALSIS 
ONTAMLdYD 

VLVO 
SHL 

Oss 
Viv 

FM4OYd 
FHL 

L399 
$ 

T
a
N
.
 

TIV9 
bE 

= 
ooszi9 

6ATO 
SWHSIS 

OM, 
3HL 

NAINLIT 
ANIT 

FHL 
do 

13S 
$ 
—
 

ANTL]S 
TIVO 

ese 
= 

000rd9 
9410 

NOOTA 
NOTLYNILSIG 

3HL 
OL 

ONTLNIOd 
3'G 

SYTISIOIA 
FHL 

3Lv901 
! 

avISVT'G 
1X7 

zoe 
= 

aga4tt 
ato 

NOOTA 
3DINOS 

3H. 
OL 

ONTANTOA 
9'F 

SHALSIOIA 
FHL 

ALV9OT 
$ 

G
N
A
T
S
d
 ‘a 

1X7 
TSE 

= 
ATA4TO 

0910 
G3ONVAXI 

ONY 
G4U4OS 

NIIT 
LON 

FAVH 
Viva 

AT140ad 
FHL 

* 
SLYSLON 

OSE 
= 

ANSWILVLS 
3DAN08 

anit 
rao 

707 

NOISIAVdWOD 
FIWIS 

HLIM 
TOALNOD 

6 
aNd 

“RIND. 
O'EA 

'ATTSUASSY 
O
N
Y
 

GBOB/0B0R 
11-SIST 

236



LOSra® 
OTF 

AN 
VLVG 

F14ONd 
INL 

LMOS 
OL 

dune 
t 

Stisd 
dur 

Gor 
= 

Enazed 
SIz0 

SNIVLS 
NFLLN9 

SIH 
aHoLs 

t 
MILIND 

VIS 
Bor 

= 
a 

o0BIze 
E10 

SOLWINMNDOY 
FHL 

NvTTD 
1 

v
a
n
s
 

20r 
= 

26 
1120 

H10 
LAO 

gor 
= 

toed 
40z0 

100100000 
HLIM 

41 
ONTMO 

NAHE 
! 

Hroo 
10 

Sor 
= 

Fo94 
a0z0 

ANIWSLY1S 
394N0S 

anny 
rao 

907 

NOISIAvdWOD 
FIMWIS 

HLIM 
TOHLNOD 

Of 
adv 

= 
TAAL 

O'EA 
'AATAWASSY 

OHIV 
GROR/OROR 

TT 
SIST 

237



BAOWS 
TIVD 

tAWST¥D 
SOF 

  
    

  

41 
3401S 

any 
t 

MS3d1S 
WIS 

annod 
M315 

3HL 
139 

! 
1sal4d 

vat 
41 

3y0ls 
¢ 

ysaqsa 
Ys 

VLVO 
3SIVa 

GAYISIG 
FHL 

139 
a 

xvaT 
GNNOd 

MAIS 
LSAT4 

FHL 
La9 

¢ 
gondaa 

T
o
 

3'd 
OLNO 

LI 
Ld 

N3HL 
‘OHOX 

Ssauddy 
SIHL 

340LS 
$ 
=
 
LoLsvT 

GINS 
sinaga 

zune 
v 

vod 
H 

xOG 
4 

xod 
H 

xod 
SSINddY 

VLYT 
LLTAVD 

LSVT 
aHL 

JNaWINDIq 
! 

H 
xXOd 

!sIna34 
3ZIS 

d31S 
41H 

3HL 
139 

¢ 
LSs1vH 

vaT 
AdOTAAT 

FHL 
HOS 

SSTAGAY 
ANT 

FHL 
HLIM 

T'H 
SHALSTORE 

3HL 
avol 

! 
=
 

AILSYT 
GTHT 

1'9 
AoW 

9's 
O1 

SS3aqay 
SIH 

A409 
£ 

H'd 
AOW 

asnaaaZNr 
SYQ019 

41vH 
tat 

yv 
aod 

HOXNT 
HOOXNT 
4OXNI 

SSIMGGY 
VIVO 

ALIAVD 
LaVLS 

3HL 
asvauoNT 

! 
4 

OXNT 
tusnaaa 

SSINMdY 
VLYI 

ONTLAVLS 
IHL 

HLIM 
9'a 

SHIISIO3a 
FHL 

avoT 
f 
=
 

AdMYLS 
GIT 

LAMIAAINT 
WALSAS 

AHL 
ATayna 

¢ 
14 

ASHNO4 
NI 

LINSTA 
SIHL 

FMols 
| 
—
 

AsaNod 
THs 

H
a
v
a
 

H
a
v
a
 

b 
AG 

STHL 
UTdILIOW 

t 
HOO'H 

LAW 
ASJTVH 

NI 
STHL 

340L5 
any 

¢ 
ASATWH 

WIS 
ava 

S531 
41 

3215 
d3LS 

3HL 
OL 

Iwnoa 
34 

‘THIN 
NIOdWY 

f 
rts 

oor 
7 

NVHL 
MALW3HD 

ST 
ALSLND 

HL 
Y3HLIHM 

NOSHD 
f 

Hz0 
19 

ATH 
X4 

AlSin9 
“3M, 

3onaga 
! 

1'y 
AoW 

3ZIS 
dalS 

YaLLND 
3HL 

139 
t 

diSLn 
CHT 

(ASVW 
LANMHALNT 

GHL 
13S 

¢ 
wis 

ONINLAS 
NSVW 

LdNAMaLNT 
M3N 

STHL 
3401S 

| 
YSWINT 

WLS 
@ 

ort 
to00 

= 
Hato 

MAAR 
TOMLNOD 

.3AOW. 
--- 

S'Z 
tsa 

t 
NOLLNT 

.ALTAVD 
LN9. 

--- 
S'9 

Isa 
NOLLNA 

.FM4OAd 
WIL. 

--- 
S'S 

usa 
t 

S'S 
ISH 

3HL 
YSUWNN 

JTIHM 
SLANAILNT 

G'9 
LSe 

SHL 
any 

t 
S'Z 

488 
FHL 

LNO 
ASYM 

OL 
ASYW 

LANAASLNT 
ANRWIND 

BHL 
LIS! 

— 
HATO'Y 

IAW 
ANIA 

TWILINT 
3HL 

OL 
FLNIOd 

YOVLS 
JH 

ALVIOT 
$ 

ALdNLS'dS 
1X7 

00 
Ln0 

SIAIWA 
TWNOILOIAIG 

FHL 
TIy 

35019 
| 
= 

HsdO'Y 
TAM 

PLLIAYD 
VONNUON 

NOON SNORE 
ESOATOUEPEDOSESENESESOSSRESECRUGSS 

SSE 
SERERDE 

SNORE EROS! 
LLIAYD 

OT TaN 
U
P
U
R
H
 

ROCCE 
E
A
T
E
N
A
N
S
 

SND O
N
E
E
E
S
O
E
S
S
U
S
S
O
S
E
S
P
S
N
E
E
N
S
S
 

ESOC ED ECOU 
P
E
R
S
E
 

EE ER ERE 
* 

LdNMAALNT 
G'9 

LSY 
FHL 

tA 
GIXOANT 

SI 
WWA9ONd 

STHL 
at 

. 
TTANNAL 

SHL 
40 

ALTAYD 
FHL 

ALVAWOXA 
OL 

WYHDONd 
¥ 

at 
* 

WeetoOdd 
LLTAVD 

LAD 
FHL 

at 
FRSEERE 

E
U
R
O
 

OE ESER SURES 
ERS 

E OREO 
R
E
E
S
E
 
TEETER 

ES 
Feene 

seen 
een 

ererenet 
(98S 

LL1AVO! 
TS!) TON TONTS 

ANANILYIS 
JoNN0s 

or 
£9F 
ZF 
19 
o9F 
6st 
aSr 
Zs 
gsr 
scr 
ror 
eck 
zg 
1S 
ost 
6rr 
8th 
ate 
abr 
Str 
ber 
Ebr 
ate 
Thr 
OFF 
ber 
BEF 
Zeb 
ger 
ser 
rer 
£er 
zer 
tet 
oe 
6zt 
az 
ar 
ger 
sZt 
bz 
ez 
zee 
Zr 
ozt 
Sit 
gtr 
Zit 
att 
str 
tir 
eth 
Zire 
tr 

"anno 
‘aaa 

uownen won 
Aa 

wonwonn oueng ouonn eee 

aNIt 

ovavaa 
oovize 
OooTwE 
ooatze vo 
sogaqa qa 
oor 

ize 
zoatzo ae 

mz 
Az 

atae 
oooore 

oora 
Ade 

ra0 

 
 

41z0 
21z0 
viz 
BIz0 

207 

NOISTYVdWOI 
FTdWIS 

HLIM 
“TOALNOD 

11 
90¥d 

= 
TAALND 

O'EA 
'HATAWASSY 

ONDVU 
SBOR/OROR 

11-SIST 

238



Largs 
61S 

 
 
 
 
 

SSANAAY 
FONNNS 

ONTLAVLLANAAILNT 
WILSIS 

MaNLONY 
Hod 

JI¥M 
t 

aH 
BIS 

= 
re] 

21g 
= 

wis 
gIS 

= 
1 

0001 
1000 

tNNSLLvd 
$ 
—
 

ASWINT 
WLS. 

sis 
=a 

SAAWIGINE 
TIY 

SIAVNA 
OL 

MSV 
LANAINE 

3HL 
L3Saa 

t 
— 

RTO'Y 
TAU 

tts 
= 

"10 
4no 

els 
= 

"reno 
THO 

Zs 
= 

@ 
XX1O 

KKK 
NATL EW 

t 
W240 

INY 
1g 

= 
N3LLND 

FHL 
doLs 

t 
"to 

ONE 
os 

= 
1aA0WS 

“TIVO 
605 

= 
4S301S 

VLS 
g0S 

= 
a 

veqsard 
vat 

20s 
=a 

T3AONS 
TVD 

905 
= 

aS311S 
VLS 

sos 
- 

a 
WS8i4 

vat 
tos 

= 
a 

aona34 
TIv9 

€0s 
= 

1'9 
AON 

20S 
= 

Wa 
AOU 

tos 
= 

us30s4 
LS 

00S 
= 

a 
oostze 

viva 
3siva 

SIHL 
439 

! 
wiv 

AoW 
66r 

= 
32 

NOO1F 
ADLSVT 

INNSSY 
$ 
— 

LOISWT 
THT 

'Z9LNO9 
BEE 

= 
a 

oOFIYZ 
SOLNOI 

dur 
26h 

= 
203269 

'aAOWS 
“TI¥2 

96r 
= 

Z00rgo 
as301S 

LS 
S6r 

= 
a 

oovIze 
sala 

vor 
rt 

= 
O00IVE 

ysaisy 
vis 

€6r 
=a 

o0atze 
@ 

X¥O1 
Z6r 

= 
vo 

aonaat 
T
o
 

6r 
= 

sogat9 
19 

AoW 
o6r 

= 
ar 

W'd 
AO 

t09JNOD 
6BF 

= 
tr 

SSvd 
3NO9 

41 
ADNSYT 

aWnssy 
$ 
= 

ZzOLNOD 
ONT 

Ber 
= 

zoavea 
a 

duo 
28r 

= 
aa 

3L18 
Y3IONO 

MOT 
IHL 

NZL 
t 

ay 
AoW 

9g 
= 

az 
SSvd 

3NO9 
41 

AQLSYT 
aWnssv 

t 
= 

-Z9LND9 
ZNP 

sar 
= 

zoavzo 
JON 

41 
39NILNOD 

| 
= 

O94NOI 
oF 

rer 
= 

zoseva 
BLAM 

NINO 
HOI 

FHL 
LSaTd 

t 
aq 

aw 
eBr 

= 
va 

M3HOVIN 
NAIA 

SVM 
ADLSYT 

3HL 
41 

4OaHO 
! 

wy 
AoW 

zor 
= 

92 
Viva 

.aSIve, 
¥Os 

SSIAGaY 
LNNRIND 

OL 
azdy 

N3HL 
1 

@ 
ava 

ter 
= 

50 
AAV). 

IML 
NI 

dais 
31 

139 
| 
=
 

AsHnod 
a
T
 

ofr 
= 

0 
oozive 

ANNO 
SIML 

OL 
UNI 

GNY 
JAOW 

! =
 

-TaAONS 
“TVD 

6Zb 
= 

Zoord2, 
4S3d1S 

VS 
82h 

=a 
oovIze 

Vive 
(NNOA 

AFIS 
LXIN 

FHL 
LID! 

 eISALS 
WOT 

'GOLNOD 
ZzF 

= 
Gd 

OOTIVE 
10 

10 
92h 

= 
Toea 

Was 
INY 

Sét 
= 

4393 
8 

XXO' 
XXXX 

 NYGLLYd 
! 

HROO 
140 

bat 
= 

8094 
S3t 

47 
M3LIND 

aH 
Lawis 

t 
HO 

NI 
Elp 

= 
toad 

JON 
41 

X9va 
dooT 

! =
 

AWST¥ 
ON 

Zér 
= 

709970 
“wa 

12 
= 

a 
G3HOVIA 

NI39 
SVH 

NOILISOd 
G3NISA0 

3H. 
41 

X
9
3
 

$ 
— 

SodNHD 
TIVD 

oZt 
= 

204909 
GaHovaa 

N9IA 
LON 

SYM 
NOTLISOd 

3HL 
41 

YOva 
doOT! 

= 
AUSTWD 

ZNT 
69r 

= 
209979 

v 
wo 

Bor 
= 

48 
9920 

35019 
AMY 

A3HL 
41 

49IHD 
t 

WHO 
29F 

= 
dz 

1920 
ONTLLAS 

S3ATYA 
“TYNOILOANIG 

3HL 
139 

! 
Hoo 

ONE 
99F 

= 
oad 

6920 

INAWILYLS 
39NN0S 

aut 
ra0 

907 

NOISTAVAWO 
FTIWIS 

HLIM 
TOALNOD 

zt 
avd 

“PLL 
O'EA 

'MFTIWASSY 
OXIVH 

GBOB/OBOR 
11-SIST 

239



 
 

    
  

 
 

et 
a9vd 

  
  

 
 

 
 

SSIIONd 
YV 

LAVLS 
OL 

IYNOIS 
LNM¥3LNI 

NY 
YO4 

Live 
! 

iH 
t2s 

= 
92 

vzEO 
SLdWISLNT 

W3L51S 
3H. 

aTavNa 
t 

13 
elS'= 

4 
62E0 

SALN1Od 
NOVIS 

AHL 
3LV901-34 

$ 
 widMLS'ds 

1X7 
z£S 

= 
4 

o0001€ 
9ze0 

NOLLYUMOANT 
ASYM 

LdMMFINT 
STHL 

3401S 
¢ 

NSWINT 
WLS 

145 
= 

1 
o000ze 

ezeo 
MSWW 

LdNsdaLNI 
Las 

t 
wis 

ozs 
= 

Of 
Zze0 

SANARGINT 
AIHLO 

TIY 
ASYWNN 

ONY 
LdNYINI 

S*Z 
Isa 

3H, 
Laszy 

t 
HBTO'Y 

TAU 
695 

= 
BI3E 

OZeO 
0 

Lod 
OL 

! 
Hoo 

Lo 
B9s 

= 
aed 

3160 
44, 

ONTONAS 
AM 

S3AIVA 
TYNOILORNIG 

3H. 
TY 

35079 
¢ 

H4d0'Y 
IAW 

t3AQWON 
295 

= 
443E 

NEO 
Z3A0W 

dt’ 
996 

Z02369 
BIEO 

Wood 
3HL 

JAW 
Lsv4 

t 
3AOW4 

TIVD 
=13A0W 

S9S 
= 

ogavaa 
91€0 

zaaow 
dur 

has 
= 

ZO2IE 
E1LO 

WOOT 
3HL 

aAOW 
MOTs 

! 
3AOWS 

"TVD 
€95 

= 
sovam2 

oreo 
WOOT 

AHL 
3AOW 

LS¥4 
OL 

awnr 
Ta3A0W 

Or 
Z9S 

= 
e09tvd 

aoco 
wa 

19G 
= 

2 
2060 

GNNOS 
SIHL 

NYHA 
YaMOT 

41 
dous 

t 
3AOWON 

or 
09s 

= 
£091va 

60EO 
AOU 

YO4 
GNNOF 

HIMOT 
FHL 

HLIM 
Javawoo 

t 
HOTO 

149 
6Ss 

= 
0134 

2060 
NOVLS 

FHL 
WONS 

ILE 
SALWLS 

FAOW 
3HL 

139 
‘3SIMISHLO 

t 
"Sd 

dod 
BSS 

= 
14 

90€0 
Sasnd 

Vi¥d 
GNY 

SSa¥day 
3HL 

asvaTaa 
¢ 

ANTSIO 
TIV9 

288 
© 

oozsaa 
£060 

NOWLS 
FHL 

OLNO 
WLvd 

SIHL 
aAvS 

t 
MSd 

HSNd 
gcc 

= 
S4 

z0e0 
MINY 

ALLA 
SOLYLS 

JAOW 
FHL 

L390 
¢ 

4S3A0W 
YO 

sss 
= 

aloave 
44z0 

w
w
s
Y
 

vis 
*SS 

=a 
ooFzze 

D4Z0 
S
a
w
 

vor 
esc 

= 
alavve 

BAC 
AWIITS 

WLS 
zsS 

=a 
oofzze 

g4z0 
NOILISOd 

WOOd 
LNAMIND 

HL 
JHOLS 

aNY 
439 

! 
WSLaa9 

aT 
ss 

= 
ANZYYE 

£470 
ANILNON 

MS4SNVAL 
VLvd 

FHL 
Tyo 

t 
ASNYAL 

“TI¥ 
oss 

= 
002609 

0420 
SWILSIS 

HOSSIIONONIIN 
OML 

6rS 
= 

AHL 
NAIALIG 

SNOLLIGNOD 
JOWSFLNI 

FHL 
dn 

Las 
! 

ANTLIS 
TIV9 

StS 
= 

doors 
aazo 

2 
a
s
a
q
1
s
 ‘a 

1X7 
2bS 

= 
oovtTt 

w3az0 
NAISNVAL 

YLvd 
NO4 

SASSaYddy 
3HL 

dN 
Las! 

=
 
Isusza'a 

1X1 
'ZaAOW 

OFS 
= 

atvato 
23z0 

SSHAddY 
NYNLIY 

JHL 
HOLYADS 

aNy 
t 

“WHLX 
cee 

= 
6 

Ol 
MAISNVAL 

FLA 
FHL 

YOd 
HBLNNOD 

SHL 
LIS 

¢ 
a6‘H 

1X7 
hrs 

= 
ASWINT 

WLS 
ers 

=a 
WIS 

zs 
= 

JANIYALNT 
-3AOW. 

FHL 
NO 

ASYM 
OL 

ASYW 
LANIMSLNT 

JHL 
Lasay 

¢ 
H
O
O
"
 

TAM 
Tre 

= 
GFIAVSIC 

SI 
LAMMNSLNT 

WALSLS 
3HL 

LHL 
RINSNI 

t 
ors 

= 
SUPRSONNNUON 

S
T
E
E
N
 

PEN PRUESOR ESOS ESD 
O
N
E
S
 

ER ET ESTES 
6ec 

= 
. 

(ata 
1) 

ONILLIS 
ASYM 

LANAYSLNT 
NSWINI 

BES 
= 

’ 
(
L
a
 

1) 
NOILISOd 

M37S 
LNIaIND 

a
I
 

7S 
ZS 

= 
' 

G
g
 

1) 
NOLLISOd 

M31S 
G3a1saq 

as307S 
9ES 

= 
eee 

ee 
e
e
 

e
e
 
a
 

ee 
Brees 

Ses 
= 

. 
‘loawss 

tes 
= 

. 
WAISIS 

LNAMNND 
3HL 

NI 
39VAOLS 

viva 
404 

G3SN 
STORMS 

ees 
= 

. 
zes 

= 
’ 

Guia 
1) 

NOILISOd 
M37S 

Gaa1S3q 
‘Isasaa 

16g 
= 

. 
(4L4a 

1) 
SAL¥LS 

43A71 
JAW 

L
S
N
D
 

4S3A0W 
oes 

= 
. 

G
u
a
t
 

NOTLISOd 
M31S 

LNIYAND 
S
1
4
9
 

6S 
= 

Ba 
a
 

Pesce 
Bzs 

= 
. 

ToaMis 
Zee 

= 
. 

WHISIS 
ONISNLdvo 

VL¥O 
3HL 

NI 
39VA0LS 

YiLwa 
HO4 

STOAWLS 
gc 

= 
FOUNSPOEDOUONSSUMROOSEANSSEONASERSEOSHSSOSENSURNSSSESSHREEESSNAREEE! 

CZC 
= 

orang 
rzs 

= 
FRONEENERS 

T
U
R
N
S
 
OPE 

ENEE 
HOSE 

SEEON 
EOE 

S E
T
E
 
EERE 

N
E
S
S
 

H ENED 
seeeat 

exe 
= 

* 
LANAHIINT 

G'2 
LSY 

FHL 
FIIANIS 

OL 
LNIWOIS 

zes 
= 

SUOHUAHROONCEUSNOOONSOCESOSSNESERSNENDOSESOSESORESENEEENEREEONEER! 
[ZG 

= 
(94S 
"
F
A
W
!
 

14! VFGIONTS 
OZS 

ANAWALYIS 
394N08 

3NIT 
rao 

907 

NOISIMVAWOD 
AIdWIS 

HLIM 
TOXLNOD 

O'EA 
'NITAWISSY 

OADVU 
GROR/OROR 

1T-SISI 

240



HOXNT 
629 

ee 
reo 

ASS1S 
IML 

MOTIF 
NOTLVYION 

ONL 
JHL 

OLNO 
Viva 

“XYW 
ANY 

“NIM 
HL 

td09 
¢ 

a 
x00 

B29 
a9 

£260 
149 

AOU 
429 

a 
occa 

2'd 
OL 

SIML 
td09 

N'd 
AO 

929 
tr 

(60 
AIMVIS 

NOILVIOT 
THL 

OANT 
SIM, 

aMous 
! —
 

AgavAS 
aS, 

$29 
a 

ooFoze 
39r0 

SSIMddY 
Viv 

LMVIS 
FHL 

139! 
oavLS‘H 

XT 
tz9 

QA00tz 
A9E0 

ASN 
NILVT 

MOF 
NOWIS 

JL 
OLNO 

SIHL 
3AuS 

! 
@ 

HSN 
£29 

59 
v9eEO 

a 
xod 

zg 
a0 

6960 
Vivid 

3SIVA 
A5Y7 

JIL 
LY 

INtod 
9'a 

ayeW 
t 

a 
xoa 

1 
Ao 

BIO 
AOVLS 

3ML 
OLNO 

SIML 
aAvS 

# 
4 

HSnd 
0z9 

£3 
2960 

GOVLS 
NOLLYIOT 

3HL 
MOTT 

Wid 
ONL 

AML 
139! 

= 
z-aavas 

a
T
 

619 
aaaive 

b9FO 
149 

AW 
Rtg 

ae 
£960 

2'4 
OL 

NOLLYUMOSNT 
SINL 

Agog 
t 

utd 
AGW 

Zig 
tr 

Z9e0 
QVLSVT 

NOTLYOOT 
3HL 

NI 
SSa4qdY 

SIHL 
3Avs 

$= 
auIs¥T 

a
S
 

a9 
angizz 

4560 
HW 

xoa 
si9 

= 
3SLO 

JHOTIANT 
AFLMOS 

FL 
40 

SSIAGdY 
VLVd 

Lsv1 
3HL. 

3dOLs 
t 

OHOX 
fg 

a3 
aseo 

AdOT3ANF 
FT140Ad 

BH 
LOS 

¢ 
408 

TID 
£19 

eoada) 
vseo 

3'0 
SHBLSIOI¥ 

OLN 
SSaTagay 

SIHL 
tng 

¢ 
DHOX 

z19 
AZ 

6SEO 
SSINGMY 

WAVE 
F1NIOMd 

ONTINT 
3HL 

MLIM 
1'H 

SHBISIDIY 
avoT 

! 
= 

aviswT 
CIT 

119 
aNaive 

Ic60 
SSINCAY 

VLVI 
T
I
A
O
d
 

ONILAYIS 
AML 

HLIM 
9/9 

SYISTOIa 
avoT 

! 
aovis'a 

1x7 
019 

d90010 
ESEO 

FINO 
LAMANALNT 

.ATL4O%d 
AND. 

JHE 
aTavNa 

t 
a 

609 
as 

ZGF0 
agi40s 

N338 
! 
=
 

1a14oS 
WIS 

809 
4 

o0z0Ze 
4KeEO 

LON 
SVH 

FW4OMNd 
FHL 

LY. 
ONTLYOTANT 

0437 
OL 

“1431008 
Las 

! 
v
a
n
s
 

209 
26 

are 
NNT440 

TVD 
903 

oozcaa 
AreO 

Vivd 
JW4ONd 

IHL 
139 

| 
TaUNAL 

TID 
S09 

006209 
BrEO 

A
N
A
S
 

TWD 
tog 

o00raa 
SteO 

G34015 
SI 

SSINGGY 
.ONT, 

JHE 
383M 

NOTLYI01 
AHL 

OL 
SLNTOd 

HOTHM 
t 

£09 
SSIAMdY 

NONLYNINS3d 
ONIJYVLS 

FHL 
LIA 

3'0 
S¥9L51938 

IHL 
avoT 

! 
avasvi‘a 

1x7 
zoo 

AMIIIT 
ZzvEO 

GaNOLS 
SI 

_SSINTGY 
GNI. 

FHL 
I
N
I
 

NOTLYIOT 
AHL 

OL 
SLNIOd 

HOTHM 
t 

109 
SGIATTY 

FONDS 
ONILAVLS 

FNL 
NLIN 

9' 
SN3LSTOIN 

FHL 
avoT 

! 
aNaIsd‘a 

1X7 
009 

atasio 
4e€0 

NOLLYWNOANS 
SIHL 

3801S 
aNy 

f 
=
 

XSMINT 
WLS 

66S 
a 

o000ze 
IEE 

LANIATLNT 
H
O
L
L
 

TOUNOD 
3
1
4
0
s
 

WIA. 
aM 

t 
wis 

86S 
0& 

aEEO 
AINO 

NSVUNN 
OL 

ONT 
1000 

OL 
NSYW 

LANUAALNE 
3HL 

Lassa! 
— 

HatO'Y 
LAW 

265 
ANE 

GEEO 
Ga0NVAXA 

CNY 
GILAOS 

ONI34 
JAY 

VALVE 
FTsOAd 

aL 
IVIL 

any 
Ho 

Lno 
965 

loed 
2eeo 

OITAVNA 
SI 

.FN4ONd 
WML. 

JHL 
LINO 

LHL 
aLworaNt 

t 
eso 

INY 
ses 

€493 
SEEO 

OL 
NISNOINYLINUIS 

S037 
4OLS. 

ANY 
.LHVLS. 

JHL 
LHoIT 

t 
HIO 

ONT 
res 

fond 
e&€0 

Hoo 
Ln0 

6s 
90ed 

Tee0 
S3AWA 

TWNOILIAMIG 
3HL 

TIV 
3s019 

! 
= 

-H4go'y 
LAW 

z6S 
4s3e 

4z£0 
MALNIOd 

NOWIS 
FHL 

aLvIOI-3s 
| 
MLdMIS'dS 

XT 
165 

1 
© 

g000TE 
IzE0 

a374vS10 
SI 

WALSAS 
SL 

IvitL 
aunsNa 

1 
eenereee 

” 
$ShLSY 

OBS 
£4 

azeo 

      
     

         

S
a
s
 

intua 
osiser 

AgiseT" 
AoavLS 

"SeLse 
RES 

seereeesuerneenny 
seuevers 

vereneeree 
288 

. 
LAVSSIOIN 

AT 
JONLILIV 

NE 
S
O
N
I
 

LT 
98S 

# 
A83A3 

NIAOI 
OL 

GNYAXS 
UNY 

VLYd 
ISINL 

ILVIOGYILNI 
ses 

' 
JAOTVIANT 

FTWJOAd 
FHL 

LOS 
OL 

tNOTLONNS 
res 

. 
ees 

. 
G
I
N
A
 

34Y 
SictnwNaINT 

TI 
zes 

. 
NO 

SI 
G31 

.43LLND 
dOLS, 

3HL 
XINO 

tLIXa 
NO 

es 
. 

oss 
. 

AALLVN3dO 
SI. 

FT4ONd 
1D, 

FHL 
LINO 

LHL. 
ONTLYOTONT 

6s 
' 

NO 
3MY 

S037 
.MFLLND 

AVIS. 
ONY 

.A3LLND 
HOLS. 

3HL 
HLOT 

Bzs 
. 

(343NNI 
NIIG 

SVN 
YLYd 

FTL 40d 
228 

. 
BL 

MALSV 
LANANSUNT 

AVAL 
HL 

ONTZINDOITY 
NO 

INILNON 
3HL 

38 
ou 

venaeees 
sas 

ANIWALWIS 
39N0S: 

anit 
rAO 

907, 

: 
NOISIMVAWOD 

JIMWIS 
HLIM 

“TOYLNOD 
fr 

39Nd 
N
D
 

OFA 
'AITAUISSY 

O
N
D
 

SHOR/OHOR 
11-SIST 

241



  
  

NOILISOd 
M315 

NIW 
3HL 

Lv 
41 

3M0LS 
any 

f 
a 

X¥LS 
+89 

z0 
Saeco 

INIWO 
139 

$ 
ad 

xvat 
£89 

Wt 
RIED 

Vivd 
MAIS 

NIW 
UNFHIND 

IML 
LY 

LNIOd 
2'q 

t 
@ 

XNI 
zeg 

€0 
ef£0 

VLVO 
.ASIVA, 

LN3RIND 
FHL 

LY 
LNIOd 

J'a 
t 

@ 
XNI 

189 
£0 

zaco 
Nivov 

INTWO 
1¥ 

3'G 
LNIOd 

t 
o 

xo0 
089 

at 
t4e0 

310 
¢e=2) 

Hy 
8 

‘OHOX 
629 

AA 
0860 

Wc 
MOLYINUNODY 

3H. 
41 

‘xX¥W 
3HL 

Lasay 
t 

vw 
AoW 

829 
22 

AVEO 
ts 

oor 
22g 

en0sva 
aveo 

ONTLLAS 
*XVW 

UNAMID 
FHL 

HIM 
3avaWoD 

t 
Ww 

dWo 
923 

34 
Aveo 

aid 
<-2-> 

TH 
4! 

SHOX 
S29 

3 
vvEO 

a9vN3AY 
FHL 

ONTA 
Y 

aval 
+29 

41 
BYE 

‘XvW 
LXAN 

3H 
O41 

day 
any 

t 
w 

oaayv 
e29 

OR 
BYEO 

viva 
SIHL 

139 
@ 

xvaT 
za 

vo 
2¥E0 

43S 
VIVO 

INRWIND 
FHL 

MOT3E 
‘XYU 

THL 
LY 

ofa 
INIOd 

t 
@ 

XNT 
129 

£0 
9UFO 

INIWG 
3A0SY 

NOTLYIOT 
FHL 

LY 
3'@ 

INTOd 
a 

XNI 
029 

£1 
sveo 

L
Y
 

AO 
LAS 

LX3N 
40 

'XWW 
SHL 

LY 
TH 

INLOd 
¢ 

HO 
OXNT 

699 
z 

FWEO 
a‘d 

¢---> 
TH 

# 
OHOX 

899 
#3 

YEO 
W 

> 
MOLWIOUNODY 

JHL 
41 

‘NIM 
SIH. 

Lasa¥ 
! 

wi 
AoW 

299 
Zé 

zveo 
fee 

one 
999 

E0eved 
460 

ONTLLAS 
*NIW 

FHL 
HLIM 

aavdwoo 
! 

Ww 
do 

sag 
3 

3660 
3a¢---> 

7H 
OHOX 

+99 
a3 

a6e0 
OML 

19 
LINGTM 

3HL 
JqtAra 

¢ 
ava 

699 
AT 

660 
3AOAY 

'NIW 
3HL 

O1 
aay 

any 
! 

Ww 
cay 

z99 
98 

1650 
MOT3d 

'NIW 
FHL 

439 
! 

a 
xval 

199 
vO 

YEEO 
Vivd 

JO 
13S 

WLW 
LXAN 

4O 
"NIM 

3HL 
LY 

T'H 
ANTOd 

¢ 
HOOXNI 

099 
£Z 

6660 
INIWG 

3HL 
ty 

a‘a 
iniod 

# 
a 

x00 
6s9 

al 
8660 

Vivd 
40 

13S 
LX3N 

FHL 
40 

.3SIVA. 
SHL 

tv 
1H 

INIOd 
! 

HOOXNT 
ecg 

€Z 
Z6F0 

a 
x¥Ls 

2s9 
ZI 

96F0 
wiy 

AoW 
99 

az 
S6E0 

INIWd 
Jaoay 

a 
XN 

ss 
£1 

F6EO 
NOILY901 

ANO 
NI 

LI 
3HOLS 

GNY 
WLvO 

‘XY 
LNAMIND 

FHL 
Lad 

¢ 
O
N
T
 

sg 
£Z 

&6E0 
INTW 

NOTLYIOT 
FHL 

LY 
LNIOd 

3'a 
¢ 

a 
xvis 

£s9 
Zt 

z6e0 
Wty 

AoW 
zs9 

3Z 
16€0 

INIWO 
NI 

LY 
AMOLS 

ONY 
vLvO 

“NIW 
LNaMYND 

3H. 
L399 

¢ 
HOOXNT 

1s9 
€z 

0660 
a 

xo0 
os9 

a0 
4860 

Viv 
‘NIW 

3HL 
LY 

INTOd 
OL 

41 
LNAW3MOaC 

NAHL 
# 

@ 
xo 

69 
40 

3860 
119 

AOW 
Bro 

ar 
aBeo 

2'4 
O4 

SSaNGdy 
Vivd 

.ASIVa. 
LN3YIND 

3HL 
Ado 

! 
H'g 

AOW 
tzaLNOD 

Zb9 
tr 

oBEO 
G33 

1dHO9 
N3I4 

SVH 
ONTLYIOdSSINT 

FHL 
41 

Lno 
auiar 

¢ 
Jawod 

one 
org 

£00920 
6REO 

9 
wo 

sto 
64 

BBEO 
W
O
O
 

AMY 
FLA 

HOTH 
FHL 

41 
3Lta 

agq4O 
MOT 

3HL 
Mod 

NOaHO 
t 

Vy 
AOW 

tea 
az 

2860 
G3HSINI4 

13 
LON 

41 
aNNILNOD 

¢ 
eto 

e0oRvd 
ero 

34d 
NIGHO 

HOIH 
3HL 

Lseta 
t 

zea 
Ba 

EBEO 
(31408 

Naaq 
SVH 

LIS 
Viva 

LSVT 
3HL 

41 
493H9 

! 
rg 

22 
ZBEO 

NOWLS 
FHI. 

ONO 
AOA 

LI 
dnd 

¢ 
oro 

SO 
18E0 

ONINDSHI 
MO4 

SSINGAY 
viva 

LSVT 
FHL 

139 
¢ 

TALNOD 
6E9 

19 
OREO 

INING 
SS3uddy 

3H 
HLIM 

3'ad 
avot 

t 
8€9 

a 
02011 

azeo 
Wind 

.3SIva. 
FHL 

LY 
LNTOd 

‘T'H 
MON 

t 
Ze9 

lz 
260 

At 
aa0Ls 

! 
gE9 

zo 
AZeEO 

any 
SIML 

139 
! 

Seg 
aZ 

¥Ze0 
reg 

a0 
6/0 

‘NIM 
SHA 

LY 
ONTINIOd 

SI-T'H 
MON 

t 
£69 

az 
8260 

‘XW 
GH 

3NOLS 
t 

zea 
Z0 

2260 
te9 

ad 
9260 

“XUM 
IHL 

AY 
OONTUNTOd 

S
I
T
H
 

MON 
f 

0e9 
£2 

Sée0 

anit 
P
9
0
0
7
  
 

NOISIMvdWOD 
31dWIS 

HLIM 
TOxLNOD 

St 
39d 

= 
L
N
 

O'EA 
'AITGWISSY 

ONDIVW 
GBOG/OROR 

11-SIST 

242



 
 

49aras 
B02 

diva 
t 

1H 
02 

a4 
2080 

ONY 
LANSHALNT 

WALSIS 
3HL 

J1avNa 
t 

cet 
902 

gi 
90e0 

Ho 
40 

soz 
toed 

6fFo 
Heoo 

 1Y0 
rod 

tog4 
Zac0 

2x10 
2000 

ENAaLLvA 
t 

W230 
NY 

£02 
2493 

Garo 
-MALLND 

dOLS. 
OL 

N
A
T
L
 

LHOTT 
O37 

3H. 
Lasaa 

¢ 
HO 

ONT 
z0z 

load 
£ae0 

0001 
1000 

#SI 
NaaLivd 

# 
wis 

102 
0£ 

Zao 
NYALivd 

M3N 
SIHL 

FOLS 
} 
— 

YSWINT 
WLS 

002 
a 

0
0
0
6
 

4960 
SNOLLINNS 

FHL 
TIY 

FIAWNT 
OL 

ASYM 
LAMIGINT 

3H 
Lasza 

! 
—
 

HBTO'Y 
TAU 

669 
BIZ 

GEO 
141805 

WLS 
B69 

a 
00z0z€ 

YIFO 
H4JO 

OL 
T4LMOS 

AL 
aa5ay 

t 
— 

HAsO'Y 
IAW 

£69 
4436 

BDEO 
ANLLNON 

NOTSNYAXd 
FI4¥L 

aL 
TIva 

t= 
GNYdX3 

‘TIVO 
969 

s06009 
SI€0 

Z-aavis 
CWS 

869 
aaaszz 

2960 
GAVLS 

MOTIT 
VIVO 

3118 
OML 

3HL 
NaAOIRY 

! 
H 

d0d 
reg 

13 
19FO 

@ 
dOd 

'1dWOD 
£69 

12 
0960 

ONTNOIHO 
ONY 

O
N
T
O
S
 

MIMIAN4 
Hos 

AVE 
doOT 

t= 
— 

TLNOD 
dur 

z69 
£00HED 

aaFO 
W 

xod 
169 

az 
28€0 

SS3HGdY 
VAY 

.3SIVA, 
JHL 

iv 
T'H 

INIOd 
¢ 

Ho 
xom 

069 
fz 

AAO 
Nivoy 

INIWG 
Ly 

3'a 
intod 

¢ 
a 

xo0 
6e9 

at 
yaeo 

NOTLISOd 
VIVO 

MAIS 
"XV 

LNAMHND 
FHL 

NT 
LT 

3Y0L5 
any 

t 
@ 

XVLS 
389 

ZO 
6AEO 

OOM 
JHE 

aT) 
t+ 

NING 
139 

¢ 
a 

xvor 
289 

vi 
Bqeo 

aq 
XNI 

989 
et 

ZnO 
HITS 

“XV 
FNL 

HOF 
NO 

OD 
! 

a 
XNE 

sB9 
£0 

9AEO 

ANAWILWIS 
F9ANDS 

anit 
e190 

907 

NOISIMVdHOD 
ATAWIS 

HLIM 
TOMLNOD 

9) 
a9Wd 

HNO. 
O'EA 

'NATAWASSY 
O
N
D
 

GHOG/OHOR 
U1-SIST 

243



 
 

   

  
      
 
 

HL 
YO4 

AAOWTW 
FHL 

LY 
LNTOd 

OL 
MBUNIOd 

YOWS 
3HL 

aLv201 
! 

dS 
xoa 

£92 
a= 

90ro 
a 

HSNd 
zag 

So 
a0ro 

4 
HSna 

192 
53 

voro 
YOVLS 

3HL 
OLNO 

SaSS3MGdY 
3HL 

Ind 
£ 

a 
4snd 

092 
sd 

60ro 
ASIT 

ViVd 
FI40Nd 

SHL 
4Od 

SSIMTGY 
GNF 

FHL 
139 

@ 
Od 

6S2 
1d 

Boro 
ONINISHD 

YO4 
SS3NGGY 

LNAMIND 
LNAWIAONT 

a 
XNT 

acZ 
£0 

zoro 
SSHAGMY 

.NOLLYNILSG, 
LN3W3MINT 

HoOXNT 
£82 

€z 
goto 

a'W 
AoW 

cz 
£2 

Soro 
a 

xX¥LS 
ssz 

ZO 
Foro 

wy 
AoW 

ez 
32 

£0r0 
viva 

M315 
3HL 

NAHE 
t 

A 
oXNT 

esZ 
£0 

Zoro 
HOOOXNT 

zz 
£z 

toro 
Vid 

NOTLLWASIA 
FHL 

LSata 
£ 

a'w 
AoW 

12 
ZZ 

00r0 
(9'9) 

<---> 
CTH) 

SoNWHOXa 
Aa 

t 
1 

x¥Ls 
osZ 

Z0 
4460 

VLYC 
INRRIND 

FHL 
(INY 

.NOTLYNILS30. 
JH 

Lv 
wiva 

JONYHOXa 
! 

Wy 
AOW 

bre 
34 

a4€0 
Ho 

dod 
BRL 

13 
aaro 

NOWLS 
WOA4 

SSINGGY 
.NOLLYNIUS3G, 

3HL 
439 

¢ 
Ho 

dod 
dee 

13 
9460 

vid 
AoW 

ore 
25 

1460 
(dQ) 

a44N9 
YSHLONY 

OL 
11 

3A0u 
aNY 

t 
a 

xvaT 
She 

vo 
VEO 

Viva 
NOILVARTa 

Hod 
9'a 

LNAWSHDRa 
f 

aq 
xod 

tee 
AO 

64F0 
(3) 

AMOS 
4344na 

Vv 
OL 

LI 
aAOW 

f 
v3 

AOW 
Ete 

4S 
84£0 

ONY 
NOILISOd 

M315 
HO4 

VLvd 
3HL 

439 
! 

a 
xvaT 

Bre 
vo 

Z4€0 
OL 

MBINIOd 
Viva 

31140¥d 
3HL 

3DNvAGY 
! 

a 
XNT 

The 
£0 

94€0 
40N 

41 
Z4NOD 

OL 
dbinr 

¢ 
OFZ 

b
o
i
z
 

e460 
é31140%d 

O41, 
Twnda 

ABN 
St 

ft 
BEL 

34 
Z4£0 

Viv 
NOLLVAIIS 

F14Oad 
A
N
T
I
 

FHL 
139 

¢ 
BEL 

vo 
1460 

ViVd 
A3X 

FHL 
404 

MALNIOd 
FHL 

39 
¢ 

TTPANOD 
ZeZ 

13 
0460 

MITWHS 
LON 

41 
34.4 

Y3NO 
MOT 

3HL 
XOSHD 

OL 
auine 

¢ 
962 

Fowtzd 
@as0 

SSINMdY 
LNSMNN 

FHL 
4O 

FLAG 
AFCO 

HOTH 
FHL 

LY 
ONTNOOT 

AsMrd 
Aa 

t 
sez 

va 
9360 

(3140S 
N3R4 

SVH 
Vivd 

45¥1 
3HL 

41 
¥O3H9 

! 
tTdOOT 

FEZ 
2 

4360 
OY3Z 

WON4S 
ONTLMOS 

3HL 
Luvs 

t 
eed 

0096 
63€0 

AN 
SIHL 

YO4 
SS3AdGv 

HL 
3AvS 

¢ 
zeZ 

Sa 
8360 

NOVLS 
FHL 

motaa 
t 

ved 
6& 

2360 
AMOWIW 

FHL 
OL 

LI 
3HOLS 

ANY 
ABN 

ONLAYAWOD 
FHL 

AZIIWILINI 
$ 

oeZ 
44q41z 

$360 
G3NDIHD 

3G 
OL 

(NOTLVAITA) 
VVC 

311404d 
LNIHIND 

Hod 
Ssaaay 

6zZ 
$9 

£360 
(viva 

C3405 
N04) 

NIISNYAL 
4O 

NOTLYNLLSId 
YOd 

SSaaaay 
¢ 

BzZ 
$9 

Zae0 
Zed 

Sa 
1360 

922 
£1 

0360 
sez 

S92 
4060 

eZ 
$3 

3060 
AMINI 

NO 
SHFLS199M 

FHL 
aAvS 

¢ 
MSd 

HSN4 
=
 

tLMos 
Ezz 

S4 
aaeo 

NONUOREUNOHSDNSOUSSSSENSSUODUOESUNUESODNONSDERSESOSEREEEESEEPSONESERSE 
227 

SANIW93S 
AIHLO 

OL 
N3dO 

ANILAOM 
! 

ANOS 
I
T
E
M
 

1zZ 
TOUNUSEO EUS SNOUSOUUEENESUAUHSSONGHDESSSERSEOUAHOSURESSNSSERSSEOHEREEST 

OST 
OTS 

ANOLLYASTS 
(M31S 

'XYN 
'MIIS 

“NIN 
'NOTLYATTS 

et 
er 

. 
t
N
3
O
 

FHL 
NI 

G3¥0LS 
aay 

viva 
31140ud 

a
f
a
r
 

' 
aid 

+ 
1 

+ 
viva 

dal4os 
40 

Ssayaqy 
isv1 

--- 
3'a 

s¥aisio3a 
gz 

. 
Vivd 

G4L4OS 
40 

SSaMqqy 
JavLS 

--- 
3'8 

SNISIOIA 
* 

LIX3 
NO 

siz 
. 

Ssauddy 
VLvd 

F114O%d 
AsvT 

--- 
3'a 

SxaLs19gy 
ar 

. 
SSIUGdY 

WYO 
FT4ONd 

LavLS 
--- 

9'd 
SHFLSTOIa 

tAMuNa 
NO 

E12 
, 

ziZ 
* 

WiVd 
S3T4OAd 

HL 
LHOS 

OL 
LNIWOIS 

3NILNON 
3HL 

SI 
SIMI 

WZ 
. 

4HOS 
'ANILNOY 

40 
3WYN 

old 
PAPOREHAGENONNUENOEEOHESEDONUSSONOSSDENOESOHENONSHNPAESHEOSROSSD 

ORES! 
GOL 

  

ANAWILVLS 
3940S 

anit 
rao 

907 
NOISIavdWOD 

ATIWIS 
HIM 

TOxLNOD 
20 

39W4 
= 

THLND 
O'EA 

'AITAWASSY 
OADVW 

SAOR/ORCR 
11-SIST 

244



  

        
  

  

VOWINIW 
MAN 

STHL 
13st 

vin 
AO 

BIB 
22 

esto 
S897 

LON 
31 

dwnr 
$ 

zz.Noo 
ONT 

218 
hoscezd 

Foro 
Wo 

dW 
a8 

349 
Esto 

ANIVA 
HNWINIH 

LNaeRIND 
439 

a 
xvat 

sis 
vo 

zcro 
a 

XNt 
18 

£0 
Isto 

Ho 
xo 

£18 
AZ 

OStO 
ORONWHD 

SYH 
viva 

41 
dwar 

t 
 2Nt 

zie 
+O98Z) 

abro 
WLY0 

NOLLYATIA 
JvawOD 

* 
Woo 

aWD 
ie 

ag 
Otro 

a 
xwOT 

o1R 
vO 

ArKO 
@ 

— 
dOd 

608 
12 

UFKO 
WAWTXYH 

ANY 
HNWINIW 

Lsnray 
OL 

LNaW9as 
t 

H 
dod 

tzranoa 
808 

13 
6FFO 

WNW 
XY 

LNTRIND 
§ 

H
O
O
T
 

LAW 
208 

0096 
ZrO 

4 
x90 

908 
4z 

oto 
MAWINTU 

INTIINI 
£ 

HAsO" 
TAU 

soe 
449E 

FREO 
VIVE 

UWI 
XH 

ONY 
WOWINIW 

SEL 
SIZE 

IVILINT 
t 

HO 
xod 

og 
az 

etto 
3HOLS 

ONTNAOM 
FHL 

OUNT 
LT 

ind 
t 

vin 
AoW 

£08 
ZZ 

Zeo 
NOLMWAITA 

Hod 
Wivd 

LAD 
t 

@ 
xvd1 

'Ztdo07 
208 

vO 
Itt 

SSIMddy 
19Y 

STHL 
gave 

f 
HO 

oHSnd 
108 

Sa 
Orro 

NOVAS 
BIL 

MOTTA 
SsIiMaY 

IHL 
OL 

LI 
t 

43 
ava 

008 
6 

4660 
BHOLS 

ONY 
14¥ 

ONIAYSHOD 
BNL 

3ZIIWELINT 
$0 

6-H 
EXT 

662 
4AZ41Z 

Dero 
@3N94N9 

39 
OL 

F1140¥d 
LNIIND 

YO4 
SSIuaay 

! 
@ 

HSnd 
Bee 

SO 
EKO 

NBASNVEL 
4O 

NOLLWNTLS30 
YO4 

Ss3uaay 
! 

HSN 
262 

S92 
vero 

1 
+ 

viva 
F1t40%d 

IHL 
4O 

sSayaay 
isv 

! 
a 

Hsnd 
962 

Sd 
6ErO 

2'9 
SUFISIOIS 

FHL 
3AvS-3y 

t 
a 

HSN 
S62 

69 
REFO 

ASIT 
VIVd 

F114O%d 
3HL 

JO 
S
S
R
G
Y
 

LYvIS 
FHL 

430 
¢ 

a 
 dOd 

r6Z 
19 

Zero 
ANWILNOD 

OL 
SHILSI9a4 

HaA0Re 
t 

a 
dod 

£62 
1a 

gero 
a 

dod 
zee 

1d 
sero 

(3L31dN09 
ONTLYOS 

¢ 
@ 

dOd 
ttd0Ls 

162 
1d 

FEFO 
ONINDIHD 

HO4 
Nova 

dooT 
| 

TtdoOT 
Mr 

062 
E0S3E) 

1E+0 
43 

xod 
6RZ 

WE 
OEFO 

NBINIOd 
NOVAS 

aN. 
sSnray 

¢ 
dS 

xom 
BBL 

ae 
4z0 

W' 
AOW 

282 
tr 

azto 
2‘ 

OL 
SSTddy 

SIML 
tnd 

any 
t 

19° 
AoW 

984 
at 

azto 
ONLNDIHD 

NI 
G3ASN 

Ssauaay 
LNERIND 

vos 
JLvOTTUNT 

Ho 
HSnd 

saz 
$3 

9zro 
Ho 

oHSnd 
red 

S3 
azto 

any 
ssauoqy 

WOlivNlisaq, 
3HL 

139 
t 

H 
dod 

eRe 
1a 

varo 
H 

dod 
zee 

13 
6ZtO 

Ho 
dOd 

182 
13 

AZtO 
AOWLS 

FHL 
OLNO 

LAN 
MOF 

SSTAGTY 
3M 

Lod 
asimaaHLo 

¢ 
HO 

oHSnd 
on. 

S3 
Zero 

G3194H9 
N33T 

FJAVH 
SAILS 

G9GZO 
41 

IWOTIANA 
GALMOS 

Wu 
3Mos-34 

t 
tdo‘s 

ze 
622 

horeva 
berO 

W
A
N
T
 

B22 
te 

ezto 
NOSIMVAWOD 

HOA 
AVIVA 

234 
3HL 

LNWIHONI 
aSIMNaHLO 

t 
Ho 

Od 
ttEANOD 

222 
13 

zzto 
$3) 

41 
1a 

Hod 
493ND 

OL 
dune! 

triNOD 
oF 

942 
e00svd 

stro 
SSIGAY 

VIVE 
LST 

INL 
JO 

L
Y
 

NYHL 
SSIT 

St 
t 

a 
duo 

Sée 
aa 

310 
SAINIOd 

Viv 
UNATMINI 

FHL 
40 

FLAa 
NITAO 

MOT 
IHL 

4T 
OaHD 

t 
a'y 

AoW 
ble 

62 
atto 

ssavadv 
isv1 

< 
ssauday 

31 
gwor 

! 
TeLN0D 

2NT 
tT TLNOD 

E22 
Fozzz9 

VIrO 
SH9INO 

MIHLO 
YOs 

NOVA 
doOT! 

T4001 
dur 

zed 
G0AIED 

Z1FO 
as 

xod 
Ze 

BE 
9ttO 

YALNIOd 
YOVLS 

3k 
Lsnray 

! 
dS 

xoa 
O22 

AE 
Sito 

OWLS 
OANO 

FIVIVA 
MIN 

SIHL 
3401S 

! 
a 

HSNd 
692 

So 
FIFO 

a 
oXNE 

nae 
£0 

E1to 
a 

XNE 
é92 

£0 
ZIro 

Vi¥d 
FU4ONd 

LXIN 
HO4 

SSANGAY 
LNAMNND 

AML 
LNIWIAONT 

t 
@ 

dd 
ttZiNOI 

992 
19 

11ro 
51939 

A3HLO 
Hos 

NOVA 
HOOT! 

TidooT 
Jur 

soz 
£08969 

30r0 
ssaaqay 

tay t 
a5 

xod 
+92 

aE 
Moro 

ANAWALYLS 
3940S 

anit 
90 

907 

NOISIMVIWOD 
FIWIS 

HLIM 
TOH.LNOD 

BI 
avd 

= 
TMLND 

O*EA 
'MATIWISSY 

ONIVW 
GBOR/OROT 

1T-SIST 

245



ONINYNLIA 
JMO4IA 

SAILSIOIN 
Y3AOITA 

MBLNI0d 
NOVAS 

HL 
Lsnray 

3d 
OL 

ssavaay 
aNa 

NoISsY 
vid 

3T140%d 
LLIAVD, 

FHL 
3Y01S 

SBLNIOd 
YOVLS 

3HL 
LsNray 

SSauddy 
.NOILYNTLS3d. 

139 

ss3ugav 
.394N0S. 

139 
S831 

41 
dtyS 

SS3Mddy 
344 

YIGO 
MOT 

FvAWOD 
NBLV3ND 

41 
dOLS 

S931 
41 

dts 

MBINIOd 
YOVLS 

Lsnray 
AOVLS 

NO 
SSINMGY 

LNIAINI 
SIHL 

FOLS 
NOAH 

MO4 
SSIAAAY 

LNFRINI 
LNIWIAINT 

WOWIXYE 
MAN 

STHL 
£35 

ssdq 
41 

awor 
HOWIXYH 

LNRRIND 
HLIM 

JaAvdWOd 

61 
39Vd 

= 
THLND 

 
 

 
 

4oaras 
£sB 

say 
zs0 

69 
SBrO 

MSd 
— 

dOd 
Ise 

t4 
retro 

H 
dod 

ose 
13 

€BFO 
@ 

dod 
6re 

19 
zero 

THas: 
are 

64 
18ro0 

ds 
ava 

“ve 
6E 

OfF0 
B'H 

XT 
ore 

ooRoIz 
azro 

2'3 
AoW 

sre 
6S 

94r0 
a'd 

AOW 
#Z9LNO9 

Fre 
0s 

aZro 
W
9
 

ere 
rotsaa 

B2t0 
xoa 

zee 
ge 

220 
xoa 

1B 
AE 

920 
xoa 

ore 
aE 

SZt0 
xoa 

6e8 
AE 

2hO 
xoa 

ae8 
gE 

ELFO 
xoa 

Zee 
ge 

Z2b0 
dod 

968 
19 

120 
dod 

see 
19 

040 
H 

dd 
= 

'ZdOLS 
FEB 

13 
49ro 

Zrinod 
oor 

eee 
rostyd 

Dato 
a 

dw 
zee 

aq 
agro 

atv 
AoW 

168 
62 

¥9rO 
zd01S 

—2Nt 
08 

$049z9 
Z9F0 

Zrinod 
or 

628 
rostyd 

t9ro 
aq 

awa 
828 

va 
e9ro 

a'y 
 AOW 

228 
82 

Z9to 
dS 

xod 
928 

ge 
19t0 

aS 
Xxod 

sze 
ge 

o9FO 
a 

Hsnd 
zB 

S92 
4sro 

a 
XNI 

'ZELNOD 
Eze 

£0 
acto 

viw 
AoW 

ze 
Zé 

asro 
zeinod 

or 
128 

Foasvd 
¥Sto 

Wo 
dW 

oz8 
34 

6SrO 
H 

xOd 
tZz.NOd 

618 
az 

Bcro 

ANAWILYLS 
39IN0S 

aNIy 
rao 

9071 

O'EA 
NOISIMVdWOD 

FTUWIS 
HLIM 

TOSLNOD 
'MITAWASSY 

OYIVH 
GBOB/OB0B 

11-SIST 

246



493r3¢ 
988 

            

  

    

AVIVA 
NOTLYAITS 

MIN 
SIML 

HOS 
NOVA 

doOT 
| 

ztdoo1 
dur 

sos 
FOIKED 

avro 
dS 

xod 
ree 

g€ 
avro 

43 
XO 

£88 
aE 

OvtO 
ds 

xod 
zee 

BE 
YEO 

NBLNI0d 
NOVLS 

3HL 
Lsaray 

t 
8 

XO 
188 

RE 
UFO 

SSauddy 
LNENAND 

FHL 
139 

t 
a 

dod 
08g 

19 
6vro 

ssauddy 
43% 

3HL 
4aA007a 

¢ 
H 

dod 
628 

13 
evro 

dS 
828 

63 
Y
O
 

3 
avd 

Le 
GE 

3¥rO 
BBLNIOd 

YOVIS 
3M. 

asnray 
f
e
 

'H 
OT 

. 
928 

SAIATZ 
EVEO 

YOWIS 
IHL 

OLNO 
SSIATOY 

.NOILYNILS3O. 
M3N 

FHL 
HSNd 

NIHL 
# 

a 
HSNd 

s2e 
so 

zvro 
“dS 

28 
64 

Ito 
ds 

gud 
£28 

6E 
ovrO 

AGUNIOd 
XO¥1S 

3HL 
Lsnray 

! 
9'H 

1X1 
1ZGLNOD 

228 
o0g90tz 

asto 
4On 

41 
dots 

' 
z9iNo9 

ONT 
128 

toaZed 
veto 

a 
duo 

028 
Aq 

66t0 
SS31 

SI 
3Lta 

NIGNO 
MOT 

AHL 
41 

493HO 
! 

o'y 
AGW 

698 
62 

B6rO 
ualvad) 

41 
dois 

| 
Zg9in02 

9
 

ZNr 
998 

boaded 
SGrO 

SS31 
SI 

3Lta 
HITAO 

HOI 
FHL 

41 
divs 

| 
Zsinod 

or 
298 

Fodevd 
Z6r0 

3Lt4 
M3GHO 

HOI 
3ML 

LY 
ONTIO07 

! 
aq 

duo 
998 

vA 
16tO 

ASHI4 
44 

GaNO1S 
N339 

SVH 
VLWd 

AT140dd 
ASWT 

WL 
at 

43ND 
f 

a'y 
 AOW 

soe 
B82 

O6FO 
VIVE 

JI4ONd 
LLIAYD 

JHL 
34OLS 

+ 
F
o
s
?
 

TIV7 
+98 

Fotadg 
aero 

dS 
xO 

698 
g& 

QBro 
a5 

xod 
z98 

ae 
astro 

aS 
xod 

198 
ae 

EKO 
ds 

xod 
098 

ae 
GAO 

dS 
XOd 

6se 
gE 

RErO 
MALNTOd 

4OVLS 
JHL 

Lsnray 
! 

a3 
XO 

RSB 
AE 

cBtO 
Ssa4qay 

3114O¥d 
M41AvI 

139 
¢ 

§ 
dOd 

tz14No9 
zoe 

19 
98t0 

senapenesnes 
teen 

9ce 
. 

AIONYHD 
SVH 

NOLLVAITA 
HMOs 

vivG 
sso 

seseeee 
vee 

, 
aoe 

*c8 

UNSWALYLS 
394N0S 

aNrt 
rao 

307 

NOTSIAVAVOD 
FIWIS 

HLIM 
“TOMLNOD 

07 
39d 

= 
LIND 

O'EA 
'AATANISSY 

ONIYW 
GEOB/OBNR 

T1-SIS! 

247



3 
dod 

1r6 
19 

a3ro 

 
 

  
 
 

NOLS 
FNL 

WOXA 
SUILSIORA 

TWH 
SHL 

YaAOITa 
t 

Ho 
dod 

Ors 
"
1
3
 

ware 
48 

xod 
6E6 

ae 
63b0 

dS 
XO 

BEG 
a= 

83+0 
43 

Xod 
266 

ae 
2360 

NBLNIOd 
XOVLS 

JHL 
Lsnray 

t 
dS 

X
o
d
t
d
n
g
o
n
 

966 
g£ 

93r0 
dS 

XNT 
SEB 

FE 
Sato 

MUINTOd 
NOVLS 

FHL 
Lsnray 

t 
dS 

oXNI 
reE6 

ee 
Faro 

NOWLS 
FHL 

OLNO 
SSaNddv 

SIME 
Hsnd 

t 
H 

HSN 
£66 

Sa 
€3ro 

xoa 
ze6 

ae 
Zao 

: 
xoo 

1E6 
AE 

Taro 
SSINddY 

Vivd 
XIIHI 

LX3N 
3HL 

LNIWIMONT 
XNI 

tZIdnd 
066 

£Z 
03r0 

NOTLYIITNG 
FHL 

CILITWOD 
LAL 

LON 
41 

Yova 
doo7 

or 
626 

toava 
dato 

‘WwNOa 
Jay 

S3Lta 
Ssauday 

ao 
ze 

aa 
agro 

MAGNO 
HOIH 

3HE 
4 

JLA@ 
SS3NGGY 

MACHO 
MOT 

IHL 
Javawoo 

‘AoW 
226 

2 
ato 

qa39x3 
41 

Ln0 
awnr 

znr 
926 

+003z9 
Baro 

NOLLVOTTdNG 
A
H
A
 

Mod 
NOVA 

HOOT 
or 

sz6 
+039va 

Sato 
Jw 

+Z6 
va 

Faro 
ALN4 

SSANGGY 
NIGAO 

HOTH 
FHL 

JavaWoo 
Aou 

£26 
22 

aro 
a 

xoa 
zz6 

al 
zaro 

GaLvorTdnd 
N33 

SYH 
Wid 

LSYT 
HL 

41 
yoaHO 

t 
aq 

xo0 
tz 

at 
taro 

a 
xvis 

086 
zt 

oaro 
: 

aq 
XxNt 

616 
€1 

4960 
41 

3AOaY 
ISN 

NOTLY901 
AHL 

OL 
viva 

ta09 
! 

a 
xvaq 

ttitdnd 
B16 

vi 
a9ro 

aq 
xoa 

216 
at 

adoro 
a 

snd 
916 

Sa 
99k 

a 
XN 

Si6 
£1 

99ro 
a5 

XNI 
IB 

£6 
voto 

dS 
oXNI 

£16 
EE 

69r0 
NOWSS 

FHL 
OLNO 

t 
dS 

XNT 
zI6 

Se 
Boro 

41 
ANOLS 

ONY 
SSaNdY 

YLVd 
3TI40%d 

ASvT 
3H 

LNAW3NONT 
f 

dS 
OXNT 

| 
tTtdng 

116 
£6 

2OrO 
SS31 

41 
GaMINORY 

34 
TIM 

NOLLWoIIdnd 
ON 

$ 
= 

dnToN 
oor 

016 
#093vd 

Foro 
a
)
 

606 
ag 

£9r0 
TWNOF 

SALA 
NIGHO 

HOIM 
41 

Alta 
43q4O 

MOT 
3HL 

FavaWOD 
t 

a'y 
AoW 

806 
62 

ZorO 
MBLVINO 

AT 
C
A
N
I
N
A
 

SI 
NOTLvoTTaNd 

$ 
= 

ttanad 
—ZNe 

206 
#02929 

43r0 
S837 

41 
GANINOIN 

34 
T
M
 

NOLLYOITand 
ON! 

dngoN 
or 

306 
rogava 

dato 
Ho 

dWo 
S06 

OR 
aarO 

BLAG 
NIGYO 

HOTH 
FHL 

FAvawoo 
¢ 

a'y 
AoW 

+06 
Ré 

vato 
A 

XNT 
£06 

£0 
6ato 

GNNOd 
Y3ddN 

SAID 
OL 

.SSIMGAY 
NOTLYNILSSG. 

3HL 
LNSWaNONT 

t 
a 

XNI 
Z06 

£0 
Bato 

dv9 
HONONT 

JON 
SI 

3aaHL 
41 

G3dINDaY 
34 

TIM 
NOLLYOT 

TANG 
s 

H 
dod 

106 
1a 

Zara 
“SSINGY 

NOTLWNILS3G, 
3HL 

HLIM 
SIHL 

avdWOD 
GNY 

G3NIaHD 
34 

t 
WHdS 

006 
64 

94r0 
OL 

WIVd 
ATI4ONd 

LXAN 
FHL 

YO4 
SSINGAY 

FHL 
LID 

Asara 
t 

dS 
ava 

668 
KE 

Garo 
G3YINOFA 

SI 
vivd 

4O 
NOLLWOTTdNG 

41 
¥OIHD 

¢ 
oH 

ot 
868 

00901z 
zaro 

AMLNA 
NO 

CYOM 
SALWLS 

YOSSIIONd 
FHL 

FAS 
! 

Sd 
HSNd 

'3aNOLS) 
268 

Si 
Taro 

RUANUN 
NESTOR 

ROONSCCUNCOUENSUESSENOSPECRINSSOUENODESUEEESEHEESEESEEOE 
JER 

* 
viva 

NOILWAaTa 
NOs 

ssauaay 
*! 

cop 
¥ 

 NOTLYNTLSSG 
JTAYTIVAY 

LX3N 
--- 

9'4 
SHTUSIOIN 

=
 

tLIxa 
NO 

ree 
. 

(34OL5 
34 

£68 
* 

OL 
NOILWAITA 

3HL 
40 

SS3Mqay 
--- 

1'H 
Sxaustoza 

z68 
. 

viva 
NOTLYART 

168 
* 

GHL 
HO4 

SS3NTdY 
_NOTLWNILS3d 

--- 
9'a 

SYaLSI93y 
— 

+\4LNa 
NO 

068 
. 

'MT1S 
'XYW 

'MITS 
'NIW 

‘NOLLYARTS 
=
 

t40 
WHOS 

688 
. 

3HL 
NT 

VLVC 
FN13O%d 

ALIAVD 
GALYOS 

FHL 
3401S 

OL 
3NTLNOd 

aBe 
TAUEPERT 

ENO 
ENDERORS 

NESSES 
S
U
E
S
 
S
H
O
R
E
S
 
ESOS 

EESESSORESEESSSSENOH 
ER EERE! 

JOR 

      

ANAWALYLS 
398N0S 

anit 
ra 

907 

NOISIMVAWOD 
ATWIS 

HLM 
TOALNOD 

1% 
39d 

U
N
O
 

O'EA 
ATEWASSY 

OMDVW 
SROR/OROR 

11-SIST 

248



Largs 
+26 

. 
a
 

£46 
69 

BOSO 
L1X3 

NO 
GYOM 

SNLWLS 
NOSHIIONd 

3HL 
NaAOIaN 

t 
MSd 

 dpd 
e26 

14 
20s0 

Woxht 
16 

£z 
g9c0 

JAN 
VLVd 

.ASIVA. 
JH. 

LY 
LNTOd 

OL 
7H 

BaAooae 
t 

WOOXNI 
026 

£z 
SOSO 

SSINIIY 
NOTAVNILSIO 

3HL 
LNAWINONT 

¢ 
a 

XNE 
696 

£9 
FncO 

G3LF T
A
O
 

ABASNVML 
Yiva 

* 
A 

xVLS 
896 

zo 
€0s0 

wy 
AoW 

296 
az 

2080 
MAINIOd 

FUAOAd 
ALIAVD 

HL 
ANIWANONT 

t 
a 

XNE 
. 

996 
€0 

19S0 
M915 

WOWIXYH 
FHL 

OL 
YALNIOd 

L
v
 

39HNDS 
3AOW 

t 
H 

xod 
S96 

az 
0050 

a 
x¥LS 

+98 
ZO 

440 
viva 

uaasnvat 
| 

w'y 
AoW 

£96 
az 

3460 
AAINIOd 

VLVd 
NOLLYNILS3O 

3H 
LNSWaMONT 

t 
a 

XNE 
z96 

€0 
dito 

BBLNI04 
YLVO 

39NNOS 
FHL 

INAWINDRG 
! 

u 
xo0 

196 
fiz 

240 
NOILYNILS3 

JHL 
OLNI 

Viva 
SIHL 

3¥oLs 
t 

A 
XYLS 

096 
zo 

94to 
(NOLLYAT IA) 

VLVd 
FINDS 

ASHTs 
JL 

149 
t 

wiy 
—Aou 

656 
az 

varo 
a5 

xo 
+856 

ae 
61t0 

dS 
xOd 

+256 
RE 

B4rO 
dS 

xOd 
+956 

BE 
24+ 

as 
XxOd 

+556 
AE 

94ro 
aS 

XOC 
+¥S6 

fe 
Sito 

45 
Xod 

+866 
Ae 

Faro 
dS 

XxOd 
+zS6 

ae 
E460 

a8 
xo 

+156 
Ae 

Z4ro 
aS 

XO0 
+06 

g€ 
14rO 

dS 
xO0 

*6r6 
fe 

O4rO 
aS 

XxOd 
+86 

ae 
43t0 

a8 
X00 

"266 
fe 

3360 
WON 

ore 
SANIUINIIG 

ZI 
AA 

AILNIOd 
AOWLS 

3HL 
Lsnrav-3a 

tt 
ds 

XOd 
She 

azt 
143d 

Fre 
SSTAGY 

ViIVd 
J
I
A
O
 

LSVT 
JHL 

439 ! 
a 

dod 
ere 

1a 
aato 

SSINIGY 
NOTLYNILS3G. 

ONTINYLS 
JL 

139 
! 

§ 
 d0d 

Zh 
19 

230 

ANSWALWLS 
JO4N0S 

anny 
rao 

07 

NOISIMYdWOD 
FTAWIS 

HLIM 
TOMLNOD 

Ez 
O
M
 

L
N
 

O'EA 
'MATIMASSY 

OeIVN 
GHOR/OBOG 

L1-SIST 

249



HOOXNT 
6z0t 

£z 
ASO 

  
 
 

HO 
OXNT 

8z0T 
€z 

2ts0 
tvdxa 

ZNE 
2z0r 

S03rZI 
brs 

et 
= 

JonzeassIa 
f 

HIO 
Ido 

9z01 
1034 

ztso 
ONTONYSX 

NI 
G3033N 

SI 
NOLLWIOdY3LNI 

41 
93HD 

¢ 
W
A
N
S
 

tevdxa 
zor 

96 
1FGO 

H 
xOC 

rz01 
az 

orso 
‘ 

4 
xod 

£z0t 
' 

gz 
4650 

H 
xo 

zzot 
fz 

36C0 
MSd 

dod 
tZvdK3 

IZOT 
14 

MEG0 
avdx3 

Zr 
ozot 

soagva 
vESO 

; 
2 

dWo 
ror 

69 
BESO 

'y 
AOW 

BIOT 
G2 

BESO 
zvdx3 

ZN 
Ztor 

somezd 
seco 

a 
dw 

tot 
Ba 

FeSO 
Hty 

AoW 
stor 

D2 
S£60 

qavis'a 
1x1 

For 
on0010 

0FS0 
GAAAFASNVAL 

NAIF 
SVH 

13S 
VLG 

LSYT4 
3ML 

41 
YOSHI 

mS 
HSNd 

e1or 
S4 

4z50 
d 

XxvLs 
zror 

+ 
zt 

3es0 
w'y 

AoW 
1101 

3Z 
dzso 

a 
xoa 

otor 
at 

2250 
viva 

.aSIva. 
3HL 

ayous 
! 

4 
xod 

600 
“ 

az 
AZO 

a 
xvis 

Boor 
zt 

vaso 
w'y 

AoW 
2001 

3Z 
6250 

a 
xoa 

goor 
at 

8250 
vivd 

MAIS 
‘NIW 

JHL 
3xOLS 

H 
xod 

soot 
jz 

2250 
NOLLY9OT 

MIN 
AHL 

NI 
3401S 

a 
xvis 

Foor 
EY 

9250 
: 

vivd 
3HL 

139 
! 

W'y 
AOW 

tt¥dxXa 
E00T 

ad 
szso 

Vivd 
.d30NVdXANN, 

3HL 
404 

SSTHadY 
FHL 

139 
¢ 

avisvT 
CHT 

Zoot 
aqaive 

7250 
Mi¥d 

3'd 
3H. 

HIM 
3oNvHOXa 

any 
f 

OHOX 
1001 

a3 -1ZS0 
HOOXNT 

ooo! 
£z 

0z60 
WITS 

'XYW 
NOS 

IOVHOLS 
FHL 

OL 
1'H 

3Lv907 
¢ 

HOXNT 
666 

£2 
41S0 

ADLSV'T 
O1 

SSANTIY 
SIHL 

NOLS 
! 

ADLSYT 
(HS 

866 
d 

0090zz 
9150 

a 
ava 

266 
60 

arco 
SSIMMdY 

VIVO 
.ISTVN 

LLIAYD, 
LSVT 

SIHL 
aLyotvAa 

$ 
— 

aavis'a 
1X7 

966 
o900t0 

BISO 
H
a
v
a
 

S66 
zz 

ZISO 
H
a
v
a
 

66 
6 

9160 
HO00'H 

IAW 
£66 

0092 
F ISO 

ANIWILYLS 
avd, 

ONISO 
+ 

ta 
Viva 

SIML 
ATaLLInW 

t 
wi 

AoW 
z66 

49 
E160 

viv 
.3STva, 

SIHL 
139 

¢ 
wry 

AoW 
166 

aZ 
ZIS0 

VIVO 
.ASIVY. 

FHL 
OL 

INTOd 
a'a 

H 
xoa 

066 
dz 

11S0 
H 

xoa 
686 

az 
o1so 

3MOTAANI 
GIINNOS 

FHL 
4O 

SSIAGAY 
LST 

FHL 
HIM 

T'H 
avoT 

¢ 
avisvT 

CHT 
886 

aqasvz 
aos 

H 
Hsnd 

266 
$3 

9060 
a 

HSnd 
986 

sa 
g0so 

a 
HSNd 

S86 
§9 

yoso 
AMINA 

NO 
SUTLSTOIN 

FHL 
aAvS 

¢ 
Sd 

HSNd 
!ONYdXa 

+86 
S4 

6050 
aNvdX3 

OITaNd 
£86 

eeeeereee 
T
E
N
N
 
UERUREN 

ERS 
ER SRC 

CR 
N
E
S
S
E
S
 

ER SS E
R
 

ER EE ER 
EER! 

ZBG 

  

   
 
 
 

H440 
OL 

LAS 
SI 

1440S 
ef 

TAG 
ATAVL 

FHL 
40 

SSINMAY 
LAVLS 

FHL 
SNIVINOD 

ADHVLS 
+! 

086 
F
a
v
 

IHL 
40 

SGHAQY 
LSV1 

3HL 
SNIVLNOD 

AILSYT 
=
 

LLIXa 
NO 

+! 
626 

WIV 
3HL 

404 
SSINTGY 

ONILAVLS 
3HL 

ST 
davis 

a! 
B26 

Viv 
3HL 

HOS 
SSANGGY 

LSY1 
FHL 

SNIVLNOD 
(VLSYT 

= '.aLNa 
NO 

vt 
226 

AdOTIANA 
FN4ONd 

GILYOS 
40 

FISVL 
FHL 

ANYaXa 
OL 

3NIINOY 
¥ 

af 
926 

veneneeeenn 
VUORTHSEDENHRANESTOORBESSERESSEESSSESEESEEE! 

C/E 

ANEWALYLS 
3980S 

ant 
rao 

907 

NOISIAVAWOD 
TTAWIS 

HALIM 
TOMLNOD 

W
d
 
= 

T
L
D
 

O'EA 
'MATAWASSY 

ONDVW 
SBOR/OROR 

LI-SISI 

  

250



SHILSI93A 
INL 

WIAOIIA 
ad 

¢---> 
TH 

Viva 
.3SIVA. 

3HL 
Las 

‘NIN 
AHL 

135 

“XV 
AHL 

Las 
310 

<---> 
TH 

“XVM 
FHL 

LY 
MON 

ONILIAS 
WAV 

.aSIVY. 
STH. 

139 

NO13T 
LAS 

VLE 
LXAN 

3HL 
Lv 

3'd 
LNIOd 

@ 
NI 

SIHL 
34013 

ONIOYNAAY 
N3HL 

MGHLADOL 
SHNWIXYH 

IHL 
aay 

‘XVM 
IML 

YO4 
IWYS 

JHL 
OG 

ONE 
SIML 

3401S 
ONLOYMIAY 

O139 
439 

JHL 
4O 

‘NIW 
3HL 

OL 
Gay 

any 
a
n
 

SIHL 
139 

“NIW 
JHL 

Lv 
3‘ 

LNIOd 
"NIM 

3HL 
LY 

"T'H 
LNTOd 

ofa 
any 

TH 
SH3LS193M 

ML 
3AvS 

fe 
DMA 

T
L
D
 

  

Aoara¢ 
(zor 

 
 

saa 
ozor 

69 
2290 

M8d 
 dOd 

6
9
0
1
+
 

14 
9250 

§ 
 dOd 

B90t 
19 

Szs0 
a 

dod 
2901 

ta 
H 

dod 
gg0r 

3 
ADMYLS 

(IHS 
S901 

a 
 o0K0ce 

OHOK 
+901 

3 
Sd 

dOd 
tAvdxd 

E901 
i 

evdxa 
dur 

zaor 
sorred 

HW 
dod 

190t 
a 

A 
dOd 

0901 
ie) 

onoX 
6sor 

a3 
vt 

Ob 
gsor 

‘ 
Zé 

v 
aod 

2501 
ae 

4 
xO" 

9cor 
az 

‘Ww 
AGW 

scot 
1 

H 
xO" 

*Sor 
az 

atW 
AOW 

eSot 
OZ 

oHOK 
zsor 

a3 
a 

xa 
isor 

at 
a 

xa 
osor 

al 
a 

xvat 
6ror 

wi 
a 

xa 
sro 

at 
qa 

xoq 
Zror 

oan 
via 

AoW 
gro 

a 
ava 

sror 
at 

4 
gay 

trot 
98 

a 
xva7 

eFor 
wt 

a 
XNI 

Zror 
et 

HO 
OXNI 

trot 
€z 

wt 
AoW 

oror 
ae 

ava 
6e0! 

At 
“
a
a
y
 

BEOT 
oR 

a 
xva7 

4601 
wt 

a 
XNE 

ge01 
a1 

HOOXNT 
Se01 

C4 
@ 

HSnd 
teor 

69 
HWSNd 

th¥dx3 
E€0! 

s3 
Wwaxa 

gr 
ze0r 

socze? 
a 

xa 
Teor 

at 
a 

xo0 
oeor 

at 

ANSWILYLS 
39NOS: 

anit 
rao 

907 

NOTSIYVdHOD 
TIIWIS 

KLIN 
TOMLNOD 

O'EA 
'MATAWASSY 

OAIVN 
GROR/OBOK 

11 
-SIST 

251



S 
o
z
 

 
 

  

        
         

43a 
szut 

Saco 
"Sd 

dOd 
tent 

Faso 
Ho 

dod 
ez 

£9c0 
ONINNAL3A 

FA049d 
SHAISIOIA 

FHL 
YaANIRa 

a 
dod 

zeit 
zas0 

a 
xvis 

z
u
 

140 
W'y 

AW 
f94NOD 

OZIT 
oaso 

HW 
xog 

ett 
4vso 

a 
XNt 

ait 
3v50 

@ 
xwis 

Zu 
avso 

SILLND 
FHL 

O1 
LSIAVIN 

FHL 
SI 

3NO 
L
N
R
M
?
 

AHL 
t 

W'y 
AOW 

t64NO9 
IIT 

avso 
9iN03 

dur 
sur 

6ys0 
a 

XNr 
ert 

BYSO 
HO 

OXNE 
ent 

250 
3NO 

MNODSS 
FHL 

AA 
GIMOTIOS 

SI 
MIIS 

AIHINOTA 
AsaTd 

t 
a 

x¥is 
zi 

g¥so 
wiv 

AoW 
wit 

suso 
ASSLYOHS 

FHL 
ST 

INO 
SNOIARNd 

SHL 
H 

xo 
on 

ryso 
sinod 

or 
ort 

Tys0 
vivd 

M31S 
LSHI4 

JHL 
ONIYOLS 

NOd 
SS3Nday 

AHL 
13D 

saTd'd 
1X7 

Roll 
a 

36s0 
ASALNOHS 

SH 
ST 

HOIHM 
9
3
H
 

OL 
3NvaWOD 

¢ 
a 

dua 
Zont 

va 
a6c0 

v 
oUNT 

9011 
n€ 

2650 
wo 

s
o
m
,
 

4z 
4650 

sts 
onr 

Fort 
soasza 

8660 
(M31S 

NI 
JONSMSI4IG) 

FONVISIG 
AHL 

A
L
A
R
 

t 
W
a
n
 

e0rt 
96 

2650 
2 

WONS 
NOTLISOS 

MAIS 
LNAWIND 

FHL 
139 

! 
a'¥ 

AoW 
Zor 

2 
9650 

“XW 
LXGN 

FHL 
ONY 

LNSRINI 
NIINLIA 

FONVLSIC 
3LNI0SaY 

3HL 
GNId 

t 
HOOXNT 

Torr 
€z 

S6S0 
@ 

MALS1938 
NI 

FONVISIG 
31LNM10Sav 

3HL 
3aous 

! 
vid 

Agu 
oor 

£6 
¥6S0 

voouNT 
6601 

9€ 
E650 

ANAWATAWOD 
S.OML 

AF 
TLNTIOSAY 

3HL 
aLynTwAa 

t 
wo 

8601 
4z 

2650 
sts 

one 
2601 

soreza 
48so 

(M71S 
NI 

FONTYTIAIG) 
JONVISIO 

HL 
aLyawaa 

t 
woans 

9601 
96 

3860 
‘NIW 

LXAN 
3HL 

ONY 
LNSUIND 

NIINLIA 
JONVISIG 

JLMTOSAY 
aHL 

aNI4 
! 

HOOXNT 
s6or 

€z 
asso 

AMIITS. 
NOLLWIOT 

AMOWAW 
3HL 

NT 
L1 

3401S 
aN 

A
W
T
S
 

-VLS. 
FeOl 

aM 
ooezze 

YRSO 
NOILISOd 

M315 
LNFMIND 

FHL 
LID 

t 
a'y 

AoW 
e601 

ad 
6Bco 

MAdSNVAL 
WLVO 

JHL 
MAL4V 

Ld 
F
L
T
 

WILSIS 
3HL 

JTavna 
! 

13 
z6or 

a4 
ABSO 

YNTI4O 
TVD 

T60t 
oozsa9 

GAS 
3 

MFLSIOTY 
FHL 

NI 
LT 

asous 
any 

t 
v'a 

AoW 
0601 

4S 
reso 

S
L
I
D
 

vat 
6801 

atzvve 
1AaS0 

vivd 
31S 

LNSNEND 
3HL 

199! 
ANTIAS 

TIv9 
B80r 

000rd9 
azS0 

BAISNVAL 
VIVO 

ONIANG 
LAMGINT 

WHLSIS 
3H. 

FIavsia 
¢ 

10 
£801 

€4 
4250 

a'H 
AOW 

9801 
09 

2450 
‘T'H 

OL 
9'8 

SHILSTOIA 
Adoo 

¢ 
a'T 

AoW 
spor 

69 
aZc0 

: 
@ 

HSN 
Bot 

sa 
véso 

HOHSNd 
egor 

84,6260 
AMIN 

NO 
SYILSTOIA 

HL 
JAWS 

¢ 
MSd 

HSNd 
tLNOHS 

Z801 
Sd 

8250 
SAPUNUSPUNRUNOTOUNUSENOTDOSESOSOEENEOOSO ESSE 

SSNNSR 
ODS SRONSEEREEEHERE! 

[BOT 
: 

ASMNOS 
ISHII 'LAOHS 

—DITANd 
OBO! 

P
e
e
e
R
A
 

NSO 
ONSERONNOEE 

SHOVOURE 
OREN 

RHOFeRESeOREREROaRES! 
GZOT 

* 
NOILISOd 

MOT 
3HL 

ONIAANIIO 
LSYI4 

3HL 
HLIM 

ISHt4 
NI 

8201 
* 

934015 
GNY 

G3L4OS 
3a¥ 

SNOILISOd 
M37S 

G3YINDAY 
IHL 

+
1
2
 

NO 
2201 

. 
NQOTA 

FHL 
40 

Viv 
.ISIVA. 

3HL 
OL 

LNIOd 
9'a 

#.04NF 
NO 

9201 
. 

GANYAINOD 
SI 

MAIS 
IHL 

SY 
AV4 

SY 
NOILISOd 

M3LLND 
LNSIIND 

szor 
¥ 

HL 
WONG 

ANTOd 
ONTUAYLS 

LS3MVIN 
SHE 

GNI4 
OL 

3NILNOd-ans 
¥ 

205 
. 

AYOHS 
'3NTLNO 

JO 
aWYN 

£201 
VONSUU 

ESO 
ER 

EOSCRSENNOSEODSUSENAD 
SHER 

ESOFERSEEOSS 
zzor 

ANIWALYLS 
39NN0S 

aNIT 
rao 

907 

NOTSIYVAWOD 
TTAWIS 

HLIM 
TOALNOD 

SZ 
39d 

= 
TMLND 

O'EA 
'ATTAWASSY 

ONDVW 
GBOB/OROR 

T1-SIST 

252



49ara¢ 
sort 

 
 

        

Aa 
rant 

69 
6350 

MSd 
dod 

egIt 
14 

9380 
Ho 

dod 
zait 

12 
2360 

a 
d0d 

rit 
ta 

9350 
SNOTLYIOT 

FHL 
OL 

NQVA 
WIHL 

3NOLS 
1 

Isata 
CHS 

ogi! 
a 

0
0
2
7
 

£350 
TH 

OL 
NOVI 

VNC 
FHL 

Lod 
¢ 

'daNON 
ESIT 

3 
caso 

tZO0FA 
BSIt 

3g 
14S0 

Zsit 
96 

0450 
9ctt 

2 
350 

sstt 
Zs 

3050 
3 

a9na34 
any 

a 
3svauont 

t 
TINGaY 

FST 
98 

caso 
3NNT.LNOD 

OL 
dunt 

# 
estt 

sorze9 
vaso 

zstt 
98 

6150 
SaNNOd 

AHL 
NIHLIM 

¢ 
Istt 

az 
Baso 

ATIVOLLYUOLOY 
FIV 

YLYO 
FONTS 

MOTANTANN/MOTANIAD 
AOS 

ONINITHD 
ON 

t 
ostt 

26 
2ac0 

ASS1VH 
(9 

9 
3SVaNONT 

GNY 
G 

39NGay 
ISIMaHLO 

t 
Brit 

96 
90c0 

@ 
3SVAIINT 

aNY 
3 

J9NGsY 
OL 

dunt 
# 

grit 
souqva 

€1S0 
Zeit 

aa 
7aso 

sannod 
JH. 

ONTINGAN 
40 

AwM 
aH 

XoaHO 
t 

ort 
vz 

150 
YLYO 

MAVGNNOR 
3HL 

39NGIA 
ISTMYSHLO 

| 
ASTIVH 

TH 
1XT 

Stil 
a@ 

oogttz 
3959 

8537 
SI 

NOLLW4adaS 
3HL 

FONTS 
NOILINGIN 

AL 
MINS 

$ 
= 

G3¥ON 
OF 

ett 
Sozava 

aaco 
Wo 

dWo 
ERT 

39 
¥IS0 

NOISIAVIHOD 
HOF 

L
S
N
D
 

JL 
OL 

TH 
INIOd 

$ 
ALSLNI'H 

XT 
Zeit 

a 
o9ototz 

2950 
vooaNE 

TrIT 
DE 

9950 
wo 

omit 
42 

S960 
(ALSLN9) 

 d3LS 
FINVADY 

YALLND 
FHL 

t 
sts 

onr 
6eIt 

- 
S0z9e0 

TIS0 
ANY 

SANNOT 
NIINLAT 

3NNIATAIIG 
JLMIOSAY 

FIL 
ONIAVAWOD 

ta 
t 

a 
ans 

BENT 
£6 

1990 
aaainoad 

St 
NOLLINGIy 

41 
xOaHD 

t 
a'y 

AoW 
eeu 

v2 
9950 

a’a 
¢---) 

TH 
oHOX 

gent 
a3 

4460 
Sonnod 

37S 
3M 

139 
! 

Wsutd 
THT 

SEIT 
a 

o00TvZ 
2850 

VAY 
3SIVA, 

JHL 
OL 

ANTOd 
913 

TXAUNA 
NO 

f 
|
 
LHOHS 

‘Tivo 
FEIT 

S
0
8
7
 

6AS0 
a 
HSN 

eet 
sa 

9aso 
H 
HSN 

zeit 
sa 

2aso 
AYLNI 

NO 
SN3LSI93N 

FHL 
Favs 

¢ 
Sd 

HSN 
'ondaa 

Telt 
G4 

9450 
, 

ceveneses 
ett 

. 
(15109 

40 
41VH 

'3°1) 
daLS 

3ONVAGY 
B3LLND 

FHL 
*} 

ezit 
* 

 SIVH 
A 

3215 
HATIVWS 

YW 
OL 

3d0T3ANE 
SNL 

F9NGIA 
OL 

ANTLNON 
¥ 

ef 
gent 

vvenecesursenes 
a
u
 

ANSWALYIS 
39905 

ANI 
rao 

907 

NOISIAVAWOD 
FIMWIS 

HLM 
TOYLNOD 

9% 
ADVE 

TAN, 
O'EA 

‘HI IAWASSY 
OMDV 

GHOR/OBOR 
11-SIST 

253



 
 

 
 

 
              

QNNOA 
LSINOT 

> 
GAIISIG 

41 
ANIWA 

SIHL 
LasaM 

vid 
AoW 

ozet= 
4S 

rs 
oor 

6IzI= 
gontya 

ANIA 
G3¥ISIG 

FHL 
HIM 

ANIWA 
STHL 

3avauoo 
t 

a 
duo 

Btzt= 
va 

wiv 
AoW 

Ztzt= 
azz 

ASIVe 
WOOT 

3HL 
NOF 

LIWTT 
LS3M07 

FHL 
139 

$ 
— 

ADIVES 
CIHT 

9ZI= 
a 

ooroWZ 
G@aL40S 

N334 
LON 

3AWH 
Wlvd 

JHL 
41 

dIXS 
$ 

LMOSIN 
ONT 

stzt= 
g0tsz0 

"wa 
tlzt= 

Zt 
G3LH0S 

NAIA 
3AVH 

VLVO 
AT14OMd 

FHL 
41 

493HI 
$ 

T4LYOS 
VOT 

tdWOSd 
EIzI= 

a 
 oozove 

TWNOIS 
3AOW-ON 

AHL 
13S 

£ 
H4dO'W 

IAW 
815019 

ZIZzt= 
4492 

dW9sH 
dlr 

That 
g0BEED 

FI 
WNOIS 

LHOTN 
FAOW 

3HL 
135 

$ 
 H460'W 

LAW 
TTLHOIS 

O1ZI= 
AG9E 

dWosd 
dui 

60zt= 
90BEE9 

WNOIS 
L437 

3AOW 
SHL 

LIS 
$ 

HAIO'W 
TAM 

t1L437 
BOZT= 

499e 
THOS 

or 
Zozt= 

goreva 
aya 

g0zt= 
at 

G3YINOIA 
MITS 

40 
NOTLOINTG 

FHL 
YOs 

WOAH 
¢ 

a'y 
AW 

sozt= 
ag 

1so12 
or 

rozt= 
go9evG 

SWNOTS'H 
| 

IX'T 
e0zI= 

a 
o0eore 

TH 
gays 

£ 
4 

oHSnd 
zozt= 

sa 
HzO 

[dd 
Tozt= 

z0a4 
vooaNT 

o0zt= 
28 

S
A
N
A
 

MAIS 
ONL 

FHL 
N3IML3d 

JONVLSIG 
FLNTOSA¥ 

FHL 
GNI 

wo 
66IT= 

az 
sts 

onr 
B6IT= 

goatza 
ANIVA 

TWNIOTHO 
3HL 

HIAODTA 
OL 

LHOIA 
SLvLoN 

t 
aval 

£611= 
a 

3 
OL 

L1NS34 
SIHL 

3A0W 
f 

via 
AoW 

96IT= 
as 

OW14 
AHaVD 

SHL 
daaN 

OL 
L4T1 

3LvL0N 
t 

Wwe 
S6IT= 

Zu 
A
N
A
 

INRRIND 
SIHL 

WOMS 
3NIWA 

MIS 
CaxISId 

FHL 
LovaLans 

¢ 
a 

ans 
terl= 

£6 
s 

ANTWA 
M3IS 

LNFRIND 
FHL 

HIIM 
AOLYINUNIDV 

FHL 
avot 

t 
av 

AoW 
E6IT= 

ae 
3NIWA 

3SIVa 
LNTNND 

3HL 
HLIM 

H 
MaLSIDaa 

3HL 
any 

t 
Z6It= 

ANTWA 
MATS 

LNIMYND 
FHL 

HLIM 
1 

AFLST9a4 
FHL 

avoT 
$ 

— 
LyYoTS 

CHT 
Wett= 

a 
ooezve 

T'H 
SYILSIOIA 

HLIM 
3'd 

SHILSTO3a 
3ONVHOXA 

$ 
‘OHOX 

O6tI= 
qa 

AN TWA 
3SIVH 

GIMISIG 
FHL 

HLIM 
H 

ATISI9aa 
FHL 

aNy 
¢ 

681 T= 
A
N
A
 

MAIS 
G3XIS3G 

FHL 
HLIM 

7 
YALSI93¥ 

3HL 
dvOT 

$ 
YSaC1S 

GTHT 
'GOWANY 

BAIT= 
a 

 oovI¥Z 
aog0 

MALVIAD 
SI 

39YO4 
FHL 

AT 
WOOa 

FHL 
dOLS 

OL 
dune 

+ 
aWdols 

ont 
ZonezM 

¥O90 
NRIND 

CILLIWYAd 
WOWIXYA 

JHL 
HLM 

advaWoo 
¢ 

Hea0 
149 

S334 
8090 

ANEMIND 
HOLOW 

ATLLNI 
3HL 

439 
$ 
=
 

a9404 
vOT 

oonIve 
SO90 

NOISGW 
WJS 

0071ze 
z090 

HEOO 
140 

£094 
0090 

AGOW 
3AOW 

MOIS 
3HL 

135 
‘3SIMvaHLO 

$ 
NOISGW 

WOT 
" 
00ZIvE 

asso 
S831 

41 
Viv 

L1waad 
$ 

 dowsNy 
or 

godova 
v4s0 

3GOW 
JAOW 

LSV4 
HOS 

LIWIT 
HL 

HLIA 
gavaWOD 

t 
HytO 

Tao 
wia4 

B4s0 
ANIMYND 

YOLOW 
AFLLNI 

FHL 
439 

$ =
 

-39N04 
VOT 

6ZIt= 
Gd 

oONTYE 
S4S0 

NYFLLVd 
LHOd 

SIHL 
L354 

t 
NOISGW 

WLS 
'43AOWS 

BZIT= 
@ 

oozIZe 
zZ4SO0 

411000000 
HLIM 

LI 
ONIGNY 

44 
SOW 

MOTS 
OL 

3ATVA 
TOMLNOD 

C3345 
SHL 

Las 
¢ 

HEOO 
140 

2dit= 
£094 

0450 
SMLWLS 

IAIVA 
LNBWIND 

AHL 
139 

¢ 
HI0 

NI 
'S3AOW4 

9ZTT= 
Tosa 

33c0 
HSnd 

i
 

S92 
M30 

HSNd 
b2tt= 

sa 
9350 

HSNd 
ELM= 

ca 
a3co 

SUFLSTOIY 
IHL 

IAS 
HSNd 

— 
'3AOWS 

ZZIT= 
S4 

vaso 
AUR 

EOP NEAR 
RO UPC EEA 

E E
S
S
 

HUSHCUDEROESEGEREGSEEROES 
seeneeesewen! 

TZ11= 
: 

AAOUS 
'TAAOWS 

'SAONS 
—ITTANA 

OZ 
T= 

V
A
N
C
E
 

REPS EDEN EDN PEEEEE 
SOE 

ESNAO EE EODSE ADORE 
EUOPEOEEEREEE 

+ 
NOILISOd 

G3NISId 
FHL 

OL 
11MOIS 

WOOS 
3HL 

3AOW 
OL 

INT.LNON 
¥ 

st 
pgite 

ANOPAN EROS 
ER OCHENENS 

EERO 
ENSSDESSSSENOSDONEPERSNUREESEERSESE 

- 

ANAWALYLS 
3948N0S 

ani 
rg0 

907 

= 
NOTSIAVAWOD 

TTAWIS 
HLIM 

TOALNOD 
42 

3
d
 
= 

HLND 
O'EA 

'HATAWASSY 
OADVU 

GROB/OBOR 
I1-SIST 

254



IOWA 
ADVIS 

FL 
OL 

SSIMTTY 
WOWINIM 

TH 
LIMIT 

(=C) 
SSTAOMY 

WOWIXYW 
SIM 

335 
aS1M83HLO 

(0) 
S837 

JT 
ONILL3S 

3N 
ON 

(=) 
T
N
F
 

41 
ALAA 

NaGYO 
MOT 

FHL 
Os 

YOIHD 
(c) 

waLvayo 
41 

ssaiqgy 
MaN 

L3S 
ONTLLAS 

M3N 
ON 

(5) 
NUH 

S837 
41 

AINSVT 
O1 

SSIBACY 
WOWIXYY 

AL 
LEWIT 

JC 
NI 

HOLS 
ATavaOdWaL 

asivarr 
+ 

gavis 
= 

SSaNdgY 
STHL 

TVIAIT 
|ASTVA. 

STH 
404 

FAVA 
G3LYOS 

FHL 
NI 

SSadqaY 
AHL 

GNId 
GYOM 

SALYLS 
YOSS3I0Nd 

INL 
HaADITA 

(31405 
N334 

JON 
FAVH 

Viva 
FIL4ONd 

SHL 
4t 

dtl4s 

G3140S 
NIZA 

FAVH 
VLYG 

FILAONd 
IML 

dT 
NOIHD 

THOM 
SNLYLS 

HOSSIIO’d 
LNERINI 

IHL 
IAVS 

W
L
 

3SIVA 
UNAMID 

AHL 
149 

VLYd 
3SIVA 

LN3MIND 
FHL 

139 
WWNOIS 

M3N 
SIHL 

3401S 
TWNOIS 

AN 
3AOW 

3HL 
LAS 

VAY 
ASIVS 

A
N
A
N
D
 

FHL 
139 

WNOIS 
MIN 

STHL 
3401S 

WNOIS 
NMOG 

3AOW 
3HL 

13S 

TWNOIS 
3HL 

£39 
SSIIGY 

WNOIS 
HLIM 

3'd 
avoT 

NMOM 
MO 

dN 
--- 

INIWAAOM 
JLWIAdOMddY 

3HL 
SI 

LYHM 
335 

@ 
Ma1S1934 

IML 
JO 

aS7 
3NI 

NI 
OVId 

AMaVI 
JHL 

JAYS 
S3NIVA 

ASIVY 
GAMIS3d 

GNY 
LYBOIND 

IL 
ONTAVdHOD 

Aa 
CIM 

1NOIM 
ANAWIAOW 

“IWITLAIA 
JO 

NOTLOIMIG 
YO4 

A9IHD 
S3LSI93M_1'H 

SNL 
AIA0I3N 

GNNOA 
LSIOIN 

< 
GIAISIG 

41 
ANTWA 

SINL 
LASTY 

A
N
A
 

GIATSIG 
IL 

HLIM 
aNTYA 

STHL 
J
a
v
a
d
 

IStva 
WOOT 

INL 
HOF 

LIWIT 
JSaddn 

3. 
439 

RZ 
I
e
 

ALND 

 
 
 

 
 3 

a'y 
AoW 

ve 
Y 

aoawis 
ont 

oorowz 
! 

OMOX 
— 

tZANHD 
a4 

! 
tayHo 

oor 
socuud 

1 
dW 

aa 
‘ 

a'y 
AOW 

Ae 
‘ 

Z
A
M
 

ZNT 
g0rWwz9. 

$ 
tayo 

or 
socwed 

Ho 
du 

24 
a'y 

AoW 
ie 

1 
Agusv1 

o
e
 

oos0ve 
' 

NOX 
a3 

4 
ava 

60 
qavis'a 

1x1 
240010 

H
a
v
a
 

6z 
' 

H
a
v
a
 

5a 
$ 

 HooO'H 
1AM 

0092 
! 

vit 
AoW 

39 
! 

Sd 
dOd 

i 
{ 

 taasin 
one 

Zopeatt 
wa 

a 
$ 

 q44u0s 
vat 

oozove 
' 

MSd 
HSAd 

SONAHHO 
s3 

' 
 ayugsa 

val 
taso19 

ooreve 
aNayHD 

dur 
901RED 

vo 
oaNT 

oe 
1 

lagosa 
vol 

oorzvE 
t 

@ 
xvis 

et 
' 

Heso 
INY 

tan 
6499 

A
N
E
 

Awe 
g01R69 

vo 
Hod 

ae 
1 

guvosy 
vol 

oorzvE. 
! 

a 
xvis 

at 
: 

W940 
INV 

tINMOT 
9493 

tan 
oor 

ezt= 
gor 

va 
1 

a 
xvoT 

Obzt= 
vt 

SqwNoIs'd 
1X7 

GEZI= 
ad 

O0EOTT 
ava 

BEET = 
au 

: 
a'y 

AW 
Zect= 

ve 
uso1d 

oor 
gezt= 

goazva 
HEO 

1d 
sezi= 

z0a4 
voUNT 

recl= 
9E 

vu 
eezI= 

iz 
ste 

onr 
ZeEt= 

goased 
ave 

lect= 
40 

t 
vid 

AOW 
Oezt= 

S 
1 

We 
6zzI- 

+ 
a 

t 
a 

ans 
Beet 

zé 
1 

Ht'y 
AoW 

“zi- 
a2 

' 
H 

dOd 
'LYOSLN 

9ZcT= 
a 

' 
v'd 

AoW 
Szzt= 

“Zs 
++ 

one 
tzzt= 

golsza 
! 

aq 
duo 

€zzt= 
wa 

wy 
AoW 

zzzt= 
a2 

' 
n
a
u
s
e
a
 

fZzt= 
Gd 

 o090¥z 

ANSWILYLS 
3980S 

anit 
0
 

907 

NOTSIAVEHOD 
TIAWIS 

HLTA 
TOHLNOD 

O'EA 
'MATINASSY 

ONDVH 
GHOR/OBOH 

11-SIST 

255



  

  

  
 
 

TINT 
XUIX 

$81 
N8GLivd 

HL 
ONTMO 

aaLay 
t 

Ogg I= 
SINO 

3A0W 
L497 

HOTIY 
Hj90 

140 
6zET= 

4994 
z120 

aunod 
“xvu 

¢ 
Ma1S 

LNaNng 
| 

 qTYNOIS 
¥a7 

RZEI= 
0 

 ODEOWE 
400 

GNNOS 
"X¥W 

= 
HITS 

LNIAIND 
4T 

ane 
$ 

 zazANO 
ze 

£8 1= 
£02t¥9 

2020 
QNNOT 

“X¥W 
> 

MITTS 
LNFRIND 

aL 
ane 

tf 
FLIA 

OOF 
9zEI= 

L0zz¥A 
6020 

Wo 
odo 

SzEI= 
34 

8020 
I
T
s
 

aT 
FZEl= 

a 
ovezvE 

GOZO 
HOXNT 

tZ4aaA 
ezet= 

£2 
4020 

JWNOIS 
SIHL 

34OLS 
{ 

IWNOIS 
WLS 

E
L
I
A
 

ZzEI= 
a 

 ooROZE 
1070 

TUTT 
UXX1 

$S1 
NUSLivd 

3HL 
ONTO 

MaLay 
t 

H360 
140 

ze 
4694 

3490 
A'INO 

3AOW 
LHOIA 

MOTIY 
$ 

TWNOIS 
Wal 

tTYaAON 
OZEI= 

a 
 ooEove 

3490 
JWNOTS 

SIML 
LAS 

OL 
awnr 

$ 
 eLNaA 

aur 
BIEI= 

Z010E9 
6490 

OOO 
HOC 

3ST 
NAALLYd 

3HL 
ONIAO 

HaLdv 
t 

BIET= 
ANAWIAOM 

WITLAIA 
2 

LHOTA 
MOTIY 

t 
HO6O 

140 
Z1et= 

0694 
2490 

IIS 
L491 

ON 
NAL 

GNNO 
“NIM 

= 
LNAMIND 

41! 
YNOIS 

 vaq 
SIEl= 

a 
 OOEOvE 

F490 
{TANOTTY 

LNSWIAOW 
NAHL 

GNNOF 
‘NIM 

< 
LNANIND 

41! 
— 

zuNgA 
ZN 

SIET= 
Z060z9 

1490 
G3MOTIY 

AFTS 
LHOTA 

LINO 
N3HL 

GNNOA 
‘NIN 

> 
LNZMIND 

aT 
 TSAON 

OF 
blet= 

9004va 
3390 

Wo 
dwio 

Elel= 
39-390 

YANG 
M37S 

ANIMIND 
AHL 

Lag! 
 LMIIIS 

aT 
tIS¥4IN 

ZIEt= 
a 

ooEzvE 
Y390 

2‘ 
SH3LS1994 

3HL 
UZA0Iaa 

¢ 
A 

dOd 
tewisvd 

Tret= 
19 

6390 
480d 

3HL 
OL 

TWNOIS 
SIML 

GNIS 
| 

NoTSaW 
vLS 

OlEl= 
d 

 ooztze 
9390 

ad0W 
MOIS 

3HL 
Las 

HEO 
140 

60ET= 
£094 

+390 
gvidtas 

30OW 
da3dS 

LNZMND 
BML 

La9 
t 

NOISGM 
WaT 

tzWuSv4 
BOET= 

ad 
ooZt¥E 

1390 
NOLD3A 

.CaLWYaIOL. 
SIH 

AqISiNO 
41 

dawnt 
! 

ewisvs 
or 

208 T= 
906ava 

3090 
ADOW 

USVI 
NOS 

GNNOA 
WAWIXYN 

-CILYNTIOL, 
JHL 

HLIM 
Javawog 

t 
@ 

dWo 
90E T= 

84 
aq90 

NOTO3Y 
G3LVH310L 

SHL 
NIHLIM 

41 
300W 

MOIS 
3H 

13S 
OL 

dune! 
zuusva 

or 
SoEI= 

gorava 
vaso 

3GOW 
LS¥4 

NOS 
GNNOA 

WAWINTN 
<C3LYATION, 

JHL 
HLIM 

3aHvawoD 
¢ 

29 
uo 

FOET= 
64 

6090 
Viv 

31S 
INAMYND 

3HL 
139 

 LaaoTS 
vaT 

E0EI- 
a 

o0ezve 
9090 

GNNOA 
MAIS 

WOWINTW 
FHL 

LY 
ANIOd 

Of 
T'H 

LNAWaaDaG 
t 

HW 
xod 

Zoet= 
az 

sag0 
@ 

OL 
ANIA 

SIML 
aAvS 

vid 
AoW 

1OEI= 
2h 

F190 
904 

WON 
99¥ 

ONTLOVALANS 
18 

HOO 
WHOA 

! 
v
a
n
s
 

00E1= 
26 

£090 
HOO 

OL 
WAWINIW 

3H 
LIWIT 

£ 
tts 

one 
6621= 

9oraza 
0490 

(300W 
LS¥4 

YO4 
FONVHITOL) 

HZ10 
J4 

SIHL 
a5vaNoa0 

# 
Hzt0 

Ins 
B6ET= 

2190 
3990 

ANIA 
SIHL 

Lao 
t 

w'y 
ADM 

2621= 
az 

a990 
ANNOA 

MAIS 
WOWIXYH 

SH. 
LY 

LNIOd 
OL 

‘I'H 
LNAWAYDNI 

t 
HOOXNT 

96zI= 
£zZ 

9990 
INI 

ANSLNOD 
SIHL 

Avs 
# 

v'd 
AoW 

s6zt= 
4 

91990 
904 

WON4 
MONAOA 

ANY 
Y 

ONTLOVALANS 
A4 

HAsO 
WMOS 

! 
v 

sas 
$6z1= 

46 
¥990 

W440 
OL 

WOWIXYW 
FHL 

LIWIT 
t 

tte 
one 

E6ZI= 
goaoza 

2990 
HBTO 

A@ 
SIHL 

aSvaNONT 
£ 

Hero 
av 

z6zI= 
8199 

S990 
GNNOd 

MATS 
WAWINTW 

FHL 
139 

! 
wy 

AoW 
Tezt= 

aZ 
6990 

O'@ 
SH3LSID34 

3HL 
anys 

¢ 
A 

HSNd 
'ISLS¥4s 

062 
§9 

£990 
ONTLATT 

ONY 
ONIMAIS 

HLOF 
YO4 

13S 
SI 

J00u 
MOTS 

3HL 
4T 

auNr 
! 

As¥4IN 
OP 

6ezt= 
govaya 

0990 
ONILYASTA 

HOS 
LIS 

SI 
IMOW 

LSY4 
FHL 

41 
O
S
H
 

¢ 
aval 

BEzI= 
At 

43990 
‘sisv4 

one 
ZBzT= 

90E9Ea 
3990 

ONIMTIS 
HOI 

13S 
SI 

IGOW 
Lsv4 

HL 
41 

¥9SH9 
aval 

98z I= 
41 

aag0 
ONTLLIS 

300 
TOMLNOD 

G3adS 
3H. 

139 
{ 

NoTSaM 
vaT 

sezt= 
a 

ooztve 
8390 

ANNOT 
MAIS 

WAWINTW 
3H 

OL 
LNIOd 

! 
HoOXNT 

reEZT= 
fz 

2490 
TH 

NI 
Ss3utay 

SIHL 
3uOLSaa 

¢ 
OHOX 

traNHD 
EBzt= 

a3 
9990 

ANIA 
SS3Ndqy 

MIN 
3HL 

Las 
t 

SHOX 
tAYHD 

zezt= 
43 

S990 
ee 

NVHL 
SS37 

LON 
41 

ONILLIS 
ON 

f 
one 

1ezt= 
gostzq 

z490 
duo 

on 
I= 

ag 
1990 

(
 

ALAa 
MaMIO 

MOT 
AHL 

Os 
XOIHO 

AoW 
62z1= 

AZ 
0190 

(6) 
MFLVIAD 

ST 
LNRIND 

JT 
ONTLLS 

ON 
ZNC 

BZzI= 
909929 

a¥90 
©) 

S831 
SI 

INFaND 
JT 

ONTLIaS 
man 

or 
2é2t= 

sosava 
wv90 

wo 
9Ze1= 

"
9
8
 

6y90 

ANAWILYIS 
3980S 

anit 
rao 

901 
NOISIM¥dWOD 

AIGWIS 
HLIM 

TOxLNOD 
62 

99d 
TNO. 

O'EA 
'AATAWASSY 

OADVU 
GROB/OROR 

11-SIST 

256



MAATIHOY 
NOILISOA 

OL 
ANG 

CAddOLS 
SI 

41 
41 

--- 
4d 

A404 
ONILIND 

HOTH 
O41 

3Nd 
G3ddOLS 

SI 
Lt 

41 
--- 

00 
HIV 

ONIMOTION 
FHL 

NT 
ALVOTONT 

OL 
MOLWVINUNIDY 

3HL 
Las 

4904 
ONTLLND 

HOIH 
¥ 

JO 
ISNvIaa 

G@4ddOLS 
ST 

Y3LLNI 
WOOT 

FHL 
40 

LNAWAAOW 
FHL 

41 
N93H9 

NANLIN 
CNY 

SHILSTOIA 
FHL 

AIAQIIA 
‘ISTMATHLO 

4ON 
41 

49va 
dOOT 

A3NIVaY 
NIFA 

SV 
NOILISOd 

M341S30 
3HL 

41 
XIaHO 

4ON 
41 

FAOW 
311 

30NTLNOD 

@43S079 
FAV 

SANTVA 
41 

493H9 

NTT 
WLVd 

JHL 
3sva1s4 

aNTWA 
SIHL 

3401S 
ANIWA 

LNAMAND 
MOLOW 

AILLNI 
IML 

139 

NOLLISOd 
HALLND 

LNRRINI 
INL 

FOLS 
GNY 

139 
SIWISS 

OML 
IHL 

NIINLIT 
ANIT 

YLvd 
SHI 

13S 
(8S3T1S 

WOMA 
SNOTLYOOT 

OML 
AHL 

NI 
GavOLS 

NI3a 
SVH 

NOLLISOd 
G341S3d 

JUL) 
NOTLISOd 

LYH1 
G3H9v3e 

SYH 
LI 

“1LLNN 
ATMOTS 

NOLLISOd 
GANIS3IG 

FHL 
OL 

MILLI 
INL 

FAOW 
OL 

SNTLNON 
¥ 

+ 
ee 

seuepeney 
oer 

        

A
N
I
M
A
 

YOLOW 
HOI 

40 
ASNYDST 

HALINI 
WOOT 

3HL 
dOLs: 

WYNIONd 
ONETIVD 

AML 
OL 

ONINANLAN 
AHO4S3A 

SUILSIDIY 
FHL 

NIAOITA 
Jad 

INL 
OL 

LO 
IGOW-FAOW 

3HL 
GNIS 

0 
JMOd 

OL 
N
A
L
L
Y
 

SIL 
LAdLno 

SIATWA 
TWNOTLIZAIG 

FHL 
NOS 

WWNOTS 
3HL 

139 

GanoTIe 
LNAWaAOW 

TY 

WNOIS 
SIHL 

3401S 
OOOO 

XTX 
ST 

NABLLVd 
IHL 

ONTSO 
Baldy 

HINO 
3AOW 

WITLAAA 
ONY 

L4TT 
MOTIV 

ANNO 
"XY 

= 
MATS 

INFANT 

OF 
A
D
N
A
N
 

4o3ar3at 

' ‘ : 
vy 

9as 
! 

S30 
Idd 

$ 
 ayaod 

vaT 
#80419 

med 
dOd 

' 
H 

dod 
* 

 zaaows 
onr 

SodwH) 
VIVO 

za3Aows 
«ZN 

vy 
vao 

woo 
NT 

aA0Ws 
T
I
 

NNTAIO 
“TID 

39404 
VS 

yosund 
vol 

L
I
S
 

CHS 
vi 

AoW 
Salado 

VOT 
v'T 

AOW 
$ 

qsuuyo 
val 

t 
 ANTILIS 

TVD 
' 

10 
*Z3A0NS 

: 
H 
HSN 

1 ’ 
ASd 

HSNd 
§13AOWS 

east 

  

. 
SHINO 

dur 
AWNOIS 

VALS 
! 

 MssO'Y 
LAW 

FaWdOLS 

  

MSd 
dod 

4 a 
dod 

a 
dod 

N10 
LAO 

Norsaw 
va 

Hoo 
no 

= *S¥LNO 
WNOIS 

WOT 
Sd 

dOd 
t1LASIN 

saino 
dur 

WNOIS 
vaT 

trLyaA 
Saino 

dh 
TWNDIS 

WIS 
'SUHaA 

Ho90 
140 

WNOIS 
wal 

tZYaANO 
SLMaA 

dur 

ANSWALYLS 
3940S NOISIAVAWOD 

FIMWIS 
HLM 

TOMINOD 
O'EA 

WATAWASSY 
O
H
I
 

GROR/OROR 
1T-SIST 

eRe! 
ZBEI= 
W
e
t
 

og t= 
6LEI= 
BZET= 
2
6
1
-
6
 

9Z61= 
SZet= 
bZet= 
EZEI= 
ZZE1= 
1ZEte 
OZE1= 
69EI= 
B9ET= 

BSEI= 
BSET= 
éSEt= 
9SEI= 
SSEI= 
PSE 

T= 
EGET= 
ZSeI= 
ISet= 
OSet= 

a 
SrEl= 
BrEl= 
ZvEl= 
QhEl= 
Sret= 
FrEel= 
Erel= 
Zrel= 

0 
Iret= 
orel= 

a 
GEEt= 
BEET= 
Zeet= 

a 
QEET= 
seet= 

a 
FEEI= 
EeEI= 
zeet= 

a 
feet= 

anid 

69 

Af 
$334 

ooatye 69 14 a 
Zozred a 
404909 
Lozrzd a ae 

noosa 
sovano ad 
oozsng 
oogtze 
aiqave 
oorzzz 

ooora? e4 
a sd 

209269 
onE0ze 

asd 

209269 
ooroze 

0994 
ooeove 
20169 

90 

 
 

  

6220 
82/0 
szzo 
zrZo 
4120 
a1Z0 

viZo 
2120 
#IZ0 

207 

257



Sd 
dod 

14 
1018 

246 
ONT 

Issoza 
3408 

HBIO 
149 

8133 
2408 

uv 
oaNT 

n€ 
9408 

vu 
Az 

v408 
sts 

one 
ososzt 

2408 
aq 

ans 
26 

9408 
AN TVA 

ANFAAND 
FHL 

WONS 
ANIWA 

ISIVA 
GAIISIG 

IHL 
Lovasans 

| 
ty 

AOW 
24 

S408 
Sd 

HSNd 
S4 

r408 
300W 

MOIS 
OL 

MAIS 
Las 

t 
HIO 

140 
094 

Z408 
MSd 

dod 
14 

1408 
“+s 

ONE 
ossizd 

3308 
HEIO 

1d 
gta4 

9308 
v 

oOUNT 
96 

9308 
vio 

4z 
v308 

sts 
One 

osoazd 
2308 

INTWA 
INZRIND 

SIHL 
WOA4 

INIA 
M31S 

G3INIS3q 
3HL 

LovaLANs 
a 

ans 
£6 

9308 
SNTWA 

MATS 
ANFAIND 

FHL 
HLIM 

YOLWINWNIIY 
JHL 

GYOT 
1
 

AGW 
az 

S308 
ANIVA 

3SIVa 
LNIANND 

FHL 
HLIM 

H 
MFLSTOIA 

FHL 
aNy 

ANTWA 
MATS 

LNIWIND 
FHL 

HLIM 
1 

AFLSTOIa 
FHL 

avOT 
488918 

CTH 
oorzve 

£308 

  

‘T'H 
SHILSIO3N 

HLIM 
3'G 

SM3LSI93A 
AONYHOXS 

‘oHOX 
a3 

1308 
ANIVA 

3SIVY 
G3MIS3G 

3HL 
HLIM 

H 
MFLSIOIM 

3HL 
ONY 

3NIVA 
M31S 

(ANIS3d 
FHL 

HLIM 
7 

MILS1933 
3HL 

avoT 
4s3q1s 

THT 
oowlve 

3q0R 
Sd 

HSN 
S4 

qaon 
SOOMMITTT 

HLIM 
LI 

ONTONY 
Ad 

FdOW 
LSV4 

OL 
3ATVA 

“IOMLNOD 
G33dS 

AHL 
Las 

$ 
HOs0 

INY 
9393 

4008 
SALWLS 

FATWA 
LNRRIND 

FHL 
139 

# 
HtO) 

ONT 
toat 

6108 
13 

84 
008 

FONVIWA 
JNL 

da9¥ 
OL 

NOWLS 
AHL 

dod 
¢ 

H 
dod 

14 
20g 

SWHISAS 
OML 

JH. 
NARNIA 

ANIT 
wiv 

3HL 
3svaTaa 

$ 
= 

ANTSZO 
TID 

oozsa2 
Fa08 

ANIVA 
SIHL 

3401s 
t 

30904 
WLS 

ooatze 
ta08 

ONTAYSA 
LNANAND 

YOLOW 
YALLNI 

3HL 
439 

§ 
yOsIND 

va 
atgave 

3908 
4aa78 

GTS 
oofzez 

9908 
v'H 

 AOW 
29 

908 
suLaaa 

v7 
atavve 

208 
vt 

AoW 
49 

9908 
NOILISOd 

WOOA 
LNAMIND 

3HL 
FYOLS 

ANY 
LID 

suaad 
oT 

atzvye 
e908 

wiv 
SHL 

MB4SNYaL 
ASNYSJ. 

T1¥9 
002609 

0908 
NDOT 

Wid 
NOILYNILS30 

NO4 
SSaddv 

ONIJAVLS 
JHL 

Las 
NOTA 

Vid 
FONNOS 

HO4 
SSINGMY 

ONTLYVLIS 
FHL 

Las 
SWIISAS 

OML 
FHL 

N3IML3G 
ANIT 

viv 
FHL 

dn 
13S 

ISTIA 
(
1
X
 

TANTS 
‘a 

1X7 
ANTLAS 

T1v9 

oocztt 
aaop 

aic310 
vaoR 

oooraa 
2108 

  
  

    

H 
HSnd 

S3 
9908 

NAASNYAL 
W
A
 

YO4 
LNNOD 

FLta 
BHL 

43S! 
 a9T'H 

1X7 
ooottz 

e90g 
AdNSFINT 

3HL 
Favsra 

t 
1d 

£4 
za08 

@ 
HSnd 

$9 
1908 

a 
Hsnd 

Sa 
008 

HOHSnd 
sa 

4voe 
SUILSIOIA 

SHL 
JAvS 

¢ 
Sd 

HSMd 
= 

3AOWS 
Si 

avos 
H_avo@ 

tssaddy 
ONTLMVLS 

3A0Ws 
| 

H3vOBO 
940 

avon 
ANSW9IS 

3009 
WYdDONd 

3LNTOSAaY 
aavIN3q 

¢ 
oasy 

T
E
E
U
U
P
 

ONE RNRSO U
D
E
V
 

ERENESOPONSSSOTESOSEURSDERESESDESSSESEERES 
SERENE! 

3AOWS 
—-DITAN 

T
U
C
P
U
E
U
S
E
D
 

DN OCU 
ESTER 

OH EES AHF 
EE SEP CE R

E
S
E
N
D
 

UL ESU 
SERS OE REE EEPEHArS 

ESOS! 
’ 

NOILISOd 
G34IS30 

JHL 
OL 

WOOT 
FHL 

FAOW 
LSV4 

OL 
3NILNON 

¥ 
a 

AOVENCUUNNCUOENCHECOSHSOEESESUSDESNOUSNRODESOOFSS HESS EERE EES! 
(ONS 

‘THAN? 
148) 

FQVTIONTS 

ANAWALYLS 
3940S 

aNtt 
rao 

207 

NOISIAVdWOD 
FTAWIS 

HSIN 
“TOALNOD 

1e 
 39vd 

= 
THLND 

O'EA 
‘AA IANASSY 

ONDVW 
SBOB/0H08 

T1-SIST 

258



VAATT 
.FSIVA, 

ULTAYD 
ONILAVLS 

4O4 
JOVNOLS 

AHL 
3NI430 

SAVIYA 
IWNOLLITAIG 

JN 
YO4s 

TYNOTS. 
GALIWWOD 

ONTLIOS 
--- 

44 
G31405 

434 
LON 

--- 
00 

VAM 
AM4OMd 

G34405 
YOs 

OWE 
ONTQNYAGY 

NT 
AZ1S 

d3LS 
H3LLNI 

SIL 
NOF 

_NOTLYI0T 
ASVY 

LAMAN 
TINT 

IML 
YO4 

NOLLYION 
JOVNOIS 

AL'q 
AMOWIN 

Viv 
L
9
3
0
 

FHL 
OL 

ANA 
AVES 

LSIMOTH 
3HL 

ANT 330 
ANAWOSS 

wiv 
INI430 

(SLAG 
HOOF 

XY) 
FTN4ONd 

AL 
YO4 

JOVAOLS 
vIWa 

{S3L(9 
2) 

IWA04d 
JL 

Od 
SSaNaGY 

LS¥I 

NOTLING 
430 

" 
ue 

nota 
3NO 

3H), 
 
 

  

or 

    

. 
WVH9OSd 

WALS.AS 
“IOYLNOD 

NIVW 
ZHI 

NI 
Gasn 

39 
OL 

S
o
d
u
s
 

at 

  

vunene 

  

eeyeeesenr 
Ueeeneeee 

  

(S311 
HOOF 

'X¥u) 
WLW 

F1L4ONd 
YO4 

SSINdaY 
ONTLaWIS 

{S3LA9 
Z) 

Vi¥d 
FI4ONd 

MO4 
SS3NGaY 

LSWT 

+) 
NOILW31399V. 

3S1¥a 
LNZHEND 

H 
ALIION9A 

3SIva 
LNaMNND 

tH 
NOLLYIITIIIV 

MAIS 
LNRRND 

b) 
ALIIOI3A 

31S 
JLNZNIND 

a 
NOILISOd 

3S1va 
LNIMAND 

W 
NOTLISOd 

MIS 
LNANAND 

if 
ANRRIND 

YOLOW 
N3LLNI 

1 
SALWLS 

YIATT 
IAOW 

LNAIIND 
1 

NOILISOd 
351vs 

a341S30 
it) 

NOILISOd 
M3IIS 

a3a1S3q 

” 
NOILISOd 

3S1¥a 
LNaRIND 

 
 

nD 
NOILISOd 

M315 
LNIMUND 

NOILINIS30 

. 
ZYNWLS 

'AVNWIS 
*XYOWIS ‘NWI 

‘XOHIS. 
SHAIHd 

“ISAIHd 
SUIIY 

"ISIOV 
'SY13A 

“ISTIA 
'ASITSY 

‘ASAT TS 
'LIYISY 

L
A
T
S
 

VHdWIL 
HOWL 

"TIMI. 
‘ATL 

‘CONT 
‘AVLSUT 

CAVLS 
'99YSM 

"19ASM 
'99V1S 

"1401S 
ASLIN 

LS '14d 
'ONIT4d 

'SYYSIMT 
“ISYSIT 

'LS3A0W 
'SHLYYD 

"SLID 

      

vee 

  
    

evereenes 

NOILYAI4O 
3HJ. 

3NNTLNOD 
OL 

dune 
WNOIS 

300W-3AOW 
INL 

X
O
 

139 
NOWLS 

JL 
ONO 

“IVNOIS 
SIML 

Ind 
300W 

MOS 
OL 

3SIVA 
FHL 

Las 

ch 
avd“ 

PLLND 

' ! ' ' 1 { 1 : ' ' 1     

Ceeeeeneeneeeene 

  

. 
WWH90%d 

TONLNOD 
IWNOILISOd 

WOOT 
3HL 

YO4 
LN3WO3S 

VIVE 
. 

or 

  
    

           

Z 
Sa 

tantvis 
tooo 

1 
sa 

fwNoIs 
£000 

1 
Sd 

141408 
BAI- 

zo00 
1 

Sd) 
tdtsino 

RerT= 
1000 

1 
Sd 

SySWINT 
Zeet= 

000 
9BrI= 

0 
Sd 

tWLdALS 
CBFI= 

9000 
935d 

HArI= 
Noor 

Sad 
taavis 

entt= 
0024 

Z 
SG 

tavisuT 
zEFI- 

3494 
aesene 

£ 
1eht- 

‘oawas! 
oft= 

veanaet 

severevenonar! 
ta49g0 

OHO 
9ZtT= 

3403 
WOOF 

Sd 
tAsTdd 

Gztt= 
9091 

Z 
Sd 

tONF1d 
F Ze I= 

aaa 
wa4at 

940 
EZrI= 

gaat 
+ 

Sd 
toousa 

ZZhI= 
1gat 

* 
Sa 

ST3ASa 
1 ZeI= 

ast 
+ 

Sd 
'99N7S 

OZeI= 
6aat 

* 
Sd 

813078 
Gort= 

Saat 
1 

Sd 
'SaAgad 

BorT= 
+3ar 

1 
Bd 

MISARd 
ZorI= 

eant 
Heaato 

980 
99F1= 

£381 
1 

Sd 
t¥04LN9 

Sort= 
aagt 

1 
Sd 

'153A0W 
FoFT= 

onat 
1 

Sd 
'syasaq 

egri= 
agai 

1 
sa 

tsasad 
zort= 

vant 
Huad to 

940 
19tT= 

vaat 
1 

Sd 
'SYL9a9 

O9FI= 
aver 

HavaTo 
ONO 

6SrI= 
avar 

1 
Sa 

Frisia 
e
c
k
 

zvat 

Hewato 
zvat            

enensere 

    
  

vee 
. 

C
O
N
S
 
V
L
Y
G
 
T
A
N
 
A
G
M
I
I
N
I
S
 

E
F
E
T
 

$ 
a3A0H5 

dur 
soz4eo 

9018 
! 

Sd 
dod 

14 
solg 

1 
S
d
 

H
S
N
d
 

G4 
r
o
t
e
 

: 
HEOO 

140 
z094 

Z018 

A
N
I
W
A
L
Y
L
S
 

3
D
4
N
0
S
 

S
a
n
i
t
 

r
a
o
 

2
0
7
 

NOISIAWAWOD 
3IdWIS 

HLIM 
TOMLNOD 

O'EA 
'MITAWASSY 

OAIUW 
GHOR/OROR 

11-5151 

259



  

oara$ 
zest= 

POP UUOP OPEC EUSP E
N
E
D
 

HOT OSONSU ONO F
a
N
e
E
 

RESO RO SaNEFASEOROHESONSHDHEFEE! 
[EGI= 

* 
+! 

oecr= 

  
     
 

AUCUUUPECRUC TOU 
SEUPT EOS 

EEPE 
ECON 

C
O
S
O
N
E
N
S
S
S
C
E
O
E
 

OREN SD EDO 
EEEESEESEERE! 

GZGI= 
(AL1a 

1) 
ONTHOLIMS 

4O4 
NOTS 

G3L93dxa 
¢ 

1 
sa 

BzST= 
1s00 

t 
r 

sa 
ZeSt= 

atroo 
(Salida 

bt) 
ANIA 

NOILONNS 
ONIHOLINS 

¢ 
r 

sa 
gzSt= 

6r00 
(S3LMa 

6) 
G3YTSIq 

GNY 
LNFMAND 

NA3NLaa 
ZONINSI4IG 

t 
+ 

sa 
szgt= 

sroo 
+ 

sa 
best= 

100 
(S3L49 

+) 
LINS3Y 

HO4 
FOWHOLS 

LivModWaL 
+ 

r 
sa 

ezst= 
GeE00 

+ 
Sa 

zesi= 
6£00 

(S3449 
6) 

 NOILV907 
J9veOLS 

LavHOdWaL 
* 

+ 
sa 

tzst= 
seo0 

(S314 
+) 

NOLLWYITIOO 
3Stva 

LNZNND 
| 

r 
sa 

ozst= 
1600 

(
3
0
a
 

by 
ALIQOTIA 

3SI¥a 
LNZaNND 

t 
+ 

sa 
6IGt= 

azoo 
(sald 

+) 
NOLLYAITIIOY 

M3IS 
LNZAWND 

¢ 
+ 

sa 
BIST= 

6200 
(Sala 

ty 
ALIIOTIA 

MI1S 
LNRaIND 

t 
+ 

sa 
Z1St= 

sz00 
(iia 

1) 
NOTLISOd 

ISIVA 
LNGaAND 

¢ 
1 

sa 
gIst= 

6z00 
(aia 

1) 
NOILISOd 

M31S 
LNaYAND 

£ 
sa 

SIST= 
£200 

(aua 
1) 

Z 
V
H
d
 

caLvINIs 
! 

1 
sq 

FIST= 
EZ00 

(Bina 
0) 

A 
WHATY 

CaLvIAWTS 
£ 

1 
sa 

eISt= 
100 

(ata 
1) 

X 
vHdTy 

daLvIowIs 
! 

1 
sa 

ZIGI= 
0z00 

G
u
a
t
 

ANSWIOVIdSIG 
A 

GaLvINWIS 
1 

sa 
TISt= 

A100 
(ala 

1) 
ANIWADVTISIG 

X 
MaLYINWIS 

1 
sa 

oIst= 
3100 

(auta 
ty 

ANIYYND 
HOLOW 

ABLLND 
! 

1 
so 

60SI= 
atoo 

G
u
a
t
 

SNLVLS 
‘TOXLNOD 

.3A0W. 
¢ 

1 
sa 

Bost= 
2100 

(aig 
1) 

NOILISOd 
3Siva 

azaisaq 
¢ 

1 
sa 

Z0st= 
A100 

(ALL 
1) 

NOILISOd 
M31S 

GayISad 
$- 

T 
sa 

g0St= 
vtoo 

GALAVLS=H440 
'MaddOLS=00 

--- 
SNLWLS 

Y3LLND 
t 

t 
so 

sost= 
6100 

{ 
Lod 

4045 
YIISTOIY 

NOTLOaMIG 
viva 

t 
1 

sa 
rost= 

8100 
AQOW 

G33dS 
ONIAOW 

WOOT 
JHL 

AOA 
JOvAOIS 

§ 
1 

sa 
£0St= 

2100 
4213 

d4LS 
YALLND 

41vH 
Nod 

FovaOLS 
! 

1 
sa 

ZOSI= 
9100 

ONILLOD 
LLTAYD 

NI 
XOOTT 

WLYG 
L5¥1 

3H. 
40 

SSTModY 
FHL 

aos 
FOVAOLS 

¢ 
z 

sa 
ToSt= 

rtoo 
(3ZIS 

dAlS 
H3LLN9) sr 

Hos 
FDvAOLS 

LavaOAWaL 
¢ 

z 
sa 

oost= 
z100 

SINWA 
HITS 

TAAISIT 
OM 

LXIN 
FHL 

AOS 
39vAOIS 

LavAOAWaL 
# 

z 
sa 

66rI= 
100 

XY 
LAVAOAWAL 

#04 
FOVAOLS 

FHL 
3NT4aa 

t 
z 

sa 
BErI= 

3000 
NIW 

AMVAOIWAL 
HO4 

JOvAOLS 
3HL 

3NIaga 
! 

z 
sa 

26h T= 
3000 

-X, 
MO4d 

SSIMGMY 
FHL 

AOA 
IOWHOLS 

AHL 
ANI43G 

z 
sa 

S6tI= 
ooo 

SSAIGdY 
ALIAYD 

GRIAOS 
LSV'T 

3HL 
HO4 

JOVAOLS 
FHL 

aNIAId 
¢ 

z 
sa 

S6rI= 
8000 

TGATT 
-ALIAVI. 

L501 
SHL 

NOS 
FOVHOLS 

3HL 
ANI4aG 

f 
z 

Sd 
tADLSYT 

F6ET= 
9000 

ANIWILYLS 
JOINS 

anit 
a0 

907 

NOISINYAWOD 
ATMWIS 

HLIM 
TOALNOD 

a9vd 
= 

THLND 
O'EA 

'AATSWASSY 
OMIVW 

SBOR/OBOR 
TI-SISI 

2 2 

260



az00 
gen0 
6nz0 
aaeo 
£200 
£000 
aze0 
aezo 
+340 
Rzzo 
Z30 
2100 
9230 
zt00 
£400 
atso 
aroo 
8100 
zyat 
6ez0 
asto 
8000 
+¥90 

as00 
ageo 
63a! 
e250 
300 
gazo 
avoe 
6100 

 
 

ANAL 
4405 

20v1S 
L#OHS 

“1140ud 
FAO" 

3A0Wd 
4aLLND 

#290 
6£00 
2100 
zaso 
6341 
Bzs0 
6S00 
arzo 
001 
1s90 
o1€0 
svo0 
3000 
atoo 
9300 
i
)
 

v990 
6100 
avat 
azro 
zzto 
3290 
sv90 

6£00 
2450 
4100 
oroo 
e3at 
vooo 
0100 
1000 

qeeecacecenacececeecece race aeaccaca 

an 
V
e
a
 

aAOWLS 
43N0NS 
dov1s 
L8OHS 
BELSY 

sma34 
AS Idd 

AHOS.N 
AAQWON. 
£4007 

oSisv1 

Sisv4 
evdxa 
Innog 

waLing 
SHLAA? 
E91LN09 
TeLN09 
45019 
1
a
 

Tawa 
43A0NS 
ANWIS 
N
L
S
 

“ISARYd 
WaA31 
ISMI4 

ALSL09 

2120 
zato 
se00 
0000 
z
o
 

4100 
oro 
A100 
9aso 
asa 
va90 
gar0 
Treo 
3000 
ts00 
6390 
aeso 
2000 
1900 
OREO 
oaso 
acto 
9£90 
a1z0 

$200 
Seno 
orzo 
3100 
aaa 
baat 
go00 
6059 
zvat 

qeeeccanccaacceecacacaace «eaccacas 

SLaaA 
vaaann 
JWI 

SLd 
ILS. 

=3A0WS 
ANWIS 

ANILAS 
usaase 
aonaaa 
ana 14d 
ASWSIN 
dngon: 

z1d007 
A
I
S
T
 

NOISNG 
eULsud 
ZydXa 
Intwa 

dL51N9 
zaLNoo 
81NO9 

zz4noo 
15079 

ALIAWD 

48134 
AWA 

TIAOWS 
XNWIS 
“13ASH 

SuAztd 
OSLSV1 
aNvaxa 
ISIN] 

zeZ0 
200 
6r00 
0000 
orzo 
q100 
341 
#z00 
13s0 
EEO 
2490 
oan 
9320 
F100 
330 
1390 
szso 
3000 
aaat 
ogeo 
astro 
tito 
4920 
99720 

azoo 
0000 
vaso 
ezoo 
AzeEO 
0091 
9000 
2000 
avay 

re 
a9Vd «aanccacan 

A
a
a
 

“
T
d
,
 

Nas 
ANYLS 
T3AOWS 
xNWIs 
Vaasa 

ANgISH 
enaza 
1
3
0
 

Tagan 
45aA0W 
1tg00T 
49181 
S3AONS 
ZWLSU4 
a
x
a
 

I
x
y
 

wosno 
13LNOD 
ZSinoo 
1ZiNOD 
Sodio 
AusTYD 

sulan 
ALdNLS 
aAOUS: 

ZvaWIS: 
Shiga 
481d 
A
I
S
T
 

INIWG 
SMLaaD “RULND 

1020 
#z00 
Bez0 
000 
vaso 
zz00 
2600 
ge90 
aaso 
2220 
6110 
230 
4z00 
qaa 
avoe 
4410 
o3ro 
soo 
2510 
gato 
ovso 
gato 
1890 
a090 

sz00 
F000 
sit 
1z00 
atoo 
a4at 
a4aa 
vaat 
atzo 

q¢eecancac 

e1NaA 
ava 

OWdOLS 
ADAVLS 
3A0US 

Zuni: 
SZLSa 
dWISa 
ing3a 
s¥iLno 
JNLON 
zanou 
1007 

avisv1 
3AOWd 
Lisvd 

ziang 
t
a
d
 

z
o
o
 

TdLNOD 
S1NO9 

z1LNOD 
aNaaHD 
OW ANY 

“
d
A
 

ADaYLS: 
73013 

AYOWIS 
usaasa 
ana Tad 
avisv1 
7susaq 
ALIAWD 

SHONaT 

+020 
4600 
49t0 
0028 
saat 
1Z00 
reo0 
gat 
S400 
2120 
oato 
9160 
0410 
0000 
ot00 
6050 
3960 
vast 
6010 
42z0 
6rrO 
vino 
9990 
6z00 

Acedececeenacceececcenceceee 

2600 
0095 
100 
0z00 
rz00 
zs00 
0000 
agai 
6z00 

aecacaanece 

Na 

ANAWALWLS 
394N05 

Oren 

ON 
| 

'9LaIWOD 

zLMaA 
ASNYEL 
Zd018 
qgv.s 
TIATS 
A
Y
N
,
 

So.sH 
govsa 

“In d0ate 
ZAIANO 
4S1L0N 
VaA0u 
4007 

MSHINT 
Said 

aNvdXa 
t
n
g
 

1S9s39 
T
O
A
D
 

S9LNO9 
zrLNoo 
T
N
O
   

ASNYA IL 
davis 

asar1s 
XYNWIS: 
4aaose 
3N1440 
ASWINT 
sas3a7 
1so0y 

REGIS 

any 

sz00 
1r00 
FerO 
zono 
vioo 
0200 
2200 
1£90 
©3491 
z500 
0210 
azo 
vooo 
9100 
£990 
3950 
Zoro 
aigat 
taro 
3vz0 
0360 
0960 
sa90 
1£00 

wiswassy 

stoawis 
wasn  

 

STOIMAG 
WANILKA 

100 
G 

ttdWad 
=000 

a 
14140 

£700 
0 

LaNI1S 
e000 

a 
gat 
gaat 

v 
zoo 

a 
g100 

a 
jen0 

a 
StosMis 

I1Tand 

rag 
907 

NOISIMYAWOD 
TTAWIS 

HLM 
TONLNOD 

‘MITIUASSY 
OMIVW 

CHOR/OBOR 
11-SIST 

261



  

LISTING OF THE ASSEMBLY LANGUAGE PROGRAMS 

FOR THE 'FMOVE' ROUTINE WITH SWITCHING 

FUNCTION EVALUATION
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Brief Description of the Hydraulic Circuit 

for the Boom Ripper under Test



Return Ports 

SS eel 
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Filter 

  
= 

Figure I.1 

TANK 

Pilot Pressure Ports 
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Main Pressure Ports 

SS 
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Diaphragm 
Pump with 
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2500 psi 

  

Schematic Diagram for the Hydraulic Power Supply Circuit 

  

  

Pilot Operated Poppet Valves 

    jase 
bey 

  

  

    
    

  

  

  Q) (2)   
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in the Boom Ripper under Test 
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The boom ripper under test is connected to a hydraulic 

power pack which delivers the 5/95 diluted emulsion at 

a flow rate of 1.135 litres/sec with a system supply 

pressure of 172.4 bars using a diaphragm pump. Fig I.1 

shows the schematic diagram for this hydraulic power 

supply circuit. 

Figure I.2 shows the arrangement of one of the hydraulic 

actuators used in the test rig. Only the main poppets are 

shown in this diagram, they are driven by their pilot 

poppet valves, which are operated on the amplified 

electrical signals from the microprocessor control 

system (please refer to Fig 6.2). 

Four of these valves are the directional control valves: 

this actuator is moved towards right by opening the valve- 

pair (II) and (IV), while it will be forced to go left by 

opening the poppet-pair (I) and (III). The poppet (V) is 

the metering out control valve, which is also pilot-valve 

operated. When the directional control valves are opened, 

the poppet (V) can be operated in one of the following two 

modes: (i) it can be fully opened to provide the maximum 

flow area so that the actuator will move at the high 

speed, or (ii) this can be closed to leave a small opening 

to reduce the fluid flow rate by this metering out technique 

for moving the hydraulic actuator at a slow speed. 

All the four hydraulic actuators are connected in the 

same way as described in the above paragraph. The paired 

actuators for the boom arcing or lifting share the same 
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set of directional control and metering out valves, so 

that only five pilots are operated to provide the desired 

boom movement in either slewing or lifting. 

Figure I.3 shows the cross-section of one of the solenoid 

operated pilot valves used in the system under test, while 

Figure I.4 shows the cross-section of one of the main 

poppets used. When the solenoid of the pilot valve is not 

operated, the push rod is brought to its leftmost position 

by the spring, the ball valve between P and S is forced to 

rest on its seat by the supply pressure at P, but the ball 

valve between S and T is opened, therefore the fluid will 

flow from S to T. If this solenoid is energised, the 

push rod will be pulled to the right to reduce the gap by 

the electro-magnetic force generated. This action causes 

the ball valve between S and T to close with that between 

P and S to open. Therefore, the fluid will then flow from 

P to S. The S of this pilot is connected to operate the 

main poppet. If the pilot solenoid is de-energised, the 

main poppet will be forced to rest on its seat by its 

spring, therefore the fluid will flow between A and the 

paired poppet. When the pilot solenoid is energised, the 

poppet will be lifted off its seat by the pilot pressure 

and the fluid flows between A and R. The R in one of the 

paired poppets is connected to the system supply with R in 

the other one connected to the system exhaust. 

The performance of these valves is being studied in a 

parallel project by J H Knight at Aston University. The 

Solenoid takes time to establish the magnetic flux when 
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energised and to remove the residual electro-magnetism 

when it is de-energised. Therefore there is a time delay 

in the pilot operation. This time delay can be shortened 

by reducing the mass of the moving parts in the solenoid. 

It is found that the time delay in the main poppet operation 

is mainly due to that in the pilot stage. 
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