View metadata, citation and similar papers at core.ac.uk

L=
=
brought to you by .. CORE

provided by NASA Technical Reports Server

NASA’s SPACE PLATFORM TECHNOLOGY PROGRAM AND PLANNING

National Aeronautics and Space Administration
Washington, DC 20546
Phone: 202/453-2858, Fax: 202-426-0001

Russell C. Cykoski
General Research Corporation
Washington, DC 20024
Phone: 702/506-4908, Fax: 202/488-3292

SUMMARY

As part of the Civil Space Technology Initiative, NASA has established a space platform tech-
nology program which encompasses two ongoing programs as well as active planning for new platform
initiatives in such areas as advanced heat rejection technologies, advanced space suits, advanced life
support, and better support equipment (refrigerators, furnaces, etc.). Platform technology is extremely
important because it provides both the basis for future missions and enhanced national competitiveness
in space.

INTRODUCTION

The space platform is the foundation of any space mission whether manned or unmanned. The
space platform encompasses essentially everything outside the payload, including (as appropriate) struc-
ture, power, propulsion, thermal management, life support, space suits, and guidance, navigation, and
control. The space platform has to be light weight to minimize the launch weight (and the launch cost),
but it must be strong enough to withstand launch loads. The space platform has to maintain its attitude
and orbit in a stable manner. The space platform serves in a sense as a utility by supplying, for example,
power and, in some cases, life support to the payloads and crew (ref. 1). In many ways, space platform
technology is generic in that the technology can be applied to many different kinds of missions. For
example, a light-weight solar array technology could be applied to Space Station Freedom (S.S.
Freedom), commercial satellites, space science missions, or human exploration of the Moon and Mars.
Thus, investment in space platform technology can benefit the U.S. space program across the board.

OBJECTIVES

NASA's Office of Advanced Concepts and Technology (OACT) has a space technology program
composed of two principal elements: Base Research and Technology (R&T) program and the focused
Civil Space Technology Initiative (CSTI). Within the CSTI program, OACT has established a Space
Platforms Technology program to develop the technologies to increase on-orbit mission efficiency and
decrease life cycle costs for future manned and unmanned science, exploration, and commercial
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missions (ref. 1). Within NASA the space platforms program is primarily designed to respond to the
identified needs of NASA'’s space science program and NASA’s S.S. Freedom program; however, there
is a strong focus on developing technologies of use to the broader U.S. space community, both
government and commercial. Additional objectives include:

* Developing technologies that will decrease launch weight and increase the efficiency of space
platform functional capabilities

* Developing technologies that will increase human productivity and safety of manned missions

* Developing technologies that will increase maintainability and reduce logistics resupply of
long-duration missions

* Identifying and developing flight experiments in all technology and thrust areas that will
benefit from the utilization of S.S. Freedom facilities.

The “vision” of the Space Platform Technology Program includes:

* World leadership in space platform technology

* Development to enable better, lower cost missions

* Improving the American competitive position.

The Space Platform Technology Program currently has two funded elements: controls-structures
integration (CSI) and a ground test of a 2-kilowatt (kW) solar dynamic (SD) power system. Looking 10

years into the future, the specific objectives of the Space Platform Technology Program include:

* Developing solar dynamic receiver units with specific powers of 25 W/kg and a 50-percent
mass reduction

* Developing technology to support high-performance integrated control/structure systems
design

as well as these objectives for planned programs:
* Developing advanced heat rejection technologies to accommodate growth S.S. Freedom

* Developing an advanced, light-weight concentrator array with twice the efficiency of existing
arrays

* Developing advanced batteries with a performance of 60 W-l/kg and a design life greater than
or equal to 5 years

* Developing advanced extravehicular mobility unit (EMU) technologies to support an increase

in demand for S.S. Freedom extravehicular activity (EVA) operations while reducing cost and
ensuring health and safety
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» Upgrading the S.S. Freedom environmental control and life support system (ECLSS) to reduce
logistics requirements, increase crew safety, and to match projected increases in crew size in
the post 2000 period

« Developing reliable user support systems (such as refrigerators and furnaces) to enable the
conduct of experiments on S.S. Freedom

« Developing advanced deep-space power management and distribution (PMAD) components to
reduce the mass by a factor of 2, the parts count by 75 percent, and to increase the low-voltage
power conservation efficiency to greater than 90 percent

» Reducing radioisotope power source fuel requirements by increasing thermal-to-electric con-
version efficiency by up to 3 times.

BACKGROUND
Contributions of Base R&T to Space Platforms

NASA-sponsored R&T has already contributed to the improvement of space platforms. Some
recent examples include (refs. 1, 2, and 3):

« Nickel-hydrogen battery technology—Improved specific energy lifetime (including for low-
Earth orbit (LEQ) applications) which will benefit S.S. Freedom and which provided support
to the decision to change to nickel-hydrogen batteries for the Hubble space telescope (HST).

« NASCAP (NASA Charging Analysis Program) spacecraft charging model—This model has
been used to modify the design of the S.S. Freedom electrical system to overcome potential
electrical arcing and sputtering problems.

+ Long Duration Exposure Facility (LDEF)—This experiment has provided a wealth of data on
space environmental effects (as amply demonstrated by these proceedings and earlier proceed-
ings).

» Life support technologies—Regenerative technologies for water recovery and recycling for
crew consumption and for recovery of oxygen for crew consumption have been developed.
Thermal control system technology has also been developed. Models and chemical sensors are
being developed.

« Multipropellant resistojets—This propulsion technology offers improved performance over
standard chemical propulsion systems for attitude control and maneuvering, and it can run on
waste water from the life support system on S.S. Freedom.

» Large area solar cells—Early work has led to the use of large area solar cells (maximized
active area) on S.S. Freedom.
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* Arcjet thruster—Low-power arcjet technology has been taken to the point where it is now
being baselined on commercial satellites (e.g., Telstar IV) to improve station keeping wkile
reducing propellant mass.

Technology Trends

Figure 1 illustrates the breakout of the deployment mass of S.S. Freedom. This represents a
“fixed” mass, but the resupply mass breakout shown in Figure 1 illustrates the benefits to be achieved by
reducing the resupply (in such areas as spares, ECLSS, propulsion, and crew support) and, hence, the
cost of maintaining S.S. Freedom. Figure 2 illustrates the S.S. Freedom resupply needs and the tech-
nologies which could reduce the resupply. Eventually over the lifetime of S.S. Freedom, the equivalent
of several space shuttle launches could be saved with improved technologies. NASA’s Office of Space
Systems Development (OSSD), which is responsible for the overall management of the S.S. Freedom
program, has identified many of these space platform technologies to OACT as being of high priority to
the 3.S. Freedom program.

Figure 3 shows the trends in launch masses for 195 robotic NASA spacecraft, indicating some
recent upward movement. Figure 4 shows a typical mass breakout for today’s robotic spacecraft.
Currently, NASA is emphasizing smaller, cheaper, and quicker missions. The goals are to reduce the
total launched mass to under 1,000 kg and to increase the payload fraction (ideally to 0.5). As shown in
Figure 5, platform technologies such as power, propulsion, thermal management, structure, and guid-
ance, navigation, and control (GN&C) can play critical roles in achieving these goals. Many of these
space platform technologies have been identified as high priority to OACT by NASA’s Office of Space
Science and Applications (OSSA), which is responsible for the robotic science missions. In several cases
there is an overlap between OSSA and OSSD technology development requests which indicates the
generic nature of space platform technology.

OVERVIEW OF THE CURRENT SPACE PLATFORM TECHNOLOGY PROGRAM

Fiscal Year 1993 Program

Working within overall budget guidance, the Fiscal Year (FY) 1993 Space Platform Technology
Program consists of only two ongoing elements: (1) power and thermal management (specifically a 2-
kWe solar dynamic power system ground test) and (2) structures and dynamics (specifically the CSI
program). These two programs are discussed in the following two sections.

Solar Dynamic Test Program

Growth in S.S. Freedom will be limited by available power. While the baseline S.S. Freedom
design will use photovoltaic (PV) planar arrays (~14 percent efficient), such arrays are not feasible for
meeting the power requirements anticipated for S.S. Freedom evolution because of their high
atmospheric drag characteristics and the associated mass penalties related to reboost and propellant
resupply. One option to increase the power of S.S. Freedom while minimizing mass and drag area is to
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use the more efficient solar dynamic power system technology. In the past, concerns have been expressed
over the long-term performance of rotating machinery and thermal energy storage (TES) systems. The
solar dynamic power system program will address many of these concerns by ground testing, in a space
vacuum chamber with a solar simulator, the essential components of a solar dynamic power system. (A
related flight experiment will address the thawing and freezing of TES material in a microgravity
environment.) The testing and analysis will be conducted to support scaling the models up to at least 20
kWe. In FY 1992, the SD program, which is being managed by Lewis Research Center (LeRC), awarded
a contract to design, fabricate, and test a 2-kWe solar dynamic space power system. In addition, the
program completed the system requirements review for the 2-kWe solar dynamic space power system. In
FY 1993, the program will complete the preliminary design review and the critical design review. In
addition, the refurbishment of the government-furnished equipment (turbine-alternator-compressor and
the recuperator) will be completed, and fabrication of the new hardware will be initiated. More
information can be found in Reference 4.

Controls-Structures Integration Program

CSI brings together, in a unified manner, the control and structural aspects of space platforms to
reduce spacecraft dynamic response and to improve the control and pointing capabilities of spacecraft.
Out of the CSI program will come unified controls-structures modeling, analysis, and design methods
which will allow a complete iteration on all critical design variables in a single integrated computational
framework. CSI will enable increased pointing precision; increased flight path control; increased use of
articulated components; increased use of multipayload platforms with multiple interacting control sys-
tems; and (as needed) increased platform sizes and lower frequencies (ref. 1). One source of information
on CSI may be found in the papers presented at the annual AIAA/ASME/ASCE/AHS/ASC Structures,
Structural Dynamics, and Materials Conferences.

The CSI program is being conducted at three NASA Centers (Jet Propulsion Laboratory (JPL),
Langley Research Center (LaRC), and the Marshall Space Flight Center (MSFC)) in a coordinated effort
involving space science technology, space platform technology, and the Base R&T program. In FY
1992, the CSI program completed the CSI benefits study for Upper Atmospheric Research Satellite
(UARS) and Earth Observing System (EOS) class missions and identified an approach to decrease the
jitter by a factor of 5. A NASA Research Announcement (NRA) was issued for the Phase III guest
investigator program at five cooperating ground test facilities (JPL, LaRC, MSFC, Edwards Air Force
Base, and Kirtland Air Force Base). The Class 1 integration design methodology was validated by means
of a rebuilt (Phase I) evolutionary model. Tests run on the space shuttle remote manipulator system
(RMS) using a LaRC-developed control algorithm have shown substantial improvements in instrument
pointing jitter and reduction of the settling time.

In FY 1993, the CSI program will focus on:

* S.S. Freedom/Space Transportation System (STS) assembly simulations
* Phase I evolutionary ground testbed model ground test results
 Middeck Active Control Experiment (MACE) critical design review

« Follow-on shuttle engineering simulator testing of RMS active damping for payloads of large
mass
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* Initial control tests for multipayload pointing

» Structural system identification testing of Phase Il CEM

* Integrated design of GOES-I spacecraft

* Integrated design methodology for Class-1I-type mission

* Advanced control laws for Class II experimentally evaluated

* Modal testing of hybrid-scale erectable components, major subassemblies, and full assembly of
MB-5 configuration.

The future focus of CSI will include:
* Space shuttle RMS

* S.S. Freedom

» Earth observing platforms

* “Flagship” missions.
Contribution and Relationship of Current Program
The two ongoing programs will contribute to the nation’s space capabilities.

Solar Dynamic Power Program

The solar dynamic power program will provide proof-of-concept through ground testing. This
information is directly relevant to the original S.S. Freedom solar dynamic power module design. The
test hardware will be flight configured and, through analysis and testing, the results will be scalable to
20 kWe. Again, the importance relates to the reduced area and reduced mass compared to the existing
S.S. Freedom PV/battery system. The solar dynamic ground test program builds on the ongoing solar
dynamic component technology program being conducted in the Base R&T program.

CSI Program. The CSI program has already demonstrated the following benefits:

* An increase of 4x in the maximum antenna diameter for a large geostationary platform that
meets pointing and jitter requirements

* A decrease of 5x in the amount of settling time for the shuttle RMS during S.S. Freedom
assembly operations

* A decrease of 5x in the pointing jitter error for a multipayload spacecraft similar to UARS.
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The CSI also benefits from and is related to ongoing CSI technology development in the Base
R&T program.

SPACE PLATFORMS TECHNOLOGY PROGRAM STRATEGIC PLANNING
Planning Process

As part of the OACT Integrated Technology Plan (ITP), the user organizations (such as 0OSSD
and OSSA) provided OACT in 1992 with a formal set of technology needs. Those related to space plat-
forms are listed below:

Office of Space Systems Development

» Advanced heat rejection for growth S.S. Freedom

» ECLSS for S.S. Freedom (in particular closing the oxygen and water loops)

» High-efficiency space power (better batteries and solar cells)

» Advanced EMU (to reduce the resupply and refurbishment time)

» Orbital debris protection (to protect S.S. Freedom).

Office of Space Science and Applications

« Efficient/quiet/safe/reliable refrigerator for science experiments on S.S. Freedom or STS

 Improved GN&C for science spacecraft

« Improved electric power (in particular a small radioisotope thermoelectric generator)

* Improved CSI for antennas

 Long-life, light-weight batteries

» Better thermal control on spacecraft

* Improved EMU for S.S. Freedom

» Regenerative life support for S.S. Freedom

« Improved solar array/cell technology for science spacecraft

« Improved furnaces for materials experiments on S.S. Freedom.
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In response to these needs, OACT established a Space Platform Technology Thrust Team man-
aged by OACT and with members from Ames Research Center (ARC) (EMU), GSFC (thermal man-
agement), JPL (power, propulsion, GN&C), Johnson Space Center (JSC) (advanced EMU, refrigerator),
LaRC (CSI, materials, nondestructive examination, environmental effects), MSFC (ECLSS), OSSA,
OSSD, and the Office of Exploration (OEXP). The Thrust Team developed a series of initiatives to meet
the user needs. These initiatives included goals, objectives, milestones, deliverables, and funding profiles.
This information was forwarded to OACT management as part of the FY 1994 budget deliberations.

Figure 6 shows the platform planning approach, and Figure 7 relates the user needs to the space
platform program. All elements (except furnaces) are covered in the plan. Figure 8 shows the road map
to meet OSSD needs, and Figure 9 shows the road map to meet OSSA needs.

Science Platform Initiative

A very recent initiative in support of future OSSA missions is the small spacecraft initiative.
Specifically, in FY 1993, OACT will be funding an advanced technology insertion program to reduce
the mass, improve the performance, and reduce the schedule for the proposed Pluto Fast Flyby mission
and the Thermosphere-Ionosphere-Mesosphere Energetics and Dynamics (TIMED) mission. In addition,
elements of the Base R&T program will be focused on technologies applicable in general to
“microspacecraft” or “lightsats.”

Future Directions in Platforms

In looking to the future, the Space Platform Technology Program will be focusing on:

* Commercial spacecraft (to enhance U.S. competitiveness)

* Changing Earth observing systems

* Microspacecraft for science missions

* Cooperative programs with industry and other agencies (such as electric propulsion technology
for station keeping or orbital maneuvering).

SUMMARY AND OBSERVATIONS

Enhancing U.S. competitiveness in space and expanding scientific knowledge of Earth, the solar
system, and the universe represents a tremendous technological challenge requiring a significant, long-
term investment in space platform technologies. Space platform technology has the advantage of apply-
ing to a wide range of space systems and can benefit all types of users. Based on studies of existing plat-
forms and estimating future costs for planned missions, it is clear that there is significant room for
improvement. OACT has established a Space Platform Technology Program which, if implemented, will
develop the necessary technologies to meet this challenge.

474



REFERENCES

Office of Aeronautics and Space Technology, Space Platforms Focused Program Plan, Integrated
Technology Plan. National Aeronautics and Space Administration, Washington, DC, July 1991.

Bennett, G.L.: “The OAST Space Power Program.” Space Photovoltaic Research and Technology—
1989, proceedings of a conference held at NASA Lewis Research Center, Cleveland, OH,
November 7-9, 1989, NASA Conference Publication 3107, 1991.

Bennett, G.L., Watkins, M.A_, Byers, D.C., and Barnett, J.W.: “Enhancing Space Transportation:
The NASA Program to Develop Electric Propulsion.” NASA Technical Memorandum 4244,
National Aeronautics and Space Administration, Washington, DC, October 1990.

Calogeras, J.E., and Dustin, M.O.: “The Ground Testing of a 2-kWe Solar Dynamic Space Power

System.” Proceedings of the 27th Intersociety Energy Conversion Engineering Conference, vol. 1,
p. 1455, proceedings of a conference held in San Diego, CA, August 3-7, 1992.

475



Wopaadd S'S Jo uonnjoAd A3orouyday, ‘| gy

1509 Ajddnsay Buionpay
o} builiys snao4 Abojouyoa |

BM/000°6$ = 150D youne-

%S¢e
%Le peojied
uois|ndoud

Ma19 saJeds

1e1ue) s1eak/By 000'9g snid
1ea\/B) 000'8€ =~ WybBi1am je10L

Aiddnsay

uoljeinbijuon
uawAojdag
10} @ae|d ul Abojouyosa)

%/ peojAed g
%b 19MOd o8
%¢ uoisindoisd g§gT93

jewtay

B) 000681 ~ 1ubiam payosune jejoy

juswhojdaqg

476



"spaou Ajddnsar wopaa.g *S'S ‘7 amgg

sAeuy 1e[os
19jjews pasosduwy

%2
A8 Au uoisindoad §

beiqg sonpay

sonsiboq \

uns vA3
aonpay

SS7103
doddng main
peojhed
peojAed
seledsg
uoisindoid
saledg

uols|indoiyssaledg

uononpay Ajddnsay

soeuIny ¥ 182891-/10)818611J9Y
panolduif yum Ajiqelsy asessou|

&4 peojAed

wy SS103 m.ﬂ“m\._u pasold
SERNE! m.Q.Cm..\QO.N
sonpay
%22
uoddng
M)
Aianeg
wolsAs Jamod
SwalsAs jeusay 8417 J8buo7 niyy
ajqel|sy ‘18jes poaN aonpesy

M PI8N 8onpayd

(dssorvssQ). waisAg poddng o417 %8 |041U0D |BIUSWUOIIAUT PBOUBAPY
(asSO/YSSO) seibojouysa] 1un Aljiqoy Je[naysaenIx3 pesueapy
(¥sS0) 19zae14/101e18611 84 18IND ‘USIDINT

(vssO) Abojouyse| eoeuind pasueapy

(@SS0/VSSO) saoineq uolidalay 1eeH paoueapy

(vSSO) seusnegs||an/sAelly Jejog peaoidul

(as$0/vSSO) Wweishg jonuog jewssyy

(ass0o) sweishAsg 18mod eosedg Asusioly3 ybiH

§3p0) 195N VSVN AG paisenbay saibojouyda] 31jioadg

477



‘SUOISSIUW pauuewun YSYN '€ oy

SHVIA

Saw . . " n " -+ o000z
ainind ., _. _ "
n n + 000p
pue]
+ 0009
/c_mﬂ_e .
sSyHvN -+ 0008
{Me98‘0l) _— L wmes T 0000l
m -~—— 2[99nH : ‘91 qo
oo
| snsebad + 00021
—+ 000v|
(M009's1)
" —— ow L 00091
sa}i||9leS YSYN pauuewun
[N}SS829NS GE | JO SSe|\ youne

Y —— OO o E w

478



suttopied Jo uonn[oaa A3oouydd], ‘¢ 231y

9z1S Bulonpay
Aq 1509 paonpay o} buiiys snoo

B)/000°6$ = 1s0) youne-]
B)/000°22$ = 1s0) 3l||21eS

ainjn4 Aepo |

%6

abejuadiad —— geoifed
peojAed paseaiou] . a\%wn_ , '
@ - %8
6310001 Japun oo
01 1yblapn payouneT %0
|[ejo] paonpay e uotsindoid
1V0D %
jewsayy

swalsAg pauuewiun

479



SwalsAg ainpnng
SwalsAs iy
WalsAs jrudy
walsAg Jamod
walsAS jeunay
waisAs Jamod

uononpay 1509

'spaau uioperd 9ousrdg *¢ gy

SwalsAs Jojjews
ur Jomod paseas.touy

swalsAg a|qelay
aloyy 18jjews

%0t
uoisindoug

%2 p
jewnay ]

uoljoel4 ssepy paonpay

SwaisAs
jualoiyg adopyy paroiduwy

(vSS0) Baly/a1nonls euuadluy abie)/sainionas pajjosiuo)d
(VSS0) 1amod aseds deag / 9BND adeds daaq 7 SwsisAsoloip
(@SSO/VYSSO) savd1naQ uolioalay 1eaq pasuenpy
(asSS0O/vsSS0) ssusneg/siiap/sheny Jejog panoiduy
(aSS0O/VYSSO) WaIsAS [043u0D [ewIay |
(@SS0O/VYSSO) swalshs 1amod aseds Aousidnyg ybiy

S8p0) 195N YSVYN AJ paisanbay Saibojouyoaa] oijioads

480



“yoreordde Suruuerd 1snuy wiope|d "9 SIndig

S|0jU0)

ION/3AN

$199)43 *AU3
pue
39u819g sjelalely

PAPARARS LU PO R iAl]
v v

100 iSO MEnTED |

ABojouyosay

ANHIDIT
uoddng
19sN 4SS
jonuo) pue uoisjndouad
uonebineN buidaay
‘aguepiny uonels
uoisjndoid nun Aupiqon
l0suasg pieog-uQ Je|noiyanenx3y
slqgaq 1eyqio padueApy
juswabeuepy uoddng a1
sjuawiadxy jewsayyl pue [0J1u0)
1yb114 dais-u| pue l1amod |jejuswiuodIAug
sjuawinadxy swJiojield suones
wbi4 aoedg daaQ aoedg

suwojield
Buniqio yues

481



“xmew uopnerd aoeds/spaou 135 £ gy

Q3AaNN4NN

a

AR

IWNOW WHIHL ¥ UMd

LNOW WH3HL ® YMd

140ddNSs 3411 ©-0H3Z

NW3 AQVY 9-0Hd32Z

LNOW WHIHL ® UM

INOW NH3HL % YMmd

LNOW WH3IHL ¥ ¥Md

JWOW WHIHL 7 UM

AN

S30VYNHN4

STT13J/AVHYY HY10S
1H0ddNS 3417 N39D3Y

N3 g3A0HdNI

TOHLNOD TVWHIHL
S3IHILLIVYE "IM'L1T1/3FIT-DNOT
"INI'LONYLS d3TT0HLINOD

(91H-INIW) HIMOd 214123713

OBND O/S JOHLINOD % ‘AVN ‘JONVAIND
WILSAS DIH43H AQY HOLVHIDINAIY 13IN0/443

NOILDO310Hd SIHE3a 1VLIgHO

N3 AQV D-0H3Z NW3 Q3ONVAQY

LNOW WHIHL 3 UM HIMOd 3DVdS 443 HOIH

1HOddNS 341N 9-0H3Z $5103

LWOW WHIHL ¥ HMd NOILO3r3H LY3H Q3ONVAQY

wu_w‘,w%%wm.m__nﬁ__ SNOILV1S 30VdS czw_nmmmﬂ .m_m_ﬁ SY3HV WYHOOHJ/QI3N H3SN

© D D

QB

482



‘spasu @SSO 01 dew peoy ‘g 2In3rg

Eu:sc—

1541 \ ZUMSy,, punoty) | adAjojold ] uorjoalay jedy padueApy |
ﬂoﬁosvoum SAS [PuLIdy, "APY _ \‘_ Funsa ], punoly) [9dA30301g [ uSisa( Jojeljuaduoy |
Youme| _ b IR0 Eum_h._mﬁ.ﬁoxﬁhﬁmaw— R Hﬂw\‘ 3UN)S9 ], punodr
m L , 3580, U5 Ae , T JTamod omcmmwm pﬁom
q uoronpod KAy | uSiso( suajskg pejesgequ Aedry | asso
1amod Ie[os O-4

| 159, 1431 g A1enieq |
| udiseq swaysAg pajeadau] L1eyjeg | ‘/._ 1deduo)) jo Jooid gHN]|
e I

suonerad() puswdoaAa(] paqisay,

_ K3o[opoysa [y uSisa(] [013U0)-S3INPNIIG pateldaju] H mmmbmg;

yoogpueH udisaq §80 ISO O-1

3unsa, sydeouo)) saninyg _ [SBT30[0UUD3 [, 9ATTEUIoIY

[1s9,], punoin _mh:uoﬂzcmi juswidolaaa(] odA10101J W3NS B SS'1d |
udisaqy reury 4q 2df03014 NINA -SS

_ 183.L, 14814 ANE ﬂEomP aanso)) doo jo Bunsa], nc:EO_ SPON Poqisa |

[uB1sa(q waysAg paje.dajuy doo] nmmoa_\ jroddng 917 -GS

F « ; (ASS)
asso
uorNpPay

Addnsay
ASS

pauuey

uoInjoAy]
HSS

papuaj,

Apusueuwadg

JqSS Ue| 4SS

002 | €002 | 2ooz | Lo0OZ | 00OZ | 6661 | 8661 | 661 | 9661 | G661 | V661

483



‘Spaau YSSO 01 dews peoy ¢ und1g

[ dunsa], punorn| adLj03014 [udiseqg 10je13usdu0])|

Jamod xejog O-4
_ 3daduol jo joold ZSLL/AUNYILT |
jdaduoy) jo joold ZHIN]

Jamodg Lxaneqg O-4

paqisa, s.sgsw_m s0d
‘ suoneltad( Huswdo(das( paqisay, _

Adotopoylajq udise( [9.010)-se1noN1NG preadaju] 4 sisAjeuy |
3uysa], s3daguo)) aaninyg _ Byusat, SO - VSSO _ yooqpuey udisa(] 1S0 IS O-H
[ uorjexsgiul [JISS av 159, M || 1deouo) jo jooagq
VSSO 1038103139y -SS
3 U01SI3AUO[) ILITO3|H -03-[eUWLIdY ], OlwEeuA (] |
| uoneidejup jueysdg| [owaql vssO U01S194U07) 9L1109][-03-[BWaY ], o1eIg |
Y N UOISISAUC) % UGNINQIISI(J JUSWITEUEN 19M0g |
—— aoedg des(g
¥ Wiy 3edg P S ——
qnuaﬂﬂu._“:_ﬂ ﬂw.ﬂ.*qm ¥ pudy ¥ morpuesr
sy3dasuo) g .E«Hdﬂmuﬂ« 2.“ ‘ S —
uonerduan) i “ruvmsons e {—— Kisswong v mioyteg
IXIN TIIOTUAISEG) * CRPBWSISISUT S g LAY
T3T05TTy JATITI(3), IoUTr] FIUAT P
SSEAQUTIRY
nweudsg N gﬂdﬁ
swmopvd *unIg ¥ Hjusanenny toweny E s34
e s om0, mamog1omly ..?...1_.._9.3_. ‘sxprag Y s
Dt wimmn T
357 So%

v00C | €00¢ | ¢00¢ | L00Z | 000C | 6661 | 866} | L66L | 9661 | G661 | v661

484



