General Disclaimer

One or more of the Following Statements may affect this Document

e This document has been reproduced from the best copy furnished by the
organizational source. It is being released in the interest of making available as
much information as possible.

e This document may contain data, which exceeds the sheet parameters. It was
furnished in this condition by the organizational source and is the best copy
available.

e This document may contain tone-on-tone or color graphs, charts and/or pictures,
which have been reproduced in black and white.

e This document is paginated as submitted by the original source.

e Portions of this document are not fully legible due to the historical nature of some
of the material. However, it is the best reproduction available from the original
submission.

Produced by the NASA Center for Aerospace Information (CASI)



(NASA-TH-T79257) % DUCED POWF®R PROCESSOR N79-33257
REQUIRPNENTS POP ‘1n 3I0-cm DIAMPT®R Ha IONW
THRNSTER (NASA) s p HC AO2/MF A"1 CSCL 21C
Mnclas
c3/20 45832

REDUCED POWER PROCESSOR
REQUIREMENTS FOR THE 30-CM
DIAMETER Hg ION THRUSTER

Vincent K. Rawlin
Lewis Research Center
Cleveland, Ohio

Prepared for the

Fourteenth International Conference on Electric Propulsion
sponsored by the American Institute of Aeronautics and Astrcnautics
and Deutsche Gesselschaft fur Luft- und Raumfahrt

Princeton, New Jersey, October 30- November 3, 1979



E-169

REDUCED POWER PROCESSOR REQUIREMENTS FOR THE 3)-CM DLAMETER HG ION THRUSTER

Vincent K. Rawlin#*
National Aercnautics and Spacc Administration
Lewis Resoarch Center
Cleveland, Ohio 44135

Abstract

The characterlstics of power processors strongly
fmpact the vverall porformance and ¢out of electric
propulslon systems, Aprogram was inltiaced toevalu-
ate slmplifications of the thruscer-power processor
Interface requirements. The power processor require-
ments are mlusion dependent withmajer differences
arising for those missions which require a nearly con-
stant thruster operating point (typlcal of geocentric
dand some inbound planetary missions) and those requir-
ing operation over a large range of lnput power (such
as outbound planetary missions). This paper degcribes
the regulty of tests which have indicated thac as many
as seven of the twelve power supplies may be eliminated
from the present Functional Model Power Processor used
with 30-em diameter Hg fon thrusters.

Introduction

The characteristica of power processcts strong-
ly impact the overall performance and cost of elec-
tric propulsions systima, The 30-cm diameter Hg
ion thruster, proposed for aolar electric propul-
sion, has_evolved to o state of technology readi-
nesa, (2+3 Functional model power grnccaaora (FHPP)
have been deaigncd,( fabricntcd,( } and are Ere—
sently being endurance tested with thrusters.(®)

The major purpose of the power processor is to
condition the unregulated solar array power into the
various regulated voltages and currencs needed to
satisfy the thruster operating requirements. In ad-
dition, the power processor provides telemetry sig-
nal conditioning for power processor input, opera-
ting, and status parameters and thruster operating
and status parnmeters., A8 shown in figure 1, the
presgent FMPP has 12 regulaced power supply outputs
vwhich provide the power required by the thruster to
perform its four basic funetions of: propellant |
flow control; ion production; ion acceleration; and
beam neutralization. Figure 2 shows the thruster
power procegsor Intercomnection diagram. The isola—
tor power supply heats the propellant high-voltage
isolators and feedlines, prior to thruster opera~
tion, to avold Hg condensation. The Hg propellant
is controlled by the three propellant veporizer
power supplies through feedback control loops. The
main, cathode, and neutralizer vaporizers are con-
trolled by the thruster beam current, discharge
voltoge, and neutralizer keeper voltage, cespec-—
‘tively. Bombarding electrons, required for ilon pro-
duction, are provided by a hollow cathode which is
heated (cathode tip power supply) during startup to’
dnitiate snd maintain a Hg plasma discharge between
the cathode and keeper electrode (cathode keeper
Eower supply}. Tha discharge power supply acceler-

tes the electrone from the cathode to an anode., In
transit, they bombard and ionize some of the Hg
ptoms from the mailn vaporizer to create a plasma in
the discharge chamber. For reasons of 1ifstime the
magnetic baffla supply is used to maintain the
Flthod flow rata at & near-constant value ag the
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thruster is operated over nearly a 4:1 range of in-
put power. The {one are clectrostatically acceler-
ated from the discharge chamber by the screen and
accelerator grid power supplies to form the lon
beam, thereby producing thrust. The positive lon
beam Is neutralized by elecrrons from the hollow
cathode neutralizer which also requires tip heater
and keeper supplies to etart and maintain the hol-
low cathode discharge, All but the isclator and
tip heater supplies are presently used duripg oper-
atien. Details of the power supply designs and
output characterigtics may be found in refercnce 4.

The present l0-cm power procesdor was designed
to meet the requirements of the thruster us they
were percelved in 1972. The thruster-power proces-
sor inter{ace requirements werc spaecified to accom—
modate a very broad spectrum of solar electric pro-
pulsfon missions which included significantly dif-
ferent thruster operating requirements. Both plan-
etary wissions (inbound, outbound, and ouyt-of-the-
eclipeic(?)), and Earth obital missiona(8) were
considered. The resultent power processor design
allows great flexibility im thruster operation but
at the cost of power processor complexity. This is
evident {rom the power processor characteristics
listed {n Table I. Table I compares the TMPP with
the power processor used in the Space Eleetric
Rocket Test (SERT) II which is still operational
after nearly a decade in space, (

Over the past 12 years, the design of the 30-
cm thruster has been continucusly changing to im-
prove the performance, lifevime, and structural
ptopertlcs.fz) However, the power processor re-
quirements, aspeclfied by the thruster, have remained
nearly constant.

A program has been initlated at the NASA Lewis
Research Center to evaluate further reductions of
the thruster-power processor interface requirements
and thereby reduce the mass and cost, and increase
the efficiency and relfebility of proposed thrusx
subsystems. The goals of this program are to define
reduced power processor requirements; demonstrate
their fensibility with laboratory power supplies;
and evaluste their impact, if any, on thruster de-
aign, performance, or lifetime, Interface require-
ments will be evaluated primarily for the baseline
thruster. However, the requirements of advanced
thruscerg, such ae those that use three grid fon op-
tics,(lo) will also be considered.

In anddition, the infomation presented iz of
value for application to thrusters which operate at
high power on alternate propellants, such as Iinert
gases,

The thruster-power proceasor interface require-
ments depend heavily on the power profile of a par-
ticular mission. The evaluation program is, thetoe-
fore, being conducted hoth for missions with varia-
ble solar array power (such as outbound planetary
winsions), and those with ne.r-constant solar array
power (typical of geocentric and some inbound mis-
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slons}. The major differences between these types
of missions, in regard to thrugter operation, are
those concerning apeed of startup, power level at
startup, and variation of beam power.

This paper presents the initial results of the
program to reduce the thruster-power processor in-
terfoce requirements, The application of these re-
sults to future power processor deslgns may enhance
the overall thrust subsystem characteristics.

Apparatus

Thrustsar

A 30~cm diameter laboratory thruster, fune-
tionally equivalent to the haseline Engineering
Model J-geries thruster, was used for the tests
presented herein. One major difference was the use
of electromagnets, rather than permanent magnets,
to provide the magnetic £i{eld in the discharge
chamber. Except as noted, the magnetic field wes
held fixed at a configuraticn fully equivalent to
that of the J-series thruster. Two other minor dif-
ferences were the use of various diameter physical
baffles at the end of the cachode pole piece and a
neutralizer cathode heater with cold and hot resis-~
tances different than those of the baseline thruster.

Power Supplies

Except ae noted in the text, all of the data
were obtained frem 60 hertz, laboratory power sup-
‘plies. The sereen and accelerator high-voltage sup-
iplies were of a high-capacity, three-phase, full-
.wave bridge rectifier design. The discharge, mag—
netic baffle, electromagneta, main, and neutralizer
keepar supplies were single-phase, full-wave, rec-
tified sources. The reslstive heaters were powered
with six alternating current supplies. Because the
electromagnetic field is usually provided by perna-
nent magnets, the two magnet supplies were not
Lcounted in power supply tallies.

‘Facility

' The tests were conducted in a 0.9-m diameter

| bell Jar of the 7.6-m diameter by 21.4-m long vacu-
‘um tank at Lewis Research Center. The fa:ility
rpreaaure was ahout 5:3x10-6 torr for all {ests.

i Results and Discussion

{ Some of the results pregented hersin have been
,suggeated and/or implemented by others and are so
refe' znced. Also, application of some results are
migslon-dependent and are oifered to show the ran-
ges of thruster flexibility to different control
schemes. This section will be divided into "demon-
atrated results"” and a diacussica of "projecticnas"
with each group sub-divided int. three toples:
Hulri-pyrpoae power supplies; Power supply output
characteristics; and Control of thruster parameters.

Demonstrated Results

Hultioprpoge power supplies. — The baseline
FMPP has 12 power ocutputs. Of those, the isclator
heater supply (25 W maximum output) presently would
be used only if miselon requirements demanded opera-
tion of the 30~cm thruster at valyes of beam cur~
rent less than about 0.7 ampere.{2) For normal
otartup, tha discharge supply (700 W maximum) is
used to provide the iasolator heater power (up to
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120 W) through the ume of a relay. When the thrua-
ter lsolators have been heated to temperatures high
encugh to avoid Hg condenaation, the relay is op-
ened allowing the discharge supply to provide its
normal function,

Reference 11 demonstrated the feasibility of
using the discharge supply to rapidly heat the
thruster. There the discharge supply was used to
heat the cathode tip, the isolater heaters, and an
additional plenum heater,

Extending these examples, the discharge supply
wag used to provide the functions of heating the
cathode tip and isolatoras, as well as starting the
cathode keeper discharge. The electrical schematic
is ghown in figure 3. Baseline thruster hirdware
was used, therefore, the isolatora, which are con=-
nected in parallel, shared the normal .3 ampere
cathode tip heater current and recelved less than
40 watts of power. Because this 1s about one~third
the normal value, the preheat time wasp doubled to
about 70 minutes. At the end of preheat, the main
vaporizer temperature had reached a steady-state
value corresponding to & Hg flow rate of 700 mA
while the cathode flow rate was negligible, Normal
cathode vaporizer power was then applied. As the
cathode flow rate increased, vacuum relays 51 and
52 which replaced the cathode tip and isolator
heater power supplies were cyecled until the cathode

ischarge was egtablished. Opening 52 disconnected
the isolators from the discharge positive output
while 51 ruitched the discharge negative lead from
the cathode tip heater to gathode common. This al-
loved the open circuit discharge voltage to appear
jat the cathode keeper and anode electrodes. The
magnitude of this voltage will be diecussed later.
The cathede keeper discharge always initiated at
vaporizer temperatures correspording to cathode
flow ratea between 60 and 100 mA eqguivalent. With-
in 10 seconds the cathode dischatge coupled to the
anode and normal discharge parameters were obtailned.
This procedure wag repeated several times, starting
with a cold ot warm thruster and wich and without
the main fleld and magnetic baffle electromagnats
energized. No differences were noted. Using this
procedure eliminated the preseat internal power
processor function of sensing the discharge current
and reducing the cathode tip heater current to zero
{to avoid overheating the cathode insert).

The high voltages could new be applied as us-
ual to extract the ion beam, Relay 53, which re~
Placed the cathode keeper supply, was opened after
beam extraction, with no differences in thruster
performance noted at any operating point over the
throttle range or during the high-voltage recycle
8equepce., Operation with no keeper current haa al-
s0 been examined by the author, with ideatical re-
gsults, using another 30-em thruster and the three-
inverter bhread-board power processor, which is sim-
1lar to the FMPP, described in reference 12. It
appears, therefore, that the keeper discharge,
‘which is required for starting, may be eliminated
‘once the main discharge has been establighed. On
several thruster starts, switch $3 was opened prior
 to the application of high voltage with no observed
affect on performance or stability.

. Based on the results of the thruster stnrting
tests, it has been demonstrated that three of the |
twelve powver supplies presently contained in the
FMPF may be replaced with an additional relay and j
minex ifamvlator heater termination changes without !
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{mpacting thrustar cperation over the baseline ston-
dard operating envelope. The added relay could also
be actuated by the thruster cuqifuller according to

the present atartup algorithm.

Powar suppiy characteristies, - The prasent
open-cirguit output voltage requirements For the

eathode keeper, neutralizer keeper, and discharge
supplies of the FMPP are 1000, 1000, and &0 volts,
respectively. Those of the keeper gupplies have
been reduced to about 350 volts on several power
processors presently used to test J0~cm thrust—
ers, (13} 1 addition, scarting teats have heen
conduczed with B- and 30-cm diameter thruster cath-
odes and neutralizers, acme of which have been test-
ed for more than 25,000 hours, wit? maximom keeper
voltages of less than &0 volta. (%) Buged on the
results of those tests, the open~cireuit wvoltages,
applied to both keepers and ancde, were limlted to
60 volts for all of the tests reported in the prev-
lous section. There were no observed differences in
cathode starting hetween the high and low keeper
voltage cases. This is artributed to the long-life
easy starting vharacteristics of hollow cathodes
with impregnated imserts, The major impacts of the
reduction of the gpen-circuit voltages are to ease
gome of the high-voltage isalation problems of the
power processor design, and to eliminate the high-
voltage section of the keeper supply.

Contiol of thruster parameters. - Presently,
nortal operation of the basgeline thruster is accom—
rlished by controlling the Hp propeliant flow rates
(vaporizer supply output power) via feedback contrel
loops which compare thruster output paramnters {boam
gurrent, discharge voltage, and neutralizer keeper
voltage) to reference signals. Also, the two keeper
pupplies, the magnetic baffle supply, and the main
discharge are aperated in the current limited mode
while the beam and accelerator supplies are voltage
limited. The magnetic baffle is used to set the
eathode flow rate to desired values over the thruet~
er inpuk powar range. 13,

This section discusses alternate methods of
controlling the thruster which may allow mission
Elnnners and power processor designers to perform
tradeoff studies and improve the overall thrust sya-
bewm properties, Because a large number of thruster
control functions have bean required sclely for the
purpose of power throttling this section will be di-
vided intp twe parts: one for a constant thruster
operating point; and the other for variable thruster
{nput power.

Constant thruster operating point. - Efficient
tperation of a thruster and power procassor is much
ess complicated for a near-constaut operating con—
#ition than for a thruster with the widely varying
perating parameters presently required of the base~
iine thruster. The SERT II power DroceSgor Wis es—
pentially designed tooperate at a fixed input puwer;
1lthough oieration at lower levels of thrust waw
ceaible. { 7} Two immediate benefits of single point
peration are the nead for only one thruster vapori-
Zer power supply to control the main and cathode flow
Fates and no need for amagneticbaffle snd itz asso-
Fiated power supply. A single vaporizer (with split
flows) may be used, as on SERT II, or two vaporizers
y be powered from one supply. In either case, the
hysical baffle diameter is chosen to cobtain the de—
ired ratio of msin to cathode Flow rates. (i
! The experimental thruster wap started several
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timeg and opevated for mora than 100 hours with the
main and cathode vaporizers in meries and controliled
via the bzam current. For this test the physical
baffle diameter was ineressed to 6.3 em, from the
baagline vaiue of 5.6 cm, to allow efflclent opera-
tion at full thruster input power with no magnetic
baffle current. The ratio of main to ~athode flovw
vates was set by adjusting a fixed resistor placed
acrose the main vsporizer heater. The steady-state
power dissipated in this resistor was about 2 watts.
There were ne measurable differences in thruster
performance or stabilicy between this mode of oper—
ation and that of the baseline thruster.

Thus, 1if a near-constant operating point is al-
lowed, from mission conciderations, the maguetic
baEfle and the cathode vaporizer supplies may also
be elim{nated. The resulting seven power supplies
and their funections are listed in Table II., Pro-~
jected applications of these philesophies to the
nentralizer asaembly are presented later.

Varisble thrust level conditfons. - Starting
with the seven power supplies iisted in Table II,
the operating conditions of the thruster were variad
from thone at full power following the beam and dis-
charge set points of the standard throttling pro-
£i1a, (2

In these tests a magnetic baffle supply was
veed with a physical baffle identical to that of the
baseline thruster. The magnetiec baffle current was
first held constant, which is sguivalent to opera-
ting with a larger physical baffle and no baffle
current. As the beam current and discharge current
were reduced, the power to the mwain and eathede va-
porizer decreasaed (vaporizers connected in series)
to follow the beam current., Thus, the asthode flow
rate decreased and the digcharge voltage increased
rapidly. The magnetic baffle current wag then low-
ered to veduce the discharge voltage to the desired
value of 32 voits. A feedback controller was in~
stralled to vary the magnetic baffle current and hold
the discharge voltage constant as the beam current
was further decreased. For the baseline thruster-
power processor combination, the cathode flow rate
remaing nearly constant %E she beam current is re-
duced from 2,0 to 1.3 A. &9} Hovever, when the main
and cathode vaporizers were copnnected in series the
cathode £low rate decressed from 120 eq. mA to about
70 wA as the beam current was varied from 2.0 to only
1,5 A, In order to vary the beam current over the
entire cthrottle profile, the cathode flow at a 2.0-A
heam current had to be increased to abour 400 eq. mA.
Two penalties of very ?iﬁ? cathode flow rate ave in-
creased baffle erosionl2®) and decreased digcharge
chamber propellant utilization effielency. The
cathode flow rate decreased nearly linesrly to about.
100 eq. mA at the minimum beam current of 0.75 A.
Thus, to throttle the input power over a 4:1 range,
using the standard profile, required the addition of
at least a wmagnetic baffle supply and a feedhack
rontroller. To maintain operation at low cathode
flow rates would require a separate cathode vapovi-
zer supply or a cathode vaporizer current controls
ler.

As one alternative; the thruster was operated
with no wmagnetic baffle current «nd the §.3-cm diam
eter baffle., A separate cathode vaporizer supply
waa used to increage the cathode flow rate as the |
beam current was reduced. In this fashion, the
standard throttling profile was follewed from full
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power to about half power {(beam current from 2.0 to

1.2 A) at normal operating conditiong uaing only ona
additional power supply and feedback controller.

The addition of a magnetic baffle supply would allow
normal operation of thrudter over the full range of

the standard operating prafile.

In figure 4, the shaded ares showa the opera-
ting envelope of screen voltage as a functicn of
bean current for the haspling thruster, Again,
atarting with the sevan power supplies listed in
Table II, another methed of power throttling was
investigated. TFor the bhaseline thruster, operation
at a constant beam currant of 2.0 A {8 limited to
screen voltapges between 1100 and 900 volcs (a power
throttle of about 1.2:1) because of perveance and
focusaing limitations of two-grid optica. The use
af three-grid optice allows operation at all values
of screen voltage and beam currant shown by the
shaded and open areas of figure 4, Operation at a
beam current of 2.0 A may be extended to screen
voltages of lesa than 300 volts, The additlon of a
third grid would, therefore, permlt operation of the
discharge chamber at near-constant conditions while
allowing nearly a 2.5:1 power throttle., The throt-
tle range way be extended to 4:1 by veducing the
beam current to 1.6 A and acreen voltage to 200
volte. This would require a separate cathode vapor-
izer supply as dipcussed enrlier. The use of three
grid optics would also require ap increase in the
accelevator supply maximum output voltage of from
500 to 1100 volks.

Table I11 1ists the power supnlies used to demon~
strate various methods and dagrees of power throttling
the baseline thruster using cwo-grid and throe-grid
ion accelerating systems,

Projections

Multipurpose power supplies. - The philosophy of
multipurpose power suppl 'es was also applied to the
neutralizer. The pneutrs .zer keeper supply (75 W
maximum), which {9 needed for normal operation. could
be used to heat the neutralizer cathede (which re-
quires about 50 W) prior to ignition. The experi-
wental newtralizer heater was not compatible with
the neutraligzer keeper supply. Therefore, this pro-
cedure wae not demonstrated, although it appears
stralght{orward. Again, a relay could be used to
swlitch power Erom the keeper supply to either load.

References 2 and 6 astate that the startup al~
gorithm i1s one of the most eritical routines becausa
pf the time-temperature sequence of the main va.ori-
zer (which does not have a refarence signal when the
beam current is zere).

The ume of spare-flight qualified thermally ac—
tuated relays mounted on the thruster, as suggested
fn refarence 21, are being evalvated in attempts to
raduce the complexity of power processor-thruster
controller vequirementa during thruster starting.
fhese relays will bes used to sense appropriate
thruster temperatures (these which are directly re-
flated to the critical starting temperatures) to turn
pn vaporizer power supplies (propellant flow rates)
nnd ewiteh the discharge and neutralizer keeper asup—
plies from the heater leads to the discharge elec—
tredes. Temparaturen on the thruster body over the
downetream end of the anode increase rapidly with
discharge current. (10) Therefore, a temperatute
relay at this posicion could also be used to auto-
Faticully open the catheode keeper clreuit. |

Power supply characteriscies, - Presently, the
dincharge supply of the FMPP muat be copabie of

handling discharge currents up to 14 A &t voltages
up to 50 volts (700 W}, WNormal operstion is in the
current-limited mode with the digcharge current set
to a value propertional te tha heam current refer-
ence value. The cathode propellant flow rate is
varied, thr. ugh a fecdback contrel loop (which var-
fog the plasma impedence), to obtaln the desired
dischsrge voltuge, The normal steady~state dis~
charg, voltage s 32 volts, except during ignition,
off normal, and low mode correction when it 1s 36
valta,(2!55 to minimize discharge chawher sputter—
ing zrosion. {22} Simidar reasoning was used in the
development of the SERT II power processor which
resulted in a discharge supply which was a near-
constant voltage supply (programmable to 35, 37, ov
40 V), There, the discharge supply was current
limited at values sbout 20% more than the normal
operating point so that the thruster was operated
on the constant voltage portion of the supply char-
acteristic. The power to the single vaporizer was
controlled by a discharge current control loop in
the absence of beam current and by the beum current
when the high voltages were tvrned on.

Variations of the discharge supply output char-
acteristics will be investipated to evaluate pos-
8ible reductions of the waximum powar rating to a
value nearer to the norwal operating peint and pog=~
sible elimination of the discharge voltage-cathode
flow rate control loop.

Other power aupply properties which will be
evalunted are loal regulatlon requivemensts for out—
put current and voltage.

Control of thruster parameters, - Because gll
of the Mg vaporizers are at the same potential
(spacecraft common) it appenrs feasible to use the
thruster .aperizer supply to provide power to the
neutralfser vaporizer. Anather adiustable shunt re-
sistor could be used to select a near-constant neu-
tralizor flow rate and eliminate the feedback con~
trol Joop. The selected neutralizer flow rate wonld
probably be greater than that of the present base-
line thruster peutralizer (but less than double) to
provide operating margin durlng variations in the
thruster's thermal environment. A Factor of two in-
crease in nestrallizer flow rate would represent a
loss in thruster efficiency of about 1%.

This may be cffset by the elimination of the
pover supply, the feedback controller and the neu-
tralizer flow rate control problems and assoclated
correction algorithms. 6 !

Applying these projections to the demonatrated%
results presented in Tables IT and ITI reduces the
present need of three neutralizer power supplies to,
one neutralizer keeper supply., Therefore, depend- |
ing on mission requirerents and thruster modifica- !
tions, the operation of a 30-cm diameter thruster |
aver a& 2.5:1 range in power using only five pover f
gupplies appears straightforward. One possible
electrical arrangement of these five power pupplies |
ig shown in figure 5, E

Conelusions

The characteristics of power proceassors strong-
ly {mpact the overall performance and cost of elec-
tric propulsion systems. The present functional
model power processor incorporates 12 power supply
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cutputs to provide operational powar for the I0~cm .
Hg fon thruster, A program was initiated to evalu=’
ate sioplificatione of the thruster-power processor
interface requirements. The power pracessar re-
quiremgnts are misaion dependent with major differ-
enced ariaing for those misalons which require a
constant operating point and those requiring opera-
tion over & lerge range of input power. Depending
on the mission requirements and thruster modifica-
tions, teat results indicate that as many as sevan
low-lavel power supplios may be eliminated by ex—
tending the multipurpose power supply philosophy
presently used for the i{solaror heaters-discharge
power supply., In addition, veductien of propellant
flow rate control loopa requirements have been indi-
cated. The usa of advanced technology three-grid
ion optice allows extension of the power throttle
range while using only Five power supplics by opera-
ting at constant discharge chamher conditions.
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Figure 3. ‘Ylectrical schematic for demonstrated multipurpose power supply
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Figure 4. - Operating envelopes for a &1 power throttle
using two and three grid ion accelerators.



"4055320.4d Jamod Ajddns samod 3A1j pue Ja)snJy} Joj Jewayds pajralosd - g anbi4

|
FEREED]
1dil
"1N3N
NOWWO02 I-
O :
—(; ; {
.I..M_tmr.... m—(_
; ERE] i N¥IS 1_
| |
- -
J00NY i
o
——— 39¥VHISIC
4 NOWWOD )
-~ JQOHIVD
_ 1 ¥3d33N JQOHLYD
o

d01Y10S| 3Q0HLYD

*|\?|

d01VI0SI NIWW

NAN13y "dvA

* d3Z1 304 VA

+




	GeneralDisclaimer.pdf
	0001A01.pdf
	0001A02.pdf
	0001A02_.pdf
	0001A03.pdf
	0001A03_.pdf
	0001A04.pdf
	0001A04_.pdf
	0001A05.pdf
	0001A05_.pdf
	0001A06.pdf
	0001A06_.pdf
	0001A07.pdf
	0001A07_.pdf
	0001A08.pdf
	0001A09.pdf
	0001A10.pdf
	0001A11.pdf
	0001A12.pdf
	0001A13.pdf

