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EXECUTIVE SUMMARY 

Title: Automated Surface Processing of Large Aircraft - Phase 0 
AF Customer:    Ogden, Oklahoma City and Warner-Robins Air Logistics Centers 
Report Period:   June 1999-June 2000 

1.0    Introduction 

Southwest Research Institute, acting on behalf of the Air Force Coatings Technology Integration 
Office (CTIO), has conducted a technology review program to identify new systems for the surface 
processing of large aircraft. This project was to develop a simple, low cost paint stripping system 
concept to reduce depot flow time, reduce ALC personnel exposure to the extremely hazardous 
work environment, and reduce man-hours and lost time due to injuries. 

2.0   Approach 

The Integrated Process and Product Development (IPPD) method was selected to guide this project 
to ensure that the customer requirements would drive the final solution. All three USAF ALCs 
(OO-ALC, OC-ALC, and WR-ALC) and the Boeing Aerospace Support Center in San Antonio, 
Texas were visited to collect baseline requirements information. The two technologies originally 
selected for review by this program were NIST's RoboCrane® cable operated Stewart platform and 
the Grey Pilgrim LLC's EMMA® serpentine manipulator. Upon further investigation, the EMMA 
manipulator proved not mature enough in development to meet the desired demonstration schedule. 
The design team was then tasked to locate and/or develop additional concepts. A "Value Stream 
Map" was developed for the depaint process at Hill AFB to better understand the processes involved 
and to develop a strategy that could best reduce flow-time. Multiple "brainstorming sessions" and 
industry research efforts were conducted. Four final concepts were selected as being potentially 
viable. These four were then assessed for their ability to meet the customer requirements by using 
James Gregory Associates' IPPD software to score and compare their potential. 

3.0   Results 

The final four concepts consist of two carriers (systems that bring the operator close to the aircraft) 
and two manipulators (devices that assist the operator in performing his tasks once located near the 
aircraft). The two carrier concepts are the RoboCrane®, a cable suspended carrier, based on a 
Stewart platform geometry, that yields great maneuverability and control while remaining very rigid; 
and the Enhanced Aerial Lift, a concept that applies intelligent control to the joints of an aerial lift 
(cherry picker) to allow for intuitive coordinate motion. The two manipulator concepts are the Tripod 
Manipulator (patent pending), a high payload to weight manipulator based on parallel link 
technology; and a Power Assist Wand, an intuitively controlled telescoping wand which actively 
reacts to the blast force and is counterbalanced to offset the weight of the blast hose/nozzle. The 
IPPD software calculated that all four concepts show good desirability and manageable risk, and are 
therefore worthy of further development. Each of the concepts offers unique benefits and 
advantages to the respective ALCs. Thus, they should not be considered as interchangeable 
solutions. 

i'V 
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4.0     Conclusions/Recommendations 

Although there are several commercial and DoD-developed depaint tools/systems available today; 
many of them fall short in satisfying the customer's requirements. The depaint customer, therefore, 
needs additional aids to improve an ergonomically difficult and labor intensive task. This program 
focused on listening to the depaint customer and subsequently identifying concepts that should 
meet the customer's requirements set. For this reason, it is recommended that all four of the 
presented concepts be further developed for a depainting demonstration. This recommendation to 
proceed with all four of the concepts is due to the unique needs of each of the ALCs. The four 
concepts provide solutions to location specific problems and could dramatically expand the "tool 
box" of the depaint customer. It is also recommended that simulations be developed to assist in 
developing strategies to increase trigger time and decrease flow-time using these new technologies. 
Finally, these concepts offer a new opportunity to explore other nozzles/multi-nozzle/blast 

pressures/stand-off distances that would not otherwise be practical in a completely manual process. 
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1.0    INTRODUCTION 

AFRL identified a technical requirement to evaluate emerging and alternative technologies for their 
ability to meet customer requirements in the surface processing of large aircraft. The responsibility 
for project management for this effort was tasked to the Air Force Coatings Technology Integration 
Office (CTIO). This project addressed establishing a simple, low cost stripping system concept to 
reduce depot flow time, reduce ALC personnel exposure to the extremely hazardous work 
environment, and reduce man-hours and lost time due to injuries. 

2.0 BACKGROUND 

Surface processing of large aircraft (i.e., C-130, C-141, K/C-135, C-5) at the USAF Air Logistic 
Centers (ALC) during Programmed Depot Maintenance (PDM) requires multiple "on aircraft" 
processes including washing, depainting, inspection, surface prep, and painting. These processes 
are labor intensive, subject personnel to undue strain, and require extensive stands, fixtures, man- 
lifts, or overhead stacker cranes to allow access to the surfaces of the aircraft. Automated 
manipulators and carrier systems, when used to access large aircraft surfaces, have the potential 
not only to reduce the physical strain placed on a worker but also to improve the quality and 
productivity of a process. These improvements, and a reduction in aircraft flow-time during PDM, 
can be realized by the capability of automated systems to control and carry multiple process tools 
beyond what a single operator is capable of handling. 

Past Department of Defense (DoD) programs in automating "on aircraft" processes have had limited 
success. The systems have been physically large, dedicated for specific facilities, processes, and 
aircraft, and have attempted a high degree of automation to eliminate the "man in the loop." This 
high level of automation added extensively to the system's cost and complexity, and was a main 
driver in the development of new technology. There is a need in the DoD for simpler, more flexible 
types of "man in the loop" automation, designed to assist and increase a worker's productivity, 
reduce aircraft flow-time, and improve the ergonomics/quality of the processes. Recent 
developments in advanced automated manipulator and carrier systems have the potential to provide 
simple, low-cost approaches for use with large aircraft that can be implemented to assist and 
enhance a worker's capabilities rather than replace him with a totally automated process. 

As a part of on-going efforts to improve paint and depaint operations throughout the Air Force, the 
Materials and Manufacturing Directorate of Air Force Research Laboratory (AFRL7ML) sponsored a 
Paint/Depaint Manipulator Workshop on January 12-14 1999, hosted by Southwest Research 
Institute in San Antonio, Texas. The workshop brought together Air Force and Industry 
organizations that conduct paint/depaint operations, manipulator technology suppliers and 
government R&D personnel. There was a general consensus that a paint/depaint demonstrator 
program, with a different approach from previously programs of the past would be of high interest. 
Such an approach should use the following philosophy: significantly reduce capital investment 
requirements (low automation hardware costs); reduce dependence on sensing and software (put 
the operator in the loop rather than autonomous operation); use multiple depaint devices/methods in 
the same facility with the potential for simultaneous operation to improve throughput; and emphasize 
durability/resiliency in the automated system design and operational concept that minimizes 
scheduled/unscheduled downtime. It was decided that such a program should be a multi-phase 
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effort with the Coatings Technology Integration Office (CTIO) sponsoring the first phase, Phase 0. 
The summary of the efforts of Phase 0 is the subject of this final report. 

3.0    APPROACH 

Unlike previous programs that have attempted to automate "on aircraft" processes, it was decided 
that the customer requirements would drive this program. The Integrated Process and Product 
Development (IPPD) method was chosen to guide this effort. IPPD is a management approach that 
addresses salient life-cycle design, development, fabrication and support issues from the outset. 
During the last couple of years, AFRL has made considerable progress in adapting industry-proven 
IPPD methods and tools to better quantify affordability in terms of best value trades among 
performance, producibility, cost and associated risks.1 James Gregory Associates, Inc. was 
contracted by AFRL to facilitate the application of the IPPD method to this program. A detailed 
explanation of the IPPD system can be found at www.iamesqreqorv.com or by contacting James 
Gregory Associates, Inc., 4615 Hilton Corporate Drive, Columbus, OH 43232-4151. 

As the first step in the process, an Integrated Product Team (IPT) was formed to define the 
requirements. All three USAF ALCs (OO-ALC, OC-ALC, and WR-ALC) and the Boeing Aerospace 
Support Center in San Antonio, Texas were visited to collect baseline requirements information. 
This information was then compiled using the James Gregory Associates' IPPD software. See 
Table 1, Constructed Requirements Set. The requirements were broken down to 5 major 
categories: Flow-time, Performance, Multi-Use, Unit Cost and Operating & Support (O&S) Cost. 
Each of these categories was then further broken down into subcategories. Each subcategory was 
defined, priority assigned, unit of measure established, objective, lower threshold and upper 
threshold values established. Although the aircraft and facilities between the four sites differed, 
there were consistent requests for the new system. Each ALC emphasized flow-time, improved 
ergonomics and 100% real time visualization. The Constructed Requirements Set in Table 1 is the 
consolidation of all the requirements requested by the customers. 

The two technologies originally selected for review by this program were the NIST's 
RoboCrane® cable operated Stewart platform and the Grey Pilgrim LLC's EMMA® serpentine 
manipulator. Their selection by the USAF precipitated from an open technology review hosted 
at SwRI in January of 1999. Upon further investigation during this project, the EMMA® 
manipulator proved not mature enough in development to meet the desired demonstration 
schedule. The EMMA® manipulator in its current state was too heavy and lacked tool-path- 
control needed for the depaint application. Additionally, this technology failed to meet many of 
the customer requirements such as ease of use and 100% real time visual operation. The 
design team was then tasked to locate and/or develop additional concepts. A "Value Stream 
Map" was developed for the Depaint Process at Hill AFB to better understand the processes 
involved and to develop a strategy that could best reduce flow-time. See Figure 1. Multiple 
"brainstorming sessions" and industry research efforts were conducted. See Table 2 for a list of 
industries reviewed for technologies applicable to the depaint process. 

Four final concepts were selected as being potentially viable. These four were then assessed 
for their ability to meet the customer requirements by using the IPPD software to score and 

11PPD for S&T Quick Reference, James Gregory Associates, Inc., 1999. 
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compare their potential. 

4.0    RESULTS 

The final four concepts consist of two carriers (systems that bring the operator close to the aircraft) 
and two manipulators (devices that assist the operator in performing his tasks once located near the 
aircraft). The concepts are as follows: 

Carriers: 

RoboCrane® 

A cable suspended carrier based on a Stewart platform geometry that yields great 
maneuverability and control while remaining very rigid. This rigidity is achieved through 
the six parallel members in tension while the innovative replacement of telescoping 
members with cables allows for a large work volume. The platform has great 
application for large facilities servicing large aircraft. Potentially much less expensive 
and flexible than currently used stackers. The potential benefits include increased 
ability to access the upper portions of very large aircraft and to carry a very large 
payload. Potential impact on the depaint process is the possible application of new 
depaint processes that have heavy equipment requirements. The disadvantage of this 
technology is its limited ability to reach the underside of the aircraft. Impacts in the 
Value Stream include decreased material movement times during the prep, depaint and 
deprep activities. See Figure 2. 

Enhanced Aerial Lift 

This concept applies intelligent control to the joints of an aerial lift (cherry picker) to 
allow for coordinate motion. The operator will be able to make natural, direct 
movements of the basket through a single input device versus the current multiple 
individual joint controls. Hardening and basket ergonomic improvements are also a 
facet of this concept. The potential benefits include reduced training, reduced 
movement time, reduced ground movements, and reduction in inadvertent collisions 
with the subject aircraft. Impact on the depaint process is in the potential in reducing 
overall production flow-time. The disadvantage of this system is the cost of the required 
modifications to existing aerial lifts to permit smooth operation. Impacts in the Value 
Stream include decreased material movement times during the prep, depaint and 
deprep activities. See Figure 3. 
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Manipulators: 

Tripod Manipulator (Patent Pending) 

A high payload to weight manipulator based on parallel link technology. This very rigid 
yet light structure has great advantages over commercially available serial manipulator 
or "robots" for this depaint application. The prismatic links are formed into a tripod 
configuration. By coordinating the extension of these three links, three degrees of 
freedom in space are achieved. The operator would control the position of the single or 
multiple blast nozzles remotely via a joystick. Since remote control is inherent in the 
design, this approach allows removing the operator from the blast environment. The 
potential benefits include the ability to gang nozzles, remove the operator from the blast 
environment, and remove the loads the operator must burden. Potential impacts on the 
depaint process are the ergonomic and environmental improvements resulting in 
reduced injury down time and the potential reduction in production flow-time. The 
disadvantage of the system is the complexity and expense of the additional equipment. 
Impact in the Value Stream occurs in the decreased material movement during the 
depaint activities. See Figure 4. 

Power Assist Wand 

An intuitively controlled, telescoping wand that actively reacts to the blast force and is 
counterbalanced to offset the weight of the blast hose/nozzle. This ergonomic assist 
tool overcomes the difficulties of compensating for a variable reaction force of the 
blasting/spraying by constraining the force to always act through a universal joint or 
gimbal which is rigidly mounted to the support structure. A motorized telescoping 
member then allows the operator to compensate for the proper standoff distance to the 
substrate. The operator provides input through an instrumented handle to control a 
motor to either extend or retract the telescoping member to maintain the desired 
position of the mounted spray/blast nozzle. The gimbal allows yaw and pitch to be 
manually adjusted by the operator. A counter weight at the opposite end of the device 
is used to compensate for the weight of the spraying equipment. The invention 
transfers the weight to the support structure. The potential benefits include the ability to 
gang nozzles and remove the loads the operator must burden. Impacts on the depaint 
process are the ergonomic improvements resulting in reduced injury down time and the 
potential reduction in production flow-time. The disadvantage of the system is the 
requirement of additional equipment. Impact in the Value Stream occurs in the 
decreased material movement during the depaint activities. See Figure 5. (SwRI has 
filed an invention disclosure on this concept) 

The four concepts were then evaluated against the requirements by estimating the concept's 
potential performance. It should be noted that this is a reduced set of requirements as compared to 
the constructed requirements set as listed in Table 1. Some of these requirements could not be 
evaluated during this conceptual stage of the program, but are to be considered in later phases 
when they can be properly estimated. See Table 3 for the reduced requirements set. The results of 
the scoring of the four concepts are presented in Tables 4-7. These tables show the scores for the 
major requirements of Flow Time, Performance, Multi-Use, and Health. 
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Table 8 shows the calculated customer satisfaction index (CSI) and the associated risk factor for 
each concept. The CSI reflects the extent to which a given technology is expected to satisfy or has 
satisfied the requirements. The risk factor is the probability of failure in meeting the requirements. It 
should be noted that in Table 5, the RoboCrane® concept was scored at 50% for the "percent 
coverage" requirement for consistency with the scoring approach of the other concepts. In the final 
presentation in Appendix A, the score was estimated at 80% due to the assumption that it would be 
used with other equipment. This was presented during the final presentation. 

Figure 6 shows the graphical representation of the results in Table 8, in the form of "radar charts". 
All four concepts show good desirability and manageable risk. Any of the four are considered good 
candidates for continued development. Each of the concepts offer unique benefits and advantages 
and should therefore not be considered as interchangeable solutions. 

5.0    DISCUSSION/RECOMMENDATIONS 

Although there are several commercial and DoD-developed depaint tools/systems available today; 
many of them fall short in satisfying the customer's requirements. The depaint customer, therefore, 
needs additional aids to improve an ergonomically difficult and labor intensive task. This program 
focused on listening to the depaint customer and subsequently identifying concepts that should 
meet the customer's requirements set. For this reason, it is recommended that all four of the 
presented concepts be further developed for a depainting demonstration. All four showed good 
customer satisfaction versus risk as illustrated in the radar charts of Figure 6. This recommendation 
to proceed with all four of the concepts is due to the unique needs of each of the ALCs. The four 
concepts provide solutions to location specific problems and could dramatically expand the "tool 
box" of the depaint customer. It is also recommended that simulations be developed to assist in 
developing strategies to increase trigger time and decrease flow-time using these new technologies. 
Finally, these concepts offer a new opportunity to explore other nozzles/multi-nozzle/blast 

pressures/stand-off distances that would not otherwise be practical in a completely manual process. 
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Figure 3. Enhanced Aerial Lift Concept 
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Figure 4. Tripod Manipulator Concept 
(Patent Pending) 
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Figure 5. Power Assist Wand Concept 
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Table 1. Constructed Requirements Set 

Quality-Touch up.-' 

Quality - Damage .' 

Rf liability 

Operational Cwnpkwiiy'"■ High. 

Duly.CyeJs (hours) 

Percent irftim* operators ■ 
have, adequate visual coirirol 

MTBF (Hours) 

24hre/day;7days/>k 

Square Foetdepamted i Total SquamFe*!;,-.using the same technology, 
to be depainted (Manipulator ye. manua|.tbucrr-'up.) Must be io under the 
wings/the bally, cargo tamp door, pylons;engine QEC; Ircrizontal. beaver »a.: -'; 

The average nwriber. of ho Ib.lha oainl-st ripping'' 
process. ..:::' =".-:.v''::\: ".'■''! 

Ability to see operation so »to avoid losing control of manrpuratorand causing 
damig«V'ptrhaps. ■'   ■' \ ..:'|-:.:,". 

The mean time between failures forth« paint-stripping system (equipment)/ Must 
also be sjrnpli 

Th* time required to perform unplanned repair procedures per manipulator system! 
Most be maintained «v-house by organic .labor.:: '.■■'■■*/. 

5=Highly Complax. 3=Medium Complexity, 1=Simpl»7 

^^^^^^^^^^ü 
The number of different process types that can bo supported (e.g. washing, 
stripping, media recovery, search peering, parts picWpJace, scuff sanding, nit; 

picking, maskir^v^houl having to mova the aJrcraB. ' .;"■; 

Mean Ihn« between routine maintenance of the applicator; 

Abiltity to da-pa|nt other type of aircrat.' 

Doesnl prevent using facility for any-other type of aircraft:. Limited to general/.' 
maintenance and scuff sanding, Donl Nmit fi 
Maintainn Class1 Division 1 rating. 

I In» Cnmt V**9 c0lt of ,hv *=tust manipulator system, including tat-up. warranties, initial 
u^w"bining.:«c;-.'. ■■y^r---, 

Includes structural ons (e.g.roof structure to support a crine/addedV'" 
OtS  - spacei equipmertrwms.heighi,^ 

|arid maintain '■'•■••'■' ■ "■'■■'■ '■■-''_' ;■:.■:■:..■■■..■.;■'-:■ --:■■■-.,<.■. 

iDspends on economic analysis: Any and alt additional costs for auülßary. 
UhrtCoBtjerjuipmerrl(e.gVme[flamco¥»ry.«ortgB> 

jmanioutatorsystem.•' " - '■"■":..■• -;:.1 :■■:'■'■ ■-'■.;■;;_.■•■=•--■■ ■-- ■ ■■■.'.■'.'-'■'■.■■;■.. 

The total Operation and Support cost of the n 
(Unked.to COttSbelow)' ;.:■;:'...:.;;.■ .. ':<■,-■ y:'^-".:.'-, 

Number pf hours of (raining requited per operator per year.:: 

Applies Io labor cost to prep £ de'prap'tha aircraft arid, strip the paint, including7 
manual touch-up. Poes not include overhead cotts such as recurring training, or 
cost of rework,'-'.." ...■ T "■'■'-■        '-'■':"■ ■" ■:■ 

The costof the actual materials to accomplishth'epaint-strippmgjob'.'includirig 
rnediaj masking and prep or daprip maienats; sW^ 
loss!"' "' "   -:' '■ ■:'■'-"-.■■:■.;.•;'.[:'} :\':'-':" '-^-V^ :.'..■.:...:. >.. ■■":.'.'.■'.;..':'■':' 

Total Vnrk-houri lost per year duel 
stripping operation.: '■'.'■ 

The average ahnuät'.coit in eminwmerrttfpieverrtrVe and waste management, 
operations due to the pitrit-stripp|ng process. '. 

The cost.of waste water end paint cWp sludge traiement and disposal.:'.. 

  

The total number of hours, all optistors are exposed to hazardous materials during 
an average paint stripping operation.;.   . ■':-"'''     ',.:''!.'■;: 
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Table 2. Technology Search Areas 

Brainstorming 

SwRI, Boeing, NIST and GreyPilgrim 

Industry Search 

•Robotics 
•Conventional Cranes/Gantry Cranes 
•Lifting Devices 
•High Pressure Water 
•Water Tank Depaint 
•Ship Building 
•Ship Painting 
•Ship Depainting 
•Hydraulic Manipulators 
•Master/Slave Devices 
•Coordinated Motion Equipment 

•Large Manufacturing Systems 
•Wheel Chair Companies 
•Ergonomie Companies 
•Surface Crawlers 
•Large Scale Manipulators 
•Open Loop Depaint Systems 
•Closed Loop Depaint Systems 
•Under Water Manipulators 
•Man-Machine Interface 
•Fire Fighting Equipment 
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Table 3. Reduced Requirements Set 

Flow Time 

Days of Reduction in Flow Time 
Performance 

% Coverage 

Quality -Touch up 
quality - Damage 

Durability 
Real-time Visual 
Reliability 

.Maintainability 

Operational Complexity 
Routine Maintenance 

Multi-Use, Flexibility, Compatibility 
Multi-Use Capability 
Flexibility 

Facility Compatibility 

Unit Cost 

Unit Cost 

Facility Mod Requirement 

Process Equipment 

Installation and Checkout Time 
O&S Cost 

O&S Cost - Over 10 years 
Hours of Training per Operator 
Labor Cost 

Material Cost 

Lost Time Due to Injuries 
Environmental 

Environmental Impact 
Health 

Reduce Operator Stress 

Exposure to Hazardous Materials 

Flow Time 

Percent Reduction in Flow Time 
Performance 

% Coverage 

Durability 

Real-time Visual 

Operational Complexity 

Routine Maintenance 

Multi-Use, Flexibility, Compatibility 

Multi-Use Capability 

Flexibility 

Facility Compatibility 

Health 

Reduce Operator Stress 

Exposure to Hazardous Materials 



o 
D. 
<D 

EC 

U. 
o 
<D 
CO 
CO 

-C a. 

o> 
cd 
a. 

CO 
cp 
<ö 
en 
to 
CM 

tr 
co 

o ■©' ..■■•'©■ ■■■■■ -o ■ ■ 
© .-■© . ■■"• -'O..V-. '    O 

n)&Z QiuiiMoy |B}oi VJ> o 
© p 

. ■ ©. • ■ .. .ö;. . 
'■ ■'JP,-;"' 

.■ ©■•-• 
■'.:'©':::.■ 

© ■■ -V'O.- .■ 
©,; 

■    ,©,.:■'■■ 

Xdpu| 

o ;©■: ■ ■:-.:-:,«*-■'■:,. : O- 

■o 
o o © 

...   O 
.o. 

.■- ...O-:-  ■•■ 
■'O. 

■...-©.■:■■ 

uoipeis^es euijjMoij 
© 

■■ ..■'■**.■ 

■■'©/. 
:;■■>£-"'■.■'';. 

,■■© 

*>• 
c 
fl) 
E 
a> >_ 
3 

a> IT 
fl» cc ■£■ 
a> t- 
E :* 
H o 

O 
IL. 

u_ 
a> 

4= 
^ 
O 
(0 

4-> 

3 
(0 
Q> 

DC 
O) 
c 
1_ 
o 
u 
(/) CD o CD O 

O CD CD CD 
O CD CD O 

«3- 
fl> ssaoojd jujBdaa aifl u\ am\± 

Moy yej3J!v pasdeig (oO 
© 

O 
CD CD 

CD 
CD 

'     CD CD 
CD 
O 

CD 
CD 
O o 

CD 
CD 

CD 
CD 
CD o 

CD 
CD £1 

£ -i CD O ID ur> 
1- en <T> 

"to 
i_ 
a> •l-J 

•> CD < CO 

.•"•T3-:-- £Z CJ CO 
■.-. -a>. -• 

■■:<-•■■. 

.,--v,-.0, ... ■ 
■"    "3-■■.:- 
 :ti." 

■■*-«' ■     ■ ■     . 

J k 

(V > 

c 
01 

CO 
1— u o 
o 
tr 

*; 
Li 
T5 
•c 

o 
c: 
CO 
x: 
c 

LU 

c 

< 
CD 

£ 
o 

tx. 

■a o a. 

.■■■•■«■■■■:■' ■*-» l_ <i> k_ v., 
d«j ••...•••■ :c. ■■•■' < O < o in a o 

jjpn 
+ 
s 

•* 
O 
o c 

c 
w 
i» o 

JQ 

la TO e 
x: 

15 
CO 

'co 

in 
VI 

k. 
m 
5 si

ra
bi

lit
y 

an
d O 

Q. 

la 
CO 

CO ._ o CD c cu 4± o CD   ^ 

o 5 
CD 

^^pftfl «» (V DC O 111 Q Z3 D- 1— Q 
■s 1- 

^^H 



o 
D. 
<D 

DC 

75 
c 
il 
o 
a> 
CO 
CU 

JC 
CL 

CD 
O) 
ID 
D. 

c 
a> 
E 
£ 
3 
tr 
0) 

DC 
0) u c a 
E 
i_ 

•§ v a. 
o> 
+* 

o 
CO ** 
3 
(0 
Q> 

DC 
O) 

™ 
o 
o 

</> 
in 
© 

cp 
CD 
CD 
CD 
CM 

CC 
3 

co 

  
^- 

* K ;: 'P>:'. _ -_-T_ ,'._._,• 
■■'   'P>'-'.' a» W H*Ä-H'3H". "■.;»':.'■ .*-   ■ 

■wz^dmoi u 15 :.'  CO   ■ 
■ ■ **•■■ 

1- 

■:-'--:0:-   . 
CO 

.:.-:.'<o--'. 
to 

O ...       QV 

5t:-Vi?) 

-..-O". 

V'r-'Y-r 

"O,-. 

O M .'.■■■TV '.«>■•■' 

X©pU| UOJPBiSjJBS JJdd t» o o ' -:-N,'.. ESS tN 
CO 

■■••■■',o-- ■ 
CO 

o - o o .:.'...P..'" 

en en IN. K 
CO CO CD b 

i^f o o o 
o o 
o 

CD 

R 
CD 
CD 
CD 

8aueu3}U!e^ aiuinoy (is) q o o o 
CD 

o CD 
CD 
CD 

CD 
CD 
CD 
O 

CD 
o o 
CD 

T— v- ^_ ,— 
=L o 

in CD 
If) 

CD 
CD 
CN 

CD 
CD 
CN 

tP kO CD in 
IN. IN. CD IN. 

VJ> CN 
rM 

CN 
fN 

CD 
CD w t 

CO 

a. 
Ajixaidoioo leuojjejgdo (iü) q 

o 
ö o 

CD 
o 

CD 
CD 

o 
CD 
CD 

CD 

CD 
CD 
O 
CD 

a 
CD' 

o 
CD 
O 

*- *c— ■>- v- 

=L ^~ ^~ *"~ T— 

o CD CD CD 
CD CD CD CD 

M> CD 
a □ 

CD 
O 
CD 

CD 
CD 
CD 

CD 
CD 
CD 

lensiA 8LU!}-|eay {\>i) o o H o 
CD 

O o 
CD 

O 
O 
CD 
CD 

CD 
CD 
CD 
O 

*— T— ^_ 
o O CD CD o O CD 

T— 
CD ^— 

IN. cn IX) m 

UJ> 
en 
to 
en o 

in 
in 

CN 
IN. 
o 
(N 

Amiqejna (gj) o o IN. 

CO 
a in 

CO 
CD 

cn 
CN 
cn 

Ö CO 
CN 
CO 

o CD CD CD 
i en 

CN fe 
CD 
CD *— m 

IN. 

in D CD CD 
CO CD CD CD 

U* CD 
en 
en 

CD 
CD 
kO 

CD 
CD 
in 

O 
CD 
m 

aßejaAoo (02) o o 
CD 
CD 

CD 
CD 
CD 
un 

CD 
o 
CD in 

CD 
CD 
CD 
IX) 

CD CD CD O 
d. CD m CD 

00 
CD 

.   CO 
CD 
GO 

(0 

CU 4-" 

"► CU < w 

n^H                   "C c ■a w 

tr
uc

te
 

A 

a» 
> 

c 
a» 

CC 
l_ 
U 
o 

o 
DU 

_i 

CU 
CJ 
sz 
03 
jr 
c 

UJ 

■a c : « 
5 

< 
1— 
CU , 

o 
a. 

O 
Q. 
'i_ 
I- z^m                   v) ** l_ 41 L_ i_ l_ 

m                 c < 0) 
o < o 

M— 
lit o 

4— 
o 

<4— fl               o 
•M 

> 
o 
o 
c 

c 
u 
u o 

1? 
s 
CO 

a> 
o c TO 

i_ 

in 
in 
< 

a> o r3 

M^l ji w £ (/) 5 w   m a w o CU C a) i± o (U -5 
D  5 

CU 
0» at DC Q LU Ü _i D. K- Q 

aH s: l- 



o a. 
<D 

DC 

w c 
E 
o 

C 
a> 
E 
s 
3 
O" 
a> 

DC 
0) 
w 
3 

3 
s 

o 

3 
W 
a> 

DC 
Dl 
c 
"C 
o 
o 
w 
tt> 

.2 

CO 
CO 
O) 
CO 
CM 

EC 

Bj9z»sn-mnwiBjoi U 

o 
© 

§ 
o 
© 

Sgj-i;-: 

s 
.© 
o 
d 

o 
o 
o 
© 
o 
d 

o 
o 

§ 
d 

sssk-i 

Hill 
fllslll 

y-'^.- : SKI *^^H£ iz-:-:-.^>r 

xspu) 
uoijDBjSBBS ssn-Binw 

■o 
IS 
CO 

d 
v^'""" 

CO 
o <°. 
o 

Mil 
o 
o 
o 
© 

:~^ 
o 
o 
© 
d 

\:hh:: 
"-:-: ».- 

ty 
« 
,i 

. 3 s 
o o o o □ o o o 

l~P o 
o 

o o 
o 

o 
R 

o a 

Ai!i!qpdujoo Ajlipej fee) o o O o o 
o o o 

o d o 
o "» a q q 

i 

^ 
^~ *~ *~ 

o o o o o o a 
iJ1 

o 
o 

a 
o 
o 

a 
a o 

a 
o 
D 

%q|X3|d(l8) 
© a O o a o H O H 
■o q q q 

A CD CO CO CO 

O o o 
VJ> o 

8 
H 
o 

o o o 
a 

8 o 
o 

AuiiqedBQasn-mniAifoe) o d "* a H o H o o a ** 
Ö 

to 
Ö 

o 
d 

o 
d 

i N- lo 
to" m CO 

"(5 
'•^^1 1_ 

jtt^^H 

•■:'■       TJ    ■'■ 
-» CU 

CU 

< 
4-J 
CO 

to 

3 
o 

■      :. •      ,    3"     " A 

> 

c L. 
9 

u 
o 
XI 
o 
tr 

_l 

5 

CO 
U 
c 
CO 
_c 
c 

111 

c 
M 

< 
i_ 
a) 
g 
o 
Ü. 

•a 
o 
a 

H 
j^^l </> l_ <u l_ t- 1_ 

c < Ü < o 
•4— ID o o 

jfl 
o 
O 

.E- 
0) 

> 
09 
O 
o o 

15 
2 

« 

c 
OS 

'5 
(0 
1_ 

in 

su 
o 

is 
CO 

!^l X o 
CO 
CO C 

CO 
CU   It! o 

n < 
a 10 

CO ^^^| «t <u DC Q 1U U .1 Q. H- a 
SS 1- 

^9 



o 
a. 
a> 
tc 

o 
<D 
CO 
(0 

o. 

0) 
a 
cs 
a. 

c 
0) 
E 
.2 "5 cr 
a> 

DC 

a> 
X 
tt) 

o 
±! 
3 
(0 
<D 

DC 
D) 
C 

'SZ 
o 
Ü 

</> 

a> 
3 

CO cp 
CO 
en 
<o 
CM 

en s 
CO 

-   -         ! 
o TO :.'.."■•«..:.: '-»,. -■:-.::\::-:.--. 

o 
■■"*■ ■ ■-:■:■«•,■• ;.■■■;©■:■: 

e^zmieaHIBJOi U 8 
© ■O': : ':■€>■ ■:■■• 

■:■..©•'.•: 
,'0- 

X9pU| 

UOIPBJSBBS L»|B8H 

'   o O :".■';'■».■.■; :;•;*>■:';' 

hM?M™Mv •v 
o o o 

to 

\ d 

■ ■ ■ *»,■: ■ 

:■;.•■€*'■■■■■ 
;.;VC1:'-.-: 

.'■■•'■rQl l: 

\0" 
■/o .■ 

x:. 
•*J 

(0 
(1) 

. X 

Q if> Ui en 
O K i». CD 

V-P CD 
o 
o 

CN 
CN 
O 

(N 
CN 
CD 

o 
CD 
CD 

}B|A|zeHOi8jnsodx3(ii) o o o 
o 
o 

O 
o 
o 
W 

O 
00 
CO o o 

CD 
O *— o CD Y- 

i o 
o «1 in in 

o 
CD 

o in in CD 
O -    N. h- CD 

u1 
o CN 

CN 
CM 
CN 

O 
CD 

SS3JJS 
jojejado aonpay (g/J 

o 
o 
Ö o 

o 
q 

o 

CD 

o 
CD 

o 
CO 
CN 
CD 

O 
CD 

o 
a 
q 

d. CD 
O 
X— 

O 
CD IS 8 

(0 
i_ 
QJ +-* 

■a 
-> a) 

e 
< V) 

w 

*^^^M 

o 
it 

ai 
> 

£ 

«3 
l_ 
U 
o 

X! 
O 
cr 

Li 
.2 

U 
c 
CC 

c 
UJ 

£ 

1 

< 
QJ 

o 
CL 

■a 
o 
CL 

to *-» 1_ * i_ i_ i_ 

V^^^H c < Ü < o It— in o 
I*— Ü 

n^i o 
o 

4J 

> 
TO 
O 
O 
C 

£ 

o co 
ai 

£ rt 
s 
CO 

(A 
01 
< 5 

o 
15 
CO 

IB xt w £ C/) 5 M   m a. to 
•H o CU £ 0) <fc!l o 

n s 
a) £^^H <v « a: Q 111 Ü 31 0. H Q «■ IS 1- 

Bl 



o 
Q. 
<D 

EC 

C 
ir 
o 
o 
CO 
IB 

(0 u 
0) 
1- 
o 
o 

(/> 
« 
c 
E 

to 
© 
.a 
es 
I- 

<D 
O) 
CO a. 

t-- 
co 
cp 
CO en 
CD 
CM 

EC 

0) 

oS GO cn i-iSCD:'--::^ 

»J1 
CO 

(M 
in 

:::SOV::i;\ 
(a 
0D   • - '■".,;:.': iy 

en «<t ~s 

AjHiqepjojjv 

Ü 

O  ■; a ■O a 
p-:-:;^ 

E'HvxSwSS 

O jiSiStiH ■?:S;t3--:-ir 
£™™~"» 

:;s:0 :■:■:■: 

a 
a 

:::':':':'0>v:':.; 

to 
s 

a 
s 

>;.aö--::::;:.:- 
a 
a 

»S~-S2vi 

SggSjgg 

k^> 

kj> 

fl) 
a 
> 

r— IN. m cn 
CO IX) 00 

c u> CD 
CO CD 

CO 
oo 

£ JJ3d ** 
tv. 

d o 
o 
o 

(N 
CD CN 

CD 

in 
CD CO 

o 
CO 

a> CD O O o 
u. 

t^H 

3 
o O o a 

a U* 
CD 
a 
o 
o 

O 
O 
CD 
o 

CD 
CD a 
CD 

CD 
CD o 
CD 

3sn-mniAl n a 
00 

o CD 
a 
CD 

CD 
o 
o 
o 

CD 
o 
CD 
o 

CD o' o CD 

o 
CD CO R 

i~r> CD □ 
CD 

•>* 
CD 

o o 
CD 

HWB3H w> o O 
o 
CD 

o CD CN 
CN 

CD 
CD 
CD 
CD 

o O 

o .   o CD O o CD CD CD 
lvJ> 

o O CD O o CD CD CD 
CD CD O CD 

auiilMoy w> □ o 
o 
CD 

CD 
o 
o 
CD 

CD 
CD 
CD 
O 

CD 
CD 
CD 
CD 

*— x— 

CO 

"► CD 

< 
4-1 
C/) 

"c 
o 

•a > 
cu 
c 

2 
■a 
cu 
u 

Cfl 
W 
< 

o ■4-> n n u c i_ "O o c o <e CO T5 5 D 1 
3 i- .Q _l x: C Q. 

15 4) o c CO o 
to c < 

CO LU 5 CL 
1— 

<u -c o > o CD 

< 
■a 
CD 
u 

a 4-1 w o 
4— £ 

o   it 
to < 

o 
4J 

O 
o 

CÜ 

CO !5 JQ 

w 
< 3 

i JJ 1_ u to c CO v_ <0  -n CO 
*^^^V e> JC o 

CD 

Q 

CO 

c 
LU 

'w 
(U it! 
Q Zl 

o 
0. 

M ci cu ^ 
Q S 

O 

1- 
'w 
CU 

Q 
5  5. a z 

o 
O 

*-                   CN                    cs                    t               1 



APPENDIX 
FINAL PRESENTATION 

GIVEN FEBRUARY 22, 2000 

Z* 



> 

.2 
c 

o 

13 
gl 

"9 
CO 

05 

o 

-1 

I 
</) 
<D 

Q< 
CD 
O 

O 
tin 

o 
o 

CO 

CO 

a 
■§ 
o 

•a 
ö 
a 

'S 
3 

00 

s a, 

o 

•rH 
> 

4-J 

& 

O 
Ö o 
U 

CO 
P4 

S 

2 

o 

o 
<D   CD 

C   «* 

^ 'S 
L_|    03 

<D   Ö 

CO    O 

CO 

00 

Ö o 

in in 3 
VOOOT3 
00 00   (D 

COCM   £ 
<n»n oo 

' '.8 

oo' 

4-1 

I oo 
G 

1 

lu 

'S 
o 

SH 

>n 
o 

I 
oo 
CO 
oo 
l> 

■a 
X 
<D 
H 

G 
Q 

q g 



w 1/1 
«1 T-I 

<D <D    <D 
o 
o C/3 6 a 
£ g 

H-H      O 

°      8 
OH 

Ö 

o 

GO 

1 
<s o 

<+-H 
o ;a

t o
f 

an
y 

es
 f

or
 la

t 

t+H 
o 

o 
00 

C 
O 

»-H 

o 
ö -0 

1 
> o 

o 
-t-> 

P4 

(ü 
GO 

X! 
OH 

+2 

IS 
c 
o 
a. 
O 

GO 

■8 

O
pt

io
na

l r
 

ab
ov

e 
ac

ti 

in O o o "£ co CO o 
T—1 

| 
cä CO »Ö 

o »n o o 
co ^t co CO 
T-H i—i (N cö 

>> 
«j 

T3 PQ 
e XJ 

■s bß o •TH 

& ffi 
T±4 c tH o 
cd 

PQ   ■ 

ÖJ0 • rH S3 
CO 

1 GO 

T3 <D e PQ 
C •a <D < 
cd PQ Q. "Ö b0 
Ö 
O 

•*H 00 
>> •T-H 

(D 

<+H 
O 
U 

+-3 
O 

8 

o 
I—I 
o 

o 
ß 
o 

o 
'o 
Ö 

o 

o 

O 

a 

.3 
TO 
a 
Ö 

3 

13 
Ö o 
GO 

ä 
PH 

o © o o o 
CO 

o 
Ö 

1—( 
1—1 

of q O 
CO 

6\ 
t 

T—1 

1 
1 

o 
1 

o o 
T—l 

1 

o o o q o o q CO Ö 1—1 c^ q 
ON 6\ T-H rH T—1 T-H 

; -     Isfyjfi 

z.^ 



05 

o 

■a     %i 

'S s 
St 8 

^ s 

3fc 
ft« 

es-  O 

'S 2 

I 

si 

.82 

si 
53 

•8 
s 
si 

s» 

-a u 

2 o 

f 

s 

a 

s» 

Si 

91 
aa 

© 

u o 
4-> a 
M 
<D 
Ä o 
<D 

rd 
-t-J CO 

<4H 4-> 
O G 
co 
CO 

G > 

> O 
5H • I—1 f~\ 

4-> RH o a 
!-M •i—i 

<4H #o 
<D £jj 
£ o +-» G 
>* o 

i—( 
3 "Ö 

a § 
o +-i 

+-> CO 

co O o 
O 
O « 

<4H a 
o •»H 

4-> 
4-> 

CO o 
cd Ö 

O 
G o 

> 

CO 

G 
f) 

<L» O 

i     I 

© u 
0 

PH 

G 
o 

o 
CO 

> 

CO 
4-> 
G 
a) 

• I—I 

cr 
SH 

CO 

O 

>G 

1 
4 

CO      "^ 

'3b 3 
o    a 
o 
ö 

O      <D 
O     ^ 

r—I       ^-j 

G <D 

CO 

c 
o 

o 
0< -Ö 

<P     X) 

<D      co      <D 
W  &  rt 

I    I    I 

CO 
4-» 
CO 

O 
O 

a 
•i—i 

Ö 
OH 
O 

*! 
4-> 
G 

co 

> 
G 

.s ^ G    +-» 

«   & 

co 
G o 

o 

I 

%^> 



o 
J2 
o 

CO 

O 

o 
13 
G 3 ä 

es 3 
01 ■s 

G ar
a]

 

a 
s 

o 
> 
G w

/P
 

es u o <D 

s H • £    1 • 
 1      ,     , - ■■■-■ 

0) G 

i  j  
t : 

"ÖS     ! 
dl 
o •s 

/P
ar

al
 

s-l "3 a 
G 
> 

j* x G 2 i i-4 w o <D    ! 

• £    1 • 

Q 
s 
3 
O 

o 
cd o 

r-H 

I 
CG 
a> 
o o 

T3 

ft CO 

G G 
CO ^ • 00 

0> /<ü 
N / +4 cd 

C/J ^ a ü 
a ■"""< l H (D    1 u u 

< 
1 
CO \ • 

Ö0 

• / 

Zf 



GO 

C 

B 

*3 a 

oo 
O 
U 

o u 
•a 

a» 
a 

o 
5 

o 
E 
3 

• I-l 

3 o 
o 
3 

TJ 
<D 

oo 

ST 
Q 

s 

.6 

o 

1 
3 o 

a 
ex. 

• »-I 
3 

W 

T3 

c o 
i/i 
CD 
O 

^      P      "j 
fi   fi   £ 

13 
00 

a 
S 
e3 

o 
U 

O 

a, 
3 

O 

i 

«a 

CD 

> 
u  ^  ^ 3     3 

oo 

<D 

(D 
> o 
oo 
o 
U. 

o 

£ 3 
■8 
3 

Ö a, 
O 
Ö a, 
c 

'S 

o 
00 
l-l 

O 

13 
3 
oo 

> 

00 

s u 

"8 o 
■s 

£*   22 * -9 

v 'S 
cd    .   . 
<D      <D 

2      Ö 
cd 

*  Ö Ö Q   £  &  % 

00 

•a 
3 

<D 
3 

Q 

oo 
O 3   8 -, 

o 
I—< 

o 
U 
13 
3 
O 

ä 
O 

I 
3 

•c3 

CD 

J 
3 
O 

o 
cd 

13 
■*-> 

3 

3 
O 

.3. 
> 

.6- ., =§ CD    33 

I 
O 

■ 

oo 
oo 

£ 
oo 
in 
Q 

•3 
■9 

3     <D 

oo 
13 

I 
00 
3 
O 

1 
N 

_     cd e a a s 
O     CD 

CD 3 
O oo 
3     O -o   &, 
CD     * 

r3 

o 
U 
£» 
r3 

2* 



e 
s 

Ö 
o 

Ofc 



ON 
ON 
ON 

QO 

CO 

s 
u 

o 
M 

CO 

e 

I u 

< 
a> 

& 

< 
&4 

1 
s 
o 

K^ 

h£ 

2 
B 
© u 

4 
a g > p 

<3 

<: 
>» 
b 

3 e 
(0 $ as 

y^ 
it 

< 

- "3 ■öS > 
5 2 

ft, 8 

27 



U 
O 
U 

öl 
Q 

<2 
0> 

H 

2? 



50 
C3 

JO u 
&H 
es 
5Ü 

GO 

ÖD 

'S 
fi 

H 

ö 
•i-H 

o 
CO 

c 
•H 

PQ 
fi 

CO 

CO 

6 
(D 

CO 

a 
53 +-> 

CO CO 

CO 

00 
CO 

CO 

(-1 
CO 

00 
O 

J 
d 

<D 

4-> 
d 
<D 

t>0 
Ö 

•Ö 
3 o 

e 
OH w o u 

<u 
•I-H 

OH 

o 
CO 

1—H 

OH 
•!-H 

00 

•a 
C 

'S 
OH 
<D 
Q 

3 
OH OH 

• I-H 

J_l (J £ p Oi Jri Ö bO 

u 
I—( 

o 

o 
d 

«1 

u 
ID 
O 

(U 

-a o 
00 

<D 

OH o 
o 

d 
OH 

O 

o 
o 

>-) 

53 

o 
Ctf 

d 

r <L> 
.d «8 

00 

bU CO 
O 

i—i 

U 
■3 
3 s 

s 
(U 

CO 
(D 

S 
VH ■H 

u i 
& a 

■D OH 
Ö .!H 

ft P 
c5 * Ö CO 

or1 

CO 
O 

CO 

u 
-a 
Ö o 

CO 
<U 
O 

• 1-H > 
<D 
Q 

l-l 
<D 

<D 

CO 
CO 

,p 

H-> e 
•a 
OH 
(D 
Q 
M 

bß 
d 

• i-H 

•i-H 
13 

bo 
d 

■<3 

bo 
.a 
d 

•a 
OH 

■a 
i—H 
d 
.& 

o 
I-H 

3 

O 
•<-H > 
Q 
o 
c< 

1—H 

oo 

d o 
•ö o 

(D 

d 
•Ö <0 

1 
• i-H 

OH VH CQ PH Q fl o 
X) o 

> 
d o 
U 

bß 
<U 

OH 

00 00 

OH 

Xt 
00 

4-> 
CO 
cd o o 

U 

0.1 



r 

> 

a 

o 
as 

CO 
D 

Q 

o o 

=0 

s a, 
•S s 
s S 

.ST ^ 
^ 2? 
•|-4 ** 

«I? 

s is. 

»3 
»a 
oa 

is. 

a CO 
»a 
«M a « t) o is. ? k. <u 

■s Cs, 

"f*4 

Cs, 
s§! 

<U e r" 
?° is» 

rj O R 
>—> '« QJ 

^ <>a <s> 

ft« k. 
»a 

jr4 

is. 

«u 
5" <-a 5!= 
Ss. 

ex, 

"W W 

is. "3 
<U "r*i Q) 

'S ^ 
Q •S 

►*«> 
«U ti 

K isT e c S> s 
►Sf >> P 
to ^ 

is 
<3 

O 

e 

I 
T3 

Ö 

co 

i 
& 

CO 
CO 
<U o 
Ü a 
(D 
> 
2 
ft 

co 

(D 
o 

a 4-> 

£ c 
•a •fa ft 

^ « 
T3 «4-1 

t-H o 
,o ■*-> 

«4-1 Ö 
CO (U 
CO C| 
<L> H 

f) Q 
a cd 

I 

I 
CD 
ft 
O 

5 o 
«+H o 

1/1 

o 

t>0 

00 
Ö 

CO 

X 
(D 

& S^-s 
cd 

ft    °- 
B 

5 1^ 

«3 

8 
CO 

3 

CO 

O 

Si> 



O 
o 

S3 
«3 

■ 
O 
U 

§ 
© 

S 

<*> 

i 

Zi 



32 



u 
es 

3 
CO 

a 

© 

a 
'53 

a 
o 

S 

CO 

CO 

O 
Ö o 
U 

1 
U 

OH 
0) 
O 
Ö o 
U 
o 

3 
OH 

<N 

33 



<u 

Ö 

o 
PC 

a 
s 
.s a 
•S- 
s 

O 

o 
td 
rH 

bJO 

iß 
e o o 

ro <D 
cd 

> 
cd 

.S 
JO 

(D 
r—i 

> 

o 
rH o 
bß 
C 

r—1 

<P 

00 
CD 

00 

<D 
4-1 

oo 
T3 

bß i—< cd 5tJ cd 

GO 
l-H o 

1 
c 
=» 

1 
<D 
N 

GO 

<D a 

GO 

1 
cd o 
00 
-rH 

> 
<D 

I—c 

<D 

rC u 

o 

bfl 

1 
e o o 

8 
Ö 

Ö o 

,03 

=J 
GO 

0 w 

00 

O 

3 
O 

• rH 

r-H 
<D 1 

O 
+-> 
00 
00 
<D 
O 

ä 

o 
-4-> 

2 
> 

r—i 

.a 
I—1 

•s 

■ r-4 

i GO 

>> 
O 

■ rH 
H-> 

1 O 

o 
-a 
•i-i 
o > 

O 
00 

Ö 

OH 
•T-l 

D 

X> 
d> 
00 
cd 

X) 
T3 
Ö 

2 

bß 
Ö 

00 
cd 

13 
•rH 

1 
o 

•a o 
GO 

>> 
:=} 

GO 
cd 
w 

o 

rC 
bo 

• rH 

6 .5 
r—i 

too 

a 
CO 

o 

+-> 
CO 

cd 

Ö o 
• rH 
00 • »-< 

*o 
U 

a. 
00 
Ö 
O 

00 

a 
rH 

t—1 

o 

I u 
<D 
OH 

O 
bß 

I 
OH 

•rH 
=J 
cr «u 
c o 
o 
<D 
OH 
oo 
C 

C 
O 

•■Ö 

I 
o 

hi 
-d o 

rH 

Ö 

O 
OH o u 

•8 
S 

a 
o 

So 
CO 

si 



o 

y$ 



QJ s 
C3 u Si u •s o g 
Ä a 
o .00 

ö 
TJ U 
tt k 

ö e & 
^ s 

o * 

s CO 

>. 

• I"N ?> 
JM^ -S 

fts 

CO 
fe 

Sip 



fa 

bß 
e 

bß 
P ■ r-4 

P" 

O 

O 
£     ö 

•^  6 
§ «8 

p   13 

~    > O    cd 

•a A 
•ä.9 
& Ö 
.§   S 
CO   00 

8 
P 
bß 

10 
p 
o o 
o 

■s I p °< 

as 
o .g 

•&    Cd 
cd   v-( 

00 <£ 

VH 

> 
o o 

<3 

00     </) 
*J   -t-> 

•I   § 
as 
bß o 
P   cd 

& 

«4-1 o 
bO 

II- 
cd "+H 

p 2 
p 
P 

a« 

P    Ü «U    •Pf 

00   S 

* a 
73 "o 
oo   > 

"8-a 

i—I     00 

p    -»H 

cd   i_i 

.8 

o 
P* bß 00 

VH    Cd 
p 
O (U 

<U   . . '+3 00 

a 
bß an

b 
sf

oi
 

CO 
O 
OH T3 

T3 Ü   p 4) Q 
ed 

c3 
OH tte

rn
 

ec
tio

 

> *-> 

00 

S3 <D «J .a <U 
OH 
00 n PH T3 P4 

I    I    I 

ed 
73 o 
00 

37 



CM 

C3 
M 

M 

e 
o u 

a 
M 
O 
O 

Ss. 

I 
CO 

3* 



o 
13 

Z°i 



(0 
■ ■■■ 

< 

0> 
ü 
c 
(0 

c 
LU 

u c 

0) 
o 
o 

O 

O 

0 

> o 

CO 

c 
3 

O 
(D 
*-» 
C 
(0 

> 
CO 

m 
O) 

a 
c 

a> 

o 
w 
3 
C 

E 
o 

£ 

(0 

"5 

Q 

3 
o 
a) 
o 
Q 

"55 

CD U) 
^ 5> 
x. I- 

O 
c ^ 

0) "ö 
0 

■u JZ 
C CO 
(0 25 
1- CO 
co 4^ 

0) 

z 0) 

< c Q 
a) 
0) < 

DC 
Ü 

o o 
0) c 

2 P 
CL 0) 

« Z 

5 I 

c 
CD 
E 
CD 
CD  «- 
Ö)  o 

Q. 

E 
0 
c/> 
>. 
CO 

c 
o o 

■u 
a) 

| w 
Q. CO 
O Ü 

© "E 
> r- 
<D 
Q 
■a 
c 
CO 

o 
4-« 

00 

P z 
CO 
CD 
CO 
CD 
cc 
CD 
.> 
*■*-' 

CO 

(0 
a- 
a> 
re 

T3 
0 

> 
O 

©    ~ Q.   Q. 
O   — 
O    0 o £ 

o •    c 
(0 

«o 
4-1 
CO c 
o 
£ 
0 

■D 
0 *-• 
C 
0 
E 
0 
Q. 
E 

"O 
0 a o 
0 
> 
0 •a 
\- 
C/) 

i    i 

Q 

C 
3 

O 
a> 

co 

> 
(0 

+-     o    4- 

öl 
c 

(0 

0 
< 
■Ö 
0 
o 
c 
(0 
£ "wT c >^HS i. 

LÜ 4-< 
c O 

CO c 0 c 
0 CO 0 
0 
| 
0 

0 v. 
a 
o +3 

co 
To 

X2 +■• o 5) 
C 
o 

in 5> E 
■ 

4^ V"- *-• O) o 
E ^ 

o 
o 3» 

"O 
0 

I. 
o 

< 
Q 

E 
3> 

C0 
0 

CO 
c 

'■5 
>_ 
o 

4-» < ^^ "5) JO 
3 

"E 

CC 
Ü 

0 

o 
>- 

4-» 
c 
o 

o 
o 
c 

o (0 ^ ^ Ü o 
o E o o 0 

4-» 

to 

o 
3 
C 
4-* 

■ 
o 
o 
E 

£ 
CO 
H 
CO 

z 

4-» c 
0 
E 
0 
c 

4^ c 
0 

§ 
a 
E c C Ö) »^ o ■ ^H c 0 o 

u c ■ MM l_ o 
(0 "co 3 

C 
1. 
0 o 

mmmm Q. JC ^fe 
(0 
o c 

c 
o 

4-> 
V. 
3 

Q 
08 o (0 Ü Li. CC 

i 1 
PS 
^ i 

Q   3 j- 

Ü 
0 
"o 
Ql 

■u c 
o a 

CO 

I    I    I 

4° 



« 

< 

■D 
0 
ü 
C 
(0 

c 
111 

o 
c 

c 
o 

0) 
■ ■■■ 

Q 
E 
o 
o o 
< 

£ 
2 a o 

(0 

(0 

O CD 0 
Ü 

CO 
-t—> c T3 

CO 
0 

SZ 
(0 CD CO 0 0 O 

ffi .id 
0 

Q. 
CO 

CO 

0 
2 0) 

4-* 

c 
o 
a. 

C 

"CO 
4-> 

CO 

0 'I 
CO 

o 
c 

.2 
"-4—• 
co 
>. 

CD 
> 

"5 

■4-» 
<D 

Ü 

.£> 
O 

o 
jQ 

CO 
a) 

iÜ 2 

C 
CO 

0 
Ü c 
CO 

co 
T3 

Ü 
0 

o 
s_ 
CO 
0 
C 

0 

CO 

o 
0 
0 

0 
> 
0 
V— 

■a 
c 
CO 

-o 
1— 

CO 

c 
0 c 
o 
Q. 
E 

E 
o o 
Ö 
V- 

4—■ c 
o 
Ü 

"CO 

E 
CO 

4—" c 
0 c 
o 

CO 
-1—■ c 

75 
■»—■ c 
o 
Ü 

1 

o 
Ü 

"E 

00 

CO 

Ü 
"■+-» 
CO 

.o 
0 

(0 
1 

■i—• c 
0 

•a 
CD o c 

o 
■4—> 

CO 

CD 
Q. 

"4— 
o 
-o 
c 
CO 

CO 

■t—• 
0 
o 

CO 

o 
CO 

o 
.c 

o 
ü 

0 

CO 

0 

Q. 

E 
o o 

"o 
■*-• 

CO 

CO 

0 
■*-• 

To 

0 
g. 
4-' 

E 0 _C CD O ■«-■ 

CO 0 
Q. 
O 

■o 
0 
0 
a. 
CO 

■t-> o !£z .o o p 

i 

o 

"co 
CO 

■> 

■*-• 

CD 
^: 
o 

0 
0 
i_ 

CO 

CO 

5 

CO 
CO 

CO 
CD 

■♦—• 

o 

1_ 

o 
CO 
1— 

o 
CO c 

.Q 
c 
0 

=9* 
■a 
0 

"co 
0 

"5 
0 
CO 

■*-• 
i 

75 

CO 
o 
Ü 

3 
CO 
i— 

■a 

CO c 
0 
CO 

c 
o 

75 
CO 

To 
H—• 
CO 

CO 
0 
o 
CO 

Q. 
0 

1^ rs i_ 0 0 00 
0 
Ü 

"O 

o 

c CO 3 ^ 
o 

•fr- 
.a 
CD 

CO 

c 
o 
o 
E 

CD 
Ü 

CO 

0 

0 
Q. 
CO CO E 

CO 

75 
o 
Q. 

•a 
c "■•—» 

CO 

ei +-• 
»♦— 
o 

CD 
v_ 
0 
0 

N 
>-" 
x" 

Ü 
c 
co 

X5 

c 
& 
To 

+-» 
CO 

3 
E 

o 
c 
o 

o 
'c 
CO 

H— 
o 
CZ 
g 

«4— 
o 
c 
o 

o 
0 

c 
o 
o 

c 
o 
o 
E 

T3 
0 

■»—» 

CO 
C 

T3 
i_ 
O 
o 
Ü 

"o 
> 
CO 

c 
o 

o 
Q. 
O 

■t—» 

CO 

a 
1 

T3 
0 
E 
E 
CO 

■ MM 

c 
E 

4—• 

B c 
0 
E 

ü 
0 
E 

To 

"■«—> 

co 
■•—• c 
0 
E 

co 
c 
0 
E 

4-I 

"zi 
c 
0 

c 
CO 

0 
O 

N 
> 
x" 

• 
"co 

Ö 
Ü 

• 

i— 

2 o 0 
Q. 
E 

c 

6 
0 
a. 
E 

0 
Q. 
£ 

c 
(0 I 1 1 I o i i 1 I 1 £ 
c 0 

111 QC 

II SSsäSG 

Ml 

v/ 



o8 

CC 
■MM 

s 
< 

■o 
o o 
c 
OS 

LU 

o 
c 

o 
c 

CO 

CO 

CB 

o 

d) 

ü 

0) .4-« 

< Itz 

"D 
3 CD 

O > 
75 
■ MM 

c 
■ MH 

C +* MM 

0) 
< 

4-» 
(0 j^ o 
jC .Q 3 
£ ^^ .2 "Ö 73 

UJ 
c fl> 

"3 CD 
Ü 
c 
CO 

c 
LU 

O 
Q. 

0) 
0 o c 

CO 

o c 
(D 

4-» 
CC 0 

4-* 
0) 

O 
CO o 

0) 

4-» 
CO 
2 

k. 
O 

Ö 

4-» 
c 
o 

08 H 
CO CO 

c 
a) 
(0 

ö 
CO 

O 
c 

Ü CO z o c ■\ (0 O 
4-» c 
o o 
CD o 

4-« 
CO 

3 
Q. 

c 
o 

■ MM 
4-» o 
E 

z 
c 
"5 

4-» c 
o 
o 

"5> 
o 
o 
c 

o 
■ MM 

"cö 
o 
a 

c 
o 
3 
O 
CO 
4tfc 

c 
o 

■ ■Ml 
4-« 
CO 
4-* 
0) 

4-» 
c 
CO 

"5> 
4-» 
(0 
c 

■ MM 

■g 
o o 
E 
CO 

U) c 

0) 

(0 
o 

<9 

o 
0 
4-« 

c 

(0 
<D 
C 

■ MM c 
=5 

CD 

2 

c 
o 
E 
CD 

o 
o 
c 

Ö 
o 

■MM 

C 
CO (0 

u 
3 

o 
c 
o a. 
E 
o 

"cc 
"5) 

c 
a> 
a. 

■\ 
4-* 
CO 

•u 
(0 

o 
o 

o 

3 

E ■ o 
a- 

o 
4-» 
c 

.Q 
"O o 
> 

JQ 

•a 
CD 
> 

H5 
cu 
3 

4-« c 
4-> 
CO 

o o 

o 

CD 
3 
C 

">3 

o 
c 
o 

■ MM 
4-* 
CO 
&- 
D) 
CD 
4-* 

o 
3 
c 
c 
o 

O 

£ 
c 
"5 

0) 
c 

■ MM 

o 
a 
E 

i 

o 
a 
E 

i 

o 
o 
Q 

O 
0) 
ja 
< 

i 

a. 
• • 

C 
o o 

Ü Q. cc i i oc ■ z c 

4?- 



53 

< 

u 
e o 
U 

g 

o 
o 

a. 
JO 

.0 

o 
PL, 

CO 

1=1 

> 
cd 

ß 
O 

Ö 

1> 

o 
> 
cd 

Ö 
O 

I 
> 
x) 
O 
<U •(-» 

8 
O 
co 
C o 
PH 
«5 

T-H 

•s 
cd 

Ö o 

1 
o 

o 

3  -„ 

a a o   o 

CO      ^H 

S     3 

too   top  p_ 
cd 
H 

> .52    £ 
K     O 

co 

I—H o 
cd 

o u 

o <4H o 
T3 o 
j-j u 
3 uu 
P cd 
t-4 ■H 

CO to« "Ö 
id 
Ö 1 

cd 3 <i> 

in 

td 
toO 

,o 
too 
Ö 

o 
+-> 

Ö 
cd > bo 
>^ cd CO 
o U <D 
Ö 4-» T3 
3 
O 

CO 
■4-J o 

is 

I 

<4Z 



00 

O 
<D 
CO 

"o 
GO 

O 
C 
o 
Q 
H 

4-H o 

•a   ^ 
3 
o 

«J 

-S  • 
(D 

43 s 
CO 

XI 
Ü 

XI 

a © 

•a 

a 
T3 

C 
O o 
«1 
<=! 
•a 
•4-J 

c o 

*o • »-» 
oo 

GO 

JO 

St 

i 

8 •a 

t—H 

■s 

oo 

1 
3 
O 
cd 

■5   o 
S£   *£    "5 a X*      <D 

O 

XJ 
U 
1—H 
Q-i    «—I 

o 
CO 

CN 
•r-t X5 
00 ttf) 
Ö <1) 

! 
73 o 

1—1 
O £> 00 e3 
>-. OH 

1—( XJ 
t/) bi) 
rrt • iH 

W a 

00 
Ö 
O 
00 
!-i 

> 

O 
o 

•S *a 
«   "ß 

s  ° O     X> 

T3    ,0 

Q 

0) 

•9 

Ö 
o 

H 



as 

• • 
C/l 

a o 

• N
o 

in
de

pe
nd

en
t m

ot
io

n,
 a

ll 
pr

oc
es

s 
m

ot
io

n 
m

us
t d

er
iv

e 
fr

om
 m

ac
ro

- 
m

an
ip

ul
at

or
 (

no
 p

at
ch

es
) 

•S
m

al
le

r 
w

or
kv

ol
um

e 
th

an
 f

ul
ly

 
co

nt
ro

lle
d 

tr
ip

od
 

• 
N

o 
st

ra
ig

ht
 li

ne
 m

ot
io

n 
(s

ha
llo

w
 a

rc
s)

 
• 

N
o 

co
lli

si
on

 a
vo

id
an

ce
 o

r 
st

an
do

ff
 

co
nt

ro
l 

• 
N

o 
op

er
at

or
 a

ss
is

t m
od

es
 a

va
ila

bl
e 

s 
o 
Cfl 
O 
<D 
«3 

T3 

+-) 

o 
U 

• * 
o 
U 

•A
llo

w
s 

si
m

pl
e 

to
ol

 s
ta

nd
-o

ff
 in

 f
ro

nt
 o

f 
pe

rs
on

ne
l c

ab
 

• E
as

ily
 r

ec
on

fi
gu

ra
bl

e 
to

 a
llo

w
 a

ss
or

te
d 

to
ol

 
po

si
tio

ns
 a

nd
 o

ri
en

ta
tio

ns
 

• P
ow

er
 n

ot
 re

qu
ir

ed
 

• J
oy

st
ic

k 
co

nt
ro

l 
• N

o 
se

ns
or

s 
or

 c
om

pu
te

r 
• E

le
ct

ri
c,

 p
ne

um
at

ic
, o

r h
yd

ra
ul

ic
 a

ct
ua

tio
n 

• N
oz

zl
e 

or
ie

nt
at

io
n 

co
nt

ro
l o

pt
io

na
l 

• P
ow

er
 F

ai
lu

re
 M

od
e:

 N
o 

m
ot

io
n 

•I
nt

ui
tiv

e 
jo

ys
tic

k 
co

nt
ro

l 
• 

St
ra

ig
ht

 li
ne

 m
ot

io
n 

in
he

re
nt

 
• 

St
an

d-
of

f c
on

tr
ol

 a
nd

 s
ur

fa
ce

 f
ol

lo
w

in
g 

av
ai

la
bl

e 
• C

ol
lis

io
n 

av
oi

da
nc

e 
an

d 
an

ti-
dw

el
l 

sa
fe

gu
ar

ds
 

• O
th

er
 o

pe
ra

to
r 

as
si

st
 m

od
es

 a
va

ila
bl

e 
(v

el
oc

ity
, 

no
zz

le
 d

ir
ec

tio
n,

 in
de

xi
ng

, r
as

te
ri

ng
...

) 
• N

oz
zl

e 
or

ie
nt

at
io

n 
co

nt
ro

l a
va

ila
bl

e 
• P

ow
er

 F
ai

lu
re

 M
od

e:
 N

o 
m

ot
io

n 

'o u 
•a o 

• • 

© 
•IM 

o 

'o u 

o 
U 
o 

o u 
s 
© 

u 
Q C

oo
rd

in
at

ed
 

C
on

tr
ol

 

45 



CO 

O 
<U 
CO 
O 

o 
G 
O 
O 
H 
&0 

2 

3 
o 

1 
•s 

o 
X! 

c o 
CO 

© 

es 

o a c 

•a a, 
8 a, 

T3 

cd 
••ö 

I 
o o 
g 
4-* 

c o o 

■8 
I—I 
CO 

4<c 



a 
B a 
© 

a 

u 
© 

© 

s 

47 



a 

CO 

a» 

© 

<# 



u 
QJ 

SS 

o 

CO 
(D CO 

<n p (U 

P 
t-l 
o 

1—1 

N <+3 N 
fcl c O 

e U o <u TS Tj ^ o 0) o cd W) 
cd o 

00 
(ü 

1—I 
W) 

T^ T3 N o 
<l> Ö N 

O 
£ 

<1> cd +-> 
£ £ Ö c 
c 
o 
4) 

Cd 

-t-> 

1 
ü 

cd 

••3 13 

1 
■n 

cd 

1 X) P -t-> ü ö 
o 

i—H 

3 
3 
> o 

ü 

2 
•i-i 
«3 
cd 

1 
o 

13 a 
o 
cd 

W) 

o 

cd & 
g c3 £ .0 o 
►ü U O <; o o £ 
• • u • 00 

• 1-1 • • 

,7\\       M\      / 
7 W    // \\   / i Ä. 
■•   \\//  W/i/A 

AN    iV 16\ 
!ifr   n\rr:r.r\"i 

m 
/ -V'- ; \ n 

\   i   \ I :    /• 

>/ • ii 

\!-:a 

<ti 



101 u 

o 
• P-4 

C/3 

X 
< 

<u 

3 o 
< 

CO 

o 
-d 
<D 

^s s fe 

1 o 

** 
s» 

Q 

S* *> 
CO 
*> 

*5* 
&0 s* 

•** 
CO 

o 
Pi 
OH 

A 
V. 
A 
\ 

fi- ll W 

W/     \\// 
v.   //V i 

50 



u 
a o 

s 
GO 
(U 

0) 
'S 

(I) 

^> O 

^ < 
L»*» «•»a 

OS 

k. co 

§ B 0 
K -a 

1« <D 
»»«* O 
>-«* £ 
tt (4-1 

"*«A O 
« GO 

Q 
.** »H 
P* 00 
k <D 
O Ö 

o 
PH 

W) 
Ö 

• T-( 
00 

VH 
<U 
> 
O 

1 (l) 
3 

1—H td 
O 3 
> +-> 

0 
cd 

O u 
£ O 

00 i-i <u X> 
CO IT) 
cd i** 

S T3 
ö 

•i-i T3 
C 

• 1-1 

• i-H 
r—1 £ 

1 
cd 
0 

id 
!—H 

CO 
• 00 • 

0) 

o u 

x> 
cd 

> 
O +-» 
<D 

3 00 
a) 

> 
•IH 

GO 

0 
tH 

00 
cd e 

0 
• TH 
-t-J 

<L> O 
,0 cd 
■t-j <L> 
O I-H 

Ö <u 

O 

I-H 
N 
N 
O 

(U Ö 
T3 t+H 

O r/> 

ft 
c 
0 

<u ■tf 

Ö CJ 
• iH (1) 
HJ .0 
• T3 

s 
^2 

I 

GO 

"Si 
•s 
03 

W 
si 



<fH &0 
o .3 
Ö T3 
o T3 

1—< 

Q 
cd 2 

a X> =J 
X (U xt T3 
< 1=1 > > TJ 1—< p 
<U -t-J 00 

00 
^—K. cd öO a cd 

*s; a •e3 (X 

^ 
Q < 

£ 
W 

W 

<ü 

s O 

O 
ö 

ÖD 
fco 

ä o o 
X) 

u 

'S 

•9 cd ü cd <P 

it
io

ne
 

O 

O 

Ö 
• l-H 

o 
00 

13 

oo 

-s 
N 
O 
C 

+-> oo 

o > 

o 

00 

Ö £ sl
es

co
pi

ng
 n

 
:z

le
 r

ea
ct

io
n 

VI •IS <D tf H r3 
•i-H O E^   S 

© £ Q OH • 3 • cd U •   ö 

&H 
8 "3 1 •* \ / \ 

s /   \ 
/ \ 

** / 

/ V- "rf r-*~  /'._ 
/ 

^H g- / i I    s 1 
/ " X 

/ 

\ 

/ 

-n 
1 £-. 

JL... 
i 

y 

^ 

\ ■    Go N w / .st \'«> Jt/y •K» 

to 

s^- 



U 

a 
© 

^3 
si 

CO 

GO 

< 

3 
3 
O 

CO 

3 

GO 

> 

> 

o 

,0 
<u cd 

GO S 

o .g 
c S 
.2 ü 

1 i 
<D .t-j 

"^H «4-H 

a ? 

a B 
00 oo 

O 
t-i 

9 -a 

<D 

-t-> 
Ö 

O o 

> 

«a 

CO 

C 

00 

CO 
CO 
cd 

£3 T3 
cd 

<D 
3 
OX) 

■>H 
-M 
rd 

t(H 

o 
•M 

T3 
T3 
cd 

CO 
<u cd 1—I too ■6 
e3 5 
<u • s 
N 
N CO 

cd T3 
O 

8 
CJ 
Ö q 

1) •i-H 1-H 

CO 
■(-> 

co 
<D .0 
CO e 

00 § o 3 
• j-! 1—H •4-> 

1 B c 
o 1 

o 1 si o 
U 

1-H 
O 

u • • • 

5> 



u 

00 a 
< 

B 
O 
< 

C<1 

o 

8 
00 
a) 

-a .g 

•S    Ä 

o   c 

§1 
s § 

'S 

> 

oo 

X> 

«2 

OO 

o 

u o 

«3 

o 
i 

T3 

o 11 

£s 

>  JH 

00 
C 

c 
o 

(/I 

> 

c 
O 

00 

C 
O 
O 

o 
00 

5 
1—H 
oo 

(U 
00 
cd 

00 

oo 

s 
03 

00 

51 

3 

O 
'■Ö oo 
>> 
O 

•>—» 
u 
O 

4} 

8 

o o 

§ 
(D 
oo 
cd 

PQ 

I 
—#/A\ /X'\ /'••••. 

j  I \\:! W \   j   \ »: 

!       &fte.±L\ 

HU        /:V/\/."',f 
//// /..v/i/■»,!' 

■zt 



C/3 u 
c 
© 

© 
PL, 

CS 
3 a 

I 

co 

td 

I 
C<l 

o 
(D 

CO 

8 
00 
0) 
Q 

o    X 

u .g 
co 

x> 

>, TJ  -r:  -i 
1 

§ 
.9 

CO rQ c cd 
o g 

■Ö •a q *-" 

o 
PM 

Cd 
U 
00 

«s 

(Ü 

0) 

o 
Ü 

13 

< 
u 
O 

U o 

<0 

I 
co 

*£ 
■JJ3     2 
'So     S 
O    +3 

c 
S 
CO 
>> 
CO 

V-l 

§ 
^ 'S O     £ 

cd 
3 o 
cd 

CO 
CO 
cd 

"--I    .rH 

■9 
'S 
bß 

13 

§ 

$ 
CO 
bO 
Ö 

ts  '-Ö £3        CO 

Ö o 

CO 
cd 

o 
CO 

O 
•<—i 
M o 

O 

8 
a 

1-1 

W) 

h-1 

55 



© 
PH 

<ü 

5 CD 
co 

Cd , ^ O 
cd 0) >•> 4H 

•rH CD 
> 

CD 
Ö 
o 

<+H 

o 
c 

WH 

cd 

ö 

P 

13 

a u 

3 
CD 

• <-l 

CO 
O 

2 
Q 

<D 
CO 

•a 
a 

I—I 

O o 
WH 
o 
CO 

Ö 
CD 
CO 

<+H 
O 

+-> 

WH 
o a o 

WH 
Q 

CWH 
O 

CD 

1 
DJ 
a •»* 
p o u 
Cfl 

1—H 

> 
o 
cd 
CD 

X) 

WH 
CD 

1 
co 

•1-H 

ES 
• 

a 
o 

•J3 
o 

^CD 

4-H 
o 
2 
PH ■ 
c 
o 
CO 
O 

1-H 

CD 

a 
CO 

(0 
CO 

p 
<D 

e o 
•a o 

CO 
• rH 

6 

O 
43 
■M 
CO 
cd 

1-H 

o 

a 
o 

CO 
<u 
o 
WH 

co 
r—1 

rS 
CO 
CO 
O 
PH 

CO 

N 
O 
C 

<4-H 
o 

Ö 
• >H 

Ü • 

CD o 

CO 

o 

o 
•-8 

E 

a 
13 

n 
• rH 

8" 
CD 

-P 

cd 

P. 
O 
>-> 

x> 
<D 
P 
O 

• »-H 
+-J 

•>-H 
CO 
O 
PH 

>> 

U 
a 

+3 
• pH 
«3 
o 

1 'S 
p 
a 
H 

CU 

CD 

•rH 
i—( 

t 
§■ 
(D 

rP 

td 
Ö 
PH 
O 

rP 
TJ 
<ü 

1—H 

*o 
p 
o 
o 

Öl 

P 
o 

H-* 

<D 

•rH 

13 

rC 

a o 
co 

g 
1 
O 
O 

• rH 

c^ 
WH 

H 

CJ 

c 
• 1-H 
I—H 

"o 

o o 

Ö o 
O 
cd 

8 

O0 

•»>*4 

• 

•r-> 
CO 

CD 
WH 

CU 
tH 

o 
p 
a 

u 
""cö 
1—H 

f 
00 
• 

r—I 
CD 
> 

• rH 
H—1 

• 1-1 

3 
p 

r—I 
• 

P 
© 

u 
CD 

"PH 

.1 
00 
• 

13 
> 

•■ä 
•rH 

1 
r—1 
• 

CA 

P 
0) 
p 
B 
o u 

u 

1 
•rH 

00 
• 

co 
<D 

• rH 
> 
o 
WH 

PH 
• 

$1* 



c 

C/3 
• P-* 

«< 

© 
PL, 

1   ^P» Bfrfl 

S7 



a 

*55 

M 

o 
OH 

O 

I/) 

o 

■8 0 

<M 'S 
O t+H 
o> o 

'S) w 

* s 
.a ö 
S 

u 
<u 
'C 
M 
OS 
CJ 

<S 
o ■S 2 

s £  g 
•a .s 1 
•a £ T3 

S3 s     ■ 0) 

O    « 

8 S  g 
öS S 

Öl) (U 

► 13 o cr 
S " 

o 
OS ~ 
CJ u 
M C 

«5 
cj 

o 
o 
wo 
M 

W 
T3 
0) 

o 
M 

GO 
<D 
00 
cd 

* "a? 
(-1 
Q 

O 

S O Ö 
"^ ^ Tv 
8 <u £ 
a s g« 

M £ o 

C3 

■s 
O 
M 

c2 
cj 

en <u 
u 
3 

T5 

(2 g 

86 

CJ 

CO 
cj 

X! 
Ü 

"E 
S 

•M 
C/5 

CJ 
M 

c2 
c 

#o 
CJ 
08 
0> 
M 

M 
Ml 
</> <u 

•5: 
o u 

PH 

<u 

-a 
M 

1 
M 

M 

o 
CA 
CA 

>» 
A 

CA 

N 

C 
o 

© 

cs 
Ml 
C 

I 
o 
cj 

0 
cs 

CfM 

CA 
0 

0 &►> *—< 
bfi <u 
fi e>- 

• M 
CM) 
C3 3 

M w P—1 

SB 
© 

T3 
C 
cs 

■M 
(A 

c 
M       ^ 

s .s 
es    es 
a,    S 

©      <M 
M 
o 
CA 

5 
(A 

CM 
O 

■ • 
CA 
c 
© 

-Q 

1 
-M 
a 
o 
CJ 

^» 
CJ 

'-3 -5 
CU 
CJ 

- s 
£ oS 

S3 



a 

aa 
Ö 
© 

s 
Ö 
>^ 
Öl 

'S 

4» 
H 

s1? 



a 
B 
U 

52 SH 

a o 
p fi 
•*-» 
3 

00 
OH 
O 

oo 

1 o <D •a 
■4-1 

e 

0< 

-3 O 
T—( 

V-l 

1—t 

2 Si 

-t-> 
00 

o 

T3 

C 
o 

■1-1 

> 
O 
+-> 
00 
O 
U 

■a 

4-H 

00 
O 

00 
O 
U 

Q 
13 ! 

o >> 00 "^ o U CO H Ö ' 
U i-? 00 

Q 
I—1 oo u •c H o ' 

<<-> r—1 xs\ 
o 

O Ä5 •r-t 

5 
■i-j 
00 

O 
00 
O "3 

'S 
0) 

> 
Ml 

! +■» ■    VI 
i o O 

o 
1  -M (/5 

c 
;P O W 

13 

00 

13 
•a <u 
-M 
«J 

S 
00 00 
00 

s 3 
O 

l-l 
O 

13 
N 

<r3 ffi 
2 

O <U 
VH <u l=t 

o 00 
3 O 

*o & <u X 
04 w 

<u/ 

fr& 



H3 
QJ 
U 
QJ 

a 
© 
U 

C 

a 
U 

4» 

I 
o 

c 
Ö o "3 

CO 

> 

cd 
CD 

o 
U 
•S3 
ö o 

Ö 

C 

I 
Ö 

o 
Q   p4  O  04 

S I ft 

•N P       S >1 

5 S E (2 

3 

■3 

$3 
-t-> 
CO 

s 
c« CO 
1/3 3 

O 
■n 

2 
ä 
ä 
ffi 

a, o 
O <L> 

t-l 
<U 3 o CO 
13 O 

T3 ft 

es 

fe< 



B 

© 

■•     O O ■ '  ;ö" ; <o. 
'O:   • / 0 ■■"JO--' ' ■ -0.. 

BJSZ ®UJ!lMO|J JBIOJ. i^r : . o- 
.. 0 

0:. ■' 
..0. 

O 
.     O         - 

xspui 

' -O' . 
'■ . •■<> ■ •■ 

O 

- 
•Ov 

0 ; 

0 O 
10 
0 O 

UOipe^SUBS QUI!lflAO|J 
0 ...■iC^ . ' :vp.:. 

•.-*■■ ■.■■■ 

i   iiSL* .. : =E-: 

■■*-■■■ 

■'*■■ 

ap:? 

u_ 

CD CD CD 0 
O CD CD 0 

u" CD 
O 

CD 
CD 

a 
CD H 

ssaoojc) lujedaa aifl U| auiij_ 
MO|j yejoji.v pasdeia (oO 

0 C3 
CD 
CD 
CD 

CD 
CD 
CD 
CD 

CD 
CD a 
0 

Ö a 
CD 
CD 

-i ° CD 
^ 

LD 
^ -1 *— 

l*" en JÜ 
03 

CD +7! 
-► CD < 

T3 C O CO 

•4-1 
4» > u a O < 

.O 
i k c 

(V 

0 
X2 
0 us 

Ca 
x: 
c 

LU 

c 

5 
5 
0 a. 

0 

1- </> 4-* k_ w L_ u Sw. 
Laa C <C <: O M— in O *4— 0 

E^E2 
O 
O at 

0 
c 
14 
k. 

^ 
£ 

-0 

0 xl 

in 
in 

xi X) 
♦* 0 O p c ca a» P3 "a 0 

ca 
.c 

j= JQ CO x: co £ <"     m a. CO l±^^FV O a) c cu <£ 0 CD   ■& CD 
p£^M a» 41 EC a Ul a 5 D_ h- a i^^F^ ■S 1- 

^^H 

&Z- 



0> 

a 
S 
a u 
4> 

~. -"":-?- 

<o N. [:■■'•■   CO        ' R :::.:'CO"''  *» 1 IO :'; :■■■'»':■'.■ 
fewÄVAWÄÄV :.■■ ..^.:..-: 

-BPZJJ'd raoi u> CO 1 .:■'"«)■■■'■ 

T—■:■: 
O 
«0 ■ 1 00 

::-'-'-.<t-!-."': 
v> iVTi-V'VTvl- .   ^    ■ 

■■:.•■<*:■■•■ l ■}v: IO.-".::-: 

o 1 ■■.?©.',•" r:rP-.;'; ' 

CO 
1 

M 
1   1 

.'■.'"■■'««■::'.- 

X©pU|U0!}DBJS!)BSiJ9d TT Iß 
N. I -.:K i*iü^;: CO 1 ■•.■:-;0,.,! 

o .:.:-..p.:-:;';.. ,:" .';P'.;/::j O 

en CO h- IV. 
CD 
CD w CD 

CD 
CD 
O o o CD 

CD 
CD 
CD 

CD 
CD 

aouBuaiuje w auiyioy [n) o o CD o o 
CD CD 

O 
CD 

CD CD 
O 
CD 

CD o o 
D 

x— \— ^— t— 
i CD CD 

CD 
CN 

O 
O 
CN 

m IO CD in 
i** i»- O h^ ,    - CN CN CD CN 
CN CN CD CN 

■t 
0> Aj!X9|duuoo leuojjBjado iiZ) o d o o 

CD 

O 
CD 

O 
CD 
CD 

a 
CD 

O 
CD 
CD 

O 
CD 
CD 
CD 

*- ▼— ^- *- 
=L ^~ *" T~ ■*" 

ö o o o o o o CD 
U1 o □ o CD 

CD a H o o CD 
CD 

lensiA awi}-|eay fa) o 
v> 

o CD o a 
o CD 

D 
CD 

CD CD 
O 
CD 

Ö CD 

o 
v— x— T— 

CD CD CD CD i CD 
X— 

O O CD 

h>~ co in in 

ij> 

en 

en 
m 

o 
m m 

CN 
i^ 
CD 
CN 

Ajjliqejna (££) o o 
If) 

o m 
CD 

CD CO 
CN 
CO 

CD CD 
CN 
CO 

=L en 
CN 

CD in 

CO 

o 
CD 
CD 

CD 
in 

CD 

CD o CD o 
CD CD * CD CD 

VJ> CD o CD CD 
CD CD CD CD 
in in in in 

aßejaAOQ (oj) o 
10 

CD CD 
O m 

CD CD 
CD in 

CD CD 
CD in 

CD □ 
O in 

CD CD CD a 
i CD 

CO 
CD 
CO 

CD 
CO 

o 
CO 

CO 

QJ 4-J 

> CD < 
*iH ■    "O ■• C "a V) 

l^ifl 
0 > CO 

u £ 
u < 

3 
o 

•■ ■  3 
■•■■■■    ♦J 

A 
c >- 

o 
XI 
o 
cr is 

CO 
x: 
c 

UJ 

c 
ft 

a. 

CD 
Q. 

h- 
Ö) +# l_ 0 V— i_ L. 

.      :   .C    ' < o < O U> O o 

^^n o > 
O 

c 
k. 15 

X« 
0 £ 

5 

w 
M 

J3 
•M o o CO 

1_ 
c CO 0 PTI o CO 

J: .a w £ V) 5 W   m a. '(/) 
£^H o CD C (u t: o CÜ ^ k. cu 
!^l 0 v a U 111 D D CL H D 
•B ss i- 

63 



& 
i 

• !■■ 

"--.-r-. -":■: 
HvHvi?^?.-: 

.:0 o &HS£££-J£ © .. :0:.' 
o :-:-":■:-:-.: o a£S£2££.;.; '©'■ ■-"-Vr -: . :    '©■'. 

E^Z.-MmMnw Roi w ' :'0. 
© 

.O: 
o ■S" 

© ■.■■■O'C 

o SäääWES ..©■   . rr :-."•>:" - ■ ;o   ■ •-~ i-:-;-:-: 

•- o  ■ -:-"■::-:• o -,oJN * 
V ;*V< <**& 

ssferf t0^-'\ 
xapui r w i 

. '.©..'•" 
■-w" - ■• ©   ■ ■■■■Ci'* 

■"■Öl-"-, ...:- ■:-'^. 

uofpejsps ."SSfi-Binw 
00 

:   :©■'« ^—" Q -::~i-~-: - :-.:':d:i::; ?ip? 

O • 
0 
o 

■   • 

T—1 

: .:«(■.•:; 

w 
::■:■ : 

:.SM . 

:.  :3.: 
.S 

ij> 

O 
O 
R 

o 
8 
D 

8 o 
o 

o o 
o 
o o O a a 

Äiqgediuoo Ajipej fee) sq.: ö o 
o 
o 

o a o 
o 

o o 
o 
o 

□ o 
o 
o 

V— *- »- »- 
i T~ T— *~ *~ 

D o o o □ o o o 
O o o □ a o o 

o o 
o a o 

%q!>oid(ie) o 
UV 

o o 
o 
o 

o o o 
D 

o o o 
o 

o o 
o o 

*- «- *- T~ 

A CO CO CO CO 

o o o a o o K o 
o o o W o o o 
o 

D 
o 

A«|!qedeo9sn-!}|niftl(0E) ''Of o OD 

CD 
o o 

CD *d D o 
o 

D 
o o 
o 

a O o o 
i Is. in 

co CD CO 

s 
to 

Ifl a) 4-1 

M 
"D. 

> 
c 

< 

H ■w ■  ■. 
O 

■3    : i k 

a» > 

c 
w 

TO 
i- 
U 
o 
O 
a: 

-l 

Ü2 

U 
C TO 
SI 
c 

LU 

c 
1« 

< 

o 
Q. 

o 
a. 

"V^^l </) +» i_ 4* i_ k- i_ 

•c  . < O < o in o o 

9 o 
O 

•» J O 

c 
M 
O 
o 

la 
co 

o 
c 15 

(A 

< 
«I 

'5 
O 

5 
CO 

■^B 
A. 

£ o (U c 
C/> 

cu <t: o 
D 5 

a. w 
cu *^H ai 4) a Q Ul U _i a. 1- Q 

■1 £ 1- 

^^^HH 

(*q 



es 

T— ;—::::■ 

■   .& ?<■.'■--'.; ;» » P> 
■:0, «* "*■ ■■■a. -~ 

BJ®ZMJ1B9H|B;OI u '       8 
O .O: s ■.■Öl ■■: 

•.■ ■ :o.: 

■■■•:ö: ■■ 
; 

;o■ • :.•■€>: ■ o ■' 

xspui I  o Iß p 1   - 
UppBiSjJBS M1IEÖH 1   °- 1     T-     , d 

CM m 1 

;.£:; 
■:    '.-til,   ■•■ 

■ W ■ 
-:Wi 

o un in C1 o h- h. CD 
:  lJ> o o 

o 
CN 
CN 
CD 

CN 
CN 
CD 

o 
o 
o 

je|rt|ZBHOj3jnsodx3(|.i) ;:* >.: o o O o 
CD 00 

CD d o 
CD 

*■■ 

IT) 
d d 

q 

,i;   =ä- a un in in 
o 
CD 

o IX) in o o i^- i^ o 
U> a □ CN 

CN 
CN 
CN 

a 
o 

SS3J1S !c 
jopjado aonpay (Qß Mf 

*■■: 
d o 

CD 
q 

d 
cn 
d 

o 
d 

d 

CD, 

O 
o 
o q f-' 

■■   :± 
o 
o O 

00 15 
CD 
CD 

ca 
*i_ 
aj 4-J 

■ö 
> 01 

c 
< C/> 

^H 

> U 
o 

S3 
o 
Dl 

ü 

QJ 
<J 
C 
ca 

JC 
c 

111 

c 

1 

< 

5 
o 

CL 

T3 
o □. 
h- 

U) +» l_ « i_ t_ J— 

t^H C       ' «c fl> ü < o M ü a 
o 
Ü a 

o 

9  ■£ 

C 
1« 

o 
o 

15 o 
c S3 

(0 

in 
M < 

o 
ß. 

s 
CO 

*fl 
'3 1 

O 
DC 

(U 
D 

£ 
tu Q U 

o 
Q. 

0) -5 
Q  5 1- Q 

(^ 



,«,. 
T" CO m ;■•-,."OB.-. .'. 

"    -" 
. <n en VA7^ivJ.VÜ-.V.V. «0 ::'■■'■■«;■■■ Svv'v.V.V.'tv.'.T/.V. 

r- n en CO W 
U1 m to o ■'iO . 

** CO "* A «'■*■" ; ; ■::.:^:^:~: ::L. 

ANIiqepiojjv 
CO 

a ■o •»•EL/ rc>''-i 
^i;™..;-: 

CM CO """ 
P—W*i * o o o in ■:.-.-. .-.^Ni^ ,^o o :r:^^0f^- 

OV :_:":r:/": 1^ 
>—^ o o w~l^ ~ o o ^ 

SSPHII 

w -^f o rv i r 
co rr-l 

^f CO 
vo <^ 

lsJ> 

o o 

a> 
a 
> 

tO 

CD CO 

CO 
CO 
CD 

CD 

CD 

U 
© 

:      C 

E JJ9d :-«: 

to 

ö CD 
kO 

Ö 

CD CN 

CD 

CD 

CD CN 
CD 

d 

CO 
CD 

CD 
CD 
CD 

CD o 
Xil ;     3 

D" 
a> a o O O 

o o CD CD 

0> & 

3sn-mn|/\| ■'■«*■' 

k_r o o 
CD 

CD 

o 
CD o 
Ö CD 

CD 
CD 

a o 
CD 

CD 
o 
CD 
CD 

CD 
O 
O 

CD 
CD 
O 
O • PN 

GO 
o a CD CD 

© 
o O 

O 
CD 

00 CD m 
O 
O a CD 

O o CD 
o 
CD 

fl MMB9H ?*>'! 
CD o o o 

o If) CD CN 
CN 

O CD 
O 
CD ^^ o *" o a T_ 

U o o CD o 
o CD a CD 
a Q CD CD 
o O 

CD 
o o CD 

O 

8W!lM0|d ;.i«>: 
o a o o 

CD CD 
CD 
CD 

CD o 
CD 
CD 

CD O 
O 
o 

75 

■*- 
CO 
< 

4-1 
CO 

•^H 4> 
> 

QJ 
c 
CO CO 

u 

to 
to 
< 

•*J j ^ <3 u c TD 
U c o «fc! CO T3 s O 
3 L. X! .n c Q. 

^^H L. « O c CO o 
w ■*J QL CO ID 5 D. 1- 
c < l_ i— 1_ t_ 1_ 

> 
o 

o a) o +-J o o o 
O tu < to 

to 
to 2? 

«^■i^ 
*» o 15 

CO 
O 15 < !5 15 

£ tz u CO c CO L- CO  ™ CO 
!^^HJ » £ o i_ CO i_ co 

D
es

ir 
W

an
e o k. 

»1 a> O 
to 
CO 

sz to 
CO <fc! 

Q. to 
CO 

■^fcj £ h- K U LU Ü _1 0_ 1- Q 

U>le 



JC 
a « 
a 
X 

M / /   / / ^ v     X     X      X    1    « 

-aSL    ■ bvvr «i raWttl 1/ / / A i ^\^HH K            ./          /           /     /       ■" 

\y / /} E 
t>   \ \^W I \N1 
1-                          ^%t**Oi a)                     ^**r 
e                           t 

Q.                                                     4) 

U7 



O 
PQ 
'S o 

43 

O 

O 
a 
fi 

0> 
CO 

o 

CO 
cd 

Ö 
O 
<Ü 

§ 

4» 
t/5 
CO 

fi 
!-H 
<D 

•fi    <ü ca      w 
OH    cd 

2    2i 
pq   PQ -ja 

3 O 
IS 
&^ 

I -3 
fi -rH 

■3 t: 
5-H u 

H-< fi 
o o 

fi C 
fi •!-• 

to o 
to OH <D <D i) f*1 

J-H 
O c 

• 1—1 

0 

O 
to 
to 
<D 

C 
O 
to 

A) OH Ui 
»H >> H-J 0 
O 

1—I 
•l-H 
cd 

-4-J 

to 

bo 

is 

to 
cd 

1—H 

"I to 

3 1) to 
OH to 

N 
N 
O 

to 
to 

O X) S O 
-t-j ■ ^1 

O OH • l-H £H 

OH 
VH 

Id 

> 

■8 
O 

| 
w 
<D 

1—1 
N 
N 

O 
fi 
O 

Ö 
O 

H-> 

1 
fi 
O 

"5 1—1 

O 
fi 3 

<i) cd eu fl> 

9 
I 09 

0 

CD 

• 1—1 
-l-H 
to & to 

to 

■I* 
W   fi 

CO 

o 
'S a to <u 
e S 
3 ° a e 

■rj <D 
OH OH 
O (D 

fi Id 
•-fi rfi 
ü cd 
<D > 

13 «0 

fi cd 

58 o 
o ^ 
cd 

"cd 
-a 

0 

OH 
:*-H     fi fi cr O 

to    *-? 

fc 
fi 

.O 

>^    <L> 
H->      H 
:fi     cd 

I 
fi 
O 

to 
fi 

fi J+-« 

^ cd 

_ o 
O u 

•l-H •>-! 

1—1 V-(       _ 

a s p 
fi 

!-i 

PH 

OH 
O 

•H to 
to pj 
OH O 

13 to      '£> 
> ^       > 
(0 O      <D 

Q 2   Q 

dcS 



p^f ' K?^B^^^ 

Q 
^M ^s 

CO S 
• PN ^ 
-^■^ 00 
S C 

Q v hs 

o 
PL, 

ufi 



T> 



es 
Pi 
3 
0> 

H 

CO 
DJ 

o 
PH 

o 
• I—( +-> o 
■3 

o 
en 

i 

o 
(N 

CO 

<D 

T3 
2 <D 

CO T^> <D CO 00 a 
'r-l 

B *-H 

CO a 
•rH 

IS o <D <D Ö Ö ö O > 
O 

■R 

<D • 1—< 

o 
öß 
VH 

F—H 

cd s 
•rH 
r—t 

> 
O 

rH 

Ö ä CO 

r^ 
• i—( 

ö 
•i—( 

rH 

o 
•r-1 
cd 

'S 

• rH 
rÖ 

co 
cd 

Id 

1 
• 

1—1 • 1—1 CO • I-H 

3 
CO 

rH 

cd 

• 

r^ 
CO 
cd 

Ö 

■71 



U 

a 

7?- 


