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SECTION 2.0

FLIGHT SYSTEM CONCEPTUAL DESIGN

2.1 FOREWORD

This report was written to satisfy the requirement of Task 10.0 of the Statement of Work to
Sundstrand Energy Systems under the Department of Energy Contract Number EN-77-C-02-4299.
The report is contained in five volumes:

Volume | - Phase 1l Program Plan
Volume || - Flight System Conceptual Design (FSCD)
Volume i1l - Ground Demonstration System (GDS)

FSCD vs. GDS Comparison
Evaluation Criteria Comments

Volume |V - Teledyne FSCD and GDS
Volume V - Safety

Quality Assurance
Reliability



2.2 INTRODUCTION

This section describes the Kilowatt Isotope Power System (KIPS) Flight System Conceptual Design .
(FSCD). Included in this section are a background, a description of the flight system conceptual

design, configuration of components, flight system performance, Ground Demonstration System

test results, and advanced development tests.




2.3 BACKGROUND

The Flight System Conceptual Design (FSCD) is the resuit of several steps in the KIPS Phase |
Program. Preliminary flight designs were created and reviewed with the Department of Energy.
From the results of these designs a development system and major components were fabricated and
tested. Test results and further analysis were used to refine the flight design and GDS hardware. The

FSCD design is documented in this section. The GDS, which demonstrates the feasibility of the
FSCD, is presented in Section 3.0 of this report.



2.4 DESCRIPTION OF FLIGHT SYSTEM CONCEPTUAL DESIGN CONFIGURATION

The KIPS Flight System Conceptual Design (FSCD) is illustrated in Figure 2.4-1.

The heat source assembly is located asymmetrically around the power conversion system and at the
base of the radiator assembly which is mounted to the spacecraft bulkhead as shown in Figure
2.4-1.

The major subsystems are:
e Power Conversion System {PCS)

— Combined Rotating Unit (CRU) - turbine, alternator, pump and bearings
— Electrical and fluid controls

— Regenerator and jet condenser

— Filters, check valve, orifices

e Heat Source Assembly (HSA)

— Heat source - MHW (plutonium oxide)
— Boiler and auxiliary cooler

— Emergency Heat Dump System (EHDS)
— Structure/Insulation system

e Radiator Assembly {RA)

— Radiator
— Auxiliary cooler
— Bypass valve

Key features of the KIPS design are radioisotope heat source assemblies, a supersonic axial impulse
turbine, homopolar inductor alternator, centrifugal pump, working fluid (Dowtherm A — high
purity eutectic of biphenyl and phenyl! ether) lubricated fluid film bearings, once-through radiantly
heated boiler, jet condenser, liquid working fluid pumped radiator, and electronic controlier.

Figure 2.4-2 is a schematic of the KIPS. The KIPS uses an organic working fluid in a rankine
thermodynamic cycle. It consists of two working circuits, the power loop and the heat rejection
loop.

In the first loop, three radioisotope heat source assemblies provide energy to Dowtherm working
fluid. This energy preheats and boils the fluid, creating a vapor which drives the turbine. The
alternator, mounted directly on the turbine shaft, provides electrical power for the spacecraft. After
the vapor leaves the turbine, it passes through a regenerator where the remaining superheat is used
to preheat the liquid which is entering the heat source assemblies (boilers). The desuperheated vapor
then passes through a condenser, changing to a liquid, and then to the pump, which pressurizes the
liquid to the point necessary to complete the cycle.

In the heat rejection loop, a liquid circuit transfers the heat of condensation to the radiator, where
the heat is rejected to space. This liquid then returns to the condenser, where the cold liquid
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provides the heat sink for the vapor condensation to take place in the jet condenser. The liquid of
this circuit is mixed with the power loop fluid in the jet condenser before passing through the
system pump.

The controls of the system are simple. A flow control valve maintains constant temperature at the
turbine inlet as the radioisotope decays slightly over the seven year lifetime; a radiator bypass valve
maintains a constant temperature of the liquid into the jet condenser as the spacecraft cycles from
light to dark conditions in the space environment; the electronic controller provides voltage and
speed controls as the electrical load demand on the KIPS is changed.

Three units of ground support equipment will be used. The start module is used to start the power
system either for a ground start or a space start. The preferred mode of operation is a ground start.
In this case, the start module would be disconnected prior to launch and the KIPS would be
operating and producing partial power as required during launch and orbit transfer. The heater
temperature control support module is used for cooling during the period between heat source
assembly and power system startup. It is also used as emergency cooling for the heat source while
the system is in the Space Shuttle. This cooling is supplied by a ground module for the Titan {11 and
the launch vehicle for the Space Shuttie. The heat rejection support module is used for on the pad
cooling prior to launch for Titan 1!l applications and continuously while in the Shuttle bay. These
support modules are decoupled after performing their function and are not part of the
KIPS/Spacecraft system that is injected into operational orbit.

Figure 2.4-3 is a biock diagram of the system illustrating typical operating conditions. As described
above, the liquid outlet from the pump is split into two loops. The power loop passes liquid through
the regenerator to extract energy from the turbine exhaust vapor. At the energy source, additional
heat is transferred to the working fluid which is vaporized to drive the turbo-pump alternator. The
cooling loop passes liquid flow through the radiator to reject waste heat and then to the jet
condenser to condense the vapor emanating from the regenerator. The combined liquid is returned
through the accumulator to the pump. As indicated in Figure 2.4-3 the organic Rankine cycle KIPS
has a maximum power conversion system temperature of only 650°F which allows design with
common materials as presented in this section.

Table 2.4-A is a summary of performance indicating the overail characteristics of the KIPS for the
seven year life and five year mean mission duration. Total wet weight is 475 pounds. This system
has not yet been fully weight optimized. The 450 pound goal is considered to be realistic for KIPS.
A comprehensive weight reduction effort is planned for Phase I1. For 1300 watts of electrical power
at beginning of mission, the overall efficiency of the 28 VDC % 2% system is 18.1%. Overall
dimensions are 52'' diameter by 96" long which is the result of optimizing the radiator as a function
of liquid side delta P and weight. These dimensions can be changed to accommodate booster or
spacecraft constraints. The KIPS is designed to be operating and generating power during launch,
parking orbit and orbital transfer to final orbit.
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Table 2.4-A KIPS Characteristics

Rated Output Power . . . . . . . . @ i i i e e e e e e e e 1300W(e) BOM
Optional Ratings . . . . . v v v v i i e e e e e e e e e e e e e e 500 to 2000W(e)
Input Power @1300W(e) BOM . . . . . . . i i i i i e e e e e e 7200(t)
Overall Thermal Efficiency (N 18.1% rectified to 28 VDC
Peak Working Fluid Temperature . . . . . . . v c v i i it e e e e e e e e e e e 6500F
Total Weight(2) . . .. . L 475 pounds
Envelope Dimensions for 1300W(e) gom{3) .. 52 inches Diameter

96 inches Length
Design Point Qutput Voltage . . . . . . . . . . . . i i i o v v v v v e e 28 VDC £ 2%
Response - Variable Qutput Power-0to 100% . . . . . . . .. ... ... ... Milliseconds
Partial Qutput Power Capability . . . . . . . . ¢ ¢ i i et e e e e e e e On Pad

Launch to Parking Orbit
Orbital Transfer to Final Orbit

Qutput Power Capability -0to100% . . . ... ... ... .. .. Spin Stabilized Spacecraft
Lifetime . . . . . s s e e e e e e e e e e e e e e e e e e e e e e e e e e 7 years
Capable of Stable Operation with Unbalanced Solar Input

Resistant to Natural & Induced Radiation

(1) With RTG topping, system efficiency can be increased to 22.1% or higher. See Appendix
A of Volume IV.

(2) Based on updated flight system design utilizing conventional materials, weight reductions
such as alternate radiator configuration and CPU housing machining, to approach the 450
pound goal will be studied in the Phase || design phase.

{3) Flexible in design for both size and shape to fit the specific spacecraft.




2.5 CONFIGURATION OF COMPONENTS

The following paragraphs describe the individual subsystems and components of the FSCD.
Appropriate discussions are included to describe trade-offs with alternate approaches, materials
used, fabrication methods, stress and performance analysis approaches, and critical characteristics.
Results of the development system component testing are included as necessary to explain the
sizing and performance of these components and system.
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2.5.1 HEAT GENERATION SYSTEM

Refer to Volume 1V, Teledyne FSD and GDS, for a description of the heat generation system.

11



2.5.2 HEAT TRANSFER SYSTEM

2.5.2.17 Introduction

This section describes in detail the components necessary for energy absorption, regeneration and
rejection by the system, the components required for transporting the working fluid around the
system and the stability and compatibility of the selected working fluid with the components.
2.5.2.2 Summary

Thermal energy is absorbed by the KIPS in three boilers, one for each HSA. These boilers receive
radiant energy in fin tube heat exchangers, which vaporize the liquid working fluid before passing to
the turbine.

Superheat is removed from the turbine exhaust vapor in the regenerator and transferred to the
liquid before it passes to the boiler. The amount of heat transferred in the regenerators is almost
50% of that absorbed in the boilers. The regenerator comprises a stack of helically wound finned
tube bundles arranged in an overall counterflow configuration,

Vapor condensation takes place in the jet condenser. This is accomplished by accelerating the vapor
stream and passing it over the surface of multiple, subcooled liquid jets emanating from a nozzle

assembly. The liquid stream surface area is sufficient to condense all the vapor.

System heat is rejected from the jet condenser outlet liquid flow in a space radiator. This is a
cylindrical fin-tube heat exchanger with multiple, paraliel, axial, liquid tubes connected by headers.

The working fluid in the vapor phase is transported through ducting from the turbine to the
regenerator, and regenerator to jet condenser. A transition bellows is located between the jet

condenser vapor funnel and the liquid accumulator to compensate for differential expansion.

The compiete system is covered with thermal insulation to minimize heat losses, both to improve
system performance and to minimize thermal interaction with the spacecraft.

The selection of the working fluid is based upon satisfactory chemical stability, both thermally and
radiolytically, for the total mission life with no adverse compatibility effects of the components
with which it comes into contact.
2.5.2.3 Heat Transfer Fluid
The fluid selected for the KIPS was based on the following requirements:

Thermodynamic properties giving high efficiency, small system size, and low weight

High thermal stability

Low freezing point

Non-toxic

Non-flammable

12




Non-corrosive and compatible with materials commonly used in construction of power
conversion equipment

While no single fluid is optimum for all the above requirements, Sundstrand’s past experience and
the broad data base available led to the selection of the eutectic mixture of biphenyl {23.5% by
weight) and biphenyl-ether (73.5%) as the best available working fluid.

Some of the more important physical and transport properties of the fluid are presented in Tables
2.5.2-A and 2.5.2-B and in Figures 2.5.2-1 through 2.5.2-3.

2.5.2.4 Ducting, Bellows, Valves, Transitions
2.5.2.4.1 SYSTEM ACCUMULATOR

The system accumulator is located between the jet condenser and system pump. It provides a
reference back pressure for the jet condenser and, hence, establishes the dynamic head recovery. It
also provides adequate inlet head to the system pump.

During overspeed operation, the amount of fluid in the regenerator, radiator, vaporizer, and lines
will be different than in steady state normal speed operation of the system. The accumulator
accommodates this fiuid inventory transfer among the system components by acting as an
expansion compensator.

TRADE-OFFS: The following configurations were considered. A brief description of how each
configuration would work follows.

Redundant Bellows (Figure 2.5.2-4): In this configuration two identical bellows are used. A
partition is welded between the bellows to isolate the system fluid from the precharged gas. The
space between the bellows OD and the housing ID is partially filled with system fluid. A small ullage
space is left in this space to allow for thermai expansion of fluid. The ullage space is evacuated and
sealed. The gas side is charged with a proper amount of nitrogen so that when the system attains
steady state operation, the accumulator will set the required reference pressure at the jet condenser
outlet and also hold the required amount of inventory. With this design, if the bottom bellows
develops a crack, only a small amount of N9 ends up on the ullage but the system continues
operation without noticeable change in performance. If the top bellows develops a leak, a smail
amount of the working fluid ends up in the ullage space, but the system continues operation
without noticeable change in performance. All other welds in this configuration are static joints.

Gas Filied: This configuration can be visualized by removing the lower bellows of the redundant
bellows configuration. There is no buffer zone around the bellows between the charge pressure and
system fluid. In normal operation this configuration would work in the same manner as the
redundant beilows configuration. However, if the bellows develops a crack, the system fluid and
charged gas would be able to interact and cause eventual system shutdown. The advantages that this
configuration offers are that it is easier to fabricate and lighter.

Vented: This configuration is the same as the configuration described above except the gas filled
side is vented to the low pressure zone of the system. The reference pressure needed is developed by
compression of the bellows. In this design, if the bellows develops a small leak (0.002 diameter
orifice), it can be fed back to the system and the system woulid continue operation. However, if the
leak rate gets higher, there will be accumulation of fluid in the vented cavity and the system would

13



Table 2.5.2-A Physical Properties of Dowtherm A

Property

English Units

Metric Units

Atmospheric Boiling Point
Freezing Point

Flash Point, co ¢

Fire Point, co ¢

Auto Ignition Temp , ASTM

Density at 75°F

Volume Contraction Upon Freezing
Volume Expansion Upon Melting
Heat of Fusion

Specific Resishvity

Dielectric Constant at 75°F
frequency 103
frequency 104
frequency 10°

Dissipation Factor at 75°F
frequency 103
frequency 104
frequency 10°

Dielectric Strength at 75°F

Surface Tension in Air

Critical Temperature
Critical Pressure
Critical Volume

Heat of Combustion

494 8°F
536F
255°F

275°F
1150°F

660 b /ft3
8 82 Ib /gal
6 63%
710%

42 2 Bty/lb

12x 10?2 ochm em @ 32°F

64 x 10" ohm cm @ 68°F

39 x 10" ohm ecm (@ 104°F

326
327

327

00012

0 0001

0 0001

530 volts/mil
40 1 Dynes/ecm
37 6 Dynes/cm
35 7 Dynes/cm
927°F

30 93 Atm

0 0508 ft3/ib

14,000 Btu/lb

@ 68°F
@ 104°F
@ 140°F

257 1°C
12 0°C
1239 C
1350C

6211 C

1056 gm fcc @ 25°C

23 4 Cal /gm

497°C
31 96 kgfem?
317 cm ¥/gm

7,778 cal /gm

“coc Cleveland open cup
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Table 2.5.2-B Sa_tyratE)n“P_rope[tie_s‘of Dowtherm A

SPECIFIC SPECIFIC
TEMPERATURE VAPOR PRESSURE ENTHALPY HEAT DENSITY GRAVITY
Absolute Gauge Liquid l Latent Vopor Liquid Lquid ] Vapor Liquid
Yocuum
°F °C b /in? n Hg Bru/ib Bruf(lb ) (F ) Ib /f+ 2 1/25°C
536 12 0 000 29 92 00 1752 1752 03N 66 54 0 0000 1 069
60 156 0 000 29 92 24 174 4 176 8 0374 66 37 0 0000 1066
70 21 0 000 29 92 6! 1732 1793 0377 66 10 0 0000 1062
80 267 0 001 2992 99 1720 1819 0381 65 82 0 0000 1057
90 322 0001 29 92 138 1707 184 5 0385 65 55 0 0000 1053
100 s 0 001 29 92 176 169 6 187 2 0388 6527 0 0000 1049
1o 433 0 002 29 92 218 168 4 1899 0392 65 00 0 0001 1044
120 489 0003 29 92 255 167 2 1927 0396 6472 0 0001 1040
130 544 0 005 29 92 295 166 0 1955 0 400 64 44 0 0001 1035
140 400 0007 99N 3 164 9 198 4 0 403 64 16 0 0002 1031
150 656 0010 2299 375 163 8 2013 0 407 43 88 00003 1 026
160 7 0014 29 90 41 6 1627 204 3 041 63 60 0 0004 1022
170 767 0020 29 89 457 161 & 2073 0414 63 32 0 0005 1017
180 822 0027 29 87 499 160 4 2103 0418 6303 00007 1013
190 878 0037 29 85 541 159 4 2135 0 422 6275 0 0009 1008
200 933 0 051 29 83 583 1583 216 6 0426 62 46 00012 1003
210 98 9 0 068 2979 824 157 2 2198 0 429 6217 00016 0 999
220 104 4 0 091 29 74 669 156 2 2231 0433 61 88 00021 0 994
230 1100 0120 29 69 N3 1551 226 4 0437 61 59 00027 0 990
240 1156 01s 29 &0 757 1540 2297 0 440 61 30 0 0034 0985
250 121 020 29 52 801 1530 2331 0 444 6100 0 0044 0 980
260 126 7 026 29 40 845 1520 2365 0 448 60 71 0 0055 0975
270 1322 033 29 26 890 151 0 2400 0 451 60 41 0 0069 0971
280 1378 0 41 29 09 9348 149 9 2435 0 455 6011 Q0 0086 0 966
290 1433 o5 28 89 981 148 9 24790 0 459 59 81 00106 0 961
+300 148 9 63 28 65 1027 147 9 2506 0 463 59 50 0029 0 956
310 154 4 078 28 34 107 4 1468 254 2 0 466 59 20 80157 0 951
320 1600 096 27 97 121 1458 257 9 0 470 58 89 00191 0946
330 165 117 27 85 116 8 144 8 261 6 0474 58 59 00229 0941
340 1711 141 27 06 1215 1438 2653 0477 58 28 00274 0936
3s0 176 7 170 26 47 126 3 142 8 269} 0 481 57 96 00326 0931
360 1822 203 25 80 1312 1417 2729 0 485 57 65 00385 Q926
370 187 8 242 2500 136 0 140 8 2768 0 «88 5733 0 0454 Q921
380 1933 286 2411 1409 139 8 2807 0492 57 02 00532 0916
390 198 9 337 2307 1459 1387 284 6 0 494 56 70 00620 0911
400 204 4 39 21 87 1509 137 6 288 5 0 500 56 37 00720 Q 906
410 2100 462 20 52 1559 136 6 2925 0503 56 05 00833 0 901
420 2156 537 19 00 160 9 1356 296 5 0 507 5572 0 0959 0 895
430 2211 622 1727 166 0 1345 3005 0511 5539 01100 0890
440 2267 718 5N 1711 1335 304 6 0514 5506 01258 Q885
450 2322 25 1313 176 3 132 4 308 4 0518 5472 0 1432 0879
460 2378 9 44 o7 1815 1313 3128 0522 5438 01626 0874
470 2433 1077 800 186 7 '303 3170 0526 54 04 0 1840 0868
480 2489 12 24 501 1920 1291 3211 0529 5370 02076 0863
490 254 4 386 1N 1973 128 0 3253 0533 5335 02335 0857
i
494 8 2571 1470 0 00 1999 127 4 3273 0535 5318 0 2470 0 854
500 2600 1565 095 2027 1269 3295 0 537 5300 02618 0 a5t
510 265 6 17 62 292 208 ) 1257 3338 0 541 52 65 0 2929 0846
520 2711 1978 508 2135 124 5 3380 0 545 5229 03267 0 840
530 2767 2214 714 2190 1233 34213 0 549 5193 03636 0834
540 2822 247 1001 2245 1221 346 6 0554 51 56 0 4037 0828
550 2878 27 51 12 81 2301 1208 3509 0558 5120 0 4472 0823
5 2933 3055 1585 2357 1195 3553 0 562 50 82 0 4943 0815
570 298 9 3383 1913 241 4 1182 359 6 0567 50 45 05452 o8n
580 304 4 3738 22 68 2471 1169 364 0 0571 5006 0 46003 0804
590 3100 4 26 51 2528 1155 368 3 0575 49 68 0 6597 0798
600 3156 4534 30 64 2586 1141 3727 0 579 49 29 07237 Q792
610 321 49 76 3506 264 4 1127 3771 0 582 48 89 07926 0785
620 3267 54 51 39 81 2702 113 381 5 0 586 48 49 0 8667 0779
630 3322 59 59 44 89 276 1 1098 3859 0 589 48 08 0 9464 07172
37 e 6503 5033 2820 1083 390 4 0593 47 67 1032 0766
650 3433 70 82 5612 2880 106 8 394 8 0 596 4725 1124 0759
660 3489 77 00 62 30 2940 1052 3992 0 599 46 82 1223 0752
670 354 4 83 57 48 87 3000 103 6 4037 0602 44 38 1328 0745
4680 3600 90 36 75 86 3061 1020 408 1 0605 45 94 1 442 Q738
690 3656 97 97 8327 3122 1003 4125 0 608 45 49 1564 0731
700 kAR 1058 9110 3183 78 6 416 9 06N 4503 1695 0723
710 3767 1142 99 50 3245 96 8 4213 0615 44 56 1836 0716
720 3822 1230 108 30 3307 9?50 4258 0419 44 08 1988 0 708
730 3878 1323 117 60 3370 931 4302 04623 43 59 2153 0 700
740 3933 1421 127 40 3434 14! 434 6 0628 43 09 2327 0692
750 398 9 1525 137 80 3497 892 438 9 0633 42 57 2517 0 684
760 404 4 163 4 148 70 3562 871 4433 0 640 4204 2723 0675
770 4100 1749 160 20 3627 849 447 & 0 647 41 49 2 946 0667
780 4156 1871 172 40 36923 826 451 8 0655 40 93 3190 0658
790 4211 1998 18510 3759 801 456 0 0664 40 34 3 456 0 4648
800 4267 2133 198 60 3827 776 460 2 0675 3974 3749 0638
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Figure 2.5.2-1 Liquid Viscosity of Dowtherm A
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VAPOR VISCOSITY, CPS
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Figure 2.5.2-2 Vapor Viscosity of Dowtherm A
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THERMAL CONDUCTIVITY, BTU/(HR.) (SQ. FT.) (°F./FT.)

TEMPERATURE °C

TEMPERATURE, °F.

Figure 2.5.2-3 Liquid Conductivity of Dowtherm A
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eventually shut down. Using the bellows as a spring to set the reference pressure results in a long
stroke and thicker laminations. The vent connection would require two additional penetrations in
the system.

Two Bellows: This configuration consists of two bellows of different effective area. The jet
condenser inlet pressure is supplied to a small area to develop the force needed to set the jet
condenser out pressure which is being exerted on the OD of the external bellows. Thus, in this
configuration, all the force required to resist the jet condenser out pressure does not have to be
developed by making the bellows stiffer. Aiso in this configuration during an overspeed operation
(launch condition) since the jet condenser inlet pressure will rise, the accumulator pressure will rise
proportionally. This means the pump size can be smaller and bearings can be lubricated from the
pump inlet. The net effect is less power consumption for the pump. The disadvantages of this
configuration are that the higher accumulator pressure during overspeed means high jet condenser
recovery and this is undesirable for launch acceleration and vibration conditions. This configuration
would require more penetrations. |f the bellows develops a leak, the effect of leakage would be the
same as for the vented configuration.

Valved: This configuration consists of a bellows similar to the gas filled configuration for taking up
volumetric changes in the system and a second spring loaded bellows used to set the reference
pressure for the jet condenser outlet. Both bellows’ cavities are vented to a low pressure zone in the
system. The advantage this configuration offers is that the volume compensating bellows does not
set the reference pressure and so could be as light as the gas filled configuration bellows. This
configuration, like the vented configuration, can handle a small leak through the bellows. The
disadvantages are that this configuration needs additional penetrations like the two bellows
configuration. Also there is continuous flow through the valve which is attached to spring loaded
bellows and has to be drained through the bearing scavenge.

Others Considered: Piston, elastomeric bladder, and metallic bladder type of configurations were
also considered. These configurations were rejected because of either limited life or excessive
leakage limitations.

All configurations described in the previous paragraphs were considered for the following aspects:

Reliability and Safety: The redundant bellows configuration allows system operation with failure
of one of the bellows. The gas filled bellows has the lowest AP across the bellows but a beliows
failure would cause system shutdown.

Performance: During launch accelerations, it is desirable to have higher bearing flow. With the two
bellows configuration this can be achieved by lubricating the bearings from the pump inlet and,
thus, save on pump work. All other configurations require bearing lubrication to be done from the
pump outlet to achieve higher bearing flow during overspeed (launch condition).

Risk: Construction of all bellows configurations is within the present state-of-the-art. However,
redundant bellows configuration can operate with one bellows failure.

“Weight: Since the AP across the gas filled beliows is the lowest, it would result in the lightest
configuration. The valved configuration would result in the next lightest configuration while the
vented configuration would be the heaviest.

Producibility: All configurations considered are producible with _state-of-the-art manufacturing
procedures.
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Design Operation Flexibility: The redundant and gas filled configurations provide flexibility in
design. The jet condenser recovery can be changed very easily without changing the fiuid inventory
in the system by varying gas charge pressure. The jet condenser outlet pressure in the valved
configuration can be changed by changing the preload on one of the bellows. All 3 of these
configurations can be used for multipower level systems. For a given bellows assembly, the jet
condenser recovery can be changed only by changing system fluid inventory for the vented and two
bellows configuration.

Based on this rationale, the redundant bellows configuration was selected for the FSCD.
ACCUMULATOR SIZING

Since the FSCD has a noncondensible gas removal device, the amount of fluid in the accumulator
has to be just enough to provide a reference to the jet condenser at all times. It is not required to
serve as a liquid reservoir to minimize the concentration of noncondensible gases. in the event that
the bellows between the system fluid and ullage space failed, = 2.2 cubic inches of system fluid will
enter the ullage space. The accumulator displaceable fluid at normal operating condition is 7.2 cubic
inches and thus provides a safety margin of greater than 2.

An inventory summary of the system fluid in various parts of the loop during normal speed and
overspeed has been calculated (Table 2.5.2-C). This number may change slightly after all the
inventory in interconnecting plumbing is estimated. Based on this table, it can be seen that during
an overspeed, the system fluid will require 5 cubic inches of additional space which will be provided
by compression of the bellows inside the accumulator. In the design of the accumulator, provision
has been made to accept |5 cubic inches volumetric displacement and thus provide a safety factor of
2.

SYSTEM FILTER SIZING

In order to minimize system weight, this filter element is located in the accumulator, thereby
eliminating a separate filter housing.

The function of the filter is to remove particles of sufficient size to score the bearing surfaces.
During launch conditions, the minimum bearing film thickness is calculated to be approximately
0.00017 inch. The inner diameter of the bearing pads is plated with 0.0004 minimum silver plating
thickness, hence, the absolute filtration level of retaining all particles larger than 0.00057 inch (14
microns) is desirable. The fiiter selected has a nominal rating of 2 microns and absolute rating of 10
microns. The filter area is equivalent to the AN6235-3A element (6 gpm) so at normal operating
conditions, the pressure drop through the filter is low, as system flow is 2.28 gpm.

A 6 KW Sundstrand system was tested for more than 3000 hours and all hardware was visually
inspected after termination of testing. No corrosion or erosion was observed in these areas and no
evidence of particulate matter in the filter was apparent. The filter used had a nominal rating of 0.5
micron and absolute rating of 3 micron. Based on this experience, it is felt that no filter bypass is
necessary.

RELIABILITY, STRESS, MARGIN OF SAFETY
The accumulator housings have been stressed to ensure that their failure probabilities are less than 1

x 169,
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Table 2.5.2-C !nventory Summary

COMPONENT DESIGN OVERSPEED
Boiler & Conn. Tubes .927 .908
Regen to Boiler 274 .263
Regen 3.766 3.687
Alternator to Regen. .028 .028
Alternator 334 329
FCV to Alternator .056 .055
Pump to Radiator .750 741
Radiator 1.956 1.931
Radiator to JC .645 .636
Bypass Valve 942 929
Acc. to Pump .468 463
10.146 LBS 9.970 LBS
Accumulator .716 LBS .892 LBS
Total | 10.862 LBS 10.862 LBS
Accumulator Vol. {cu. in.) 20 25

It is our intention to procure the bellows assembly from Metal Bellows Corporation, who fabricated
the GDS bellows and who has built many other bellows assemblies for space applications. The
requirements for the bellows assembly will be as follows, with failure probability of less than 1 x
109,

Number of full expulsion cycles = 20
(Estimated total number of starts)

Number of partial cycles = 2500 (once a day for 7 years)
Proof pressure = 60 psid minimum (1.5 x maximum accumulator pressure)

Burst pressure = 80 psid minimum (2.0 x maximum accumulator pressure)

Tables 2.5.2-D and 2.5.2-E show the materials being used in the accumulator and critical
characteristics, respectively.
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Table 2.5.2-D Materials

Item Material
Accumulator Housing AMS 5511, 5647 (304L)
Bellows Laminations AMS 5548 (AM 350)
Remaining Parts of Bellows AMS 5511, 5647 (304L)
Assembly
System Filter 304 Stainless Steel
Check Valve See para 2.5.2.4

- Table 2.5.2-E Critical Characteristics

Characteristic Location Value M

Filtration System filter 2 1 nominal Protects bearings.
10 1 absolute The largest particle

allowed is smaller
than minimum
film thickness and
plating thickness.

Material Bellows assembly. SCT 1000 This affects the

Conditions Bellows heat cycle life of the

treatment bellows.

Leakage Complete assembly 1x 108 Air leakage into
SCC/Sec the system would
hetium at 1 cause jetsin jet
atmos. condenser to

defocus and cause
floodout. Also,
more tarry
substance will be
generated in
vaporizer.

The accumulator assembly will be constructed as shown in Figure 2.5.2-4. The shell will be
fabricated from 304L stainless steel and EB welded. All welds in the sheil will be penetrant
inspected and either ultrasonic or X-ray inspected. Some of the weids that are internal in the final
assembly will also be helium leak tested prior to completion of final assembly. The weld between
the filter and housing will not be ultrasonic or penetrant inspected to eliminate any possible
contaminants from being trapped in filter mesh.

The bellows diaphragms after welding will be heat treated to SCT 1000 condition. The verification
of the bellows joint will be done by metallurgical examination of the weld samples prior to and
after completion of welding the actual part. This is an accepted practice in the bellows industry. To
date, no other means of bellows weld inspection is available. Sandia Labs feel that the eddy current
method may work but would need development.

Some samples from the GDS bellows were submitted to Oak Ridge and Sandia. After examining the
configuration they concurred that the weld sampling process is acceptable.

Sandia Labs has procured several thousand welded bellows assemblies from the same vendor’s plant
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in Sharon, Massachusetts, using a tight material specification for AM-350. They destructive tested
some of the bellows from a production run. To date this procedure has ensured satisfactory parts, as
no failures of the bellows assemblies have occurred in the field.

In lieu of this NDT examination upon completion of assembly, it will be subjected to proof pressure
test, helium leak test, limited cycle test, and another helium leak test. Development of the eddy
current method may also be pursued for the FSCD as an added inspection tool.

2.5.2.4.2 CHECK VALVES

The FSCD has two check valves. Their function is to allow system startup with the use of a start
module. Once the system is in operation, the check valves remain open.

TRADE-OFFS: The four configurations listed below were considered for this application (see
Figure 2.5.2-5):

1. Ball type

2. Kepner cartridge

3. Circle seal C-200 cartridge
4. Circle seal C-2900 cartridge

Sundstrand has built and tested ball type check valves for various turbine systems. The valves were
used in 1200°F gas lines and performed well. However, for liquid flow application, the design is not
suitable since it requires a high reverse flow to close the valve. Because of this, ball type valves were
rejected from further consideration.

In Configurations 3 and 4, the flow path is such that any contaminants will be washed out while in
Configuration 2 it can be trapped and cause poppet hang-up.

Because of the type of design, Configurations 3 and 4 are able to close with low delta P in the
reverse direction (2-4" of water). This is a desirable feature of check valves. Configuration 2 takes a
higher delta P to move the poppet to the closed position.

Configuration 2 takes higher flow in reverse direction to close. Configuration 4 closes with low flow
in the reverse direction, but once closed, surface tension holds it closed so a problem may occur
when draining the system for a restart. Configuration 3 also closes with a low flow in the reverse
direction but the construction is such that the system may be drained satisfactorily.

Configuration 3 has been used by the Air Force without a spring and is also being qualified for
Space Shuttle LOX and LN2 system. Configuration 4 has not been tried without a spring, and
Configuration 2 takes too high a reverse flow rate, both of which are risk statements.

Configuration 4 is lightest, with 3, then 2 weighing more.

All valves are off-the-shelf components. With minor modification of the springs, the valves are
suitable for the FSCD.

After considering all the above factors and trade-offs, Configuration 3 was selected.

SIZING: Under normal operation, the fluid will flow through the check valves. Hence, it is
desirable to have a high C,. The valve selected has a Cy, of 3.0.
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Configuration 2 Kepner Cartridge

Configuration 3 Circle Seal C-200 Cartridge

Configuration 4 Circle Seal C-2900 Cartridge

Figure 2,56.2.5 Check Valve Configurations
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After completing initial ground tests, the system may have to be drained of working fluid (for a
restart, for example). it will then be necessary that the check valve at the accumulator outlet remain
partially open. This can be accomplished by designing the free height of the spring such that it
results statically in a partial opening of the valve. Any flow reversal deita P will cause the poppet to
close and stop the reversed flow.

In order to save weight, the internal components of the check valve will be installed in an existing
PCS housing rather than using a cartridge.

RELIABILITY AND STRESS: The configuration selected has very low stresses. The flow path is
such that it is self-cleaning and, hence, poppet hang-up is not likely. As mentioned earlier, once the
system is in operation the valves are fully open and, hence, do not affect the reliability of the
system,

MATERIALS: The poppet is made from 6061 alloy and anodized. The spring is made from 302 or
304 stainless steel.

CRITICAL CHARACTERISTICS

Characteristic Location Value Comments
Surface finish Poppet face 32 Good finish results in
and housing low leakage in reverse
seal flow direction during
startup.
Reserve closing Check valve 2-4in. of Allows maximum use of
pressure water system fluid for startup.

2.5.2.4.3 EXPANSION BELLOWS

This bellows permits differential thermal expansion between the jet condenser and accumulator and
the housing supporting these two subassemblies.

The bellows assembly consists of two concentric bellows welded to common flanges. The assembly
is of redundant construction so that, if one of the bellows fails, it will not cause a system failure.
The cavity between the bellows is evacuated.

TRADE-OFF: Formed bellows, diaphragms and welded bellows were considered for this
application. The formed bellows concept was rejected because of inability to evacuate between the
bellows. The diaphragm concept was rejected because of size and stress limitations. The welded
redundant bellows configuration met the design requirements and, therefore, was selected.

SIZING: The diameter of the inner bellows is sized to fit over the diffuser of the jet condenser.
The outer bellows is sized so it can be assembled over the inner bellows. The number of
convolutions is based on deflection requirements.

RELIABILITY AND STRESS: The construction of the assembly is such that if one of the bellows

fails, it will not cause system shutdown. The stress levels in the bellows will be maintained low
enough such that it meets failure probability requirements of less than 1 x 109
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MATERIALS: The materials of construction will be AM-350 for the laminations and 304L for the
flanges. The laminations will be heat treated after welding. The completed assembly will be proof
pressure tested, helium leak checked, and then the cavity between the bellows will be evacuated and
sealed.

2.5.2.5 Regenerator
CONFIGURATION

The regenerator is an overall counterflow, spirally wound, finned tube configuration, mounted
coaxially around the CRU. It consists of fourteen coils stacked one upon the other with liquid
transfer to adjacent coils occurring at the |ID and OD of the coil via a 1800 return bend. This
configuration results in a serpentine cross-flow of the liquid from coil to coil.

The coils are spaced and supported by baffles inserted between each coil. These baffles also ensure
correct vapor flow through the regenerator. The entire assembly is held together with six tie bolts.

TRADE-OFFS

In the investigation of an appropriate regenerator design to meet the requirements of performance,
reliability, and weight, several different heat exchanger types were considered. Since any
configuration can be designed to meet the required effectiveness, the performance considerations
are basically those of liquid and vapor side pressure drops and weight. In particular, the vapor side
pressure drop is critical in determining turbine back pressure, hence, system performance as can be
seen in Figure 2.5.2-6. Liquid side pressure drop is not as critical as can be seen in the performance
sensitivity subsection 2.6.4.

Since the system flow rate is low and high effectiveness is required, high fin densities become a
necessity. The inherently higher heat transfer characteristics of the liquid mean that the vapor side
controls the heat transfer.

It was decided early in the program that, from a weight and packaging basis, an integrated
CRU/regenerator/jet condenser was advantageous. This leads to a minimum number of joints in
duct work and minimizes vapor flow passage transition ducting. Consequently, the regenerator
needs to be designed to fit into the annular space around the CRU or into the volume between the
CRU and jet condenser.

Three basic configurations have been considered: plate fin, sheet fin, and circular finned tube, with
variations of each of these designs.

The typical plate fin design is built up of alternating layers of fins for liquid and vapor side,
separated by thin plates and arranged in a general counterflow multipass configuration, with an
appropriate header system to distribute the flow. This type of heat exchanger is typically the most
compact type available but has many joints which are difficuit to leak check.

In addition, the construction method employing flat plates essentially eliminates the potential for
using aluminum construction because the stresses are too high at the hot end, although one
potential way to solve this would be to use aluminum in the cold end only. Nickel is the preferred
alternate material, having relatively good conductivity but high density. The trade-off analyses done
for the piate fin, therefore, considered various fin configurations in nickel only, The plate fin
construction lends itself to mechanical integration in that it forms a relatively rigid structure.
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The sheet fin design comprises a series of tubes assembled through holes in a stack of thin sheets
forming an extended surface. This is the type of heat exchanger used in automobile radiators and air
conditioning equipment. Aluminum sheets can be used with aluminum tubes or even stainless steel
tubes, though the latter construction leads to difficulties with the fin/tube joint. Even in the hot
sections, the aluminum tubing could withstand the stresses imposed by the liquid pressure. This
construction also has a relatively rigid construction but typically has relatively low fin density and a
large number of joints associated with the interconnections between individual tubes. One version
of this configuration has been investigated and is included in the trade-off.

The third configuration is the circular finned tube. This can have relatively high fin density and,
because of the annular shape of the package, can be wound as a series of spiral tubes with
interconnecting joints. The low number leads to relatively high reliability. As with the sheet fin
configuration, the use of a tube to carry the high pressure liquid means that aluminum can be used
throughout the construction. Two types of finned tubes were investigated, one with fins brazed to
an aluminum tube, and the other a one-piece construction. The one-piece construction eliminates all
the fin/tube braze joints. Table 2.5.2-F summarizes the basic configurations considered for a
qualitative trade-off.

Table 2.5.2-F Regenerator Configurations

Configuration No. 1: Plate fin — nickel

Liquid side: lanced offset, hard way
0.100 inch plate separation,
12 FP! (fins per inch)

Vapor side: laced offset, easy way
0.301 inch plate separation,
23 FPIi

Weight: 17.5 Ibs.

Configuration No. 2: Sheet fin
Aluminum fin: 8 FPI
Aluminum tube: 0.402 inch O.D.
Weight: 35 Ibs.

Configuration No. 3: Finned tube — fin brazed to tube
Aluminum fin: 14 FPl — 0.015 fin thickness
Aluminum tube: 5/16 tube O.D.
Weight (including baffles and support): 21 Ibs.

Configuration No. 4: Finned tube — integral construction
Aluminum fin: 14 FPI — 0.022 fin thickness
Aluminum tube: 5/16 tube O.D.
Weight (including baffles and support): 24 Ibs.

The following characteristics were evaluated for each configuration. The number of joints used is
one of the most important factors in determining heat exchanger reliability. It should be noted that
an internal leak from the liquid side to vapor side is not as critical as an external leak but would
result in a degradation of performance; i.e., available output power. The plate fin construction has
the greatest number of joints and a sheet fin would have the least number.
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All types of heat exchangers could be built with the same effectiveness, but the pressure drops and
weight are different for each type. Therefore, weight and AP, not effectiveness, are the important
factors in the evaluation.

Extrapolation of existing design data is needed to correlate the vapor side heat transfer coefficients.
To vary heat exchanger size is extremely difficult for the plate fin or sheet fin configurations,
whereas addition or subtraction of coils is easy for the finned tube type. A test rig with variable size
was built and used to confirm the design of the finned tube configuration used in the GDS. It
should be noted that the FSCD retains the same regenerator size for all power levels, with minimal
effect on performance.

The sizing of the finned tube version could be modeled most easily. It is configured to be the lowest
risk design.

On a weight basis, the plate fin constructed from nickel is about the same weight as the all
aluminum, brazed finned tube design and has a smaller volume. The plate fin has a somewhat
awkward shape, however, from a packaging standpoint since it is basically rectangular in form,
which would probably lead to the necessity for two separate heat exchanger cores to fit into an
annular package.

The lower fin density for the sheet fin design leads to higher weights. The sheet fin design is the
most common type used commercially, in automobile radiators and air conditions. The finned tube
is relatively easy to produce but the winding into coils and joining of the individual sections involves
a somewhat complicated process. The plate fin is the most difficult and expensive to manufacture
because of all the braze joints that have to be made and the somewhat complex nature of the header
system.

The result of the trade-off analysis was the selection of the finned tube configuration. The annular
package is best fitted by a spirally wound finned tube with interconnecting joints. The integral
finned tube version has distinct advantages over the brazed fin type; namely, it eliminates the
problems of obtaining a good braze joint and cleaning the joint after brazing. Both brazed and
integral finned tube configurations were fabricated for the GDS. Based upon this experience, the
integral type was selected for the FSCD despite the slight weight penalty.

The tube configuration was selected from readily available sizes. The ID was sized to maintain the
liquid side pressure drop within limits set by the radiator flow loop, without seriously affecting heat
transfer. This can be done since the liquid side heat transfer coefficient is much larger than the
vapor side coefficient. Tube pitch, both axial and radial, and fin OD were selected based on
performance data available from Kays and London. 1

PERFORMANCE ANALYSIS

The basic design objectives were as follows:

Minimize vapor side pressure drop.

Allow easy gas flow from the turbine diffuser into the heat exchanger and, hence, to the jet

condenser. .

Minimize weight.

1Comp:-)ct Heat Exchangers. Kays and London. McGraw Hiil.
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Keep liquid side pressure drops less than 10 psi.

Achieve the 0.95 effectiveness which is essential for good system performance (see subsection
2.6.4 for system performance).

The effectiveness is defined as:

E=

CHot (THot In — THot Out)
CMin  \ THot In — TCold In
where
CHot = capacity rate hot side = (m Cp)Hot
Ccold = capacity rate cold side = (m Cp)cold
Cmin = smaller of the two capacity rates
The regenerator configuration is basically counterflow with cross flow within each coil. Therefore,

initial preliminary analyses were performed using NTU/effectiveness information for this type of
heat exchanger, where the “Number of Transfer Units” is defined by:

1—E
—In ! —EC)
NTU = —C

where C = min capacity rate
max capacity rate

For KIPS, the capacity rate ratio, C, is 0.825 which combined with a required effectiveness E, of
0.95 leads to NTU = 8.37.

The vapor side heat transfer and pressure drop analysis was based on data presented in Kays and
London and reproduced in Figure 2.5.2-7, with extrapolation for the lower Reynold’s numbers.
Liquid side analysis was performed using standard Dittus-Boelter correlations,

From a packaging and system dynamics standpoint, the regenerator housing length needs to be
minimized. The inner regenerator housing is fixed by the size of the electrical generator, and various
outer housing diameters were investigated to satisfy vapor side pressure drop and packaging
constraints.

For a given geometry, the heat transfer coefficients were calculated for liquid and vapor sides
leading to the required area:

_INTU) C

AL UL

where U = overall heat transfer coefficient referred to liquid side
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A second, more accurate analysis was performed using a computer program to model the annular
geometry. This allowed for the incorporation of local values of fluid properties rather than average
the means. The Kays and London data set was used as the basis for the geometric configuration and
for the heat transfer and pressure drop characteristics. The analysis procedure did not use NTU
effectiveness relations, but rather an energy balance was performed starting from the hot end and
working towards the cold end.

The heat transferred, Q, is given by:
where:

hj and hq are inside and outside heat transfer coefficients
Aj and A are inside and outside area

Tw = tube wall temperature

T, = liquid temperature

gas temperature

-
w
]

Q =hA(Tg—Ty)

If o:. = Apot/V
«i = Ainside/V
«fin = Afjn/V
I l ! 5
then — = — - +
hA «V i ho(l — %fip (I = nf)
<o hj «

where nf = fin efficiency
V =volume

For purposes of analysis, the tube was divided into angular elements as shown in Figure 2.5.2-8. 1t
was assumed that uniform flow occurred on the gas side and that all the liquid flowed through the
liquid side.

hA (Tg—T))
hA
=67>”m+T¢—Tn—TM

where

T4; = gas temperature into element

gi
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Tge = gas temperature out of element
T; = liquid temperature into element
= liquid temperature out of element

oy
(4]
|

Heat transfer coefficients for inside and outside were determined by methods similar to those used
in the previous analysis but using the elemental average temperatures. Hence, starting from the hot
end of the heat exchanger and knowing the vapor inlet temperature and liquid outlet temperature,
values for the liquid inlet temperature and vapor exit temperature were calculated. The resultant
liquid outlet temperature was used for the inlet liquid temperature for the succeeding element. For
each coil, the vapor inlet temperature was assumed the same for every element, and the exit
temperatures were averaged for all elements to give the inlet temperature to the next adjacent coil.

By this method, the variation in temperature along the length of the coil was determined and the
length adjusted until the required vapor outlet and liquid inlet temperatures were reached.

This analysis was based on a concentric tube arrangement, whereas in actuality, the tubes are
spirally wound, making each coil slightly shorter and the overall heat exchanger length slightly
larger for a required total tube length. The total tube length was conserved and the effect found to
be negligible from testing.

The approximate analysis procedure and the computer analysis outlined above agree within
approximately 10% for required heat exchanger size. It should be noted that certain extrapolations
of the given data are present in the final design, i.e., the vapor side Reynold’s number is outside of
the data correlation, but the resuits of the test data indicate that these extrapolations are within
reasonable limits.

The computer program allows multipower analysis to be readily performed since the effect of mass
flow on temperatures for a given size can be calculated. These results are presented in Table 2.5.2-G.

Table 2.5.2-G Effect of Power Level on Regenerator Performance

Power Level Mass Flow Regenerator Effectiveness
(watts) _{Ib/sec)
500 0.0146 0.955
1300 0.0306 0.95
2000 ' 0.0451 0.934

Additional analyses have been performed to investigate the effect of axial conduction. The effect of
this is minimal on the regenerator performance.

The effect of maldistributed flow at the exit of the turbine diffuser, entering the regenerator, for
the 500 W or 1300 W designs, is difficult to analyze. The ratio of regenerator pressure drop to
absolute pressure level is reasonably high (10%), so the flow should redistribute sufficiently well.
The results of the GDS testing confirm this.

The pressure drop through the vapor side of the FSCD can be seen in Figure 2.5.2-9. The jet
condenser showerhead vapor side pressure drop is discussed elsewhere, while the values for the
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sudden expansion of leaving the core and the contraction, expansion losses associated with the
support struts have been calculated and are shown in the figure. As can be seen, the regenerator core
has a good pressure drop match compared to the design turbine back pressure conditions.

In order to prevent condensation of vapor on the first cold row of the regenerator core, a
regenerator preheater has been incorporated to raise the liquid temperature above the iocal
saturation conditions. This requires approximately a 20F increase in liquid inlet temperature and a
heat transfer of 100 BTU/hr. The heat input is obtained by routing the inlet and outlet plumbing
tubes side by side and thermally shunting them together with a stainless steel block brazed to both
tubes.

MECHANICAL CONSTRUCTION

The regenerator is a spirally wound finned tube configuration, mounted coaxially around the CRU
(reference Figure 2.5.2-10). This packaging arrangement was selected out of several alternative
configurations to give the most compact arrangement for the KIPS system and to eliminate
potential ducting.

Mounting of the coil in the housings and securing the individual coils have been studied to avoid
damage to the coils during launch environments. Other considerations in the mechanical
construction were proper tube spacing to maintain performance, minimum restrictions in the vapor
flow path, avoidance of possible thermal shunts through the regenerator, alleviation of thermal
stresses due to tube growth, limitation of stresses to assure high reliability, and inspectability of the
parts and joints after final assembly.

The regenerator coils are made from 6061 aluminum tubing extruded to form an integral fin/tube
construction. The fin/tubes are coiled into pancakes (approximately 12 foot lengths) and the end
stripped for preparation of the U-bend weld.

The coils of the regenerator are separated from and supported by each other by means of 0.018
stainless steel (304L) baffle plates. The baffle plate assemblies are made by stamping the inner and
outer plates and then joining the plates together using six equally spaced channels and welding them
to the inner and outer plates. Each baffle plate is fabricated to ensure correct vapor flow through
the regenerator.

As each regenerator coil is stacked up, a baffle plate is inserted between coils. Six grooves 0.125
inch wide are machined in each coil on each side to match the baffle plate spokes and, thus, the
plates nest between fins. This ensures that at least six fins are contacting coil to coil through the
assembly. Nesting of the baffle plate struts into the fins gives a keying effect that allows the coils to
expand radially but eliminates torsional motion.

To constrain the regenerator, stiffer plates are needed at each end, and the coils are attached to the
housings for axial constraint with preload on the coils.

A stiffer plate was made at the turbine end by adding six “T" sections to the baffle plate. Stiffness
on the opposite end was obtained by utilizing the existing support structure frame and adding three
smaller struts. The total coil assembly is mounted to the transition housing by means of six tie bolts
which preload the assembly.

Excessive torsional distortion is prevented by keying the turbine end baffle plate to the outer
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housing. Radial support is maintained by making the baffle plates a close conforming slip fit to the
inner diameter of the outer regenerator housing.

The integral finned tubing is inherently more reliable because it has fewer, more accessible joints
and is conductive to standard fabrication and inspection techniques. The flexibility in packaging
reduces the number of joints in the duct work which leads to increased system reliability. In
addition, the integral construction is inherently cleaner than the brazed construction because no
braze flux is used. The potential presence of braze flux is a risk statement from a corrosion and
fluid degradation standpoint.

STRESS

The stress analysis shows that the regenerator coils will withstand the thermal, shock, and vibration
inputs without failure provided proper support is maintained. Based on the vibration level inputs, it
was determined that six evenly spaced contacts were required between the coil fins to support the
loads. With this support, the natural frequencies of the regenerator internal hardware are
sufficiently higher than the natural frequencies of its mounting system, thus minimizing
transmissibility through the struts.

FABRICATION AND INSPECTION
The individually-coiled finned tubes are stacked one upon the other with prebent aluminum U-bend
welded to the ends of the coils. As the assembly is built, each weld joint is X-ray inspected and

helium mass spectrometer leak checked to 1 x 10-8 sce/sec leak rate or better.

The fabrication, processing, and inspection of the regenerator are described in Figure 2.5.2-11.

Characteristic Location Value Comment

Weld Joints Tube Connections —_— Hermetic

Clearance 0.D. & 1.D. of 0.030 I.D. Performance
Baffles to Housings

Finned Tube Fin to Baffle 6 Fins Dynamics

Contact Minimum

TRANSITION TO JET CONDENSER
The transition section between the regenerator and the jet condenser resulted from an aerodynamic

design study. This study optimized the vapor flow for minimum pressure losses and to provide for
uniform mixing prior to introduction to the jet condenser.
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2.5.2.6 Flight Systern Radiator

‘ Refer to Volume 1V, Teledyne FSD and GDS, for a description of the flight system radiator.
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2.5.2.7 Condensing Heat Exchanger
CONFIGURATION

The jet condenser consists of three major sections: the liquid injector, the vapor funnel, and the
throat/diffuser.

The liquid injector is comprised of three hollow concentric rings supported by three equi-spaced
elliptical hollow radial struts (see Figures 2.5.2.7-1 through 2.5.2.7-3). These form the liquid supply
header system. Arranged upon the concentric rings are ninety orifice elements; forty-two in the
outer ring, thirty in the middle ring, and eighteen in the inner ring. The orifice elements and ring
header end cap form a single piece part for each ring. Each orifice element is of 0.010 inch inside
diameter with an L/D of five. The orifice inlet has a one diameter lead-in radius.

The vapor funnel provides a boundary for the mixing/condensation process. The first section
provides a rounded, smooth transition channelling vapor from the injector to the subsequent
converging sections. The second and third sections are simple conical funnels.

The throat/diffuser has a constant diameter throat with a 0.010 inch gap in the middle through
which bearing scavenge flow is ported. This is followed by a compound diffuser: the primary
diffuser 0.700 inch long with a 20 included angle and the secondary diffuser 2.900 inch long with a
69 included angle.

TRADE-OFF STUDIES

Four types of condensing heat exchangers were considered for incorporation in the system and were
evaluated on their performance, reliability, fabricability, weight, and ability to survive the launch
environment as well as function in zero g.

Three of the configurations studied were surface condensers. A significant characteristic of all
surface condensers is that a large vapor pressure drop is required to keep the condensate moving in
the proper direction. Unless relatively high vapor pressure drops are used, various types of flow
instabilities can occur when even slight acceleration fields operate in the direction opposite to flow.
The result of these instabilities is either a large pressure fluctuation which is detrimental to system
performance or, in the case of severe instability, depriming of the system pump resulting in system
shutdown.

The first configuration is a condensing/subcooling radiator. In addition to the large pressure drop
required, as the passages are larger, a greater amount of armor to prevent micrometeroid penetration
would be required. The flexibility of this configuration is limited due to the required orientation.
To allow the radiator thermal inertia to provide cooling during launch requires that the expander
inlet be 100 to 1500F superheated in normal operation causing a reduction in system performance.
The condensing/subcooling radiator is very sensitive to unbalanced solar radiation which could
result in pump depriming and system shutdown.

A surface condenser/subcooler with a pumped liquid radiator configuration is somewhat better than
the radiating condenser aithough it still suffers from some of the same problems. A large vapor
pressure drop is still required. The additional flow loop adds another pump and power conditioning
equipment at a penalty to system performance and reliability. The smaller radiator tubes will lead
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Figure 2.5.2.7-2 Internal View of Jet Condenser Injector Passages

Figure 2.5.2.7-3 Jet Condenser Orifice Tubes
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to a reduction in armor weight and greater integration flexibility. By varying the liquid flow
through the radiator, the cooling required during launch could be supplied without requiring an
inordinate amount of superheat during normal operation. Also, the radiator would be insensitive to
unbalanced solar radiation.

With a wicking surface condenser, high g levels and vibration can cause the wick structure to dry
out. It could be coupled with a pumped liquid radiator with the trade-offs as described above.

The jet condenser is a device in which low pressure vapor is ducted into a funnel coaxially with
liquid jets of subcooled working fluid. The liquid jets are injected into the vapor with a high
dynamic pressure and aimed at the throat of the vapor funnel. The vapor condenses on the
subcooled liquid jets and the combined liquid jet passes through a throat into a diffuser. The high
dynamic pressure liquid jet undergoes expansion in the diffuser to fill the entire cross section. In the
sudden expansion, there is a loss of total pressure but a gain in static pressure of the liquid stream.
Further recovery of static pressure occurs in passing through the diffuser. The behavior of the liquid
jet in the diffuser is identical to that which occurs in the diffuser of a cavitating venturi. Thus, the
outlet pressure from the diffuser can vary from essentially zero up to about 55-70% of inlet pressure
depending on where the jet expands to fill the diffuser. This characteristic is used for inventory
control in a jet condenser system by plumbing the diffuser outlet to a pressure controlled
accumullator/reservoir.

Since the operation of the jet condenser is based on liquid momentum, the vapor pressure at the
inlet can be very low as there is no requirement for a significant vapor pressure drop as is the case
for surface condensers. Thus, a very low turbine back pressure can be used to improve
turbomachinery volumetric flows (increase specific speed) and to increase isentropic head, hence
increasing system efficiency.

Since the jet condenser relies on injected liquid momentum, it obviously can work in zero g. Even
more important is that, with suitably high liquid injection velocities and moderately short jet
lengths, it is quite insensitive to launch acceleration levels as well as vibrations.

The jet condenser is slightly less sensitive to noncondensable gases than the surface condensers, as
some will be reabsorbed into the fluid at the throat but a gas removal system will still be
incorporated to ensure long term performance and reliability.

The jet condenser could also be coupled with a pumped liquid radiator with the trade-offs as
described above.

The additional flow for the jet condenser subcooled liquid requires a larger system pump than the
previous condenser configurations. However, the jet condenser configuration has distinct advantages
as a surface condensed system would required an additional jet pump to provide adequate NPSH for
the system pump. The jet pump would have a flow ratio of about 1.5. The system pump specific
speed would be 400 and a pump efficiency of approximately 40% results. With a jet condensed
system no jet pump is required as the recovery provides the necessary NPSH to the system pump.
The jet condenser flow ratio is 9. This raises the pump specific speed and the pump efficiency will
be 65%. Therefore, a jet condensed system requires about 75% more pump power. This increased
pump power is more than offset by the ability to run at a very low vapor pressure, hence turbine
back pressure, for improved turbine and system efficiency.
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With the attributes of 1) allowing low back pressure operation yielding high system efficiency, and
2) being less sensitive to launch acceleration and vibration, zero g operation and the space
environment, the jet condenser does not have any of the liabilities that other types have, so it is the
logical best choice for the KIPS condenser,

PERFORMANCE AND SIZING ANALYSIS

The basic design objectives were as follows:
1.  Minimize vapor side pressure drop and eliminate flow separation.
2. Provide uniform vapor distribution about each orifice element.
3. Minimize weight.
4. Keep liquid side pressure drops less than 3 psi.
5.  Minimize joints to assure reliability.

The jet condenser performance can be broken into two separate attributes, pressure recovery and
thermal performance. The latter corresponds directly to mixing chamber pressure.

The pressure recovery directly determines the pressure rise needed by the system pump and, hence,
pump work. Therefore, the recovery needs to be as high as possible considering both the steady
state normal operation and launch (overspeed) modes. The transient condition of operation at
design speed, immediately after operating at overspeed, when fluid inventory temperatures are high
and a larger amount of fluid is held in the system accumulator must also be considered. For a jet
condenser capable of a maximum recovery of 50%, the design operating recovery is reduced to 40%
to account for this and to give adequate margin,

The jet condenser mixing chamber pressure has a {arge effect on system performance. The mixing
chamber pressure is directly related to the turbine back pressure and thus the effect of a change in
pressure is charged directly to system efficiency. The sensitivity analysis indicates a rise in pressure
from 0.1 psia to 0.2 psia causes the cycle efficiency to drop by 2.6 percentage points.

Extensive rig testing on a Dowtherm working fluid loop with which the jet condenser state points
could be accurately controlled and on a single nozzle loop with water/steam as the working fluid
facilitated the formation of a jet condenser mathematical model. With the model it is possible to
accurately predict the thermal performance (mixing chamber pressure) of a chosen jet condenser
configuration.

This method was utilized to select and fabricate a GDS jet condenser configuration. The GDS
configuration differs from the rig configuration only in those ways which do not invalidate the
fabricability, inspectability and reliability demonstrated in the rig tests, but which facilitate
improved performance. Model analysis indicates performance could be further improved. However,
to assure the integrity of the predicted performance, the FSCD configuration was selected to be
identical to the GDS except for minor changes in manufacturing which do not adversely affect
performance, fabricability, inspectability or reliability. Refer to subsection 3.5.2.7 and Appendix A
for a more detailed presentation of rig test results, model development and configuration analysis.
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Jet condenser state points and mechanical configuration are described in Table 2.5.2.7-A.

The intra-jet condenser states are illustrated in Figure 2.5.2.7-4. Vapor flow rate, pressure and
velocity as well as liquid surface and bulk temperatures are shown as functions of funnel axial
location. These data are from the mathematical modei analysis. It is interesting to note that
approximately 50% of the vapor is condensed in the first 20% of the length. At 4 inches the
condensation rate becomes limited by the intra-jet heat transfer. At that point the jet surface (TSL)
has achieved saturated liquid conditions.

MECHANICAL CONSTRUCTION
All parts are machined from 304 stainless steel.

The liquid injector body is EDM’'d on both internal and external surfaces. This allows maximum
cross section liquid sections with rounded intersections for minimum liquid pressure drop while
facilitating aerodynamic shaping and fairing of the external surfaces to minimize vapor side pressure
drop.

The orifices are made an integral part of the ring header end caps to enhance the reliability. This
eliminates 90 joints, which would be present if the orifices were made individually. It also allows
aerodynamic shaping between the orifices and fairing of the header-to-orifice interface, which aids
in minimizing vapor pressure drop. The orifices are machined into the three rings such that they are
nominally focused at the throat. They are machined into tubes of 0.125 inch diameter and 0.500
inch length to facilitate fine tune focusing of the injector by slightly bending individual tubes to
focus on a common focal point at the center of the throat, This fine tuning of the focus allows
maximum hydraulic performance, minimum feedback to the bearing scavenge system and minimum
effect from the launch dynamic environment.

The orifice end rings are fluxless furnace brazed to the injector body to minimize distortion and
eliminate contamination of the injector body. The joint was designed to provide ample safety
margins on stress in all operating modes (including overspeed pressure superimposed on the launch
dynamics) and to be fully inspectable after completion of the brazing.

The completed injector assembly is then similarly brazed to the vapor funnel.

The vapor funnel is penetrated in one location midway through the shallow funnel to allow porting
of the noncondensable gas separator vapor return.

The upstream half of the throat and the outer shell of the bearing scavenge annuli form an integral
part of the vapor funnel.

The throat/diffuser section is a single part and also encompasses the inner shell and dividers for the
bearing scavenge annuli.

This configuration minimizes the number of joints and eliminates external joints with the exception

of tubing connecting the liquid inlet, bearing scavenges and noncondensable gas separator vapor
return.
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Table 2.5.2.7-A Jet Condenser Geometry and Performance

State Points:
Mass Flow Temperature Pressure

Location (tbm/sec) (OF) (psia)
Liquid In 0.275 169 80.0
Vapor In 0.030 239 0.1
Bearing In 0.009 211 2.75
Liquid Out 0.314 211 32.0
Length L = 10in.

Mixture chamber pressure Pmix = 0.083 psia

Number of nozzles N = 90

Orifice diameter Do = .0100 in.

Effective vapor diameter at the liquid injector Dpjx = 3.14in.

Diameter at liquid injector Dy = 4.00in.

Number of rings n =3

Angle to Axis

Distribution No. of Nozzles Diameter {in.) {degrees)
Outer 42 2.808 80 12
Middle 30 1.932 50 31’
Inner 18 1.014 20 49’
.Vapor velocity at liquid injector Vy = 278.3 ft/sec (M=.6)
Liquid velocity V) = 103.0 ft/sec (Rep=8140)
Throat diameter dy = 0.133in.

Diffuser Length (In.) Half Angle (degrees)
Primary . 0.700 1

Secondary 2.900

Pressure recovery = 40%

Liquid side pressure drop = 1.9 psid
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RELIABILITY

The selected configuration, with only tube porting joints as external joints and with the integral
orifices, is inherently an extremely reliable configuration.

The fluxless braze assures that cleanliness can be maintained.

In order to minimize the impact of lateral inputs from shock or random excitation upon the
deflection of the injected liquid streams relative to the throat it is necessary to reduce the structural
response frequency to as low a value as possible. An analysis was performed to determine the worst
case relative deflection between the injected liquid stream and the throat as described in subsection
2.5.5.3. This worst case relative deflection is 0.086 inch due to the response of the optimized
structure.

A trade-off was performed to find the configuration which minimized the impact of this relative
deflection. The configurations considered were: 1) hard mounts and open the throat to accept the
worst case deflections {approximately 0.250 in), 2) shock mounts and open the throat, if required,
as determined by test, and 3) shock mounts maintaining the throat at 0.133 in. and designing the
throat to dynamically track jet deflections by counterweighting the jet condenser independently at
the throat and nozzle.

Configuration 1) has the fewest number of parts and a simple jet condenser, however, it may lead to
a more complex system due to the potential for pump cavitation at low jet condenser recovery and
the need for strength in all other system components to survive the launch environment.
Configuration 2) indicates a simple jet condenser but benefits also accrue in the design of other
system components due to reduced structural loading from the launch environment. Configuration
3) is very complex requiring many more parts but has the potential of totally eliminating dynamic
environment impacts.

Hydraulic performance is improved in each more complex configuration. Configuration 1) may lead
to cavitation of the system pump during launch due to the reduced pressure recovery capability.

Essentially no development risk is involved in utilization of configurations 1) and 2). Configuration
2) requires determination of tolerance to impingement under the launch environment. This
determination may be easily made under static test conditions. Tuning of the shock mounts may be
required if the system dynamic response is not as predicted. Configuration 3) requires significant
development of techniques to design the structure and liquid streams to vibrate in phase.

Configuration 2) leads to minimum system weight due to fewer effects on other components.
Configuration 3) incurs maximum jet condenser and overall system weight.

Configurations 1) and 2) utilize proven manufacturing techniques and are fully inspectable. The
third configuration utilizes unknown manufacturing techniques and inspectability. It is probable
that many parts will be involved and a complex assembly sequence will result.

For the above reasons the configuration chosen is one in which shock mounts are incorporated to

reduce the impact of the launch loads upon the total structure (second configuration). Static
deflection tests (see subsection 3.5.2.7 and Appendix A) indicate that the current throat diameter is
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not quite large enough to accomodate the predicted worst case deflection. However, the throat has
been maintained at 0.133 in. diameter and if subsequent dynamic tests whow any problem the
throat can be enlarged as necessary. The nonimpinging diameter under waorst case loading has been
determined to be approximately 0.165 inch {refer to subsection 2.5.2.9). This, then, is the upper
limit of throat diameter.

STRESS

Stress analyses of the jet condenser injector, vapor funnel and diffuser are complete. Sizing and
analysis was done following the reliability guidelines established to correlate stress levels and
material capabilities. Stress analysis results are presented in subsection 2.5.5.

FABRICATION AND INSPECTION

The fabrication, processing and inspection of the KIPS FSCD jet condenser are described by Figure
2.5.2.7-5. The jet condenser is 100% inspectable throughout the manufacturing process.

The injector body rings and struts are rough machined on the outside and inside. The outside
contours are then EDM’d to their final configuration. Then the internal passages in the struts are
final EDM’d and the ring |Ds are final machined. Full inspection of all internal and external
dimensions follows.

The end cap/orifice rings are rough machined on the outside and inside. The outside surfaces and
orifice feed diameter are final machined. The orifice diameter bore is then EDM’d in each orifice
tube. Due to erosion of the electrode in this small size some taper develops. This taper is removed
and gross surface erregularities are corrected by a subsequent machining operation. With a special
tool which centers on the orifice diameter the inlet radius to the orifices are machined. Utilizing a
fixture and test stand each orifice is then flow checked to assure that the proper flow for the
assembly will be achieved at design pressure drop. Assessment can also be made as to locational
stability and brooming resistance. Any orifices which do not meet the design requirements are
reworked or replaced. The orifice rings are then cleaned using a technique developed by Sandia.

The injector body and orifice rings are now furnace brazed together. After inspection the completed
injector assembly is installed in a test fixture which incorporates a target orifice at the throat plane.
All nozzies but one are capped and, by bending, the nozzle is aligned so that the stream passes
precisely through the target orifice. This is repeated for each nozzle.

All of the manufacturing, inspection and test techniques have been developed and demonstrated on
the GDS. Refer to TP-404 for further information on focusing.

The vapor funnel and diffuser are conventionally machined and then welded together.

The jet condenser assembly is then completed by brazing the injector assembly into the vapor
funnel after a final flow check to verify the focus the assembly is cleaned per CP 14.57-01 and
helium leak checked.

CRITICAL CHARACTERISTICS

The cricital characteristics of the jet condenser are described in Table 2.56.2.7-B: It should be noted

that all critical characteristics are assured to be within tolerance by at least one inspection test or
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Table 2.56.2.7-B Jet Condenser Critical Characteristics

CHECKSTO
CHARACTERISTIC DIMENSION ASSURE INTEGRITY COMMENTS
Orifice Diameter .0100 in. Dimensional Inspection Increase Pump Work if too Large
: +.0003 Flow Tests
Orifice Exit .001 max Dimensional Inspection Severely Misdirected Jet Gives Low

Carner Breaks

corner hreak

Flow Tests

Orifice Cp And Cy/ Resulting In
Reduced Recovery if Not Sharp

Throat Diameter 1330 in. Dimensional Inspection Throat Not Able To Swallow
,-001 Flow Test Injected Flow if Too Small
~.000

Injector Vapor Side {SV Inspect Projects Through Boundary

Surface Finish Layer if Too Rough

Throat and Primary Inspect Slight Decrease In Pressure

Diffuser Surface \B'V Recovery if Too Rough

Finish

Concentricity of concentric Inspect Throat Not Able To Swallow

Throat In Vapor within .0005 in. Injected Flow if Too Large

Funnel To Throat
in Diffuser




test operation and if within tolerance should produce no discernable effect upon jet condenser
performance. The orifice diameter and corner break characteristics, which are the most critical in
assuring design performance and reliability, are verified by a final inspection and four distinct flow
tests (refer to Figure 2.5.2.7-5).

2.5.2.8 Thermal Insulation Stability

2.5.2.8.1 FOIL INSULATION

Refer to Volume 1V, Teledyne FSD and GDS, for a description of the foil insulation.
2.5.2.8.2 FIBROUS INSULATION

Refer to Volume 1V, Teledyne FSD and GDS, for a description of the fibrous insulation.
2.5.2.8.3 PCS INSULATION

TRADE-OFFS: Trade-off studies were conducted to determine the type of insulation to be used
to insulate the PCS components. The selected insulation must satisfy these requirements:

Low thermal conductivity
Low mass density
The ability to maintain its desirable characteristics over a period of 7 years

Because of the rather low operating temperatures of the PCS components (650°F maximum),
numerous insulation materials are available and were considered for this application. Table
2.5.2.8-A summarizes the properties of some of the candidate materials.

The most important factor to be considered in the selection of the insulation is the product of
thermal conductivity and density since this will give the lowest weight for a required heat loss. It is
obvious from the table that though Min K has very low conductivity, the Kp product is very high
due to the high density. On the other hand, Microlite “AA” has an extremely low density and
lowest Kp value, but its current availability is questionable. Multifoil insulation has a very low
effective conductivity in vacuum but a relatively high value in air and is difficult to apply.

Trade-off studies were performed between Microlite “AA", TG15000, and multifoil insulation using
aluminum foils with zirconium oxide separator. The effects of additional radiation barriers on the
outside of the bulk insulation are included, using individual foil emissivity values of 0.04. As the
number of these foils increases, the effective emissivity decreases, and the relative thermal resistance
between the bulk insulation and the radiation barriers decreases allowing reduced amounts of bulk
insulation for the same heat loss in a vacuum environment. However, heat losses for ground
operation do increase with the reduced amount of bulk insulation.

The results of these trade-offs are presented in Table 2.5.2.8-B for the plumbing and regenerator
turbine shells.
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Table 2.5.2.8-A Fibrous Insulation Materials

0]

Effective Max
Thermal Conductivity Operating
(BTU-FT/FT2HR-OF) Density Temp
Material Air Vacuum LBy/FT3 (Kolyac OF
Microlite “AA" (J-M)* .0483 .0243 0.6 .0146 750
(silicone binder)
Microfibre Felt (J-M) .0308 .0092 4.0 .0367 -
Micro-quartz (J-M) .033 .010 35 .035 2000
Min K — 1301 (J-M) .018 .011 20 217 1300
Min K — F182 (J-M) .018 .01 16 .176 —
TG 15000 (HITCO) .0354 .0078 3.0 .0234 800
Fibre Frax Lo Con (CARB)** | .0317 .01n 4.0 044 —
Multi-foil — .0000463 — — 1000
(AL-Z,09)

*  Johns-Manviile
** Carborundum




Table 2.5.2.8-B  Summary of Insuiation Thermal Analysis

Regenerator and Turbine

High Temp Plumbing Shells
Heat Loss Weight Heat Loss Weight
(BTU/hr) (1b) (BTU/hr) (Ib)
2" thick Microlite 139 0.99 66 0.81
+ (1) Al foil
2" thick Microlite - — 38 0.93
+ (2} Al foils
2" thick Microlite 48 1.23 24 1.05
+ (3) Al foils
2" TG15000 63 4.56 30 3.73
+{1) Al. foil
.65 TG 15000 — - 66 1.16
+ (1) Al. foil
.65 TG 15000 50 1.85 24 1.51
+ (3) Al. foils
2" TG15000 22 4.8
+ (3) Al. foils
.032"" muiti-foil 9 0.89 16 1.74
.062"" multi-foil 5 1.98 8 4.9
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ANALYSIS: The critical areas of the Power Conversion System where heat loss must be minimized
are the turbine and regenerator shells and the high temperature fluid plumbing lines. The jet
condenser and accumulator are not as important from a system performance standpoint since heat
has to be rejected from fluid at this location anyway. However, to keep heat input to the spacecraft
to an acceptable level, some insulation will be used to cover these components.

Based on these analysis results 0.65 inches of TG15000 plus 3 aluminum foils were selected for the
PCS bulk insulation giving a heat loss of 24 BTU/hr in vacuum and a weight of 1.51 pounds. Also,
0.032 inch of multifoil has been selected for the plumbing with a heat loss of 9 BTU/hr in vacuum
and a weight of 0.89 pound. Since the conductivity of the multifoil is not currently well
documented, experiments will be necessary to determine whether this insulation will be acceptable
from the standpoint of exposed surface temperature. The back-up insulation would be 2" TG15000
with a heat loss of 22 BTU/hr and a weight of 4.8 pounds, a weight penalty of almost 4 pounds.

All these analyses were performed for vacuum operation with an average radiator temperature of
1800F, with radiation being the only mode of heat transfer. Air operation will increase heat losses
due to convection and increased bulk insulation conductivity. The heat losses under these
conditions will increase at least one order of magnitude.

A thin layer of insulation will be applied to the jet condenser accumulator surfaces with radiation
barriers to minimize emissivity. With assumed low values of emissivity and absorptivity for the
spacecraft and the relatively low temperatures of these surfaces, radiation heat input to the
spacecraft will be minimal.

FABRICATION: The insulation will be formed into a shape which will fit over the PCS with the
foils applied to the material before shaping. The whole blanket will then be held with adhesive
aluminum tape and ties. Effects of depressurization during launch will be negligible.

RELIABILITY: Reliability data is being generated on the material from its use in the Space
Shuttle program.

2.5.2.9 FSCD Heat Source Heat Exchanger

The KIPS boiler is a once-through design, comprising three, series connected, stainless steel,
helically wound tube coils attached to the outside of a cylindrical copper fin. They are radiantly
heated by MHW isotope heat sources. The tubes are wound in a double spiral fashion, with a reverse
“U"” bend at the middle of the tube length, in order that the inlet and outlet can be at the same end
of the HSA.

Another tube, used for auxiliary cooling in the absence of Dowtherm flow, is attached to the fin
adjacent to the boiler tube in a similar manner.

The copper fin has an emissivity coating of iron titanate to increase the emissivity to 0.85. To
ensure that MHW operating temperatures are sufficient to keep the iridium cladding of the fuel
sphere assembly in the ductile range, an intermediate low emissivity radiation shield is placed
between the fin surface and the HSA.
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TRADE-OFFS

Both brazing and welding were considered for the attachment of the boiler tube and coolant tube to
the boiler fin. The baseline approach selected is a welded construction, similar to the GDS
configuration. It is estimated, however, that the development of the brazed configuration would
lead to a total weight savings of 6 pounds. This will be pursued as an alternate approach in Phase il.

To simplify the loading of the isotope heat source into the HSA and to minimize the length of
interconnecting plumbing between HSAs, it is preferable to have the Dowtherm and coolant tubes
entering and leaving through the same end. It is desirable to interwind the two tubes to retain nearly
the same temperature distributions that exist with the GDS. Two configurations were investigated
and are presented in Figure 2.5.2.9-1. The simplest configuration, (a), currently presented as the
baseline configuration, has the two tubes wound parallel to each other, with the coolant tube close
to the Dowtherm tube as in the GDS configuration. This configuration does not require that the
coolant tube cross the Dowtherm tube but has higher thermal gradients across the fin than the GDS,
since alternate Dowtherm coils have no cooling coil between them. The second configuration, (b),
has the nitrogen cooling coil crossing the Dowtherm tube so that two interlocking helices are
formed. This allows the temperature distribution in the auxiliary cooling mode to be the same as
the current GDS design. However, examination of the HSA assembly, as presented in subsection
2.5.1, shows limited space available for this crossover. It is felt that space could possibly be
provided by locally removing the Min-K insulation and then installing the multifoil insulation from
the other end, but this complicates the assembly procedures.

It is preferable to have the boiler tube on the inside of the fin, looking directly at the heat source,
since this improves the heat transfer process. However, attaching the tube on the outside greatly
simplifies the manufacturing process. The increased complexity of developing tube attachment on
the inside outweighed the thermal benefits and, so, outside attachment was selected.

A similar trade-off was performed on selecting a continuously wound tube over a fin tube
arrangement. The thermal efficiency of the continuous helix would be better than the finned tube,
but the weight would be considerably greater, and so the finned tube was selected.

The advantages of a once-through boiler design compared to a multipass or recirculating design are
that increased stability can be expected and also the fluid inventory at the high temperature and in
the vicinity of the nuclear source is minimized. The selected boiler is a once-through design.

ANALYSIS

A computer program developed by Sundstrand was used to analyze the various heat transfer
processes involved in the design of the boiler. The program models both heat transfer and fluid flow
for subcooled, low quality bubbly flow, annular flow, drywall transition and superheated vapor
regions. The effects of swirl wires, twisted tapes, and inner body flow blockage devices may be
incorporated in the program, and induced flow accelerations calculated. The program allows the
effect of tube diameter and length to be analyzed, thus determining the pitch of the helix of the
tube on the fin.

The thermal analysis of the boiler is a twofold analysis. First, the external design is concerned with
the efficiency with which heat is transferred from the heat source to the boiler by radiation; second,
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(b)

{a)

Figure 2.5.2.9-1 Boiler Tube Configuration
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the internal heat transfer in the tubes is considered. In the latter portion, the tube geometry is
optimized to ensure the working fluid is properly conditioned when passing through the boiler.

As described above, the outside of the boiler has radiation fins attached to it. Once the desired heat
source temperature and heat flux are determined, it is then possible to size these radiation fins.

Q/A=0Fn(Tg4-Tg4

where Q/A - boiler heat flux
o - Stefan-Boltzmann constant
n - fin effectiveness

Tg - heat source temperatures

Tg - average boiler temperature

F - radiation heat parameter involving
surface shape and emissivity

Once 7n has been calculated, the fin geometry can then be determined using a method proposed by
Lieblein?!. In that reference, fin effectiveness was presented as a function of a geometry parameter
L.

5
where: L =[Ns €0 Lf2TF3
Kt
where: Ng - number of radiating fin surfaces
€ - fin emissivity
¢ - Stefan-Boltzmann constant

L¢ - finlength

Tg - fin temperature

K - fin thermal conductivity
t - fin thickness

Now the boiler fin design is known as a function of the heat flux, therefore, a tube design can be

obtained. The design of a boiler tube in a once-through boiler depends not only on the tube
dimensions but also upon the working fluid thermodynamic properties.

Since typical system cycle analysis results in the turbine inlet or boiler exit being known, this point
is used as a starting point for the computer program. Then the calculation system is that the boiler
tubes are subdivided into an arbitrary number of increments. Next, by knowing boiler outlet
conditions, the calculation can proceed from increment to increment throughout the boiler in a
reverse direction with respect to flow. As this calculation proceeds, different flow regimes and
conditions are encountered. For each specific regime, the appropriate set of correlations is used.
Throughout the tube, the following regimes are encountered. Using the boiler outlet as a starting
point, the first regime would be a superheated vapor region. This extends from the point of 100%
quality to the boiler exit. Next, transition boiling would occur. This happens when there is a partial
wetting of the tube wall. The annular flow evaporation regime extends from the point of partial
wetting down to the beginning of the nucleate boiling region. Last, the subcooled liquid region is
encountered from the inlet to the point of boiling initiation.

For an organic working fluid, the superheated vapor and the subcooled liquid regions are relatively

1Lieb|ien, S “Analysis of Temperature Distribution and Radiant Heat Transfer Along a Rectangular
Fin.” NASA TN D-196
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simple to model. The bare tube pressure loss is calculated from the Blasius equation and heat
‘ transfer coefficients are calculated from the Dittus-Boelter equation.

h = 0.0243 K _ Re0'8 Pro'4
Dy
where: h - heat transfer coefficient

K - fluid conductivity

Dy - hydraulic diameter
Re - Reynold’s number
Pr - Prandtl number

Since inserts are included in the tubes, the correlations proposed by Peterson] are combined in the
pressure drop and heat transfer expressions.

Transition boiling and nucleate boiling regimes are calculated by using the Lockhart-Martinelli
correlation to determine the particular flow pattern which is occurring. Once the type of flow
encountered is determined (annular, dispersed, bubbling, etc.), the particular heat transfer
coefficient for that flow pattern is calculated from the appropriate subroutine. When swirl inserts
are included, this effect is then added to the heat transfer coefficient. In the two-phase regime, the
artificial acceleration caused by inserts is:

2
AR = 2 |_XG _ ndi

9cd; pV/ Pi P
Py

where: gc - gravitational acceleration constant
d; - tube inside diameter

X - mixture quality

G

- mass velocity

py - density of vapor
p1 - density of liquid
p - insert pitch

With the above analysis, the working fluid temperature, pressure and inventory, local tube wall
temperature, and segment length are determined for each boiler increment. The working fluid
degradation can be calculated using Sundstrand data correlations. The local degradation rate and the
quantity of degradation products formed are determined from these calculations.

The output of the model is the boiler overall design parameters: tube length, boiler weight, working
fluid inventory, and pressure drop.

Analyses were also performed to determine the expected temperature profiles for the fin tube using
a finite difference thermal modeling computer program.

TPeterson, J.R. “Thermal Design Procedures for Space Rankine Cycle System Boilers, IECEC, 1968,
Boulder, Colo
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SIZING AND PERFORMANCE

The boiler tube design employs a 0.5 inch diameter stainless steel tube welded to the copper fin.
The tube consists of three sections: the subcooled, two phase, and superheat sections. The lengths
of the different heat transfer sections are: subcooled - 14.7 feet, two phase - 11.6 feet, and
superheat - 1.35 feet. The subcooled and two phase sections contain a 0.3 inch diameter centerbody
with a helically wound wire between centerbody and tube wall. The centerbody is discontinued
after the point of critical quality (approximately 80%) but the helical wire is continued to the end
of the two phase region and into the superheater. The centerbody is discontinued to ensure breakup
of any rivulet type flow which may occur along the centerbody. The helical wire is wound to
specified pitches to assure adequate induced acceleration levels on the fluid, ensuring that the
liquid, when present, is centrifuged to the boiler walls. The variation of wire pitch with vapor
quality is presented in Table 2.5.2.9-A.

The centerbody and helical wire increases the heat transfer coefficient, delays the onset of two
phase flow and increases hydraulic stability by preventing plug-siug flow.

The temperature, quality, pressure, and induced acceleration fields within the boiler are presented
in Figures 2.5.2.9-2 and 2.5.2.9-3.

Table 2.5.2.9-A Boiler Swirl Wire Pitch Summary

Vapor Quality Swirl Wire Pitch (Feet)
0-.2 .152
2-.6 .286
.6-1 .283
1 .283

The variation of fin and tube wall temperature is shown in Figure 2.5.2.9-4 as a function of distance
from the tube centerline. Data are presented for both welded and brazed configurations.

MECHANICAL CONSTRUCTION

The boiler tube and centerbodies are fabricated from stainless steel because of their compatibility
with Dowtherm while the fin is to be made from copper to increase the fin efficiency.

The boiler fin tube comprises a cylindrical copper fin with the boiler tube wrapped around the
outside in a reversed double helical arrangement. The boiler auxiliary coolant coil is wrapped in a
similar fashion adjacent to the Dowtherm tube.

A high emissivity coating is applied to the tubes and fin.

The cylindrical fin is located in the HSA by means of tabs at each end which are trapped by the
Min-K insulation at each end of the heat source.

The boiler tube and coolant tube pass out through the end of the HSA and are sealed to the HSA by

means of a bellows which allows the inside of the HSA to be isolated from external ambient
conditions.
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The boiler tube and fin expansion coefficients are essentially equal, so that during steady state
operation, radial thermal stresses are very low and weld rupture is unlikely. Axial thermal gradients
exist between adjacent Dowtherm tubes during steady state operation and between auxiliary
coolant tubes during heatup. These gradients are not excessive as can be seen from Figure 2.5.2.9-4.

RELIABILITY AND STRESS

The boiler and coolant tubes are fabricated from seamliess stainless steel and have no weld joints
within the heat exchanger. Internal pressures are very low keeping stress levels in a perfectly safe
regime.

The emissivity coating is designed for operation for seven years at 800°F, with the additional
capability of withstanding 15509F for one year. It is also capable of at least five thermal cycles
from 800°F to ambient conditions. The heat source radiation shield allows some degradation in fin
emissivity without performance degradation, since the radiation shield is the controlling thermal
resistance.

The weld between tube and fin is very lightly stressed since the thermal expansion coefficients are
essentially the same.

FABRICATION AND INSPECTION

The fabrication of the boiler fin-tube heat exchanger proceeds in four phases: insertion of
centerbodies into the boiler tube and forming both boiler tube and coolant tube into double helices,
forming the cylindrical copper fin, joining the tubes to the fin, and, finally, the application of the
emissivity coating to the complete assembly.

The fabrication of the tube inserts involves winding the AISI 304 stainless steel swirl wire into a
helical spring shape of the correct pitch. In the area where the wire has to be attached to the
centerbody, the inner diameter of the helix is sized smaller than the centerbody outer diameter,
while in the regime where there is no centerbody, the outer diameter of the helix is larger than the
inner diameter of the tube. This ensures good contact both on the centerbody and on the inside of
the tube. The swirl wire is then tack-weided in the AIS| 304 stainless steel centerbody every six
inches.

The centerbody comprises a hollow tube (for minimum weight) with a cap welded on one end to
prevent through-flow.

The outside of both the boiler and coolant tubes is then copper plated with 0.010 inch of copper.
To aid in winding, the boiler tube is filled with reagent grade biphenyl which freezes at 150°F. The
complete boiler tube assembly and coolant tube are then wound in the spiral shape required for
fitting the cylindrical fin and the bipheny! is removed. The inside diameter of the helix of the tubes
is smaller than the cylindrical fin after spring-back and stress relieving to guarantee good contact
between fin and tube.

Cross-sections of each boiler tube showing the respective inserts are shown in Figure 2.5.2.9-5,
The boiler fin is made from 0.020 inch thick OHFC copper sheet which is rolled into a cylindrical

shape and seam welded. Helical grooves are then rolled into the outside surface of the cylinder to
match the required tube helix.
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The copper plated tubes are then wound onto the fin and TIG welded to the fin in an inert
atmosphere using pure copper filler to give a fillet of at least 0.125 inch. The welds are
radiographically inspected. The only type of defect which could occur is a cold weld in which the
filler is melted but not fused to the base metal. This would be shown by radiography. The minimum
amount of penetration of copper into the stainless steel tubing preciudes embrittlement of the
stainless. Thermal cracking problems will not occur since material thicknesses and expansion
coefficients are similar, and high temperatures are not required for welding.

The total assembly is then coated with the high emissivity coating.

CRITICAL CHARACTERISTICS

Characteristic Location

Copper Plating Boiler & Coolant
Tubes

Tube-Fin Weld Boiler & Coolant
Tubes

Tube Helix Diameter Boiler & Coolant
Tubes

Comment

Good adhesion required for
thermal contact

Good bond required for
thermal contact

Smaller than fin cylindrical

diameter to minimize weld
stress
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2.5.3 COMBINED ROTATING UNIT
2.5.3.1 Introduction

This section describes the Combined Rotating Unit (CRU). Its function in the KIPS is to extract
useful work from the Dowtherm fluid and convert it into electric power from the alternator and
hydraulic power from the system pump. The term CRU results from having the pump, alternator
and turbine on a common shaft.

2.5.3.2 Summary

The CRU comprises three major components, the turbine, the alternator and the pump, mounted
on a common shaft and supported on working fluid lubricated bearings.

The turbine extracts work from the high temperature, high pressure fluid leaving the boiler and
converts it to useful shaft power. The KIPS turbine is a single stage, axial flow supersonic impulse
type with a constant channel type shrouded blading. It uses multiple shock cancellation type
nozzles.

The turbine directly drives the alternator rotor. The alternator is a homopolar induction type with
four laminated poles on the shaft rotating within the stator windings. High efficiency is achieved by
minimizing current density. The alternator waste heat is extracted by the working fluid flowing
through a cooling coil. Thermal input from the turbine is minimized by thermal dams in the shaft
and the turbine housings.

The system pump is at the end of the shaft away from the turbine. it is a six vaned, centrifugal type
employing backward swept vanes and shrouds at both front and back. The flow exits from the
impeller into a volute and is discharged through a diffuser for recovery of dynamic pressure. A
floating close-clearance seal minimizes leakage into the bearing cavity. Sufficient inlet pressurization
to prevent cavitation is provided by the jet condenser.

The rotating shaft is supported radially by two sets of tilting pad bearings, each comprised of four
pads. Axial load, which is unidirectional, is supported by a set of tilting pad thrust bearings utilizing
six pads with load equalizers. All bearings are lubricated by the liquid working fluid.

2.5.3.3 Turbine

The turbine selected for the flight system has the blade passage shape, blade height, and nozzle ring
design experimentally determined to be most efficient of those tested during turbine rig testing.
With the addition of a shroud on the turbine blades to reduce leakage losses and rim friction, a
diffuser and close fitting side shrouds on the disc to reduce disc friction, it is predicted that the
flight configuration will yield 69% efficiency at design conditions.

A cross-section showing the turbine arrangement for the flight system and the test rig are shown in
Figures 2.5.3-1 and 2.5.3-2. A comparison of these figures indicate that the flight system turbine
has side shrouds with smaller axial clearances than the test rig. The flight system has a shroud
attached to the end of the turbine blades with two ridges that extend into honeycomb material that
provide a labyrinth tip seal. The test rig turbine did not have a tip shroud attached to the blades.
The flight version has a diverging diffuser compared to the straight annular passage used in rig
testing.
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Figure 2.5.3-1 Flight System Turbine
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Test results (covered in subsection 3.5.3.3) indicated that the flight system geometry has a peak
efficiency of 65% in the best rig configuration. An additional 4 points in turbine efficiency for the
flight configuation are expected to result from the improved flight configuration; i.e. clearances, tip
shroud and diffuser.

The diffuser has been conservatively estimated to result in an efficiency improvement of 1
percentage point.

The rig showed higher than expected drag losses (windage, pumping, and disc friction) in all tests
indicating that the lack of close fitting side shrouds and the pumping losses between the blade tips
and the unfilled honeycomb seal were contributing substantial drag. Reducing the test wheel drag to
the predicted value for a closely shrouded wheei with a tip seal yields a predicted 4.7 percentage
point improvement in test wheel efficiency.

A partial improvement of the rig hardware, substituting a solid ring for the honeycomb seal and
adding a side shroud to the exit face of the wheel, resulted in a 2 percentage point improvement.
Thus, it is reasonable to expect a 69% turbine efficiency when close fitting shrouds, a diffuser, and a
tip seal are incorporated in the flight system design.

Additional improvements in the turbine efficiency are likely by continued experimental testing of
variations of the constant area channel design for which only one configuration was tested in the
GCS test program.

One obvious improvement is to decrease the blade wetted area and increase the hydraulic diameter
of the blade channel. The blade Reynolds number based on hydraulic diameter will increase and the
viscous friction loss will decrease. The improvement can be accomplished by reducing the number
of blades in the wheel and the blade chord length. This modification also reduces the weight and
inertia of the turbine wheel. Clearly, there is a tradeoff between minimizing viscous friction losses,
maximizing blade Reynolds number (based on hydraulic diameter) and preventing flow separation
due to increased blade loading. The turbine total to static efficiency is estimated to increase by 1
point if the chord of the constant channel width blade is reduced from 0.36 to 0.30 inches and the
blade number reduced from 111 to 93.

An additional improvement in turbine efficiency of 1 point can be obtained by increasing the arc of
admission from 66% to 100% since the blade pumping losses and scavenging losses are reduced for
full admission. This would require a change in nozzle block for different power levels.

The contouring of the blade inlet angle to match the inlet gas angle {zero incidence) from hub to tip
was analytically investigated. It was determined that it would only provide minute increases in

turbine efficiency for constant channei blade geometry and the low Reynolds numbers experienced
by the blades.

Experimental tests to further optimize the 0.30 inch chord biade designs and the low blade numbers
are planned as part of the CRU advanced develcpment testing of Phase 1.

TURBINE DESIGN AND TRADE-OFFS

The turbine design includes the nozzles, the turbine blades and wheel and the diffuser between the
turbine discharge and the entrance to the regenerator.
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The turbine drives the alternator and feed pump and provides power for the mechanical, electrical
and friction power losses in the CRU.

The vapor discharged from the exit of the turbine is diffused to a low Mach number by an annular
diffuser. The diffuser exit then discharges the gas vapor into a larger annulus which is the inlet to
the regenerator.

The KIPS turbine design was based on the performance requirements shown in subsection 2.6.4.
The turbine speed selected was 33,680 rpm for nominal total inlet conditions of 57.0 psia and
6500F for superheated Dowtherm A vapor. The speed selection was based on an optimization of
Combined Rotating Unit design. The inlet enthalpy is 396 BTU/Ib for these conditions. The
total to static pressure ratio and pitch diameter were specified as 558.3 and 5.95 inches. The ratio
of the rotor speed (based on pitch diameter) to the spouting velocity Up/Co is 0.447, based on
performance studies for maximum efficiency of an impulse rotor design.

The large pressure ratio results in supersonic Mach numbers at the nozzle exit and supersonic
relative Mach numbers at the iniet to the rotor blading. A single-stage, partial admission, axial
impulse turbine is used to satisfy the power requirements of the K|PS.

The convergent-divergent axisymmetric nozzles were designed using the real gas properties of
Dowtherm A vapor. The nozzles are arranged to provide full admission when using 9 nozzles at the
2KW power level. The number of nozzles is reduced for other design power levels. Figure 2.5.3-3
shows the nozzle geometry and number of nozzles used for the reference power levels of 0.5, 1.3,
and 2.0 Kilowatts.

The supersonic gas dynamic inlet conditions to the turbine rotor blade are governed by the nozzle
exit conditions, the rotor speed, the rotor lap, and the wave systems propagating upstream due to
the blockage of the blade row. The wave system, interacting with the geometry of the blades
generates a unique incidence to align the inlet flow field with the blade suction surfaces.

A control volume analysis was developed to analyze these complex inlet flow conditions. The design
technique used for the KIPS turbine is to balance the inlet flow field changes due to leading edge
blade blockage with an increase in flow area by rotor-to-nozzle lap. The desired net effect is to
maintain inlet flow conditions constant. Some trade-offs have to be made, however, to maintain a
positive incidence angle on the blade suction surface at the tip and yet not exceed the blade starting
margin at the hub.

The very low Reynolds number in the turbine blade passage must also be considered. While it is
desireable to have long, gently curved passages and high blade solidity to minimize separation losses
in the supersonic flow, these designs increase the wetted area and thus provide increased friction
losses.

A detailed study and analysis of these effects led to a ““supersonic”; i.e. converging-diverging blade
passage shape with a 0.6 inch chord width for optimum performance. This design could be
supported only by analysis as no test results for turbine of similar design were available. The blade
profile for this design is shown in Figure 2.5.3-4.

Two alternate blades were also designed with a shorter chord of 0.360 inches to reduce viscous
friction losses if the 0.60 inch chord did not perform up to expectation. All these blade designs
were evaluated in the Sundstrand turbine inertia test rig to select the biade with the highest turbine
efficiency.
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QUANTITY 0.5 KW

Nozzle Throat Area ({Sq. In.) 007547
Throat Diameter (in.) .056594
Nozzle Exit Area (Sq. In.) 0.69197
Nozzle Exit Dia. (In.) 0.54192
Number of Nozzles 3
Nozzle Angle (Deg.) 15.0
Nozzle Total Pressure (psia) 53.2
Mass Flow {Ibm/sec) .0140
Arc of Admission .320

1.3 KW

.015093
.0566594
1.38394
0.54192
6
15.0
57.0
.030
.640

2.0 KW

.02264
.056594
2.07590
0.54192
9
15.0
61.0
.048
.960

Figure 2.5.3-3 Turbine Nozzle Configuration
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The same design system that was used to design the 0.60 inch chord supersonic blade was also used
to design a ‘‘short chord” blade that had zero starting margin, a pressure surface contour that is on
the verge of turbulent separation and an axial blade chord that results in the minimum machinable
blade throat based on Sundstrand turbine blade experience. This blade has a chord of 0.36 inches.
The blade profile for this short chord blade is shown in Figure 2.5.3-5.

The other alternate blade design considered a blade with the same chord; i.e. 0.36 inches, but a
constant channel width rather than the varying channel width that was used for the two previous
blade designs. This design permitted a direct comparison of the supersonic blading with constant
channel (subsonic) blading. The constant channel width blade is shown in Figure 2.5.3-6.

The blade geometries of these three designs are summarized in Table 2.5.3-A. Note that the long
chord blade has the largest length Reynolds number and hydraulic Reynolds number while the
constant channel width short chord blade has the lowest length Reynolds number. The short chord
with the varying channel width has the lowest hydraulic Reynolds number.

The trade-off of these designs could not be conclusively made analytically and therefore was
performed by conducting tests of the three configurations. Other areas of uncertainty inciuded the
nozzie spacing and the rotor lap. These parameters were also varied on the test rig.

The blade height of each turbine rotor was reduced in four steps during the test program to
determine the optimum blade-nozzle overlap. The optimum blade height is a function of the turbine
hydraulic efficiency, mass flow rate, exit flow blockage, exit static pressure, exit relative flow angle
and arc of admission.

In addition to evaluating rotor characteristics, two nozzle ring designs were evaluated to resolve
conflicting data from previous experiments. The arc of admission was varied to produce an overlap,
or spacing, between nozzles. The overlapped nozzles had an arc of admission of 64% for six
axisymmetric nozzles and were referred to as merged nozzles. The merged nozzles were expected to
result in higher turbine efficiencies since they minimized the wake systems between nozzles entering
the turbine rotor. Some experimental data also indicated this conclusion. The spaced nozzles had an
arc of admission of 66% for six axisymmetric nozzles. These nozzles were tested because other
experimental data indicated they have higher turbine efficiencies than the merged nozzles. Figure
2.5.3-7 shows the two nozzle configurations.

The nozzle throat, contour and exit diameter were the same for both configurations.

The results of this trade-off study gave a clear indication that the spaced nozzles were superior to
merged nozzles, that the constant area channel was superior to the “’supersonic’ design and that the
blade nozzle overlap should be larger than analytically determined. Details of the testing and results
are contained in subsection 3.5.3.3.

These results for the maximum efficiency turbine were incorporated into the FSCD.
MECHANICAL CONSTRUCTION

The turbine wheel consists of an Inconel 718 disc with integral impulse blading and a Hastelloy X
shroud which is brazed to the blade tips. The disc is first rough machined and then biades are cut by

an ECM process. The ECM process is controlled to obtain a smooth surface finish. The wheel OD is
then machined and the shroud instailed and brazed.
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Table 2.5.3-A Blade Geometry at Pitch Line

PARAMETER
CHANNEL WIDTH

AXIAL CHORD (IN)

ASPECT RATIO

MINIMUM BLADE THICKNESS (IN)

MINIMUM THICKNESS TO CHORD

MAXIMUM THICKNESS TO CHORD

LEADING EDGE BLOCKAGE

TRAILING EDGE BLOCKAGE

INLET AREA TO MINIMUM AREA

MINIMUM ROTOR AREA TO NOZZLE THROAT AREA
BLADE AREA (IN2)

BLADE PERIMETER (IN)

NUMBER OF BLADES

SOLIDITY

BLADE INLET ANGLE (DEG)

BLADE EXIT ANGLE (DEG)

BLADE TURNING ANGLE (DEG)

BLADE REYNOLDS NUMBER AT EXIT (LENGTH)

HYDRAULIC REYNOLDS NUMBER AT INLET

LONG
CHORD

VARYING
0.60
1.083
0.0095
0.0158
0.1887
0.112
0.097
1.10
200
0.0467
1.741
101
3.24
27.35
31.79
120.86

1.397 x 104

2900

SHORT

CHORD

VARYING
0.36

1.806
0.0078
0.0217
0.2631
0.117
0.104

1.22

178
0.0218
1.106

129

2.48
27.35
31.34
121.21
0.88 x 104

2310

SHORT

CHORD

CONSTANT
0.36

1.806
0.0080
0.0222
0.275
0.103
0.103

1.00

212
0.0258
1.038

11

2.14
27.35
27.35
125.3
0.83x 104

2687
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SPACED NOZZLES

INTERSECTING OR MERGED NOZZLES

Figure 2.5.3-7 Nozzle Configurations
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After assembly of the turbine wheel to the alternator assembly, all of the critical diameters are
finish machined to size. The rotor is then balanced and given a final inspection to verify integrity.

A manufacturing flow diagram for the turbine assembly is shown in Figure 2.5.3-8.
RELIABILITY AND STRESS

To obtain a highly reliable design of the turbine wheel, the allowable stresses are derated both for
temperature effects and by a stress ratio which reflects a maximum failure probability of 1 x 109,

Several types of analysis were performed to determine the effects of rotation with superimposed
temperature gradient and vibration in the disc, blades and shroud. Temperature distributions in the
disc during startup and steady state conditions are shown in Figure 2.5.3-9.

The turbine disc stresses were obtained at normal operating speed, maximum normal speed during
frequency wild operation and worst case conditions of maximum overspeed with a superimposed
worst case temperature gradient. See curves a, b, and ¢ respectively. The resulting margin of safety
for each case was 2.56, 0.38 and 0.20 respectively.

Blade natural frequencies were then analyzed using a finite element approach (ANSYS). A typical
model is shown in Figure 2.5.3-10. The results were plotted on the Campbell diagram of Figure
2.5.3-11. No resonance conditions occur in the operating speed range of the turbine. The blade root
margin of safety at maximum worst case speed is 0.55. The blade has infinite fatigue life at normal
rated speed.

Analysis of the shroud indicated that local yielding would occur under maximum speed conditions.
This situation is normal for a shrouded design. The margin of safety based on ultimate strength is
1.63 at rated speed and 0.6 at maximum speed. Since the frequency wild mode occurs only during
checkout, launch and orbital insertion of the KIPS, high speed operation would occur during only a
small fraction of the seven year mission. The fatigue life of the shroud during speed excursions from
design to overspeed is in excess of 105 cycles, far beyond what the system will experience during
frequency wild operation.

2.5.3.4 System Pump

The system pump is located on the turbine shaft at the opposite end from the turbine wheel. Its
function is to provide high pressure fluid through the regenerator and vaporizer to the turbine
nozzles and through the radiator to the jet condenser.

TRADE-OFFS

Two types of pump impellers were considered for the KIPS. These were the swept vane type and
drilled port type. The configurations are shown in Figure 2.5.3-12 and 2.5.3-13. The following
rationale was used in selecting the swept vane type impeller.

SAFETY AND RELIABILITY

Both designs are of a one piece construction. Due to their sizes, the stress levels in the impellers are
very low. Hence, both parts are equally acceptable.
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PERFORMANCE

GDS component testing has shown the swept vane type impeller is more efficient than the drilled .
port type.

RISK AND PRODUCTABILITY

Both types of impellers are manufacturable and inspectable with present state of the art.
WEIGHT

Because of the small size of the pumps, weight was not considered as a factor in the tradeoffs.
DESIGN AND OPERATIONAL FLEXIBILITY

The drilled type impelier is easier to modify than the swept vane type impeller, should changes to
the system be required, i.e. for the 500 or 2000 watt versions of the KIPS.

303 Stainless, 304 Stainless 6A1-4V Titanium, 6061-T6 Aluminum, Haynes 25 and 17-4PH were
considered as materials for fabrication of the impeller. 17-4PH was selected based on the following
rationale. The major considerations were as follows:

RELIABILITY AND EXPERIENCE

All of the materials are wrought products. Sundstrand has successfully made pump impellers out of
all of the alloys listed; however, from a quality standpoint 17-4PH in a cast version has been the
most widely used and the Haynes 25 and 304 least.

RISK

No difference in risk is seen in the various alloys which all have good material compatibility. The
only possible exception is the Haynes 25 due to nuclear radiation effects.

JOINING

Due to the small size and intricate blade/vane shape, a precision brazement is called for. Titanium is
difficult to braze. The aluminum alloy (6061} can be readily brazed; however, since the brazing is
done so close to the melting point, it is more difficult to prevent distortion. ’

ANALYSIS

Figure 2.5.3-14 shows test results of the 0.668 inch diameter impeller. The figure also shows pump
requirements for the FSCD. Based on the test results of the 0.668 diameter pump, the precise sizing
of the swept vane impeller and volute for the FSCD unit could be defined.

Design requirements used were as follows:
Head = 65 PSI|

Flow = 2.28 GPM ‘
Speed = 33680 RPM
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The pump and volute size for the FSCD are as follows:

Impeller OD = 0.686 inches.

Impeller port width at OD = 0.0455 inches.
Volute throat size = 0.107 inches x 0.175 inches.
Recirculation flow = 0.004 GPM

Leakage flow = 0.002 GPM.

Axial thrust = 1.1 pounds.

STRESS ANALYSIS

Because of its physical size, the stresses in the impeller are quite low and result in more than
adequate margin of safety required for 1 x 109 failure probability.

Critical Characteristic Selection

Characteristic Location Vaiue
Tolerance Volute throat +.002
Impeller OD +.001
Impeller exit
port width +.001
impeiler OD +.0001
at inlet
Seal ID +.00015
Impeller OD +.0001
at mounting
Hardness
35-42 Re

FABRICATION AND INSPECTION

Comments

The size of volute throat in
conjunction with impelier

exit port width and O.D.
determine where the peak
efficiency will occur. By
controlling these dimensions
the variation in performance
from unit to unit is minimized.

Tight control minimizes
recirculation and leakage
losses and improves pump
efficiency.

Gives high strength.

The Manufacturing flow diagram for the pump is shown in Figure 2.5.3-15.

2.5.3.5 Alternator and Rotor

CONFIGURATION

The KIPS Flight System alternator is a four pole homopolar inductor device. Selection of this type
of alternator was dictated by the high operating speed and long service life of this application. A
homopolar inductor alternator contains no rotating electrical windings, slip rings, cages, magnets,
etc. All electrical components are contained in the stator and are not subjected to rotational stresses
and vibrations. This eliminates winding failures commonly associated with rotational loads.
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The rotor of the flight system alternator is an integral part of the combined rotating unit (CRU), as
shown in Figure 2.5.3-16. The rotor configuration is a typical four pole, homopolar, inductor design
with two poles of like polarity at each end, the ends displaced 909 (180 electrical degrees) from
each other and connected by means of a magnetic shaft. To control pole face losses, the rotor is
designed with laminated pole structures. Rotor laminations are made from fully processed AISI
grade M-19 electrical steel sheet, 0.014" thick. They are electron beam welded to a shaft made from
8620 steel.

The stator assembly consists of a magnetic yoke containing the field coil sandwiched between two
cores, which contain the armature windings. The yoke is a cylindrical piece of low carbon steel
(1008) fully annealed to obtain maximum permeability. Each stator core is a stack of laminations
containing 24 slots on its inner periphery. The laminations are made from 3% silicon sheet steel
(Magnesil-N) and are 0.005"’ thick. This material was chosen for its high permeability, its low core
loss characteristics, and its ability to produce a high resistance oxide surface coating which is
essential to control eddy current iron losses and maintain high efficiency.

The stator winding is a conventional three phase, WYE connected, 60° phase belt winding. Because
of the stringent efficiency requirements, the winding was designed for minimum losses. Current
density was kept below 1620 amps/in2 at rated load and measures were taken to minimize eddy
losses. These can be considerable when the stator slot is relatively deep and the alternator output
frequency is high. To reduce eddy losses, the stator conductors are made up of 31 strands of AWG
No. 20 insulated wire each, and the strands are transposed (twisted) in the end turn area such that
those located at the bottom of one slot will be at the top of the next slot. In this fashion, all strands
have nearly equal reactances and the eddy current producing voitages are minimized. Because
specific output voltage wave form requirements were not defined, the stator winding was designed
with a full pitch and minimum distribution to obtain maximum possible output with minimum field
excitation.

The field coil of the alternator is a simple toroid of 375 turns of DuPont HML. insulated AWG No.
19 wire wound on an aluminum bobbin. As the coil is wound, DuPont ML varnish per
MiL-L-240928B is brushed on each layer of wire and then is cured to hold the winding together
during handling, prior to insertion into the magnetic yoke. The coil is insulated with double layers
of 0.005"” thick Kapton sheet. Once installed in the stator assembly, the coil is snugly held on both
sides by the stator cores, the yoke on the O.D. and the aluminum bobbin on the I.D.

TRADE-OFF STUDIES

To meet the high efficiency requirements of the FSCD, in-depth studies were carried out to select
the best materials for use in the alternator. For each magnetic component, several magnetic
materials were considered. Considering all the desired features, the selections are described below.

For the rotor shaft and laminations, 8620 and M-19 steels, respectively, received the highest rating
and these materials are being used.

For the stator yoke, ARMCO ingot iron would have been desirable; however, this material is no
longer commercially available in the size and shape required, and the second choice 1008 steel is
being used in the flight system and GDS alternators. The slight difference in magnetic properties is
not enough to affect alternator performance appreciably.
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For the stator lamination material, AL 4750 alloy was originally selected primarily for its high
permeability at low induction levels and low core loss properties. However, the material’s strong
resistance to oxidation by conventional means resulted in excessive losses and low efficiency as
demonstrated by component tests. Therefore, thin laminations of silicon steel {Magnesil-N}, with an
effective oxide coating were selected.

ELECTRICAL INSULATION

The materials for the FSCD alternator insulation system were selected on the basis of dielectric
strength, long term compatibility with Dowtherm A and best life versus temperature characteristics.

With the exception of teflon sleeving and fiberglass tie cord, the entire KIPS alternator insulation
system consists of polyimides in various forms (see Table 2.5.3-B). Polyimides possess the greatest
dielictric strength and best life versus temperature rating of all known organic insulation materials.

SIZING AND PERFORMANCE

The flight system alternator is nominally rated at 1.56 KVA, 22.5 volts line-to-line, 40 amps, 0.93
to 1.0 power factor. It has a continuous thermal overload capability of 2.6 KVA; with added
cooling, the electromagnetic capacity is well over 3 KVA,

The size and weight of the alternator were determined primarily by efficiency, thermal and service
life considerations. These parameters are inherently interrelated: higher efficiency results in lower
losses, lower losses result in lower operating temperatures, and lower temperatures result in longer
insulation life.

A principal factor affecting alternator iron losses is the magnetic flux density. To maintain low iron
losses, the flux density must be kept relatively low; this results in larger iron components and
increased weight. Low flux densities also result in lower field excitation requirements, further
increasing the efficiency. Table 2.5.3-C lists the calculated flux densities in the various magnetic
components of the KIPS flight system aiternator as compared with the typical flux densities at
which the materials are often used in applications where efficiency is not a primary consideration.
All calculations were made at rated load and nominal speed.

Alternator copper losses are also related to the amount of copper used in a particular winding
design. In the flight system alternator, both the armature and field windings contain sufficient
copper to maintain low current densities and therefore low copper losses. At rated load, the current
densities are 1620 amps per square inch in the armature and 1980 amps per square inch in the field
windings. In typical commercial applications, current densities of 3000 to 8000 amps per square
inch are used, and in some aircraft applications, current densities well over 10,000 amps per square
inch are common.

MECHANICAL CONSTRUCTION

The alternator rotor is assembled by welding and becomes an inseparable one piece assembly. It
contains no mechanical fasteners or adhesives.

The stator laminations are assembled into cores using Scotchcast 265 epoxy adhesive. After
grinding, the cores are fitted into the yoke with a 0.001’' diametral interference fit.
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Table 2.5.3-B KIPS GDS Alternator Insulation System

Component Trade Name Material
Magnet Wire DuPont Heavy ML Film Double Coat Polyimide
Varnish

Slot Cells DuPont Kapton Sheet Polyimide Sheet (Flexible)
.005" Thick

Field Coil Ins. DuPont Kapton Sheet Polyimide Sheet (Flexible)
.005" Thick

Tie Cord Varglas Non-Fray Braided Fiberglass
Sleeving Sleeving

Slot Wedges Dixon Corp. Meldin Polyimide Sheet (Rigid)
P.1. 0.025" Thick

Impregnating DuPont Pyre ML Varnish Polyimide Varnish

Varnish

End Leads Teflon

Table 2.5.3-C Alternator Flux Densities

Flux Density (K-lines/in2)
Typical Values Used

Component KIPS Alternator in Commercial Applications
Stator Teeth 45.4 90-100

Stator Core 19.2 80-90

Stator Yoke 43.3 70-90

Rotor Pole 21.9 80-30

Rotor Shaft 28.6 70-80
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The field coil is wet wound, using a polyimide varnish. After curing, the varnish provides adhesion
between wires and gives the coil rigidity. Once inserted in the yoke, the coil is supported by the two
cores on the ends, the yoke on the 0.D., and an aluminum bobbin on the |.D.

The armature windings are held within the cores by the semiclosed slot design. The conductor
strands are larger than the slot openings so there is no possibility of a wire escaping out of the siot
into the air gap. Because of this slot design, no slot wedges are needed. The armature winding end
turns are given rigidity by dipping in polyimide varnish and curing.

The entire alternator stator assembly contains only one brazed connection -- the armature neutral
where all three phase windings are joined together. The armature and field winding end leads
contain no brazed joints since they are merely extensions of their respective windings.

The alternator stator is held in its housing by means of a shrink fit. No mechanical fasteners are
used in the alternator assembly.

MAGNETIC FIELD

The KIPS alternator contains approximately 13.9 pounds of magnetic material {iron), parts of
which are saturated to varying degrees of induction depending on the magnitude of the applied load
and the operating speed of the alternator. Because of this magnetic field within the alternator iron
structure, a weak leakage flux field will also exist outside the alternator structure. The pattern and
intensity of this leakage field at any given point is greatly affected by the presence of magnetic
structural parts of the KIPS system, making it difficult to calculate.

With proper instrumentation, it appears to be feasible to measure and map the leakage field. A test
procedure will be established to accomplish this early in Phase I of the development program.

RELIABILITY AND STRESS

Maximum alternator efficiency, life and reliability can be achieved by designing the various
components to operate at conservative thermal, electric and mechanical stress levels. This
philosophy was adopted in the design of the FSCD alternator.

The most critical operating stress levels can be summarized as follows:

1. Mechanical:

Component Rotor Laminations
Actual Maximum Stress 21,900 PSI

.2% Yield Strength 42,840 PSi

Margin of Safety .956

{M.S. = .2% yield/Applied Stress - 1)
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2. Electrical:

Component Insulation
Actual Maximum Voltage 22.5 Volts RMS
Minimum Insulating Rating 10,000 Volts
Test Voltage 500 Volts RMS
3. Thermal:
Component Insulation
Actual Maximum Temperature 1410C
Maximum Continuous Temperature 230°C

for 60,000 Hours Life

FABRICATION AND INSPECTION

LAMINATIONS: The rotor and stator laminations can be produced either by punching or by
means of a photochemical etch process. The latter produces parts having dimensional tolerances of
+ 0.002” for the stator lamination (0.005" thick} and + 0.005" for the rotor laminations (0.014"
thick). Punched laminations are made to * 0.002" tolerance regardless of thickness. Punched
laminations were chosen for this reason.

After fabrication, the laminations are appropriately annealed and oxide coated to obtain the desired
magnetic properties. Magnetic properties are tested using three sets of ring samples produced from
the same material lot and annealed with the laminations. Magnetic saturation is tested per ASTM
AB86 and core losses are tested per ASTM A343. A set of three ring samples is produced and tested
for each 200 pound lot of laminations.

STATOR CORES: Each stator core consists of a stack of approximately 300 laminations.

Laminations to be stacked into cores are degreased and coated with Scotchcoat 265 epoxy by
immersion in a solution of the epoxy in acetone and allowing the acetone to evaporate. The
laminations are then stacked on a specially designed stacking fixture, skewed to the proper angle
and clamped together with a pressure of 400 to 500 PSI. The pressure is maintained during the cure
cycle by means of compressed spring washers even when the epoxy softens and some compression
of the stack occurs. The epoxy cure cycle is 1 to 2 hours at 330°F.

After stacking and bonding, the core O.D. and |.D. are ground to size and a slot is machined in
those cores to be used at the lead end of the stator assembly. All excess epoxy is removed from the
slots and the cores are then visually and dimensionally inspected.

FIELD COIL: A 0.030"” thick aluminum sleeve is mounted on a special coil winding fixture and
the coil I.D. and side insulation is installed. All adjoining surfaces are coated with a light coat of ML
varnish by brushing. Two layers of AWG No. 19 insulated wire are then wound over the insulated
sleeve (approximately 35 turns per layer). Each layer of wire is also covered with a very light coat of
ML varnish and the varnish is thoroughly cured. Two more layers of wire are than wound over the
first two, and the cure cycle is repeated. This process is repeated five times until a total of 375 turns
of wire are wound.

Teflon sleeving is then placed over the end leads and the coil O.D. insulation installed. The last
varnish cure cycle includes a post cure heat at 5500F.
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The coil is then removed from the winding fixture, visuaily inspected, checked dimensionally,
dielectric tested at 500 volts, and the resistance is measured at room temperature.

The entire coil winding is wound from a single continuous strand of wire. It contains no brazed or
soldered connections. The end leads are merely extensions of the coil winding itself.

STATOR ASSEMBLY: The entire alternator stator assembly is contained within the stator yoke.
The yoke is a tubular section of 1008 steel, annealed for best magnetic properties and machined to
the proper wall thickness and tolerances to hold the two stator cores and to provide a good
magnetic path between them.

The stator is assembled by heating the yoke to 400°9F and chilling the ““Lead End’’ core by soaking
in liquid nitrogen. The core is placed into the yoke and a shrink fit is achieved as the temperature
stabilizes at room temperature. The field coil end leads are then pushed through the slot in the core
0.D. and the field coil is carefully placed in the center section of the yoke, flush against the core.
This assembly is again heated to 400°F and the second core (having been chilled with liquid
nitrogen) is inserted, trapping the field coil between the two cores. The yoke Q.D. is ground to
restore concentricity with the core |.D.s and to obtain proper dimensional fit with the CRU
housing.

After dimensional inspection, slot cells are inserted into all slots and a piece of Kapton insulation is
placed over the aluminum field coil support to separate it from the stator output windings. Stator
conductors consisting of 31 strands of AWG No. 20 wire are precut to length and are inserted into
the appropriate slots by means of ‘‘tunnel winding”’ (pulling of conductors through the slots}. The
slot cells are cuffed at both ends to keep them from slipping out of position during the “tunnel
wind"’ process.

After the winding is completed, a dielectric test at 500 volts RMS is performed to insure that no
damage was done to the insulation. The neutral connection is then brazed and insulated with
Kapton sheet and teflon sleeving is placed over the end leads which are extensions of the winding
conductors. All end turns are securely laced with fiberglass tie cord, dipped in ML varnish and
thoroughly cured including a post cure heat at 5509F. The stator assembly is then subjected to a
complete inspection: visual, dimensional, dielectric tests and resistance measurements of all
windings, followed by a vacuum bake at 10-9 torr and 4500F. Figure 2.5.3-17 summarizes the
alternator stator fabrication process.

ROTOR: The construction of the alternator rotor assembly is done by electron beam welding of
laminations and windage rings to the rotor shaft. The rotor is carburized in the bearing area but not
hardened prior to welding. The laminations are processed for optimum magnetic characteristics,
oxidized and then electron beam weided to the rotor in 3/8" thick steps. After welding of each
stack, the weld is ultrasonically inspected. The windage rings are welded after the laminations are in
place. The welded assembly is stress relieved and then the carburized area is hardened to desired
hardness. This assembly is now ready for welding to the turbine wheel and then final machining.
Figure 2.5.3-18 summarizes the rotor fabrication process.

2.5.3.6 Bearings
The bearings for the Combined Rotating Unit {CRU) support both axial and radial loads under a

variety of different operating conditions. The baseline operating point for which losses need to be
minimized and hence performance maximized is the zero g condition when bearing loads are at a
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minimum and comprise only turbine, pump, alternator, and imbalance loads. The most stringent
operating conditions will be during launch when either: (1) accelerations in the axial and radial
directions reach nine and five g’s respectively with superimposed vibration loads or {2} the short
term shock loads are applied independently of the acceleration load. In addition, ground operation
in the vertical direction will have one g axial load while horizontal operation would have one g
radial load.

2.5.3.6.1 RADIAL BEARINGS

CONFIGURATION: The radial bearings consist of working fluid lubricated tilting pad bearings.
Each set of bearings comprises four tilting pads of 80 degrees of arc pivoted at 44 degrees from the
leading edge. The bearing pads are hardened M-50 tool steel with a thin electropolated silver
coating. The coating enhances start stop characteristics.

TRADE-OFF STUDIES: Trade-off studies were peformed to determine the optimum type bearing
for the application. Ball bearings were rejected from a reliability and life standpoint, while the large
size and lack of backup data resulted in the rejection of vapor/gas bearings. The requirement of high
stability against functional frequency whirl in zero g operation led to the investigation of several
high stability bearings: lobed, tilted lobed, herringbone, and tilting pad. It was found that only the
tilting pad configuration could meet the stability requirements. In addition, Sundstrand has
considerable experience with this type of bearing.

The tilting pad bearing is inherently stable due to the fact that the shaft movement is essentially
colinear with the applied load. The tilting pad bearing comprises a series of equally spaced shoes
arranged circumferentially around the shaft. A pivot in the back side of the shoe allows it to tilt in
the pitch direction in order to form a converging wedge for hydrodynamic pressure generation.
Typically, instability only arises when pad pitch inertia is high enough to prevent adequate shaft
tracking. This potential instability can be precluded by ‘‘preloading” the bearing and minimizing
pad inertia. Preloading sets the bearing pads closer to the shaft than would be dictated by the
machined clearance and thus has the same effect as applying an external load.

This preload technique can best be seen from Figure 2.5.3-19. Preloading has a stabilizing effect and
can be used to increase the stiffness of the bearing (since the bearing stiffness increases with load).
However, the power loss increases and minimum film thickness decreases with preload. The bearings
were therefore designed to have sufficient preload with a minimum additional power loss.

An additional advantage of the tilting pad bearing is the self-aligning characteristic which eliminates
alignment problems common with rigid bearings.

ANALYSIS: The selection of the bearing configuration considered the following factors:

® Minimum film thickness during launch loads
o Power loss at design point

e Critical speeds

e Pivot stresses

o Pad stability

e Maximum allowable shaft movement
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Figure 2.5.3-19 Geometrical arrangement of pads.
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Radial bearing loads result from the combination of various static and dynamic forces existing in
the CRU.

Imbalance load results from the residual imbalance left after subjecting the CRU rotor to standard
balancing techniques. For this rotor, two plane subcritical balancing is employed, which is adequate
since only rigid body critical speeds are encountered in the operating range.

The CRU rotor selected for the KIPS weighs 9.5 pounds and has a maximum residual imbalance of
0.0005 in/oz in each of two balance planes. This can result in a centrifugal loading of approximately
1.0 Ib at design speed and 3.0 Ib at overspeed. The actual bearing reactions are a function of bearing
damping and the ratio of operating speed to critical speed which gives an appropriate amplification
factor. The imbalance load is a rotating dynamic load which typically leads to a one-per-revolution
synchronous vibration and benign synchronous whirl within the bearing.

Alternator magnetic loading is a static radial load which results from the rotor not being concentric
within the stator. The value for the KIPS alternator has been calcuiated at 1.2 Ib on each bearing
with an estimated eccentricity of 0.002 in. The load direction is indeterminant.

Static pump load results from partial emission of the flow through the volute at flows other than
design; i.e. as the rotor speeds up to overspeed. The maximum value at overspeed is 4.5 |b., directed
away from the exit volute.

The static load due to the rotor weight is a function of local gravitational acceleration and rotor
orientation. Vertical shaft orientation on the ground and during operation in space both lead to
zero static radial bearing loading from rotor weight. Horizontal ground operation gives a total radial
load of 9.5 Ib. while maximum radial launch loads of five g's results in an equivalent rotor weight of
47.5 ib.

Shock and vibration dynamic loads occur during rocket staging and launch. The mounting structure
and shock mounts reduce the values that are input from the launch vehicle from 775 g’sand 15 g's
for shock and vibration respectively to values less than 10 g’s and five g's.

Table 2.5.3-D summarizes the bearing loading for different operating conditions. These comprise
the sum of maximum static loads with imbalance loads superimposed which include appropriate
magnification factors. Better balance, lower alternator eccentricity, and appropriate orientation of
load vectors can reduce these values.

The bearing performance was analyzed using the Mechanical Technology, Inc. (MT{) Cadense 32
tilting pad bearing analysis program. This allows the number of pads, diameter, clearance,
length/diameter (L/D} and preload to be varied and calculates film temperature rise, power loss, the
stiffness and damping matrix and minimum film thickness.

SIZING AND PERFORMANCE: Different bearing sizes were analyzed to minimize losses and to
best fit the critical speed map. The final bearing geometry selected is given in Table 2.5.3-E.

The KIPS bearings operate in the laminar flow regime throughout the operating range with
Reynold’s numbers of 544 and 920 at design point and maximum runaway speeds respectively.
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Table 2.5.3-D - Radial Bearing Loads

ZERO G OR GROUND VERTICAL

KRPM Turbine End Bearing (Ib) Pump End Bearing (Ib)
10 24 1.4
20 26 0.9
30 35 0.3
40 3.0 0.6
50 2.4 3.3
60 24 7.2

MAXIMUM LAUNCH ACCELERATION

KRPM Turbine End Bearing (Ib) Pump End Bearing (Ib)

20 26.3 25.7
33.7 26.9 26.3
40 26.7 26.7
60 26.2 32.8

HORIZONTAL 1 G

KRPM Turbine End Bearing (Ib) Pump End Bearing (Ib)
20 6.7 6.5
33.7 7.3 7.9
40 7.7 7.7
60 6.9 7.1
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Table 2.5.3-E - Radial Bearing Geometry

Number of pads:
Pad length:

Shaft diameter:

Pad 1.D.:

Machined clearance:
Assembled clearance:
Preload coefficient:

Pad thickness at pivot:
(tapered towards leading and
trailing edges)

Pad arc:

Pivot point:

Leading edge radius:

Pad material:

Shaft material:

Pivot spherical diameter:
Socket spherical diameter:

Design point power loss:

4

0.275 + 0.005

0.5500 + .0000
—.0002

0.5525 + 0.0002
— .0000

0.0025 + 0.0002

0.00175

0.3

0.150

800

440 from leading edge

0.05

M-50 with silver flash

M-50 at turbine end
AISI 8620 at pump end

0.666 inch
1.00 inch

7.5 watts/bearing
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The selected bearing configuration was analyzed to cover potential geometrical variations.
Tolerances in manufacture result in a + 0.0002 inches variation in diametral clearance and 0.0002
inches in setup clearance. This means the value of diametral clearance varies from 0.0023-0.0027 in.
and the preload from 0.2-0.39.

The radial bearing minimum film thickness and power loss are presented in Figure 2.5.3-20 at
varying operating conditions and speeds.

The bearing stability was checked for both the design point operation and runaway speed at zero g,
using information available from Orcutt!. The criterion for stable pad operation is that the
operating speed should be substantially less than the natural frequency of the spring-mass system of
pad and film. A conservative value given in NASA CR-732 is Mcrit/Mpad >4,

where  Mcrit = critical pad mass

Mpad =  effective pad mass

The pad pitch inertia was calculated for the selected pad geometry and the resulting effective pad
mass calculated from:

where | = pad pitch inertia
Rp = pivot point radius

The resultant ratios at design speed and overspeed are:
55,000 rpm:  Mgrit/Mpag = 38
33,700 rpm:  Mgrit/Mpag = 48

MECHANICAL CONSTRUCTION: The maintenance of bearing clearances is important to prevent
excessive whirl orbit amplitudes and prevent the possibility of other components with close radial
clearances from contacting. For this reason, special attention has been given to restraining the radial
movement of the bearing pads.

The bearings are preassembled into steel support modules. The bearing clearance is set using an
oversized mandrel by tightening a screw pivot pin which in turn is locked in place by drilling and
inserting a roll pin. The whole assembly is then placed over the shaft and the steel housing is pressed
into the housing. Removal of the bearing module is achieved by the use of threads which are used in
conjunction with a puller.

The materials selected for the bearings comprise a hard-hard combination of M-50 pads versus either
an M-50 sleeve at the turbine end or carburized AISI 8620 shaft at the pump end. A flash of silver
plate is added to the pad inner surface to give additional bearing protection in the event of a high
speed rub, and to enhance start-stop capability. The choice of M-50 was dictated by the selection of
the pivot materials (see pivot design). The pivot pin is silver plated M-2 and is screwed into an AISI
8620 housing. The material selection was based on past Sundstrand experience in the 6 KWe and 1
KWe power systems.

1Steudy State and Dynamics Properties of Tilting Pad Bearings, F. K. Orcutt, NASA, CR-732.
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Figure 2.5.3-20 Radial Bearing Operating Characteristics
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25.3.6.2 THRUST BEARINGS

The thrust bearing is designed for unidirectional thrust loading only, though short term reverse
thrust loads resulting, for instance, from rocket staging, can be accommodated.

CONFIGURATION: The thrust bearing comprises a set of six AISI M-50 tilting pads pivoted at
60% from the leading edge and supported by two rows of six leveling pads.

TRADE-OFF STUDIES: Different rigid bearing configurations were investigated (such as a step
bearing) but were rejected because satisfactory methods of load equalization were not possible. The
large variation in load values presents problems in selecting an optimum size, while any wear can
result in loss of load capacity. The large variation in load leads to the requirement that potential
non-perpendicularity of the thrust runner and housing should not reduce the load capacity of the
bearing.

The load equalized tilting pad bearing allows each pad to share the load equally and thus allows a
minimum loss configuration for a given load. Trade-off studies were performed for selecting the
number of pads to be used in the bearing. The simplest load equalized thrust bearing design would
employ two pads and a simple tilting gimbal equalization technique. (See Figure 2.5.3-21(a). This is
the configuration that was used on the Sundstrand 6 KWe ORC and the 1 KWe ORC.

When more than two pads are employed, the method of load equalization becomes more complex.
The usual equalizer system employs two sets of equalizing pads distributing the load as shown in
Figure 2.5.3-21 (b) or a double gimbal ring arrangement as shown in Figure 2.5.3-21(c) in which
one ring gimbals against the other. Tilting pad bearings used by Sundstrand in the large Sundyne
pumps use the former arrangement.

When the performance of a two pad bearing is compared to multipad configurations, the losses for
the two pad bearing are less than the multipad bearing for a given film thickness, not accounting for
losses between pads. However, for high loads associated with launch, the effect of increasing the
number of pads is to decrease the pivot loading. For this reason, six pads were chosen and for the
same reason, the multipad equalizer system was chosen over the double gimbal.

ANALYSIS: As with the radial bearings, the total thrust bearing load results from the sum of
various loads in the system, namely, pump load, turbine load, rotor weight, and shock-vibration
loads.

In zero g operation, the only thrust loading comprises the turbine and pump loads. Therefore, to
minimize bearing losses, it becomes conceivable to use only one set of thrust bearings. This is also
predicated on the preferred launch orientation being with the rotation axis vertical. To this end, the
pump load was arranged to be in the same direction as the turbine load by appropriate selection of
seal diameters. At the design point, this load is 1.9 Ib. and varies approximately proportional to the
square of the speed, since the seal pressures vary with the tip speed. The turbine thrust loads were
calculated to be 0.2 |b. at design speed and 1.55 Ib. at overspeed.

The rotor weight is 9.5 |b. For ground operation, the bearings will see this 9.5 |b., but during launch

a 9 g acceleration load is applied. Table 2.5.3-F presents a summary of the expected loads for
different operating conditions.
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Table 2.5.3-F Thrust Bearing Loads (Total)

RPM
20,000
33,700
40,000
50,000

60,000

Zero 'G"” Maximum

Operation Launch
(Lbs.) (Lbs.)
0.73 86.2
2.1 87.6
3.3 _88.3
5.6 91.1
7.7 93.2

Ground
Operation
(Lbs.)
10.2
11.6
12.8
15.1

17.2
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SIZING AND PERFORMANCE: The bearing analysis was performed using curves presented in
Raimondi and Boyd1 and Wilcock and Booser2, A pad aspect ratio; i.e. pad radial to circumferential
width ratio, of unity was selected. This value maximizes load capacity for a given power loss with an
optimum pivot position of 60% of the arc from the leading edge. Bearing operation is in the
turbulent regime and appropriate corrections have been made to power loss calculations. Table
2.5.3-G presents a summary of the thrust bearing design.

The bearing design is based upon selecting an adequate film thickness for the launch condition load
at overspeed. A value of 0.00015 inches has been chosen for the minimum film thickness under
acceleration loads, to give some margin of safety for shock and vibration loads.

The minimum film thickness and power loss were calculated for the different load conditions and
speeds. These are presented in Figure 2.56.3-22. An estimation was made of the effect of the shock
loads on the thrust bearing film thickness, using information from Sternlicht 3

Taking an average value of the load over the half sine shock leads to a minimum film thickness of
approximately 50 micro inches. This means that metal-metal contact could occur for a very short
period of time. Sundstrand experience has been that the selected bearing materials can withstand a
short te£m contact of this nature without damage. Similar results have been presented by other
authors4.

MECHANICAL CONSTRUCTION: The thrust bearing configuration employs six M-60 pads with
two rows of six leveling pads. A hemispherical pivot engages into a hemispherical socket in the pad.
The pivot pin is mounted to the first leveler which, in turn, pivots on two of the second levelers by
contact along radial lines. The bottom leveler pivots on an M-50 insert which doubles as a shim to
set the turbine wheel clearance. The pin through the bottom leveler prevents circumferential motion
while relatively tight radial clearances act as restraints in that direction. Similarly a tight clearance at
the inner diameter of the thrust pads prevents windmilling of the pads about the pivots. The pad
surface and the pivot surfaces have a flash of silver plate (0.0004'’). The thrust runner is also made
of M-50.

Although the preferred orientation of the power system axis precludes reverse thrust during normal
operation and through launch, it is feasible that momentary reverse thrust loading could occur
during orbit transfer or within the Space Shuttle bay. This can be accommodated by a bronze
snubber which can withstand the surface speeds at which this occurs without lubrication and
damage. This snubber also serves as a protection for the turbine wheel during handling and
accommodates the initial reverse thrust load at start resulting from pump inlet pressurization by the
start pump.

1“Applving Bearing Theory to the Analysis and Design of Pad Type Bearings’’, Raimondi and Boyd,
ASME 53A-84.

2 *Bearing Design and Application”, Wilcock and Booser, McGraw Hiil.
3“Theory of Hydrodynamic Lubrication, Pinkas and Sternlicht, McGraw Hill

4:Effects of Vibration and Shock on the performance of Gas Bearing Space Power Braytor Cycle
Turbo Machinery’’, Spencer, Curner & Tyron, NASA CR 1762.
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2.5.3.6.3 BEARING PIVOTS

In order to maintain the design point operating characteristics of the bearings throughout the
operating life, it is necessary to preclude any possibility of pivot fretting type wear. The results of
such wear are a decrease in the pad stability due to an increase in the pivot friction and an increase
in the bearing clearance leading to a change in minimum film thickness. However, severe wear would
be necessary before these effects manifested themselves.

" The selection of the pivot design was based mainly on data presented by Peterson ® which delineates
the optimum geometry, materials and maximum loading to prevent fretting wear.

Table 2.5.3-G Thrust Bearing Geometry

Number of pads: 6

Active pad circumferential iength: 0.25inch
Active pad radial width: 0.25 inch
Pad thickness: 0.10 inch
Pivot location from leading edge: 0.15inch
Pad material: M-50 with siiver flash
Thrust runner material: M-50
Pivot spherical diameter: 0.666 inch
Socket spherical diameter: 1.00 inch
Number of upper load levelers: 6
Cylindrical pivot diameter: 0.125 inch
Cylindrical pivot diameter: 0.125 inch
Cylindrical pivot length: 0.125 inch
Number of lower load levelers: 6
Cylindrical pivot diameter: 1.00 inch
Cylindrical pivot length: 0.175 inch
Total axial clearance: 0.007 inch
Design point power loss: 25 watts

5“Analytical and experimental investigation of Gas Bearing Tilting Pad Pivots’’, Peterson, Geren
etal. NASA CR 72609
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The pivot undergoes primarily rolling contact and the resultant material requirements are:

High yield strength at maximum operating temperatures
high hardness

dimensional stability

corrosion resistance

good sliding compatibility

relative ease of manufacture

adequate shock resistance

The minimum hardness for rolling bearings is approximately R:55 and this has been used for the
minimum goal in the material selection. SAE 52100 steel and 440C stainless steel are recommended
up to 450°F while the M series tool steels are good to 900°F, Since temperatures of the order of
4509F are conceivable due to a soakback after a system shutdown, M-50 tool steel with a hardness
of R:62 has been selected for the pivot-pad combination. Peterson considers the use of lubricating
films to be of use only during a “break-in’’ period, but tests at Sundstrand have shown that a flash
of silver applied to the pivot tip prevented any trace of fretting. In addition, a completely
nonoxidizing atmosphere (i.e. leak tight system) prevents oxidation at the pivot surface.

The report deals specifically with gas bearings and it is recognized that oil lubricated tilting pad
bearings have no pivot problems. Therefore, a design suitable for a gas bearing will present no
problem with Dowtherm. The suggested design appraoch resulting from the investigation is a pivot
radius ratio of 1.6 and a maximum Hertz stress of 220,000 psi.

The maximum loads that the bearings will see are shock loads, which are assumed not to occur at
the same time as acceleration loads. This leads to a maximum load of approximately 21 {b. per pad
for the thrust bearing and 46 |b. per pad for the radial bearing.

The load leveler design employs the same technique used in the Sundstrand Sundyne pumps with
pivots which comprise a cylinder rolling on a flat surface with line contact as opposed to the point
contact found with the tilting pads. The pivot designs are summarized in Table 2.5.3-H.

BEARING AND PIVOT STRESS LEVELS: Presented in Table 2.5.3-1 is a summary of the
operating stress levels and margins of safety for the critical bearing areas under different operating
conditions. Margins of safety are based upon a maximum allowable Hertz stress of 220,000 psi and
a minimum film thickness of 0.0001 in. Margin of safety (M.S.) is defined as
M.S. = Actual/Allowable.

2.5.3.6.4 RELIABILITY

Tilting pad bearings are commonly used in the industry. Table 2.6.3-J specifically provides a
summary of Sundstrand tilting pad bearing applications. Other similar bearings have accumulated
over 30,000 hours on a Brayton cycle machine with gas bearings at NASA-Lewis and more than 5
million total hours operation of the ORMAT organic Rankine cycle using Dowtherm E as working
fluid and lubricant.

Approximately 7.5 million hours of operation have been accumulated in Sundstrand Sundyne
compressor gearboxes which use tilting pad bearings. The Sundyne product line is produced by the
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Table 2.5.3-H Pivot Design

Pivot
Location

Thrust Pad

Upper Load
Leveler

Lower Load
Leveler

Radial Pad

Pivot Pivot
Type Diameter
1 0.666
2 0.125
2 1.00
1 0.666

(1) Spherical pivot in spherical socket.

(2) Cylinder on flat.

Socket

Diameter

1.00

1.00

Pivot
Length

0.25

0.175
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Table 2.5.3-1

Summary of Bearing Safety Margins

Operating Condition

Radial load (Ib)
Thrust load (Ib)

Radial pivot stress {psi)
Margin of safety

Thrust pivot stress {psi)
Margin of safety

Upper load leveler pivot stress (psi)
Margin of safety

Lower load leveler pivot stress
Margin of safety

Radial min. film thickness {in)
Margin of safety

Thrust min. film thickness {in)
Margin of safety

Thrust runner stress (psi)

Ground

2.0

1.2

15600
14

19000
12

22000
10

8700
25

.00054
5.4

.00033
3.3

Launch Launch

Space (Accel & Vib) {Shock)

2.0 42 46

1.7 107 123
15600 119,000 123,000

14 1.8 1.8
5400 90000 94,000

41 24 2.3
8700 69000 74000

25 3.2 3.0
3000 37000 28000

73 59 7.9
.00054 .00017 .00016

5.4 1.7 1.6
.00086 ,00014 .00013

8.6 1.4 1.3

. —_ 510

Launch
Shock

Nonrotating

43
123

121,000
1.8

94,000
23

74000
3.0

28000
7.9

.00017
1.7

.00013
1.3
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Table 2.5.3-J Sundstrand Tilting Pad Bearings

Application

Sundyne Petro-
chemical Pump

Remcom 1.0 Kw
ORC

Remcom 1.0 Kw
ORC

KIPS 1.3 Kw
ORC

KIPS 1.3 Kw
ORC

6 KW ORC

Bearing Rotational Bearing Lubricant Film Hours
Load (LB) Speed (RPM) Diameter (IN)  Viscosity (CPS) Thickness (IN})  Operation
610 19000 1.5 10.0 0.00062 >17.5

million
6 55000 0.59 0.441 0.00049 ~ 15000
180 85000 0.59 0.441 0.0001 ~2
2 33700 0.55 1.0 0.00054
43 55000 0.55 1.0 0.00017
(shock
load)
13 24000 1.10 1.0 0.00065 > 3000




Sundstrand Fluid Handling Division. The units which operate at speeds of 18,200 RPM and above
contain tilting pad bearings. The Sundyne units are designed for industrial applications and contain
bearings which are larger and built with much looser manufacturing tolerances than KIPS.

In addition, three Sundstrand 1.0 KW ORC Remcom units have operated for more than 13,000 hrs.
to date and have not experienced any tilting pad bearing primary failures. During development,
some instances of tilting pad bearing damage have occurred due to insufficient lubrication. These
instances resulted from (1) boost pump problem (no accumulator was provided), and (2) lubricant
starvation at shutdown. One set of bearings accumulated over 8,000 hours without damage. The
Remcom unit uses the organic working fluid, toluene.

In another application, the Sundstrand 6 KW ORC machine, which uses Dowtherm A as its working
fluid, accumulated 3,000 hours of test time with no detectable tilting pad bearing damage.

2.6.3.6.5 FABRICATION

The fabrication and inspection process is summarized in Figure 2.5.3-23 for the pads, pivots and
load levelers, in Figure 2.5.3-24 for the bearing modules, and Figure 2.5.3-25 for the thrust runner.

2.56.3.6.6 BEARING LUBRICATION AND SCAVENGE

CONFIGURATION: In order to maximize bearing size for a given load capacity, the pump outlet
flow is used for the source of lubricant since it is at a higher temperature (lower viscosity) than the
radiator outlet temperature. The use of lower viscosity lubricant allows larger diameters for the
same power loss. Individual Lee Visco jets are used to supply the correct bearing flows at each end
of the rotor, allowing small flow rates to be metered without using small orifices. Bearing flow is
filtered by the main filter in the system accumulator.

Simplification of the lubrication system is possible if the lubricant is introduced from the inside of
the shaft. The method has been tested and operated successfully at Sundstrand and is especially
beneficial at the turbine end where housing temperatures are relatively hot compared to saturation
conditions. However, introduction of the fluid into the shaft becomes more difficult at the pump
end than the turbine end. The fluid would have to pass through the eye of the impeller and
filtration of this flow would be impossible before reaching the bearing.

The lubrication scheme, therefore, employs external lubrication at the pump end bearings and
internal lubrication at the turbine end. The external lubrication is provided by an annular groove
cut in the outside of the bearing module feeding four small feed tubes which carry the cool
lubricant to each pad leading edge at the shaft. The annulus in turn is fed by an external tube. This
method has been used successfully on the Sundstrand 1.0 KWe Remcom system. The internal
lubrication scheme uses a small stationary feed tube which passes lubricant axially into the center of
the rotating shaft. Orifices in the end and side inject the required flow split into two separate
internal chambers, one for the thrust bearings and one for the radial bearings. The use of separate
cavities prevents the lubricant from being removed by one bearing only or from leaking out of the
end of the shaft. The centrifugal field pumps the liquid up through radial feed holes to the thrust
disc face and to the radial bearing pads. The effects of launch loads on the distribution of the
lubricant is minimized by keeping the feed orifices in the tube and the receiving chambers as close
together axiatly as possible.

118




RAW MATERIAL

MATERIAL RECEIVING INSPECTION

ROUGH MACHINE

INSPECT TO PROCESS DIMENSIONS

T

HARDEN TO RC 62
PER APPROVED
PROCEDURE IN

CERTIFIED EQUIPMENT

HARDNESS INSPECT

T

GRIND

Y

SUPER FINISH
BEARING SURFACES

MAGNETIC PARTICLE INSPECT
SURFACE TEMPER INSPECT
SURFACE FINISH INSPECT

T

SILVER PLATE

HYDROGEN EMBRITTLEMENT
RELIEF
FINAL DIMENSIONAL INSPECT

T

STOCK

Figure 2.5.3-23 Bearing Radial and Thrust Pads, Pivot Pins, and Load Leveler Fabrication Process
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Once the bearings have been lubricated with sufficient flow to remove the heat generated by liquid
shear, the lubricant has to be removed from the cavity and returned to the system for heat
rejection. For ground operation, this presents no problem because the gravitational field can be used
to drive the liquid to the required location. In space, however, these forces are no longer available,
and consequently, a flooded, pressurized bearing cavity is employed.

TRADE-OFF STUDIES: Several different scavenge schemes were considered. These include
capillary pumping, dynamic slingers, centrifugal seals, and pitot type probes. Test results indicated
that the first two methods were not viable, while the fourth is a very complicated configuration and
has the tendency for liquid to splash around the pitot tube at higher speeds leading to potential
leakage from the bearing cavity. Consequently, centrifugal seals were selected for KIPS.

SIZING AND PERFORMANCE: In order to drive the drainage flow back into the flowing liquid
loop, a suitable injection location is required which will operate independent of gravity. The jet
condenser throat has been selected for this purpose, where normal operating pressures at the wall
are approximately 2 psia, as determined by test. In order to be able to inject the liquid flow into the
throat at this pressure, the bearing cavities have to be pressurized to a level slightly above this value.
The fluid is trapped within the bearing cavities by centrifugal dynamic seals, one on either side of
the turbine cavity and one separating the pump bearing from the alternator cavity. The pressure
generated by these seals is a function of the liquid level, which in turn determines the power loss.
The back pressure at the jet condenser therefore determines the cavity pressure level and the seal
power losses.

Additional power losses arise in the bearing cavities due to the flooded nature of the scavenge
scheme. These are mainly churning losses from where the shaft passes through the cavities and also
from the other faces of the centrifugal seals. Based on test results, the centrifugal seals will consume
4 watts each of power at design speed and 2.5 psia. The remaining losses are estimated to be
approximately 28 watts, for a total scavenge/seal system loss of 40 watts.

MECHANICAL CONSTRUCTION: The two inboard centrifugal seals are both screwed onto the
shaft, with a thread direction which precludes loosening during operation. The outboard seal
doubles as the thrust runner, thereby reducing the total wetted surface. Fluid volume available for
churning is minimized by keeping all housings closely conforming.

RELIABILITY: This type of seal is commonly used and has a high reliability due to the fact that
there is no contact involved. The Sundstrand 1 KWe Remcom system employed a centrifugal seal,
accumulating more than 13,000 hours operation before the units were shut down, with no sealing
degradation.

FABRICATION: Fabrication and inspection procedures are summarized in Figure 2.5.3-26.

Figures 2.5.3-27 and 2.5.3-28 show turbine and pump end bearing and seal arrangements,
respectively.
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2.5.4 CONTROL SYSTEM

The KIPS control system must be designed to accommodate a wide variety of requirements. Some
of these are fundamental control functions required on any organic Rankine cycle system, some are
necessitated by the particular requirements of the changing thermal output of the isotope heat
source used in the KIPS system, and additional functions are necessitated by spacecraft
requirements.

The basic control functions include turbine loop flow control, turbine inlet temperature control,
combined rotating unit (CRU) speed control, electrical overload protection, output voltage
regulation, and system heat rejection control.

The control functions are performed by two separate modules: a valve pack and electronic
controller. The “valve-pack” contains the turbine loop flow and temperature controls as well as the
radiator bypass vaive. The electronic controller provides voltage regulation, overioad protection, and
speed control.

The fluid loop controls are powered directly by mechanical and hydraulic forces and require no
internal or external electrical power for operation. Because of this, the KIPS system can’'continue to
operate safety under conditions of electrical overload.

The KIPS CRU is structurally designed to withstand continuous operation in a frequency wild (no
speed control) mode which allows disabling the speed control system when desired. This capability
provides the ability to run the CRU at higher speed during launch and orbital maneuvers resulting in
added bearing load capability and jet condenser jet stiffness during periods of high shock and
vibration.

A block diagram showing the location of the control components in the system is shown in Figure
2.5.4-1.

The flight system valve pack design, showing the fluid loop control components, is shown in Figure
2.5.4-2. The electrical controller circuit design and mechanical arrangement of electronic
components are shown in Figures 2.5.4-3 and 2.5.4-4 respectively.

2.5.4.1 Fluid Loop Controls
2.5.4.1.1 TURBINE FLOW CONTROL

FUNCTION: A Rankine cycle system utilizes a control system to maintain turbine inlet conditions
at the selected design point. Keeping turbine inlet conditions relatively close to the design point
ensures that the system will be able to produce the required power and that the turbine will always
be supplied with superheated vapor. This will avoid erosion damage from partially vaporized
working fluid. The flow rate through the turbine nozzles is proportional to turbine inlet pressure
and inversely proportional to the square root of temperature. Thus, for constant turbine nozzle
area, only two of the three parameters: flow, temperature, and pressure, need to be controlled.

The function of the flow control can be illustrated by assuming that all other parameters of the
system are held constant and noting the effects of a temperature perturbation on the system
stability if no flow control is used. A slight decrease in turbine inlet temperature increases the vapor
density at the turbine inlet and permits a greater mass flow rate through the turbine nozzles.
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Increased flow through the constant heat rate heater results in a further decrease of vapor
temperature and even higher nozzle flow.

A positive temperature perturbation starts a cascading process in the opposite direction. The flow
control valve adjusts the flow to compensate for any undesirable turbine inlet temperature
variations.

For the KIPS organic Rankine cycle (ORC) system where there is only a small variation in system
heat input due to isotope decay, sufficient control on turbine inlet conditions can be achieved by
throttling flow and permitting the small corresponding change in pressure to occur. A pressure
control or a flow limiter could provide constant flow rate, but would not provide adequate turbine
inlet temperature control because the 7% decay in heat source input is of the same order of
magnitude as the working fluid superheat. Small variations in heat input lead to large changes in
temperature. Therefore, if a flow limiter or pressure regulator were used as the primary means of
turbine inlet state property control, supplemental temperature control would also be required. This
supplemental control could be achieved by using heat pipes or shutters to control heat input rate or
by diverting working fluid within the loop to shunt excess heat to the radiator.

As the isotope heat source decays, less heat is delivered to the KIPS boiler. There are basically two
approaches to maintain constant turbine inlet temperature as the isotope decays.

In the first approach, flow is kept constant and heat is diverted. It is possible to keep the flow rate
constant at a value corresponding to the end of life condition and control turbine inlet temperature
via shutters, thermal shunts, or heat pipes on the isotope heat source. This approach limits the
power conversion system (PCS) output power to the end of life conditions even when additional
heat is available. It also means that the isotope heat source will have additional thermal losses
throughout the heat source life due to the presence of the thermal shunt device, further reducing
PCS output power. An alternate method for dissipating excess heat at beginning of life condition is
to shunt fluid around the regenerator. The regenerator connects the flow loop to the heat rejection
loop so that excess heat can be dissipated through the regenerator/condenser interface. The
regenerator can be shunted on either the liquid or vapor side to reduce its effectiveness and thus
dissipate excess thermal input.

The second approach consists of using all of the available heat at all times and adjusting boiler flow
rate as required to maintain constant turbine inlet temperature. This approach permits maximum
possible power output at all times and is therefore preferred if it can be easily accomplished.

Various combinations of pressure regulators, regenerator bypass valves, and turbine inlet
temperature sensors were investigated to determine their effect on system stability and recovery
during output load changes, isotope decay and environmental changes. Direct control of
temperature by throttling flow will inherently produce adequate control of turbine inlet pressure
and can be designed to control temperature to any desired operating range. The other approach,
using a flow limiter or pressure regulator for gross control during frequency wild operation and
some means of shunting excess heat by use of a diverter valve, or shutter, provides distinctly inferior
temperature control because of component thermal lags, and prevents the system from accepting
full load immediately when operating at no load in the speed wild mode. Direct control of the flow
in the turbine loop was therefore selected to control turbine inlet state point conditions.

COMPONENT TRADE-OFFS: Various flow control valve designs were investigated to determine
which approach led to the highest reliability. Electrically operated valves were eliminated because of
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the low reliability of the long chain of components required. The electrical valve requires redundant
temperature sensors, electronic control circuits, an amplifier to produce valve drive current, and an
electromechanical valve. With this valve, the temperature control function is also dependent on a
continuous and uninterruptable supply of electrical power, requiring an additional alternator or an
on-board battery.

A fluidic temperature control valve initially appeared to be quite attractive and within the
state-of-the-art. The fluidic valve should require no moving parts if temperature sensing is
accomplished via a fluid viscosity sensitive capillary tube. This approach was pursued in conjunction
with Harry Diamond Laboratories. As the KIPS detailed model of the steady state operating points
for the system was completed, an operating map of detailed requirements for the fluidic valve
revealed that higher valve gain and faster response than originally anticipated were required. As
additional amplifier stages were added, the valve passages became more complicated, heat losses
through the temperature sensor increased and valve pressure drop increased. In addition, it was
found that to properly start and shut down the system, a check valve must be added to the fluidic
valve vent line.

Alternate valves were then investigated in which direct thermal expansion of bimetallic discs or
hydraulic displacement of a liquid filled thermal bulb could be used to provide the temperature
control signal to the flow control valve.

A bimetallic washer valve, a single stage thermal bulb driven valve and a two stage valve using a
pressure regulating stage for basic flow control and a thermal bulb for temperature trim were
evaluated as part of a formal trade-off and selection matrix study. These three concepts are shown
in Figures 2.5.4-5 through 2.5.4-7.

The bimetallic washer valve was judged poorest of the three concepts. Bimetallic discs provide low
force levels and small deflections per unit temperature change, requiring a stack of discs to achieve
the required force and deflection levels to actuate a valve. A stack of discs suffers from a low spring
rate which leads to potential oscillation problems. Relative movements at the disc control points
gives a potential problem of wear and particle generation. Discs as well as other solid differential
expansion devices provide an undesirable heat shunt, requiring higher boiler temperature. The
relatively high thermal inertia of the disc pack necessitates the addition of a flow limiting or
pressure regulating function to avoid transient flow problems during frequency wild operation.

The single stage thermal bulb driven valve represents a substantial improvement over the bimetallic
washer valve design in that sliding friction and particle generation are eliminated by use of a
flapper-nozzle throttling valve. Thermal shunting is minimized by the low conductivity of the tube
connecting the sensor and the valve. Temperature sensitivity is improved by using a relatively large
volume in the sensor and a small volume in the actuator bellows. This valve suffers from a slow
response rate to temperature changes in the system and provides inadequate flow regulation during
load changes in the frequency wild mode of operation.

The two stage valve retains the advantages of the single stage thermal bulb valve and overcomes the
transient response problems by incorporating a flow limiting feature. Flow limiting is accomplished
by regulating the pressure drop across an orifice via a second nozzle flapper which throttles turbine
loop flow. The flow limiter maintains essentially constant flow during periods of rapid pressure
change that occurs during frequency wild operation. The temperature sensor corrects the flow
setting as required by changes in environmental conditions and gradual decay of the isotope heat
source. The two stage valve, as finally configured, incorporates redundant thermal sensors and
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Figure 2.5.4-6

Candidate Single Stage Flow Control Valve
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redundant bellows in the flow limiter portion for added reliability.

A cross-section of the turbine loop flow control valve is shown in Figure 2.5.4-8. The inlet receives
flow from the system pump and the regulated outlet flow enters the turbine loop. The pressure
regulator bellows assembly senses valve chamber pressure on the side facing the valve chamber. The
back of the bellows is connected via internal porting to the valve outlet. The bellows therefore
moves in response to pressure drop across the temperature control orifice. When turbine inlet
temperature is constant, the temperature control flapper remains in a fixed position and the
effective orifice area of the temperature control orifice is constant. With the pressure regulator
controlling the delta P across the orifice, system flow is kept constant regardless of inlet pressure.
The pressure regulator performs this function by actuating the pressure regulator flapper which
throtties inlet flow as required to keep the temperature control orifice delta P constant. Changes in
valve inlet pressure are therefore prevented from affecting the flow rate through the valve.

The resulting valve performance characteristic curves are shown on Figure 2.5.4-9 where it can be
noted that flow remains essentially constant (for constant turbine inlet temperature) as overall valve
delta P varies from 20 to 160 psi.

As turbine inlet temperature increases, expansion of the NaK in the thermal sensor moves the
temperature control flapper away from the temperature control orifice, thus increasing the area and
the system flow rate. This effect is shown for several steady state temperatures on Figure 2.5.4-9.
Superimposed on the figure is a map of required KIPS flows and pressure drops for frequency wild
operation. It can be noted that the control valve keeps turbine inlet temperature between 645 and
6580F under all operating conditions. When the speed control circuit is actuated and the system
running at constant speed, variations in system pressure is very small and the system operates along
the full load line. Under this condition, where the KIPS operates most of its life, the turbine inlet
temperature range is 647 - 6530F.

MECHANICAL CONSTRUCTION: The flow control valve was designed with redundant bellows in
the pressure regulator assembly. These were sized such that a failure of either bellows would have
only a minor effect on system operation. The effect of a cracked or failed bellows is a shift of
turbine inlet temperature of less than 20F as shown in Figure 2.5.4-10. The figure also shows the
effects on turbine inlet temperature of other failure modes including a plugged orifice and
relaxation of the flapper spring. It can be noted that, in the worst case, the temperature shift is no
more than = 3O9F from the set point. Flexing components, flappers and bellows, were stress
analyzed to assure that stresses were below the threshold for cyclic fatigue under worst case
deflections.

Dual thermal sensor assemblies are utilized to provide complete redundancy in the temperature
sensing portion of the valve.

Several fluids were considered for temperature sensor fluids. Dowtherm A was first considered
because of its resistance to thermal breakdown and because Dowtherm A is the system working
fluid. Closed capsule test data on the thermal breakdown was reviewed. It was concluded that the
amount of gaseous products that could be expected to form over a seven year period was possibly
sufficient to produce an unacceptable calibration shift in the unit. There was insufficient data on
the solubilities of the gases to ensure that they would remain dissolved. Since Dowtherm A is at
least as stable as any alternative organic fluid considered, metals were considered next.

Mercury was the first metal considered. The problem encountered with mercury was embrittiement
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of the bellows material. The next metal considered was sodium. Sodium is commonly used in
stainless steel containment in nuclear reactors and heat exchangers. Since Na has been extensively
used, much data is available on its compatibility with stainless steel. The problem with sodium for
the KIPS application is its high freezing point of 2089F. It is likely that a sodium temperature
sensor would freeze during storage and might cause problems if melted nonuniformly. As an
alternative to sodium, the eutectic NaK was considered. The freezing point of NaK is approximately
109F and therefore the potential freezing problem should be obviated. The question of corrosion
was investigated and found to present no problem if high purity NaK is used in all welded stainless
steel assemblies. NaK filled temperature sensors were therefore designed to provide the required
flapper deflections with temperature changes.

To ensure that reliable bellows and thermal sensor assemblies are constructed, the bellows
assemblies are configured to allow cleaning and inspection from both sides prior to final assembly.
The thermal sensor bellows, fitting and capillary tubing will all be cleaned as piece parts prior to
assembly. After assembly, the helical bulb, transition capillary and actuator bellows will be
leak-checked by helium mass spectrometer to 108 scc/sec. The containment bellows will be
leak-checked to 108 scc/sec. Prior to filling with NaK, the helical bulb, transition capillary and
actuator bellows will be vacuum baked at a pressure of 106 torr or lower and a temperature of
5000F or greater for a period of 48 hr. minimum. The area between the actuator bellows and the
containment bellows will have the same vacuum baking process applied.

The flight system flow control valve pack utilizes an all welded assembly of stainless steel
components to preclude internal or external leaks. This valve pack is fabricated from stainless steel.

2.5.4.1.2 RADIATOR BYPASS VALVE

FUNCTION: The primary means of PCS heat rejection is via the system radiator. The radiator
must be large enough to reject beginning of life waste heat at full load and the highest heat sink
temperature. At other operating conditions, the radiator is oversized and it is desirable to limit the
heat rejected to maximize PCS efficiency; this capability is particularly desirable at end of life when
the PCS output power is lowest.

It is also very desirable to have some means of controlling radiator outlet temperature when the
radiator auxiliary cooling loop is used for system heat rejection when the PCS is installed in the
Shuttle Bay. PCS control of the radiator temperature eliminates the need for active Shuttle control
of the cooling temperature.

Another function of the radiator heat rejection control is to permit subcooling of the radiator metal
to act as a heat sink if the KIPS system is launched using a Titan vehicle. This heat sink permits the
KIPS system to continue running during the critical launch period when the radiator is shrouded.

Figure 2.5.4-11 illustrates the effect of radiator bypass function for hot and cold radiator sink
temperatures and for both beginning of mission and end of mission heat input flow rates. The hot
and cold sink temperature results from motion through space from positions where the radiator is in
sunlight to positions where it sees deep space. It can be noted from the figure that it is very
desirable to have the bypass valve fail closed (zero bypass). If the valve fails closed, the resulting
reduction in power output is only 40 watts in the worst case while an open failure can greatly
subcool the system, resulting in major power reductions.

TRADE-OFFS: As in the case of the turbine loop flow control valve, it is desirable to have the
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bypass valve self-powered. Both bimetallic disc type valves and thermal bulb valves were
investigated. The bimetallic valve has disadvantages similar to those of the bimetallic turbine loop
flow control. The thermal bulb valve is ideally suited for use as a radiator bypass since the
temperature leve! is relatively low in this location and the bulb can be filled with the system
working fluid. A failure of the valve that creates a leak will permit the Dowtherm in the valve to
enter the system with no ill effect and will also cause the valve to fail closed. This is the desirable
failure mode from a system operation standpoint.

The thermal bulb valve was therefore selected for use as the radiator bypass valve. A cross-section of
the valve is shown in Figure 2.5.4-12, integrated into the valve block and filter assembly.

OPERATION: Warm fluid from the pump passes through an orifice and mixes with cooler radiator
outlet fluid. The mixed fluid is circulated around the thermal bulb and then exits to the jet
condenser.

When the mixed fluid temperature is excessive, expansion of the fluid in the thermal bulb moves the
valve seat closer to the orifice restricting the influx of warm fiuid to reduce the mixed fluid
temperature. The actuation bellows free length is shorter than its operating length so that a leak in
the thermal bulb or bellows will cause the bellows to fully contract, thus pulling the auxiliary seat
against the orifice to completely shut off the bypass flow.

MECHANICAL CONSTRUCTION: The radiator bypass valve has only one flexing part, the fluid
containment bellows assembly. This bellows was designed such that cyclic fatigue would not occur,
although a failure here is not critical to continued system operation. The working fluid in the
thermal bulb is Dowtherm A, identical to the system working fluid, so there is no ill effect on the
system of a leaking bellows. Redundancy was therefore not provided on the radiator bypass valve
beilows. '

The bypass valve components are cleaned and vacuum baked prior to welding. The assembly is
helium leak checked to a level of 108 scc/sec prior to filling. A variation of * 10% on resultant
temperature gradient of the valve stroke is acceptable from a performance standpoint. Shims are
provided to permit cracking point adjustment during assembly of the valve into the housing.

2.5.4.2 Electrical Controls

The controller provides output power conditioning, voltage regulation, speed control, and electrical
overload protection. The controller is powered by the alternator. No external electrical power is
required. Power conditioning includes rectifiers and an appropriate filter to achieve 0.1% rms ripple.
The voltage regulator provides 28 VDC + 2% voltage control through control of the alternator field.
Speed control is achieved by applying a parasitic electrical load as required to keep the speed within
t 2% of the design speed. Electrical overload protection is provided by an underspeed detection
circuit which removes alternator field current whenever the speed is less than 95% of rated speed.

2.5.4.2.1 BASELINE CONFIGURATION
Figure 2.5.4-13 shows a block diagram of the baseline control system.
SPEED CONTROL: Speed control is accomplished by a frequency discriminator which monitors

the alternator output frequency, (which is proportional to speed) a comparator (pulse width
modulator) and the parasitic load resistor.
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The parasitic load is comprised of three parasitic load resistors (PLRs) each capable of drawing 50%
of the load. Thus, two PLRs are capable of providing full load. Having three PLRs with any two
capable of handling full load greatly increases the reliability of the system.

The frequency discriminator consists of a passive tuned circuit which produces a DC output voltage
proportional to system frequency near the resonant frequency of the tuned circuit.

The Pulse Width Modulator (PWM) comparator is set at a 50% duty cycle at a voltage proportional
to 1122 Hz (33,700 RPM). The PWM rate is controlled by the carrier frequency which is the ripple
frequency of the three phase, full wave bridge rectifier. The PWM comparator turns the power
switches on or off, applying or removing power to the PLRs. Since the carrier frequency is high (6 x
1122 = 6732 Hz), the time averaged effect is a steady load determined by the PLR duty cycle. The
duty cycle will change in response to system capability and customer loading.

VOLTAGE REGULATOR: The voltage regulator is pulse width modulated to minimize the
regulating losses. The switching point of the PWM regulator is set at the 50% duty cycle of the
carrier frequency. When the output voltage is low, the PWM duty cycle goes toward 100% causing
maximum field current to flow in the field winding, increasing the generator voltage. When the
output is high, the PWM duty cycle tends toward zero, allowing the field current and generator
output voltage to decay.

OVERLOAD PROTECTION: The overload protection circuit uses a frequency discriminator
similar to the speed control frequency discriminator and a comparator to detect when turbine speed
falls below 95%. When this is detected, the switching amplifier is turned off, decreasing the
generator output voltage and lowering the generator load. The generator output voltage will not
decrease below a small residual voltage which is sufficient to operate the frequency discriminator,
comparator and switching amplifier.

POWER CONDITIONING: The alternating current {AC) output of the alternator is converted to a
DC voltage by a three phase full wave bridge rectifier assembly.

A low pass filter, consisting of an inductance and a capacitance, conditions the output voltage to a
DC level having a 0.1% rms ripple content.

Alternator tuning capacitors are used to improve the power factor of the alternator, thus reducing
the diode commutation overlap time of the full wave bridge rectifiers. Calculations indicate that the
efficiency is improved by one percent using tuning capacitors. The tuning capacitors are sized to the
load requirements for the particular mission.

When the turbine and alternator are operated in the frequency wild mode, the tuning capacitors can
cause the alternator to operate self-excited. Self-excitation of the alternator results in excessive
output voltage. To maintain proper voltage regulation, the signal which commands the frequency
wild operation is also used to switch out the tuning capacitors from the alternator.

2.5.4.2.2 TRADE-OFF STUDIES
VOLTAGE CONTROL APPROACHES: A voltage regulator is required to maintain the output
voltage within required limits. Voltage regulation is typically accomplished by controlling alternator

field current. Several types of voltage regulator circuits can be used. These are described in the
following paragraphs.
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PROPORTIONAL VOLTAGE REGULATORS: Shunt and series regulators are simple with low
parts count but have the major drawback since they are dissipative. High dissipation causes high
junction temperatures in semiconductors and resistors, lowering their reliability. Therefore,
dissipative proportional voltage regulators were eliminated because of their low reliability.

MAGNETIC AMPLIFIER REGULATOR: The magnetic amplifier acts as a phase controlled switch
on the rectified AC fieid supply voltage to supply a variable DC voltage to the exciter field. The
magnetic amplifier can be considered a switch in series with the exciter field that can be turned on
at various phase angles of the rectified input voltage half sine waves, thus producing a variable DC.
This regulator is simple with few parts; its drawback is the weight of the magnetic amplifier which
must handle the total field current.

PULSE WIDTH MODULATED REGULATORS: The pulse width modulated regulators can be put
into two classes: forced and bang-bang modulation.

® Pulse Width Modulation: |n pulse width modulation, a switch in series with the field is
operated at either the ripple frequency of the field power source or at a selected frequency
derived from an oscillator. The duty cycle of the modulation frequency is varied by voltage
error to maintain the output voltage.

® The pulse width modulation scheme operating at the ripple frequency has been determined to
be the best in terms of stability, power dissipation and parts count, and was therefore selected
for the baseline system.

® Bang-Bang Pulse Width Modulation: In the bang-bang system, the switch in series with the
field is allowed to modulate at the system natural frequency and have a duty cycle dependent
on the loop dynamics. This is a simple regulator with voltage regulation characteristics less
refined than the forced pulse width modulation scheme. Experiments have shown
unacceptable levels of voltage modulation with this approach.

SPEED CONTROL APPROACHES: Speed control is required to maintain the turbine within the
required speed limits. Speed control is accomplished by applying a parasitic electrical load to the
alternator. The control schemes considered are the two classes of the pulse width modulated
regulator.

In the bang-bang pulse width modulation concept, the PLRs are turned on whenever the output
frequency exceeds 1122 Hz (33,700 RPM). The added electrical load causes the CRU to slow down.
The parasitic load is removed when the alternator frequency is less than the rated frequency of
1122 Hz. Experiments have shown unacceptable levels of speed modulation with this approach.

in the pulse width modulation approach, a switch in series with the parasitic load resistor is
operated at the ripple frequency of the bridge rectifiers. The duty cycle of the modulation
frequency is varied by the alternator frequency error voltage to maintain the turbine speed. Thus,
the frequency of the pulses is much higher than in the bang-bang approach and speed can be more
closely controlled. The pulse width modulation approach provides good speed control with low
power dissipation and was therefore selected for the controller.

RELIABILITY STUDIES: Trade-offs were made between various controller configurations. The

intent was to determine the least complex controller that has a probability of at least 0.986 of
achieving the mission life of seven years.
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The effect on circuit reliability of adding redundancy to various circuits was calculated and
compared to the baseline approach to determine if significant improvement in overall reliability .
would result. It was determined that the PLR reliability was relatively low and that by adding
redundancy in the PLR circuit, overall reliability met the design goal.

Added complexity and weight in other circuits yielded very low increases in reliability and were
therefore not incorporated into the baseline controller.

SPEED CONTROL: Various speed control configurations that were reviewed are discussed below.
The reliabilities (probability of seven year life) are summarized in Table 2.5.4-A. Version A has a
single frequency discriminator, comparator, power switch, and PLR.

The baseline speed control, version B, has one frequency discriminator, one comparator, and a
separate power switch for each of three PLRs. The PWM carrier is produced by a single circuit that
also provides the carrier to the voltage regulator. Two of the three PLRs are required to dissipate
the full load.

In version C, each PLR is driven by a separate frequency discriminator, comparator and power
switch combination. Two PLRs are capable of handling the fuli load.

Version D is the same as C with an additional power switch to each of the three paths to provide
additional reliability in the case of a power switch open circuit failure. Two PLRs are capable of full
load.

The speed control of version E has three parallel connected frequency discriminators driving three
sets of parallel connected comparators which control three sets of series connected power switches.
Two PLRs are capable of full load.

it can be noted from the reliability comparison of these speed control concepts that adding PLR
redundancy improves reliability significantly but that additional circuit redundancy yields little
additional improvement in reliability.

VOLTAGE REGULATOR: The baseline voltage regulator with overload protection is described in
subsection 2.5.4.2.1. The first alternate considered consisted of two of the baseline voltage
regulators connected in parallel with only one regulator required for proper operation. The second
alternate considered consisted of three baseline voltage regulators, with each one driving a separate
field in the generator. Only two of the fields and associated circuitry are required for proper
operation.

Reliabilities are:
Baseline 0.998345
Alternate 1 0.999998
Alternate 2 0.999994

It can again be noted that only minor improvements in reliability acrue from the more complex
alternate circuits.

TUNING CAPACITOR: Figure 2.5.4-14 shows the baseline tuning capacitors and a tuning (.
capacitor system that could be used for a no single point failure philosophy.

146



i

Table 2.5.4-A Reliability of Alternate Speed Control Circuits

FREQUENCY PQWER
VERSION DISCRIMINATORS COMPARATORS SWITCHES PLR’s RELIABILITY
A 1 1 1 Not Redundant 0.830451
B (Baseline) 1 1 3 3 0.991519
C 3 3 3 3 0.992223
D 3 3 6 3 0.992511
E 3 6 6 3 0.992515
GENERATOR GENERATOR
LEADS LEADS
| L ~—F
| N ]I }
BASELINE FUSED REDUNDANT

Figure 2.5.4-14 Tuning Capacitor Alternatives




Reliabilities are:

Baseline 0.999997
Fused Redundant 0.998756

In this example, the reliability is actually decreased by adding additional components to avoid single
point failures.

RECTIFIER: The baseline rectifier and other rectifier configurations that could increase rectifier
reliability are shown in Figure 2.5.4-15. The reliabilities are as follows:

Baseline 0.99909166
Redundant 0.99999961
Fused Redundant 0.99983158
Combination 0.99999185

A significant increase in weight and complexity yields only minor reliability improvement.

CONCLUSIONS: The allocated controller reliability for seven years was 0.986. Since the PLRs
individually have the lowest reliability of all the controller components, the first step in increasing
the baseline controller reliability is to choose the configuration where the PLRs are sized such that
two PLRs are capable of full load. With this change, the baseline controller has a reliability of
0.982. Any additional changes that would significantly increase controller reliability would also

significantly increase system weight. The achieved controller reliability is adequate to meet the
overall KIPS reliability goal.

2.56.4.2.3 BASELINE CONTROLLER CIRCUIT DESCRIPTION
A functional schematic of the controller is given in Figure 2.5.4-16. The main circuit groups are:
Main Power Rectification, including tuning capacitors, rectifier diodes, and a power line filter

Voltage Regulation, including a 95% speed detector, a voltage sensing network, a comparator,
and a field switch

Speed Control, including a 100% speed detector, comparator, and PLR driver stages

Synchronization, including a ripple amplifier, phase detector, and a voltage controlled
oscillator (VCO)

Each of these sections is labeled on the schematic.

Key features of the design are the simplicity of the circuits, the use of components of the highest
available reliability level and the low operating stress levels of the components.

The low power losses achieved provide a margin of compensation for parameter variations due to
production tolerances and estimates of aging effects.

During breadboard testing, it was determined that the output ripple voltage decreases significantly
when the PLR and field switches are synchronized with the ripple. To accomplish this, the ripple is
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filtered, amplified and then used to vary the frequency of the voltage controlled oscillator so that
its frequency is identical to the ripple frequency. This sets up a pulse width modulation that is
synchronized to the ripple. The flight controller includes this synchronizing circuitry to minimize

ripple.

25.4.24 MECHANICAL CONSTRUCTION

The controller is mounted by integral fugs protruding from the base casting. All components with
large power dissipation are mounted on the chassis either by threaded studs or threaded fasteners in
their bases. Insulation is used in these mountings where electrical isolation is required.

Heavy wound core components employ threaded fasteners cast into their encapsulation. Printed
wiring boards provide mounting and interconnection of the small electronic components. The board
assemblies are mounted by threaded fasteners to brackets attached to chassis side and end plates.
Auxiliary support is provided by standoffs mounted to the chassis by threaded fasteners.

Wiring and bus bars are supported by standoffs and by clamps and the devices which they
terminate. Electrical connectors are chassis supported by their shell flanges with threaded fasteners.
To assure good thermal contact and reliability, while minimizing chassis weight, the cooling tube
will be cleaned and sealed and then cast into the aluminum chassis.

The controller is protected against corrosion and malfunction in humidity and salt atmospheres as
required by MIL-E-5400. Metals are protected by plating where required and the printed wiring
boards protected by conformal coating.

CONTROLLER COOLING: The coldest fluid in the power conversion system, radiator outlet
flow, is used as the heat sink for the waste heat from the electronic control package. A thermal
model of the controller package was generated in order to optimize the location of the components
on the plate and to design the plate to minimize component temperatures. The model resulted in
the mounting being arranged so that those components with high electrical dissipation losses were
thermally coupled as closely as possible to the coolant tube, while resistors and components with
very low dissipation were mounted in the center of the plate. In order to keep thermal contact
resistance between the component base and the plate to a minimum, an elastomeric interface
material is employed; namely, Chotherm 1661. Special mounting nuts are employed for the
rectification diodes and power switching transistors, both of which were high dissipation losses, to
reduce the thermal resistance into the coolant fluid. The tube was sized to give a good liquid heat
transfer coefficient with a low liquid side pressure drop.

The resultant component junction temperatures (°F) are given in Figure 2.5.4-17. The first of the
two temperatures, where two are listed, is the temperature that occurs during a 1300 watt customer
load. The second is the temperature when no customer load is being provided. Maximum junction
temperature is 2199F (1049C), well within the 1259C limit for high reliability, long life operation
of discrete components.

RELIABILITY AND COMPONENT STRESS: A stress analysis was made of the KIPS controls
circuit. This analysis verified that all components have stress levels that are well below their rating.
The maximum stress found for each component type is listed below:
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Figure 2.5.4-17 Component Temperatures of KIPS FSCD Controller
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Component Stress

Diode Voltage .25, Current .22
Transistor Voltage .35, Power .13
Resistor, Film Power .24

Resistor, WW, Chassis Power .21

Resistor, WW, Power Power .25

Capacitor, Controller Voltage .40

Capacitor, Ceramic Voltage .05

Capacitor, Film Voltage .32

These stress levels are the maximum values found in the circuit.
2.5.4.2.5 NO-SINGLE POINT FAILURE CONTROLLER OPTION

For some applications, a redundant controller may be desired which eliminates single point failures.
In this section, two configurations of a no-single point failure (NSPF) controller are compared, one
using discrete components and one using integrated circuits. Both configurations yield substantially
heavier controllers than the baseline system (39 pounds versus 17.5 pounds). Reliability of the
NSPF controller is .989 for the highest reliability, (discrete) version as compared to .982 for the
baseline controller so system reliability will not be impaired if the NSPF configuration is used.

The NSPF discrete speed control is shown in Figure 2.6.4-18. The speed contro! drives each PLR
from a separate frequency discriminator, comparator and two series power switches. The power
switches are driven by two of the three redundant channels. Two PLRs are capable of handling the
full load.

The integrated circuit version is the same except for the discriminator. The discrete discriminator is
replaced by a shaping circuit which makes the generator output compatible with integrated logic, a
one-shot that converts frequency to a constant volt-sec per unit frequency and a low pass filter.

Figure 2.5.4-19 shows the NSPF voltage regulator. The regulator is made up of three baseline
regulators in parallel driving a matrix of six power switches which drives the generator field.

The block diagrams for the discrete and integrated circuit versions are the same.

The rectifier scheme selected for the no-single point failure scheme for both the discrete and
integrated circuit version is the fused redundant approach shown in Figure 2.5.4-15.

The configuration selected for the no-single point failure is the fused redundant scheme of Figure
2.5.4-14.

The filter required to meet the no-single point failure criteria is as shown in Figure 2.5.4-20.

The discrete design is considered to be the better of the two options for an acceptable mission risk.
The basis for selecting the discrete version versus integrated circuits is as follows:

Temperature — Typically discrete semiconductors are limited to a junction temperature of 200°C
while integrated circuits are limited to 12569C. For operation at the same stress levels and junction
temperatures, the discrete components are more reliable than the integrated devices because of the
delta T margin.
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Nuclear Hardening — The range of available devices which are nuclear hardened and the level of
hardening is greater for discrete components than for integrated circuits.

Reliability — The high component reliability and higher temperature margin of discrete
components yields a higher controller reliability when discrete components are used.

It can be noted that the no-single point failure option is accomplished with no changes in the

principles of operation of the circuits. The NSPF controller therefore functions identically to the
baseline controller and no development risk is incurred if the NSPF controller is selected.
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2.5.5 FSCD CONFIGURATION AND STRUCTURAL ANALYSIS

The total system comprises a cylindrical radiator, a PCS, three isotope HSAs, and several minor
additional components. The three major components are configured so that they can all be
mounted to the spacecraft through three mount points, a fully determinant mounting arrangement.
An isometric drawing of the system mounting arrangement is shown in Figure 2.5.5-1.

Each HSA is mounted to one of the shock isolation mounts shown in Figure 2.5.5-2, through which
the system is attached to the spacecraft. The PCS in turn is connected to each HSA via both a short
linkage to the bottom of the HSA and direct attachment at the top of each HSA cylinder. The
radiator is independently mounted to the three HSAs. This structural configuration results in high
rigidity, in both bending and torsional modes, and light weight.

For shipping, ground checkout operation of the system with electric heat sources and for isotope
fuel loading, the system will be mounted to a ground handling fixture which duplicates the
spacecraft mounting locations and provides the necessary mount rigidity. In order to manipulate the
system for the isotope fuel loading and for subsequent attachment to the spacecraft, three
secondary mounting points are provided. These mount points are located in the top of each HSA
and are accessible through the top of the radiator.

There are several major advantages to this system support configuration. The most important is that
only three points of attachment are required to the spacecraft, allowing great flexibility in selection
of mission. The fact that the components are mounted through the shock isolation mounts greatly
reduces structural loading, particularly of the radiator, and means that no large differential motions
occur between components. The use of the rigid HSA cylinders as load bearing members allows
significant weight reduction from alternate mounting schemes.

Other system components, such as the electronic controller, parasitic load resistors, and radiator
auxiliary heat exchanger are mounted to the radiator. All interfaces between the system and ground
support equipment are located in one quadrant of the radiator. The electrical interface with the
spacecraft is located in the same area. This location is flexible and can be varied to meet spacecraft
requirements.

All component interconnecting and intraconnecting plumbing is appropriately supported to prevent
vibration problems.

Tradeoff Studies

The use of a jet condenser and unidirectional thrust bearings requires that the system be mounted
with the high axial launch acceleration vector passing along the jet condenser axis and in the same
direction as the liquid jets. Three basic system spacecraft integration schemes were considered.
These can best be understood by reference to Figure 2.5.5-3 which shows these three conceptual
arrangements. Extensive trade-off studies were performed to select the current baseline approach.
The baseline approach, shown in (a), is the lightest weight solution. The KIPS system is mounted
directly to the spacecraft with the heavy components, i.e., PCS and HSA, directly connected to the
mount points. Although lightweight, this configuration probably necessitates fuel loading while
separated from the spacecraft before integration. Startup of the system can proceed either before or
after integration.

Variations on this mounting scheme involve separate mounting of the radiator, HSAs and PCS to
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the spacecraft, requiring a total of at least nine mounting locations, or alternatively these three
components can be mounted to a lightweight intermediate structure which is, in turn, connected to
the spacecraft. The latter was rejected because of excessive weight while the former suffers from
lack of flexibility, though it may be suitable for configurations in which a larger diameter radiator is
used.

An extension of the baseline approach can be considered for a system configuration which employs
a radiator larger in diameter and shorter in length, such as might result from consideration of Space
Shuttle payload considerations. This would use a spoked strut arrangement to connect the radiator
to either the PCS or the HSAs.

In order to simplify the isotope loading and to enable it to proceed after integration of the KIPS
and the spacecraft, configuration (b) was considered. This configuration requires that all launch
loads be carried through the radiator. In order to meet this requirement, the radiator structure
would need to be increased with considerable weight penalty.

Finally, the configuration shown in {c) embodies complete integration of the KIPS system with the
spacecraft. This necessitates modularization of the KIPS components with separate mounting
structures. This configuration is extremely inflexible and would have to be tailored to individual
missions but could present an optimum weight or volume solution for certain mission requirements,

2.5.5.1 Thermodynamic Considerations

With a two phase closed loop thermodynamic cycle, inventory management is an important
consideration. This becomes especially true in a zero g environment where gravitational forces are
not available to drain liquid into the system accumulator if it should collect within the PCS. The
purpose of the accumulator is to maintain the required back pressure on the jet condenser and to
provide volume compensation for fluid temperature changes. In the event that fluid inventory is lost
from the accumulator, insufficient pump inlet pressure would be available and system shutdown
would occur. It is therefore critical to ensure that liquid cannot collect anywhere in the system
other than within flowing lines and the system accumulator.

The potential mechanism by which liquid could collect within the PCS is condensation of the vapor
on subcooled surfaces other than the jet condenser liquid streams. In order to preclude this
possibility, all surfaces with temperatures below 230°F have been removed from contact with the
vapor. This has been achieved in the following manner. The regenerator inner shell is arranged to
form a vacuum vessel around the outside of the alternator stator and pump housings, both of which
are cooled with relatively cold liquid. The plumbing lines feeding the pump, pump bearing and
alternator are routed through ducts passing through the regenerator shells, such that all these cold
surfaces are exposed to ambient (i.e., vacuum) conditions. This concept is shown diagramatically in
Figure 2.5.5-4.

The potential for condensation on the regenerator inlet line is preciuded by the use of a metallic
block which shunts heat from the regenerator liquid outlet line to the inlet line to raise the
temperature above the saturation value in the regenerator vapor exhaust region. '

2.5.5.2 Dynamic Analysis

Reference: Design Review No. 3 Data Package 76-KiPS-49, Volume 2.
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An extensive dynamic analysis of the original baseline KIPS was performed and updated as design

changes dictated. These efforts were presented in the referenced documents. The following is
presented to further update the analysis in the areas of major design changes (mounting
configuration and jet condenser response) made since submittal of the referenced work.

ANALYSIS

The most severe operating environment that the KIPS system experiences is due to shock loads
during launch. Considerable analysis has been performed on the effects of shock inputs through the
shock isolation mounts on the relative motion of the system components and, in particular, the
effect on the jet condenser.

The system dynamic response was analyzed using a computer program (SAP6, University of
California) that generates a mathematical model of the system using beams to represent component
attachments and strut work and humped masses located on the structure to represent actual weight
distribution. Using the half sine-wave shock input, the first ten natural frequencies and mode shapes
are determined, along with displacements and loading.

The lowest natural frequency is at 12.5 Hz. It is a torsional mode in which the radiator tips the
HSAs back and forth while the PCS remains essentially stationary. This vibration mode is relatively
insensitive to linear shock input.

The next two natural frequencies are mutually perpendicular at 16 Hz and 16.1 Hz. Lateral shocks
excite these modes which are rocking motions on the shock mounts.

The next mode, at 34.4 Hz, is excited by the vertical shock input and results in a vertical motion
with some torsion caused by the shock mounts noncentered on the HSAs.

Higher modes are harder to describe but have lower amplitudes than the first four described.

Representative system nodal points used for the shock response are presented in Figure 2.5.5-5. The
response of some of these nodes to the 775 g shock input is presented in Tables 2.5.5-A and 2.5.5-B
with shock isolation mount stiffnesses of 7000 Ib-in in the vertical direction and 2333 Ib-in in the
lateral direction.

The effect of the shock loads on the jet condenser can be derived from the displacement-time
output of the system shock analysis. Lateral jet condenser nozzle velocities angle and position can
then be determined for each time step. With this information, the lateral position of the stream
when it reaches the throat can be determined. This can be visualized with reference to Figure
2.5.5-6.

X’ = X+6y -L+Vy-dt
where:
X' = |ateral position of stream when it arrives at

throat plane
X = lateral nozzle position
angular position of nozzle plane
nozzle to throat separation
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Table 2.5.5-A Component Loads Due to Shock Input

LOADS ON STRUTS DUE TO SHOCK (LB)

Strut # 1 2 3 4 5 6
X Shock 1250 790 1410 980 810 1000
Y Shock 1160 1140 690 750 1220 790
Z Shock 1170 1230 1040 1090 1280 1180
LOADS ON HSA DUE TO SHOCK (LB)
HS1—PCS (29) HS>—PCS (33) HS3—PCS (37)
Rad Vert Lat Rad Vert Lat Rad Vert Lat
X Shock 750 2130 660 500 1350 470 870 2090 560
Y Shock 640 1960 440 790 2230 660 580 1400 560
Z Shock 1330 2710 240 1200 2580 290 1320 2750 300
— |
HS1—PAD (28) HSo—PAD (32) HS3—PAD (36)
Rad Vert Lat Rad Vert Lat Rad Vert Lat
X Shock 1190 3680 1270 400 1347 1380 1349 2460 290
Y SHock 830 890 990 1480 3500 640 590 2910 1580
Z Shock 500 2780 410 760 2650 370 570 2780 440
NOTE: Rad, Vert & Lat is radial, vertical and lateral with respect to the HSA CL.

L.oads are in Lb. and are the peak absolute value.
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Table 2.5.5-B Component Accelerations and Amplitudes

RADIATOR MOUNT

Node 40 41 42
Direction X \ z X y z X y y4
X Shock (G) | 9.9 3.4 10.9 9.7 2.0 7.9 9.8 0.9 3.1
(IN) {.245 .066 .205 .250 .039 .1262 .258 .032 .065
Y Shock (G) 0.6 9.0 2.3 3.0 111 8.4 2.7 9.5 10.7
(IN) | .008 .259 .038 .035 .246 .160 041 .240 .188
Z Shock (G) 0.7 8.1 12.7 7.0 4.5 13.8 7.2 4.7 12.6
(IN) {.009 .225 135 .197 123 .128 .203 .124 .135
JET CONDENSER (Acceleration in G's)
NOZZLES THROAT
X Y z X Yy z
X Shock 11.4 1.0 0.9 17.4 1.8 0.9
Y Shock 0.6 11.0 0.3 0.7 16.6 0.9
Z Shock 0.8 0.8 21.0 1.5 1.30 21.2
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Figure 2.5.5-6 Jet Condenser Targeting — Shock Response
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Vx = lateral velocity
dt time of flight for liquid jet

By plotting the throat position of the stream as it reaches the plane of the throat, the targeting error
can be determined. Lateral shock results in a target error of 0.086 inch as shown in Figure 2.5.5-7.
Since this target error is of such a short duration (~ 2-3 milliseconds) only a minute amount of flow
could be stopped by impinging the funnel wall. Rig tests have demonstrated that far in excess of
this amount can easily be scavenged by the stream passing through the throat.

The dynamic analysis presented here accounts for the internal dynamics of the PCS as a lumped
mass on the support structure. The FSCD PCS details do not differ significantly from the GDS and
an analysis of the resonant frequencies of the GDS PCS are presented in 76-K1PS-49. The results of
that analysis showed no problems with shaft speed excited natural frequencies.

It should be noted that with the entire system mounted on three shock isolation mounts, the
system response to shock input can be changed depending on different inputs, thus leading to
greater flexibility to accommodate different missions.

Stress analysis of the tubing showed that no expansion joints would be necessary for the system
plumbing to compensate for thermal expansion or differential motion of components during
vibration or shock. in addition, the accumulator support struts have been replaced with a cylinder
to tie the accumulator to the housings at the jet condenser ejector head, both saving weight and
leading to increased rigidity.

Bimetallic joints are used to connect the stainless steel plumbing from the PCS to the aluminum
plumbing to the radiator and aluminum plumbing from the electronic cooler. These coextruded
joints in 1/2 inch tubing are considered state-of-the-art.

FABRICATION AND INSPECTION

The fabrication of the total system consists of assembling the major subsystems; i.e., PCS, radiator,
and HSAs together and onto the ground handling fixture. Each individual component will have
previously been through its required inspections.

The HSAs are first mounted on the fixture and the PCS then attached. The radiator is then attached
to the HSAs and all interconnecting plumbing joints are welded. Each joint is radiographically
inspected.

After complete assembly, the total system is mass spectrometer leak checked. Bulk insulation is
then applied to the PCS and the multifoil insulation to the plumbing lines. The system is evacuated
and is then ready for qualification testing using electric heat sources, which were installed at the
component assembly level.

The system is then hooked up to the various items of ground support equipment described in
subsection 2.5.7 and the system started and operated for a period of time, as yet undefined, for
acceptance testing. After being shut down and the fluid drained from the system into the start
module, the system isready for shipment to the launch facility.
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CRITICAL CHARACTERISTICS
The critical characteristics are listed below:

The shock isolation mounts must be tuned for a specific vehicle environment as a function of
the anticipated shock inputs.

Mechanical integrity of welded tube joints is critical to ensure zero leakage of air into, or
Dowtherm out of, the system.

Critical dimensions of the mount points must be maintained at assembly to prevent
prestressing the support structure.

2.5.5.3 Stress
Reference: Design Review No. 3 Data Package

An extensive stress analysis of the original baseline KIPS was performed and updated as design
changes dictated. These efforts were presented in the referenced document. Since submittal of the
referenced work, design changes have been made in four major areas: (1) turbine wheel, (2) rotor
housing, (3) accumulator, and (4) jet condenser. The following analysis updates the referenced
document in these four areas.

ANALYSIS

MATERIAL PROPERTIES AND RELIABILITY: Strength properties are given as either ‘“A-Basis”
or “S-Basis”. The ““A-Basis’’ property is a statistical value above which at least 99 percent of the
population is expected to fall, with a confidence of 95 percent. The ‘‘S-Basis’’ property is the
specified minimum value of the applicable military specification not having a known statistical
assurance. Fatigue endurance limit properties are usually given as mean, 50 percent, values.

Following is a list of the materials used and room temperature properties. The statistical basis is
stated. In most cases, where data is used for an analysis, the properties are restated and given at the
applicable temperature.

Material FTu. ksi FT}!, ksi Basis
Inconel 718 180 150 S
Hastelloy X, AMS 5536 100 45 S
M-19 - 42.84 @ 450°0F S
304L S.S. 75 30 S
17-4 PH, H1100 140 115 S
17-4 PH, H900 190 170 S
17-4 PH, H1150 135 1M1 S
321S.S.,SH & ST 90 30 S
321 S.S., AMS 5645 85 35 S
6061-T6 Al 42 35 A

To meet the requirement of a maximum failure rate of 1 x 109, in design analysis it is necessary to
use an allowable property reflecting this failure rate. For this purpose, the following table has been
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assembled. The stress ratio, R, is the ratio of the allowable property to the given data. These data
were obtained from ‘“‘Probabilistic Design” by E.B. Haugen and P. H. Wirsching, 1975, MACHINE
DESIGN.

Type of Property A-Basis S-Basis Mean
Tensile Ultimate Strength 0.79 0.82 N/A
Tensile Yield Strength 0.69 0.73 N/A
Endurance Limit N/A 0.68 0.52

The above considers uniform coefficients of variation for the properties listed. This is not precisely
correct, as the coefficient of variation for the property is also affected by the specific material
involved. The analysis will be refined during the initial design stage of Phase |l using specific
material data.

171



PAGE
DATE
REV.

JoB _Kibe

BY J-£.-

Turbine Whed

M“tcv\a\ 4 D

Diskk Blades:  Tnconel 11

RT. Sz180 ksi Voo
S=150 .

Y ¢ .
E' =29.0x0 ps

ssof S= 1B x10= 1614 kst
S - 945 x150= Y2, -

\3-405‘/?
2 com'R

-1
fo¢ \x10 -‘\al\mfe Tale ‘

oy = 2 Y= 3 ke | ! l
Han@ss0 — R R -

S = Rxw2 21037 kw Fig. |
Jan © 50 Tuckbme disk

Mlethed °’F Am\\\s'ls_

The ducrbme disk. was o\no\\“—&eel %ml the

nhowe Qo'm‘-’v\\’e’(‘ onx{‘o\w\ -4 @ . The dick wa 'y

ed to Juarantee a ?«c\-ov of Sefyy of 12 sk W
wox St oxe(a\'\‘v\j CondilNen LS&z“ *pw With 2-wiin

J\"Q % i\ e '\‘ S Y(f O\*M\‘Q é.\S\ \"\\ou‘-i -w > . _\-\\e '\—Qu?qro\‘

T

A'\x\f'\\m\\'\,ms ave SNswn in ?iﬂuve 2

172 Form G 7766

@




JoB _Kips PAGE
DATE
BY \,l - REV.

T\\e Wan imuue  SITetg W Me A«Ah Way ‘QG\U\A. .o
3wy A\A?\V\ﬁ \\\e waiwmuwm  eNey &T‘L‘lda with & 3-
minutes  Arassied +€W\‘t~ero\\%\1‘e \{""Q‘\e'

%@)“\wr' 8o, LT s Q T= -y g"”"‘ﬁ'

M-S (i)« 0T 1 ’o.z
-1

-a .
Q 1.3 m\\“e'ka‘\e

Q 58,200 \(?r«\

TNe wmonimam Stcex. oL the Nowinal oves Speel
LSS =2\ Ww\\ DWW\ o S&e.m\«\ Syoke +=Mﬁem¥w\e
dnteilowiom i

= = 14,90 b

I -

M.Q. (yied)e 22T |z . 3R
MRS R e

e |X\O.q $Qdure?a‘\'§

173 Form G 7756




JjoB _KIPS PAGE

DATE
gy _ - &- REV.

T\f\e m/)('\WW\W\ Sﬂ‘es_g c\t “\ﬂc &*C-‘\A—\‘ S“"ﬂ‘?
cfe/(qh'kj S‘Mr.cl 23,7100 pwm \s

= = 2937 SC
2 P

oy

M.S_(Yie\A):_ lO33-T __\ 2 12.-50

29137

G'X I(-;‘i ‘F‘h\wr( rll“c

174 Form G 7756




GLl

RADIAL DISTANCE (IN)

(58200 RPM)
A

W
AW

100

200

Figure 2

300 400

TEMPERATURE (°F)

Temperature Distribution

700



RUN DATE 02/01/78
HEM
33700,

AT DISK

BLAVDE STRESS
23209,

BLADE AREA
AT D]sSK
0.025840

TEMP INNER

D?SK sADiUS

BLADLS
111

RUN START TIME (HR.MINSEC) 16032012
NUMBER OF

DESIGN OF ROTATING DISKS WITHN TEMP GRADIENY

015K
0.3600

¢
BLA?E WIDTH
A

¥

NE¥ISI0N

KIPS TURBINE (33+700 RPMeSTEADY STATE) 111 BLADES

Iyt

us

SHR008 MEAN
RADL

ER

[
22
(=

W
ox

BLA

DISK OUTER
RADIUS

POISSONS
RA710
0,3000

DENSITY

Je4150

AREA
0.007200

3.4050
AT TIP

BLADE_AREA SHROUD XSECT,
0,025840

2.,6670

040

490,
«1.000000

1.000000

0,2970

0.0

oe 1R€0

Tt
-
og
=-x
L7,

ULt

=} L
RN X R X I X I I X I I X X I LY ]

TN DINONN D N ODDNANDDDDIN NN

T - T -
OO0 OC O OO0 ONNNNMNNNNNNNINN NN INIIDDUINN
O 0O O DDOND O DO O O DO OO0 O O OO OO O OO OO OO
e N e e e e e e e e e T T e N O
oo 20 SO0
ODI0OODODOOOSIDIDODODIO0OIODOIDOIDOOD
ODODIDSDDOODIODIDDODS00IDOVDDOOO0OD
SO0DOODOORSS 20
COSODOODOODOSOOIIOINIOINDOINOOOOOD
® 9 O 000 0P OO0 H0EDOPPEDOBOESESIOGSIOS

® 000 0000 EPILRLOCPBOPPOOOORIPEIERILIGOES

OO0 o o0 -4
QO
DOOOODOCDOC OO ooo
OONCOOS CSOoO

COOOSOOD00DDO0CROO0OOEOCOOISODDODO
Q0 @G D OO0 P~ AP OO DN NN AN AHNIN AN AN NN
P PP e PP o e AP P S P o e P P fon o e P o o P PP P P o o e P P
AU N U O N D VNN AN VO U NSOV NN N SN N N O

CO0OO0O0OORICNOOOOODIDOOODOODNOOOCOOOD
OCOCOOMI S DO L N~ON~OUNL $$LOIIrOOOVOOO
NI O OIS 2 I MO NN AN NN N M )
© 000 0000000020000l OBsP0PECEEIS
OO0 OO0 OO

oNNODE COON~ONIOCDIONMNO
SN OO DON FN O DO £ ¢ F IO OO OO
® O PO & S0P P PO LS ONE SO S aTe s esesese NS

perd

&esi.an S

€E>f?=ﬁns§\\5551?a*f3

543,

0.900007600

27600080,

OUTPUT

S MONE LU0 S D DM DD O~ P MO D \maMea DO O )
OOND-$ OB NMPND $ P O NS =D ONNFHN= O O
O3 P Nt OO NP N § DO DD D IO O OO Nt
CONI Ot O NN N REIO DO =) F N O DO Dottt
O~ NNNMIM S DN O OO0 D
OOO00OOOCOOO000OTO

$9 0000060099000 60s0e0asbsEs0sENRBOSO

#0000 0000d0 000 rseseBsNtO0ctOIrONELS

AMNOPOINOM el£099671911b42°3230029

et NN NN A NNNN VNN NV NN N NN ¢ttt bttt ot 4

L O~ © Ot S (Y rmtet O C L L DP G F (LOUO DI NI ottt
B 1AV A" ae Tae Tae Tog Toe Tue g Log Tag o N e

COOOBORO0OOCOCOOODOOCCOOOOOOOOODOO
COOOODAOOCOONCOOOOODUOCODOO0OCOTO0
COOOON S0 $OOS N—OLONI I L IO ~2 0V OO00D
N2 O~ ONUNT 2 MMM NN NN MR )
® 6 00 000 POELOLOENOECEEOLONOSIOIEONIDRAEIROSEOETS

DOD0 (-]

~OOBO0O0OO0OVO0OOSOBOOOOIVOOODO
OOOPROOOOODOOTUNOODO0O0OIOOOOCOLOOM
ONNOD L OO0OOOCOOOSNIODOONF-ON 2 ODRONMND
OO ~D ON - DO~ DG OO~ T F UMD OO0 O
PR AP R A r A A S S I X R X X
O OO DO OO ettt =\ NN NN S N N SN NN N

Form G 7756

176/

TOoTAL
040345798
ToTAL

3,186

D1SK
0.0181245
0.0145918

018K

2.511

A (IN=_BeSECes2)

AOUD
0.0013849
0.0026758

BLADES

0,629

SHi

BLADE
SHROUO
0,046

EXPANSJON

MOMENT OF INERT
FROM sméss FRO

BLADE
0,0150705
0.00059%87

wCIGHT LB}

b~ 1~ -



oedlSED

d

Je0]150

HR! M
SHRRBIUEM
04007200

RPM
55311,
J,4050

RADIUS
BLADE AR HR
L‘? TIPE‘ S ougﬂé§5c7.

BLADE QUIER
0.025660

RUN OATE 02/01/78 ¢

62520,
oo
246670

UNDARY
BB

BLA
0.0

fi7on

AT DISK
0.025840
ofsk AMDTOs
595,
gN
af

&
«1,000000

BLADE AREA

N

NUMBER OF
BLADES
il
PRLfFes
00,3000
UN
22

RUN START TIME{MR.MIN,SEC) 18.06.62
14000000

DESION OF ROTATING OISKS WITH TEMP GRADIENT

0,3600
0.,2970
’RY
10N
A

g

0e0

BLADE WIDTH
LAI 0152
DENSITY

REVISION €
KIPS TURBINE (5531]1 RPM=STEADY STATE TEMP,) 111 BLADES

INPUT

O -3 N O3 QPPN SN~ D
90122223“605556““631%) 2 v
UNOOD OO O DD 00 0L 00D 00O VOD0OD D O0ODOO

o0

©OME F 22 NN NN (o

77777777777777777777“%“77””””””””"
PPt e P PP P e P P P o e o e P o P o P PP P PP P P e P e P

e e OO

OOOOOODOOOIDIDIDODIOD DODO >
OODOOVIDOD2ODD00DDODDHVVOOVBADOODS
COODOVOVOHO0ODIODIO0ODOOSOOOIOIICOCS
OOOOOOOI0IDIDIAIDIOVIOOOOIDADIODIOD
LR B S0 I B B A N B B 3K B BN A B B BN BRI N Y A N NN SR R WY

€0 00 00O CENLENPRNOEOPSLEOPRELIRROGIOENIROGOD

o 2
QOOOO0OCOOCDOOCOCOCLOO OO
m“306?277QDGO)“”%%OGO]}Deegqooooo?b
oD "~

" >
PP e 0P 0 AD 0 D0 D 0D DD O PP fe PP PP e e PP e
" an PRy A

NN,

OOO oOO
COQOOOMIP IDOLIN~OD VNI L LI ONP—e
5697655“6333333?2?2222222?3““%”““”

S G600 seressternsotPIReNOsOGaRsORLeOS
{=1-2

OO0 O
oNNCxnI 0000000000500005702“68%0?‘45&
QOUNO OF- DO N N O DF O O~NME 22 NNVNNOVO OO
800 P0ssCENIsECIEROILEITYBSOERECLADRSEIOIOOE

et O A AN

fiiieaa:§~\5§kcans:

alaoe tle

F

il
W
od

Y3
<
ao

N

EX

BLD ELAS
RopulBs!e

I
)

531

e R
5

(IN) (

5864

IRTIa SRR DBumton

27320000, 0.,000007700
{PSI}

ouTPUT
RiBTus

W8 OP Dttt NP O T DDDNDMIO N DM OI- 00 O
S E~ND ¢ 0 DOP-$MONSOMORNT NG OT VUN~LO0 S
BOOMN D § O OF PN F BN AR VA QIO Dot £ o0

U —AOP PN O Nt O D F = NHO DN O~ DD P Dt
Dert NI 4 WA T 2 SUVANRNDUNNO OO

S ca0s

T Y Y O
OOOOOOOOOO0 [-1-]

LR I B BN B B I I N [ EEREXNENE RN ENENNEERENNEESL
NOODO S ONS T P~ D> 3 DONDre SNItneMBD M 3 NI T
ONF NN =D D O - DDND F IO T T F NI D et
DOPOONDNI~DDP BP0V~ 3 PONNAINLADAMNS
OODMVRPD~NLY NN NN =D D NN =P~ DNNLT S S S
2T NOOOMP-AP- et e e O 0 O O O N AHDNNNHAN

s eACP RPN GOeIOIIERELES OSSOSO RO AN

UNODO =2 ANIUNDE O Nt OV N YD NO 410 3 =D MNDO RO O N
J e\ VDN UN=elPe -2 IS~ O M F INDDD S

VL0 P~ ND O OO P gt ORI~

OSONONODPN I D DD PO O mtrmtl\jmtymame LM D3 F UM

T M3 DUNMNINDOD O 00O 0 OPI= PP P 00 OO0 O L 000D

co (= o 00O lalod-]
COO0DACOOOOCONGHDCOO0DCODDCIVDOVISO
COODOMIPIBRLIN—CIAONSII ILFT~IOLCOLLO
BN IO DN T SOV WA AINNAINN YU M YA ™)
280059 0000034609400 00000000000000s

© SODOOODODDIDOVEBODOLO

OO DOOOC VOO0 DIODODOOO0ODO
COODHOOOO0STORAOTVDIOOCOOVODIOOC IO
SO D J OO0 OO0 NOOOON-ONUT ODBRONMND
O OO EON 2 N0 TLE OO~ T 3 3N ANNNNO GO OO

AR R R I R R R R AR AR
SOOI G NONING

®

Form G 7756

TOTAL

J.106

ToTAL
177

040345798

e 2)
01sK
0,0181245
0,0209271
oISK
2,511

A (INeLB=SEC
EXP

RT
SH&OUD
0,00133849
BLADE
EXPANSTON
ERMAL
0,0029892
BLAOES
0,629

Al
M TH

MOMENT OF INE
BLADE
£XPANG ] ON
FROM STRéSS FROI
SHROUD
0,046

0,0150705
0.0016240

WEIGHT (L B)



SHRQUD MEA
RRD1UE™
J.4150
AR

0,007200

58200,
ER
0
3.4050
1P
0,021790

RPM
BLA?E AREA SHROUD XSECT,
A EA

ARUN DATE 02701778
BLA

ss

2.6670

r0198,
DISK QUTER
RAD?US

aLa
0.0

BLADE AREA
AT OISK
0.021790
160,
«1.000000

BLADES
111
0.3000

NUMBER OF

RUN START TIME(MR.MIN,SEC) 15.29.02
1.000000

DESIGN OF ROTATING DISKS WITH TEMP GRADIENT

0,3600
DENSITY
0,2970

0.0

nevision ¢

— KIPS TURBINE (S8200 RPM=) MIN) 111 BLADES.

INPUY

.

—

BOVODOOOOOOOOOD OO
OO [=T-]
0 000 0080000 e090000e0sgsaprOesoncde
1O OO LVONITVBIOCOOCOD
4 300D CP-DR =M O DO~ NGO OO P OOS0O
{3\ Lt Tog ot Tog [oe 1 Tog Cos Tt Tog Tog Lo g o g B 258 £ 24 3

00 OO0 OO0
o e oun COCTNNNC OO0
—_NMMIIIIITIIIIIIIITIISIIIY
D e e e o e o i e e e e e i e e e A g
ODODIUDOVOIVDROOODOOIOODOOODODOVLDODO
OODIDIVVOVIOODOIIDODIOODDIDIOVDIAIODIDIT
DOODIDIVN0OVOVODOOIOIDDODDDODIDODIODID
OO0OD00DOOODIDODOOVODDDOCODI0OD0IOD
OOODOOOODIODODIIOODIDODOODVVIVODIODID
B 0 @ P 0 89O G VS OPP TS EP S SN s g e ey

=14 o0 (-]
#8000 LS QPR EPPIEB st EIEORIREOLIORGBO,
VOO0O0OOOO0D o0
OCOOO0O0COODO

SOQ000 DO <@ md
OO0 IQLOOO COO0O0COO0

OOOOO0OOLODNDOOCOCOOOOOOODVOOOCOOoO
VOO O COO M MN s O ODO O L F 37 3 NWNANNNOO DO
[ o gt abeateaboats S ole Xv o Lo Jo T Lo 3o @ 0 &0 30 4O O WD A0 DO
ANV IO IO NI NN U N (O U O N NIV RN OGOy

CODOOOOOPOIINDODOOD =111 1C] 00O
OOOOORIPIVLIN~OD~ONI I IIONF—I3O0O000
WL OUN T $ OO OONNANNNAU NN MO M O
R R N N R R R R I R

! ODOOOONOCOOOOON

H e COONODOONFANIOTIONNINO
SN OO DON FN O DR OD~UM T 3 3 ININNIDNOOO OO
#9000 000t sse0sre0bee Dt Net bR
N WU NI N O RN

WX ¢ .\\w\;\‘m$

&

My 0[S
5&,200\(8\«

a—

3 _wwm . | Sanien)
\ew t})

0.000007500 430,

28808009,

oUTPUT
K
g}oxus

b4 N7 NODME™ 0O IO =TI J O RO =™
VO & £ 062 MNVPD=NOM DFANM OIBNO T NND N g
=+ I 3 > DD L Mot O § NP2 PO D s O
A BesD P o Dt D Do YTIOON S LIV 2 2 B.D.\.S““’
A $ 310 OO GOt P ) B DR DD X DRVDD L4

(=1-J
I R E X E RS EAEEI
(=11~

coessessedevensvessensosessvesresesn
el s £3 Loingmetn -t ) O Dt NI P St =t DI P- s II D T
N ORI~ S 00 w43t~} 2 T AUNOMP e 3 D F DN A
LIN~APDLD DN == ADNOINTANO-TTODUNDO
oD NN L N=PINETNANRADPONP OVININMN-DO
2 HDVDVD DDA GO NANT T OANINANIIMNN

OOND S OFM PN F=DO NG VON J O~ TH 3 MININNN -~
2 2UNND OOME B~ 0 C NN T 2 23 IO OM

€90 00 00 P00 PBEPTESIOEESISEOEOILISELIOERIESEONOREOESN
NGO MO ODN—OD F P =D DD O DN == rND DE Dt DU
NONOTNTO I PN L LMD OMOONDT I MNO~T
2P ODNPI~OMP="1 O™ 3 M DMO O N DOt st DD~ OO F =~
OO 2P KO st 3 3 I OMN T VMO T A Tyt F 4 D DN OO D
32 O TDOO PP BDID MO OOUNN-T IFIEUNINNN

BOCO0O0COODO0000TOD00 0O

OHOOOOCOOLCONOOROOOOOOOODCO0OCO00
COOOON 30 IV INAOELMONI I I IO~ 000000
€ O BUNINT 2 MMM NN NN M IMOIM
92 00 G200 IPSCEESPEOIQCEOEIEOERPOETROININOSSLES
P00 DODOOOOOOOODOODDO0DIDIOOOOODDDD

f

OOOD
88000000000000000000800808007
OUNINOD OO, ORI GINQOION=-ON L HTPININD
OO OPD ONS LN O DO OO —~NIM-2 3 F INUUNNINUNOO DO 0

G P 08 S P08 0000000 P80 et sLsalNOesl

SO0 AONOS NN N IO NN

TOTAL
0.0322177

D15k
0.0181245

{IN=L.BeSECR®*2)

SHROUD
0.0013849

MOMENT OF INERTIA

BLADE
0,0127v84

EXPAN
. FROM THE

waun
oown
< wat

D2Zr-
i

XX

FRS

Form G 7768

TOTAL
178 3.087

0.0123270
DISK
2.511

0.,0018970
BLADES
0.5230

SHROUD
0o 04h0

0,00170S7

" MEIGHT (LB)



q sy _1-E- REV.

JoB KiPs PAGE
DATE

~N q“'u(‘q\ ‘r\’ eqne V\C«\ Qma\\\s\s
4F KPS Turbine
Blades.

e Xt Ywechowe. lades wete e«\n\v\{c&_ o
@b*ﬂ(\h Vet \'\A\"v\fﬁ\ Tec\vsev\t,'\eS .

The analysis wat Conducted b a PFte Slewewr
A\«comx\, Q'W\e AnNaN s x{wastom [} . SHiFf 933.

TQe CAN‘,)LQ_“ Auﬁ(‘lm D as heuw Qm\x\-w\(,\-eﬂ_
o Shown 0 F\'_a. b

The S \oe\\ ck_azrqw\ Shows NSO Y€lonawce,
Condifoms Wiy e e\)efq\in.l Sgﬁuﬂ V"Mvﬂe,.

The F-£- Model oF fhe blade =+ twe
?N‘S\: MCee wade Shawes are Y{'esev&eﬂ. 3
FLSS 2—, 3,4 “wa 5 .

179 Form G 7756




10

&0

- . ; g — i L . Lo i
- S .- w + - : . 4 o
, T R T iﬂ.; 1
. , o . o ; 4t . ’ T~
o L : RERR | L% B
y— - . - - . + RS 3 s
] I ] L R MR RN I S S | A M-
ARERIR T IR I LI:?tl?wl .
B ot A
-« T T - |¢A l’lA‘ ﬁl‘ x

50

40

30 180

20

- - o
} _ S “
.. - , pe
- . i
= +
- M H
i
e e . 4
L,o” bedgey 4 .wl
- ekt A\ T
T ~+
A A__ S » . S A
; | i RSN NS .
‘ T T rTT T X
M e ——t ?»11_7 e 3 P -4 .|.¢,. s 4 - L
I - - - - - —p S . - —— -— - . R —
— S WM . - s B T* AA -
1 N SR
. . L e + e d ...
Tt 4 Siis AR [ & :
J - -~ % 4t - 11 — .,4 S e H m w
T 1 - T ; + +
: ; AN SR A e iy NS R [
- A 1F 1 RERE [
4 S R R + ed et 4 |
— I 0 O O I B SR -+X
T .
« T : IR T B ¢ r
+ 4! ~ T Tt = Panain ko - 1
IS (. < & NN - - bt b N
- s P b 44
b 1 I N ek ot ah s . 44 4 41 - L.
. )i { ;
M T H
i
MBI N BRI -} e
- 1
R L L U0 0 e G B -
' 1 + 44 +% L
t = I bR ik Stk s gl

oo
1

i
|
T
!
T
s
]
—t-
'
i
1
|

4 - A

10

RS USRI SRS S T S I A DU
4

| .
e -
L
'

]

B S P U S S

. [ .

i

{

B

.

‘
T

gt

i
—t—v defn
e
1
et
i
*
ot 4=
|
]
T
i
i
i
+
i
1
1
i
T

THAAE T : . ] i

-t

20
\O

T8 08 e 3 8§ ¢ 3
S )
T 00 ™~ A&Uv. w) VU¢ [N Py

{

Vo e PR
AOLMBN DRUNE NDHTHOGUOD S I0HINDD Dibaval) (e SV HevES A \

i A i 100V WONI INL OE BE X 0L 1vns




3\\\







JoB _K\PS







JOoB

k\PS PAGE

DATE

Y& REV.

®

E—fgcct. OX" ?G(\Lq\ ’Rﬂm'\“{prn
<N B\at&e \aatxw&

==} ~ 2
S (N 35

) €‘= 49,3es e

=
wher
N= No- a? CA(_\Q_S ‘Teﬂ-
g = 2% = LO& :la(‘emenh
ASSuwe, é N ool
O s
Ser (‘?S\
RPM | Ap a | dwmeF | AP
Lest) Cpsi
Zo000 | .0qd M.13 2)-o5 .97
Ho,000 | 004 | M® | 2773 1-91
So, e | . oud 543 3444 .51
Gopeo +6\q 49837 | 4.\ @18
e blade Shceses due o e ™ax.

’?ﬂexsure \coxé'w.l s Yy (\eﬁ\‘\ﬂl\o\e,

V\°\M.\L

188

Form G 7756




JoB KPS PAGE
DATE

BY

b
)
i

REV.

&\o‘é_e_ Cen*?’\%aa Stieses

“\e \o\nde YeoX %\'ress a\h 5% 200 ﬁ‘YW\ s

-‘:evw\& g\-m Hhe E-Y chﬁﬁ"\w\ O\I&.Yut-

S = 55602 b

A“’Sw'\vxj Q S‘kess Con cewitatiom go‘t_\-or ox\» \.20 "\t—

“’\e La‘ﬂ:‘t '('0“‘
S py= 20X, L2 = 60,74 P
';'w:(""““*(?’;g = 2%, 6623 \ml

lat Tacome) 1B @ =sa”F >

¥’=M= - RB X\ RO = - 4 \%L (S—\ln\uc\

S= SUHx0.86 = 4G .uu kst (S-Vele)

gaf' \7«\50\ a\wve ﬁc\m\o'\ \\\"J‘-

F. o8 nd = 1323 ks

A
C= O-@rdAp-W = 3.6 kvt @18 Qe

1S
S = 0Wr0LExST=24.5 ki @0 Qs
<

————

deen

& = 0-x- 6T x& = 380 kw Q\or> C‘t\a

céﬁ ‘ —

186

Form G 7756




L J

JoB KIPS - PAGE
DATE

‘ BY — Y-€: REV.

AL dne ndicated Stk lwels | e faliqre
We of the blade is Tnfivite -

The Groedman chisgram foche wohbertal (Tnomel
ne)  win s ailace bee bkl <f S

1S Shown In f;:‘.c )

M.8. RBaed on \\'\c\t\ S\-Ge‘«&“\ QS‘&;
ot 1o fq‘ -.\“ce?n\mu\\atn

Foo= (o-qqu |5o>x 013 = 10348 kyd

Y
MS. = 10348 . |0.549
— Gb.Nad =n yiad

NO“‘G: Cfe.e e{:fec,\- Q \550. ak MUK\ WMAA
Saxess 'S ﬂes\icj'\\o\e Fo(‘ Incrnel \&.

187 Form G 7756




b e

—r— 4 e e

I I
.
)

.

i
A
+
+
R
R
|
T
.
(¥

T - T
¢ ' 1 + -
3 ~ 1 T |rr —_ —+ lw +
} t o - - = K o+ . 4+ - .
I { H ¥ 4+ 4 —— f 1lk - 1= 11# |I(ﬂlvl . — -

! ; T pA . w : t + L|w —t + } 1 — .

+ A + + +

R P N R I s b B

+ T R | 1 +

&
N—
t
+
4
T 1
+—+ — -+

.
}
Wcn &1
L
b
+ ot

| ,_y.‘A Fo 1..@ L m
, . i ——t ——t " S
‘4 " ' -t ﬁ ‘Af\H H}. A 1 + 1 F — b __}4_
_~ i RO R o SN t R ‘1 oy 4+ 4+ 1ﬂ0
et AT = il 1+ + =8 + = ot
— SER M iclcaci o RlL ALy | MR : IREI A
by o *»J.ﬂ I N N P Y A # r ﬁg_vl b+ +A1
ulx* i w%v# Itvrlw R A R * . —4 - T M«L lvM-.\TVﬁ - 44+ fp 1
- — ~+ T++1tT+ t —* -+ - B B
- SiEesnauRBEs ARl Gs dnRRaiEnd 1 ARdEandua S RERRAnaRE A
T J#ﬁ ,_\__\ 1 T ‘ ~ le T T T
rrp o tirritH + Tt SRS
H L S i ol gl ;1 .4“1; .
b '

—

=
-

J -

1- 1+ — F—— 4 — -+

/

-t =

; i
¢ 1
“ Bl ﬂ L
AN RN I i e ) Y
JON SRR 4_4ﬂ/‘ x.ixﬁ 1 T 1 ! Pt ‘ . «
Y 3 = 41 L4 'OV S W N - 44+ ¢ 4 ¢ ‘ b 4+ + b f
SSEE | NG L L e
, T T 1 ? ;’ T T N A T T 1

s } R S S N = t B! -+ + + +
1 S i IIYWLl ES ‘wrh»ﬁljr+vﬂ‘l 1A + W.’..
Es - b - i t -4 + +—4 ﬁ HJI*:I# + —+ + - 4 b+ _ *.. o
RSN is: seasas ISIREICHIERERIERSS SSHENDE it

_ - 1 4 7 N N + t4—1 + { t= R b
ﬁ 1 %M I %fw‘l 4~ 1 M,I‘ 3 —t ;% ‘T% T A.LHM IVL 1 by A— o H~ F o+ W

4 i b e + cJIYI&l VAH ~+—+ 4+ 11 “+=+ T 1A + 4 I [ - ‘
L T PN R P I A P e o H e

J;r; f,yf,hl IREA EREEANEEERS 1 RN REE 1] by :bf
T SEAERSURESA RN NN RREEA RRRET INATE T ERRNEREEE 1] RRBE
Eae T T TN T SN T S Rins ﬁﬁ o
—— A L -
s ] m = mpESEEREEE} ] oay
v 4 4} SO 44 I Y | N A U A S S ﬁ‘ﬁ* 43y
s T T s RERSRumnpes ARSESRSERREN! , e

s A ERaasunt s | | |

L1 NIV ) ST S T T E T HA T I ] N
-+ 4+ 1 - |- 1— 4 4+ +<4—t <4+ 3+t -1+ AAX + + 44 xv.. - V.T.AT. -4 44 4 + + 3 1 At b $~ L 4 -
- T T F i TT T | T1TIT71 T i rtrtT1T11t7T TT T 1] Pt

ta  fnen o¥ WAL MY M Mmyahe I 4 NOLMAN OPINAL NC T AN ) ST M N ) 14 H3dYH HAVHD 8l »

| I T T T




Jos Kips

PAGE

DATE
‘ sy _J_E-

REV.

Shroud

MAT- 5 Nast<loy X

T\\e Mem\a‘fane Stess X S"I’G\iﬁ oF \)ﬁﬁ Sh‘romd

ave C‘.aw\Yu’red ?row\ Me hurbime wvahe) 3{79“)\'\’\ A"\H\

QE.-'—\- Out‘:uf),

Table T- MMewbrane S\Tesses L S\r\ram:\

Opecating Desian Syeed Ovesgy el
Comdivonn 337700 gwm 5530 Ypw
Steady State Serdy Dhate
Rlade Thermal 0.0020 b o.c02294%8
Growth
K'\ﬂ\ Cew\'\"\yuga\_ 0.000 5q(0~( Q-Go \(DZL-‘-C)
Disk Growth (in) ﬂ 0.0113\ h 0.0\ O
(Mhecwal Cevreifugal )
Total Growtn@) AR || o.0\0SQZ2 0.020427
(35\*«* B\AQ\EB
5\'\(‘0\/\\5 G{‘ awW ('\\'\\
0.0\L3% 0.0\
8= <RAT {
Netr Sh(O\Aa b\se (‘T\\ . OOZ.’Z..-%S O, OO—IBOS
AG = AR - Sy
Strain=¢= 228G (nhd)| ©.0s\30 0. o020
(R+5m)
Sicess (V%\-\ 28,00 44,000
Elatmic of PlashiC =lashic Plawrec.

189 Form G 7756




JoB

kies

BY

Stress, ksi

-

PAGE

DATYE

REV.

ot e o P L EE TS

Ramberg—0sgood

n{RT)=10

n

(400 F)=13
(800 F)=15
(1000 F)=18
(1200 F)=19
(1400 F)=15
(1600 Fl=12
(1800 F)=7.7

L I I EE R I

t

FIGurE 6.3.2.1.6(a).

6

' Strém, 000! in./in.
FLg-%

Typical tensile stress-strain curves for Hastelloy X (sheet) at

roont and elevated temperatures.

190

Form G 7756




PAGE

$4Ps

Jos

DATE
REV.

81 August 1973

MIL-HDBK-5B Change Notice 2

i B - -4 $-§- 4 - - b w:
11»‘.> - : > -+ 4 4 s L. -
.....” m -1 - 4~ —4 1- 4 -
-2 111 : \ T T H R
o | - . . NRE
o : IRNRNY i
ol e i
;ﬁ L_n&_;.;_.- ST l\Iu 15y ,i-\ T
L e L AL H - L1 INER NGNS
m s
~4 - B Bk ek = y—- —~f-1-1~ - e ~pe -t -4t --1 4 - —4- 4~ gt =44
oy - o I o - -4 - - g - -4 -~ [ A I T = - - - -
THAF RIS . ‘ TR A T A LT
A H T HH WAL iil,\ 4] ] HEREERE J.].
%1. HddoIr~SaArirrs 17 \ 1] ..%HP,
$-{4-1-1-O 1~ -t- . Lt fi--F -4 - 4i-

= TR ’ \ RS 1oL glxuwuu Iy e

a L1 MELTLd L] ] -

T«+ - JE GU% S5 ﬁ.lf ﬁ .rx \ IAI\IIAJ -{- 1+ -
ﬁl. Lr“ﬁmf:ﬁ s/ vuﬁ K rv.llv! _ ‘Llr.:u N 1 Hu l.?vuu

+-4 =4
HH

.
l
T
g,

n.,;\q_;_
)
L !
INR NI

HRNEE il -l
e .xu.,/r supaifusi'gal 11T hw\m-w‘\. -
A,I.l.:/,vl.. - 1] L \| :hnr T =1ttt

Ramberg—-0Osgood

!
i
~——

+44-
‘ +
TYPICAL
.4-

6

-+
[N
1

4
T

[
v

n (RT) = 6.9

NV TRE TR J1T 1>
y ]
RN A Jﬁw&- T inun 1T
-4 - -~ e . /[\I - P JIAA' af ] - - 4 3 e e p—t —
Tro RN u NN \..n g - L i .
- \T u_O ﬂk 44; ﬂl.z |ﬁ|1ml
- SN 1+ 1
[ — A1 :
“R \\_ -m T *
. . N i .
s
Pryesidi

60

50

18Y ‘ssasiS

12

10

Strain, 000! in.Zin.

30

25

20

15

10

. 3
Compressive Tangent Modulus, 107 ksi
Typical compressive stress-strain and tangent modulus curves

Jor Hastelloy X bar at room and elevated temperatures.

Fig-4

-

Ficurr 6.3.2.1.6(b).

191

Form G 7756




JOB PAGE
DATE
BY REV.
%‘T AG\S\'G\\o\\_X:_: [>
Q_5oof :
Qw=. 0-32¢ \o0o0= ﬁz_ kg\;
-CJ'-: 0-35 x L‘S: 3%?.5 ”
(pcm‘¥ .
g“—_ 3.9 xtee = 0 . kSL'J
S . 0-Cx4s= Bb. “
1
M.S. Q beS{ar\ S‘R,eé (%’;,’100 “’YM)
MS () 082k 10\ = 1 o3 o
) 28 . Q. ino g"h\ute Rate
M-SL‘{\Q\J)= 0'1z;3q'25_\ = O.023% Q\x\—o(‘ g«\\mzme
., %; o~es S\;eeé. QE‘S,'&\\ \\M\
M-S (W) 2 A0 X822 L\ [5.0
—_— Al ‘
C |;\0""+’m\,,m'§3‘*e‘
NOTE .

The -Fq\'ﬁue \\¥Q OP- “\e %\(\{-O\Ad MC\,QP

NV MaAX imun,  SHYain ap o.ooé\Z@ in [in

\s \-o\rﬁer ran X Cycles.

Snce

®

M ’Y"‘\{«&WQ \‘('Q- Is mualhy \mfjﬁr an
192

Form G 7756



JOB PAGE
DATE

. BY REV.
\\(\Q Q(,*w«\ Auwler ‘-F O LUTR_MIRD Qw\"\\'\j “\Q

uniks \We, , the c\es\'ﬂn s Cmsidered ~°*A€D\wa\‘e.

193 Form G 7756




- I RO AN TS0 DUSRCAN S
I i - S P L
1 AR DU TR IR EOVI LN ..ﬁph §
- : vt R . .
A% i o S8 Bl s et Exws Wt by RN
. L O O --1...1!.!.:-..6....4 ‘w.
“I e : B M Q 3
H. m._’_I ] o R sl ' /u- _ .
b _ K il .l_.. e :.”. . . [ I ..l.mlao/..
b Fieil ) ST SN LD RN TN
e AL o B e TP RN,
a1 m__ ~. LN CRR B Y LAY R .W.!/WM.:
Hi otk I i e BRI
"B ._.*..._...m.. RETE I I RN Y B .:.mﬁ._ n.L
kis d. .m._ .” .lml|”||l .l.»ll/u
. EARE SEIRTY
NN HITQ Al s
RN HINCRLS
"." s B A | M

i
Frilore

cles A

e A\
”..MW . .
nvonou?lm.l -~
M *
- Mf
AR B
R
Q1
NI
N e 9
N Q
TS
i R
sl oo ) J...I...?
el SR JOO SO KRS RS -
N el R S O ._Zm_/..
il SUN BAH] DA RERE IR w.l -
STTUIEETTTTTTR
! ‘e el ] 2 .“
SUEE DL Rt VA IS LN RRE S [ \ SRS I
... - . l_l. - ..FmL:S. —
NN _: i Sl .”4
UL SR JENRN ——feee o — —— Jl.al...o
“.. ' —.. “_m un——
HEHEE B ) mn_L.../—..n
Rt o Ratd oy P
NS IR B BT AFR RN N
. ". N .—nlc 4 0 .'\.
A I e TR
_ et MR [
K Al sl
AT CE TEO I S AP .”m__ P
A B BT
b S RS
AR B . -./.mi.- RN PR BN :bn ...)lln.‘.‘ |.2...ll||..l..l¢I|c./
Gehid? Ak D~ 9 © 3 .

Mopay ! @SNy revLs resor, . .

194 Form G 77568

F\:.S.S,Fﬂ\iguc &ﬂ'\"’\ 4;*- “qgfg\\o\,’ X



JoB K\ Ps PAGE
DATE
\'; .E- REV.

Shyeud- Rlade_
Bloge Shresses

Blade Area = 0.02534 w2

€Mean "qa'msg 3-4\5,,
of Shrowd

. ¢
May. HiClkness af = 0.022
Sh"'oud

/]
Shoud Width

0-30
NO. Bladeszh 1"

e \am%e

Wess s nduced \043
T'“QQ C‘EFEC\"S I. Ceu\‘ﬁg t\\ Fﬂ‘(—es;m«

xX. T\\erwm\ Afawin .

S

c.o022
Wy
bng.: <+ “m
v 2wR -9 .3
whece S.F . muR | ( R.&F
n.4. -
RB QB 1 Qg,
R = Sheond Crows Sectiomal acen
W o= 0. oc blade,
W = “o‘\‘o\\{p«\ S—\'*ﬁa Q\"n&‘&)
ol Q = \)Y’qgc ateqg = 0-02584 it (lco ?ewe’frﬂ\m)
-’ZE*:
S - (AG) * ;
whete
L. 2wx 3455 0-30= 1125w
£ = WX -o2584 = 2.86& n?
E = 02r2ax0° = 200" b
QE«%;
195

Form G 7756



XAPS

+<£

PAGE

DATE

REV.

dD eqwm g yeed

oeefahas Oner S.Yeed
Condition 232, Too xpwm S5 TP™M
Sheady Skake Sready Shake
AG (in) o o2 2235 Q.00 (OD
th (psi) - GOL. _ 982
< (4+9) \42.9. S\R%.-
%.:G“\_\,% \323. 206,
M.S. l >> |
(yied ) 7> 7

196

Form G 7756



PAGE
DATE
REV.

Crivica) Syeed Anq\1sis
@‘j e KipPs
?GWY‘ 'ASSEML\\.\

A Cf\\{o\ S‘)Qed Q‘\G\V‘S;S on e Kibs Q\\S\'\’r‘

\r\\'\cvx;-e Co‘w\?u*ef “}(‘cafe\w\.

13,560 || 1% Bending

22,000 20d Bend&nj
/e

I"%' Beﬂdlnﬂ

g:—a\\o«oSz
Crtical | vwAsa - - e
ol mc\ endifian
S\:eed
| re) B — —
1o, 000 It Bending Zero Vib X Zers Accel.

wilh Vib&k Zers Accel.

ZecoNio. ¥ Zer Acel.

With Vib- & Zero Accel.

(ACCQL\ A Vib. oR ok

Sa/ﬁcw\ vovey aSSe\.\o\j wa. Comducted %ina the F-10

A Summqrv\ °F e Ceyvhical S\w.e_:{_ \)iC’rv\fe [N

Form G 7756



JOB x\Ps PAGE
DATE

BY \,I - e=- REV.

It way appeac ol he 32,500 Ypm eitical
Sgeed s ese Yo Mae lower bound of the Syeed
Towge | \r\auwene,r} Me  Aceleraflom i Vibcalirn - <
ock . Tomdilens ocur ab S\:Qﬁeds Clove VFo the
wpper bound .

Tr ¢ Mus @mcluded ot thece 35 no danger
o\: Ceitical Sfucls within e Speed  fange %o‘(‘

e wmadicated load Comdilens .

198 Form G 7756




POV

S e W\n .

— 5%, 3l rfm .
3

3
[ 4 .
9
s}
O
+ 2
o V
*~)
N
w g
°
¢
U
n Q
Ae
B
AV

(dyy) peod G uzsoy




. 048000

‘ N
S e v e -

ni -
M s it - csnsne.

N 046000

" 04000

1]
- IS I

=

4

—'A—’-’* —\\7\0& T

- - ——— P e v...éa‘. e B O . . - —
- 1,000 Goman \$ :B"‘v s MU :
- 1 \k"‘ . ,eéa/a

[ -2

8 3w =

I Lo , -
; T =0.4000” @'&‘:};@’ :
“0.6000 T -
; S e e o e _ﬁ ~
1 «0.8000 hdtdd . » o

3.51° 4,68

5.85

ron]loeanen

7.02

T 8419

- .12-,- - @ e =
" 936

leescsen

10.53

n]leconcmnee
11.70

- JS{»(;L, Moder §ha,‘c_>

es . __.

Y AXIS E : D - , T T
'ﬁew“g&\'t Prese = \?3(5 X1V ‘Llu:\___ ]

o[ KIPS Rotar




Jos 2 \ ol PAGE
DATE

. BY Y. E- REV.

Rotoyr Housu \q

™he K'\\as yotor \‘\omsma ovea —ud the Corves‘:ondnj
{invte elemek Wodel ore Showy w FLQ,\

The qr\«\\\S'\s wai Smducted by the ANSYS
proqram [> . Com‘ﬂe,- qenerated Y\.X-s %@f e
é\({ue»\t Ateas are SMgwow N F.;Suves 2 \Mfwjh 5.

e resalbc  Shown  ave S‘Zv he Gue o WP
o s,&eqa\ State ’ruv\m\m\e distribuien  ak e
éea{sﬂ Bpeed, i addiien Bo  grenure \oqd&vxjs

oy W\e Semefa‘-of Y\oms(na.

201 Form G 7756




sjoB _KiPs PAGE
DATE
gy_ J-E- REV.
Beari M No@e Eﬂl\tws\'
Hsq sy . “591 Genembor Housing |
N
.
| !
el
T tq we

J_JP W o o

L i ) ) i
1 F-E- Model
(9220 Seckian )
30,
3 = e ! T
s £ 20,
Scale 1:2
Y&
Ry )
Finle Blewn et Madet
for
K \'PS totor “'\O\ASKQS
202 Form G 7756




£0¢

9944 O wioy

No z22le

| on\sma

A8
aor

Noda| Number

. Element” AMumber

@D




% 7=

e /4- \“‘

‘ vav, .\\\\\

\5-7"0
N\

SRS




JOB kips PAGE
DATE

' BY _Y-E- REV.

T SB[ N  wwaeno

7 BN, N
//A/AVA\\75\ A
%f/ = e
N Y A <<
Y WA

7.4

”? -,

2\

N D=6~ CARW...
\"I_AY-".‘I-‘Y‘
Fig. 5

Gev\eraw ‘\'\'o usmj .

205 Form G 7756



JoB _KI\PS

PAGE

DATE
Y. o

REV.

Summar\1 0;’ M"%\mvww S‘h‘csses

Section

Moy Stress M- S. (Y'e‘c5
Cpsi)
Be«rh\j ‘-\owsnﬁ- \},229 Larye
Noz2le "\ou&ivi . 3o, e54 \. 26
ExNawste H’Ousiuj _ Vo, Glo o o5
Generater \-\m.-.j 40 Lacqe

Mat: VL4 PR wiso

(B&rivﬂ HS'C] ) No’gr\e_ \‘\Dca/ '\\f\erm\ gam\
SY-; W\ ‘t‘s‘l’.

Cu= V25 G

. -
o = ‘KS‘.?_ “ Q&SNF ) O gq\\urt h‘e\
\X“A

JodL-S.S.

(Eﬂ‘ﬁaw\’f \'\S‘Cﬂ on@Q Grewecater \'\%'C\S
S = 3OS Esu

gl: 1s . C wrT

= = \%'(’Z p‘b

QanJ)s 4(0-\4 B €<5¢° .¥ . \X\E)‘\ Qé;\;f()
0 ©

206 Form G 7766




PAGE

DATE
‘H BY )! -E- REV.

C\a&e—u? o?_ %ofr{‘ ‘H’ov\Sivj

=n "\'Ud\ 1o'me

To oaterd \'\A\a‘d\‘\j c:.\j Favrbine qaa\u‘\:‘
\f\owg\v\j , ?05.\‘\':\\13 Lleatonte %haAd \a—(.
W\C\'\V\*O\.W\,Qd. .

N W _w

S
240\ g—?—(aol
0.0359 _ 0.0357

4

A = O. OC>2_

4

'\\Y\m, Me  awmounk QQ \’\ow\ms 6%{'\?’%\@“
s .08  whith \QS& Man e Of‘\g\"\a\\

Clencante belween e YTurbine Md, \\'\e

\'\aV\Siv\S.

207 Form G 7756




PAGE

Jos _ Lips

DATE

REV.

N-E-

BY

o KRS

3 under
S-S. Te\u\?efq\-‘«\(‘e- anl
Ri{essuve \_.c:c\<:§3\mil.

Rotev Mousin

b 'CFof W\C\*LOV\

swanson anaLvE2EYEvSrENEINERRING AMAYYREErSYSEEMLS VDI 2R1EEY 180 e S SERENE Y k2 FE i 1u0

STRESS AND THERMAL DISTORTION OF KIPS HOUSING (FeSeDa?

PS/£5/78.0

i

CP = 1&8

ITER,=
RUTZ

CUM,
‘M3 MaY NOT

1 [TERATION= 1

LLOAD STEP=

o.
uZ

TIME =

so0er PISPLACEMENT SOLUTIQN wecas

ROTY

ROTX

uy

UX

NODE

[¢] Sys§T
OTRT10R  ANGLE s

a1d)]

(%) 4

NMI G LCIMILMIMIINOINLI IINININDNL IINI NILLNL L ADS AL SNANS AL L ID AL LS I LND N IY LU
O O OO o CIORUTCLORC ICCCoOTOTOC ICIISTTITTTC oo oS T oE T, e C T o ST TS
R R R R U R I O o o A e A R O A B DN D I T B B B O O B B ) (RN NS
W a e wk w Wi el s A e T s e et il e B e Wl T — et e b s ol ol w . s
DOM TN LI SNAIDLIMOINAT IV T N OVT I3~ L P LN DT N NN NS A I T X =L O~ Sl DA T —~1L T
AP IS TS T DD S IANL LSOOI LI L TN DOTTT Y et S ML~ L D E CLONTI ST OMOLT TSN
LI OV AT IT LI INF CANAAIU A DIUS T L7 AL CAL DT IITWL I AT L= O AT INNI NS TN (N7
St C LI L 2 OC Rttt LT T N Bt POt TN PO Lot S I TR ST I PSS ST =" ™ TAI S IACA T
NI P LT E DLt W O AR Tt T T~ L NI IMT DT IO IS UL DLl F T NI TOMONIDINTOLOINT T ON ™
Dottt P L LT bl it oD - 4ot et C ot Nt T 00— (L Pt N It L P AT (08 Frt L ™ 2 DT DA S L N L 3 5 NS
e oo censeseeeseeessseessenransettssosscrssssntecssnsrorsssintcssonn o sOan

[N ' DRI 1 D ' vt EEER RN EEEEN) (EEERN K]
R i e T R At B A - St it Daal b Tt Tae Reales Tar ™ B s bog Rg ot ft I B g Tae Topag tog Lot lag It I 21 he et g St it Lol 2 K it e Saa b T B K RecRelag Loy B g bp it B 2 Litind
vooonouUOOOOOUUOOOOU“UOUUUUUUUUUU\UOOVULUU\KIUUUOO"UU“OUOUUUHQUUUUU\\;\UUH
-.---—---.-—--.--—-_-_-_--—---.-...--.—_--—--——o
el vpada’e wabulw e sed Pl Juatd dallialuad baly Ldid Mew Ld M Al addara Wdala L cwadualaiataiale s
SACTIFPONINNDATMNINOIITOIVNYANST NN LT IVEIINNL TS PO LL LI LI TP N~-TLL-E
NOPOADNELmIP~PMITTIT ~DOMINTL~NL~L O~ N—DT DONTSLEO M=t DI MPI I LML P et = PN~ et P T
O VT LT OINNRT DL LI ~LF T4 L= LTIV NTLADUNTONSADIIN S ANI NV 37 M 2T DL — AV
OLEON—OMEL LG S VAL LNt INES FL = MAC LI SN I'F = IS TLONLE « A SN v — e DT
PY AMMNC O IO OIBNLLL AT INNT L FIANNLN DOt L D= YOITN IS LTI L OTII LTI PR SN —OL Oy
DN NA—AND I MF ™ DL ANT Ot UL it e YN T AN MO NN T F 3T L LAUUT TN LA TI N0 0=
ll..ll"l....llll...-.'0.-I.O."lll.."'l..llll'll"'nl.. v e 8 o000

e taetr EEEEEEREEN] EEEEEERERER

MMM S PN S 3 IS S M IMAEM I MNMTNIM MM S I T NN L LA DI $ 3NN
O COPHC OO0 CO0OODDs COCTLIDBOTOOS0CIONCODIDTIOOOOOODIDCIOOOIDDODX
AR R A A R A R N R N R e e o e O O T T T I T B DO I B
i) o U s i i W sl e it S o) L i s i L cad D o WA U e A A 2 b e St Wt it asia? o e st W A a lsad
G A CA P T ANANGNTm L~ L IARENTDLAL—~FOSDIHIMNIT~MLMANSTF * 3 LSRN NII I LAONDT LI L
Pt U F P AT LD m PN LOMO~F T Tt AN VU=TF A AT DTS P LD LN LAUD TNV NOST AR $~IF ITD
DNMINP YA ND RO DTI P LN OLMF~T I FOSIDOI~TOIN O~ DN PO INT V-0 S D NIDAF A~
517“2020618&hl81666859I58?910433b31370§96&3990292060523900649361/DYW
PITNDIAEPP I Dt P I P~ DI PNV U~ DM I P~ AP IPONINN I SO IN=D—~NINDODQ I N7 T LivZ,
A3 VN O B et T e 0 DN AN O DILO $ I IE =T 0TT M T LS ML AN NN N NM MO0
68 55 656866865808 8860000e0 600000080608 0008000css00000000000000a00s s
RN E RN tEras i NN NN NN (RN RNE

f t
t

e e e st 4 - ———

ooovoooooooouoouuouooouuUOOUuuuoou00000000000000000U000000000UUUUUUH
TTE L E T LT BT R 8 t a0 0B R VLV e Y B RO T st TRttt antessirerrvery st
Whasat widda) oo Madwb il adudat it W o A i ) i o ) ) o AT A e at e st 2 b ) Al o Tad ad sl ad i adatud by
PILNP <L LCPIN T Lt COTLIET LS ML TLIC—=FAUNIA NN PITASNLT IR IO NIMICSCILNIOST FA LS
NG =PE NN NT =N IOTNTNORI IR ~LE LT NS0= TNEE DX~ LXMIETNNT I DOX PONS S SNL PO
ANALL~ONANF DRI DMID DTN~ DMt LOINL ~ O F NS NI NL VDI T™~ LN TNttt et VW N QDDA D - DT
P CmTOCOP LN IN et et NI DL e SLCNI STIMIMI IIIITIIIIIIIIIIILIILI I SOLOOLC NS I
2T POSOPIRIIONPROOCIPRITNT FRPTOIPCITIIIOOOCCOOADLCOOITOINOIVIDDIDICITDIDI
MMM S 2 2 MMM MMM T MM MRS TMMNIII I T IIIIIIIIIIIISIIIIIIIIIILIL IO
® 8 6 8 6608 8 86 5000088 I NI AL OSLEEE0SSRDPE0EECEPIREIEELIBTOEIAE LRI E IO S

f

FMIIME $ AT G MMM OO 3 MMM MM S IMOMEENMMS MM TITITEE (M0 T MM O I
DD ADO SIS0 TODIODOOOCICOIDOTOIOOTOD 2O0IVCOOIIIITUIDISIODDDIDDDIDODD 2>9%

AR R R R N R R N o R 2 2 e 2 T O BN O DL I | (30 0 I S OO IO U IO I I I O B OO

Pyt ]
WUty ol 4 it b i’ U e s e 0 v i f i e ] st i s a0 b lid 4 il L e ottt o e B 0 A A e A e b e il
TAUNFPINIINTIOP Tt O Pt Dt TL I LT TNt IMNTF ECOILCNNNINF I T T LI TIP LTINS LALD NP OCT NI~
PO CL T L L AN INLTT £ DIt LA L F =T DD Qs AL f C S DI IO T SLTRIIL =LA NOD T,
ANt D 0TI I T IDN T AAC=UAT TTUD IUT AMUITDMPMIDL NI ITI LT =IND~T I NS Y O
N QL P IO~ NI WO Lf LCHCOTOAT ST I LOMNC NS IN— L WS P 33 M= P2 S DT A
SEPMNND~LLNANLEONTMNTNOLNOINTIIIFPAOILY TIONC T Tt "L LN T T L Ut UL NI R DO~ GND
WUMHA S M~ TP NN 2V DN TIZ N L N~ 3 32Ottt DI B 1 =T N IS ot L L G N DO
P R R R EEET N EEE N EE N I IR AR B N B O B R R BN B A L L B 2 B I R A L N A N A A A
P E L

“e,

tre e trstr Nl setstrs e t

¢ f

AU PSS IAIAI AN S I O U I 7P (7R M M LN AU M 3 (M (M=)~ - e ey Mm e ) 3 M O3 e
0“000"000000000000000000Ooouonon00000000080000008000000800000000:
T AL T e s 0P i) s et e et at e bttty tentnrestony
W i e st 1005 T iy 2 b b e SR Wit w s ad i 4 DAL a4 wi s Al bl MLl U e ot 2Rl bl adlal Bt o atit oo wdsld adaslaly
DOND Ol L= DT UL L NN ILLDESE=NIMTLENI I IS UNINR I INSOTININIIT I TN P NUN O Tt
PP A D 0 S DN RN P PN =M T § DDP LP LN V= rtD PP X FOIND F 2P0 DT MUt I 3§~ DT OIDMIANS
Mot DE DR P MICIT NP OO D —F QG NDDD P LL B3 DVNNPLNATMD ANt NP Dot QN LN F T F VRPN L
2%5/“6& TLMONTLMIOTHUT LT TN T LSOVt O F el £ T TGP T Ot e NI MI- M T - § OO
mF NI DLO~ML 3 2AOOTMNOVT $ M M= CAUNMN— O QI 2T 2IONTOE NN O TO O 3 N TN O
O\t et ettt ot gt ot o O O TN A O Ot L T V1 F U L ot ottt e 3 N7 U 3 S T pomrrs O P L T Dot XL T30 o ¢ O et o, P mnag
© 5 © 06585 80008 585408800 esIs S0P CIBNEROLISNLIETEOITESESIEPOROERSCOIELIAEOSOESOIETSOETOBRUIS
. ttidsese

O F DO DO DN F UG I Dt 3 D~ TT Dot U L D o3 N LY D) TN O K =71 $U1 O T O 2O
et et g ot o oot NN AT MM EITINLNT D LR A0 06 O B0 DO O PP e e o - B O X DY

Form G 7756

208



PAGE

Eps

JOB

DATE

REV.

Yy £

14

lg‘g’rf wmalLow (Co\«\'wm Q—d>

BY

g v

Node

OU 9 NI MME M-S UM 3 MM IS MG MMM MDD I MM MM O MMM I MM N3 ™S 3 AT M I I MMNOMIINIM I I ML NS MG,
[ DO OO0 OC O OO0 OO OO I00CO0OO RO RO OO OCOROCOOOOCCOoOOCOCOTDICCOO00OIIoIOBCOORTC
RN R N N N R A N N N NN NN REY]
ahadislldafiuiwiu Wb W aluie b ta, bt wiuitue o e e oo ilo i ol it e, Wi Wt tuwe e e e it s oslelaia Wiotond w slaitad wosadbe Wwhad M.
ML LELOMLNTIOMIILONIYAUST R DINOOCPAUCEFOLN I D AVN~OSN SN I PO LRt S ENO AL = OUNSC =LV AP L P IN S MO SN 2
LTATODN=MINALNNNLNIT A NNPIIVVOMEMNLIM I TN TPIMLI LA LIND Nt ONC EMBIINASFLOLNCAUIXMMIVE I LTIMINT NENE Lem g
NIPIPIODN U™ Dy P At D D4 P VOO UINLSNDLX I NP LI IZDOVINMNNL CNetrt I P P Pmtmmt e st SR S RSN L et $
LU N mOM N\ YNNI WL LSOOI~ e COANI N TP OI DI LTI NC A et G e DI AT IR M~ NINNCON T ~TSDLD LIS
NP OMMNO FOSONIN IS VI MISNIE ~M0~ 3 DM TR ~NNO PN TNSONC PURD DN Dot OPF et ret e O+ Dottt NOP I X © Pt D= NS
OMIPNR L NL NN F P e TR i ) et vafe P IR P S P P OB St O S PP St (M) =t F ™ (V10 =t N T0 bt ot O ot D Ot m 6 Dot =T ot Ntk P) 4 N ert0Y N S et
sssocace Y .
1] L} [}

A~

~IUREa7

LI N R R R R A N R R R I N I A ©es P AL G LGOI ELPLOIRBOLIGIETITCPPQRCEOEOESEOEOIOGCEOPINOROES

M2 2 3 ITIOMINME ) 3 VM TN O MEIMMM T MMM 3 I NN MM MMM T MMM M3 E TN MMM MMM N 1N,

ad

9D DO TDODVOVLTODILIOTOOTIOOT IODTIOODIDIODDICODIIODVDILTIOIOT I IUC SA0DITOCOIDODVAIDIDOLDODIDDIIDDIDTE
IE R R R N N R N N S NN E R R ER]
SONPUEL TV TYRCTIRT Y FRTUV FY IR NTIE FRrew ey TUTTINEITE TOU NS Ve NUIVE WU ORVIUOT LoV IPY NUQUIT Y FUVE RS SU IV ITUTOIT U TV IRL PR VIV PR T SS FVI TY VT LR PEIOIT R VY TS TRV VLV DTGNP JOR Y JRFY JTEsY IPpey Jrogr LI 91
34 le;t)ﬂ,.\.c)Q.lU“Jb“UUA.C./.).T“‘CUBOJQO(.DQIO\AH.(%!J.\:J/.J/A.)»Q.(OH.U!.ULJ)T&..I.C&.DUI.“JH\9677(/5/57.¢.£5’592N|!~U
P BNF NI MIDI NI D FT Dt P Ot YD P L~ DD DDA RO MIC N AN~ AU = D~ P UL NVO N DT VVNON LI DL S UP LD NN C =T L §
i SANIUINDPNND P GO~ Nt L L Yt P A NP LD NN =D Oea N DA D™ AN =D I N O NI DN P 2~ DRI ~R A NI P NNOOL VS
MO AVDISIIIMNI LS SNt P DA IO~ LM SARIOCN Ot P I DT L NVOIMIILCTA LTI~ LSO NI I SL- NS P IS E
NI T ITNEIPNCSONOME o EANO=SAPNNONHASE LN PO s X S IO~ NP HIOD TN O~ITTMICE IR —~INF SIS IS IS T I ey
N~ DT TOMN NN TG STINE - LM NNOP TS O DTN G WIS OIS LER T DLV OT S NPT Nt e SN TR L Pt P D et~ of
P R R R I I I S R R I N N A I N I N A N R R N N A I A A A O R R R N I IR I I A A O A A R A A A
¥ostisise LI TN T T I T T AN B IR IR O A TN B N N R B B BN D O N A NN BN | 1l trrirrtE LA

{3\—333# FEOMYIMNMMGE SIS NG OMIMOM T EMNNTMNANS TN IMNL IOMTNTIE IMNDTIMNNT IMIEIMITIIICTI I L TNIDNIIMNS
OO0 0OO00ODOOO O CODOCOOOIDODORO0OICCONACTOC I OO DOOOO0OOO0 D000 OOCROCOOCLOCCODIDICCOONS
R N N R N N N NN NN RN Y]

Rt atd at vt adwla aswt aladw adakal o Jaiti oo dwilvwiuhol adud o adee L Wlobdata) il il 2 o et ool wadwi e as o 31 ) doad @ dd Il e e a3 atad as o ad o udy

NN = LTNC O TONE OM T LDUND I DIRANDNOMINUALTDNOO T VT L OO DN IO Ut P NVt Dt AL F INE LR T PN e 2OVL T ANS
P2 N AP W O™ DF TRt SIP LD A TN NN OO PN G et BT VT F RN NO R RPN LTS DMNND L O COT PO LN U D T et~ DO~
ML &P NINODVOIOVDI~AENU TIPS Y IILD~NDO D~ ND O I =TI N=TONT MO N~— D D ONIMLD IONT T TNt NT NI P e’ S NP 0O
N~ 3 DI~ NI LONOAPOON DOPDL L1 DL O ~M DI LR INANSNOBLC~ IS TNODD2L L NDONVVASD PP IO OUNIONNNVNDS LNTFINT ST
4R DN =N~ DD LR Bttt ST FTLIDLOIIIIDINO—ONINIIN~DL I NONFINUNC NIV NN Dt DN DL Y TSI 00 DN AN NANO S S hengy
PN MO D M MG M @ L AN O~ L YN 8= U N F NS LU Mt 3 L 0 SN IO N G G VT 3 ot 20 N O et 3 [ 20 O G =P i) LGN
L I I I R I A N R N A 2 I I R e R N N N N N e R R R Y

tett sty 11t LI T B I B R B B § e 1ttty 11 [ ) 1 L}

- - At
ODIVDDOCTODIDOIDSDTRODDVDTODOODIDIOIIIDVIDDOOIIODIIDDLDOIOIDOILIIDDODTLIDIODIIDDIDVIIIDLDIDOTDIDODT
R N R NN R N AR R AR Y]

b ada) adidaad abuadid adiad adtdlad as ad 3o abadad so ) dudud adwtalad adadud alas o) aduaia) Wus sl asv b o) St b 21 A3 o b adidadad o as e Al D s W s hadafod i wdudad wt ada
IMIIXOCIPISNDSNI LIS O~ I DS TADCONINTCTICAMAOLT S INO NP INCASDNI OIS PSSP NCE T I~ S WD AL ™ L SN Ty

AN LTINS I~ N IO L TNPVI~ILOONDLNIT LI TND AL DL TN NITINVNNDOP Ly T2~ NLLIOPA~DIM DTN P N~
HOP P 2O COLTDINPILECHAIIUL OMMNAN S D=\~ UV OAINP L C=ONDIMICIODNAN S DM DMLY INLIVI OO WS~ =N OO0 S NG
NAMALTRITI I DLNAMNADC S NI TR A LO~ANNVNHOIDLELIMTINTINNES TN OECLILNI I OMIMITITII S NI VST IV I ~ I3~y
DO EDWTVLLTRDOLLRLDLIDOTEY P QO A 8 L O OL B OO DD OLEL DL L COOOIOGLC O OLOLANCILT St IO L™ oo n
3 3 IO IIMTNHTMNIMMT T TIITIVRD D T MM T VTN T IM T NS VTN T TIETIM MM ST N MR N M ) T MM M T Ty Y
S 0 90000 00800608 TET AL LSS ELEE LD ENN SO0 SG0LEEIT IS LCEILPSIITIONOVLIEGEONGLEOCETIOEOLE TSN

MM MNMNM 32 MIMIMIMIIMMIIINIMIIIIIMNMMIOMNIINIOMNIIIMNNEIMMNIITII IMNMNIIMI L ITMIMNMNE IO TIMLIINONSE F 2L
2DOOVOODTSOOIOCL ST STODIODCOVIDOODOIV I IDOCAT VIO IIDDODSDODLOIDODSL I DOIODICODIOLDODITIODTE
T AL Lttt ettt ittt rrelr ot ttedttrtretaetrtistrttrrrastiretaret
e b A W et b b el Lt st ol b el b B L M it b e el A i e e e b e i e i b U o ik W ek ook ol Wi Wl 4 U e A oo e oS
NUDJFSLCT I LT O DI~ NS NOITSL I L TNTANTIP IS LOLODSNT IS It et P FO P I L I I L AT LSt S OF * L PP E T2
LNS AT LINLITINLNLN 3 5T T o LRI LTt NN LT LT AL P P LA [ UNDNT wa T D 3 IR T AL T~ [P N N LA
=P PNIIOTMISMITIOMINT IV IDITLLOLS L VP I AT 2O ITMO~ T OLITIAIDN NP LALCT I DO ITILILNNT LODOTLL . DN~V ALTNT DD
LIILLOTONIINP LI IAL LI 10 I P I~ AT OOCCONHOAT TN ICITEACT T~ ANCO U0 C It SLT S0 (LT DINN ST LS 3™
= NS1 L~ SO UM T S Dt ST P NSPIAP T AN IMADIDOT T IIDVIOUP~ I L \LT T I I N L= LR L M- JIDIP I LS VL1 3T
VDAGIN e Y et UM ot = Tt E OIS et P D N F o bt ot et DY P T bt ettt it & et it DV T VYot ot ot ettt DA, Pt o ) D (Mt e omtes T} NSt S ™ O3
LA R I A I R AR A A AL I B DL B B B N I B A I B B I B B S R N B N N B N R I Y Y I RN I S N A I A R TR R N I R N R N N R N Y
e

L2 B B BN B AR ) LRI A LI N B I B B A | ) LI I B A B B B et L] LI I ]

L AN AP AU AU Y NIRRT VN AUV AN A AR AN U WA RIS M 0 S M M e e i POINNNNUAL I NN IO, \ A
P OODOO0C UGG DO COCOC L OO e GO T Ot CORCOTOCCILOCCOULNILAURGC L LOOCK. CECOT CCALOCoT T DL
AR N N N R A R R N A R R
wfb;fufn‘\.(ngtrv_ 3l Jud e b af i wod dadiisbiea e ld Dt it wras . whe o o wdi b et Wit Alis o bt 1 da e U sl adbin o b idw e wiatad e wiv
ANTSHAT DT TOUSLPONTTANL T ) IS I PNV L o= YT CL A~ LDI LN NI~ PLHID~ALI TSP TS ~ AN LIL OIS TIUT Y & et
INT BN ININMND=SAUS S IPHIS NN NG DL IL NS T I D N NDL D T I I3 NDPTI=DPNT 27 LODFLNT LNIUIDNSDNHT S
[ANTLCMSIDP DLW D D TOLTDITTAIRTIONAT IR AT LS L IPAT O™ 4 CAP L LD 3T o FieaTen™ a1 YT II T LO PG
P~ V=TI LNV IO OL DAL T L LT T s AN CCMMOLTTIONTIIL— T IO T LLPre D r AL Ot PO IO P ™M, 7 ¢ e 3 f T L rme e
INEXPDC DL LOANNP LT =D PO I LL I NVIOT IOMTI DO e~ L WM NSO et D I NE LANO YL P LD N"12 T L I

N = AU AL UL U N AN L et Ty et et Nt ot o=t ") P e X G T T T LSS LS AU ST NS (LSS LT TR

.e

L R I I R N I R A o I I I A YT T N O o4 e

ST NI N LY IO 1 L Lt IS 3RO 1D T AT I N I ST IS DT L™ IS P T TOANUM I P LTI ~OML =IO L =T 3 N
GO DDV DICDD Ottt trmt et rtraf i f L UL QDDD DT st ittt ctrtemsrt DA D L L DO DD Dt et rtomgra it 4etrt N AL L L S PN D CLC DD D"
- ANVVVVUAL CUNUUNAN NNV FENNANTIM T 7T M TITHTIMIMIMT AT TR T v 8 33 IS N ST

o

Form G 7756

209



‘

PAGE

JoB _LtIPs

DATE

REV.

1-€

BY

Acferwakion (Comtiened)

<0

2"#7

e tx

Ux

Mode

4

arlak -
4 - 4 04

M ILIITOTT
DDOCC . SDT T
?
ES

-t

Va, FeQb

Lt e
wa bbb aa o
G LT oS

W -0
I el
INF -0

!
H

Ioat =6
ST =06
PUGE =04
JLE=Ca

PN LEN TS
[N
~o I8 2L ~04
o)t} 14cE-DL
[
’
!
]
f

=5z
I AR

«

)
IS
A
b
H
S
&
T
4
[
I.’
!/
2
4
&
P
H
7
i
H
3
14

re

S
I\
el 2
—~

&3
G
4TT656E-064

hGUAMTE =04

=LA NHPNOD X

-a DO 1Y 1t ey
LY R YA
« 5324 15k «(Y

e8] 1H hF =Dl

LN USRI

PO AN T A
PR NE I NI
5
LX S
i aH] b=k
SN T &1 1

2l =0

el /h2 e =)

=~ 10PU66F~03

o bpla ity tF il

-~ Yyl et
o34 16l =ns
o« AORHL 0T =l
CYH Y KIT =06
e 160170F=03
IR YA AR ]
IR A

.t =0

e lnpht 'h w03

~a50 724 /F =04

@IS unHtFand

eI IOHY st =4

L LS A S A
s daletyat =l
W’ THURE =Y
LRV ALRY T
IRERTULUCLEY

ole
3]
o}
-y
-5
bS]
=t
~e J9AL]

MNTINALU AN NN TP M M N AR T T NN MMM M THINM MIN NA MO M M MRS MM TN ML, RT3 g N e e ey
2OOOTDCOCCIDLITIOOODIIODOOTCTODOOCTOTITOIDoICITODITOCOIODICTDIDIIDIDODDIDIIODDIIDIZoODZSD
LRI LU T T T T I U O IO I OO T D U TN O A 20U I TN U TN DO U O IO NN U U AN A N DN AN N I N NN B N A B I A I A R R ]
IS TRV TN I TV U LTS NUNUNTIE v vy WY BT FIFLI SV VT NN UE S repy SN LT IV DV ITUT TS NIpry St opy Wit Y PUITIPE BY TS R DIV NOVSRELIT I LT I NS e
NN TURT T )G CL VDN IV D IN TN DI DZVN=PT DI DI T ELDITTINLIMLINCT LS P NAI N I RF L L O~ NS
DO NLLADADNET it DOHLAI LU NP E = LI ODANT LN T I LDt it Dt = IV T I I I OO DI IN N LI T IO NLD
“ANTI IOV TTIINTI NI OMDIUND IS CLULL XS =T TIA I~V AP ISNANVINZT ITNPINUSISNICALPDT DSN—=I~ D
LML Lot~ PNUANST G DI A=A RMLI I et U LN DS LSl J L L Tl ISP ILDFTEII "N L
INISCLT QP I NOT ~ et PL L =\ PLNL T T IV NI LSO TIL T IS I L TOI TN~ N NCOT WL vt 3 = T
St Pttt et LS TN AL NANT T 4t PR3 FONA ettt M F LD =T DI LIV I AL S PNt DL 3 el N U T

-

]

09
i

~04
oyl UP Al -y

res
4344
~ SR
~.310mJ
17252k ~ue
QIﬁGHb-
ol lakeh

e ltiftit )

f

S ee0es s s s s en e a s eestaccsssee

-
LI I B S R B BN S B O OO IO T TN DL R R N O R O A Y

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
"
.
.
.
-
.
»
.
.
-
.
.
.
.
.
.
.
.
-
.
.

e l0RPuF~03
*

~ e QAU SN -0

~elHPUYG

.
tEr sttt et el tes it testorriesrereeti

IMIMAMIMINMITIOINIINNTIIMMMMIILNINTINIIIILSNIINIIMINIOMNNOINSIIIINTI I IMNINIINIINMINI I ILTL2INMMILINT LI
POOODOOOLOICOTODOCTIOOIOOOITDTSCOODT ICIOLODOCIOOD T L OO OOOODCCOTOLODDOLODUDIODOTCCLIITOLOT
LN S 2 O N N B O T O R TN IO A N T I T NN NN TSN N U JNE N NN N N TN AN U RN N DN IR N SO DN U N O TN TN RN U R T I D AN U O A NI R U O NN BN RN AR A%
Al ad ol wils) o wdu as v wdtl e dwiadal e e Ja e o wa st Ok w'w weode ) b s af i abwawdal Sl alw WP Bt e 3l M L b e e b b
PRI~ LN DI, Tt F G 1 OSMEOT AT VDD DS DI NMNO S N N~T LRAND DNt = (N Tt Yt L T VI~ SN SNDNTIINL LT O
ETPRPLLE Nt Nerrt et D LOL DO VSN D= C YN ND DL DT PR DA Ot it ML DA N+ 0 2 D0DONN~N et NPT NDN LN I~ NO —N S
DN rtem N 2 Pt DA DDV TV F At UNOMIYTFOUNRIF PP AL DT I TNLI OODI~T T ILND LVE T I I~D SIS LI DD IT N D
et 2O NSO T CIN=MANUL Dt PEASA DO TDI R s QMDD LI LNMTLOL DT L TS DD IAN D Nt Nt LNt L e LN T T
DADN—=CLT O™ ML= AD AN NEINLHAD~OVLD LTI IOt T 3 L=V~ Y IOIVAD L DRT O~ IV 1 wDID~I D AP LD DL UDO™
Mt DE T FV—MNEL AN L DNVD U™ T VLN FAL 3 PN N ) et A it et N ot QL P U TN AN O F T ettt T3 DI e 3 L De N IS
R R I I I R e I I I I R I I I R A O R A R R IR IR T I A R A R A I B A A A A

LI 3 B B LI B I B O O | [} t 64 LI B B B ] L ] LA A ) te L e 1y

Y390E=04
e el

’

—— et e g ot il el e e ] ] et S ] % ol o] ] el i ot i s Skl i ot ol el el
DDVDDODVOVIDVS - IDVIDDIVOIDIDVDDDIVIDIVIDDODITOLIDONIIDDIOODDS IDDIVDDOIITIDTODDIIDIVINIDIIDIS
AR N A R N R RN NN NN R NN

SNLEMMIVI PNOOCUM N LA DO ORI L IDCNPLLMPLOL LT TR I T T AN CONDN AL IPFTNTY M AIUANN DS~ £ 0L DS =T
FFPN~APDOUIL O TAN~T AMOT LAV TN INAANI P Gt UV N T FONEO PO NUNUNP NOP AT =D TN DN I IS DN—L T O
F AP L VN L Pttt et s DD e 3 AN MNP L O N NS AL AN D G oA PN N =D RP O OmD T A LR NLEN NHL LI IIMINN O™ F DAL Yrte
AN OOO GOV LN TVD VDT DI IS~ e T T HL LR VLT LTLDDVLI DT TP I R LDP PPN LDTIILTC O DODODOOCDODXTTTL BT VL
NMOMAM AT T N G TP T TP BAMM T AT R AR A MMM MMM A Rm e TM T 3 2232 32 3 IMMIMRNMAm -
LR A N A I A B A I B B A S A I I BE B B B A SR I B BN BN A BB AP AP I B I B A SN BN I DN BN BN B AN AU BN BB AV A B A K DL BN BT R N O S B R B BN B I B A Y B NN I Y Y )

2 FUVICIMINT MMM 2 E 2 MMM TN EMTIIMM MMM S E S OIS MMM MO S NG MMM $ MMM NI NN S P
SVVROIDIODID SOOI IDOICOAVOOIIIDOUISOVDUDDOOODTODOVIISCLOODDODDIDOIDLOIILDITIDODIDOTITODODIVDIOOT
L O O O I R I A I I R U I D I B IO O T I U I TN O U A I I I IO N N I O T T T T T O T T A A IO A I RO B A BT A I O I )

A wie Wi it B wita ) d ol w3 s i b e ot a s AW d d e il e B sl A e W e e e e A b e e s o e e
N S Lttt L O LOTDT T NANDE VN~ LNUPSANLT TS it [t UL DA Dot LO P GOSN DO L OPEL I et et AL L O L= DD LIS PN L A
2BNNT LI~ DMIN—~T IS TITINLLI = UDSTTNPIDTNIDLT TP LS LTt I PAT DA UM = T LL =TS $D "7 LN I OIS ~ DN gL

MNENFIMS T ALDU—A M DDOVNL 2A 42 NONMIN I PN P A AN NDTD I~ PAPIREATLARTLPIIPIODLT *RIDT IO F ™I I £ O
ILF ALl AT A LU L POITCL IL N fOATLLCNINIC LY - O T0 rLA SN NP G LM I NC T LS L LTINS IO T
O3 VrtOF Pl = I D OO LAV OLEMNL N TN I NTNAUDH I DI LOVD IS IN AL DL DD D SA NNt TN Lt 7 m LMD 2 JDS I T IO ENE

DD NI~ et ] bt bt it ot T, D etND 2t T TN Nt ot PHO\J et et 0ot e at o (T ot A S O ) D] ol bt § 7, Aottt O 3 0 D F ISt Ot D T N et et £ U3 NSV TYAULN, ot ot ot Pt
LEC B AR S S BT AE AN A B SRS S SRR N AN B B N R S I Y Y I B B Y R SR B SR L R R R R Y B Y S RN B I N Y NP N NN S N R B R R S A LA AR A R I R R Y IR I N A )

[ ] (BN SN S S A R A B B 4 testor et tstr bt LR A ] 1011800

- b
-~ i

- i
WA A A A AN, A AL AT 0N AL A, (N,
VCOCOLOOCOLLOLIODCOODODC SLECODOOLOL OLOOCRNOOCOOOONOGOODODCOOOCOOOCCT
AR AR A R A AR R R N R R R A R R RN R A E L I |
bl WS U i L o L ko s U 2 tad i Ut R Wl wtuu L) wd Wiadad Lt b wd was witdic wilowiuWizaalud atuote a8 adtatow . FUNT TV N RVEITUVE VRV VR TR Y, P
HALLDL =DM LAV L T ELOND T = LIt Nt YA et TUD=NO T PEUT NI E I I UNAUSTSOL IR JLNZT =Y LD LLNATIUE
FUTONUS NG 2 M g MmO 2 ANNAMP Y WP OPDP MO Y 2 NS DD DPMONNNDUINUNI TGO~ S L ~
TATLOANT MO AD LM AT "~ 3 3 DF s L TP Pt AN PUNNUD 2L PO L LMO PN TN NO DS L LITNDINT I VLSO R BT NPT
HLFLDAL TR Lt IS 2 e S DIt L DUt $ 3 3 I G T DO TN D DO OO I TN LU NS NOLE P Tt A AT R T I A M M) G P
AP WO et s NN D O L LI~ DN S QU N D=~ AN MM NINANNUNNT 71 2 .3 2 3 2 3 20 7M™ T M=
LIMNILALLLITET DIOORCCOCTT 2D

L R N I I I N A R R N I P N N N R N R I I A A A A AU A S IR AP A ST A S

CODCCCCOITOICOC
LN T Y R O I TR B B W}

“lt =0

1
. § t |
o !

RO N G UNOM L+ T O L O Oet NI T N G LN F N L 0D C A7) 3 N O DA F0 L D0 P O N2 N O Gt NI ) 2N L T D ey N I N L L PO
P et ot ot ot A T (D €T €D 25 €3 ) DD ot ot 1 ke et it et CF D KT CI €D I VD 0 brbonet b 78 e b et wd €D TH D D Cr D O KD bkt it rd et et NN P AL O PN ND D LOOODOODOO
NHDNDNIN NN N OO DO E O L L LODOOL 0D D LIPetmPote ol b bt e e e e LD LDDVDVODVLODLDODVOOV NI TCDODODLI T PIOCPT 20T T .

1
! ; ! | ! #

Form G 7756

210



PAGE
DATE

Ty

JOoB

REV.

kﬁ%ofmn\\ on (th\w\eé}

Y £

BY

Edl'y Eo@

Pvf‘x

ode

22 SIMIMNIMIEINIIONNNIIMNNNM I IIIEILIIMIIILIIONMNNET I NNOEAANCINT PO AMI S E SONOMMIMN G M IOIODOMMIOMMM 37
P OO0 CO SOOI OD DO OO OOOCCOVOOLODODOCOOCLL wCo0OCOOOCC OCURILCOOLOLOLOLLOoOCODOOOCTDOCOr —C
AR A AR R AR I R A T L e e O o o o o O O N O O O O O I O O O O BT U O O I O L O B O A R B O A R A N L L N )
o bl - e wite s wd W tutad wia i b a/ts i Wi W b u te s g o W lito e Wi b Wikda b Wi Wl wiiiwil U b ittt wita it tsts

PWML T IP=-P O I M NOINS TPt N IO O
B Lyl £ =t PN O PN Dt

« e .
LI} t

bl ]
bl
«90
8¢
ohl
-9
7
1
1
2
2
1
1
7
1
H
1
1
1
1
)
8
o
1
!
1
2
1
4
2
1
9
1
[
4
2
8
3
1
5
56
~e99
-e32
«B¢
“~ed
?

e
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

AOINNOCIM M NG $ $ LTINS AL O S ST WA TV L AN A NNV BV N NI WA AN VN NN N A O N
PRCVO0OIDOCOVOITOOIDIDDIO S DODOCICIOOIODDITLIDLCTOODDO DL ICODOIOOIDDOIVDODCTUIIVDIDIDOL IO
AR IR N N R N R R RN RN NN RN AN NN

AT I R I R Y T R R I I N R R R I I Iy
LU S I SO O BN I N O DN O T U 2N RN N N B IO N BN BTN A N O A R N IO B A N O N N N B AR N AR BN N

PDONNS Pt F ot P Pt D PV ) Bt kot AP NI DA T LT TNV I M D™ SR VAINOM LN ID L Pa0 L - NOND A =D VL O NPT e e g

L R O N R R I R I N A I A I N R N I R N A A I I A N N N I R N R A S R N N A A A A T I B ]
[} [ ] 1513 L) e 3 Tt teer [} “r ] LI N ] oy vy L t tvrer g

e o 0 sk el el caf o
DO OUUUUOU\VQOUUUbUOUOUQOUUOUJUUUOUOOOUUUOQUOUU)UU\UUU\JUUOOUO‘
ttrer st e et et e ettt trsENINEIEEAINIBSEEINGNLESITEDYEONURDY

A Wil U wa wadwad dadadadat i s s il wad wds wd w4 wsat ad adadlo sl ad i ad b i ailat U adgdu aduie
P A DML LN J it DD LU RO~ PAFCT NN XOLNPOTANS N LOCUNONSNLCLTIL

00000000000000000000
srerrrA Y MR ERA RN TR B OLCL .
A A whdd i adialad dwd atada) o adw 1 adad .
I]OJB“G‘QA‘.HQ509(317060.(.(779

LACONS Ehmt 3 G T-DID SN PO TNENODNNMNI FIAFERAT T VOSSO0 TONT T LNVPLNLI ~“DAADPI LC D 3~ A F
IMTIC LREOMDINIANSDILF OnOOND AUV DOD DN NN T FO-N Dy VU Dt A D S DTS § Lot BOON N L ED PO D~ DD
FPDAUOTAUL L MIDIPOA I STIOTT AN VAN =D DN =TFAIIDIDID » SOVANLNTUNT DVRF O IST ELL DT~ TFOT ST DDA~ O BOOC
TOLDDE Attt DOt St Sein Im S S P R S LOODOO0 P OODSOIBIDOSIFTITAPOF 2T XPPOPSI LIS IONMOMAATEY
MMFRMNL LTI IITIILI IO AN LILS IV IIITTIITIIIIIMOMOOOMMOM MMM IMI T 1M IO T
-.l..I..'l..l.‘l."'.l.".....'...IIIQ.'.‘I..I..l."..i......‘..l.D.'lﬁ......."..‘D‘-

NNMMS IMTEINTINZ I AT S $ S AINOMTMMIMIIIIMEIIII INMIMNIONITIIMNNIIIINI I IMNIT LI I MMM S T DN
2O0VDOODVIODODOOIT I IOTDODO IDODOCTDID IDJO0OOICIOIVDIIDIDOIIDIMNIJVOODIDIIDTIIVDOLDTTCIDODITOHODICIOOT
I N N NI I I I N A I AN T A O N R I I B I I R A R I B I R O R R B R R I B R B N R N R R R N N N A A A N A A A A A A N N A N N I A I Y
PP VIV T IV STV VU] T ST GeUTr e [V SETPUT W Y S WU DI VRITY TSP WU 159 [N IRV JUOITY Y USVE Y IRt C Uy S u vty Y e vy I eV oLV N Lot VO ST VY SOV HIV SRV SO VTV U Y VO VITV IV I Ul U VI DT PRIV R P WP SITE [T T U P Y 19
SHLODIDLSS I NSV INALIANTS LTRSS I TN AL NS T DL I DL PLT NVIINL OGN T L retbe ¥ $ 0 LMot DR G O T O TR
CLDNLT AN N LI AT AP RPaaDUR OT QP =TT LD~ T T I T I AASANL NN INDONCND CLTE It 3V L7 Lo SUNAL DR~ DI
I D=PODINAODEPLITNL PSPPI e PRt P D NoOP et DDA IS T 4 sdaTFONNT T ITI TN OTNHLONT LT DN TPt men, AU N g™
IS —ODNLN—ICIATI L INAD~L LU T LOIITS N CITTTTTDTMM NI CIVLTL NN L L I~ POCTTTTT DL LINTAOOCO
CHLODNCD LNLDDDOL AN =il FTINITADOLY * P LI S1I LS AL AT F W) LVArA L CEINTN T MIPT LT DTN I ~D IO
“3?‘-‘89’.\—‘-2}.\‘\1“5“28"4110 B Ot NI = L T RO Lm0 T TVt Nrte 1O D 3 DDt G i~ Gt L ON AN N T  r ot~ 7Y 2
“ssseseces R R R R R R R R N N R I O I I I A A I R A
’ L} [ AR |

-
-
-
-
-
-
.
s
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

P OOOCROCOIOCIOCTCCOONOOTUCOCDICOOCE - CLODNTTL v v~ CODOOODOCHONOCLOCOOLL JOGOOOLL O S0O0EOEDILCE
AR R R AR R R R R R R A R R R R R R N R N R R R AN R A R R A R R R R R R R N A A )
[0y TV [PS PURVIFRRIG TIFURTIIE U5 ST A0 7% G- PUTTS TOIPC IEOE ST U TV PORGRRT TV [ PIT NS | PO U Sy v P OIV ORIV PORET DPIPC ORIV IR oprs NS 1N PV I PR T RO Us TR (PG TR TP [T D Yoy
TN T P N2 VLTS PN I BT L NMNNDS NI LD AL IV T LN NNPI I LSO N D mOMEOINSNNLDIAT S LT g Y
F2OVAINL D2V~ NTI N =3 L 2NNPIS DL DI UIM LIt INSDIT 2 LD NN DL Pt NPT AL NN L LIS DI DT T 4G~ P LT™ND A~ [
INSAUNI L ILOLINNI TS TmNVNT o S ONIA ST TINOLHLANT T IR IOt T LU P NM Y 44 LOAVMDL S~ LDLP IS S -
T OOttt DA JU L 72T FIAT AT I T T ANSAT P T IMININ TS T .oq!l&.ﬁ.r.ﬁkll...lu TOOT DT CONMNAN TIPS T DL I L~
VOAITFMINGLDATI LLTL LSOOV M 7 NN OANS S N ST DDNNDNS SISt st s s e T L 2 1 2 1M 4™ 0
et et raesT 3 J T SOFO TG D
L P I e N N R I N I N I A S T I A A AP

AL O T AT INEN T P SN e M IS LN LT DN 2L L P T 1 T IOANTL AL T =M S NLEATT T I LT AN AL 2 PO N

Nttt et NS N MDA NHS L L SCODTOC O DCrrAtrtrt drtraat 4,4 DOODT I 2D amtrtrnddetrart 3OO VOO0 0 4ot Sodrss oo L D DO = Rt

w9°990939999s9u9w\)( DTG TC LDIODDIL T S S U U UATNVAUN SN NN UL T T M e e
A% NN N YV VAN VNN WY BT DN N Y WY LW VWA AU WL VUGG LA M

Form G 7756

211




PAGE

Li1ps

JOB

DATE
REV.

y-e-

7

BY

Ao (c.M\'med)

&Q{GT weal

E'\/}/

,v?nf/

Karx

MM YA N AT INUNT IV TR TIPS M L3I 2 IMIOTNIM T T ITIMIIMNMIMMEIMM I NI AMNI TSN TMAIMMTMTIS 2MNIFLIIITI
DO oL o S T T L PO o e L L oSO O TOC oSO - SOS UL T oL IOl CcOOOTC oo COICCICT ST o TICSTOD ST sSTOoLoboTTCl
-—-.--.-.-._-_------------—.-.--«---.—---w-.-—--—-.—n----~
L UWa ol Wl el s kWAl e e 2% i b a sl Wl el e s wlla b a i a bl g g e e i s ek R e b e W A it AL
R T L P R e T e At e o e antol Tl £ U Sl Nt L AR A A § = e N i o e A T N p S
T At DD AT R 1D LT T AT AT OO TNINTIS T I IS L2 OVT S P TN I I =L IS ST IO~ NI
BN AMIAG =S U ONSALN TSI ST T T I ANITN LI R SN A 2L TI N DL LT Lo INLI T IR T NI N LT D DI FP~NTVTOL 2
AORA M AP A AN AC S L=~ P CIN O " S M PN D P I T LI S IS DI I LA TV L L LA PA T T T DL~ ILP S NS TN T e T
Rt MR Pt LI PIMIAL L Nt F SIS T TO— IS T VOIS T THAL NN DD L DamMONINT L IO+ I IONITLTONL S ~TLI L LI N T
A omt AL 3 L rttmart Lt T it D et TR M S T L3 AT PPN 23 PO TN L= 3 $ L TINM T S VAT ARSI L YD N L S i 3
PP N I I I T T LI I I R R N AR A N NN NN RN NN RS
1 ] 1 ] LI S B R 11t [ N N ] [ | (30 S O | 1 ] T ot e 2 ) 1)

(YRt
SDVIDVC OISO L =k= )
IR AR R AR AR R R R A N A Y
el dut ad e e d il el
A BAPO~T LD INND Y

FVVVAN AR AN
T

a
=

= OO LUDT ™M T ~LINLADOFNNNNTD

0MINDODPMI—" DM NN F BN IPNTLST T

LeDODICELMT BIN—AT AV LS IO

SNt 3OO I =N LANONTT S LN

LT Y o Tt lea T e les T las T Eolnglag Tola VIAVE e Viag Rt MY

e ses e s vt et ostss e
[}

-
LY

13 1 (I U T T O IO B B O

$TITMNMTIM P NN T F NN INT AT MM AN A RS SOOI T Y
SOOCCODOLODIOVOICCOICOOIC DT C IDOORILDIJOICIDI0CT
RN A I e e R

.
ot bl 3 e 2 e e R T e L e P A e 2o e Bt e M0 At i i e b il A A Y A s A e et Al et G e i ) e
NPOTNINL MR AN ANST AT APDC LIS NTTIEINMT TSI ALAST AT NDS VNSO UNS F 7D DN TONL ™t 3R e T M A

PAUNLLNTOmON T, DD~ TUVINR Tt P Dt [J Ot SR DD L NNL- L2
Vot Myt Afomte 4P S E L 3 DN NANNSVUINSANT ISt S NN O P NC T ST
ADNPMPDL--TOTDO A~ L Mo LADSSDTTN LI LN DILITIOOTTL
P I AT OHUE DD TOMN~ T =Y NN I VIFND=M NS A IMNOM LTT - DI

QUM YL AU N UL L LU AL AU AL WL VAN AU U AT WA NG ML TN AR T LI NN
SOOI ODODOODODICIIODOIOLIOTTTIDIIOOIDOTNITODOODITOOIIDIDIDLISDIDSOIDITIT 2D
e

{ J0 T T T A T T TN O T 2NN VO NN SR N N N BN B BN BN AN AN

adat gt o L daeiad A af afd it Ut W td il e U peala Ve Wada! Jatahu L el s v L sl atla Al sl a
PROLLLIND=ePUTUVNSN L LN D =DOOS L CNNL St R IONHAVLL AT O Tt TN LO=L AL NDO VS
SNOMNITIAN S ~ AT DD C~NLODNIN LS DT ONSNVR P NEAVILALTLITAN LSOOI AR ITIN I

ISP LSOOI NI~ ILEIFILNIDITNSDNOATOT DO MM I E OM~ VD LNMITOS ST LD I D DP D~
TEOS TP I N T L IRl N AW T =T L IODNI IS DALII L ANRININI S DL L~
NSIINOMIIS D ITLECNNG 2 N0 Nt LT O dtS LU Ll ot F N OHOHENIE =L DN I XNAPF S
A THY et MYt Mt P e MY = TN TA T INNI VLTINS I NS T UL T LTttty (et ot Vo a AP L N0 T
R R R I N N R B N I N I N I R N R R A N N N N A N I N A

LI 2 T O T T O OO IR I AN I A DO DN BB A O AN RN O I B O

JJ“J]Q}JQ«J«J“33“34433#33#33“}3“.’.34
CADOOADOCTOITISCCCLODOOCUODDIDOCDITTT
LI}

Tt et ettt trsetEteresrgoeg
et e
LTS
NP LD T<ARDUVP DD~ P INNIL TNO~ DD IO INWNIT O
IMNF~LFOMONIITIVLINWNVIIVITSLTUONVID 2NN D -~ NHOIDAT
Nt A DG 0 O N T SN £ M= N T IV L ANTNG T MO DI O
PIETLHANND= =T I MNNCVOL~NNI T U3 L 3TN NN L~NS D~

£ N Drtret L, 0 ) = F ~ANNE st NNt et ot et et PG o~ P L G OL Dt DGt i N O DL L & LM T NNTN DI L= NS TNOMMONTMIL NNLF NSO N D

P M R N I R R A N N R NN N

LI S B S |} ' 1 [ I N I ) 1t 45 6 t (] | B

-

t vy 4 [} 1 [ I B S ] ] 3 ] [} L]
‘

-

OUUUUUUUOUOOUUUUUUUuuUUQ
AR AN N RN ] ter v e
)t il wtaud

DSDVODIOVDIL Y
I [}

[N .

XS LN Y O

e JrugIrL=y
aJubBlUlE=~D
0
[
1
8
o]
)
S
&
0
2
5
5
9
R 7
v
2
3
5
)
[}
1
1
3
0
0
2
1
8
&
re
¢
“
8
[
9
o
1
7
i
S
o)

\ .

MM} FNMONNOMMMIMMMIMMI INMIIIL
OOOTOO IOV IIOIDIDITOC DIIIDIODTD
AR A N AR R e )
[N T S P PO TP I NP YU PP Y PP PR T TPV
OB P LTSI NOMILL OS5 I~ OLMPS~NT I
NL OLTPIRITOUND L VI~ S FOP = I~ =L T~ QLG OL ~~T T
MANIDTOTOINTIS ADO L CP TN GNDT D ITNANL T NP T
GO LIATFNO L~ CFIUT C =P T IOU PGS NP =& 1
TBOF DT NILDVLNLA FROT OSSN T AT D LD =S DL NN T
DNNAFFIN LA D) M rer it sl (W ) Dot s 5 D NF NUNED ottt D 113 3
s et ses s e s st st eessess s rese st srates s s

feerse [ L B B B A ) [ )

el f7vice ~u3
-, 85209t -6

! - 3

A\ cnet et O\ ot ot AL ot A e

l
Poo0n0D0002300
LI SO I B B O B O O
TUNRTNS VISV TELIS FE VPV Y
=
Ll

~U]
~Vl
-0
U
-
Y
Y]
Y

+

DSODODODOIILD
1]

[ ST W e D)
LA e aind e d ¢
NI~ O 3" ™MT O LNNPNE TN~ OIOT M LTI TNO U Ot et O e
[CD LU S NUNNI DN DD L= 0Pt g e < LML~ M PC DN L
INNL D AN /NS PENNNANNI ST IIIIIIZIIIIIITIIIINNANAS
YT MM ) T AR M T M T M TR R ) T A MmN NN Y

#2905 0680080 Csste2rP 0RO OIRLTECEEOQROIEERETTSTS

B .
t

M43 IIITIIIMNMIINIIIONTS oL i 4
PooO0OOD0LDTOOOTOOTIODIIOITOOOTIIDOSLCOIDIIOD
T 0t b e st e YL Bt EIO N ERYY ATt REE YIRS
P e I i 0 s M U0 o o W e L 20 i A b e Y Bt oo i) i b s M 4
ML ~-DVNANOSPTD™ L\ TP T ONIMDU DRI WO Pt N DO T

INT =S OP =L =PI LAY =2 T 2 ASNIAPTTAT LTI T IOTIN-NTS
[T NN G DM LANSNO O NDTMIL ANUP DNt N2 = F 4P L F LD
ﬂol.@.h.hogalha.fl:lﬁﬁﬂoluk6.’172?1309?5“33300\13&
1N OGO O P T INI SOOIV INSNIBININST VO LNOL NS
|G —~ D™ g et Ot s 4 N0 E S DL TEOT I = AW Pt Nt TN S
TS L P I REL P OEIEPIEAPRSECACETIOGLETIBTREIVNEOIEEOELIEOLOEOLEOLTTOSDTDE
LN B ] LEr L E LIS

coscoscdd

OLOCOCOLCROCLOCOHCOTTOOOOOOODOCO0
1
g

t=~p
cF=~0

(77 WY ROV NE ST UUVIVETNY TT NS ITS NS NS FWTH TRV POIY ¥ LS (VR TR,
SNV LI RLLH~TPALT DIPINLDPDLLIGI L
PUICIH~I~ D D LI~NUNT LI L DT T LN TP e S0~ NTI NSO N =) B0 23 S
Br NP3 § DN DNNIOL O S~ TN NP —M ML TPINOLC DO~ 34
OO0 O UL LTSI IUNT 2ot (1N 3 T3 0= TNt Yt et T DD s WV 2 7 ™
lWOO?nfud009llO|¢LJ33333{11£4333333131)33333u

ot s QN gy T e

POOCOCOTOOCOUCOUOCOCODIA0OQLCOCCCOOOOoLOoOCO00
R R A N R N O B A B R B K N O |
o e o) Lsta b L e L S s WSS W s b s 1S St A M R eI 2080 otk W, Wb A had b b
DANI IONPLALDOVA=O~I T O T ITLISANINAL I ~F $NTOS
LD NO $PD ISP NOSI T ISP DVIAN 143 T-ONDN O BT
[2 Ol N FAUD P P J UM JIUS OO LD~ ONT S D DOV LA~
R ottt r 4 DO e N ANT N DO OOPOC S ~ WA~ s INT 2
1333392233 3I33IILONLR-OA~DONOS OO DDDROT

ono.co--ontuttoouuoun-o.t-ouo--.u._on-L
. !
. _ J

AEF IS AU Al A SR 10 SN S M

2332322231323 2225323330DANMNOINSOWNDNNSNNNNY
NN A "W U AL O AT S TN AT L NN QY VT T g

IR YRR EE RN E TN ER I B A B S SRR S R B I N I R S
[ ! '

' i . f _
B2 N O DO S~ S NG O A L DD P N TN O T M 2D &
L2313 0 O /D10 O ctomt et vt cmtvmt st ot € 0D €3 D ) DEDD O etvmst st ettt ottt SWAN NSV
L DO DOOL GODL D OO DI P P hb b S A f P o P e S A e ]
R/t UG AN NS AU AT N NN NN L (U N A R N

Form G 7756

712




PAGE
DATE

K1Ps

JOB

REV.

ﬁo

Lk

Neoe

‘ Q“.ﬂ.““““b“kﬁ““.’ﬁkS:ﬁb“lﬁlﬂ.ﬁ“““SS““6“Sln““k“55“54431.!—“3:&61«3““3633333“56“kﬁbss.ﬁbbngsg
0““800000000“00000nu00000UA\000000Ocn\ooo000000000000000000000000000600000000000000
AR R A I N A N R R AR R I A A I N N N RN AR XA

COQE~NITHIIT NI I~ ORI NS P PR COTL L ~LNAMOOC S FILOCLCHMNO ML TL DLNND DL —MIUNL i@ C T B NN 2 DN g
DELIC~ NI TNNDM LPAT CLONIDONODLPC T e 3 DDt WP (NP = U F P M F U DBV M SN OIS F OSNINMOA AN NT SM O OMONNMA 3 B A=l
FAFIN S T L TMUN AL LML WNTE et £ NN M oeTI A, D et A YN 0 Nt 20 et ettt N et et DX ot P, Nyttt N ot Dt et A, Wt O Lt (U Vit 3 D e O A8 N
25 06 8000 EOD 000 C00PLEEPI0 P0CEDELE RSP EPTL0PCLEseStENTBERENOL0LINNEOrOOBRESIEIIIELICTESONBNTSDN

L | t (2 ) [ A S ) ] 101 42 [ ] . LI O § [ N B N | hastn te 8

NN WA e AN A NN N L ALTI N L AL AN O WA N AL NS N AU VO NN WA N N USRI
BODOCC SOOI oODIOOID 000D IODDOCOIIODOCOIOOD I DDCORCODODOD IOV DSOITIIDIDIIDACODIOIIDSOSODE BOD
AR R R R A A R A A R R N A R R R R N R R R R R R R AR R R R R R N A A
W) atud t adwa W 3laf adt arladad O add U ud adad ) b a adtie e gt ad dew) ad ad o e A adat o Al adud i ud sl o wd dada e sl el ddi ue dfarad s t&htﬁhfgtting

AR CAI VLS DL LS L S OUNNDNNL DDLNESSCC LTI UL TNC et O CRVOD P~ L ST et T S I LN L TR DN T S AL TE

L DL~ L LA T - et = N NN VNN AU WU NN AN VAT U T ANV NG A WA NIV UV NN OO ] ettt
LIRS ISR R A NEE A AST R B B B A B B A AR I BRI B B S A B A LR AR A B AT I BN R A A AN AR A I O IR I A B L I BB L A A AR A B A B B B AE BRI B U IE BN B B BN N B R N ]
.
FNIMAILIIIIIINIINIINIIIIINIICMNAINIINMINMT IMNIIMNANIONINIMIIMIIMIIINILIINIIITINNG T I3 EMEWDE
20000 00D OVCOCOLOOCCODOOCOODOIOSO I0TIOLOOCODIOO0OLCOCIOOCODCOCCOOCT IO OODODIOOOIODC
LI ) )

L O L U T O I ] RN N N N N N N N NN NN YR

l’ég..vzg?‘!,b’ﬁwl“:’hvlogbl’bUlﬂbo-:dbl]z)J-I-I?‘HQOSAV)._Q,“701491;.(.306.!56141\.1’60))-.0590 badﬂlae‘ni
Nt AL SN Prart s DL IO ONLNND WAt = IN 3TN NF TP NIPLOINAIN OIS IDRAANNAINNINT = T S ANT S D) O™ AN d ol
“EONUISHAVNA~ TNN~ VI L L~~N"IMNLL " T LEOOODLSTINCSTIDLHI DI I LNCOVO~NT M ADNSLS N= ruMIOANOLIDNND NOADN T <«

FSEBRODINLADUTS LS AT IDL I VINT OSSN~ T THN—AN—S P AP LD NI~ S ID UIALA S NDOO— WONT N OIN T OMD NI I
TOLP P Dranl TN PO S et T A 3 (I Yt otD L = £ttt Y L omtert —i $ a0 ANttt (Lt UM T 3 S D NS E Nt NO K P ot e
LI IR B BE NI RN Y R R B I I L B S R I R B O R R B B B B Y B B R R B NN B AR T BRI Y R B R B R B R N N BN R Y B RN BN A R S U B B B IR Y B N W o4
U B I N | ] [] [T T R N T N N B N Y ) ' tIy st : [ ] risseae
4
et ng g et st g ——— N
D2OBIDDOODOO ODaONoDD DD 0DGDIODSINOIDIDITOOOIIDTODODODIIOIDDOOIDODOIDIONDT
AR RAEREA AR R R R A R R R A R N R R R A T RN
ad ot alad e b eatad wiatad shaf st i Al attadadadod afad sttt il wd it ad wl ol W iadad adisdedy we o) 25t & ad )il ) dudatisstad o) 1 sdad alladad
[ e Ly COITT &I~ mt AL T O PIN DUt LR L =P L™ e i F T O LOO~ 1T OM—T I T = IUP COLC
LNATIN" S~ DON~NATNO IS~ EPD LD AN ASAT LI TN TP G ot DN othe DL Pt G I NG INOD F PO
POABTE NN S 3 L ettt P Gt D NSO\ et O X DO DDVL F L FINS O PO O M0 OO D
I®PNEIL DTSN MO SP DDA TLO D= UNI I ~P LOD NI IS DODLR AN E LD OO DL LT
LANSN S ANNAN MM NINANIAN YN M M AN NN VAN D 0NN DS DU S NDNCDONE NDN D S
VANAVUNANVAAN 0 680008 008 88000 0 o aMAMMITMNICIMIINICI MM M ) HIN DEIIT MY IS 27 @ o CINMEII MM I V) G
€ 8800020 e00000COIIOOCOOOTO0 68 65000060006 e¢t0ss800eteststorttssestastsosscssonsssosnsessescsnas

!
I ! ' ! !

14322239332 MMM 3 N M) $ U IO LS AT YNNI TS D7) TN MG M M) M
503555 -0CDD OS2 DOIDOOVODOOODDIDINODDOVOIOIIDCCOOIOODOCOODOVADO DS IGOBL
(BRI I BN I SN A AN I ) (R NN N R N NN RN Y K]
POV O SRR T Tatadit b o W i st b e bt i DAL G s b WA e e AR o b W AR 3 e ik wd b bt WAL EFL%‘E
“MRINSISI L OINNZLT DT £ LSS DT At T APt I NP IO RY ot D et S LA G OO Lt F 33 NP ot
N PFANL LT Y APNAA I LT OL T LT P T IN G L LI MNTPLDNLETL LISTIODOANNIATTINEL DD B fhwen
=~ DINZ TN EHNUND MID I TOTIICDL  TNIOLSNDLSONNLIINIL I~ 1TIE NI =-IUTDS 10U T OIS
LA INDL—ICD AL T LW TGt TOMCI LIS LIL I AL AL I OI =20 A I O Dl
P L A T NLDLIT L MaNTTADES UL L OOPL M- ALTOATNL O 3L INCE0 DI TN~ D=0
NAF et T LNt € 22 4 350 28803088 v 8o NNTHN~ANNT S DY DI eD I D NINA~DNND F PN D DD NS I T es™) ST NG At QPP
4300008 0eDOOIOEOCICODTTODOO S 466 8es 6o e sotos?®sessisesadotsetosasssseeboscssssonsses 9
[}

s aw
! t LI I I A tes VNl LN I I B B B N ] teees

e ol o orbomcbe Gt AU, AU U AUA AU I NN AU AN WO UAL AT A AL UL AR A AU N O OGO
DVOOCOCTOOD COCL Sr 2 3CN0LL TOCCOOCoOORCOCOC ITOIORCHIC” wOLOCOC OCOLCOCOIOOOT
LI N AN A O | IR R AR N N R R R A A IR T )
A A s e s Pkd [FORCITONS PRI ITISIY Y DU IV IRS IO VIRV LU RIVENUOYS [P TYIVY 75 NP0 YU N OIS FRPOTPIRPIR ) e I 099 Y Ty !tFEEtc\ErhtEEE"xE
FENIL-T~\y IS STSDIL"LTAI "™ INMLMINTLANN == ONT ~ 0N T3 NETUDE S ee 4 04 IR N el
WINLNAPLL™ JomSDL IN == SNV PNT 4 i N IT VAV O G O~ HD DT aTSUJIfJOQ{l’S)ﬁ
NLMr~ L~ AUPL AL TR ONTLNODNDONM VLD AT $ BNt ™MD ONT BDOL TL D N

13 g N2 POLLONT Vv T O IP= DO T T L OONT Nar I L S P "IN~ I [ LS 3 mIC N7 LTINS DPOS
LZODVLWLIITALLZ CINTI LT TN P20 LT P NN~ DODUANNIT =t D T O N $ MINM 2 i SN OPe~ X
ettt 8 8 S P B P S 8 8 OB e e LWL AT L C LA AT LT LA LALTLIAZATONV 2 IT IS LI II S IIIVNIY NNOSNS
TP NP LAODODDOCTOCOOOOOTEIC D 66 5608 00 sast 8P 08 908008 sEecverssertronoss sseotsasssdPionsstonewe

POaNT DL~ wNTIPL LA T O L LN TN LS PILNIIDCN T AN G L I LPDemt” MPINONL 4NTI T LT O ST 3 AL e S
TODBLL L L o st GO r - ~ T LUV LTX L LLDC DO € atdArtmtt 2L T CADPLINNLLCOOLLLL ODT T~ QOO et e < Arared et DA
SR S T e s A e N N T S LT 2 f L.l f DTA T FLTE LGALLTLLCTILTOLTI ;S FISTIOIFPTITT I P OAO~
VNNV ¢ NN NNV LGV NI N O UNGU W o J U VRN W L N U6 AV U N UL A ARG L Y OGRS T SN A AR N A,

Form G 7756

213



PAGE

£1£8

Jos

DATE

REV.

Y. £ -

4

hegc(mﬁm (Co'hf)

BY

Raty

Eo x

U,

Nodle

A3 IHNONINMIUNTILS L 232 F LA IMINAADIMNANANL IS T IMIOININTIINALI LIS L L IO T YT TENIML T I AL L ITHTNC IOL S
- STOCOLITL DODOOT O C L IOCCOIOCCUNDCOOOICTOTCCLC L . OCCOL oL OTLCIT . STCCCSCooCTCC SCCCOCCOOTDS
ISR R R I I I I I I I I I A I I IR I A IR A R O IR R A SN A I S AR AR SN N BN U NN DR DN DR AR D IR AR N AR AR L R IR I O 2 I
Al b ot v A dWicw s dalbwd s aibbwbh b wusblraa e Lubaldinile i 2 wd awledw sz ad o sdbb bt atew el o ol b ad o baadle.
AP II T IL CPUNT T It f MNemamn S 0O PN L L™ TN C e P L SN T = DA T LTINS VEMN SO I X P SO RT S
AVELO NS AN =P 200 N 23 A T s Protrmt e L A S = MALNE I S o LT AUDT AT LSS TAT ST P L P L LTSN S ~C RTINSV TS
MIDVISLAUI WO I LA NAADATIVUIT L A= P NPT T AL TR A2 AN IS ILCI AT LT NANI I F OV DIV NASSD PRy
CDONDMS L o Il P L o P DL Ot Nt N T RO NP = L F o2 YT FPUSP NI LT O LD IS T ISP I L SR PET ST ANICTAND L
OFMINGI NI DT AU F OV 4 I =OAUN~F TLNR =IO TLLLANAL T~ S e SAL DL ST DL I = f NP I T LN I LI P OF LIS SSS NI P I\
ﬂ.ﬁJJ’A.r"/QdH“Q\Llwkv‘“31‘«3?31..531675\‘2‘6Q.‘.)-?:I\A.In)../ll&:‘/l\flulkyl)l-l.h“(Jh\/l/’l.l‘l\.ﬂé(y“i\)llgl&\ll.l.llﬂfg
S e A A e I N e R R R TR R TR R A A P R N R
(N D N RN ER) ) v (N 1 L1 K [N e 1

PRI OV U A U NI AN N NN MM B M A e MmN 7MIMM@M S 3 3 3~ T M MINAIUN VAN YV LW NI AIM T e
I 29D0DDICODIDTDVIODOITOIVDIVOTOIICOITOIDOOSDDD TS DC OO OOIOIDDDITOIONDIDOCOIDOCIDODOOIVDILIODIDODD
IR N N N N N N N N NN NN RRE)
Aot bowsa wla ol uad w adw adas s wldWesaitabod siad Ll Al d sl u el it sl s w L it e alle wid aowgda o ada A S aad alata L Juwle b Bl s
DOt DL AT~ S LA P T I NLDLI IO FPIUCE~SMNTEI LML NICIMNLINTT D ENO AL AU SO ONT U= DO VUL I PV =LA =0
PPNV S NL 4Dt IO G =P PIUIPICINSSTAVALILI I X TONIMNG LN UP PANN N QL= WS TN DT ICNDID IOV~ IO Y
NOPNNOM AP TAEDMOMIRAMIPI T UM DOP LIS NT T DVIUNAO LT DN MY PRI PAAAT U NON—L DO I TS UL DRt R N O D =T INED
SR IPNLLI TPV T LT M= NAD N OGS LI QL LU S et SIS S ML I VO I WL ST NLS L 2T AL M AP I T~ I P T =TI
P D LNANETSOI NP P Ottt D PP (NI OL OO O B
fret =t mtomct et vt bt € et T Jr N Ot N N VNSO et O D\ =t (1) DI T O T

.

R R I R R A N A I I I AT S S Y

FTICHP L SOMMFTOODMMOCOm— == SP NP P I DOCT e W= DDODIL LT
P leake el S bt Todutan L tivis B g Ve Tl o Ta b oD B SN SonlaVioh o] N DL e
L I I R R R N A I I I S I N A R N A I A )

T 4LLMIMININIM L IMAITHINNI IIINONFINMIINNIMNNIMIIIIMNTIINNIS 1IMIMMIMIIIIMNIMIIIIIIINOINIIIINIINI T IING
Tvooooooo0000000000“000000000000"000300000OOUOO0ouOﬂouoooooooonﬂvﬂnoooooo00000000000080
tte e ittt ettt ertr ettt sttt dstiiriteetrrreetirititeettersrretatrteegeeeets
b W adlakad aho ot alus ol & wdluedie. W u actdudadin wdudud whan b do adatdwleRed 1 de el it ad A diad ad b Lodt Wl oo dd Wt oy ad ad s i ae Sl e Wit of 4 - Wl atuliatbad afeAni-
I N~ DLNLCIF LI~ NEPNAULLITONOID ITXLI—~IIFSLN~MT™ NT I DLSNVNIOMSIMP OT NI TOINI T TIT VN LINL S AL Ot F O™ OL

2O PO~ DL SOUNLNI~LLINO O~ LV L AT PN TN P~TNL OONVI RS DARNSTANURNT MO St Dt TN Yt UNO DT G-I\ £ VT
I ~SOPOCT FOCNIPTIOON et DIO~OPRT DOLM DAL NP UN=NF I TDO LT~ TNDIMODDIMNDENT =N NP AN =N LNDF DRI ONIDINY
LIPSO~ I LANOD Nl PN S U D=ODMAI O I NELIT SHNANN TOOT F Ot g N P A= DA N0 (e G P 0 S N WNHTD
NDNO OO UV S I NAPRAUNDM = =AM~ O NINT S OMTDUL~IDN DR IAN VDA ZLT O DDOM Nt SN P aMIDL M L POt $ IJT UM Dl mn Pt LS
1\ D) et ot ettt vt L OO ot \G 0t ot P NGTY TC et otomt O st G, O it o P gk et smetfiom (NP7 L, ot ot et P mthomt () 74 T ot 5ot ot n PN A ) P et bt 1\, (et (Y TN et ot et ot P P PO e ot gt s et ) ) =t NI F
B 9 T 5 &8 0 4 Q8 VA0 OGS OSSO T I B ECE S OE SRS E RSN PSP NN SRR TR PO L PE AR PP EP TSNS

ottt r =g P i P T B — it ket
OO0 DODIODIDODTDODIDOIOIIODDOODIDIDOD/IDIDODVOOIDOTIIDIDVDODIDIIDDDIDSIOIODIDOIDOIDIDDILDDOOND
2 20 2 T S R U U 2 A O T IO DU O T N O T TN U I N N NN U DN U Y IO ORI T O I IO O U D DO IR OO O U IO B A U TN A N AN O O ORI I OO A B AN NN AN RN AN N BN A A

Jawdwlalatwl ) Oud adudadud abadudad o, Jadudwiwl D Pl wadd g Ut Ut ad ) w U ad ol ad wdwdue afatad wd ol whadud uid wd o o ) ad adadad o ad ae dedetds

T DNt L F LA~ LTINS DL MO ITMIS et YO CEIT—TL 3 IITCTNOIANSL " IMOINPIT LI NG NI~mINT LO~EOT~IOVCAUNTE

T I D D
I DELDLIPFPTEI APV LD T TODCVDX LT DL TN A TOXTHRTSNSNITIIIIIINANEDSINCNAL L IS ITET ST NNNNINMY
NIRRT AU AL N N U U WYL VANV U N VA NS VAN UL U NN AN AN NN N AL TN LA LA VUL U WA WU AN NN N
0 08 S 0 NI PETISCLLEENCED ORTAESOLELOND TN EOE0L L EOTEIIEITREI TTPELIILIBESCELE VLSOOI OIOESOIOTOIM

i . ) |

1 734 M 7T AN MMM M IO M DT MMM ) AN IR MO NI DN NI 0 1M M 0N M 3 W
200DIODODIDODDOAI DTV IOV IDOOTINTIOICTODTLIADDODOO OICOIDODODIDCOCOTIDIOOOTOIDDIOICDOSIDDDODODDC
LK S BTSN S U B U T2 W U SN NI SN I RO SO U IO A AN OO B O U TN O DN OO DN OO O IO N O NN O N NI N O N TR U U T IN I N R T R N N N R BNAN AR BRI W
ﬁIEEEFf.tb.L._r B Ty I U L Vo P U T Ly B Ry S LF ¢ LY S O e I S R i B ol T N S VR TIrY I Qe s DY BV S V1 T FOTOVONE Y| /T ISTRN SV Sy | TR I PO T IY I
CN=DNMOL T~ AN LODS DOt Ot LT L FN MUSLND TL S OSNRAICNT I~ MNIIIN IPPI LY O FOPL T NL St D TO LTINS
CIMRANNAT AT NN S 3 L S CALNSDR AT ~ATAT e (DR ITTALSNA SN NI S ITNUNCY PONLIT DL T L IL 2 2L OT S
FODANLML D L NN I L INNIMIMNT—~DNDTRINIDIMNNEIFP~ZIN =D IVNARDPI NI ~DPNINN PSR IDCDVTNDAU L YNNI TR ¢ 3 =D
LI OO 2O N D Qs IO T A A DLER =T P2 O L LT ANt I L om0 T LI O mafmt LTI Coomtle A~ A, L L~ L 2O ML " ONSET
- N DOVt T O LN At I L J Dt Lt GL P Tt LI Ot PONDY NI LIALNOY OFINMOIC EGOIUDOISE TNCOLTITLOL TOOMM 2T NS
MM O XS TN TO e Pe D F et L G P DD TIP3 eet™ N O P T L OGP O P BN Nt PP omtrmtent 3 F S Pt 1 N AN Ot e O Yt
LA I A A IR BN B U I RSN A IR BN BN I R U N A I B B R Y IR A AR I N B BE L R B R B N R N R N N R B NI N Y I S BN A A LR L B I N N RS R R B Y

LN} [ S NI B S B R ) 1Lt r g LI I B O B AN e fieres [ ]
t t
-

-
N WO AU AU AU U A U A AT AL AU AU I NS A AU VAN, AU A PUAUOIOU 0 UG U AU AGATIAL IAG AG ASN A OU IS A A 00 A0 N U N AU AINIA,.
B T o e ey Ty e T ey o e Y Yy o e T e o o e o o o Y Y = T =Y ST SR R S o e v

QPPN IN T A NN e PO LMNL DL MDD R OT P NNL T LA N T Tt P INT LSt " O PO O PO DL M OO PN
e 4 O OL L 2 2QRNM P DMt S L) G DT trtfre NP GO~ G L LT O MO PP PP O MMM DL 3 DON AVOP NUNT I DO N DO
LN NN L O I 33133 TSI I IS I IO IS S0 T NLON P M IO AN P LSO N S I IMMMMIT 3 I3 rnNole e
L A A R I I I D e A R N O N A I I O O A A R I Y Y

i | ! t
| {

% O~ E N O DB—~NCH $IN O DR~ S UL TN S NOA-BT Q=N N DMLt YN SN O D D= IMNS UL D= N 2 G T DM 2 N DS Bl
T Dttt bt -t ot 1 gt (DD DI O 0D (D EDCD ottt r=t it st rmr et DS UMW L OO NN L O L L 00 L DOG OO DI Dt ottt ettt et P N AN N DDN O L DB OO L € LOOT
DOAIOODIDADIOD Lo T Lt St Lt T o e Lot ot St ot ot Lt St T Tt Ut L Lok Tt A bk .t Wt St Sasme Jor Lok Lotamtantnt A A1
TN T AR MAMN AN MMM MM O I OMM MM MMM ANT MMM DOMM M TN OM OO O O

{ | | ; !

Form G 7756

214



PAGE
DATE

K 1 PS

Jos

REV,

(Cont

Low

\

V. &
QBQS:O(‘M'\

BY

/zof*y IQ‘

Poh

Lk

N ode

EISIIIIMIIIIINIIMIIIIILIIIMNIIMIIMNIINI I LS LS IIMNS IMOL I ANNNDNNDONNDNDNANNNIDNONL SRNLE NS NINDO DNSRN O
2ODOOODCOCOOOOOLOLCCOICT -0 looCOCOOCOOCO00OCOOOCOUCONOOOIDCOCDOOCLCOTOCOCTLOCOIIIC O0COO
RO R R L L T I O O O o O O O T T O o O O O T T I R I ST O T S I TN T IO O LN LR I O O R O L I I B Y |
Wi 2 L WL AL 0wl wwia o e Lol Wit Wk Wbl b, adt’ e Wl Wilu bew e sAdaie b b bib e wudtc b f bbb i wilats il b ldtindic aliat
NNt X DAOMNPU TLOAUAS TRAAITNNT 4P LANPICTN=LOITN S POITNU~S LN ON=NATDITDCONNTIMO L trr At = H F O\ O S = 3 N IO M
FJQOI:,VB-IRZH-IS»Q I SRS L T L0 OIS LS MO NI SO =L I N IO IS LCT I SO INILNAT T NL L L =LV O
NDLrme ~ PPN d Gt PN T PD DL VLA T PADNDT I AON U LI OO UT NV N I I L OINI IO I =~ I IOV TTIAIS S NN =TN
WS NT VO ITOSITNT " ZHH,IlAu.\N. AL =mIONCLLIACMILONOTIT NI NG CDMITATAIIOP~ T LN 2 O NT F I = FU L I
OO DNF~-OIDINIMILILN—ILTONISL SONST IS HNIDLITLNOS TN I LI D DT~ TOO—SONLOFMINDITITNI ~UNTIIVNRINMNNO
SONANANI N 0 DN E X Nt T Ot et U N et F Dt Dot PN F OV T omimet FAN 1 ) Dt 0 F NG Tt IS N DD NN RN el N 3 I VN O g MY
?auono-o-conc-on..-noc"ooo-oo-aoqnouo.ano-v-n..oo'oooo-o.--cou--ooo..-ooc.oacuuc..
] [} [ 1 111 1t 1l e (IR} ] ‘1 e e L3 L] L]

ICIKNM MM IO MMM MM MR N TN N T MMM N A MMM TIM) (M TIM M ) )N N A 0 I M) M T T T M ™
OO OCCOITDIODOTSTCTSLCIID TIOC 20BDSVOIDTODIIOIDVIIIDODOIODITOOCIZOITIDOVDISIDOOITIDDOTOIDOOIDIOIO0
w.—--..-_——--.-..-...._---..--.--.-.-.-_._._--_._-.-.—---..---.-.-.--.

dodulwa dala s vailJdwlew daba s VU el U 2t wa s callluiwaadue e w Wl Ve aal s Jul wWadwwda Wl a dasdald wosdat sl ol el
VAT DF -~ YDANNIL LD =I 2~ POV LS TNDOVL =MV TTNNAL et PDMP 2SI AT I~ LT DVLINI T NT IO~ FOL IP~—
PIXTLOMOID~—L O ~ =~ L= MR LI DOTTTALNSR LT INDL DL N~ TAINNN~OFNNI TSP ANVLRVOFLINDO NS LPINNX I DT 3D
FINIIIVN ST RIONF AT DN NN P PDOVAINNCTS~NA=LT DO “DUNAAADL LIS Tt L OSSP LR NND SN ANl N
Gt OIS D DAL I =L LLANTITM I~ I I I ILNILS TS A0V LI T LISINLTOI L O I I S L LT O D WS D NNTS i) 3
LOPLA T IMNCOANDONDIDLICT IANM Ao IR ~L L Ly QPP RPSLLENCCO=NUNDN Tttt F P L LN N D CVrme= A IR L L™ LG L = I
rTNIIY 04/431).1-().554/04,«3314.44.».3“.bbh.h..)bbJZZ]v;l\?x.!j“-).ﬁ,D&bbbbbk/*h“éQQ.DA. OSLCNNELNLIIMINLITINSNCCOO
R R R R R R R I R N N S R N A N A A A R I N R R N N N N N N N AN I AN A A A
LI A |

-.-_----—- Ee e bt r bttt gt Nttt rortert ettt Aottt e N

NI IMTIMMIEIIIIINMTTITIIIMIMINININIIMMINIINII IINNINNI I NAINNIMNNIIIIICINNLINNNIMNNINDIMII LIS S S
IO OO OCOOTOOODIC SDS IVDLCVLUDOTODDTIDVDC COM0ID0OD DS ON OO0V IOLOODOLTDOOOOCDOLOCTOOOC DIOD
DO JRCRRU S U 2 2 2 T T T T T I A U T T A DO T U T T I I A DO IO AN DO O DN U DN U AN I O AU DN T T I TN U N AT B RO RN N R O BN RN N N
Ut shdad U it ala warw Miw e bW oadate Wl Ldeies wilt Wada wlaitdadi bl et st b g afli autio s adad e At M all) Dt ot e)
FLO~LISL=NAND LT PP TI L PLN =T S P L= T TR NC UL AN PO IO DNUNVTI P I DL ~L DP LN OT MNP I VNPT~ OO~ ALIOIT$ —~
T..377I.9.O°,“H'Ir791 TLD—t Rt CLODPN NN TN AC DI RSN INIMND NIV N~I S DDV UMD LONOD VN DA~ D DT D AP~
RV s D e ™ e 32 UT U DMV .‘AJHJQJ5(9680_‘1;().b?svhla\.vbuuﬁl.ldzo DDDWAND N, TNIDLY ra s B IT TNND2DN S ““76 TN
TNINLCN- T OVDD I OI~

NOAISUT =N FUVNT PONHL TS IO~ S F P D INTMANSNOHN LT =0 T T INNS NAMN= U P D DT XLV OMT Mot
F = ON NG 51.:“&)_ N E S DN St S TN TED N = SN e .zﬁl.b./:.LJJt\bgh2“375150“0}6735)«5’“13 PIAINT T d NI D
———— N ~- C (NS et Attt O Pt D e O NN~ L NN~ AN et et DN N
ooc-o--.o--.--coon..-..cc-.ao.-o-.o--c-oo-o.nu-v-oo.o-o-.onc-oaoc.cooooots.o

[ ] e tiintard 1 L [} L L ] ¢ s L}

.

ot - ———— .ttt ot otk ot 4ot et
\UOOUUU\JOUUOUOLUUUDUUULUUUUA)UUUOUUUJ{\UUUDOUUU.V)UJUOOUULU.UUUUUUQUO“QUULUUOOUUOUUUuuouoo
LINL I S U O D I IO T D IO U IO DO O O TR AN A OO TN D AN N O U U NN IR IO O U I I O O D RN U I D IO D DNE IO U U I U A T O R N U R B O I RN NN
e wd saldead bt oD ddatuib Ll d J o e acas adwwJw by W Watuiwtw w Dl sdasa)es s da aia st dadusadadad ad ) i wd il o 3 dadwda. Jedat
TN AT INI =T OLSTIL A ~MSIT I L IPLLOS TN YO PCTOD=T 2T 20NN O LT =i MOL L N LA NP O P TN ™ (D N ff T g
DONPAN T —=OCOANMN= DO IO LT L 37 LRI CINT N~ fOINITN I N ATTADDUTOVUL TUNSTC 20 10 a" P2 3 NOSADSDNNLET SO~
LALT P~ CNT LM ~NLNNU~ LT FOONOCD O PAS L TN~ SN I~ L O=NUNTO I T S N BN~ O
T3 O DOArtrtrdA— DT NI P S P L ottt et = NI UL DIOD NS O A DS T L SN O AP P O LS LS ELENDF TP

AN AU I MM T UNUNINNN CIVNAT NN UL VNN YL, D000 DD DOV D0 DODOQCORI RO I IEIR I RIIOI D>
.‘.f./-\/)))L'C).-‘(./.)._-(.C).:)-‘f.t).)../..:/.)t./.(/).)./.__./J..f./.c):(./ne..z_)u).C)I.Z\C\C-()_.C.Cz.d/.{/Z-C‘Z./_.()../.).
0..

L I I I I R R I A A R I R I I R R I A A R P I S R R A IR A I I A I I R I IR I IR S RSP P I B B AP P S

?3331..33).2?2333‘:(22?/J]BIXJ).?.().33332?222333.’723).2\,33\.?23823~J.J.J?)_222333332722333\.2222?33
PVODDVIOTOVIDOC D .IJ0DTOIVDIIODVIILDIDDOODIISIIDOOSIIOL OINVDOIDVIVODOIIITTSISOLIDIVUITIDITIODNILIO0DOCODOOD
LI I DTN IO N SN 2 T T T T I A T YRS T TN TN TN 2N T T R I NN IR N AN TN N DN NN N U IO O D DN N 2N N AN I NI IO DN T T A A N R IR RO A B A RN A
- Mo w b i ial e sl s wade L bl Wlaia A U ettt fe e 3 LA J e M il sk b b ek e b e b i e i)
NN T Y $D LNt NS AN IRt TN 3O« PENUANNASTS 0 LR L~ DL TN ISP ONT CLONSCa S SN IO LSO I PSP O™
=SNG I TIT T LTDL0 L PTANLINDTD YN A N P T (M J DR A Lt T P 1R Y LATCT AV IL T I I LT INTANL LIS LT AP Y
SARTIY TN T M T~ P LW ADTIN D AL T DTS P MM NI PRI T R T LDV ONT TN~ INNHTODOMNIP TN NTNLIT=INTLOS™
SO LIS SNMI IR IC—CT SN RO TLO CTI T & SO mITC A e ST S LI O TILLN L DPO ~OP LS LA I TN O AL
S PPt P DO ~ DY T AT T UTNSITMIT DA AN NAY SN S P TNt IS 3L U NI N IUI LIS 2T LN NINDOS
b P R e B e O e e o Lo W, VIV ol G PR N NT ~— NG e AN rdege~ e AJOUI et ot et ot P N\ A P ot o g ot ot TR NS
6 0 € 4 4 0 8 00 W e 8 B a4 0606 A e s 0P E e S EAL BN St AL AL LAV EIEIOSNOLLIOLOPSIOIOERELEIOLOEOGOIOIPOSIOERNSBOLOLLROBEETS

1843 LN I I I B | Ttrasttae tEs1 s LI NI I A B A ]
|

2 O OO, AU AN ARG A A N U UL AU A AL LA R T AR A AU OO AL SO A A U AT AT A AU A NN U AUAL NN U I T O N AUV Y
~ODVCCUVDOCOC COLOCTLCCOOCDLI - CLIIDCwEIET O CCTCOOLILD LCOSLOLELOOOOCLICL COCOCOOOILINLOTCIOS
R R R R R R N R R R R R R R R R R R R R R R R R R E R A A R R R R R R A R R R R N R AR
JWaRLa Saa w b alaitue L e dt wlt b U woliow weada aa aded g o couteud s 1 UL wwuluibibal Sl e bt e e w ol L L Uloewwle wlaess !
TLACSL LI DTS 2 2 DNIN oL CralL TN TNININT CIONR e YOPJITLOSLNINETANTT =P DLl " FTI LN DN~ —D L
FHAYIN G S DD DT DNULGL TSN cONF IS PO S MTLNOTIY Y 2N CTINDID L ANLS DA DN T L TMR O DT NI~ 72D
BT =N~ T LS FT 10 =] — DRSNS, " ANSDI =P L AASDN=NULNT 7 " PFONINL "] "WANDoN INTADI TS LR NNCNTTND
~ 2 SLC T T £ W OIPCTIT N i7bol30611£9“730!90071701.2.&/%).-/0#}69\u IO~ E DO

IS INVN It It NN L et S I I TS P LD ST e T LD A N L L PSS NDS L LNONVSN N LT WA = AU S N ST D
- AT AN AT O 13 IICTOCLNN NNINT Y Y S L d 3 IO OIS U T DS TN et T D s AU AN

S 4 5 85 8 2 08 8 6 9 0 S I P S B A S PSP OS BB S LIS LLN et A AT RSP PS0CSE SN e e e e NEr R

FOL2 D=\ NN~ M DL - T PO A e NNEL L TITe OIS L - NI LG UM I NS TN Y ALT IO T IS LT
IITOO Aeaten ca—m A TR N S O A Y R o i T o = L= JUT T S S S i TN e S B e
ThnNr P ar ngs Paler S G - Ay N LT 0 ToL L ad d L L L a~ralmmp, m N an it rr~ATLL?T CTI - TZLLLDTTY
R A PR iR A N i ake tealed adiad] T TN YT G Y SICIT Y W e e () e TN T, e

i

Form G 7756

215



http://Xl.iJ.ljjJ

£yPs PAGE

DATE

gy __ V& - REV.

Pee
<

—

BLLert KLDewr HNONer— x:nx:gz»- LA Terr DX Der— TIX,
—
-<N

i

%dme g\\reues =N
e %ec\ﬁﬂ -H-N&iv\ﬁ

SAIDIEIA ) - et e o - ——— -
= NOD[S: 212 12 n?'ﬂv 513. MATERIAL= 1 ARtA=z .167 SYC IC.TIOPngxY’ 360. 3“0. PQf?SzNF Yo
. . Ld . . 3 N ale gty
SX.SYsSAvs 857, 7154, <=les2, SMAX¢sSMINsTAUMAXE 6 b, 2377, 1678, A-- be vz HAGP,
SXeSYeSAY= 370, 6237, -3333, SMAXeSMINne TAUMAXE 8 65. 18ac. Junl, A= ’.Z VM= o005,
SXeSYeSara 3884, 9321, =322+, SMAX e SMiNe TAUMAXE 1906, 1299, 3303, At-36.7 VM= 7363,
NODESS 213 313 Mgl:y 5%# MATER&AL‘ 1 ARtA= .18715vc zc TTOPilggl=l°340.7“géo. PPF%S:OO Oa
= -0, 0 = Coe * = o s . M
SXsSYSXY= 7044, ~666. 3028, SMAXsSMINY T AUMAR= 9107, 259k, 3055, Az 55,7 \M= #1725,
SXsSYeSAY= 6600, 3neh, 3082, SMAXISMI e TAUMEX= yola, 1861, 3312, 8= H1.0  vws TRal.
SXeSYeSXYs= 6155. 3i6q, 3136, SMAXeSMINs TAJUu K= Ki07. 1114, S, A= HB.]1 VM= Th1J0.
NOOES=z 214 814 M;l:y S;? MATERIAL: 1 QARtA- .ld;%syc sc TTOP.T:gT: 3A0.703g0. 996%%:(0 Oe
= . -0 . = . = s -o 3 oy
SXeSYe5xVz  =2335.  anthe  1068.  SMAXSMIneTAUMAK=Z | a700s  =254n.  3a34. AR .4 vME (306,
SXaSYS5XY=x  =24lA, wallh, 109¢, SMAX e SMINS TAUMAX= w881, =2597, 3159, Az A,9  yM- 391
SXsSYeNAYE  ~24bJ, 4209, 11aa, SMAXySMEe TAUMAXS L4459 =090 Jubede A-  Yeu4  VYMrT trAlke
_ NODES; 215 815 M%lav 516 MA1ER6AL- 1 1AKLA' 0.18)7( SYC 2c= YIOP.TBY = 3«0.57330. PRF?S: 0.
= L3 . ’ = e ok
SXvSVOSX;= Lidy, 7016. =3737. SMAX +sSMINy TAUMAX= 4832. 2056. F1-1-1-8 2«17/,0 VM= 0951.
SXySYeSXY= 4aBd2, e215%, =3604, SMAX e SMINI TAUMAK= 5055, lo4¢. 3706, Az-dg) ¢ M= 2356,
SXeSYrSXY= 4yys, Swlle =3470. SMAX ySMINs TAUMAX= Hebb, 1271 RLER PN A--J:. /M= flaT.
NUUtb; 216 le M;liY siz MATERSAL: 1 axvka= O.IH;ébvc ZC=YYOPg}§31= Jﬁ0.37Jéo. PNF?3=0( [
= . =l ’ = . ) . . ] P 1. T4 . PR
SXeS8YsSXY= 1354, “5ed, 3282. SMAX ¢+ 9riINe TAUMAX= 9521 2383. 3569, A= 56,6 VM= H&AT,
SXeSYeSXYR 7001, 3594, 3301. SMAXySMINy TAUMAX= 9049, 1656 3697, AT H¥4,3 Via H336,
SXxeSYeSXYE bbb, 2A40, 3il9. SMAX s SMINe TAUMAXE 8571, 91/. R1-P N A3 H9.,9 VM= Hibl,.
- kOOLS; 217 317 M;ng Sl?: MATF AL= 3 UAHLA- .)87£5YC ZC-TTOP;§7 T= 340.1‘230. 9anx:,0 0.
- . . ) . ~eidit o
SVeSYe5AYE <2275, “-yo, 1358. §NAX,SMAN-‘AUVAx= 4779, =¢2940. Aesl. As 11.0 fudd,
SAeSYeb Y =2l w3l 1d5]. S5MAAILMIN Y AUMALS 45158 =Plhinr, . AR Lll]l Ve POy,
SKeSYsSKY2  =2309, alln, 133%. SMAXsSMI Vs TAUMAX= 437%. -2633. 3506, A= 1le? VM= 614,
- NOUES; ’la 31% wi%iy Mg;_ ATERIAL= 1 AREA- o.ld &bvc zc:TTOP;B??T= JAO.lsgsn. PRF?QEUU U
- - AN e ) = . v . a
SAsSYeSxy=z 47195, 75, =3292. GMAXvSMlN'TAUMnX‘ Y156, 2417, 3468, * AzeY5.8B VM= HG)10,
SASYedRY= @275, tlay, =J4231, SMAXySMINsS1AUMAXS B5/Jd, B4 (. 3163, Ame §n,9 VM= ruls,
SxeSYerkyY= 3756, 5314, =3l06v, SMAX+SMINY TAUMAXE 7798, 1272, 3263, z-4,] iMz 12466,
- NODFS: 101 51 Mib&v sg$= MATER&AL= 1  ARbaA= .suggoyc zc T'O?q}ggl= JkP.bb;?l. PPE?Sin .
= U, . y . . =0 . [} = . . ¢
SXeSY9SXY= -2, A766. 103?. SMAXsSMIN TAUMAX= 4982, -2}5. 2599, A= 11,7 wvm= 093,
SXeSYeSRY= -954, ah&h, 854 . SMAXsSMINsTAUMEX = 469he =10%3, PLEEN Az H,6 v~z 53720
SXsSYebXYz <1900, 43603, 677. SMAXeSMINY TAUMAX= 4el%, =1970. 3207. A= b,1 VM= HYEBY.
. NODES=2 151 Sl M;SLV 5;%_ MATER]AL= ] DAREA' .30; QYC leTYOT'}g?Ts 396.613?6. PRE ;55 0.
—Ja A . = . hd . . .
SXeSYeSXY= Zhbé‘ 9227 -64137, SMAX ¢SMINe TAUMAX= éavo. -H0/. Lgal, A=e3o,.] 1921,
DXsSYedAYSZ 2099, 5133, =6213),. SMAX e SMIy TAUMAXS 8113, =HH0, Li9n, Az=35,]1 Vw= Hmenle
SXKeSYeSXY= 1743, Y039, =4029. SMAXsSMINeTAUMAX= Tiau, 967 4353, A==13,9 VM= 5267,
VODES; 351 ?01 M;OL' :;}3 MATERéAL— 1 lARtA= O'JJESOYC c TTOng??TS ban.7,g:6. PQF§9: o 0.
= -5, - . . . . . = . . el
SXeSY+SAYS 4591. -uFuT, 4295, SMAXeHMINe TAUMAX= 4rale =-459% . 64ld, ==f V= )1l3(7.
SXeSYabrY= 3983, -6294, 4243, SMAXsSMine TAUMAX= 5508, -1H16, 6664, 7 VM= 11849,
SXeSYeSXY= 5375, <«bb4]. <~419]. SMAX s SMINs TAUMAX= 6/83e =705« 691, 7 Vs 1]198H,.
= NODtS; 104 iSh MQS;Y sg$= MATER]AL= ] UARtA‘ .Jdbéoyc Zc‘TTOP;EngS Ja?i 32?2. PQE?S§05 D
. . . - - A . . .
S5XeSYeSKYSE =399, 4576 160. SMAX +SM NvuAUMAK' 4689 . =517, 2601, Az H,5 Vs G496%.
SXsSYeSXY2 -781, 4517, 126 SMAX s SMINY TAUMAX= 46574, “ATm, 2776, Az fef  VM=x Sl6Y.
SXeSYs5AY®E =]lb4, 579, 092. SMAXSMINY TAUMAX= 4661, =1246, 295G, A= 6.8 VM= 5343,
NODL S B4 354 w54 284 MATERTAL= | AKbA=s .30 0 TT0P,IBQT= 400 4Q0s PRESS= 0.
s NODERT 1 3% Wiy, BRYa 0% 0 92 veozce' 1993108 00y 7530 13300
SXeSYsSXYR 2439, AMdPle =4369, MAX ¢ SM NvIAUMA = 819 g 67(. 453/, Az-37.2 VMS KH6OY e
\XybYngYt 2150, 4B, =ac2!3. MAX s OM N»YLUMAKI 799 =974, Gatla, Aa=B6,7 Vun HE 6,
SXeSYsSXY= 1860, 4860, “4177,. SMAX s SMINY TAUMAX= 7798, «lU7F. G4 3, As=1%,1] Mz HRY .
NontS- 354 ?04 Qs 654 MATLR&AL- 1 ARt A 33540 TT0OP,1H0Ta 551, ?51. PR LS 0.
a -1, MAsMY s HAY m -y, 02" KCeYCoLCm 3911 AT
SXe AV¥e 3687,  couGNe 6404, MAK Y SMINY TAUMARS és/{ -053 0 ente, “Thesko,9 v H812e
SAs iye= “UMbe =631, =4339y, SMAKsHMINY TAUMAKS 66 7184, 611s, Az=70s1 vMe THS
SK'SYokaa ©220, -6173. “4lTS, hMAAvaLNvIAUMALI PYET4 -770f . 6/, Ame ), ) VM= 116906,
- NODEb; 107 657 ui”lv 507 MATFRBAL= i OA«tA- .JHSEQ e lc.TTO?;bzgY- 3&?. 8~2. L 870‘ C.
- , ’ ? *la . g
§x-§v-gx§- 30%. 4579, 6139, SMAXoSMINvaUMAt- 4673, 09, ge3e, B.g Mk H9T¢,
DR eSYeINYSE ©0]. , 0976, 642, SMAKySMINe TAUMAXS INEN U4, 2186, AI 4, Mk uhen,
SXeSYeSAYS L9949, LhT4, Ohb. SMAX s SM1N s TAUMAXS LY AN “0Ve. 213/, Az H.,3 VMs wanla

216 Form G 7756



http://bX.SY.5xY*

A3

eff

Joe £ipPS PAGE
DATE
BY Y& REV.
&?@\ ¢ \ ‘\'\SG. s ohes
HE ) TAeNtean R KNP AT IO - it SHMAAISHM, ve L AUMAAS Bl -laY,e w37, ARGty | vz LYEA'TY
ML) ST SXebYebave Joud,. 2040, =6bl6, SMAXsSMine TAUMARS 8Ty, =147, L4l ARBeb( .4 VMs LLEDN
WO STH 9XeSYebxYm 3670, 5030, ~usb], SMAX s SMInsTAUMAAS 4B4b . =144, bhge, Ame6(,6 VMW 8917,
ELEM~KIAJ_ Nootba 3s7 807 M??ly 323: MATER AL- 1 ARtAt U.JJSZQYC‘lc=TTOQ~ngT- 549I “239. P9E52;50 9.
. = . U . - =le . »
TOP N1 SXeSYebxY=2 9719 =023k =450A, SMAXqSNINcTAUMAX‘ 7212e ~-HI13, 512, A=-7i.9 VM= §319l.
MO NTR SxahYeSyYs SaRY,  —onTle, =4932, SMAX eSMitve TAJMAX= 7177« ~BO6F, 1622, z=71.,8 VM= 3¢10.
AT STR HAeS5YedXYS 563l. =Anl3. =~ubdH, SMAX ¢ SM N TAUMAKS T14l. ~8123. 71633, Az=T14T7 VM= 1322%.
LLEM 1)y, NOOE3s 110 60 8 29y, 8ivs MATERIAL= 1 pAKbA= 038320, 0 pc.TTO0I0NET 2i. 9"" PRETR 0 o
N e = - -Ce v . = 1
TOP 7w Sx.SV-&xvx -1587%. 4. 739. SMAX s SMINeTAUMAX= 47ll. =1674. 3192, 6.7 5734,
ML 51%  BXeSYebry= -}LJd. «aux. 185, GMAX e OMINeTAUMAX= 4746 =1237. 2991, A= 1.6. VM= 5670,
BOT TR 52 eSYesxYs it 4658, #3l., SMAX e SMINe TAUMAXS 47685 -303. 2790e, Az 8,7 VM= 5233.
e Tl wnnfr; 160 ?so Misav %;9 ATER AL— 1 UAwthz O'SOEEOYC ¢ Tro¢-$g?r= 379.613?9. pRETS;rs 0.
NV N . -l X ™M = - -0 . ] = =1, -a o7
T, SIW SR.SYeSXY=2 lavw?, w499,  =4194, SHAX s SMiINY TAUMAX= Trese =l327. ah29. Az=34,0 VM= Buhb .
M0 HIR StehYebays 1926, 981. -4 309, JMAX!}MIN’TA)MAX’ 799¢e  ~120%. 45749, As=23,1 VM= B618,
JOT S1R sXe8Yesxy= c13%. 4962, =od4lb, SMAXYSMINe TAUMAX= #4188, -1091. “h39, A==36,3 VM= BT84,
ELE A \QDFS; 50 ?10 M§1av 3§$= MATER AL- 1 UARtA' '33?éovc 2¢ TTO?'IT?T= 549, 7329. PRESS:BU 0.
‘4\! A - - 3 . . . . \ = - - - *
TP QST KY,,GVaSxV= 3990 6013, =~06326, SMAX-SWINv’AUMAX- 5639, ~=7623. 56148, Az=69,6 VH= 11603,
i AT SKeaYerwvs 21Ty  =bl92, ~usQl, SMAX 9 SMIN TAUMAX= 5439, =IHSt, 6663 Az=bH3,3 VM= 11577,
LI Al nYenYY SbeY,  =63ll, =~as?5, SMAXSMINY TAUMART 5267,  =HLU]. 6680, Az=hY, VM= 1lbob,.
FLEM 10] \OSEST 113 163 Mide sg% VATER{AL- 1 OARLA- .JeiéoYc 2¢ T‘OP}§§87= 347 33~2. pRt?Sins 0.
X e Y = e - = - v = - -l
TOP STe U ANMSYesaTE <1395, wead, HO3.  TSMAXsSMINeTAUMAA=Z 4577 =150f. 7 3038, A= 7.7 5683,
MID STk SA,SYebxY= 59, 4660, 929, SMAX s SMIs TAUMAYLS «801L, -1S0. 2175, A= YuH VM= K216,
AT RTIR SKehYasyys 713, GALP . 1055, SMAXeSMInNe TAUMAX= SQ43. ~l&. 2934, A= 12,3 VM= 5051,
ELEM 2N I L) ?h) Mib‘v 5“3 MATER Ale 1 AntA= 0.30220YL e YYOPB}ygT= 3961 7335. PPE?S=55 O
HY e T ta ‘w ) iYaMAYS - =0, ] . = =, 13 =1 o2
YO ST sk YeSrY 2 ¥ < ;H“?. -3929. SMAXy:MzuylAJNAX’ Tall, -763. 4117, Az=36,3 VM= 7880,
MY e SReaYetrYs gt b3, =ailfl, SMAR«SMINYTAUMAX= 1823, =731 417, Lz=31,6 VM=2 Re13.
B’ LT SYahYenrrs 2133, whtsd, =@ldsa, SMAX s SMINs TAUMAXS glda. ~T06. 4abb, Az=3B.9 VM= 85460 .
LD 1.1 ASRSE 350 313 Miiav age_ MATEﬂéAL- 1  AKEA= '33§20YC'1C=TYOP§Z??T‘ 53¢ 2?85. PRES§=50 0.
LAY PR A4 L . . . 1 A i =Co» .
TUP +Iw RN fahAY S $990, =LAaMl, =4433, SMAX'SMJNsYAUMAA= 7231 6154, 669Y, At=hyY,3 VM= 1{60&.
M1 TR MAGSYeNAYE Lun'l, w0, =Gadl, SMAXeSMINY [ALMAX= 624h%e  =6H97. bbb, Ae=hld,2 VME } 204,
[CAR N B Y KR TS £ 336, ~H133, =4uly, SHMAXe UM Ny TAUMAXS $26b6e =~1234. b0, AB=67,0 VM2 0R77.
[N '143 :L‘Fa: 1ln $Uh Mihay Sl?z MAIEn%AL= 1 UARtA= .38;§0YC zc IYU?-EQ81= 3«?. 73)&. °UE$S;05 0.
N = ETUN -0 E - . Le ] = . .
o ?:" SEehYebYrz 3. Ll}f. 7). SMAX ¢ M INe TAUMAXE 49N, ~hbte pabl, Az 11.5 VMe 49462,
S S S R L] 4, wlilGe va/. SMAReSMINS TAUMAX=S 492U, -60, 24Hs, A= Ji.7 VM= 4950,
BOT STk HX.5Y5AY= 159, wlcd)e 1003, SHAX e OMIN TAUMAX= 4932, =52, 2a9¢., A= 11.9 M= 4958,
ELEHV‘li: NODES= 166 866 MgcaY 5?93 MAYER&AL- 1 0ARtA- 0.30690YC'ZC TYOP.TBQY- 3Q5i lggs. PRE?S- Oe
X = Ca 0. . . =0 [o) = -1le .
TOP SR SXeSYebAY=z Jubi. wllR, =4206, SMAX.SMINoTAUMAi: 834l. ~166, 42%%, A==40,7 VM= 8425,
MY STT SXeSYesRY= Jsul, w720, =41%7, SMAX e SAINCTAUMAX= u3lb. ~}5%. ae?b. Azed(,7 VM= 8394,
BAT 57 SXeSYesav= 3ult aldl, =4l67. SMAX 9 SMINe TAUMAR= H2yla ~iba, acll. A=~40,6 VM= 8364,
tLE“V‘lZQ \)DE:; 356  ole i ZY 3&? MATER]AL= 1 UARhA= 0'33§EOYC0£C YIU?~%H I= 5291 AS%Q. DRESE;SO Oe
Y= -0 ie ] . = . =0 - s = . - .
TOF ST SX.SYebxvez 5SSk, =aHsk, =4b3], SMAXyYSMINs ) AUMAXE 7260, =654], 6401,  AZ=69,5 yM=z 11958.
I ST SXeSYeSXY= 5500, =64lu, =abn2], SMAX s DMINe TAUMAX= 720i« =6519. bub0, A==69,.4 VM= 11887,
HOT $°Q  SAeSYabxY=z Sulb, =790, =4blc. SMAKISMINYTAUMAKX= Tiucdse =bbY6. 6819, A=-69,3 VM= 1])8l6.
ELthxlﬁz VDOS%f S01 1301 gOsY 30? MATEggALs 1 ARELA= 1b'39§85Yc ¢ 1102.{?8T= Gaai 6:4. PRESS= [: 2%
. = le . . * = . “ .
TOP S8 SXeSYebRY=S 2548, }hhﬁ. -1738, SMAXsSMIns T AUMAK= 39¢4y 306, 1799, Az-52. VM= 3760,
BT 5T SR eSYeSXY= -9, 716, 198, SMAXsSMIne TAUMAXS 74, -720. 731. A= 7. VM= 1268,
BT S°Q  5XaSVaebx¥s  «=3953, ~21ce. 213%. SMAX ¢ SMINSTAUMAX 155, =4%2l. 2434, A= 24.4 VM= 5339,
ELL“»\A&:_ NoeSes 60} 9701 qusv 32$= MATEg}Al= lzeAdLA- .4638 vc'zc_TrUSo;ggT= 64/i “b§7o PRESS;O (39
LA RS - wiys, . . = 3
TCR STw \!-SV'DXV' hil. ~uSu, =h6l. SMAX-b"INvTAU~uX‘ -H17. 735, Az=T0.,6 VM= 1279,
MI Y TR SKewYedKYs -T11. ~-943, 410, SMAXvSMleYAUMAX‘ -asr. -1307. PY4N AT 52,6 VM= 1149,
20" STR SAeHVeIRYE  e223uw.e =193l 12481, SMAX+SMLIn TAUMAKS ~5b4, ~23711. 1327, A= 37.3 VMs 2973,
tLt“\):;j_ N“i' 701 hgol MQOiv ;2$= MA1ER§AL= 11ﬂAHtA= SS'SJ;C Yc.tc:t(og.;ggr: 546 bg?e. PR&SE;OO Ge
wis - . . * - . - ' [
TP ST SYeS¥ebaYE “550, =353, =207, SMAX s SM LN TAUMAXS w62, =1060, 289, AZ=6],2 vz 902
MIN 70 SXWSVeSxYE “tCle =1l76, 33R, SMAX s SMIN TAUMAXS ~oda.  ~[33k. 375, Az §57,8 Vi= 162,
COT 5TR O BReSYTeSAYE  el09de  ~1299. LIRS SMAX 1 SMINTAUMAXR ~284, =2067, B9, Az 49,0 VM= 94l.
LLLN\!\ 9 NQQL% 891 5] N::;Y 506 MATEW AL- i hﬂVtAl 06454 aVC'lC TIOPeT 07' 64“ Zhﬂ. Pn’SZIOU 0.
iy bl d ) L] (L] D
b 81 [ - - 1 [ []
IR §IR M AT T+ I T T R LTS ATV L T éz‘: °"8' Hs P AR Y
217 Form G 7756




JoB _LPS PAGE
DATE
BY __Y.€- REV.

gmz SAcessey iry
e Merwmal Doam

acea (No %&\e \'\St’,,)

(LENN‘zsb NOOESE 914 ?glk Sg‘ﬁv 3}?. MATET§AL- l ANtA= a'Jeiéovc zc‘YTc?.ézo:: k9a5 hk9u. Pnrs§=‘o "
- Ll - v » . [+] -3 .2
TOP SIR sx.svysxvs -1116.  395A. 339. SMAX's“ IneTAUMAXE 3963 “1139, 2560, ~ A= J,R  VMI  4h3h,
MI0 812 S§X.SveSxve 0. wA3}. 260s  SMaxsSMIneTAUMAXK=T 4637, 79, ePTI. A= =lr  YMT  uhaii,
BOT STR SXeSYeSxya 1275, 530S %9, SMAXs9MLIN TAUMAXS 53%6. 1224, <266, A =non Mz slee,
ELET, 23% NODESS 915 fgxs S;lﬁy :}9 NATtyéAL- 1 | Antas 1.33%50 YCoaC TTOR,1ugT= naé =va. PR 3.
eNY= J - . ) . = - - s LL= o34 - - ¢
70D ST4 . SXaSYeSKYE -1593s  waD0  =117.  SMAXeSMINGTAURARE 46520 =1550L  0Qe, e vee T aeol,
MID STR  $Xe8Yentvaz  =44d, 455],  =187.  SMAXeS”iHsTAUMAX=E  4b5LB.  =b4a7,  ¢Zhle, Lz =l.) yM= 4797,
807 STR  Sx+5YeSxvx 674, 4652,  =257.  SMAXsSMINsTAUMAXE 4669, 657, eUUb, Az —4.T7 vM= alli,
ELEM\1?3$ Noozgj ole igxb iglzy 3{4 MATERIAL- 1_ Arens Z.Jaﬁqoyr ;CSTTog-i§?1= 579 85;9. PQFS?:”‘ 3.
= . . * . -4 A Les Ja 100 =1»0¢ .
T00 <»¢’F'2 SXeSYSXY= K79, w792, R'l. <M~x.~w‘.\n/\' MARE /'.Tw:. -P70, 28415, = o M= GPr s,
Mil 210 Saebyesxvs G, L5193 2K, SwaXxsbelvejaurtars  Llet. “ulie ¢ 10, AE el Moz wYgi,
597 5Tw XeSYsbAYE 1794, 55y 457, ZuaReSM NeTAUMARS 5500, 1730, tvld, AT b.9Y VM3 G980
ELE“NXZSJ \ODES: 917 ?817 ngaY g}? MATER AL' 1 ,AHtA‘ b.JHE%OYC ¢ TTUgvlng= 5?9.633;9. PPEQQror O
eNTE K . e4Y o = «2C= . - o 00
TOP STR T BN SYeSRYE =140 hol3e w6077 T TSMAKISMINGTAUMAKE GGG -jasd. 1504, T AR wb.l VES T Rnnn,
ML S5TR SXeSYSAYZ -}%5, bive, 109, SMAXsSMINeTAUMAXS 6l86, -157, 3171, Az 1,0 VMr Hhehe,
58F STR  5x,SYeSxye 1113, enss, 720.  SMAXeSMINS TALMIAK=  6Y4G, Juée, P60, AT 7.0 VMr neY/,
ELrw 2on ADOFSs  Q)H iuln aovl go& Nn*kklﬂLs i JAH%A- ) AL 2EDV o IACE T EETE tz,. [ERTEAS .
B ILI . “y . X - - o= PRI} e ’,
S TN S M e A L L v L SN A
12 < . 1 uXYz . . Ye AXY 'L MAX= P . 1 /e JYlu. " o o plean,
85T 57Q  SxenveSxys  Jees.,  8204. 610+ smnx-bﬁxu.rAbmax= Bo59s 14120 62sl am L0, uz o gned
3=0 RFAM 2273 NODES 2001 2101 MAT 1 EMP= T4~ TINPZ+TROTYE 929,00 /5.0 DIPLLIWP= Y C A
BZlz=iTalés BYlz 930, MAX1= 22296. MINI==14392. rd25=17710. BYZS =3t3, MAAC: 2Pbab, inpz=jaldal,
Je0 BEAM_ 240  NOUDFS 2¢03 2104 _ ~aT 1 TEMPzE 929, TTOPZ23IHOTYSE S29.0 Se%a Dl el Ikes  2ihh, 0 ooby,
B2l=~16127. HYl= 1005, MAXI= 203191s MIN]=Z=14074. Bll==1842T7. BYZ= =tLle. MAXZE PlEs7, “"/--‘*lﬂ..
3=0 ﬂiAM 261 NODFS_2005 21¢-  waAT 1 Teve= *ao. TTORZ+TBOTYZ S40.0 S60.0  UlL]NIR2= 2300, .0k,
BZl==17037, 3Yi=z YWY, Maxl- 20934, MIN]==1%8 B273=15450,. (AP ~ib, MpRgds RSy, BN .=t oAy,
-0 wEav 262 mﬂoes ?007 2107 MaT 1 TEMP= 540. TTORZITBNTYZ H00,0 S60,0 DIRLLDIR2: 2112, 2%V 35,
u2lz~18227, BYl= MAXIZ= j8785. MIN]E~14165 B8/22=16637. BYZ2z =72, MAAZ: 19319, Mit2telarwy.
=D 9£aM 3N 009 2109 _ MA = 040 TIOPZ4T80TY= 54040 540,00  Dl-]1:0[H2= 205K, -8
37020890221 20PES 0300802 1o NAL, TuanlEM R6a00r olI2220d0T a2 0 26010 wakit IRHET QiRlia 865t
=D RELM 244 NCOFS &0 1 M = 540 110P TYs 9540.C G4y, JIR2= 27ey,  2iqa,
R TS VLS 1L - ISR LIS RSO L SIS 1o+ oL LIS S S S 1 (AR AR N LRIV Fnt M IS b
2ely LEAV 245 NOOES 2013 2113 MAT ] € H6l. 1TTOPZeTHOTY= 940,0 S60.0 DiRI«DIn2= 3637, 34132,
270008575245,y 020859013, 3412 21158, Tuan]ERTR200% ) QR8alRgTY =388 0 20000 WaRBEISRRTET AtNse. TS
3= BELM 2486 NODFS 2015 21}5 MA 1 TEMP= 540, TI0P2+ TBOTY= S40.,0 540,0 DidleDIRE= 30774, 30 3R,
bZ.=-35692. 8Yli= D-79.5. SMAX}= 195&3. MINIZ~13460. Bl(:-{éba » BYZ= 176 Masds ia‘:g. MINeE=137 a0,
3-0 BEAM 247 MODES 2017 21}7 _ MAT 1 TEM ses, TTOPZyTHOTY= 929,0 525.0  UIR1WDIR2= 3602, 36072,
dli=-IbQ:0€ BY)= v §7 vax§= zo7ox. wal--Lasslf Br2=-15619. sYs=' 102. MARE = 19335. MiNeZ=11re
&LLM\X2;3 0P§S= 2101 220. ggosyehgg NATET at= 1 0ANLA= ?.JuigaYc " TTO;.ide= aniy ‘:$0. eNLSSE ?;
NXs = 2.X) = . . . . s 2(= ) ? . . F -
TOP STR  SXeSYPSKYz 1766. 29250, =391,  SMAXsSMINITAUMAXS 29265, 17616 13792, A= =8 VM2 FRudb,
MiD STR  SXe5YeSXYa 0. 29225, =127, OSMAKsSMINeTAUMAX=® 29226, Bla 16573, A= =.2 VMEz  ¢291A6,
BOT STR  SX4SY+SXYs -1606. 29191, 147, SMAXeSMINY TAUMAXS 291944 =1606, 151399, A= o3 VM= 30077,
ELE”~x2:3= Nc0£s= 2102 fgoa Sioavz&gg‘ MATER AL: 1 SAREAS 2.30§EZYC 7C.TTO;.;BQ(= brig )?gn. p ‘sgj)uf ?4
. Ha . . . 3 M L XA . . - -
192 STR Xs Yoﬂxv- 4140. 0N899, -256. swaxvsmiNoIAUMAxﬂ 8 90, 132, 3277, A= ., 4 VMr /wuhi.
MIy gTw ?A yeSaya 29005, 8 MAX s SMINS TAUMAX= 3 805. ;I. {kb«l. Az L1 VMa  pu043,
307 STR SXoSYOSXYl -2287. 2792) . 259: SMAXsOMINY TAUMAXR 279244 ~2289. 1510/, Ax o VME Pulh,
ELEM 280 NODESE 2103 {501 8908, 7004, MnrgdéALa 1 1AHLA= 1330982 ¢ e 110v vuor- anb, ng0, pw>':;’(' ?4
[ = . . “le 0 . a -
TOP STR  SXeSYeSAYE 1359, 2vion, 132, SMAXSSMINS TAUMAXT  PUiyH, )J 13975, A= L3 VM3 gKAh i,
MID STk SKeHYedXYsm 90, SV‘#'J(}. c9l4, AMAXsSMINe TAUMARR 29,06, 01; la/0n, Az o) VM= ,"l’l’().
BOT 3T1R  SXeSYs3XYz <1180, 29693, ahly  SMAXeSMINSTAUMA.= 29700, =11&7. 154u4s, A= .9 VM= 3031,
ﬁLeﬂnx?z$ N00§§= 2104 ggoa siquehgég MA%&TXAL- 1 L RLps J.au;ngc TTUP}4T83‘10“603 .330. pwt5§;/ . ?g
Ay = - . . . v’ ’ ~a - . . Lk~
T0P 5T SKeSYrSAY= laZ2l. 3ungi, -606, SVAXbeIH-TAUMAX" 30042, ik, laldli, 2 w2 vv=  uYini,
MIC STR  SXeSYdXY= ~70. 29137, =222,  OSMAXSSMINeTAUMAXZ 24149, “%ce  14hib, AT mah UM o000,
BOT STR  SxsSveSxvym =l562, 28246, 163,  SMAXSSMIN»TAUMAXS 28266, ~15b63. 14905, A= .3 vvz  2ulhy,
ELE”uxzagx NODEgl 2105 S;Oavzage MATERIALS 1  Axeas .30%82Y 7C=TT0?:(HOI= whO, Oggo. pRFS;;?OF 0;
b [} = * -l “,q -
TOP STR SxaSYesaTE  2[74, 30204, 56,0 tsMakentlne TapMARe CI0Z0A T 2174, C16014, TATT .1 via ShTia,
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JoB £ PSS PAGE
DATE
q sy__ 1 €E- REV
SHGSSQA g W\erm\ Aqw\ aveq
&C.o'v\\wqu)
ELEM 523 NQDESE 2106 2206 2207 2107 MATERIAL®s 1 AKEAS «30%62 TIOP.THOT- “Be 4RO PRESS:' O
T AA P L S, Uxeuv MaYE 8. o, Us  KCoYL1ZCx =2, 3. 270€=15
TOP STR xrs 1 ~7. ;97/0. S, MAx.sniu'YAuwa- 29721 llbé- g g As ) VM: 59165.
MKV 3w x. KYs -2b. J1 6, R, MAKeSMIHe fAUMAKE  29] 78, 28 4 A= bl VME 9 9§.
sl sre \l.\r.;AY- =1199, 2dunli, P MAXsSMINY TAUMAKE 28636, ~1207. «919, A= o5 VMB 24255,
bk B H0DySs J107 T 2204 PluR ™ W 1 ARRA= « 30542 TI0RTHQT= Aan 430, PRESSE
LB Tuge OPE33 2107 YT 2009u 000N ATHHAAL= 2. -122%% @8 vczes 95749 ‘? $3320r-18
TOF STK ‘\.sv.sxv= 12X, Puali, 57, SMAXeSMINs TAUMAXE 29473, 1236, lhle. -1 VMa  2¥HTS,
Ml STR sAehYeLRYS Ue 297234, 18, SMAX DMl e TAUMAXE 29037, =1 lably, Al ol VM3 29¢ 3B,
ROY STR SK.5YeSRYZ  =1236, 28999, -317. SMAXsSMINe TAUMAX=  29003s =173%. 15171, A= «,6 VMx 29642.
ELEM 75 NODES= on 2208 2709 ?lO9 MATER]IA 1 AHtA « 30562 TTOP.THOT=2 683, _480. PRESSZ ]
NN £03, 2100 _¢008 2Rtdy2ART. MATERRILE 1 L 0:2%%8%v e zce ' 121267 871924 3322015
TOP ST SVeSYehtve fulle 30263, whe TSMAXSSMINyTAUMAK=E 30263, 203l. l4all6. Az =~-,0 vVvM= 29300,
MUY S R SXe~YeSxYs 24, 29131 0. SMAXeSMINeTA IMaxs 29731, 24e 16853, Az 0 VM= 29719,
Y N KR aKeSYeSxYr  =luneg, 29199, ' SMAXsSMINI TAUMAX=E 23199, =19R¢. 19991, A= oA yMz 30239,
LEM 246 pODESSE 09 2209 2210 2110 MATERJAL= 1 AREA= 30562 TTOP.18QT= 487, 480« PRESSE
ELev 40§, MORERE 2109 740 At iv2hita ErfaL 4, -2t VRCsYC z0s s 267 <7524 533 oe-12
TOP STR SXeSYISXY= 1392, 296424 623. SMAKSHINs TAUNGKE 29655, 1336, 16]54. = «3 VM= 29009.
MID STIR SXebSYebxys -3, 29027, 282, SMAXeSMINy TAUMAXE 29030, =4ls L1535, A= «6 VM= 26050,
HOT STR LXeSYeSAY2 =14¢29, 248413, =58, SMAX+sSMINs TAUMAK= 28413, =1429. 16921, Az =,1 VM= 29154,
ELEM  2L7 0Dl S= 2116 2210 2211 7111 MATERIAL' 1 AREA= « 30662 YTOP.YROY: 4By, “A0. PRESS= [
NAe YT 93, w1l MYy AYMANYS =0, =0 xg.vc.zr- -3.793 -lal6 2P20E~19
oY S ko XNeSYy Ay~ AWle 27004, -301. MAY s OV NI TAUMARS Sw?o 13yk . 1!w)9. A= =6 y¥=z 23537,
MID IR SNy NYebaYs Ste  2Y23He =324, MAXs»SM N TALMAA Yo 4999, AE =, f  VMz 7210,
w501 §1Q  SxySYedayz: <1280, PYdle. =34bH. SMAX»SMiNe TAUMAX= 59375. ~1284, 19281, A= =,6 VM= (Y940,
[ TN BN TRV ? MA = R . OT= 8N, _480. PRESS=
ELEM 702 n0ncST 2111 2310 2218 21)3. MATERJAL= 1 GAneds 30? Yycozce 1B TES 815,319 $35onr-18
T L5 R ShySYeSays 05, 171, 230, SMAK e SMINS TAUMAXS 116. zubu. 1«064. A= .8 WMz 29203,
Vo o~ ROOSNeNYesIYE ~tl. 29149, =32, SMAXeSMINYTAUMAXS evo Y, -tle lauT9, Az =,] VM= /91é9.
Won o tARSYesAVE  mdliee 2EMWN. -7Y4. SMAXSMIty TAUMAA=  JR0O07, =2177. 15(92. Az =,6 VMz  29]S7,
Fotm 280 NE ey P23 2 MATERIAL= 1 AREA= .3050¢ rTOP.TRQ"= BN, 480. PRESSS 0
- i elle ¢3lr DRI MATERRLE L, 13205 ycozcs’ D) 1eke -h.072 E3o5eur-12
T e Nt \l.\Y-»lV‘ 108:. P88, . 269, SMAA»S"[NOYAUMLK‘ 8986, 1623, 13680, A= 6 VM= k207,
YLV 8w YRaNYaSXVE 774 3219, 115. SMAX s SMI e TAIMLXE 292715 77 145679, A= «2 WMz (9177,
@ T e N2eSYent ¥z elali, Z2Ys64, w0 SHMAXeSM e TAUMARS 29449, =147 15460, A= =,] VvMz 30211,
£ v ~ ComLE 2113 2243 22.4 2116 MATER[AL= 1 AntkaA= . 30562 ITOPL,THOT=  4B0, _4B0. PRESSE 0
. SO K IR A SR - e § % 107038 vcezes L Ae31E-10 4,333 23220E-15
T o. v 'Yan’elaveE 1w, Jubs, ~6f]. SMAY.SMlvaAUMAX' 29491, 126ye  l6lcb, Az =,9 VMz kHY]l,
v, o tangt- - 2Ny, 204G, SMAX S 1TTNeTAUMAXT  PHSS I, -H}.  Juily, A= e,h WMz P59/,
. “  v,sce R¥s  =leio. 2inlM. ~ic9. SMAASSMINY InUMAZ = 2/60Te =lalo. 1ablig Az =.3  VME i 397,
b e 2Rl subet e 21tae 22le 271 2LLY  MATERIAL= 1 AREAS 0 30562 TIOPINOT=  wB0. 4B0. PRESSST C,
NYears “n, alhe  M7aVYARYE 16, 0, X(CeYCosC= o482 ~6,072 o 20&-{5
Tie S 2 SYeSYaoXY= 2903, 29781, =104, SMAX+SMINsTAUMAR= ~F9T8G, 25U3e 13660, A= =,2 VM= 2P6le,
M, 5TR O SYeaYe xYs :3. 29hRS, “-67. SMAXsSMINsTAUMAX= 29685, gt 164815, Az =,] VM= 29£58, IG.
hof SR SAeSYerXYZE «2393, Z2Y5HHH, -2G, EMAX s OMINe TAUMAX= 29580. =2393s 15490, Az =.]1 VvMz 30656, __e
M4 NN 5 722 2k M = 1 REAS . g T100. T= Bt B0, PR 2
bubw, 200, ADESE 2105 2ol 7ig 2lle, MATERALE 1 MEAS 0303, TIOBTIARTS Sy o480 PRESSSaur T
T osiil bXa_vaedats 1ne e Freotn, aew. “seaneSUINgTaUMAKS  JuldSue 10/  1631H, A= W5 VM- 6Bl
) (" SKeQYanxys A, 2956, 157. SMAXsSMIny TAUMAXE 29357, -¢Ye 16€93, Az .3 vMz ¢9372.
Fod si >CeSYesAYE  =luB)e 28456, B85, SMANeSMINTAUMAAS 28656, =1681e 15068, A= o2 VM= /93232,
LEr 2R3 NODLS=E n 2l 17 2117 MATER = ARLA' 30562 TI0P,1HQTE 480, 480. PRE
eLbi, PRI wbhes dlin ggle BLlL Til]. MATE N -132%%E e zc= 52183 25,169 $3320e-92
TIR STH O SXeSYeHAYS 16va, 29994, 1Y bNAXoSMLN'TAUHAA~ 29998, 1694, 14132, Az =,0 VMs (c9lab,
Ml §7R  SX.SYeLHRYE 26,  Z293b5. -161. SMAXsSMINeTAUMAXE 29380, ’5 len8l, A= =,3 VMz (9374,
HLT 512 aKaSYesXYs =lou3, 28312, =308, SMAXe DML Ve TAUMAXE  2881D. =164t. 15d31, A= =,6 VM= ¢Yb73.
tirs Phe \ku*\' 117 3417 2218 2118 MATLRIAL' 1 axbta= +30582 TYOP.(BOT 8. _ _4R0. PRES%- Oa
RV MX VY MXYE 18 XCsYCe2C= 67 - 4 nF =15
T2 5'- >\-SV~\XY= &le. 2913123, “50. SMAvaMleIAU“AA- 29373 Zle. 13355, -,1 vM=z ~2u]0H.
M, STR DAeSYedXYE ~l4, 28996, 4. SMAXISMINeTAUMAX= 28990, =14, 14505, A= 0 VM= 29003,
BUT SR SYsSYedAY=E  =26LU. 28669, S8, SMAXISMINs TAUMAX=E 2B6/0. =2640, 15655, A= +1 vM= 30077,
ELEM a5 00 :: 2118 2218 2201 210 MATCRIA 1 ArtA= «30562 TTOP, THQT= 08y, __480. PR =
NxNC - Lk 2218 220L,2008, MATCREAL= 1339508, 20a 1001 009 48V 1gs30 ES32o0e -0
TOP TR s<.<v.,xv= lena, 29117, 476, SMAXsSMI vs TALMAXE  39]26. 1279 13925, As x.g Mz 8509,
Mo SNTR 1KeSYehrye -ty g Slar, 264 . SMAKeSM s TAJVAXS 28478, byire jersa, A= . Ve BaS7T,
801 STk SReSYsSAYS  =1Jd9d, 27133, S2e SMAX s OMINI TAUMAA=  27733s =1395. 14564, A= <1 vMs  gH457,
ELEV 66 NODFS= 220 60} 2602 2720 MATERIAL= AREA= .969 Ti00,78071= « PR = .
wxéils 13000 BR02,26%8= fae= 4yl -4, ‘.’vr.zc- 03,1831 Sty 316 3 Y800en 80
;09 s;: gi'sv'Z:;‘ g;od. -gszh. 1053, §""'§:{“'¥‘%222’ -shao. 6%7 :- 3:5 1%35;.
WS . . - - He - . AN NelAr » “3140 S g .
NS Srd ZRigveddya L7830 S13998r 2338 SMAXISMINITAUMAXs .15835 -Tedst: 33 Al-gb. iz 158880
LEM o 2nT NCDESs 2202 2602 2603 2203 MATERIAL= 2, AREa= «96963 TT00.TROT= 516, _Dlh. PRESSE Qe
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JOB _K\PS PAGE
DATE
BY __Y-€- REV.
Smwe S;ﬁ‘esses 1!
!
“\e EX \'\ow\&f H’&G
NA N S 3. Ve  MAeuYema¥s -0 Ve -y ALsTLOLL= = .03/ ~Leuty ~ee *
?P SIR SXeSYedAYR tb . 21, -134. SMAX s SMINs TAUMAKS Hbbh 1Py, gg]. AB=ld, ) Vux G490,
9 §1R  Sx+SyeSavs 93, 890, ~Jel. MAX 9 OMINY TAUMAX = 624, 160, 232, Am=lY,6 VM=z Sh2.
STR  SX+SYeSXvas 235, 599, =137, SMAX e SMItis TAUMARE 609, 185, 2le. Are20,] VM= Sl
M 7 NODE 3 710 2610 £S510 MATER]JA 2 AktAl .169 0 TTOPTHOTE  S4n S4H. PR .
ELEN xJRTa NUDERS 2060 R110 Z0llvenag. MATERIALS Svcezcs’ 1250498 %1.088" %3300 °
TOP STR  SXe«SYeSAY= 3006, =11%, 777, SMAX s SHINs TAUMAK= 3191, 297, 1744, 2 76,8 VM= 33404
MID STR  SXeSYeSXYz -~ 233«, -2h3,. 956. SMAA s SMINe TAUMAX= 2646, -59%. 1620. Ax 71.9 VM= CYHH,
BOT STR SXeSY9Sxy= 1659, ~451e 1136, SMAXeSMINY TAUMAK= 2156, ~GJuts 1550, A3 HH,4 VM= PAAT
LEM 328 NODES= 463 2513 2413 MATER[AL= 2 ARrtA=s « 33440 TIO0P,TBOT= 515 S51%. PRFSS O
£ NXoNY= SJ esis fx. Mx}wvfmiva ¢ é [t =2+ XCiYCr2C -.5‘98 l-é 9935 ??’
TOP STR  SXeSYsSXYR -24H, 922, -250, SMAX+SMIN TAUMAKS 5964 =372 asy, 2=1h,5 VM= “a7T,
MIO STR  SXeSYebxYs =527, a8y, 4848, SMAX* SMINe TAUMAKE 685, =723 106, EelleY  WM= 17720,
B80T STR  SXeSYsSxYs -806,. 45y, -126, SMAXeSMINS TAUMARS 8% =1137. 961, Az==ph.h VM YA
M 9 NOD “ 2013 2613 025 MATERLA 4 ANLA! 169 TIOR, THOT= L4 GHe  PHESS
ELEM <387 §82,9403.4513 BRI Rk3. Eqgac= 321000 v zca N i ~23%00
TOP $1R  SXsSYedAYm g?)l. W ErD 557, SMAX-SMINvYAUMAXl 379:. “e g0le, Az 42,0 Ve 19’7.
MID STR SXeSYsSxYa 273, -427, 919. SMAX e SMINY 1 AUMAAR 857. e Toiss. Aa (2.0 VMz 9la.
0T STR  5Xe8Ye5XY= 830, =699, 1282, SMAXeSMINeTaUMAK®  [55H. ~lez/.  14%2,  A® nU.4 VMR P5p6,
M . 466 2916 2616 MATER]A ARL AR «33a TTUS T= n . Put 0.
ELEM xRTa NODE3Z 2316 206 BRIGVIhAGa MATERQAL= 2 A 133 e°vc.n UhiRgeTE 510y 4840 £33500
TOP STR  SX.SYeSAYs =172/, B4, 771, SNAX,SMleTAUMAKS bt “2011. 1189, AZ=P(,7? V~a 721K,
N 9 glﬁ SXeSYeSXYR =]1330, lé”‘ ~db4, SMAXsSMiny | AUMAX= 2e =1734. }}en. A:-?b.n VMe Ves,
[} TR SXeSYsSAY= =934, 152, =957, SMAX 9 SMINs TAUMAX= Ue =14G2, Vi, as=l),2 VM3 Yob,
EM 31 NODER= 2466 2116 261mn 2516 MATER AL: 2 _ArbA= « 16910 TT0P, THOT=  S4p S62. PRES 0
EL NK?NV= D-?u.z & -g. MXgMY oMY= 1 3. 2. XCyYCo2C= 1836 ‘< 3&02 - 3300 !
TOP STR  SXsSYsSAYm 4357, S9C. 77, SMAva'lN-TAHwAK‘ 4359, Su@. 1885, AT AR B ym= “Q9?,
vID ST! SXeSY«S5XY® 2765, 196, 358, SMAKsSMINs TAUMAX=R é8lu. lub. 1334, Az R2,2 vv= Plei,
BAT STR  SXeSYeSXYn 11724 =200, 639, SMAXsSMIN | AUMAKS 1623, =451 937, = Huem VM= 1645,
M 332 NODES= 240)1 2301 2302 2402 MATERJAL= 2 _AKEA= 343 3 TIOP.IBQT= 695, 445, PRESSSE '8
ELEM X336 = 8 1430 &R08, it I: -5, YYCvZ2C2  pl217 280 =230
JOP STR  SXeSYeSKY= 85, =71%5u, =2479, SMAX.SMAN'TAuMAK= as2, =7926. GIHY9, A=-73 M= th«.
MID STR SXeSYsSXY2 =34, «5071. =535, SMAX ¢ SMINs TAUMAXS =258.  =5155. 26euy Ase VM= 5031,
BOT STR  SXeSYs5XY= =768, ~2984. 1209, SMAX ¢ SMINY TAUMAXS «236. <3510 1640, A= 6h, VM= afh,
ELEM 333  NODLS= 2402 2302 2703 24 03 MATERIAL= ¢ ARta= 34313 TIOPIROT=  49%, 4Y%, PWESSE 0,
NXeANY= 29 =le MXeMY.MX “e Ye 1, xC-Y%v£C= 1.6 Ys] - 200
TOP SR gx YvSAYS 2595, “aTy, -«83. “AX!leNoTAUMAK‘ 2670, ~5ubhe 60y, A:-a].f M= 2980 .
] ? R AeSYeSXY2 Q8h. =405, -82. MAXsSMINe TAUMAX= 7. =6067. S¢7, As=-AQ, VM= 4660,
60 TR 3x+3Ys3Ava2 =623, =75660. 323, SMAX ¢SMINy TAUMAA=Z ~609. ~1(675, 3533, Az 87,4 VM= 7390,
M o336 N = 2 304 2604 M [ é AKEA= T10Ps = . 3 .
ELEM x337a NODEZZ 2403 2203 ZR0A,EuRYL MATERLAL= @ Aneas _ o30003vc,2cs'TORIBYTE 1% L Bho PRESS3L, O
TOP 5T SXeSYsdAaYa S60, =5ubl, 3057. SMAXsSMINY TAUMARR 1Bdds =674, w283, Az 67,2 VM= 1817,
MID STR  SxeSYeSXxYz =lauby, =530, 786, SMAXsSMIIve TAUMARE  =1322s =5677. evlr, A= 79, sz FICTEN
BOT 57K sx.qusxv: =3ulle =5d99, ~14B6, SMAXySMINe TAUMARE =27]1d, =6364, lace, Azwhd,8 VM= 5%31.
ELEM 335 NODES= 2404 2304 2105 ?AOb MATERIAL= 2 _ Arka= 34313 TTOP+IROT= 5] 5]%. PRESSE 'S
NXINYa2 g3 XoMyoM . -6, 6. &.vg.zc: -} Be-10 5,581 ~229
TOP STR  SXeSYeSXV= 1110, -8750. -2951. SMAX e SMINe TAUMAX= 19264 =956, Sla4d, A3=74,5 yMT
MID STR  SX4SYeSxYx =226, =06270, =803, SMAXsOMINyTAUMAX= -12l. ~6J3/%, 3ict. Az=fAc.h Var
BOT STR  5XySYeSxyz «=lb62. =3790. 1345, SMAXKsSMINS TAUMAAS ~330. =442, 1146, AT A R VM= 4039,
ELEM 38 NCDES “ 305 2306 2406 MAYERIAL: 2 Aktps 034313 TI0P.IBOTa  bHl&, S, PRISS .
LEM 330, MODESE 2405 2405 Z30bvints- Y. 3 2% v rea TP IEY Yog WP LS5 Y
TCP STR  3XeSYebXYa 1561, =1n17, ~a95,  SMAKS®Ins TAUMAX= 1009 =104¢, 16460, AswHl, 0 vM= gHals
~ STR  SX45YsSays =bh, =524/, ~130, SMAX ¢+ SN e TAUMAXE b, =5lah, 2547, Aze=iinigh UMz 1015
BOT STR  SXeSYsSXYR =]672, <«RHET, 196, SMAXSMINsTAUM X=  =lb67, =~8B/3, 604, Am Ak, VM2 Kb,
ELEM 337 NODESs 2406 2306 2307 2407 MATER;AL= 2 AKbA=z .JaJxJ TIOR,IROTE  H14 515 PRESS= 0
NX'NYs S, =4, MPXeMYMAYR -0 “7e XCoYCr/Ca =] b 1.94] - 2900
TOP STR  SXeSYeSXYE 2384, =5715, 3416, SMAK'leNoTAUMAX' 3609 =594/, SrB6, AR Y, VMz 9309,
MID STR SXe5YebrYs =328, <«5h04, 786, SMAX s SMIINs TAUMAX S =2ld. =H/19, é??J. A= Hl. VM Shlh,
BOT SIR  SXeSYs5XYZ =300, =5Sab94, =1845, SMAXISMINI TAUMARE  «202/e =64/70, 22726, AR=fl.) VM= h737.
Em 139 DES= 307 2304 4 u MATER]AL = AH A= 36 3 1T0P,TH LRLY 5. RESS= 0.
EL e, NU)F§:.2607 au 2x93 ? 0 ATE é L= 2_ 3 5 3 YCssCE 1o :I 9T= 1 1.226’ P 5f§w0u
TCP ST2  5XeSYe5XYR 20a%, -0970. -329@. SMARSS . INY TAUMARS d15d. -an«g. 5600, B=elli 0 VMT 100N/,
MILD SIR SXeSYebXYm =3,  «S5H3u, ~307. SMAXsSMINS TAUMAXE =23le =LYnhl, 20U, 2ul) H VM= SHIH.
BOT STR  SXeSYeSXYa <2780, =~«699, 1681, SMAXySMINs TAUMaX®  =1804. <5675, 1945, Az 99,9 VM= 5022
£M 3’7 NODE 8 2308 2309 24 9 MATER A 2 @ ANLA3 .Jk: 3 Trup,fBYT= S . PHESYSE .
EL XyNYs 0 h37.2“° 53. d;'nvf g ATE X L 9, Ve SelCE Spane 31 >l :aazlb t§300u 0
TOP STR  S5XeSYsSXxYsm 19% —16/1. =264 SMAvaMlNorAUMAX1 1553. 1671, 1813, Azwi,b VM= ?fuﬂ.
MID STH 3R¢SYeSAYR 37, =9llh, b, SMAR s SMIte | ALIMAXE i/, -al7h, a9 fu, Av=RY, 9 VYMvz2 iU,
0T STR SXenYeSAYR «]6Z2M, <068, 17, SMANOMLIIs TAUMAXE  =]1bdU.  =HhHB], dura. As 1,9 VM= 1997
ELEM 360 NODED® 2609 2409 2310 2410 MATER AL- 2 ARLAW « 30313 Yrov HOT= 515 5)8 PRESSa 0.
NXYNT® 23, § MXsMYyMKYR 23y YCp2Cm -2 1483 tesdd " £333
TOR b’“ SKeSYeSAYn 2039, ~h90H, 32067, SMA!oleNo!AuMAI 3104. 1971, 5530. A- T1e9 VM= 9893,
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{
Exk‘\mu"\‘ “SQ
L‘(\m*.\ﬁu é"A
LLLW\“3$ NOD}\X 24l0 ?110 5;X1Yf;i¢‘ MAYFH}ALl 4 0AREA= T.JkgéJVC lc.YYOg-TB T= blﬁt 23 S5, PRES ; 0.
. = * - . v * - < - -
Top STR . GXesveSATE  2273e | mnThon -3363. TSwAXeSMINGTAUMAKE 3492, =7007. 5741, 'A--ro.z vHz 9256,
MID STR SALSYeSxYeE =33a =561, =191, SMAK s SM s TAUMAXN L I hIsl, Amehn], VME S619.
T STR SXaSYevars -avuv. ~5el7. NN SMAX ¢St TAUMAX=E  ~2021e  ~HJI64. 217¢. AR 6/.5  VM=E 5633.
ELFv\X19$~ hUOF?: 2all ?fll 5Q£SY?§£€‘ MATER{AL: 4 9ARLA= 4%& YC’ZC:?!OD TP81— SISI 215- ppES;?OO 0.
s NYTT » . = =die -
TOL GTa SR SYes s LauS.  ~laTn, 384, T SMAKY ST v FAUNAKS . =110 165/, a= A3, 2u71.
» Y =P ly =BlN, 106, SHAX ¥y SMINe TaUMX S z ~)1u.. ey, A2 B3 K VM= 557}.
BAT STH SxeSYeS7Yz =160,  -86dG, =173, SMAX ySMINSTAUMAX=  =1596. =8690. 354/, A==, 6 VM= 8012,
ELEMv11<3 hODtS: 264127 TSl? ﬁ:llv)x}$= MATEksAL- 2 ANLA- .343& ve C=1tup;;ggf= 5155 “géﬁ. PHES;;OO 0.
. = - - . N . -0 v LY4 -, s -
TOR STR SNXeSYebtYaz Hid,  =H5l6, 2878, SMAA.SMIN'TAUMAxa 1782e =9420, 5551, A= Té.4 VM= ]032/1.
MIU STR O SReSYebeYs =g, ~tl6e, 794, SHAX e SM[Ns T AUMAX = =255, =874, 3010, Az A, 4 yM= 6151,
BUT STR O SXedYebave =1/01, =3dl0. =190, SMAX s SMLINe TAUMAXS .1091. =4430, ledy, Az=64,7 VM= 3997,
LL”NVXI:¢ \U‘LR; rfall {f}) S:l:v?:lcg NATERgAL= 2 ZARLA- .3#3&3 veeze TTOP33T8é=105152 55}5. PRESS= 0 0.
X a = R ) A ) = - ole
e S axesyebate 1370, eeern Y 3000, Tt ouaxaohine Taumaks N ohsatC Ty at R E A e Rt e w0e7 %% a3,
ML) TR ShenYebays =ulo, =9347, =695, SMAX s S Ly TAUMAXS -Jel. =5940. 2801, AZ=dl.8 VM= S773.,
HOT STR 3%ehY v aV2 =200, =N/l4. 2039, SMAX s SMINs TAIMAXE <1171 =624, 2%3¢. A% HhJ,2 VME 5740,
LLEM ‘Jt: N)Uf\" Auls /sla zglhvzalb MATEH AL- al Axe A= .Ju3é3 Y0edC T1UP, Tﬁ9T= blﬁé “815. FﬁESg;oo 0.
AY] - e, 4y "M AY . = - -
TOP STRT CrysYasatE 2040, =0T, Sht. CSMAKs SR INe [ AUMARS 203577 <3000 197,790 R3% 19,6 UhE V2017,
MIo DT G SY e naYs Jihe  =h6e 7, 2P0, SHAX» SMT 4y TA IMAK= 19!. -SA7H. 9 3n, Az 17,9 VM= 5774,
BT STH SaesYesavas ml i, «luent, ~i1ct, SMAX e SMINe TayMaKs  ~]1 7248, ~1044, 4370, Aselid VM= vidi.
thv").¢ N“”‘T; 2alb s;l% ﬂ;lﬁv a}ﬂ MATEH}AL- e AHLA- 6.3.3 3YL e Ttug.!uor— 91% 2}5. Pn&ss- 0.
- . . - . ol - .9
TOR 5 0 '\.«Yv~»*= ~uja, -*ul&. 3063, SMAX-\MleIAJMAK- 5724, =1041/. 5«70. A= 73,0 vM= 0688,
MID S W saeaYelrYs -in)u. —nME0, 879, SH4AX s SMINy TAUMAXS «920, =H497, JO A2 84,9 VM= 6543,
HOT LTm SXe_YsLATs  ~iYl4, =a4l8l. =1706, SMAR» SMINs TAUMAXS =766, ~5108. 1. Asebhl, ] VM= w772,
tLthvﬁtj_ NODES= Zula fﬂlb s;‘;viﬁlT MAYtHéAL= 2 dANtA' “.JbgéSYc zcgf!OP'*?9T= 500 580. PRESE;uo 0.
'Y = ~ » . - (3 , - -
TOS GTR TR hye t¥E jall. =Gl T. . =2n03.  SUANS SV NeTAUMAKE | D15he w6 he | GhaY,  REeT72.]  YME 26,
- e sCaNvaNtye huld,  =h/5a, =\N>Y, SMAX e D i ve Ta gMAX= 66le =tu’ll, Sy, ASwdl,bg  yM= HT85.
B0 N v SNTeNYe V= -dln, —aalo. e, SMAK Y SF [N TAMANE =1 l3. ~hHRY, 2193, A= 1'7.5 YMrs L4764
ELtM\)?;j Nuﬂk§7 2a}7 2317 S;lcyz:kgs MAT[HIAL- 4 9ARLA- .J«?éJYc 2c= T!OS.&S%T= 500.A4220- PRESg:OO 0.
R = . -, L] . . - -
TO® §TR 0 SAlSvesa¥z 1277, =eld, T80 T oMax.SMINeTAUMARE C1BG0SCT w633 951, ° A= 81,7 VM= 16R0.
MIL SNTR SXeSYeSxys “2l0. =LY, -37. SMAX ¢ SMINeTA MAXST -?uv. -4 0605, 19463, A==R8%,4 VM= 3994,
ML STa SYenyaNayz  «lndf, =73-q, =151, SMAX« SMINCeTAUMAXNE = ]lbY3, ~7573. 2940, Ar=HHB,5 VM= HPHYS,
L “:J POESe 261K fjlv 5%01y’78$ MATER]AL= 2 JARLA= “.JkgéBYC 0© TTJS:;??T= 500.““280. PﬁFG?: Os
. - ‘- =1%o, . A R - . - . M = . i)
TN SAenY.SaVs 130, Temt it 2006, CToMaXe STy TaumaKs T GABe =ikt 39ln, T A= 7.1 wME 1459:
N O N R N R & A AT r13. SHIAK s SMING TA .MAX= =3uly  =HUnG. e3hl, A= al. VM= 923,
BJI NTR SleSYebh\YE =l Ulh, =372/, -877 . SMAXsbMINy TALMAKS =157, =39ul. isole,. AZ=T3,5 VM= 306z,
LEEM RS wncENz 2701 /51 2792 2702 MATERLALE 2 ARLA= 47 TYORCTYOT= 447, 447, PPESS: 0
viinvs :. “Iat EXTv g dak= 2 )0 037088l ve 2e=TT% L 0YY “73.088 §13215 O
T3 S TR SaeSYeSuya “l/9, 4Twu, =554, SMA(->MI¢~!AIMAK 5063, JBuu, 622, A=m3leH VM= LS5H9.
MUY ST ShebYebhNY= “2Ya J1349, =56, SMAX Yy SMINe T AL 1AX= Jléd. Ly, 13/, Az =43 VM= PUn0,
W7 AT StadYesnta -2l 1w312, 46, SMAX e S veTAUMAXS 1934, =33/ca 2428, A= 5 VM= 4299
SN WL Ao ST 2702 z(l’tve ﬂbgyf’m’a! MATERLALE 2 (Artas OJ.b?g'fw 2c Trop-}?gn awj 7:;:;7. PRE?S;IS 0.
A v . . . - . . Lell= 3. ]
TO0 ST SXeSYeSatT  NIdh,  5aSh, =330,  SMAXeSMINSTAUMAKE | SBIle  497H. 620, TTA=I26,0 vME" Tousé.
MID STR BXeSreSxyz 94 Q, 3715, ~b44, SMAX e SMINs TAUMuXS 3716, 939, 1388, = =,9 yMs 3Jub.
BOT STh SA.8YebaYE  «3254, 1ila, 243, SMAR ¢ SMINe TAUMAX= 1785, =327, 2oes, Az 2.8 VM= “44],
ELe v IS2 0 nOnLbdT 2703 4793 275« 2704 MATERIAL= 2 AkbtAs 3eb2a? TIoe.180T= 444, 448, PRE?S= Oa
NAgtid = I =0e  MXs4Y MXY=Z 2e 1. 0. XCoYColC= 1,659 44558 » 215
TOP STR O SXeSQYe' XY= w0%1., wlH, «102. SVAX 9 SMINeTALMAXS “hb], 4030, “)2, A= =1,2 VM= 4506,
MI ) S SX,NredryYa 177, 3iug, Jhh SMAXwSMLi e TA _MAX= 3lvl. L6k, 1=1i. A= 4.1 VM= 3110.
ToaTE S ReavelXyYs  =3646, Isis, “il, SMAX 9 SMi N Ta AKX 1551 =373c 264l, A= 4,7 vM= w4703
ELeM 37 n0ODESE 2706 2156 279% #1705 MATERIAL=s 2  AxtAs 36247 1TORy THOT= 4W4R, G4R, FRESS= 0.
NE g NTE e e MXgMYGMXYS 2 1. 0, XCsYCe2C= ~.247fb=]0 448%0 «21%
TUP S0 WX SY eSXY= “irl, wh3IR, =517. SMAX ¢ OMINY TAUMAXS 4957, 3807 S8, AE=3] .7 VM= “h93,
MID NTR S SC.yYenXxys 16, 30h5, ~21l6, SMAX ¢ SMINY TALMARE 3042, 278 1402, 2 =4,4 VM= 2953,
HBUl STR SXesYeSaYs =294, lave, ", SMAX ¢ SMIive TA TUA Y= 1494, =3534. eSl4, A® 1.0 VM= L4613,
FL‘”\ 3§a NODE S = 270R g§“5 S;bgy?7u6 MATER AL— 2 IANhA- U3.6;4&7“: c TTOP'I§8T= QAHa ‘ggﬂ. PRE 5315 0.
L AS I Ue . o . . "Co ’ = - - ] -
TUe TR Gv,svaeexYz  S0Q7, §17. =381, | SMAX+SYINITAUMARE  5752e  43lg. 455, Az-2d.s VM= 5326,
MICOKNTR O OSY Sy, Y= T )NH?. -9, SMAX eSSV veTALMAXE 3579, 6% 1n A= =] ,9 VM= A212.
BN TH SXGNY LAY e Juil, dhdee 203, SMAXReOMIny TAUMAXS 1536, =J36RY, dle. Az 2.3 VM= Lo
FufFv 8% 2 (MESe P27NA P78AK 2TW7 2707 MATFRTAlx 2 AWt Az NV A2n? TYND . TLAYE  LhH bup poFcc- n
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Sowe &H‘ess..:y; M Ne
A}
<::i€1u~€('°\¥"(. \)\5<35
SANaNTE -—abe “Ce PFAPITeMAY - de - . le ALsTLI/L=- I 1ed o t. ¢
TOP STR  SA+SYSAYS Lble 2899, =2026. SMARIDMINY TAUMAAS 1017, =)But, /n3d. Az=ha .5 YMw wlib,
™ ? STR  SX+SYsS5RY= T =1H20, =1220. SMAXsDM] 4y TAUMAXS b6, =241, 1539. Ax=h3 .6 Vv 7.
B STR  SXeSYsdAYR =412, =TuS. -415. SMARYSMINy TAUMAXS ~13¢s =102k abl, A2=55.9 VMx yel,
ELEANX‘E?: Aooczs 3002 330? J}oayaooa MAYERéALI 4 lANtA= 0.#1:&5Yc'¢c'rvop.rggr- 311i 9;$3. pnsz,:?b 0
- . oM . ~Ce
ToP srﬁ SXeSYeSAYE 654, ~=3333, =267, SMAXsSMINs TAUMAXS 67¢e =350, 2011,  CA3-pb.2 vis 3732,
MID STR S5XeSYsSXY= =500, =Zwedd, =495, SMAX S INs TAUMAX = =382, =2hb/. 1097, AzeTH,S VM= 2349,
BOT STR  SXeSY»5XY3 «]l6ba, =l-bu. 722, SMAX s SMINy TAUMAX= ~AKS,  =2337. Tiw. Az=43,7 VM= P06,
ELE“NxEGO NOOES; 3003 3{03 J{OQYBOOA_ PATERXALB 2 1ARLA" .41: 5YC~£C=IYODALSSY- 313é Aal1. PR§§<2?S O
3 - * \ . (3 .
rop o1 Yo,sveshes  path. TAEEINRTE oo, Tramaxesiiveraumane o 100t Ta2ui P ity StRethrL s vt T Mua,
MI9 STR  SXs+8Y,0xY= =/0l, =3107. ~la3, SMAX+SMINSTAIMAKS i, =310U, JuS. Azen/. P VM= 1016,
BUT STR  SXebSYedXY= «1520, =3780. -415, SMAXISYINg FAUMAXE  =laG0b, =3h5u. 1ebu, As=/9,.9 M= KENE4
ELEM ‘aas NOPES= 300« 310e g}uaysgg; MATERIALE 2 AWtaz o'“l:ébvc zc’rrnuirwn{=l0311é 6:&:. PRE S 0.
= - . . -() e . - . -
ORI S T T/ ¥ RV R TR i T
M Y = . - . . L] = . - . = . .
BIP SR hednadxv: .3far I33d: S WSO Mt WL SIS PR LISA R T HCR - M-SV S 13
ELE“Nx“Qf- No~asi 005 3%05 a;ogv3ag$z MAYFRLAL- 2 Alta= 0.«1:1?Yf.LC_Trnv.Egzr- 51«} hg;z. an;iqZ'S Go
= mle - . * ., - - * - gl ~ - .
798 STR 5 1SYeSXY= 1blu, =~2987. =22, SMAX-&1INOTAUMAA— 1676, =245uy. 2107, AF=Fy,T V1= KO,
FID SIR SXeaveSXY= 404, =2906,. e, SMAAISMINY TA JMAX= 4Us, =207, 1655, Az A9, Vux ety
bOT STR  SXsSyeSxY= =dlbe =2224, 104, SMARSMEINY TAUMAXS “Blds =3¢2174 120s. Az Hi,5 VMs PRI
ELEM, 483, NUDERS 3006 3{uo 310} 3007, MATERLAL= 2 \ANeAZ G103y e zee’ TORIAYRTT P13 ogddc PRL3SZ,, O
= - . - . -re
TOP ST& SXoSYobx;= 16417, -2621. =79, SMAXsSMInyTAUMAX= 1669. -2€ 2%, 2130, Ar=fl,G yM= 37131,
MI0 STR  SteSYsSxYs 310, =296, =31, SMAX 5% INs T AUMAAS 310, =/9(a. 1637, AT=1F,G VM. 110,
U7 STR  SXeSYsSXY= «1027. =330>. T, SMAADMINY TAUMARE  =1027. =3305, 1149, AT BY.b YM= 930 .
ELE"Vx“g: NODth 3007 3607 a}ozvjoge NAYERéAL= 2 lARtA- O.blk ?YC 202 TYU?.}281= Jl]i 38%1. DHPBSi25 O
h v = - . “0s . ™M = - = ~re » ~Z s
S - . . M oMInNy TAUMAX Y, ~2€ltb. ’llic. Ax=HY,h VM2 693,
T I I P S o ) [ SR sy B 0O
HOT STR  SAeSYsSXY=  =103b. =33ve, -8, SMAXsSMINyTAUMAX= =]103%e =3396. 1180, s==hY.8 VM= W0ib.
ELLN~‘6$? NODLS JooL 3606 ?§03Y3323~ MATER%AL: Zl LAHLA‘ '“l;éSVL 2cs TTOﬁ.TBOI: Jlj'aaégi' Pﬂlgki?s c.
. = Uy . N = . - r 4 = ~r'e . ~ra
M . . - + - Y MaXs ] 26K 21140, 2 MY,9 VM= 100,
wip Bk 2MIgYs §i3§ 1508 25804 2o BMALSLANSTAUMART  1308r ZA%Mdr  fAlYr AT NG WD 4¢R:
LCT STR sx'sv-51v= -928, =1157, S. SMAX+SMINe TAUMAX= =928, =3157, 11lo. Az H9.9 M= kil
ELEM, 1672 NODER= 1009 3109 RL10, 0kQa MATERLAL= 2 ARRAZ _ o4lgioyc,zce’ SUIIUETE MM2is3h0 PRI, O
TOP STR . SXeSYaSXT= 1605,  =2019, 33, QNAKcS”1N9TAU“AX= 1606 -25,9, 2113, Az 44,6 V= 1696,
MID ST= SXe5YeSayvs 285, =23yg, 19. SMAX s SMINs TAUMAKS RS, =299n, 1642, A= 9.7 JM= 3181,
BOT STR  SAsSY«SxY= «103%, «1377, 6. SMARISMINs TAUMAXE  ~103%, =3377. [ A Az HO.H VM= 7397
ELEM\xhzzg 0uES~ 3010 36!0 s;1;y33;%_ MATFR}AL= 2 lAKLA= _o.hlﬁ SVC'ZC_YYOl.r88¥= 3! Jé3. PRiBSz?S O
709 ST sx.sx»sxv= 160U, ~2b0k. Ble  SMAXsSMINeTAUMAX= 1662« =260 zJJb. Az AH,9 VM= 1727,
MID SIR SXsSYeSXY= 3lh. =2965, 36 SMAXsSMINeTA IMLXS 316. 296(. 168, A= HY,5 VM= 3435,
BUT STR  53eSY9SAYZ  =102Y, =3i25. -22. SMAXsHMINITAUMAXE  «1029. =33¢5,. 1lao, A=-Hv.k R FETEN
ELEHVXQ?§ oots: 011 !611 3}15733§$- MATFnéAL: 2 lAHtA: 0.«1;&?YL'ZC 7107'L981 31\i 93&3. pur":zs a.
= = “Ue hatt I bl 33
TOP STR . SKeSYsSAYE 1639,  =cb64. 32, “TSMAXeSHMINsTAUMAKE 16394 =2984. 2102, A% R9.h VI= 3469,
MID STR  SKeSYeHXYa 392, =221 =28, SMAXsSVINs TAUMAXS 397, -2921. 1656, Al~H9.b v A13,
BOT STR SKe5Ys5XY= -850, =327H8. ~88, SMAXeSMIveTA MAKE =853, =324}, 12ie, Ame=N /9 VM= 294y,
LLEM x«bQ_ NOU:?: 3012 3112 3}1Jv33k$= MAVFR}&LE 2 lA«LAn .uxh ?VCOZC’TIBPA$221= 31)} 3)3. ppi§5:;, [
o S st atd MR s Tammosta e TIRETA0 T e Ty HE T 0
~ = - . - . » Ny - . . - . = K »
ab) T8 J0AiENE ~188dr 3383: 6. SMARsSMIsTaIMAXS -1505. B 79 ¢ by ATELe VR ddNe:
ELEM, 409, NODERE 3013 3413 2R1g 201y, MATLRQAL= o ankaz 8103y, zca’ TONAINAZ 07 0 61h 0 PHLEYL, O
* - . =ie M . . . .
- - . 4 M 0a  =24%Y, t99, As~ub,1 VMr EINAD
3?3 Srn RTE 1326. Z2%3%: LIRS M ML v L] 31 S S A S PRI - Risk WMz PYysl
HOY STR SXe5Ye5AYs =~1629. =3752, RETTH SMAXsS AL e TAUMAXS <1563, <«381hH, 1le/. Az BJ,2 VK- ERTTN
ELE“\xeéa Nuut:; Jole 312» aixangiad PATIRéAL" I4 ‘ARtAs .41« ?YC'ZC:TTUH4$52Y= Jx;} “gés. vur;<:25 B
= . . =- . =Coe
TeP ST& SX15Y 5V I@é. ~3394, 256, SMAXs 5™ NsTAUNAK“ 190 =1313hY, 20R4, = HB6,9 VM= LR
M10 STR  SXySYebXTS =H4H3, ~gbLYa, 464, SMA X SMINY TAUMAXS =3JRl. =7bYs, 110/, Az Ilek ww- calla
221 STR  SXeSYsSXY= =1748,., =lh3a, 611 SMAXsHMINY TAUMAX= =101/, =204, ol 4a Az 4c.6 VK= 2054,
tLU‘\x«{‘s. wun; 3ol Jélb ‘:“; 0” MMt.NiAL- €, ANEAn .-ol'. bvc’“_ﬂwvlt)gl- “I ‘)J. vuzésx G
L]
ML SK'SV~blVl BEM, egnan, 2011, svnx-sV1N»¥AuVAA- $n~e. LREILTY Phla, LY LT a?ﬁh.

222 Form G 7756



http://SX.SY.bXY3

Jos P PAGE
DATE
‘ BY £ REV.
G A
€ewetale NeN
(Cm’t'ww\Ld,)
ew u?; NODM B Jhie 3117 2017 MATENIALS 2 ARtAs “ TTOP TBOY- 313 313, PREﬁS' -90.
ELBY (idy, MOnrED 016 éf’ ARy rtava MATERDY 1 “2e lxé.vc.zc- . 2.338 SZeh
TOw STW SKeSYeSAY S Ind. =19k, ©E91. SMAXsSMINs TAUMAAS . -assa. f;bl. Aw 52,0 VM= «09&.
M) STR LXeSTebRYR 1019, =13dn, 1278, SMAX ¢y OMINe TAUMAXR = 7 « =19238, gs. Ar 66,6 VM= Q4uS.
8O STR SXeSYebhrys 168/, =l9i15,. 266 SMAX*SMINS TAUMAKE « *=1994, A= BS5.9 VM= 208,
ErLev 474 N Sz 3 3 € 3018 M RIAL 2 AREA= o 6 5 TioB.7ROT= 313, 3. PPRE §= -90.
Wig4, NONEST 3017 3LLT 311 3018 mATERGAL= 2 Ant ! Tycy2cs 51148 tas3k 3
TOO STR . aXeavaSuye Jat, 67, ~la. SMAX e 5¥ NvTAuMAx= 3n 10’. 42 +5,.2 267,
MIDOSTR AYunYebhaya JaNu, wlnle, G, SMAX ¢SMIinNs TAUMAX R 14?4. ~10]5. 25, Az B8Y,9 vm- eleh.
O LIRS TensYsS Znidd, =2331. 22« SMAX S It e TAUMARS 2839, =2337. %88, A2 BY.b VM= “490.
ELEM  &7% N = ) -] 4} oy MATERIAL= & _AREA= 4léa Troe,1307= 3!3 3 PRESS=__=90C.
LEM 475 NODESZ 3018 3118 JLUL 300l MATERRAL T I b A tas3dr PRE35%as
TOP SR 5\.\v.5v1= Pr3, =716, =2306. SMAX e SM N TAUMAX = 2107. =2620. 2363, A=-51 3 VM= 4101,
MID STQ N NYahrYE Cud, ~iibs. =12'9, SMAX e SUINY TAUMAXZ 152 =1919. 1723, Az=h6.3 VM= 2990,
HOT 376 saebYebays le7ue  =Let, ~dace SMAXeSMIne TAUMAKS 1689, =163, l18et, AR-AG. S VM3 3leo,.
FLEM  wTh \ODES 01 di% 3157 3002 MATENIAL= 2 ARbA= 38357 TIOR,18QT= 313 311, PRFGSz =90,
Elem w06, VODESE 3001 1101 FEN0L IS A= e als” ACsYC9eZC= 51388 .35 =333
LR TR 5\.<v-\:n= -JHIR. 170, aqs, \MAXvSMlNcTA)MAA= =1177%s ~=369i. 121}. = )1l.0 VM= 31890,
MIL STR O SXedYedavs -9 dl. -9, SMARSSMINs TAUMARR [N -134, 101, A®=25,4 VM= 179,
Ul ST SxeSYeSxys 33!8. 1330, ~613, SMAXsSMINeTAUMAKS 3492, 1197, 1108, ewiu,? VM= 30814,
BLES 677 \)\=9- 3oee 31 3193 3003 MATERIAL=® 2 _ARtas .36357 TIOR T80T 313 313. PRESSE_ =90,
LCeNY = v . oc 5¢ fowvfnxvs . -l - YC;ZC- :74? 2.075 =2.37%
TLP SIR s\.5V.>(v= -ooJl. ~1333, “31, *suaxssmlneTaumaRe Iz.,. 487 1707, Az T M= n202.
MID 5TR S<eBhreSxy= ~313. 1dea, 278, SHAXeSM i TAUMAXS 07, -3, 371. Az 23,9 VM= 646,
807 STR  HXeSYedXYS ©0l0. 1705, 118, SMAXeSMINs TAUMAK= 4016, LS 1159, A= 87,1 VM= 2492,
TLEM 79 AL -0 1n6 oL M R A = 2 ARLA= .381 [TOPIHQT= 3114 3}13. PRESS=_ =90,
BT S, 2003 3353 Aloky ity MTERLTLE ol Rlve.ze="T"05288 .50 PUE3YS,
TGP T S%eSYeSxvz =237 9. -J8Y9, 175, bMAvaMlNcTAJVAx- «379. ~J3ulyv. 11/, AT 3.3 VM= 3238,
Ml ~ru SheSYeNtY s L5y, 19. 184, SMAX e GIMINYTA IMAKS H2a =571 301, Az La.a VM= LSh6,
GUT SIR SXaSYrbRYS chbe. wede 193, SMAX s SMINS TAUMAX =S 250V, 405, L0471, Az Haol VM= 2326,
ELEM 79 NODES= 4 3]94 3155 3005 MATER[AL=x 2 AREA= 38397 TIOP,IBQT= 3143 3)3 PRE S= -90
LEM g lya NODESE 3004 3fo v iRV s -0, -0, xCyyeo2ca Zi13e3e-10" T8.7087" 3 ‘
TOR QTR SXeSYebaYZ =21 749, -1%9, -9, SMAX Y SMINs TAUMAX= 1 ~21H3, 1014, A= -e.s 2109.
MY TR SRaNYebiY= =200, -116. -200, SMAX s SMINY TAUMAK= wdnd, 204, Aze39,1 vm- 38k,
HOT RTRE SaeSYebAYE 1718, -17, =310, SMAAISMEINSY TAUMALS 18&9. =1l2u. Y16, Az=H0. 7 VM= 18%94.
LEM ﬂo 0nng s 255 3194 3006 MATERIAL= 2 AKbLA= .383 7 TToP Tu T= 313 313, PRE s- -90.
ELEX, (010, MINEYE 008 p3S 3Lty G MATERRILT 200 -3 2% R2 T vc zca’ 200263 5. §3 §
TUP SIR Sx,3Ys5AYE  =]B1/, “3al, J3, SMAX e SMItle 1 AUMAXS =340, -1»15. 739, 1.3 s 167&.
MID STR O 3XeSYsbrY= 106, —lley ~12%, SHMAXIOMINsTAUMAXE 1759, =115 165, =-ﬁ0.2 VM 254
HOT STR  SheSYeSXY®™ 2l Pou. -2¢B3, SMAXsSMINe TAUMAX= 2069, 210 930, Az=dl.] VM= 1572,
ELe™M =81 AQDED® 1006 3156 3152 1007 MATFRKAL= ¢ ARbA= « 38357 TTow, THOT= 313, 313. PRESS®T <90,
AYLeNY R 13, MX oMY ¢ MXY= -2, -0 ~0¢ ACeYColC= =1.7¢l 2.07 -ce
TUP STR SK QY el XY= -eoua. ~&H). 203 bMAXybﬂ riy TAUMAX= =458, 2069, Hg7. Az 7,2 VM= 18434
MIy 510 SXehYedrY= ~157. SMAXN+SMINsTA'MARR 3, ~l/a. 3. Az T72.6 VM= 180,
HOT STR SXsSYrHAY=Z 203:. lo7. -4, smax.sn N9 VAUMAXS 2040, ST 934, A==8l.] VM= 1964,
ELEM ud?  NOPE 07 3]1S7 3154 3008_ MATERJAL= ¢ AREA= TT0P.THQTa 313 PRESSz__~90.
LEM, 300, VOVEE 3007 35T 3U5% 3009, MATERLILE <y -0: "% ycanes! e 538 1.3 8}.3 £3%375
TCh S5TR X 8veSxY2 w219/, 547, 136, SMAXsSMIN e TAUMAXZ -536 o7 VM= 1995,
MID ST aneSYebaY= 47, 217 =31, SMAXsSMINe TAUMARS 3 9 A:-ﬂu.o VM= 2024
BOT $°7  SxeaYebxye 2)12. 127, ~198, SMAX s SMINY TAUMAN= 2132, l03. 1013. Telb e VME 2062
AR "3 NODES= ACOR 3198 9 3009 M RIA AREA= . TIOPW QTS 313 =__=90.
FLEM, @03, NODESE A0OR 3158 3303 3009, MATERJAL= 2 AREAS oo 383%Tvc.zce olon 33,7343 PREZSS.TYY
TOP STk hXabYehays -ezls. -Shie 173, SMAKISMING TAUMARS -sun. -2230 Bas, A= 5,9 VM= 2019.
MID 5T SXeSYeLxYz 127 la, SMAXeSMINe 1 AUVALS 3¢, -i23. T8, az H4,H8 VM= laz,
HOT ST9 LALSYSAYS Lano 320 “lau, SMAXeSMItie TAUMARS 2290, 30%. 991, Az=H5,8 VM= 2193,
ELEM ] DE ST 09 3156 310 3010 MATER[AL= 3 A« A= 8357 TTORTHQT=s 313, . P s_ =9
LEM  sné, NOEST 3009 3459 dlob Joif. MATERLALS BAs 3B R vc aca 951000 12,7337 PRESSS,g700¢
TOR STw 5x.sv'sxv- -2 JUa -52u, clu, SMAx-5leo7AuMAx- tagde «2237. 87y, As" 7,1 yMe 2036,
MID SITR O SXeSYahXYE =55, -iB7. 64, SMARsSMINsTAJMAX= 29, 213, 2. Az 67.9 VM= 200,
BUT STR axeSYedXY= 2100, 150, ~86. SMAXsSMINsTAUMAXS 2104, Juto 9r9. Azaf /S VM= 2045,
<LEM w45 PODESs JCle¢ 3160 3l6l 3011 MATERLAL= 2 AwEA= 38357 T10Ps IHOT= 317, 3)3. PRE$S= =90,
NKoATR 1, o MXaMYeMAY “Ze -} -1, XCoe¥Ce2C= =P,34 - C e
Y?P S19 axeSYedATET 2014, 460, la4. SMAXsSMINs TAUMAXS 056, =20]31. 784, A= S.3 Mz 1?46.
MID SIR SAeSYeSaY= . -158, -8, SMAXeSMINeTAUMAXS 26 =15H, B0, Az=~Bl.1 VM= 59
BOT S51R SXeSYebXyYs 2uee. 154, “16V. SMAX DM I TAUMARS 2035, 140, QuB, Ar=H5,]1 VM= 1969,
FM W8h N ; 3lel 3167 30 MATERIAL= 2 ARtA .38 ae PRE, «90.
ELEM e RT - 09??;.10‘1 i.l 2190, 046= RiAL -y i QEZVCvzcs ! ’;891’ 3ids, 09;’ 35310 90
TO® SR SANSYeBAYE  elRBo, -’67, 2ns, SMAX ISP INg [AMAXE =213, -193 soo 9,7 VM= 1836.
MID ST HReSYeSKYE 27, 12, 169, SMAX»SMINY TAUMAXS 6. -134. 145 A- 4hH,6 Mz 259
BOT STR SXeSYenXYS 1944, 2uoba 13, SMAXySM Ny TAUMARS 1938, 2bb. 826 A= 89,5 VM= 1612,
Tt 07T aAAFCe IATZ 1A VAT INYA MATFRTIAI = 7 AWPAX . 4HRT TIORP.TRNTE i, . BRFSSe  «8n0.

223 Form G 7756



http://-di.il

joB KXW

PAGE
DATE
By __Y-& REV.
Ie‘\' C:ynéeusef ACQ\AW\M\OA'G’{-
Ma\efLa\g Iod s<. D
Q 250F

<, - 653k .

%: 216 . .

X
‘Co{ i xiO ‘Fd(\ wie ‘}c\oa‘at\‘\‘\s

S - 0.82x 5.3

= st
é;: Q.V3«x 271- )

2015 ks

w o
v
W
0
n

R“A\Y“\CA\ N er\_ L

A ?\ﬁ\*@ Z\Qmew{. w\p&e_\ T \\\e GKQQLAMU.\O\\'DT

way Tonsts acked @ Thewdn W Q\ﬁ \

T™Te wodel Conys og Comitsl Shel e\eweds

(shff- 11 - Ansvs B> ).

A«F \echioms QV\A SHeses were e\!a\w&eg\_,

rnde~ AN \>(‘tsgw1'-e C:av\d.;“l;eﬂs.

SU\mmo\
P Sumoncy
og \\\e Stvesn QAams IS @ \Qno«o&:

224 Form G 7756



JoB

KPS
B
L
z 2z
S GS_\_G A , L=12
< \ ™. ﬁT“‘-'

T- Ouer Thel

May . St{ews DBecurss QE
‘Q\QM-#’ \S (NOQQS \S—-Ko)

Qsz V2 ACL

Sl —dox
T'“‘

S =

= 3120 b

205 . |0.4L84

1320

PAGE
DATE
REV.

s*\‘es&es =N 9
Cm'\\Ca\ S\\ul Z\vaew\'.'.

on Yxeld

- AW wec S\"\e\\

May. Stress ours ok Slem. £ 44 (Nodes 43,59)

S L -1539
S\ = = .
= - 938 j > = 3 Su
grﬂ, ’ <fh ¥
GT“ = 0% } % C;€]Cf)_; ISJ('/’C"(V/‘ ‘9?‘-
1

Form G 7756




JoB _KiARS PAGE
DATE
By _ J-&- REV.
M.S. = 225 _\. |o-.z284
1S.690 w Yl\‘ld

T - F\oahﬂ‘?ij}::ﬂ

Wax- SiCess occuss & ﬂim‘eu\t NO .

G = -\2 4slo st
S “

370
T“)-
S, o 12,048 psc
M-S- = __E_C_D__:__‘_%____\: 65C13
12.0d en yield
226 Form G 7756




JoB _Kivs PAGE
DATE
‘ BY __ - A REV.
3930 23, F=q
———— \l\ G\ 7
TT ™~ s Naode NO-
I\ ~ €, /
3.37 b-4c. Ty, \l( .
~
l\ !\3 " QO.O
"R
c.ec ‘:3_%
F‘On\\nﬂ \D\S\'oﬂ ef:’ﬁ;e;;
/ by R
IS
2.¢u ‘AGL)___/ :I'J“L\{\ '_23_ LL" E'.'doq// l
¥ ﬂ\- \/
‘lx 5 20
saNIRT T Ly
55’1 S .‘m\' G QJ/ o\ ,O’l l
; L TS 27
1.7 3 7‘“\\ 83
| = ™S 52 N gy T 91 9)
~&1 7
e e “e';}«j f’g Sored
TS ! -
1.14 L Lu \;i és Sf\e\\
} ' Thrne < — .'"’
. Shetl\ 33..5 30
I Lc -
53| . ~
67 . ' *
l A\D‘ 1‘“; K
66 =320 bw 4 £
o l o Lisyr g, i
6y i
| - %
70 7
-.53 — Y A
71 '\:-‘- C-o40 /
[ I \ 78
- ! 72, 7_./
1 ey '
1 {71 £
> /
E 3!
IR R 1t e T TRTRRTTTT OTTII T U
Rien o1 CanSNse s ACCLYLEATOR
- in. \.
227 Form G 7756




JjoB KiPs PAGE
DATE
By _ 1. €- REV.

-

FLS 2 &e?a‘(w\ed G@w&rx‘ os:
AcCumuleator tinder
oW ‘wreswrc-,

228 Form G 7756




"

!hANSON ANALYé?§¥§Y

g.000

/778

in
ol

PRy
f

IYar
<N

oMN
—

cP

NSER=ACCULVYLLATOR

NoE

(@]

3TEP

Lcal

3.
ROTZ

TIME =

SOLUTION ¢wace

NT

uy

UXx

NODE

INTMMMANE NN NN SN AN M MG TN UMMM MM AN YN MY VNI TMINUNMI I EI TN N O D0
OOONODHIULDDDDVIDOOOIOODIOTLIIDOIVOOIDODIDODIDIVIVITDIDDVDIDVIDIDOIIDLIDIDLIIDS
R R R N N o T T O e e e T OO DN N N MR N
Laduhl B Gododtthadadsdad o da il asadadad Whadwd st whad ol a2 o) D oadatidad Wadad D wlad Wt W wd ) ddatadadodudl el dudsd Ladatade
UL F AN U TR OINC AN C OO DX NS =PI e DI e P s S d ML L G ™ 0T S et OOV D2 0 S
FOINIDW § 1% DO M N OO U NUF O™ DG NDI~ONELNI TN L =AY P LDOLNT VSOOI C LN T
OO VAIM NP=D HetNONFINUS NN AF NN T N ASNUNSND MI=m N =D OMG =D F O~ NP0 NN AN O DN
$ VAU L DM AROALC DN F T IO G SOOI ONLD LD NN~ DT DT T R-DMSNSMTNANT DL D~ O
YOG =YY et t DU D AN P F O P D ot Rt M Ot TP = U NNV ~ USSP OND~O DI~ IO PN~ =Dy
SUN Nt o= 7) DT N N A A (D D et ettt £ G TN A N e et I T ot TIN Y bt T Y5 O P et ot o et Nt ) VAt et N 4 (Yt V3T L T3t
OI..OOI'....ll'....'....’..'."'.9!.'.....".........'...‘......I'..A

L | [ ] LI I I I B ¢ [N ] 134 1 e ti L ] ]

.

QAT O U0V AU U U NN VAL M A U Y AT AU MM MM TN MG MMM MMM M oM I mOIMMoME 333433332 37
CODHTOODUOODIDOILD I DOO0DDOODOODDIDATDOCOITIODD DOCODODIVOIIOIDDOODOODIIOD0D.
R N N N R N I O 2 o e 2 T T T T O T O DT N I O I B B A )

Gdo lue i i ad Wae it 4e 2o e wbdal ol daae S Wy waiadaduwii e st a dadwis st aiuiouie el e b el atload's o
OMOSNL I FO TV DT =N~ X P X £33 A - NS OO VO 0L~ D OMDMUA RO DO DN O N F s
M IOMRN DI Tt 2 LD DA allremt I T TOONL G Sth-g IO NI I DINNLMONNSTINLDMODLCDOIMOT T I TN,
OOP IO~ LD TN LN Fes SONDLEN DY D= LO~D™ CIP >t I~ F N~ NORONS SP O IV LTON TTINVDDNS O~ L
M0 e 3 LI U AN O RO O W I 0 T UL D O3 O G E L MO~ OO O OF O NIN~ SN O L = AR
NP DO PO (PO VAL~ AD DT DD S DT ONM U1 TN~ E O T M 3§ NMNOEMIIN Pt OO PODOPO~LLOINNI~T V.
IO VOO U (ot ot oms ot st o rot g (o o et ot € ook et b A PO O D0 o2 P (U TIIMIAN Y UMD M FUNN T NN UMD O D -0 0 N3 M
0'0..."0'.0".l.'.'l...l...I.'.'C0.0'.I..0l".l"..’.'..'.!'.....l..

tEs et Lt tttr ettt

QIO NN AOOITMTTINMEIIMGE I I INIOITIIMT I SN IM I T OOMNIOMIDIONEIOMINT I IS IS I I LTS
LOODODODCCOOOLOC CGOOORMN IOOCOC ODOLCOCNOOOOOOOOCOOOOOOOUOOCOOOOOCOOODOTIOCO.
A R N R o R T I I T T T T T T T I B O O DI OO OO N LI B
U Wil e wiwd W a Wil (Wo T doedvdaidite adadelwd Jwlstiwioin o ha Wl e g ad wiudud ) duld b atdudud adudal,
TLrt P LNT NI =N r4M UL T DO T PHOS DNTI N HNVTUNHI DT VI~ IOV N L RORITDOLO>=—OTLNT DS5DL’
SN~ 01T DI IMMIDOT O 0OVDNG TONITINIVIEIOI ST IO GO DOODIOMNID O OO~ DT T
AN GO D md= P J A O~ F e D PO T TIND DU D DD O I F GIND 3 FONCIT I PO e Ol OISO IN =0 F N
CIN-DLDUGIT 320U ONNNMIS L IS D™ ©F Dy a3~ MI=T UMN N e et U LN M G 0O N et U DN OO SN
LM OOAN G -1 PR IN T IOL DS M ™12 59 TE~N01 ) NV XMD 00T P HIDON LI T ONNIG F INDLOMPOINO0LT LN
DRV N e P VER N s T od IC RTINSO B RoFTAVR Je VR Ve PRy BRI fT A VSV SFTAV I oK BT 20 T VR IS 4V oo BE B ad RVEVES Be b o Tantas BN BURTY A Iag Tt don Eanl o Ton Donld
hv."..(..'.."..‘l.1'...'"'A.‘.-«...'..'5..‘."‘.‘.".........Il."..

L3 I I U S IO IO I I B B ] U I I | L B I [ [ 20 O I N T I R I B B A A

AN I NCH-DC UM 3 N O DN O~ UM SN O F- 0T DO INO D RO~ S UNO - DO O UM PO~ QPO =M I DO DO
it et et e A st =t N IOU VOGO IO CT TN MMM I 3 3 3 33 3 3 23 0NN NN NGO O 00000 00!

229



L]
[
@]
z
[o]
MOHIMNIMIEMIM NI TN N Q
DDODVOD DODDDODOLDD o w
titruvae [ 20 S T O I O B O 1 2]
FENINYNTNVIVENG R VU NU RS S U VLGS S W wl
NN~ LI~ NC DD MM el ™
MNOTHNIT LIS n (=]
rtdwry s X M NNE T 000N —~- .
IS VNS L O NI D >0
b A1t A0 T ST Ak i alle SR PO g Jee o) ~
MU L =N 297 G-t ~esSW™) e (48]
LR I S I Nee I R TR I O I AN Yo ) .
Lere et LI I LI ] ]
o n
[a) -~
4 (=]
NMITFLT T NNV N o« (=]
TOTODOD DIODVIODTODTL o O
[ I IR IR I} trvi vty ot " —~ % ~
dawuddaewiul) Wil vwuoa) woeal w [ ie] (8]
AT TMO NSO~ T D NN O O,
TL~AONIS SN At IO~ wn xXid (S
SODNI~ NI ONT LD~ D [=to N & © Y] ~
Cr-Ji1-73 L KNS CTONT NN o CLXx [ re)
T3V~ DM ONI =V~ I™MM) O Lddl Ll
4 AP ONFN NN NI T et oy X hd
© e e s el 8 00 8 e e e . L. b2
200 20 T 2 I O | L0 2 2 B A B B B A 1 ODO
b Z
wno W\
ZITwX W
Wardtiia
IMMMICING T IITIMIMT S (o T T R TS BN VY )
2T ODO0 COROOOCCOD (= VN
PR B O O {2 I R B O I A I L IV S o ]
nada’ Jidul 4 WadldundWwladvladag Ui 20O x &~
PMDTMI—Y DI~ TMO0 LTI »r x£3
1INNON~IT NOUMDOODN 0~ < wle &
T OO MO G TS e [4N10 SV Ta B Vo R O )
IVNCLARD DI r-Q g~ I TR de
A IO D (NOWI OO DD W ™M a3 e-F =
R VIR PN SRVt & Yo ITale JTen SCPAIE A EP S TR S GRPT S 2 S
T e s el) s> _) * 7 £ <L(X -4
¢ e : < 4 (@)
> IO N
OB -
b3 PR e >
2 30 M~
ORI OO =ML NOM IO TN x
Lind At all o 1€ 00 05 M 0 A v aT0 AR 0 ¥l AT ¢ N AT o ¥ v BN TE 14} -
~ XU L
I x

230




Q é}S"S -
ANSON ANALYSIS SYST

aun
+

w

ITER,=

CLl¥e

TIoN=  }

1 ITERA

LOAD STEP

ogomnn
TOII ~NL
N\ ¢ ¢ 0 ¢ v -0 N
I ORI O O
CA-J O —OLWC A OC O
~ ONASMT>00000C0
5144332PL00{X\0
D e v e s s

S (&

Cda 8 ¢ ¢ 0 ¢ o
T NILMI I NMNI M=
CA~ TN~ WS OX D
M~ 0O~ SANNOC O MNN
& LRI T AT 2 Wagi™ B ASEAN
(ol Wt SO (N
v >ODOHDO
XODOWLOO
Y A et el) b e e
F Dot g ONNO [ B |
0N DON
LT M
- — [}
s
.~ T OV L OO
—OOODOC
UK & ¢ 0 8 & 8] S0O0ODOO
WNNHMN S P PO 00D
O NNIMrD OODWOD
o $o%¢ JJas LN a bs ) > 00 s o
I et B A aptat AN B
N
x
W [and and il oo
Ot 6000 06 T FI LIS
TN~ANGOLONONDO T LW
uw ryU~TtaLoSoTOD
= i BN DO OS DO
e\ PYMME OO DOD
(12 [=tolelele L]
(] o0 s 00

o
O # o ¢ 0 v o
NSO~
oyl 4>~ S
DN et~
e 0
74 1

»DOOHDO N
X ee s e s eIMMMNMMN

NOOIIDODD ODODDTD
Iz I COoOODOUw
] LI B 4
T

o=

[TV

- otnonNoOIn

J e e s 0 0 Cr Dete «N\INY
I LLOTODOOXOIOC LoOC
[ R Y ST TR TS

[=] TSl o]
vy oCO LT
[ ® 6000

* o s o o
e L N OO
O urnm g

0N SN VNN
VNN

I
[

DTN
OIDO-D
= Clemtr = ~4 D
QOIHLDOLD
<) e e e Y DIDOCDHO
L NLD QOHOTC™D
UNMIILL e e 0 e0 e
— NN tet s
(Vo Sa g To R Aol Tod !
"
w cNDUIro N
18] O\
) OLOCCOUNC LCOC O
O O OMD DC DT D
S DWTr) OO0 OO
IPPTIRNT OOOOLOO
e 8 o & » B *® o ® & 0 &

= MMM

=t N
OX VAN N L N
b IS T S TR P o ¥ & PRFYE BN o]

Wy N JdODM Y TN
s AU OO T
w! *oo a0 v e O O

s e 80 0
4 Lt
2

W
T30 ) 3N Ot N0
wy

Finr-ng ~

T NN~ D

« e o v 0 af—riNC =1 O

O~ FT O~ OCTONC

T I ICNuococ C o
O &

MMOMIITS0O0C20

. ¢ & &

— Ds
S C

™~ a3073_(535?.197
Roladlartoala W4 WL S SN gl NN BN
— W=D em 7 F
(2] SOCOHDD20
YOO

(Ao P N I L Eh o1V}

- 4 FD~NVON
~T TININVDO
~— LTXLLLT I~

OO
UY ¢ @« 2 8 0 o] DOODOD
WIN rt s P P OO OO D
¥ OoOM~-LWL CcOoTcCcoo

ws it i
Qet @ s 000 IITITIITT
TN AN it~ FNLCLHLLX T D
W O/~ MM COo0COO
HOPVNTLONWDDZT O

[EaTaa gt TAVE T COMIDOND

wr OO D
wn o0 e ee e
Lanl
Xy e e o5 0
MZND DT O
Qi I LIINY

D~ 03—

t ~UN
2] O™~DNMN
AP DON
Dt aleake Ao As Al )

I es s e oYUV
HOODDDIDO ODOLLD
ITE 14 CODODO
- 00 0 0 0
wxr
prg d
w
| N~ O~ N

3 aseses (YNMITY
QU CQO—A KOO DO
~e DSOS
OLOOOOQ

[T CDOTOD D
U] ® e 0 000

—
<
ZI ®» e o 0 00
— ON -~ NN
UL L0 O
(00 SAVAVIa Ve W Ty ]
MM MMM DL S
) oMDONN
—C CCratun
QOCoOO0D

W ITIFINITMo
—0 NN VNN 8

_5333q333

1]

w (st 2 alagla o hag o

tJ ~o 0 AN

QO COCUSONNUINLNTILYN

O CIONVNOTDIDIDOND

DI~ OO0 O
orrrr oo
o e & & o * a8 & & > @

N MMM B by

S~ mMmao

QOOCDO xa "™t

2 OODUNIO, U TR MR

Wi DNy FOTINRNT U VY

MG OONGe WO

[FY] e 0000 OCTr (O

. o ¢ s 8 0

-4 {3 B B B I ]
3

v}
T s 4 = NMIFN O~ 2N O
o

231

—~OVLAN Y=

ol Lo NV 4

XN o & o 8 @ -~ TC LN
I INT Vi) A ST IO~
SN X T P QJUWCT T OO
M~ MG INOG>O0C 2T
VIO AUNHYDO000QD

— D e o e s
n (6]
= & ¢ s ¢ 8 @
LV~ LIN IO O
SO~ LCLTM —e T 7 e
~ TN LW
il S Utk A T I T B
- WiTAS T
2] >0 L oC
XOTDL LT
HDD e o a6 ¢ 6T 6 v ¢ s o
Z PN~ N NS tett
e Al VA
NONOQL—2D
.t P~ DI~
—X LI Pt VIR o s
hatand I~~~. 30
o

U\l ® ¢ 8 ¢ 8 ¢ LGOI D

WS NP OOTUCSLO OO

a FNNLDON DooDTO

DO ON~-M—~ s e e v

a0 F s

<cn '

x

wh RelNeRoNgl ol o]

Qe o @ ¢ & s ¢« WNHONHND
INDOLHNDNDLY Y Y G

w —~ AN JIL OO T

OIS NNIUOOT OO
— M NN QDT D

w) ODCOOD
~ ® & 00 v
o
O & ¢ o 0
MZR"IR X~
o = .Nd VI~

DN N

ANt ey T
N PVl NN
NN Y A

F e 0w cU.c‘/w(./.\C.C
HODOOOOD ODDDOD

X< It ocooDDD

. ¢ s 2 ¢

or

D

u

~ =T ]

S e s e s 00 S NN o

Qe OC D~ T 5D

~Z ttioce. - o
OO LS

7] SOD IO

ST & 0 e e 0o
O M
|l GEERO . 8 4]
O PA
a2 2R 1A VAV I eu ke I lladia V)
%] NN~
[ad U Laat XSRS €0
QOO >
[42 T2 BN I I 2o e § o il wryl g o )
ANV OCCe O
DN~ ey c % e e
[dh U i LA L I ]
[Vata Taoleatiotas ton]
1]
) (= A A O ¢
Ly [T 2 o SadatUaX)
O COCLOIOU rtrmirtrt
D OVl 10OD0D0 >0
> OO0 LWL OOLOCO
G~ I OCe JOO
® & & o & & * & v o

Lar I o Nootad haTason NN NN N N0 2O A

LI O 07

QOO D> Ny

T QOO S s

v O U T TNV vy Uy

NGO AN DO [ a2 |

XY ] t ¢ v s e OO T CT

& v 85 ¢

-l [0 I
J
)

Ar4rmt NI I NG 4~ IS LD £
n

OF XL~

Lt N ON

ON e v 0 » e =~UNDL—O
e L IOMOCH =TT IN
T~ ON N I WOCOCOO
N~ TSNS OO
Gll?éJ3H(.0(000

D s e e s s
S O 1yt
1 08 0 0 00
sTONG —~—0 O™
ST TMIL AN Cgnd
M~ LNDNIANTNNNSNTA T
(VR SR eTratasTasia W Lo lafiiN i7r
lond U LI
(1] D>POTDIDOD

LOTDDLDO
D) e ¢« 6 087 6060 a 06
ZMLLDINDN 5
~ Dy
[ANP15 TR INUT oA B §
LN ]
~L
-~

WA~ DN
~r3FD 0D
XLoLONIDLDR
—OODTOOO
U o2 0 0 8 s DCOTOD
NP~ F NI WOOOTOO

X MY NON OO0
DHLTIN™ ON LI IS A
[l el A A

<N

x

o LOTODD

A~ 06 ¢ 8 ¢ s OOIODO
ZNMD IFONPNL D 0TLL
uw Ol TN ODOSOO
FOXW I ND IO DTODD
O NI CODTIOD
ODOC OO
e« o e 0

70
5 8ER8 s
"361 ’.
~2RHY
=loid,
345,
_B67,
2Lnl,

N~O T~

Lo e e VAN 3 10N
Pt~ 0 DD

o @ DAY
DD DO DODD

oM
—p.
Ve
~De
-l

~OO~TD
s DI~ITO

-1

T=
A S AOMLE¥31H
~Ua
-}
0.
1
X
Q
0
v
Al
1

ZT e e s v s
et NN

o1 LNHD

OO M
it S VA UiseRas Tad BN A U N o T aale A an)
%4} —et O Oy

—— 3
QooOC DO
FN) e e e e eXDOOOO
LT Mt OCTOOCO
DT T~ e v o e
Pt PP D A [
VNN INMM
]
v WM 0mM
1 NN <D
O CcoTOOOUHNNINY Jih
D O~ D NHTDITCDDDC D
L OnNEN- COQCDO
LRLILTLL QOTODO
~ 6 &6 9 @0 * @ & & ¢

IS aeTab TR Tan TabToe TN NN I IO BN 20N |

wnro oL

QOO0 NVt ~OM

T2 QNSO

LACO D UD FTOIDININNIN NN

A PTOS AN OOQ 0

L ee s e e OTOOID

[an e P o] o & » @& O b

P tye st
~t

i
L=\ 1 DD bt UM TN O
(%]

e s oe e
el aM LA

S

Qe v ¢ 0 9 2 @
ENHNDO~ 0 I3~
W L~~~
DTN D
Ll Lo Lo B P I ¥

OO ODLX
—Z =

%]
i
-
<L
YT o o s a 0o
Lt e N SRV S iV
N~ T
DO S 3
R A )
%2
(%,
QO
UXN) & o o o o &2
CINDI-O
Ot ™MD
Lo lon Lo fon fon Tow av 4

_5333.5.133
¢
[
ud
[a]
O NNPTPOMTT
2> DI~ LN
DD

o e m o o

72 2N Tod Inb Lag Tod lar]

OOCDOO
F ocoHoDC
oG G 2O
o4 NNyt T
w e s s o e

o fas L Pndiand
-
-4

(]
Trmtea ) 3 SO
wn




S002345

~NIoOL

rsomocno

O o8 0 0 s o~ O
ol INCMI I NN~
o=~ nh Y T oo oo
~ OMO~Fax2oCOoC DD
r\%:.\vzﬂ(.f ZDODCOD

IU e & & o s 0

S o

>t o8 @ ¢ 00
ST HADON & I~
O~ TCF =IO LN~
~ MDDV TTU Td X
TANNNTT . LMy 2
W—o o~ ™
D2ODO0DTD
XOQOO.D
D) es e v es) e oaseseoe

S1

SIS LR R V)

- th orMman~
~L TON—D™~
~4- b TN

VOR36
ury36
JUOB 36
Gt & to
U336
MR- 1)

(%] OO D
[\N] L B S ]
>
" e ¢ @ s o
AV aV of Saglt o ind ]

s DIV~ O

LI ~OLF 2

— 4~y

N

& o 0 &)UV
DO000 ODODTOD
t e [ Fun Foo on Tap Yo

e & ® o v o

5
Qe

VFTNNO—

¢ ALY
P e Lttt o]
I oooconoo
OOCHDD
oD

" LI S S NS

et 2 2 VA Ud Uls WRG Y o V!
v OVRM ~™M
<3t

NI} o080l IITOCNOD

FIVOM—= QOCCCD
OO~ s a0 s v
Nt QD bt Lt
["2R2 20 Tae 108 105 10t

11

(%] WMt~ 0N
td OOINE +
C cOoooaonINU NN

O DNTNTSNTIOTDODOO D
STEINGS I~ LOOOS >
MDD OTOLCDW
*® e o o a0 * v ® s @

DA ar b Tos ot Aaeias HUNNE BN IR BN 0N BN J

C N

OO PNOMODw

T OMDQLOOD PSSO

[T N VR VN SR TV IRN TSN R Rig Wi 4N}

3 UR OO D OGONOY

(W] .6 o s 0 e CRICOLD

r— 4 Ardr—d . s ¢ & & ¢

. LI I B
-3
L

Ar NI ND 2 SOIM FINO
[S4]

F~FOOM

I ITIN~-M

O\ e e 0 0 0 - L\IANITI
ST Nt Y CC Ottt
e ATt N e, C OO
M (WD ~ODPICTCODC
S2AVAUNATT I D o0

>t D e s s e s e

w O ot

ot ¢ ¢ 0 ¢ s 0
INTIN v TITASC
P27 X ?Q.\/Q\Q;

N~ e OC QDS DL
Lt Y R N el —_
— WM\ ~—Oo O
%] D2>OT2OOD

rocoocoo

ND e e e s s e sc¢ o 0o
ZIONIITI o b o

—~a I 3N M

NT F I

o bttzer ~AN DO

~T ISP N0

—

—-oO0C SO0
N\ o ¢ 0 0 06NV OO DOTD
W 2N~ Joococo
COODDOD
08 000

<<

o o

oJ OoOLOLo

St e o0 0 0 AN

2NN VLANOID

- 3mMr Ny oDCcooD

O P N T O IO OO
FIIE I DTODO00
2] DCOoONCD

€O CECTE I S

~

~ S ¢ e 9 0 e

OOV
P Zan T oo Femin. o)

o e s 00 e

~N00M N

T e eas e ALUMNIND

CreaD O O™ M rmir — ot r—tet

~F 1111 DOO0OoBoC

OO

Cg CoOTDO

U s o0 0 6
[

<<
ST o ¢ 0 s o »
= M E—M NN
LTINS I T
LDPP--C Y D

O™ N OO T

vy Mg O e
b— et Q= (7 )

OOCOOHDO

MU o 9o s OO OOVOO
ORI QOO OC

oIIN~-c™M LA N 4
—_DODD e
PalatDelsalesiae g}
"
(%) XD
Wi [ el Ve oV o]
O OO C LN~~~
O NI 2Ty 2ODDOD
L= NMe O OO0
CLLOoNN oo o0
L e ¢ & @ &« a

t MMM Lt s

U oing 3

COOOOME  CQ =\IT 0

T QOOOCTDT OO0

L CDOS 2 72 TIN Y NN

) CHDIN =+ O 20D

\J ©C e r e OOQOTOOOOD

vttt VAN ¢ @ & o 0

J ¢t
-3
e

TN 3 DO~ M FUND
%]

SN LN

R e WoN AL UTol ]

CQ s 8 0 0 0 ai-JINDODT NN
TORMITUT et CC O

(o= 2 ol ARATY ARV a8 S [ %Y el vl o X oo )
~ = I Ooooaa
GUT N Y OOSee O

llv ®> ® s 0 s 00

Qlrsrrtt

e e

~UNNO NON—O—~

Loy <3

b= 13 FOTTT

CFLX D0
Lol LWODODOO——
(%] S>ODO0CDD

q ODO00Oo

D e s o6 68D veeescoe
I~ 0N 0N-0

_—~™" 3T 3>

NI} ——

-

~qC
~—

Pt NN
DN EN~0O D
IN~NOLOVD
OO oOoO
Nl o € 08 ¢ o1 OODDOD
WNS L NLLSSUTOoo00
O L ALOIT DDODDODOLDO
DOre™M PO~ ® s o 00 e
—— MM T
<N
X
Ve NN ANANN
Qrs » @ o0 ¢ ¢ O LXLOLLO
I ONDE Mt SN
W NE NNIN) CcLooon
HOOMN 0N T OCcCOONO
Ll U S VA VAL VIR e Too R S e Rous )

W CODDDCT
~— . s 00
™
0L e s ¢ 0 o0
2O =00
o NN O N~

T~ FHO™~

N N=OVO>D

DLPDD-N

>N~ T DD

S e e s 8 o DN YOI
HOODODOO OO0
Tt OO
— * s s oo
O
N-

u
-4 N~r0N
S e s e e OO RD—~

COO OO0 D rtemt =L

2 DCCOOHOO
DOOTOO
N SOTOoOOoD
[t e o 00
[
g
ST e e ceo s e

Hinosney &
—t PO,
0D D DN ™
YT Y A 200 TN ¢ A o2V o Lo ale ;W N}
(%] ~SIUNIDMO
=L — O
OODODODHD
QU s & a8 s oL OO OO
~ PO COOOCO
Dt TP
— O DT O
NN MG TIM
]
wn [a0%e sTagDs ol e 4]
wh ~Lonng
() OOCOOON LA T VD
O oV T D OO
ST D QLT DOV
NNHNAIITYE CDODOQ
*« © o & o ¥ e & & 0 & &

[« BN oo ot T os Jan Tas Lok SRR JNF SN BN JON IO §

s 000

[ 9 RV aER 34 WY ¢ 4
OOOTOr
¥ 2D
179 S IV AN Gy ol N
S e R R A St I
Ul e e cv v e LT OCWL
[AVIAVEQWA WAV RN} ® e s s e
i LI I I I O |
pu
53]
L6 AT S U0 S UMS N0

« 232

JO N UG
€ 200

—r P~y

IMerir~ux

COJ v e 8 0 0 8}—-0UC HTUINM
sT SO NG —~U O\
O ~T P~ JUICOCOTC O

D s e s e e

[ ]

MNI~DMO
—~ LT ST 7
weos Hoe '
vy DO D00
XOOOOD O
HC » o e 020 ) s 00 0s s
ZNDODIFT~D0U
~IAT R O
2513 SN
—t DHODT S

I.H N VOO

~i— L OOLD LD~
—O QOO0

UKU s 0 ¢ ¢ 5 0 DO00OD0

UANOD NI ~UWC OOO00O0

X NI~ OoO> a0

D20 N FMM—~ * e o 0

=G UG-

“an

o

wt DV 0N

Qe e 8 o8 00 ADTCILODD
FNNUL ODPMIN P At
W O~Met@D LN CDwe D0
O LOMNU——uIC OO0C DO

N\ 1~ Cowe YO

wn 11 CcODDLD

0 s eov e

m

N oo o 0 0
A7 P~ O 0D
LWIDI~D3FD
NI MM 4
~NME 0

7] DDO I

NN DO S

S se v e e IO
HOODDIDOO DO 2D O
OO D
* o * o ¢ o

p 3
[
oT
ol
w
-

oo DN
e\~ Y
OO rtrt = > WU N (Y~
— SoocooTo
OCCDODO

n [=Y ST Yol Y o]
1 * o6 & o @

—

Lo
TX oo ¢ 0 o0
OO o

T e 0 8 0 s

N Ort D 7
W L ~NOHD
=m0

ODOOoOD

OV ¢ @0 s OWLDOOO
NNV N CSOD D0

» a0 0

LN I I

Qe DMND
ettt —t D O T

V19 D
]

1

wn DN

W D00 NN

O O0CoOOON: Lo oL

T DDTOD D It ettt

X NI IDIOE DO
JIITIMM CoDow0
® &5 o 8 o > o 8 & & &

o MMooNT 1 st

oo~ £ 10

COCOTo R T -1

X CD0OO Sl LN

PSR Y] LI I VI N AN ]

O I B S 2 A TUA TS R S EIET S

ul ¢~ e e s e T OYOO

[QERTAV (o VIR NEA V] I )

-4 L 2 I I R
-4
L

I AN UNO s U T NO
w

A 74

a NN

T clnoor s
ONl ¢ o ¢ 0 o o= 1 OIf M LY
el LT Jun [ B TARVERY N o
[= 2NN IR ¢ -
[N o TA VIS PR d BN SRAV B ] < . <
CA‘L-J.«_ VoVl SR N g S

S (&)

Tt ¢ @ 0 ¢ ¢ @
L~ F NN
CA-OLC 3 d 7
[ Nt REN A A 472

[

NLOI MOV o0
I E T 3~
~TL 00
~-

UXU o @ 6 ¢ & o) ¢ i
LN TT D -0 €0 r 0y
A VDI « M O PR}
o A% FoNt SV IS iNe] L A )
= O DY NS
N
e g
) Ll ol el oY o8
e o 6 0 6 o 0 PPt s
2UNC P A d N L0 D
[TV RV I SR AN B A |
= N~ FC ) o
Ealnianlt I BEEee BENEAFY ]
U2 | IO DGO
™ ¢ o0 0 e
a
) o e 0 0 00
OUZ 4~ NN O
LV E T HATED B
LAY 4+t
NIV

wy r—=¥N~ p

IO

>SN 1M

T e e e e eDNN YUY

NOoD 5. oy O » >0

1> [ BRI

[l ¢ 0 s v 0
(Lo
2
V%)

- D il 2N
T e 60 s 00 N DN
O rtrtrmt e g C 3€ ot —ieme 40
—3 D6 Lo

(ST TS TR
w I D
H o5 400
—
L-4
FTT o o o 0o s o
I I~T 0
[AVIE GIb BN ATS SN §
D g ™
L i SAUR NI N (s I¢ UNETRFIS B0}
["2] T N9 0 Ny
PO ML 00t

C) > ¢ 4ealy Ny

N o 8 s ¢ 8 oY O )
et O~ 00 < € i

(O] getaVias TofIaV]
N 400 0
__SnJ‘J NN

v [Nt te BT o]
jvu] S 1M N
1 Crc SCorrY TO )
O L L > ¢
Z>U T RS e e

Mty gy [ S &) C IO

P S SN
O Y Orrey
—

[ Y

LI I O A B |

> )
Ltrc + 14 5 2N
J da vt row
L) o e¢e¢ o s e C3f
(o VAR AVIANAVIR N L BN SN Y

_J —-—-..
-3

)

PR RAVRS IR AUATVELIL I LIGVINES SN IS
4

LIANEEAVIY)
(SN (S

a N
> oY <
S LN ) ) P

oo

N

\



N S~
LD AN
e & o (NOUNHND

I L ARV S L Y
POTUIC € ¢ ONe
R AUASTICE S ThR Y SN Y ]

O
I I B I A 4

(8]
e
DN MM 1
LNt rraOIrQa

LEIDU Lo~ O
e T Mt
LI UV g Ta STLNT gWASIES
OO
OO0
e 0T) e v s e vt
(Rl
sy
X
M~ NertcsD
NN~
IND~ULO
PO DO
LRI s S S 1INE Y @ L L]
O-MUIOOOC O
M~ OO
MAD e e s v
I ™M™ LI I A §

NN N

R ca Ve TR Y L4 YA LN
PAODONNCIHIC (3 D7
30 A=) ettt b 4
(B RUAW 4 I T TP o T - Tl }
tmteterd C3EDCICSCI,
CEIC,0000 )

a o & & 0

e 3N
[ NS RANED ]

tr=tr4 4
THDN TN
PO O
>CITINY s h 0
e e s TINIOUNYON)
IOWLO O
DDDODO
® o o & v

O NNONN

oo s 8 LN~ NCTH
DO CICITIT - e
DO, L
Ca2Cr ™0
QOO0

® o v s

* s 0

Uy~

NN AR ST AN AlN
O PTG
LM g et
(@14 VeV i WML WAY)
[ LI Bl 4 2t YT ERY 4y oF)

LA RS L R T PRI S
MRS Eed . o 0 v e
LR AT I I B B )
M1AVIaVIQY]

Ll At 2 BY

[ Ye 00d 4
PO TV AT Y I STe)
DA 5 demdrt 4 o 4t
LoAR AT AT U Tl S Pe
Nreeaea OO LG
- * s 0 *> o ¢ o a8 s
NI e

[ ¢
D N 4D
307 e gy

N 5 I
(€54 25 I TN Y S TR N
e e OOt
[AYIAVAANILg) e85 v c 00

LI I T A

MY UIODr e\ 3 o0 O

L) e oo o8 o-NJ~OPMIN
o1 O UYCHD a oaiss~
CTH- M- NE MY O OCOOS
I~ INTNDCLMS>OOOOOD
W I ==V YODCCO
- P11 820 0o a0 0o9ve

v (&

O e e 9000
ST~ S ~OMOD~S
Ca-J U NOHT— COIL
M~ NI INNLC N ~AMO
[C204 s NN SR Vs U O AL tagve
gttt LSO OO~NY
V1 >000L0D
DO OOD
H" )Y ¢t ¢ 0 ¢ ¢ 6. ¢ 6 ¢ a oo
SON~TOL00 s
~u) LD DN
[aN5 1o kYIS Sag MeV)
- D etet O
~I IV OH™M
~t— I OMJX T
O OOOT—

UYJ v o ¢ 0 ¢ o DCOTITD
W~ NANNOWUDI OO0
. DA~V OO O0OLO0DO
DO D T veeo sos
St (\J 00 4 ! ter 12
<N
o g
ud |t s bt i
Q-+ s o8 3 8 8 I
ZNOLCMPCONDDDDDD
ul MF LTV ODOCCOO
SR A NI S OT O
AU ) OOOODS
74 TOLOTO
« " 68 s 00
~
~Ci o & » o & @
—~7 N~ D00
CVN IRl TOA R o
[eolaVig VN Rl N o Lol
tt e~y
n b NO~NDO
QNI —~ D2
DD =00
T e e s p e o) mimtrd ded
HOOODDLDOO OIDOOD

Iy QOO DD
[ LRI S s
oI

-

78]

- Ut (U0
2 e s s 0 e e ONGINTNY
QDO rAem4 0 ~ N NN

~2 1ttt oooccooD

COOT OO
wn OO CDD

" * o s 00

- LI B I A |

P

Y o8+ s
L3¢ 1T Al e ol

~0L L oMue
MO N C Ly
RVEEN UL Kaa T K1 N

 ONI N
NI N Y
ONNL NN

NN » @000 0 eXOCDODOOD

— DD MOD OQLOT
AL Tad IaTa I e o
— RN O
(F T T L P

1

1 O IO

jres et gt SO 7D

() QOLOCOUNIOODOCO

QO GO0 D ettt

>

LI S )

LI I I O

LIDDOO™
OO L™
s e eoe

N3O
P e Ll ]
e e e o e

MM MI,Ir)

12

Mmoo

DO CD IS = D
T O ZNNG 1N
LISOON T L O D et tear =
—1 DL Ied OO 0D
st “ e e e e e OCOQT LD
CICCTIND) * o0 00

~ t et ot

Lrmtent 090 3 UG 4D U D

MOt~

TN IO

COJ & o ¢ 0 0 8O- IN. 110
oL NN Mt P OWITN

O ONMoLLIocCe . oo
~ M~ NTNIDOCCCT o0
CAUNMIMMITLOD0ODO

L 20 20 B B B b I B R I

v ©
=t & 86 ¢ 8 & 8
ST OONON MDD
A~ JFILTLTL LN OO 3C
M~ IUNLECN T TANTI~I NG
[CaR4 W W A WA VR WEQ LIS e X BN
Lo 2 LI B B BUEIAUNRTogled BN S o
n POODDDS
A OOODOSO
B ¢4 e 0 07 7 0o
g T o Ny ot B B I B B B
AL FPIN O
ND [ 4 V1ae Ralte]
- Pttt 2o e
[ MN— DO M
- TSN NI
[ Lam Lo Tan T o T Y
YUY @ 2 o 0 0 o DOO0O0OOD
UINM=— DA VIO TICIO
a  NMMmIMm ooD00D0
DONMNNINUNS s e o v v
eond B Kl dd 12NN 2 I N 2NN B |
<N I I A )
x
) FIFIF TS
Ort ® 000600 CODVLOO
ENTNITSLODNDIRI> D
k) TWPMNIINY CC NI

FOTMM~OIDHDCDOLODS
—MEENINN ©OCDDOD
) COODOD

0 e s s v 0

0

~) o s 2 0 s

-~ DY ~0
@l D3 Vet
B~ NNrJ TN

NN T

Nt ety ~auNNgeD

b2 B I A e B e R L T R
HOOCDDO2OOD DOODDD
P ]

Ix Ll O00DO00D
-~ s e o v e
O
i
wl
o nNNOS I D
E e e s e e NNHTDMD
O~ MM T3
~Z ittt DCcOo0 D0
cCOoT.ODD
7] CcoODOHOD
it o o2 00 ¢
4 LI O A
<
ST * e 00 s
0NN
C L~ OO
SOOI =N
e AR Y T T D

NNV T
OIS M0 —
O NGO
M) &8 6 s syCOODOT
—~ Y I OV~ CDOCDC

O Xt F TN~ O o e 0

15078 S I I I O |

[onditischandVo RN 1T NN BN B BN SN BN |
[ e e e e e

(]
) [ag Lo e o o A g ¥4
tud [=1w33 Jeoe el
N COCOOON~—OC OO

OV ¥ N2 ettt et =t
> SWH- LN OCCOHDO
OODOD OO0
> a & . &0 L I

[agTe Tod oo lad It ENRN BN BN NN BN IO J

N

13

Nt Lrra >

OOQDWNC  ~UNNINYF N

T OODLOOZN DL N

WAC NS VT _Jrtrtmtr 113

b ettt ) OOOCICT D

uJ ® s OCCOOL O

NN o o0 2 o s

s} LR I N N
-
fef

A ke A Vibe B BU ¢ N LTS TAVIog BN RESNGY
n

233

WO P
LoV I
o 8 8 =LA~ 0

» e
AT NN MU YNNI IM
Ch- AW P OOTWOC DT LD
~ AN NDPIPNNSOODCTO
CIINNNLICCOICOo
il LD e s
Vo] w
e &% 6 ¢ 8 8
ST M Y2 DR ODIM
e AT ML T OO D
N~ OSSO~ CMO
(A% 4 Ve Wla W WA Via PHENG B Qe Ran i 4}
—EE ot s o~0
w D2O0TDDO0D
TOoOOOoCOO
Y oo v 60 e D ¢ ¢ ¢ ¢ o
200 NS =~ Lt
~W N 0 N
NDOR —eF ™D
e 1Ay AN AL
~T [ S I B a0 1% B e Ra0 REa)
~- LTINS o
Ve et s et APt
UV} 8¢ ¢ o & eJ OOD "D
wN g erapuoconoed
X NHNILETN— DO
DOONFT I~ o e o e c o
—_—YT AN~ BT
gnirt e
x
w MMM M™IrD
Dee o8 ¢ 00 ¢ MMCIMTIN
IO T SMONIITT DT
ad INL LTTMADDL T T o
OISO O CT D
DD NRO ODOOTTT
wn -~ OOCDLCO
—t * " s e
3
~) s a4 o v s
~Z -3
oL T MDD
VYo L~N
TN OO~
DEL Tttt DNTON—
N O~
PN Y
ST e e 8 € ¢ 8 )t Ardratot
HO DAt DOODDO
1Tttt OOLOLOO
- ¢ @ e 0 0
ox
2~
Wl
- POATND
I e s s e e NN
QM T DI F S
~E Y 5ttt DOoCTT DD
cooooo
%) [=l=FeTvibeled
11} s 6080
— [ I O I O
<

TT o0 s 0 0o
e D Lo
~3 G e
WD N0 T S
—— T 3 Tt

T2 25 B NN BN B O |

P D~ S
TLNN-0
Yot SO 0
DN Nttt
N e e e e sTDOCOUOD
— NS D OOCTDO
DI 2.N s e v e
—OO NN S [ I T I O )
U) rert rts ~t et 4
]
n Mo T O
w [SARTAN A R BN 4
0 COOOOOUNIOOoOURD
Q OF DV~ DNDeArAtrdmdmt =
ZrF O OODOON
DOOLIN COoOODOD
« & & & o0 O * w o & o 0
MMM Lt

o~

[l =1Tak it N O

QOOOOO CNSMID

I OQODLDIIIA L

UM ONVNIT HOCDOOOO VO

D NN 0D o

J PR Cc e SO

[afas IaFlonTadted) o .0t o

~ IR N I O A
-3
L

IR Tet A Ve B B AINAL S AV oD IS B ogé o]
vy

Mo 8’“&5& RS

CN o 0 o ¢ 8 e~ NIPOUHTN
SL It~ U NN~ T O
[ ks AV el ool TR o ooy el o)
Y >CTDCC O

TNISC
DLG OSSN O0DDCD
Eadl 2N B BN 2 B D= B N0 Y I )
[72] (9] ]
[o-Tou BN e s s
LT LT Ot} DO
+— 1,

N O et et P ™ 3 O
[ondl B TR 2 T B SNV Lo Rt alea VAN
N P T TV Y
XADODCOD
HO e e a2 ¢ e 9 e ¢ v v o
ZANAN~TLODt Lt 1)
~WNF T
N DN e~
LS TA Ny Vg VIR Ving BENRVartag lanl oo o
—~TirtL 4t _O—~2O0N

TGOS -

X VIO DTHOD0
DOIOONIT N s e v 08
O~ Pt
<INt i~
s 4 ]
uld SRR
A s e 00 s ¢ FTITITITI
ZNHTIO~ON ~LNT O D
~moe
<

P DN QDS DD
VI ety OODOOD

¥ » s 02 v »
-
Y e v 80 s
~ZONNHTIIDD
IDIP DTS
TIO~"T N
DRRID D
Nttt N Y
tEl ~INNODID

I bt =t 3 T
T oo 0 ¢ » 0)drdrtrtt—d

UHD et D000 D0
IYZt1tt g OOOOODO
- ¢ s s e s’e
oI
2
ul
- [=-T0 35 dagde of ol
S es s e e NIOXLTID
QNN OL>anndneeun
~Z ittt 1 Docaccocceco
cosoCo
(%] OO
3 * 6 o0 o0
- [ I |
<t
ST e e 28 s
LSS S
NelaloNel Y o)
LAD OGN UNN
a2 A I IS . ol A e 4V
Vit v DO™MIE I
—Me—~LSNNe
Or4—t DO
PN e o 0 0 » e TOOCOOO
— NTMYOXL COoOLTTOD
QDN Dt L SRR )
—IIITI I L I I
Y portmet o 4 ot vt et
]
wn Minnot-In

L) et =00
QO OO OO mtrtrmt et
O NI m B D Dondrbed e €y
Z> OGN 1O
o330 00 Sperle S04
¢ o s e

(VAT A\ VEAVaNieN{eV]
Ll

HOCAOO
DHOOCOHLO
e ® & >0

[NolN JoeXoRain]

OOoCOOOD Mo CUIny

¥ OoDOOOOZNNg iy

W TN B O ODOOCC D

- MIMMIUEeE OO0

Ll a6 000 OOOOOD

[siarTne 1aa T ad lad] o e e o s

-~ L I A O
-
o)

Tretma M 2 DOt N FUD
w

H

a6 o ¢ 0 o

(3 6N viso 1o Riaslv AN

98
:
;

AN O 3 >

70,
?H? SIo
1640, ~7
1578, =7
-16R9, <7
-1 7 7%, =7
~-l836. =6
-\nll7. =6
CURVE S Cuk

ND SI6

A €L
23455
P79k
-2ria,
~cua],
~el263

TH

gL~
MOS0
~e3IFILLE N
Mg iire 2o
~c
jola
Fo VB I I N o4

OC™M3 0TS ‘
O NN ™

L) Pttt ok gt e,

~
OOCOD -

¥ o LNl

e DO NIDC

4 23231t

[*3] ee v ¢ v o C
(i 2t Tas Tatiatlot]

-t

-4

b

Traran\¥) & N O
un

EEE ————————————————



L0035 10u

-.000550

« 000989,

0.7201

.
bl XY

. 000267

[eleleloleke]
TCOOoOo

e 8- COTOCTT
O CLTCOTO
ML~ LWLDODOCO
TR DT OOODD
NT I OoOCOoUT
Lt 1D e o0
LVDOoCCoO

~Iir 1ty OL~D~D
~— L Ldungam
P v Pt ot et 4
UXN ¢ 8 00 0 o TOOTOO
WIN DN N T OO0
Y NG i1 OODDOD
XD OO R
Pt~ O NI | I I N |
<Nttt
x
9] o s 3o o e o g
Ot © 8 80 0 6 PPt tn
ZNODI NI D= e e
wl AR D~~0 ODODCO
FINI OO OTODO
OO LLON ODOD0S
] [=Ywlalalzye]
(<] e s 0 s o
[=]
Faran S I B S WY
OZ DY O~ N
[ 37 3¢ S B B ET T
M~F VO
D~ NNS
NITLIYEY D000 .N
L3230 53 o 0
> DODOD

S 0 &8 8 8Dttt ot
__011171....1 [oYolwlete Y]
IZ1ri1ri oocoooe
b s ee e

PN

QUOMNDO LT
—— 23 MY
N bt

DM\
T G D
- —~0Mms g
O Dttt o~
P @0 00 e aXYOTIOOOO
— A 0D COO0D0D
WD I~ Ny s a0

V) oL ~DN
wi O TNO
O COoODROr ~L LoD
O OONUDYE O trt it A
2> NOMM-DYN OCcCoooo

WX NN~ CODCDO

*> e o200

[ VU Vg Vg W V)
—

o s e se o

QUNN ~ "yl
ODOOODO U M~ LV
2 COODOT2NNNNG T
1NN YN O OO
o FIITII OQOOLOC
(V4] *® 800 ¢ COOOLOO
NN T EEER

J

]
3%
...ww.l TN D=~ NE N O

coocco
TocooDococD
N\ ® & ¢ ¢ & 0 - TCE o
BIIChC rrl cococcco
S-S PMILTL DT CO D
~ M= (MOS0 " D
DSILITMT X IO
SN NI T e s oo
(V2] cocoTow
=t & 06 » 0 & 0
LTI NNLCT AT Lo\
D-PNITTOTSE CIIIC T
~ TEMTTAN XL NAN
(L W W VL e S U AR e
Lodl B B B B RVVR- B Saglaalivis e
1'2] >CcoDTD
YOOOODD
HY s ¢ v v o 6T 2 00 0
202 I8P Lt
AU 3N
D —~DO~ DN
e b L) ANNOODNY
~L il NT O -t
- IMMNOL~t =

e T e L P P
UTU © 8 8 0 6 s ODCECDD

[eelelalsle ]

DEANSAIS =D LR S B
Lanandbt Y A Andeall | LI I I O |
boCA L I I I I
x
ulj (31N iaViaVigV ia ¥
Ners o o 0o o —tea b
Mb&vss.ﬁu}ls{,wlwl’-l
uw ONI~MLL2OCIT OO
OMT 3 ON— OO OO
HALTIIMTM DODDOCD
U2l o0 OoOo
o o e e a0
(=4
U o o o » o &
OZ V=N VOO
o NI UNT N
DU~
VI U
NPT NIMTm—
fo ke ale s o e
OODIDO
T e o 0 e 8D Art—trtat—t
HOD =~ DODD DOoODOoOD
IZTIt1 1) oodoso
13 ® o0 0 s 0
LT
2
w
-~ N -NO O
T ses e e OINADON
OMNMNIUN~—=X T2 L IM
~Z P Do oo
DODOTO
2] QODODD
i s o5 00
Lot LI I I O )
<
1 ® ® a e v e
OIS
LML 2
ONMNNDD T
rAa TN, NN DT ™
NEEET LY NNy

- F NN O
(o R e L ]
XN ® 8 @ ¢ e e YOUCOOO
(Sl eYwiale]
" s 0 e

w NICIML
W [e ¢ 00 ¥p Rople ]
0O OCOCCOUNDILLILD
Q OOCDO & e 4t
- NIMN O 0OOOVO

NN SN DoLwooo

. o & e

W NN Y

—
AL OR
QOO O HI—CD
¥ OOOOOMZ 113 11
WA OUNIOIOSNING D Do 0O
J AFI T 00 OO0
Ul & @ e o0 COCC
(3t 1apTed Tadhod Iag] 00 8o
pu )
pu
J
W3O F DD w40 HND
(%]

Nele Yo SN VL
T O ™ et
Y\ & ¢ o & @ 01~ JUN L~
«L LMMIT "L N h
= L—NY 1 FLDOOC C o
t~ L TO-MDOGLC 7
o T N N W e QU R L

Ea O B T B B s TR T I B
Wy ©
D<o oo o s 0
ITMILCTMN—= YT N 5O
CHUC LI OO0 T
LS A V1o SRVARN SANTVARY p o hlentonlll 6 )
[ o A N N N A
=l RO C DO
[%2] >DAD D
LODOTOD
HD @ oo s 08>0 0090 s ¢
ZIOLHMD0 L
~ALINYIX LG
D =N F
- NN LN O
-4 NS T
~- T HoRL SO
[l an 199 e

"\ @ o o & 8 07 D™ T
WIN~~DO N Hu DOMODICLO
X NAD TN LW IO

XDV~ N~ L A A ]
L tanJanlat oLl B N J {20 I O B O ]
<INV L

x

W [¢ ke \10 %0 Jlo 26

Dl 6 060 & 060 rartrtrirdey
SO N NNV UL
Gl XL T M) oD CO T O
=DM L T WO OO D

Pt DOOCC DO

2 COoOoCOO

N LI BN A Y

—~

IS Yo T T S N W
~Z3T MO
SN~ —~ AN
DA OLN
—t—~t—a § O}

NE s MOVIN SR

T NAND N

>DDD”T 0y 2

T % e s 00 e Dt~ DOD
HOODDO—~~ JOOD ©O

I CouoOoC
- s s 00 s 0
X

pad o

['9]

4 =0 F GN
Z e s e s s 0 O N Nt
O Jrtrt DM MU N\

~Z b1l DOoOO0OoO0L

CTLOOD
[¥2] COATOC

— LI I B |

<
ITX s o0 v
-0 0 fieam—~
o r~J Y
©ONU Do
AP~TINC AN~ TMNT SN
Jrtrtrrrr =My
[ 1% g o
O bttt et et
TN e 8000 eDISLOHOO
~ (NI LM Dovooo

CN-onnNT ¢ s 0«0
Lol Lo I r—
[V B '}
"
(V2] OO0 I~
W COIIT

O OO soQUnKind T3 d
D OCOODLL OO0DTYO
LrOL0Y FND QOO OL

~NO DL Lo

® o e 000 * e 0 e voe

[o BN AN TaVTAWEANTo N1 VARNSY SN N0 I N AN )
—
My T ~
COCILIC N e BN U A
I =1 3] » s 1) 1

tet (e [ O SN «
1ty Mmoo
[¥Y) ® e e ne e OO

(S T TANY O Sad A L
~1
-4

Lt
PRI IV e I AN S AR P AN Tas T TR BV R

@ 234

LD O~

10 NTND
TN e e v e ¢ =D, NN\
eIt~ JtTIQNT
C= T —hoooce ¢
M~ TG Y T C o0 L
o it Y &L S
RN D e s s s e
(4] ©

Ct 606 v v o @
T OMv—FE NI T
Cr T ort 4 MES R ARG
M~ MO T PN SO D
IR NN
L DOIC ~
v >OHOLODIODO
JLOCIC O
HD s e 0 a0 8™ e s o0 aw
ZwDi~ T Jdt 1t it
~ T ML T e
ND D DDND D
-
~I
—— u‘
-
I s 9 ®» @ & 83 C (Y D
NS NE T UCLOO o

A O O
T IV
Lo
L]

<

XM A1 os C OO0 o
D0 Y LRI 4
[ LR ter et
.Nn
4
Yy [t T L L )
Qrt 60 0 0608 LOOOOD
XN IOLTLIOUN st rtetrd
4 LT O D ooTo .
U et SO T o
—t Qo D
v (ST P
N s s e 0 0
0
UXD &« s s o0 0
~Z O~ N D
*uUDMI X b~
e g VLS ]

[ IR
N D2~ nN

s~

> RN DA~

S ee 0 08 DO NIODO
O rtrard =2 QOCOID
3 SO >
-~ s e a0 0

-~ [Tl eloulalel
T eo ¢ s 8 ~aLF 3
QraDOC T8 ¥ Umidrm DO

~Z Lt L LOOOW
cocoD T«
n OO O D
1 * 0 o0 0 0
- L S I B B
<t
SI veeeee
[l Ok 0T N
Ph~w 200
~SOHLNDSY LN
AN e R B N B | M FauxX Vin
wire UL O~

Lot l
Ottt temg
SN s e e ¢ e oYX CLHAQDULICT
A IS TN COoo e

O NN—D * e s 00w
—0g— ) o~

nir

[
72} AN NGO et
[§N] LA AVIA WA VRV IRY]
5 IR T SR T T o Vo BN B, . 5 B 4
O G D XL TIOVTD o
P IR SN R RN Coloe CCaco

VANHT H O O
s v e e ceoeeee
(=2 AV AVEAVIRUR N [ A}
o~
T 13
5.0 10 e
> [EENSIANES ] g~ ror
ti<teert toy ) >
[ ERYRN] JI [
wl P A L 4 R )
t) () 40 ) = e ms e
4
-
L
ARTR SV I TSN SRRV Lo I B o NS}
vi

CCcCc <
R SIS Y
N » 8 ¢ ¢ 0 et CC ¢
LT NI~ €
Ct—- c
P~ =X La—> € P
o« Ve [T
L B B ] D e s e e 0
w (@ alaYelal SN

[
€ @
(ol gNt

Ot 6 06 % 0 s a

LTINS —~3F PAN
[ e S ANV ~ IV Al o SN QY
~ OM- L NS T oY

oA o O -
londt LI I B R VRN e T A TaTa el
wn > DGO o ¢

I Do
1 oeeo oo 8) 08¢0 00
SINH N ~FN )
~uUenfie &t
[AVE S I o A
- (A V1S I °
~T [AV/AVIRS I T |
’ 1 P
0
)N o @ & o o o)
IS VAT Lo RO T AN LY R A

¥ NN )

2L N ) "o s e e
FraTy T a0y 8 LI T I B O |
<tn

Y

ui M) ™
(Led ® @ &« ¢ 0 @ P~ ~01 t
INDNUN LTINS N B nn
VO e B AV ) <
O s ar o«
Prdeipnq 4 4 A <oC

(7 SR L T SRy
(=4 ® o s o0

(&)
CY) @ o & & & @
—_IA- Y T

“JoTr ERYER]
Pl A G ¢
AR VR URN Y]
N ~ 27 N~ N
FrTOWV
> 3 N
T @ 0 % * & @ ) A +
HNO 25Cr.0 ¥ T
12 € ddCy
- o @ s 8 n
Wl
P
[(S]
J KR T LU

S e e e e ONNY )

(O IeVIAVIANANIL UL VIE N of B0 IR NV
—~~ [ T
(S
(%] we ’
" * o a0
¥ LI I O B}
L4
2T w0 0o 0 s
o)
oMy
(AN AR IARYS -1y
(4% TR VA VTN N U [AGEEC IR S SRR
(V220 I O B S B ) 3 nr
LT RN N I A I}
Cres -4
® & * & » oY C C
—~ 3 anNnnH T O 2
W P "0 oo e o
Y FC 4
(73] —— -t
H
wn S ITAL AN
[§X} [TV, IV U O SN
) e e nNe
PR DRSS N 5 SRS | - + <
P IR S IR A v
L A S OO0 .

® e 0 s s

—~ LN g

« v o o

terr

o~
tr € a0\
(a4 3 rof RN
’ [ A
[ ] 1
i LR I B I | <
' . . e ¢t -
[OVI] M1 e s 0 ..
]
)
L]
FEEETECIAN SRS T 6 IV SR AR TV Lo BN T SN
Vi

“~n

Lt

-
A
IR



Capme 0

[} —_LX.‘J?/ Nl u
DODOHC L
(4 =il ST TS TAN

N NG A

[l O VIO i 5]

DDy D

L I e P P e Kot Tk R

00D LOOOOLDD
OO0
s e s ¢ o c
nrFonan
e o MO LI e
2?.11‘2? ~rsie—y e

<

NeNo N RN
Nnannn
e e

[AVES¥ AWV}

[STRTS ST
[ ) SR VN SOV Ry
" v e e .

Qe
[N
o
IAVIRVIRN, v

R A I B Y ST U v T
U A St Y Y STIEYY
[t laeTat el s e s 00

TE I L ) 3

OO
I QOCCC »

U.ooao'

MO O
97&.;\ ~i

X OO
H”™Y 906 ¢ ¢ 00 ) e s v e »
ZIT NN
AT L) D
nNDONNHNNH NG
4 OHAIOLN
“r 3 LN~ D

X Ca i~ —~ 2
—COoTDoOO
U » 6 a e e} DI0RDCD

e s n e

bo—t .J.J.J‘J LURY]

YO\JMUUU =
D e 8 o 8 0 @)ttt

HOODDLOHLD ODDDOTD

1% DOODDOD

b ¢« e 0 -
T

=

U3

-~J OO0 —~F
X s e e e O NIN

O rtrmtomim st W~ OC T

= oDooQOoos
DOODOCO
(5] OO

T e e ¢ o s »
[l (AT N I 4
Eo lad RUAT AU St
I
[ANCR I B I I )

I CoCommoor

~OPT A~
) RIS TN

[SRTEN S TIRESEY oY ST I A T/l wiY aFive Sl \V)
[ SIS LTS Iy P T PE P P P
S 3 oMo

I3 a3 rid coocol

e e e v

M NN

T e =N U D= M S N
3

OOoOTOCOD

IToocooo

T\l & @ 0 0 8 }~-ODDLOC
o OowNM T CcoCcocc
I~ TS TS COOOOD
~ ONNNOHTIMIMII >SS
(D et et ettt D IO DD

)28 00 0 00
LoCooDOU

"S1

Cr—t 8 08 ¢ & & o

L. Dt UM— G ONONNN
[T I 2Tst. Heg} O Nnna
M~ TOFO~ NS TGN

(S N I B A ] T FT T
-t wownns 3
2] >O0000OT
XOCODT T
DY @8 s ¢ ¢ 670 ¢ 00 0 oo
ZOI3rM LD
faLh Dk S N e
. PN O T
~1 ON~F OT
~—— Ioscoaooco

ool Cco
U ¢ o s 8 0 o] DOOODOD
UN IO~ NONWIOODOOT
X ~MLNNLDT O0DOOD
DHINDO~NND o e 00 o 0
—— NN G ST it
an
r
(W) QDOLOOO

w N oao0DoT
O Fmal 3~ U0 DT
MU\ttt | OOO DD
e ODOCCOO
. & & o 8

Q00

YD) e e v e o s
— OV
AULN N DN
MONND~F
MMM
%) ~O0NTMN
[ N
> TODDOT
S e e 8 0 @ ettt trdrd
HOOODODO DCOOOD
H.F OODDLD

¢ o e e
FUH

RAus g igl=

e o 0 @ 0 NTDNIM
Dttt rtemt it et O O T DO
~—E DOTOOOO
cocoaD

[V} COTDOD
1] e s r s e

Tt 5

O I OO
CNNMMICO
D —~M N LD
> ke kR aFie S ool
wn NPT~
U (I
ODODOOL
U e e e s s YOOOODDD
N NPT N OCOTCD
O INYT IO~ ML o s 0 0 c o
g3 NN
U rtrmy ot ot =t et
1}
78] N~ DN N
(O [ e N
() CTCDOCOQNTSCOOOD
D SOOI ) sl et
ORI N oo

MMM DLDoCTo
* & & P e * 5 & 8 s
[a¥EaNTaV{oVASVIS VRN RN SN Y I BN )

3
o
10 Jinme

ODOOCO NOO—~NT!

3 OO DO
U BCNNININI IS D ED SO
A IILITI OCIODOD
(8] o ® e @ 0 v COCHDICHENT)
i MM e c o8 s

=) $ 5t

Ly 4= U M3 D et (Y PN

LoOOCCO

ToooowdDo

C\ e ¢80 ¢ 4 -OOCOTO
L= CCCCCT
CH NN INWDCOOTOD
A~ AN LCI>o0COoo0

ettt YOCODI2DO
- oo B A
wn Lo coooOo
O o 060 0 s 0
IO G ON IO
CrIINDINANG —~TN—0 3
~ NI $ NNV R Oetr~
[ L X m Mmrn
- EBR?-IAUO
[94] >0 2DO
QOOOOOC
N e 00 0 007D s a0 0 ¢ o
ZONMNF) TUNNO )

~uJONT ~ 0T
NDBOIFOOIN )

- VMO N0
X NN
—— h S TR

—ovocoo
YN\ e a0 0 ¢ ) ODDTTNID
wWNSOo NoCcCDooODO
X ~SOIPTTIOV COODDD
p 20 Ll s Ve N e ] oo w00
=t YNNI N et
N
x
Wi [ta3eide kel
Derte c o e 00 O
SNMOOD—~NNNNT TS
W IMNE A= ocTcoSo
OSSN~ e S LI O DDOS

—1t - DODDDDD
["2] fefofu Jov Lo Lo d
o LI B 4
<
C> e o0 0 ¢ 0
MZZ NN
UMM NO~-—~0
s M A L
N —— ¢
N NPrOT—~D
~00000
P>ODDODD
3.8 0 0 0 0 0 Jrtrtetimint—d
HODOODDOO ODODDD
Iz I Q02200
- s e s vz
[Loa s
2r-
w .
J ONMM~DOM

T e e e e MIITMIN~
C=OODOOXCTCOODTD
—2 | ooccoco
cooCDO

wn DOCOTDD
" s s 8000

AT

ped * s o e
TQ'ZQ. Ot~
KJtaNoX i e
NofoNeloia g SVo |
At
v PONND—~

coocoso
N e e e ¢ 0 I YOOOOOOD
AN SN cODOTS
QDrtrt T s 0o c 0 e
= NHANN TS L I |
Ut oy ot
]
[%2] NN e~
Ll [ italleNaiNalls)
O cocoocrnocoooo
O CDODCD Tt sttt
Z>OIXTNNLO OcoooD
TIN~-t 00 OCDOOO
*> 8 e & on * 8 ¢ o 0
[CA NN AVIAVIVEQN ¢ XTo RN S N N B B
[4¥)

ONOIT= M

QOO M3 N0~

I OO0 OGOONO

WX NNN D DO OO

I TEE OOOD00

Ul e ee e e OOOOO

IO « s s 000

- L2 I B I O
-
!

o et F NN O~ (NS N O

v wam Vi

COOCOCO

TCOOOOO

T o8 88 8 - OCTCOOOO
LMo CCOC OO
S ~O NI T FWoOCT OO
~ NN~ 1 D>0CODOD
roooooo
D e e s e 0
[S]elalalelole]

* o o000
eI N0 O~MINN-0
JNLOOT LT
T NN —N-CM LY

TOTt

579ﬁ9 SIG

weocoooo
>S2CTDOO0D0O
XOODOO
e ® 00 0 0 0

Ortri

ND S1
-1'61
-33.
=25
-16.
-9d,

»
1t D=

MOMLE R~
TOTOL Tee
FoOCoDOo
UG 6 80 s e ODODOS
UWN =~ F RLNLUCOTOS D

14 8Ly

X N—ODIIO OO00O0IO
DONIMADO s eee v
Pt et ot e ek et st
<.}

x

w T2V TD

Qe ® @ 860606 TSODOOD
TNOF O T~FTNNNNNN
L —~N—~ICNLAOoCOowoe
OO LLLCODDT O
A rtmtr et OO0 D
v OODDTOC

o L I 4
o
CY) ® o ¢ 00 @
CZ NG NN —~
IINDDOT
s o 3N I SAVIS NS 4
LI I |
N DANYRI DM
nNnNnNns 32
>ODDDDD
T o s 808 $D~ttmdmardr=
HODODODOOD 2DD00DD00
IX1t i) ODO0DOD
— ®e e s e o
[\as
prad
wt
) CONN ~T
T e s s e e 0 ~O~NIMM
DOODODOXOOCO O
~S L) DOOD0OD00
OOOOOD
%] OO0
n s s e 00
- L
<

Ot
PO S OO

kA NODO LY 2

%3} SOOI

OOt O

ODOSDOO

CN e o 080 sOODOOD
N NNMR—OM OCDOO0
OQOMODAVN T LA
—NnnIesE LErraa

U} bt ol =t st

aoNNIO M

mains s
COoOoOONOOCCOOn
L O DO D)ttt et
O3 OO OOOIOO
CP WO~ DODOOT
® & ® 0 0 > 5 8 0 @ 0
[ R |

)

vO').

26

MO~ O
COCODO ~O~NMM
F OO0OUoDOZOOUD000
WK U NN D OO0 OO
- ITIIITI CODOOO
Lt s e v es e CODOOOD
[aelasT oo Tng lno ke ] s e s 0 0
-4 (3}
p
L}
Tt s N FUN 0]~ 3 N0
2]

I
QN o & o & ¢ o)
L NI TP
T P I
~ L2 I I )
O x
— =
4] <
D= o0 00 00
ST LVIOL O
- OGN
[ T Y et 4
<
-t W
wn >
fa d
I & s = 0 0 o]
ZMOPrN~0 T
~UD22IPIT LT
ND~5 1Yt
Lol |
~I
~r I
-

U\ @ ¢ ¢ o @ o0}
AN ~OFNS
NN
D rtrt ettt
L K o B P R P ]

R

<<n

x

w

A=t & 8 6 0 0o
TNONL—=—~ 00
4 POITMN~—]
O UL TL
bt b ok e ot ot
1]

o

(=4

o e« e s 0

s nes
-3l
=361,

Yy
3
¢
1

>
S e s v 0 s e
o ovooso
IZ st v b
-
(28
s oo
wl
=)
Z e 0 @8 0w
QOODOTOX
fon N BN I1 I I IO
wvi
"
—
<
I s # s 8 s
- 3N L~
TUOTIE
DO
D=
w
(-
<
[an ¥ INC JON TNE SAY SN NN 16

QT I IO
—NIIIITNH

) vt gt 4

wy
ul
C cooooccy
O OO

- OJFXNL O
~NoNNT 3
e o e s e
et st oot et b 4=

27

COODOoO
T COODOLODE
A< AN D
YIFIae
»e 0000

CININENND

lanLan AV Iad B VA RCA TO

SHELL EL



0.0000000

~«0UCHIAY

'00000110

~000078 =«Uulusy 001027 «L006530

-e 001027

0000490

o]

COOOO

IooTCcoD

CNj ¢ 8 8 8 0 DD D
eI ONMNY oo Crs
TSI MMM oCc CcaC D
-  ~IMI>OoCcCoOoI o
[ UDoeol oo

- D s a0 s 0

4] Looccoow

C— ¢ 0 00 0 @

L 3o ~ND~ NS bb
CA— L L0000 -

~ e UM TN O ) \;.\/..O

PR ol o2 I8 N B B |

~NT ™M

NTHE VS

- N oRanhe ST o3e UK o

—~T O~ N2

s X~ LS
=

WIS & AT D
o NN ST MV ST e] \JU\U)OU

DXDSNUMITN D e c s 000
ek e e e T PR TS I A I O
<N

e 4

ul MmMaemMmm

Nt o8 8 8 8 8 ,rtrmimir—om
ZNOON T DN LN NN
W =My oMo o o oD
[ IR o N EMX TV IN SV F R i f
ettt O OO DD
1441 ST ODDD
(o) * o0 e s .
(=)
CX2 o @2 o 0 @
MZLF =N O
L g S e atankon
MO~ | o~

T € o e 0¥ 8Dkt c—t
NODCOD00 S TOCnD
TE0 e b OO0
- ® s a0 00
OL
Z
Ll
-J O IO
2 e s 0008 TN
COTCOOCOXKTCOOTD
—~Z 1t SooTOHoO
OO
[¥2] ODOLDO
1} s s 0 e
~ L2 0 T I A |
<

ZT. o s s 0o s o
[k hanTen IS e iNa )
LA NMT
XD N S
No— Troned
%] ~OMIIM
g =R P PP
QOO OOOD
M e c e o0 oY DLLOOL
NONDONDP GDDCOD
LNOLUDONT * v e a0
=33 TINNN

) et oneh et et et et

v M~ G O
(T3] [ANI NI N EE PPy
O CcaCoCONC oL L0
D DT DDD Drtmimtided et
Z>OIGCNLD OO0

TNt O CCC e 0D

* o 8 &0
0D rtrt—trtt— |

[sY]

O I-C O
CODODO  F M —1O
X DO0O0OZOODGOMD
UL COUIININININI DO QL O
- FTFTITIFTI ODCGOO
LI ¢t seare CODLOHOD
TIMTINDI e e 8 8 6 o
-t
]

tal
Tt N J N - s (M G N D
v)

ccoooc

IcoocuLoo

ON & s 08¢ s eCCTTOD
sIXMLENrm cocaoao
OO MT FQICOoOOT OO
M~ NS LUTO>ooDaS

) LODODOTCO
— D eososne
wn uCccTohHoo
C—t 8 8 ¢ 080
ST DNNDNL MNL~UND
ShH~J3 LR G OTTerm (L
Ll a0 (oo T4 W T 4 V17 0} 3\«.&\11\1
< 1 bl o Al
— ar.no\i\/?)J
w >PO0DDLD0

—CeBGG0
XU @ ¢ ¢ 8 ¢ 6] OUDIODOOD
LN ONOANIDLIOC OO0
X =M QD000

0NN~ s s e oo
[onenduttan SN Unt [ BENN | ]
<N
o d
w ot et et —§
Qs o ¢ 000 OCIRGCITOIDR
ZNNDLIIMNNIII I IS
W ILITr—~Frccocooc o
FOIOCN NS ooT oD
— it DTODDD
N cCoOTCDOO
o e s 00 0 0
<
OO e s 00 60
Z LN
eulMNINI—
L FLNLO
——y
V2] —~N DO
—-DDDDM
>ODDOD]
b A B e T e e e e ]
HNOODLZODTD DODDDOO
py OCDDOOO
— o o e o
o
pd o
7%}
- ~ONNIN—

T e e 00 v 0 OTermCs
OOOCODLOXOLOOCD

—E Dococoude
OTCODOOD
%] QOO
" s s s 0 0
— ¢ '
<
TTLT ¢ o 0o s ¢
| = hau g atle o V]
LNOC IO
SOMI NS
i PO~
v (a2 JFa IS Jts (N o]
P et et (O Yt (V)

CouoLoDo

QU ¢ 0 ¢ 0t s CODOCC
N OMN-TNN OO0
DO~ =~ NN " e 0 0

—~33mn e t e
V) r—s -t et ratrmt
L}
vy LM
) OO TN

O COoOOOOOUNCOLCLN
O OCIIICTI Drdrdr tremaCD
LI NNLL) OO
~OO LD oo
e s ¢ s 00 * & 8 08

[« S LI I B A ]
o
GO U
OOCDOO O «Or
T O2OOOODZ OO O0O
TV AV VRGN TR UGN by B Dot e fot)
-4 FTIGLII OCLOLOO
W e e s ecee ODOOCCO
IO * o 00 00
- [
-J
V3]
LY HNOr=—eNIMS 2 N0
wn

v

ccooco

ICcooooo

SN e o e o 2 ¢h-CODOEC
T THNINIS CoCoOs
O L RLITOOCOO
~ CTO~IMD>CDEDIDT
O L TOOTOOD

— 1D e 208 0o

S COOOOOO

Crat o 0 0 86 ¢ »

LWL ~4—mD TINLITINO
Corm et XL SN el PNy
M~ NC—=LXPNLNUNIT S

G m—mAT NGV T
— P WM Fnd~D
7 >00DDLD

XYooOD00D
:Uo-..-U-o.-.
Z3- IO

~afe— u, TN =
ND LT O™

. —eet (AT TN
~T MN I OM
~— IO ~O
OCOQ O
U e e 6 00 ¢ OOCTOD
WNOMO OV QWoCOGoOD
X M~NMNIE ODODOD
DOoOoNS NN « e e e e
3T NANN LBt
N
x
V9 wnnmnninn
O e e 800 ODLOCOD
TN TS LT~ONDOVO OO
w M~CTr o~ oDcood
FOIOLMODUODOOCD
—) UMY OTODOD
1) N U I B B B L Ll Lt o)
o s ¢ o 0 ¢
o

wn Laniing R 1V 0 RaN Ju ]
jealeate Jivale Sl

>

S o000 0 eDDOIDOD
HOODODOOD OCLDOO

I CODDOD
— s 000 s
[Lak
Zh—
wl
- ~OON DN
D e e e s e s ~aJFONIN
O rtemt r rt et XD Co Ot UM
—x Doocooco
COODOD
wn OoOTOO
1) 045 0 0
= t1 e
<L
TI o0 08 0 s
O CTND
O 2 vM
~OM~ND OO
= t N SN D
%] F 8 Dau~1TmM
GO O e
QDO —imaly

SN ees e s sNOOCOTO
M NI OO0 CD
GDMNLND LI S

OO INT et
[V e e e e P ]
H
n P~ MICNC LD
w oakeske Yook ol ol

() QULOLOLUICTOTT
O OCOOOD IDDONDC
OGN0 OO0
LN SOQUOD
. ® v & @0 *® & &6 » o0

3¢

— OO

DD DOITICY = JFTNITN

T OODOODOOLZDODaNM
LN TN DI OO OO
Y oOoMoo

o e e e OODOGOOD
[ag lae i 00 1a0100 Tas] ® o0 2 s

L=t G- 3 INO == (UM PN D

v 236

oOoOoCoOCoO

TOOCOOL

O\ ¢ e 8 8 8 e -QCOTITC
sSITNNINING ococco
O PN N ORICCTC OO
N~ NCHPNMD>UCOGOD
DM IN-LTOGOIC D

Ll I I O O I o I I IR K Y Y )

vy LooC oo

o 0o s 00
CSLNCTNN~= TO~CS I
CA= 0 0 LD DUIU T
a1 Vo) o :3535«55u

I.—_.—_C._HQ.J?«/_»J

2] > DOt

FODIDOLOOD

HD e 8008 07) e 00000

ZO~- = NP Q Tt
AT L LS
NS N0

- I~~~ O 0NN
~X 11 MPINT DN
~r— IO St

bttt Y
U & 8 8 000} COTDOOD
W onNe - oujoococoo
A N—MOON OO0 D
o Je s ToN e Tog T bt * o s 8 o ¢
Pt IN VLD bt
<N t i
o
w NN
Nt ¢ ¢ 6 s 0o F I T2
ZTOHDNSNT DN
W O NCGNITDA CTDOC D
FOXL I~ PO DD
=AML DODO0Mm
‘N et DQTOOND
< o s 0 v
o
Or) © s 8 ¢ 0 8
NZ U= NHTM
o NI 3t
LN~ D
N NS
92 Lttty N2
~AS OO0 D
Dt AR AR AT AT L0 ]
F ee e s e eDODODOO
HOODOOD -4 ODOOMDO

Iz Lt OO0
[ s e 0 0 0
L

Zr

ul

- NN O~

T e s s s e (NIM~umM
OO UMM I N L O~
~3 1 EDOCLOCD

QOO

wn OODOOO

i ¢« o000

T» LI I I I )
Muv « s 00 00
IO SO
VI Loe
ANDM— D O~

PN SO GOSN

Ly HIFonNnm

= Qe U

QNN et C>

~af) 8 &0 08 XOOODOO
M OO~ OO
OF LM~ 0oD *« o000

Loni ALINE® pLaP IR B [ BN B N |
U rdrtrto b=t
L]
wn o=~ 3o
wl PSP ODOD

G OCOOCUCNShNTT O
O CQDOTOIDOODID LD
I> CNINHDE O ©OCudo
£13 2T OODOOW
cC & » & &0 * = & & » o
— [ I I I I O |
™
WMNILIN N
QOO NI M)
¥ OCILILLOD aéL 0
LIS D Dk
IS B RSB 4 QCOCH I
(791 & e e 008 IO
[ TS o TN TaNTid] ® e v v

-~
.

V3]
T4 T IND st (UM F N D
Vi

N 3\.9

T o0 0 8 o o0\ o
o1 XT3 -4~ o1
[ B (g T AN ] a\:tq,.‘ e C
[ aalE 0 ¥ o RVEIN SRA VRS P2 [ S
[ vole TXT-00 U5 ¥ o 0 | S
Lol I NN N I B B ..
[ %] v
CO—t a0 o v o o [

oI 3NNl 243330 *l
[ ks GRS £¢ NN 3 Vit A S AGRY .

P~ WCrme O NUENM it ! -
CRe~L N et .
.l_...._;ZCAF:v .-
wn . n

»

HD) e co o o)oeoeas e )
Pl CHATAS M FO 1 IS N N B I | T

e SV ) IR R

IND I~ 00D N
e NN DO TR P

~T vt
~r—

Halat B S Rhg N A% SRR ID
P ST (Y VR
AR A S A TIANAY]
Qv). A Al L

P LoD s 2
PR V]

T e e e e ¢ DT
DO r Attt ettt (DO

TEZIU I 11 Ol s
- ¢ s 0 o [
orx (S
da S
wl Y]
) 7351:?,». i
2 e v e v s 0 M L0 oo
O UGN b ,_? t
Lo U N N NN N T B DAV PN}
[%2) v
] i
-— .
< <
IT ¢ ¢ v s » >1
[ e AVRFSIN SRR s 0] —c
(o= SN | <
MYXOINTG &y ON Ksh
a0 ZRUAN AN KRS AN oRIY ARS TR L SV aN N e
(727 S I B N B ] RAEE St SRANI o) N
e b A
Treor T 4
o ..o-oo'rcq C TG YN
100 N o Eee Aol <o ot ~ W7
[ o X o SAN I B iens * > s 0 0 0 [
0N :

) bt e Aty

u

[T

Ll

O oo

O OO

Z>- O 30N
I N e

oo v 0 00

o
™

T AVst RY AN TR S AN T M R T AN ¢



St-0
T Ny CCe Omes

[ TR T RN o TUS RO co Y o0}
NG gy ST O
[} ) e o o8 s
(&)
s e o
S JAVID IS TS RN AVEL RV Qg1
W f L EA AN B o 9]
DTIRE SN et S
LN ¥ 4N} LS S B
[ B B BRI B UA LAY
T ) e oty
(Y ey Dreac ary
> o 8 9 ) e 8 B e s
PO TR I A IR B I |
ren
“toy

o1 LEmnmpy

J My -+ 4
Le £ 03
OO ettt
LI B We TR TENN G0 R
AT B ST &Y SFT ALl o5
AP €€ [ L}
sl VIS ] s e s 0o 0

)t ) tretad
[}
[AVIA VA VAV ia ViAW
I I S e e e o
VOO S OO
[V R N WAL TR TR T
Mo NLITOC OO
t~inm™ CITOCTITD
oCLOC D
L B B ]
L L
[t W alad Tis)
YO
DT Nn
NIE—
(I} nnaInnN
~32 0000
>IN~ T N2
o0 e e ) 7 3
Oy 1 209030
[ ) [ STV 2
* 6 & & &
MO P e
. o e . LY AN SN §
TRaT LV gy S SV Naf1 AN
i1 10 G
[ A P )
€ (OCs 200 D
*« o 5 0 0
LI I I B
t & & o »
[Fke R Tad To §
G- 3™
PR YA
PN~ ALY T
LI | TN

=IO
Gl mMe M
L K BN s A Tl o YN /) &
€M) e T o
Jdudee (0 c o0 c o o
L ]
A P RN |

NnNaOm™ N
ESLAEAR AN
S C Cf e o

[T IR TR NN
JIPL MO AT EC OW
T 0T o [ TS Y

e " o0 . v a5 000

LI T I B

[AVIa L NN Nl
IO L) IO P e
O RRFTe A RN}
ERg RN My
N [ -
¢ e L T S 1 S o)
Iy o v e

WS N s UM 0O

NP L
X OO ~C D

DN\ e o 8 8 0 s aNMIU D
LR Ol (A LAVIL URRRN A KT VAT T AR VaN of

C LN INAS DIRUIC C O O

M~ 20N IOITOO0DS
DTN et L IO COD
I T I I I N e BTN I )
(%] Qr e

Cr— » @ » & ¢ o

oI O DD AN ANOD—~O

(3 - Rag T T T 6 PO}
HiY o o ¢ 0o s 63 0o s 0 ¢ s
SN O TO
~N L AN ND—
AVE BV AR Lol e ¢}
. LI I I I I )
~T

oy

N A YD
MLDNT o
LOL DM
b=t C DODO
N\J ¢ s 0 c0 el OO0
WINACM PP NUJOOODOQ

o (A W~ D000 D
D ~NJ LI
[ANEE | FrE L
«1.n

2 d

al NelValNe I slNa Ve ]
O ~eea s e e FITIITITI

2UITDNLC TN A—tramams =

U NI A=Tyonc T o
P DDOININGLIDSOOO ™
LR B A | COOOO
) QOIIOCC
[af] * 268 o 00
o)
6rlu * o v & 0 0
[QVFSANN 4 ol s V]
U HV =N D
WA US T T N |
N PO NO—=T

N~ O DN
>PD 4D
N e @0 ) el
B 4rartmtmged DOOODD
I2580 0801 MOODOOU
(3 * o e 00
(S 4
Pl
l
1 N —t= 0\J-NJ
S es e e NPIUTTM
CIFICICD IC 7 AT e 2D
P [ I B TOY « Rl el &)

W ODOLDO
it s o8 o s
4 {0 I I
<
Z2 ce e o e

Labadlit S RV & O

T -

rr LN mNa

Mol e v ma m
[Pe Bl 2 B B | ML ~Tr

[ o Lt
DONUNCL T Ny

~€/) & 8 8 08 0] O HC O D
M LTSNS OO0 (R
(G A L A ]

3Nt~

wtl

1]

%] S

U QIS IIS

R -ty o e AR S AR e S

Al ~ 2 W N YO

S ML QOO0 CO
NANACL C DD
* o & o &0 ® ¢ & o s

3

™M

oM toy
O NS T
TR L PO
DT
[SEB LI o
CLLOOS
«c s e e

COOOM™
2 ©(Ng
[V ST A I S
L2 ITINAEN
L * e o 0
™3 IV
o]
J
a3
I+ 4= $UN et NI 3 NDO
V4]

CAOI O

T~ 17T 0

X\ o0 00 0 o-J DN T
L MICTX IO =L NN
O PN N & C O
M~ DL >COC S DO
) —ANMNIocCSGISC

(=] D e o a0 e

w (&)
Cv4 s ¢ s 0 0 0
L IMN~TPUNHD —~VNMCOD
Ch~ i LU L~ OO0 —OX
™~ NM-LNOYL O LW
RSN AN TR B R ANg NI ¢
[ondL L I I T BT B ARV L R
W PO D Toem =
ADOODOCO
Hi) ¢ ¢« o o 6 0673 4 @ & 6 0 0

Pk it i AN do L8 J
EES Re AR TR Yo N ¢ ]
ND L= NPTV O
- ~— NI CANNND ™M
-7 —t et DO
~r— ITLINS D
TS OO
UV & e 88 & ¢ TOOTLD
WININM~ ~ O O~ 1 DOOOOO
a DTICS- N CODOT00
DIOODNONSG~ o s e e
NS O~T~
<N -t
x
d DCDOODOLD
O 5 0 0o s 0 s INHNNNN
P32 Rt Vi Vo ly oV Al o ol il i
LU PP OO O
LNDNDSDIL DODCOD
lond LM ANL DO 000
w LI 1 OODHODO
Ny s e e e
-t
D v e s e 0
L "l (210 M NLoh &

ST~ MDD D~
MON~~NT
~\JT N0

N DA NND

ORI NODN

>IN~

T e e o0 0 DD DOCODD
HODODOrmtrdrms OO QOO

N [e-FwrlonRan hon Lo ]
L ond *® 0 0 000
wT

Pad o

s

- ~ONM R

Tt e e s o0 LOIMS~ T\
D Ot NN KN et O O

(A>3 DOTLLOO
OCOODOO
wn OOCOOoOOC
i s 8000
- LI A
<
S o e 00 v e
=S 34O e
SN
IR SAVIN o B g o]
= t— N VT~
Fal I | TonNmn
b= 1O (Y
MM
2N h e e e OO OO
“r AN T CcCcooo

WD TLA~ent™M o 80 0 ¢ o
NS PO

V) == =Ny

v, oo 3FNO
ut S 20t Tabiht Tog 100
Q) O OO N et =i =t
O DOOTOY YT L OO
I CNIOTT OO OO0

CTOCODV- JCIOOD

* & 60 >
[0 I A O I A |
!

e e v 0 0 0

[0 0t i AR ]

OO AN X

I OODODODSNIMNN—D
IOV DIFINDDID DL 20

3 (etrmttrted OO COC

W €3 e s a8 OOOICOHD
M v o0 s 80

P |

-

(PR

Jr M FNOr~ M) TIND

S

237

M3 T IFr-n

A VPTO~NUD

C\ o ® @ 8 & S}t DMC LI~
oL MG QI DWW ICN
Ll NOY O My D OO
[ aad o Boe T o i gF L P R el e, o]
D ettt LODIO D

. D e s e es e

%] (8]

O o 00 o 5 @

oI PN retmi OOV LN
CHMLTANL L T O ~3—
P~ OI T LNT OL —y-™

[ N S A TR
ret 1t ) [PV ol Al N
[%2] S>DO0000D

TOUICOD
™) ¢ s 6 0 2000 00 60
ZraN SN I0
—~ab OMT NN
NDO P2
. et
-~
~p

[se Tk et )

PO T NON
T OCGL D0
oo oo
VNS @ s ¢ & ¢ 3N ODOOOD
WrNoOoOMI~TMLITD OO OO
Y MIN—D T ODOIOBD
2O ONT NN L N )
L it IS IV T tl

<N

o 8

ul DN IR

Grd o 00 08 8 08 T NO

TANIUI0~NDNNY LI

W g NN oso~eD

FAYORS TR AN L OO0 C D
N FMMIN~ DOIIOOND
NI 002000

~ * o ¢ s 0

~—t LI I A |
NI ® s 0 o s e
~TNOSONMIO W
M=~ D ON
DT ONNTD

I~

N NN N~

No>NDOM~

> rd=D DD

e ee e sDNOODDOOLO

IDDODO0 OOLODW

z DODODD

® o 0 @ s 0

T U

-1 [ aglingeite]

T ees v0 0o NYNJ I YT

Crrtrami e OO O OO OO

—2 DooooCO
OODOOOOL
%] OODOOD
H e s 0 0
Lont L3 ]
<
S e s s 9 0o
DML
g MO~ MoO
~ 1 ~—~\D
o [ B IR s Y o)
N nrNF~m
[ A LT 8 o o
O NI NIt bt ont
) e @8 0 0] ODOOOO
™M ONODIND oo
WOoONI L U € e o e e
HLX VDL NN
(020 I 2 N B I |
n
v MIINNHO
Wt OLOO DO

( OO CY TG GC ™
ONNUT I IO Yy ™
«* OO0 LVL OOC LWL
SDLO20D OO O

”» & & & » @

AT B B B B A
~”

LI I I B B

TN G I~

COOOOO INON~T~

3 OUNOJF IS 4O OO

B~ ANVOT IO OL

eI D DDC Y D

w! e 0 008 OOOQOODLO

IO ¢ a e v

-4 L]
~d
Li

J 4™ TN D M F U D
)

ar~onFmMman

I~ FooNen

TN e e s e = UPOMD
L L LHOO~T nredaed
Cr JJ 3O DL OCCo ;T
~ O~ NIM oo SCo
Gt LOTLOOT

-t D es s s

wn (&

T4 6 8 e 0w &
I IO IMIT XOMATO
T~ L L~ DT
~ IO N N NALMN—NDT
e [Ralask b G aNad
—til I enNnnNnIg 3
%3] P Jole Fakd Roliih]
L OO OD

B oo s a0 6T) e 8 00 v o
X LoNNNOO

~ud LD o9

ND I~ O DO

e e P —3OnNMN

=10 NND~I O

~r T TDO it
ek =lsleleleiom)

U\l @ e 6 00 s CODOTT

LN E-NT L OO C OO

r TIOWYWMH O00D00

DILINOFND ceco v

R VAV IAU N AA U AR U L R I I 2

<N

xX

wi mnnonn n

4 & o ¢ ¢ s @
FUN ONDT DY) s et ot
U N0 T 00 oocoD
OO LN ICILIDODODD
DO D
OCDODOTC

3 oo o 0 s
=X LI I B ]
7" 88 0 08 0
L an P A S g ]
OO 3 DL
DIN—=IL L

MM MINNUN
93] ~—N = 2

T o0 e e 0 eDDOODTD
HOOODDOD D200

LN CODT DT

— o ® s 00

O LI O I

P

wi

- VL NI~
T ee e s e ANTII

Ottt et LD DO DO

—E DOLLLDIIO
QOO
wn ODDODITY
1} LI N )
[ 1t
L=4
2T e 9o & ¢ 0o
—ooNIF LT
oL~ NM
LD~ TL O
=11 EEI T OOMDAMm
[%3) 7Y\ ot otk o
=P Cing nd
QO rmtomat ot gt ek —8
) ® 0008 s XOOOOOO
M NS~ IO COoOOoO0
DN LT s e s 00
—INOHNDNO
7228 2 N I B B
"
%] Nel oot ot ngted)
(V3] rtomd et md

N ocoooonooCcCos
OO J OO oOnT
-V OONS coococo
CODLOD ODODIL
® e & s 09
~ 3Tt
™

i M2 VO

OOOOOO eI OO

I OCOLOIZT LU\
LESQLEINOD DT TTLDO

| BERp AN AN ke o 00 I g Jo T N o ]
i ® e e e &6 CIIONC

[AV IS AVIANIaN T4 se a0 s e
-J ry et
-4

ud
Trt M F N D 1IN F UND
%]

TN e & ¢ o @ )
L — NI~
O T 2L
~ VI~ }~

L O~
FlD) ottt e et
[t iat Rt ietiat]
220 N I B I B |
54

wn

WD) ¢ o ¢ ¢ ¢ ¢
OCZFOINOIT

T 6 s &

—~Z
[72)
n
-
<
X e e o 0 v e
oI OIXS
oL T
OO LD LT
L o B 20 T I O O )
wr
>
S} o @ ¢ 0o o
™M OL eI
OO ~My "7
—3NnNLng
T2 0 T T I A
n"
(2]
Lt
O coooco
D oI rC T
2-IN3 Mo
OOHDDIO
L I I
NV rtErLyet
™y

QOO WVD
T oogonty o
U D MO
A WLV w
1Y} e o e v

N NN
]
-4

[¥)
JEERSNAVEL N TR o1g
(%]



NOOSOOD

I onomm

ONl & 6 8 o 8 op= LN N
o rt L WMttt NI N rtemi
O AN T OO CTO OO0
P~ NP CCOoOOCO
iV XD oCcooo
D e oo 000

H?.3.J_(...J3
—oCoOoCD
U\ @ o 0 ¢ ¢ ¢ DOOQOD
WNO~PMODWIOCDODO
X PSNIM— DODODO
. & & 8 00

L 200 I I O B

DO =N
et DT TN
<N

nmnunNNwn
Q- o 8 00 ¢ WOWHDLAD
FTNO~ONDDNTDODDOOD
w VOr—~INliooosco
ORI NTCOoOWOCODO0

ER

=HAMMMMYE ODDDO0

(%20 SO I IO A B | OO0 DD

[ ® 80 000

~ ttr et
OC) ¢ e 6 0 o
~ZONnnNg
S XN VLD
DS ODONT
nNNAIMm™M™

n N~

ODNMNL O

b atat 2at i8¢ i Tad g ]

T 60 080 eDODDDD
NOODODO0D OO0

p o DODODDO
[ LI SR Y
oT st
2
d
- s FTa TR IV oke J oV
T es e e NTLITIDO
O rtrmrmtrtrt X OOT OO
—z DooonacD
[el~lolalele]
wm oo CoD
n e ee oo
- Tty
s
ST o s s 00
=D MM TN
NP NI
SO PO~—N
It b b ettt NP TN )t
%] LIt NOOONM
Lot S A U4ES 4 o8]
OCOOOOD0O

O @ @08 ¢ eYDOOOOO

M S~ (NN CooQow
GOSN ITNO LI B K
3 NNNIOWN

:S- trtt

[%2] —t et — N\ O\

Y SE AL

0 COOOUONTOUOCO
O ONFTINUDODOO0OOOD
Z> N OO~ OOOOOD
ODOODD OOOLOoOO
*® v o mc o ® o5 s 0
o 1t [ NN
i)

NN —~NNO

000000 ~) -3 Ot D

I COOOOOZMMMIMMM

LI ODYINVNODOIODOAOOD

d W CODOOO

L enseeee COOOLOD

[oVIAVIANT VeV TN] s a0 s 00

-4 LI I O A |
-~

w
91123/4 O D=t I 3N

NI oY

Xoonmsmne

O] ¢ o o @ & o= 3 ON\LNWD
SL~MNONN~ COCOCO
S NMS CNLIOCOC CO O
N~ NENC>2O0CO000

Qi lycowoowd
- D e e e e e
[ O LI I )
(= I N A
*ITIOTITIT OISO
CH=- T AT IO~ AN
M~ —OOINLNMIU O~
ENAN e G I I
LB I I B B BVUIV R B agliag oV
S >0 Cc
XOODOOD
HD s ¢ e ¢ ¢ 6D s a6 » 0 ¢
ZIORNINDO
~aJmmaenemm
?89876:314
P INIF T
.I.H jantes Lo B T L
s IMIIaam

—-OoOCOoOCOoO
U\ & ¢ 6 90 0 ¢ OODCSOD
WH—~ NI NTFWOoOOL OO
X NIPDIOID OCOD00
DODE ~UNY s ee oo
[ et i i AN enlen Ton JUNNE BN IR BON 2N N |
<N
x
ud mnnin nnwn
Ot ® a0 e 0 o NINNLILNDN
ZNODOOVNLNIOONDODODO

N e s e & 0 0

Rl tre
U ¢ ¢ o9 e o
~Z ONMNO I N
[ T5%e Jo b e R vie
DT OO
NN~

n NFONND

o o e Y]

>MMMMNM™M

I=
- ¢ s e 0o e
[Lsa LI B I I B ]
2D
td
- NOOO N
T e e s s 0 0 DODOD-ODRN
O rtrmt rt 1t O D rood bt et it O
-~ DOoOCCOOO
ococoooco
n ODOODDO
n e o0 80
- [ B B A
LS
ST ¢ ¢ 0o
et
N3 N0
— DO NN~
Pttt = et e UV D
[0 2 B S I B | MONO NN
MO~ 0N
ODODOOD
XN 808 e YOOOHOD
+T FINIMNNUTF ooccoca
O~ RCOCOO N~ *e o e c o0
—rFNNIT L 1t
(72 2K B I I B A
1
[¥2] WOV VLR
w et et et ef,
O COOOOONNNN NN
Q ©OIVULCOIDIDOD DD
2-NT VT~ OOCO0O
OODT~ LDOOOO
L I I I ) . oo &6 0
o L2 I 2 I B |
<

nMmneoo

COOODOD  —NNN—t—

T OD00QOZMmMMMeEMm

WCONMOCINOIDODOOO

s MOOOVND OO0 OLOO

W ee e se e OOOHOOW

ORI s s e o o @

] [ I A}
4
(W]

T4 —M SN Dt 0N 2N O
7]

SHELL EL

DONNL

TeeMNNUM

ON & ¢ ¢ & o sp-NOC~TT O
T FCOr-LNN OO~
Oi— b SN =JOOC T OO
~ CONIN>TCOCOOTO
DLt ooCcHsoO

r— D e s s e

vy QL s

1 o ¢ 0 s o o
-HSQ,S.JSJ ~CONDT O

NN e e o o8] DDCOOO
WA O OPMN~ODOOCDD
X VOoNMIM 0OOVDDOO
225N~ O D LA B I
[ standantastan on L2 I B I I
<N
a
) O 000 £\
Q4 0 68 08 NINMANN-
INOOOVMBNOOOD DO
W wr-«mAaricoscso
O I N~ ™M NLOCOTOD
NN rmdrdtrmt QOO0

Nttt ooooo
O s e s 0o
o LI I I A ]
ND oo 00 s 0
—ZMMOMD
eUIN™NM DT

LR~ O F M~

—t et
) OMPr 1M
DONNI &
>mMMMmMTMM

T a0 00 000DDD
NODDDDODDO CODCDO

Ir= CODODO
[ o * & o 8 0 0
[Uh s [ B I I
2

w

3 DO S

S eeaes e PUONSUNG
DO OO OXOODLDOO
JO0COCO

—Z
COoOOCoOOoO
V2] OO OO
1] e s s 00

WOIFTPO
NOOLM ML
=3 FINUWO
oocosono
~) 8 8 4 e e YISO
F NNMIOS COTDOO

OM—~DF— D o ¢ o s s @
ANTII™M Lt
.S- LI I I |
]
(52 MMM I
u Leal eAleate e rte i

0 CTODOOUNNIUN NN
DO ONNIGLODIDDODIDDOD
Z> I LDNNN QOCOOD
e AN OOCDOO
*® o & 0= ® ® & o oo

41

OO O

QCOOOD  F MO~

T OCDOOOZONININN et
LI OT L NDOOCODO
OININNG OOOLOO
Pt aEY DOCOCOD
[AVIEVAAN TR N IENIAN) ¢ s 00 0 0

LI I I A 2 )

440NN N O (NS N0

238

oM

palielc ol elé e lie o]

ON ¢ & ¢ 0 & 80— ptr—rrar—rmrd
ST -INTMU N OCTCOO
- MMV IS

— e B A
w Ot
Ot .« o0
o ~30 oo
LI 1...1.&(«3.&
2~

L] SN F O
M~ o~ DN

I Sl
—oCOCOm
VI @ 8 & 0 0 0] DODTCO
WNOMND~ NI WOOOOOLO
X N~ 10O ODDDOD

DO D LIS )
L otgnd LI } LR ]

<N

ax

W e R

Ot » 0 ¢ ¢ a0 HANLNDN
ZNT L LT T DUN et ettt
w L NM—MYa oCcocc S
HOMSMIWMIIMNWUOODOO0
et § CODOTO
U2 ] coCOOw
” oo e 000
I L I I I A B )
WD oo ¢ 0 s 0
~Z ST ND M0
041 Ot DM
D=0 I —~NN
— (3 )
w MN-—=D R0
TS rM™
> MM
T e e e o0 e e DODNIID
HNODDDODO OOOODIO

Iz 1) OCooDo0

- e ot s 00

WX U I B I A

2

L

— SRS L3 Vi taUS- o
I s s e e JFONIDONAD

QCOODOOXKCOC DG
—3 It DoCooLw
DLOOOO

w) OO DOD
1] ¢ o o0 o0

- r
L-¢
TX o o s ¢ 00
NN MDD
JTNah-Mm
YD 0.3 ~<—~mMO
Aol BN B ] DO A
G PO N
L A ag ol ad

QOO WD
e e EYOODOOOC

QOO OO
OO

T OO
T ODDINDZ 0
unp<ing 2 & DHOoaC
o nnnyumn oo
oo

Toret Y 3 WD) et Y F LN D
w

OCOCC 0D

TQOHG D

O & 0 0 0 8 a)—C T T
[ GUATA N RasFad s SN o2 of :
[on ol ¢ of A TR 1 AXaI § SRR V1 pollien 1)

) # o 0o o ¢ v} 0 0 o
Do B ANS SRANNY o B5> ROF BN BN N B B N |
3 3 DN
D=L ™M

o bttt OO\CH\.lu

U ¢ o o s 0 o) DO
WN = NC FOSWD g
X et Lot DOO DO
XL NN S LR A
Ft b md A e b g
ant et

PER

wn
o
o
CLY » o ¢ 0 0 »

N7~ 3 UND E

«UMOITNN LU

DUIOP= e I

t1 e
N - 1t WP /]
MM L3 Ty
>IN L)

2 I S T e I § Ty >
HODODDIOC LT Oadaav ey "o
TZ 0L o > L3
[ *® 8 0 s s » -
W1 ! L I I I B )
g P
'8} w!
| R e e ] -

s e s 8 LN Au N b3

- e 9

b s

%]
"
- -
< ha
= LI o LI 30

T AN Eas B BY A RV TARPEN Ta N EAS IR NP AN 31
2] )

e



cCcCcoozo
ToOoL oo

b e oL TUC “
IR Ll =2 SR U~
FOropeIC e e
Ao ls IR VS FUPY SURNY
et L IS L as
o BT I I
(I T ON

s
vD(n.. P ™MLY Lo
oo NS g
7Q»\§(.u Jeors a9
[N AUV T T TR
Ulmeem NN
2O Y 2
O OCoa. WD
s e s 1P e s e
Enalhd 1% 2N N B I B B
r)
B 4
Pty SO0 -0
~~N o O
I X L
DO G
4 ® el 1Y DD

NI NI derrD
N e DO

~I™ > o s o0 @
At
[N}

PRIMNOD
e e 0 LLUDON

NOY DN Ve
NTraACTDO L
Py S Tl O
—e—t DOOC DO
OO . W

” o >0

3 T T I B

L 3R B )

NV

et lag ]

mT.0n

pred g

18 MNOD I
PEIICN

b intiot Bt lagtin ]
e eIDODLDD
OIS OO
thE DOOOLO

€I HICaLr
e ® o "

e & @

P~ 217

[ L)

laplag I {

[AVIAVIANIIER ¢ Aot $Y a8 TaNT o]
[AVN 3 Lo Sig i¥ik b

3 It €
ooooaow
'e e dYDECICOIIDOD
(Sl U U7 IR o

[l A §1 " s 8 et s

E Za¢iad B T BN BN 20N BN §
LI §

MO 5 =

IS IR B |
OO )
YU YT Y ey -
ALY @ty O
S0 LT tat L
L

O
2030 16 P RN
100 — YN AL
L A § T aNEY e '

NN oo (Y
yeEe e OO
[SEEVIANAV) e P e e

T I Graetdr 1Yy O

COCC oo
IOoODOD 2
COU 08 8 8 0 ¢ —-OOOTC O
LT O~ COoC e
Ca~ PO OLJDCOTT D
~ RN D OO O
FJ\:.\A'LT.\L R afelale Yo
D e v s
S o ocooo
Crt ¢ ® 0o 0 0 o
L = NI MY DO
CH= QAP OLMm O3 o
0T UL N =D L
VAN U g e g
- WM I3
%} el Yo R Yintas
XCOODOO
Y o ¢ 68 0 07) ®@ 0 ¢ s 00
PUIE- SN RASTAEIAVIE TOF2 B N B Y A |
PRI T LN 1 P
(YU Fa0 000
L T T 2 I I |
~aL ke
- - TXLLIX XL~
OO ODOCC
UYU & & 0 01 s s DDTOOC
WIMIOI P-UOOSHROR
r OoN DnJ.uu ODOODNHD
e o & &t 2 0

I et

<Nttt
4

W T TET
Q-4 8 06 s e o0 INOOID
2N OO T MNP TR
L DN~ CO T O O
O ~I FNRWYYOOTOLO
et Y QOO0
%2 [Tl wlake)
o -9 o800
o L I O |

C) o ¢ s 0 ave

(Al doil o laden il e]

TN e 5

VO D—I O

~—\ NN
MTIEEL L ~NTNDD
aNANNNn

% e v o o ¢
NHOOLSLOOO OOOUOO
[ I I |

) P NOMD e
e e s e (NN~ TYD
T LRI E o A WA VT o Nlg WATEn |
110D tacLt
QOOOLIOD
DLOO DO
e e e s oo

-1

- & o s 00
ool et ap Ia¥] g Ja a¥ < 0]
L U=~
OO 3N -4T O
S ST ) -t 1
[72)

MOIrNY T

DOMIL. S
Ll =L I VoA R alo
SODNO LoD
U e & 8 & 5 S OOOCIHIWLDD
S DT I U oSOwe O
L~ P e s e e e
1IN TN [}

17 B I B A
[0}

Wy TV, STa NG ¢
t Wree f rn
Yoo s G TNMEIE Y e
[ AT DD ATy
I N LD OO 0
VLI PO DOHew 0O
s & o & o o * & & & a @
U Lo N I O N A}
3
[ and UaTe ARV SR
O o0 D AN e 20
FI OO TN N <t
:.AQ: L3 RTIO00 ) 8D
3N N N OO Qr WD
W e s s e e OTIOWLLUIT
[{UaVIAUMVI A} V) ® & o ae
-4
-

V)
T 4w NPT $ S e N0
[%2]

ooOCCo

TOOLTTDOO

TN » 6 ® o 0 a~DC T QT
IV OOCC O O
MG OISO CTC

XOOOLOD
o 8 n 087 600 e

XV~ 8Lt}

DO I
- P NG —O0
—~L tE MmN ID
~— T O U™ e
~OCCOTD
U @ 8 s » 58 43000000
UIN DM DN NDWOOODDS
Y NI~ COOOOO
29MNTDDOMN~ e v e
e UME L ]
<Nt Y1 vt
x
uf [« aYv T ke ate R e
Neel 2 @ 0 & @ &  drdeodomtrtrt

2NN~ TINNNININI I
w MIEANNM—IRCoTTCo
FAD O D ettt IO O OO D

=VITIITITE OO QOO DB
oo

e s * s 00
(I I I 4

.o & 9 ® 0

s Fake BarTVole 8

VYO AN

LT

"M YTHOT

[N I I B R o 3o b R eV

nNNNOLOLO
P>V TV}

LA A I S S L oo Yo R e R o]
OODDOD OOCOLY
[} 1l OoDouwoo
. ® 0 & & @

$ st

—0N 02 D
se 00 UMM NDY
eyt pt gt o g B ool = (O D Y
tt it IDoocCcoco

OOULTL O

[=lelels i e

® e 0 0o

AT s AOMLE¥S'HSM s s8h8"%

t
>0 8 000
[olpadatieaievie 8
[afSeaL IR e A §
OIS
3ttt [] Dt IO NN
n REAMIA AN )
Latnd akand a S
OO r—trt vt

DN s e e e sODOOCDD
T TN D2O0ID0
® ¢ > e

LCRO D~
Lt ialis It altelNqdVe]
(1 GO OQUNMIMeE~ )™M
O 3 xvsf_bl,,.J(JO.)u,/hvﬂ.J
LI Y
OO
® o0 s e

B e e R Tt T2 tes TN I AN 2O S O |
4
e AR A 4
DD M7 5»3/4
2 O OODZ At O D
IS G NN »;»QUOO\VH .»0
~3 N DNNND O, o
W e e e OOCCCTW
[oUAVESN 4N o Vig¥l s e 0 ve e
e} 1}
-4
Ul
%A\ch‘v PN O 0 2ND
239

—~ -
ITNIPDOD

R s

TN & » 0 2 s op-PNT DO
s NN U AL M

cenNT ISR oCCccoL o

N~ QOO S OCTTOD
Ot VN TC OO
i3 V1D e e e v s
w (9]

et 8 0 & & &6 @

ST XTI MOMO IO L=

T U Tt 3P~ JLAT el

N~ MO~ ~NOS TS
[$41 1 e Waleo T i ol ¥
— PN DO
¥4} DPLOCOLDD

Z-FON~MOT 1L

g} DI e

NOSO I N

~ Pt NN D~ —~

~T Eolag Rt good ¢]

- T~ L
—oCoCowe

SN ¢ e v 8 8 o) DODODOOOD

LINNS OO UJoQDO0O 0

X ONNIHVN DODTOD

SOPINNT T * s e

(Nt 4 LINE I T O A |

<anvttor

>~

w OO0 LL O

Qrt ¢« 8 » & o & OGNINGINNINY
NI DI IVNDDDTCHO
W a0~ «J L DT DO
OO PUIDOTOC S

YN~ ] OOTOL

0 C DOIDO
~ LI S
~
O e o ¢ ¢ s 0w
—Z e F DS
N0 3NNy

DD NN

M~
mtet NO =~ 3 7>
OO S

>MMIMII T
T e P s e e e DOODODD
-OOOOOOUOOOOUO
....

1z [~ f=]eale o]
— LR SR Y
L I I I I
2
Wt
- WPV LN
¥ eet es s e JFTNIDY
Crart 4D OO O Omtr 1NNy
~S~Z IVl DoCcol o
QOO ‘o
741 QOO
1} L IR
L et
s
S o e 0 0 00
= OO~ ™)
FCFTENT

WO 3

et L N OO e N

wn 1t 3w
Lo CC o
Ottt DU I
) s e 0 s o s COSOOR
d T NMD OCCT OO
O Peg Ly vt
[ e IANS BN AR
(S0 S A I I ]
n
52} WAL TLHW
Gl P R |
L3 OO >OOUMNL O N

OO0 Do D YD
pad S e i L AL w1l T R ¥ o)

~e YN DOOCOO
. * s &

LI I B

&
P OP AL e
OO B3T@ e NS O
O D Z NI Y
L FI-+ T IO OD T O
J RN NN OO 20
st s b we OOOL™IED
[SUig VRANTANT QN 4] » e o e
.- trid
.
J
Lt 40 T NNO——OUCT TN
w

N\ o8 00 8 eb-FMNDECN

L ONNMMUE I MmM

O L =S NHIoCCCCO

~ I SNNN>o0DOCO

WAL DO 0T O

AV L ED e 0060
Q

s % e e

L NDL =3 (M POTF

DN~
>ODOLTD—

U O N
D~ NW -
I e\ N D

b £ amemt it b ot

Ot UIJ O OO0
TN DS~ LI R B S 3
Pt ~SFNO R
.}
ja 4
13y FIFIIIS

Ot s 8008 OOIOOD
FTNON~I RN NN
G IOl ODn000

FAONSVUS MOWCOCDOoO0
— M IO OO0DDOD0
1%2] LR I | DOODOCT

m ® e 800

4

OC) s &« ¢ e ¢ 8

D2~ T ~ND
AIONIT ONL
TONNO DT TN

~E U~
N Dt DR

FODI~—™

>FI3Frann

S e 00 e e NDDODOOD
:0000001000000

Py COoODOcO
— ®a e s 0w
o LI I B B |
2>
w
- [Faleaten iaV ien g
- s * e 8 v IR
O SOt~ NN XN MMM
D DoOOCOUD
ODOODO
[f2] QOO
0 N N Y
- teetes
B
ST o ¢ e 0
—OoOONS S
F O~
IOt~ N MO
F AoninVinglos i~ I SR« ANapia s ls o Eo 3
BEt LI MNMNNOADLDODD
oo arn

O N O\ttt e~

OS] @ ¢ 06 0 s XTIOOOCTTD
< NLMMN COoOoDCT
(L Nt iaiatat
~ SNMIN

LR

vy LI
"
wn MO =
Ll N 5 B IS I . 4
0 OCOOOCOUINIRLY

O ONNLIODDDHITTOO
22X~ O~MN QOO YO
NANMTIMTM COo0D0
> a » Fr s * v o 0w
) ettt F R R VR
3

MO O

OTOOCD  FLU~U Tt

¥ ODCOOMNZITININND

u ot~ LNDoooC O

A INTIITIT OCOoOOOD

W e e cossr COOTTIO

Ly UIaNT o WAV AN V] L)

J LI I O )
-4
it

HI\.234»561123A56

Mox. Sitese =

\\vne ¢ 5\‘\&\\

Y

ON & o & 0 & op-0
XN LW M ]
O D= 3 N0 K

M~ NS ™MO>
ONN et i X

Ll LI B I s J

o

S

Crst 8 0o ¢ 0 0 0
O e O\ et (Nt
0765?&1..\u:

NDND O~
e NONMMME O
~T
—y—

JY\ ¢ ¢ a o ¢ ¢ D
WINPT0 OO ot
X usoviey
D3N O N~
=2 OoNNMN
<N b L L]
x
Ly
Qr4t » o & ¢ o o
SNLD Nt~
W —~3LoT L0
DT NS
DO N
Hz N R R
~ tre
[=]
M~ e 000 v
L= g dag dendviledag

=)
> Y

Iz
—
wxr
Zr
W
L
e e o0 0
0221:’4& >¢
—¥ <
[Ta}
L
[
b
TI o ¢ 00 v
Lk s R =2a g1 §
ONNC $E™M
XD N POy
Uw=3 32 rHnN 3
Wiyt o
—tN
O

CoOCOCLUL
OOV
Zr o~ o Q
e RanTae Tad Waa B N o

® s 0000 .

o T e e T e L ] i
g

~

cooOON i

T o002 L

WM~ 2DOC

4 2 IV <

[1Y] e 0 e e C

[qVIaNFaRIgN gV oV ] N

- L]
-
Wi

Lt et NG F N D -
(%]



LUrP504 1
e 2222

At~

oo

D 2 N

Tt-raL O L

LN e = 6 8 6 of (TP 3 LM
O maeL D} . U NN
CA P -QO i OO no

M DOUDIN T T 20O
(G VI WA Vel [ E Al Qhlei] ST S0
L0 T 2 T T I IR A N A
(78] O Ly

CH et OO Mt CLM—X L
[ VA (VT ARG S NT V2 So W O i o1 A
A e N N e B
Lot I B B B T BN o g Wi plo it 3 V]

aQoOCoONDO
WD) » ¢ e 9w o0 )¢ 00 v ive
L= EII OO
P S AL S e lab ]
N e Nl
& IOITHNINS A IO
~T NON NO
~—- Tw S e
Bt it et g
UV @ ¢ v 0 ¢ 03 7 DOYND
WHOM =T MO OO
X oNMMNN OD2D22S0
DR~ ponNTn e e e s v

e L MIND LI I I O A |
S}ttty

x

W ocosono
Dt s oo 0o LLIOOULD

FNI~IEFOADMCY D LNN
W 3ALOUNLCG O D0
D D T 2] T OO D DO
t4gd MO ND DO D DO
Vlrtrt—arat | | C QOO0
™M [ * 00 s 08
el
C) e o000
—~FOPNTAL D
LI N—~DLO
2 RMODM-NY
3 4D 0~

1Yt ot et ODINI~D
PSSO EYD
mHnNnHoNn
S ee s 00 a)DVTODD

HOrtrdrtmt =t QODODD

X [elele ke Y]

Log ¢ s e e

w1 LI I

i

[ 1)

-4 el el iale J ot
P ee e e F MDD
CIIITINNNISIIIIIM

—2 oo oo

OCOOIOO
ur CDDOD0

H ¢ euswo e

»-- 1t 0

<

ST v o oo
—-ONDPDT

[Caleol B
ot D ket — 2L
U= rngs

a0 A B R )

R R iake-RaNpmgN o]
PueRoiitlealad
ot A A e & o
OO rmrve
O e v o e e s YT OUOCOO
N ODN=IF O OCOOOO

O~ LD~ LO™ ® 08 0
[t lanit VA tag ) 1yt
72}

1]

[%s] 2 N

et LI

() COOOOONE . C O
O CFTNNYOD Drir 1T
P9 ST T AV FTS R LN T v =)

PRSI g I S S g e T

L I B - o & & 90

ottt et [ I B A
T8}

&~ OS P Npe

SOOI A

M

O FONDOITr-t- NSO
LI O OO DS OO0
O OO0

() " o s e OCOCTICY
[AV1ANEeRIN AN eN) c s 6o oo

i LI A A

)

w

.Wv.l\‘./_ﬂjér)ﬁ.l “NME N9

Nali gl e 14 Y

T HL~3 00

C\} o & o & 0 o)y~ 1, YL
D W (AP o callb X4 N I i ol

Ca—L £ FCm  CO L e
M~ SUNTNHDL T T 00
EONTINN T LS el D
L B I B B B IS B A R
wn Ortt
Ot & 8 ¢ » ¢ »
eI~ IO LMD
Cr=-Cm P I I 3 IIIIM
M~ AMNSON O~ I e~ T U N
ST N ~Y 1 —1d
CoJL NI B B O VUL e b R AR e ]
S P R S e it
T L OO
H™Y ¢ 2 o s o ¢") 0o » 0o s
ZAVD O N0

Pt ket IR U N Al o]
TN L O~

L lon] 1~ N0
—~X Folealo e a8 4
- ITOoNI N~

N ]
N e s 00 1 0] ST DL
QNI INTS NSO DOLUO

Q SN =TY COLO0OD

DO TN e s o0 00
Losemndiel A2 Sad Lol LI I I A ]
<N

x

Lt DODCDOD
Q- o0 ¢ e 0 ¢ T
SNANADMN~NF TIIT TS

wi eI 00 O TG OO
oL LSOO D00
[oniind A 20 Eend SOV DD

wmrer e COTTOD
o ® s 00 s
e
CXD o0 6 0 0
=7 O Yo LIN

L A

palath plaglo AT

N FN—~
N DMDVID~

DNDOF VD~

NI IINN

t o eeDIDIODOTOL
OO DOOOODD
te OO 20

e e s 00

[ I BRI

M~INODALMMY

s e 00 0 DNOF—~NN
C?,C..A\Lr\n. WML\
— DO SO
COODIOO

(%) DODOTOO
" LR B ]

tr e

NI s e ¢ ¢ e

NI NS

D D
P~ A O TONg
L kS ST a1V
jo R e TaV4ViaVEsUASN]
—~) ® e e e &t YTOOTOO
N S~V COOCDCO
OO T IS LEC RN
[ oaiam st BAVALO RN 00 N B TN 20 IO IO |
vy
i
5] oot
i8] [AVIAV Ao Vg VI o]
(D) OO COOU)rtr i 4 et
DY O P DODNTDIIDT T
Pl ok Al VSR ST ths BN SPRVE 1 VY & 130
S INNLH L LLDD
* o e o8 - v >0 0
~4 — g gt ¢

n

[ (e RTpY ol

OOOODN NLDE -3

T OONOUICOCLZO NS e
[ 3 N L A ¥ TR TP 4 ¥ )

S OINNNYT O oL €

W v e e OOLOOD
[(VIAVEa AT AN 1g ) * 5 e e e

- s e b by

-

ud

T 4 NI F WD - I T2 D

w

Lyt et 3 )

T3 a0 LN

ON o e o 88 oL LT O
ST LIS CcCLTaXQ
T N0 <y fr 4 ra S OO
M~ NI ST SO DO
CmVAN—= b 7 5O DT T

o3 T I I I | T e e s 6 >

" Qreta

Ot o ¢ 4« 08

CONNDN MIFTNDO
= LLNT =N L3
~ N 3117136@7“34(?

SI— b YL a ~
=ttt C_:\..}..L\faihzs
wn PO O0OD

dOOoOC o DO

DY o2 8 o v 07D 0 0 00 s @

P e Rt AT A RO N I B B B A |
PESET I B AR P
NN O NN

e 1ttt DO ODN0

Bl 30 UNDN

I — oL Myt

93] eodeafoals ko ade n}
Det & & 0 0 0 ¢ ~tmtrdrmd et
U U~ D D NN MO, D
W PNRONI~DTOOODO
OO DO O DO
AM TN CTOoOO0 D0

OSODODO

e 00 0

M) e v s a0
NZSWWNDHD

DO~ DD =Y

3 88 % 0 e eDLDDLDODDD
NODOTIODO OOODOD
IZTtt 11 oooolaD
— ® o v s &
wI LI I ]

2

wl

-~ M3 0ULN
T ee a e e NOMININ

C OO v rmtred MO\ J et e, S D
Lon> N B NN BN B IR Qi ow el B o
QOLODO

v QOO
1 ¢ o o0 0
-~ LS I I A |
<L
T s ¢ o ¢ 00

- ONN -« D

R T 4
MONICO L O
P Y — § OOt N
(723 B B ] NI TN
O GO
(@t I I g

Ol #0000 eJOOODDO

n NDNCNT CoOOoo
L3 N~ 0 o> 00 a0
~ NTO0D Lttt
[%2] —~

"

n N~ O3~

Las SOt ir

O CC 30O Uttt o 4

O L3O DD IO Y

L0l caiain
LAY Vil L

e v & s oo

(Sl e LS TFRE 4
[T R RN Jurt ¥ S ]
e e s 0 s .

[ ¥ I e R e t IR S
[Ta]
CIOLMD
OO DM AP 3O
2 O LM ST

LIKOID VIS OO DD
U 2 QOO0

W et v e OOOOOS
[ACAVIANE NN VIV s v e e
-} [ ]

-
ui
e O PAVIE I ST e TR RRT A N L I RV o
[%2)

240

XDLECMIO™M

T oL~

I o8 60 0 o-MMM— T
o1 MLAO YD NNy
T OIS T—UUC C o0 € ¢
L EEN TV AR Do Lot TUlgne

Dot —_OOS DO
R ] D e e s e
vi LS5 2 B I B B Y}
[ ] . .e
H?a..b/.»lo,.b OVIM~a g
O~ N I Lo AN -
P~ OIS OND IO
[ A N N NN T T e
Lo WINMONI O
ot D>POLID IO

OO
IO o ¢ 8 00 57) @ ¢ s a6 0
PAUARRT DT il & I BN I I B B |
~PT N TN~
25&33( Nt
—~“—ed g et DN I IS
\LH.. ttr1 NDOID~—
—r— T (id O
—OOC OO
NN\ ¢ o ¢ ¢ ¢ s OTICDDI
WD H NO MO OO OGO
L N~VATNH ODODOOO
DHMIU~D T *® s s @
b () T N
<N VLYY
a4
W NN
Qe o o o 8 s ANNHNNLD
TNNVIT ILLDODNDODOOD
W MO 1T~ CodL e
DNV OO
~M3ITIITI OTHOOLDO
[74] OO DOLD
6 > & o 0o 0

™
N oo a0 0o
NZ PO 00N
o ™ DD -
DBHO L L~
MMM MM
Nt

>N T TN

T e e e e e sDHTDIHDVDOLD
NOOODODOO0D OADHOOO
IZi1t 1111 oOTOoODC
- * & 0 0 0
Ox
Z—

d
) ORI FND

T eesesee (UNOU~MF
[ R e e T P & Revl o 0 BT

SEN L DOOLOOO

Qoo TLO
wn DCIOD D
n ”> o v 00
—
<
L e« o ¢ oo
—0NI NND
N IL D
SOOI TVNY
(14 NN MY DS
N e NGe—F
| Sl “Lapt s I )

)ttt YD
W) e 8 w8 0 o ODOODMNO
w OINNDINMD OCC OO C
OUIO M- 3~ ces 00
—~NT NON~ND P
wn
"
wn & -Hnuninan
[y} [ea%4 214 Sea ¥ M é
D OO N0 o a0
3 € 3D 20 T
P A TRt R Ti I TR T TIRL SPTSPE &)
L8 O e DOLt L
. & & c &0 6B v e

™ LR TR I T P ]
wn
S ORI OO
QOO FNNT X~
X GOOIIODIUTINS 3N

(1% I SLAV LIS IR ha T oc T3 [oh X TUE TN

4 W QOO

() 4 e a8 OCLOODD
ety rtm domt ¢t o 0w

-~

-4

7

Lo ea0UDD T IND = Y F UV

(%]

VLo p1

TNt 2 7-.

CXN\ o s & ® 6 o) PoJINT N
SsLUN™ T oM (N 0 e Myt

CA— o=l HNC Cotmyy ¢ £ 0 ¢ €

Fand A STV S SN PRSPt ¥ A S |
e 25).:(-. PR
~— ) e o 9 0 s o
wvi QL

Ot ¢ 0 0 9 9 o

STOUNC IM SN DU

Ca—Pt T L~ 1) Gt

P~ FUWOLO 3 LM T e 1 0~
TGO - 2
- [SSYATUAT ol B B
%] >ODMDOD

jo k=t & JUPTE BN

D ¢ oo ¢ s a7) e 2 00 0
NN rDDON T L

AUIMD OIS

[AVS SO VTSV TN §

e ~t 1 V1) LT

~L o~ )\ P

~r lTLur gL

=1 o LT
UYU » ¢ o & o of) ©2COCICVD ")
WA OO PO G WO O30

A MM T oD sw
DML NVD e« o s 00
Pt Y INIININD Y

<N F LR

x

td [N R YANA Y

Dot 000 00 o NUNUNUNINY
NCUD) N4 D U rarmts =t
Wy NI I g €D >
PO NN (PO D o
AMITVNITIVIOG L ey »
w [ INETATE IS
6 *» & » o s
0 [ ]
D o0 0 0 0 8
NZ DI 0T 300
DY N0 >
DI = VDY
MM YAy
NPT EEE P~ 3mM
DY e
>Nnnnnt

T ee e e e VL o 1Y
HOOLDOOMDIO O L.

IZ L1 ©QODLOLL

- ® 6 s 0 a0

L

g

ul

. OO LS Y
Y e e e e e FINNHNNT

O rarmis $rtmde 43 rd4o=te + s 104

av=

SY e v o ¢ v oo
[l At 4 B AN 2K 5
QUL
NN LI ™0
[T 2 TAUMVISVERN F4N o V] A~ LOH N
(73] JUar e
UGG et
DO v L L

U e e e v e (XY DOOT NI
N MRS O O
NS P » 0 400

OO | I O |

w

u
[7s] [V T B NAYRN)
1Y) [ 0 RIS B 4
€Y €Lt N0 L

() ¢ ¢ ’ ’ I

U D e ¢t

Ll ol A RN ¢ 5 9]
@ e s v o0
orte t Ao b tes

(TR ETT I
LA

<
n

[ TYATNS X SV Y
\

OC1 0

STV EVIEERYEY W LN 15
LWbCeoy Wi 3o deaid oo 3
N BN <RI RN 21 £1 S B R L QR

\WJ ¢ o % e 0 CoCri r

e te bty RN I ry
-
.2
(Y3
B R PETIAN I I BV RV T E ot e N T o K N A ¢ ]
%)

c

TR EDENATY=

NG TH=
T MOV

i
=

1

5

LY. W}

2
Slg T



http://47ii.it

WNemfn 4Ny
T O 1r O
s 0 0 @p T 1 e
CRVOR N o B N
VIve € dese oo [
PR AT ¢ s
NV R Ea s
) e et s o »

(W]

*e e o

=D NLUO DO
Uoa WAL LT
RO R R A TS RIKES |

O N S
Tty A
N}~ §
LI ) N~ 1 L0
FON T
TXHAw F~~
Y- e
e e &8 "D VYD D
S MmO D2t ?
DU~ Oww oo
DN LI SR
[P\ et et
Pe e

SNoruinn
s e o0 OOOJIMT)
s DRt () ~Art 4 Ambea
O~ Fr it ¢~ O
N L a7 PR

AYN\Jomt-4 DL b >
QL w00
*» ¢ 6 s 0 &
(I I I I B

. o o0

VIS Tea ¥ ¢)

QL0 =N

NI ¢

AV RN R

110 [t ittt B 7
THOTr Y

> 1T ¥t N
b o0 00 LD )T
PO D OOC a2
1t oo oL

« st oo

" s e o

B re 1) 0o C
oc

v
“« o 0 &0
SN 3
WL N
A AN
[AVANTAVEC SN albe MR IRtV A}
O
FiNg L ™M
OO DI DIt

s & o @ &3 P DY
e ALASEVATT A TN & X YS Tor BRSNS XN
PO 5 e 400 @

Ty ]

O M
e AVIANEAYANEAN]

YOO OO Gl C ¢
RTINS I R s
255 e BENE & X o LIRS S
TXAT toc Fa

« e e o6
14 s Aot
1

LR Y

.
]

\ Mty
Y P N TA T )
e S )
[NER T

WM 3t
oo e
. temt ot

(S [
[PY NS [
B e a0
H
H

]

HY I N et (U ) (10
H
.
i

~3N—~o

IMN—NI I U

(N e e 00 0 0= ONDOLN
€1 #4dNT me sttt P OC OC

Cam 33 TNCUHLDO e dte ¢
t [R3 SN G I Lol o e T @ N <R LAVY SN g )
W\ttt 4 O D QOIS

[l D e s e v 0

w) O

Cod & 0 06 ¢ &0

T NMLN—ON IO FIND
Ca-f 3O TO " L)
~ MY OSSN0 W

i} s e 200 0T) e te e
TCOHOLTONO 1)

~NS L~ 01D

D NJIOVDO

- -, 3O

~T O~ >N
~r IrNIN e

| S X sle] Sy Rl
VI ¢ o v 00 8 DOTIID S

LN NI FuwCoc e O
Y F O~ IMNY DOoODC DD
D0UNOY NO s e 0o s
b vt | — H
an it

X

u! [agTag lagtag Iag 1t ]

Nt v e e e 0 s LNNNANIN
SNN I NSOttt et
U O~ FLCcOoDC OO
PO OUNNNDWDODC OO

[onlanden ) OOSOT O

wn Il OoDoOoCOooT
2 LR B
tn eyt
Of o ¢ o s s

Rl L STV £ 1 |

~ON—LD
234730DM
PG N\jra =t Ty D
P ew e e v e DDODWLIDND

HOOTSDODD LOOOOD
L2 ODOOOO
L d ® o o0
[

Pa ol

ut

-4 O™ N~

> s e s e N
ODOCOGLODXKOODDODOD
S N A |

l Dooccc
[aY = J Ko Rop Rovd
(2] ODODDOD
[} * o 8 0 0
= !
L=
FTTL o 0o a o s o0
[ Rat IS SRNR S I )
L NOC o
PO N P~ N™M
ot e NN
N NS~ TD TR

Ot et = ool et

N e e e e e aIDIDOOOO

Y AIMNO DN OO0t ©

Ot~ D a ¢ o o
—ea NN
[%4] 106t

1]

V5] N i\t lel

1 [a¥13 V1o V14N VAN

) CCOUODNOOTLCOO

() 2N NDONDD2ODDTO

Iy OQOoOCC O

fo B aR0 So B 104

e v & a ¢ W

[ R e T T D}

COC LD
oo 0 v

n
(W0 I A VIR RN Qs ]
(&) SO NS LM
” ot NODIZMNN O D
A€ I i IO LD
IR A L IRV I AN (N B 1 IS LA R ]
[F3) s @ 0008 OCLIOCL D
-t e 4 Aede 4 ® s r ¢ o @
1
|
3]

3 O N e ™M TN
%2

POL AT

TAD 7P et

CX\J e o & & & o=~ Nem™ o< T

ol OO AN OO T

b O ) et o B L aemts € 70

r- WODM M 200 -

D fr2C ¢ ¢ ¢

—— b BN S ICI N
(%) ©

4t o0 0 8 0 ¢
L Ci~3 NP LD
O aq AL W $T FS N~ JO~
M~ AN L ILENXCO O C e
L e 10 U U WY oV A
—E W S neT-
wy >ODI DO
NOOLOD

HDY es ¢ 0 s 8 D e 08 ¢ o
ZONIDOND
~AUTNNS OV

NT ONMI N

L Done L TR A% e JoN e R ]
~X Dem~NID™
—r— I O\ ™M
oo T o0
VS @8 00 0 el DDOOOTO
WN U T OITOUOOOOTO
Y O OPII NNV OOMIT LoD
b Ko R AN IV s BRIV B e s oo e
YN )T (200 I I B O |
n
x
ul NoXesNaNelNs}
Dt ® ¢ @ & 8 8 rrmtr It
SN NM~OSFNOOD DS
w TAMUM=D OO G
O TS DCNDUCOC DD D
MM 3G QOGO
MEIT I OCONOO
™ ]
Rd LI I A |
D) s s o0 0@
O Pt (M) 7 e

o grd Lo

e olandat T SR~ I 4

R laViaViat Tad N 4
N O N

PDOLDOD
T ee e e s s DDOCLDD
HDOOOoOOOOOD COLCLOO

Ly CoOLDLOO
- o e s s 00
OT tre
2
L
pu M~ 3t~ 10

2 e 06 0y Dt UM

O OrirtAeta X QO T L OO

—3 DCOD VOO
[=1olelels L)
2] COoOODTVO
" e s o000
+ tr1 it
<
ST ev ¢ s s e
Ll AV el g WAV 3
LM D
ARD —M N~ TO
Sttt = WNTXNL"™
[2] 1 O3 0=
—OMNN—C
Q ottt rtrarte=s
M) s e e e e eXDOOLOMOO
Y INATTMLENS OCL 00O
OTIOM~ >0 000
Londl Rockenldt 20N It
Y220 I I A
1]
7] oo

wd P P B i k]
N ocoooonooer GO
O NS NOIDISCDT LT
=0T O O L 0O
PRI OPD C OO 20
* 0 8 & 00 .« ® v 000
| e e e L Lan 14V |

un
N0 -2 O

OODDOO e kS
T O OUNMD IS OOD i)
W OGO N~ WD DD (%7
L DNt Asdrd OO L D7D
(V9] & & 0 &0 [T 1Y 220D

D e B Ko Lo e » & 80
-4 [
-
wl
L 4D L DO 0T D0

@ 241

PO O

T oo g~

O\l e e 8 0 0 e DS
LTI/ TEIO WLt W YNy
CH=Ptr~ «Mm3uic Co ¢ ¢ bl

~ T AT o -t o T
< e A XD DO D
- D e e oo
s (&)

vt & ¢ a 0 00
LU DT FTOHNST

S I AIL FTMTAUS

~ CLL~MIN—TIL PO
LAY T NG T T e
PR I I I B VRS- alal o N
N > O ODCm -t

HOODDCDO

HD e o ¢ o 887D ¢ ¢6¢ 0 s s
2N~ u\0

~Ufet N T T O

hto sl ofiee Jo VY o 3
o et WU O D
—~I MTEND
———— e~ ™M
FoC 2080
YUY o e e 8 e o] DOHIOUL T D
WAL Pt OO D
Y SN TTOm OO0
DOINUDO N » e e 000
PN s lNo Lot s BN T R IO T |
<an
a
&t Mo M™
Qrt &6 ¢ ¢ 8 &8 [l e At e
SNCIPINVUIYNDTIO D DO
@ ST NMNG O DT O
=D N DVOLICTC COD
=3 NLO0 OTOOLO
It Moo DNo
(=] « o0 s
o
) s e e 00
DIV OHN TN
sald N F N~
N — T =N
IHOOD
vy —~3OOYD
nee~ LN
rOTCDLTITD
T s et v 0 e DDOOTOD
HO O Attt CQODODD

I= DODLDD
— * o 8 ® s
oL {20 I O A
2

wl

J VDT DO
T e e e w0 MMNTIMT

O et VAN O OO O D
[ TOOLDO0
oDoLoC

wn OISR
" s s e v

— [ I A B

<
I s e e o0 e
el 0T3O

IS 2 Alple SR L N
PO T IOO
et f~t— NMNOISTO
1] FE AN—0MIX

OO N
O~OOOCD

Q3N ® @ @ 0 ¢ Y LOC QO
N Y MINUL e o0 O
(Gl SN AW AR N oy cve o
L AL I A |
T2}
1]
[72) LT
wt memMeymm
O COCOOLNLLTCLS
D ODUDDORIDOT T D

700000
oTCDOO
o v v o0

fo (IERAV (AR N IAX A VIAY)
un

OCCC OO
OCC OO0
- L s wve

~IL T

oL TOM N0 T D

g CanpLLIDSS™D L7 7 D
LaCIe ) o X DO OC <r
W e 4 OO OO KD
et o e s e @0 OO QIO

P Y e Lo Uane 1
4 2 I T I 2 )
pu )
)
Jo =t 0™+ NAD =0 YO0
n

MNNHTLC™M

I3 L0 -

ON » ¢ o ¢ o s JFINHNONT T
% g AV IEY S o T A \T QU SHF g N1 4 W
- P MU 20 C OO
P (W 13 SN O DOC &
& Petr 1 DSOHIDDO

et ItD o e o
[%2] © [
CH4 o 8 6 & 0 0
eL M~ TN LF ONI-TUN
AL LIS MASYED S
~ LCoOITLoNIao~g
LRt R LR I AN S £
[0 R I B B VVAS Sole G g Meel
V2] Sl DO

Z et N L0 ]
~UC~DO0 IS
D F T MSNIN
- (et I DIXoO~Co
—~I nNNA~0D
~— LM e M3

NN e o 00 801 OO0 IDD
WNRNOLOTUIOCOOTO
X O©O~«UNITMT OCDOoOom
DO DV INDRN s 0000
=D OIN § tt1 vt
<N

x

(V9] e e T L P
O 66 ee0e OOOLDCO
SN PN T O Sttt ——
W RN OoDTOL0
DM TVOMIOC T OO

ale N b lag Ia VA | oOTTTT

nererest CODOOQ

[»s] L A

™ [ A
WD s s 0 e 00
[ gS i AV N
el DDA
DL LHDNNE™M
vCONI~L

Y2} PN~ ND

PPN

P D4 DD D
T e e e e e e DDDDDD
HO OO0 QOO0

Iz [N ~l-lolelele]
- LI N
[Uxa [ A A
Zi-

w

-4 RLOC VO

3 ses e e MIINIMINYL
O NN OO OTOCIOO
—Z [ P lwlolololeted
OO0

(7] COODOC
i s oA c s

- LI O A O

<
TIL ¢ o s ¢ v o
=N IO
CHLSIO
O mi— 2NN
Dottt vt ettt MBS Y S
eyl

COoOODODO

OV & 8 8 0 ¢ sJOOODCO
S nNeinoed oo Do
ORI PO—™M PRI I

NN N0 [
[0 30 B BN T B I
u
%2} Nel¥slolelNalNe]
Ll OO D
0O CCI2oOCNT IO
O DNOoNONDooODHOD
2> 03 TOL~ COCOoO
oo I OOOCOO
o a o8 s .« ¢ & 00 0
N\t et b it

59

O~ ™3
OOCO™DOD DTS U~
> Od ONOOZTODC00
UNC D F VS DOV e
W DCOOMOO OLL L0
'y} e s e 0 s UCLODLO
L tam L Lot Lo Lo ] *® s @ ¢ s
-J LI I
-4

Lt
QISR INT e K gV ol T LUab I RTA R o)
(7]

I
N s ¢ 0 6 & op—
oL MO~ M
=3NNS W
M~ NS AS0M >
[ P DR VA Via s 4
Sl L T B N e
[2] [

Ot @ 8 060 ¢ 0
oL NNM Nt

52} >
e 4
HD s o s o o ¢7
ZNHI o0 T0
A~ O™
[\ N s IANRag R B T3]
e 1t
—~T
~r- I
-
UY\] &« ¢ s s o o0}
[FENIE S0 Sa UK ph Jo YV
@ —~NINoLo
DONNW~e S~
Pt = e\
<</ bttt
a4
Lt
N+t 60 0 e o0
ZNANVNWDO NS
u ©oL—~L I3
DN LN Da
[ SR J
w
O
N
O o0 o0 o8
OZ M ™~ 0D
w1 N-4 D0
IMLTNN
[ I e K ton ]
N LI
>
¥ s e s v
NOOTDIDO
Iz e s 80 41
-
oI
Zr-
)
P
T e e s o s
lolelwletote o))
~Z t L LS
wn
n
[
e
XX o s o
-

QIO
- S o= SRRt Rt g1
WP Crr b PP
- O ) O
14 * ot o 08
t
]
-4
tl
Tramn 1052 ND
(2]



)

o ale o e i}

TNODOMD

COL 00 00 8 NN =

T OMLCON CcoOoOoCCOo

AT F VO~ luC o O

~ NMIT PND>cCocOoooO

NV YWY CooOoDD

[ I B A e B I N
(SR |

[

Cvt ¢ 6 60 0 o
ST MM~ PO
ST LOL N~ OHVL AN~
NI T ITINT ST
G\l.l\llv. - \HQW - N
— At e N ITIMm™
2] S>O00DD0
ACOOOOD

HEY e 0 s 0 68> 8 00000

ZMODNNLOLY Tt T

—~lUS D Dt et

N N DNANN

« L Hsl LY NNV

~X NT O~

e ITuind ©oOw
=L OWwo OO0

N e 000 0 o] OOODLD
LN ITUIUN~WOOODOO
2 NI PP COTDOO
DO OO~~~ DD o c oo e

[dan B0V N ia VAs ia VRN SN S BN BN BN |
<</rb Vel nt

x

! ol et et ot mh
Q- oo s e s JFIILTIITI

TS F O™ L Nt rtot bt st
waf MRAMMOOL DCOOICO
VLI COWOI0TDO
- —~ ODD0TTD
n oOLDOT
fo s} e s 0o e
N [ A }
Y 0o 00 s 0
ST ~T
wWINIYLD™M
WI~~DD PP

et b ot
DL LY NN~=DTAR
>MDDODLOO
Do OoOOOD
cCOoOTOD
ODDOOS

® & & & 00

e * o8 &8
[elelololetel
11t

TH MOM

LENGTH

OBIRNDR
s NN DANS
Moo CCoSD
I DC oo O

MOM
"Oo
=0
=04
-0
-1.

1

oCOoOCDTC D
DODTDODVD
n LI S S A

S

-

<
2L e e s e oo
oYM TN
o~ 0
NONDIONS O
Ot bt et et oot e

murierse

L Zand 24md %
T o N—™
ettt OCC
oo 00
~J} &8 08 8 s YOOQOOOD
O O M™ CCODCO

O OD~NY"MM R )
[ank: Selosipatealon] LI I B A
=s. LI B A |
w OMYMIMINN
L) [o T o To 8o %e ko ¥
O oocococonocoocd
[ SO ODDIDDT D
L ADN- 0N Oooooo
PITNTN ODOOOT

onNFU U N

COOOOD MMM

T oONDTIOZOTODOMN
LK~ ODNHN NDOOQRLLO
4 ORI CoIOOQ
tas COOf VWO
® o » e s &

¢ s 0 e e

-
—
[1%)
&I‘.Z«Ja N DA IND

[l elefed o)
B ekl o fov Lo JU0)

CO ¢ ¢ 0 s o epOOCTTOCQ
ol N et (Tt~ i OO DT C
Cl=Crr N U Sy D0
~ IO T D00 T O
OGN =2 S LD T D
— bl Pl _ o e
wn LODOoOC OO
ot 8 0 66 0o
ST NAUNDO N s I-0D
O—JOTIAMT I OLNILN
~ SN IIN—~OD TO0
S T
b D e
[V} SOUOTD D
FOITOC D
7)) »# 6 ¢ 8 0 07) ¢ s 00 s 0
ZOVMD 1~ 1
-t M~y
[aVs oI5 Nogl oVl BENE S ]
- 1 APIO~D N\
1 [AVI0 0N ) P TN o of
~t- ITOWNDd I
—OULODCOS

* & & 0o & &
L2 I I A
aNLE L
[selaplaglagTog2ag
Dt 80 s 0 e NANANNNDND
2N 43 WO L Nr—md et —
ul MIPNNS TN 0o TOoOC
OO PO TSCOWY
L LIt~ COOODC

[} I cuoroo
o e s o0 00
o LN I N I |
UEC o« o a0 0o
—Z AN\~
sOF TCMND

NSV N

b B
N IPPODLN~
A e e
> O T OD

T oo s e 0e)DBDDDL
| OD2DDOO0D ODDO00DCT
I b [=Telatelo TS
- e e a0 0 e
oL LU I I I
Zr
w
-J O~ NND

L seesces 1 NHS 3T I

DO COXOT DIOO
(5> B A | DLocooo

ODODSO
[=1ataTwioiS)
.o & 0 o0
L O I I ]

* e o 0 o0

NINT N0

[=Toa=TadiN B

OPLL TN

Nt e~ O N

LIE L MDNDT~

o C ot det =t~

OCoDDIOD
e e HYDIODOOOC
0NN oococ o

s s 0 e

OO -
Land et £ o
OCCOLOLOOTUNCIL TTOLWL
D oo
COOCOC O
OO C
e & o & o

0
0
.
L
-/
0

VO Mo
L I~ e
* ¢ & 0 o8
ety et

62 HODES=( 6% §d 1HAT=s

[k dag S SRaVNY

OGO > Nt 1m

I ODULMD. PTOM [T
UKD S DO S 71D
- O I Qe [ Y o

Lt

o
-

W
%11;_31“ N D= NMF N D

® e s @8 (D LD

e s o ¢ o

MINO L
= e MO - 3

ekt G SR )
uic oo o
D>ODTLTO
roooo o
D e s e s 0 ¢

- NP P~
LOoI=-NDH
LI e
OO0 e

* e R ODT AITIL
3 U ocoo02
N Soow o,
n . o0 800

| I O

ER

IS
I )
FANALDODMDINWIN UV
W Fri~Ch~ocacooToe
oA L0 WOOGE 2T

el e L I R ] ODTOTO
OO LOO

Nt o ¢ 00 ¢

[o] o 000
o LI I I B A
O e e s s o 0
MZONI Iy
[ SYRAVE Al UECL I
DI
N ~NF D

M A N S e

>DOT T

S 00 s b 8 2 DODDIOTOD
HODOODOL OOOMOD

1E [o]wloTote b

— LIS )

OL 1Pyl

Zr

w

- ol e T ]
> e e e o MINI\Jr —~ =
DOCCLLIDMODIODD

o~ DOOTMO

oCCoTDD

vy OO o0
L LI B S RS
Lol tes e
<t
2L ¢ ¢ s 0 0o &

Ll K AR ALa KNP ¢

N SUSIN LS LY RN 4

FOMOT - LN
W~ ) B N TON
Nt [aBaVl & o 3 U §

b~ OO
QOOOOOC
W) o e 00 e s YOOODON
O ONNLI OO oM O
O~IALNHM e s 00
—ONW DD
N—y i1
3] ]
o
W

~Ng e

(LS AN

0 OO OOUNCOoC O

D O DOmTDODIDDDO0O

IOFLNVLO OO LC S

~MONAHNT T ODCOLC

® & & & & a * & & 8 8 0

(M) et Artetoa
O

Pt Ny

Sre T DICO MNANY ¢

- IR I TN S PiguT e Jal Sa
Wl Y N DO [l e
YT YT OO, Ca

OC OITILIC
* ¢ 9 00 &

W

o |
4
LJ
b QT AN NI T SRVS R TN Iog B0 RV A

»
242

e ¢ € g

oC o c
Ioc -
O\ s e 8 & s 02 T [
rTCTNIXY 3 CC O
[ S -
I~ o v« >
[So2N N T S A R N MY SNARY
— T e e e s v e
v [ & P Y o U
Cwt o0 0 ¢ 0 0
T LN~L IT ~MO—=T D
Ch=II® C T R e o 1
N~ DL OCOL SIS 3~
Ottt - o -
r— [l e TaReTo NN

n L L 2T
RTDOC 32
17 = 8 8 » 6T) 0 0 s 0 s 0

ZONULS MO LI A |
P N )
nND L]
- D) Y
-1 NOHNnoLL O
~ J et -
e o

UXL e 8 0 0 o} DO
WO UDIT OO,
X~ LTt SODe oD
DIDLODA LT D s e e s
o J JNLINE 2O 2O N R IO BN IO BN

<N
x
3V et gt et et et et
Q-4 o0 o0 ve (NNANNTCIIN
FNMSNC LT AN
U YD DI C OSCT e o
—OIPIT TTLRIWD OGS C o
il 1] OODOODCC
N OO0 >
o s e 80 o0
o [ 2 A
CY oo ¢ 5 s 8
M2 0NN O
CYSR oS QuVUIY JRaV
x LI |
n O/~ NIV

M~ 00000

DDA D

FT o8 008030000000
HDDODOMD OO DL

I 1 COTD0O
- e o s o
or L2 I 2 I O )
N—l
w
- TINNDO
b S S
OO0 >ACOXOOOC O O
—2 Ly Dooc o L
Qoo ¢
n oOoL >
n s e s s 0
- LI I B O
L4
ST oo ¢« ¢ v s
F= L~ e
LI~ Den
NIL O HS e
=Lt et ya~m

n OO I D
OCCGe W
Oocooc T

e r Y ODOLEL

LN 3
NN L ooouoo
W T > > « 82 e
=0 Y VO tir s
("0 8 I N B I §
1}
(%] QMU 30
[F8) OO0 O
O OOl LONCC TG &
[t TR S Y i ST

DO AL (D OOC .. W

MLV e OOOOC T
.8 & 0 e * & o & 0
T ettt
O
FININ LY
€I > > e tet 4 4
T S ) 2.703C OO [}
WSHNH vt Oy de e -
) or. 0 3 [S RIS LA S 1)
Wl ee o v 0 O [
e ¥ 8 ¢ & g
-~
-
)
TS ) N0 ™M AN D
)

coC e

T ac (8
N\, @ e @ » ¢ &) OO o
IS M €O €
Com et [ =
~ o~~~ r L
PR I L D B AR U e }
— T e e e e
Ca O O O ¢
Ot 8 & ¢ s 8 @
sT &N PP ANV o 1K & a Wian g AR oo
= o e I GRS B 4 3
~ hadE VAR W ANT )
MR EEEN
—— Wi € ¢ ¢
(%] D Tue bt

[RAR ] S )
113 s 6 » 2 o8 ) s s s 000
PR LAV C1 %2 T I I O |
~Jtrt iy
~NL
. =7 a0
(g O d) toa
Lo i e ‘

» e

e e
UWANT S TN ) e

€ a0
* & o 0

LI I A |

[atan il IR BN NN NN BN )
n

x

1l WD O
Ot s9o o0 ¢ JFIT371
FNONT Tt DUNININNG Iy
Wl PSP 0T )€ G
TLwoDe:"
LR I I O B QOO .

[%4] DO ¢
o ® 0 s 0t =
fod t et
O o s v e v

M DN S )

eul~—e ) ¥t

DL

N

Ne—<IT 0
oonnnn
>IN D
S ee v s e )DODODTOHIMN
NOOILIOC >O oD 0

LRV

e bt 18 eI
3 ®« 0 8 v 0
O L2 I I )
2
w
] DAONDINO O
Y e e s s 00 - s o+ 4
WM ¢ ¢ L X e <
20 I I I A ) IS
€ e
(V4] €ICY D
n > om0 0
- L I B A
L-4
LT s e e 0o
oM nog
Cort s
G S S
ool U S B R A ¥ L on
(%] [ ST ] )
| ol VI L N R S
OC e
UK ¢ o 6 « & 8 D> L
O O L0 OCcc
[&¢ X1 RN T 0 L )
—L T (S B N |
(V20 I I T O
n
(V2] NSy
w CONF N
LR T 1 LY (SR AU G V o S H
Q w0y T
L>X OV - ¢ C - s
~~oTLS ocC PR
oo 00 LI S
Uy —
Lol
OO ¥
o1 YT SEIEPR A
2 > IOy LM
LICYY 6t N YO DT
4 oo AN CIr
W ee ¢ ¢« se OCCL
» ® 6 &
4
-
7]
Tea A IF ADEN 2T 0D
(6]

-
-4
[§9)
1
vl



QO
T OraCItre

Ll € € C ¢
- TN L S
ATCICIETICD
P EEEEEE
D)

e aN ¢ 3o 0 206 S0
o000

J ottt
VOGO
e CEDCOCLDO
[l NS [y S T Ee Y o 35 Y hg |
T OO DOD
DO
L)

TS A Y

L300 I I B B ]

VOVOUVOL
e« Tt FT Y
DO INNNY
WXL LT S
OMUICCICH LD
t1 ocuCLoo
OOTOOO
e e s e
e
. & &
]

N> N~
nnnnsy
P OIDDCITVD

NeRa XAl ugio]
LI ] L R e e P e )
IO s e
DODCHC O
QO
COOHODOO
o« & & o o

1Al TANTS

inning t
O AN [NRY S
DOICY ) e
NGO e
HUN N coc Cn.n.

SN~

LK 2N 1 . 8+

6L DL DN
[aXe) O L
\L«.‘J(..Jn..\
nuns (AT Y STET S
[ Y4 ) Creot ¢ ..
® e e (5CHCiC ¢ C

T U D=0y 3N

ooocoo

TOQOIDOO

C(\) & ¢ s & 0 8}—-DCTC SO
e (UNINYC. MM LOOICCO
Lt e e P I P IV RIS X whkat Y o Yum ¥ A}
T et Nt e N OO
r.-.-....«CnUOﬂUU

’ 4 D e e e s e

73] [Bl=TalsleTTal

€ v 4 @ ® » & o 0
eI OIUMINNINITY JASNG O
€1 oottt L OCCTC
~ BNPMRSE T SOGOeO
(SN B B B B B R R G
v wec o om o
w) ST DL D
YOOIV
D e v e s s

- jol ke Be e po ]
1 RaR 7o R o]
X trs et e
QOO D
U\l & o ¢ a & 8 CIDDIDOD
GENR DDV LWDIOCC O
o RQOXTDRL OO0

DO DDLOVDD e s s 0 e
Lt I I I I O | | I I A
TN
o
Ll VX TDVOD
N ~eseeesese 333 3T

I} XA LLALOTCODTC
OBV DLwOT2COT
=3 L) OO0

S
o
Oe
O
=0
-0
-t

Y-
5o
-

s houtEY

MAT=

L. ®» ¢ o0 @
- UMY

T T

N e g

NCEN B BN SN BN BN Bt =T Lo Yon ol

w ODoODL
OO C OO
QO OODBD

FU) P e et e e OGO
O DL N OO0
P T e A LA
R Sl G (N R G} 1ttt
Vo 20 I BN I B

n SOOI D
wl R
v C DOCOONC Q@ ©
(Y OO DO
a2 QQIUWNLOD OOC OO

K4IN Bt et h VR VIERRE 1 & P Yl X &

> ® 0 0 6 e & & v s o

67

O AL NWND OO

CICL QIO ¢ Ardr-terdram—d

3 MDOTIDO OO
[TSCEtaR I SN AT GEF LR S 146 L L § o]
T30 OBO000
us s e 0 e OOCCCOO
T & o 8 v o

IERIS UV I B IV e R EZe TV o IS TSR o]
v

cocooc

TOOOCODO

fan VAR B BCRC IR ToN aY o X oL SR ]
L (NCINN~—~ CCOCOO
= ettt emtr—t o~ [ SC OO C
P SIS ODCUO
[S720 BN BN B B B e R i o { )

r— D e v o » v o

v [S =Tl lali ol

vt @ &6 0 & 8 o
e L NNINNIN -~ FOONNUL
C e et o el ond et e, ——O OO
[ o el et il N T ol el evle J et e R alt)
et it cCcLCTC
[ WHoT: oo o
(9] PODDT DD
YODIOCDOD
() @ 0 v 06 s 0D a8 s s @
ool Lt

~ab ttt

D

- [2a30 05,3 0 pe o]
—~]" VoODLOOLON
~—p - R e T T Y

—-OCOQDo

YU\ * 89 0 ¢ ¢ DOOOITC
WINDPL = P OODOO O
X NRLOVL0 oo
DHVNRDOVVL s s e e v
L onaedL AN I I A | L2 I I B B
<N
x
wl DVOVDVL N0
et & » ¢ 2 06 JFHTITITITI
FANSAS GO D DUV
W TV LRNACOCCDD
FOTL VL L DVIOODODO
=t 1t COODOO
(V) [enfos Lot otow L]
(9 ‘s s e a0
(= st
X, o0 000
NZ =000
et 4 4
e o]
n o0~ N T A
TN
POODODDIO
T e oo 0 edDODO
HOOODODODO OUIDIDO
IZ e 4 ODDDOO
Log * s s e
oL tisstt
Pd g
W
pu OO0 O L0
I 8 ® 8 8 0 8 rirtrdrtrt~
OO0 XXOCOIOOO
~Z bbb Dooc oo
[elaleloledod
w3 CcCOoODIO
i o s e e »

22X » s o0 0o
b IO O et

D L T Lo R T
[+ G A ek et o
EAREY I B B 2 B 4 OTOooOCC
(%] OOTDDOD
—oCcOoOCcOC
DODOCOD
Lo DODOO
SODC OO
c o a0

() OO (H I O
[CX] Nl ot Ten Taalasteg]
0 OCOoOOCOINCCC O
D DODTDOIDOLI LSO
Fr-OJ3oDNTO Lo OO

N OO O~

«cs e e
[} s
O

OO O
*ec e

OOL OO0

OOODOOCY  rmermtomirmtrtra

T OODULT I SODDOIOOC
LELNUNUNUY NI OLO 0O
o ODOHOO

Wl e e COODOOD
> o0 0w

4

-

L

J rmt et N F U O bt NIM SN D

v)

243

OOoOSOO

ToOoo0oOE

CN\ ®¢ 60 0 0p—COCCODOT
L OO CTCLOT S
-ttt A et e LSOO T
[ttt ol aobe S ek L U T o)
tt1tit rooocoos
D e s e 00 e
LocoCTDoO

7o,

SiG

Ch—t & 8 » & ¢ o
LM NTID U=
Cm rmtrat et e, CHOCO I T )
PSP O et N
(GO Y B B I B L0 TLS
b LIOSOOTO
2] >OOTVOD
TrooCconsD
IHD e o a2 28D » 00000

ZO=NNTIIO
~ud
[gVea]
. VIONF DN
[ 8 OLNO~"-
—p T ot tomemt ot e

oo oooTo
UMY o0 o @ » o0 SDODDODOO
WENLO T P L W OCODCO
A VOO COODDD
DITVRLD D0
[aaia LI 200 B TN A 3

LI B I O A

as

o

ut joslesloelv vl adon)

N-noovece FIITLITS

2N DO O I NN

L TPOCFTODN OOCTOD

OOV LXIPWOTOTIO
=it lEll DOOODO
%] coooaD

o « o a0 e

[ L0 B I B O
SO o v s 00
MZ=MOO;NT

—t—

s gt

N—=TIDDN
MM
POV
F e e e e e DOTDDOD
DO ODOSOD
DOOTOD

T ® & o 08

trreree

DO OOD O
*» s & 0 @ ) o] ot e ]
QOOCOOXOOQOOO
— DOOCTOOUO
OOCOOOT
OoOCOD
LI N B N

Ftrre
T oo e a s e

(o] e e A
=t bbb T~
9] OTODD
| ol = o S Y el g
OocoToo

TNN &6 0 e 0 oY ODOTITO

ol o Sl e G GEo BN R f e Rankes Do |
L LA ¢« ¢ e e c s
[ S ol f apt el ¢ LI A |
17220 I 2 I I B |

"

Y, (SN mgeataltel a]

ut ™MrINNY

Z CoooCONTCOLUlO
L oOODOOUITINODOO
2 > OVNLVITO CCOOOO
YT D000
L A Y « v 0as e

> trr b
Nz

O L LD O
QLI OO rrbrrtedmtrAmd
2 OO IFAOOLOT
WS YIS DG O DD OO0
NG CODDOD
Les e ¢ 80 80 OOADLIOQ
L I R Y

-4

|
18]
Fiaalon AV Ios I JTR RS ErieNies K SV 1o
(%]

COCOCOOOD

JToToooo

ON ¢ 00 & » 8- COOOOC
L ATINAN CoCoOO
- CNIF O DLIC OO OO
[l G aadindand bl pa e Renio ko T oY o)
Sl ao0DD0D

4 D e s s e e

12 Voo oo
O~ o060 s ¢ o
LN IDLONN- TN IT S
CHMMTOIND 30 UC T
Ll A e ot 3RS OV 2L Tag T N Jlav]
St T Te TN
[ond plccCcCocow
n >occo oo
XODODODT
D ¢ e 6 0066 ¢ 6 8 0 00
ZNNOWNEMO LI A |
o an I R 4 Ve ]
N2 [ 3R |
- NN N~
~x SN0~
—p— T et tmtrnrt s

U e s s e 0] DOOOOD
LINS-MD N DYoo TOTO
X 3 -D DOODO00
DHODDINIID ® e e s 0 @
Ltocd 20 I IO B Hoo JUNRY B BN BN BN A}

qQn t

x

uj VOO0 L O

dr4t @a 00 8006 T IFITTIT 2

2NN O TN VNINNNN

w NTYMDOa SCcooCo

O DDLE~PYODoOOC
i1t ll CcooDOoOo
[52) [=]=ledoete)

< * v o000

[} LR N I BB

N NANNDIPS
AN —1—t
>DDSHID
€eIDVDOODO

p s t I OoOoLOoDO
— ® » 8 s 00
T teEs e
zr
[?3]
4 Ot
T80 eSS Attt
OOODOVOXTLUOODO
—E L D0CO0o00
COTOOD
wn CODIOD
" N N Y
- rre i
~
TI s e s s e
FOCNOTLO
[A¥ag R HYREN Xog)
P L e S T o
MR FOOMANMN
w0 COOOD—
rcooCcCco
OoCcooo0

) ere e e pJOOCCOO
~ 2&361\}5 COOOO
v e o800

IO OV
SOOI O et et
0O oocooonooCcood
O ODODLOITOOOOO
2> OVNN IO oo
TINNL~S DOOLDOD

DES=

oo e oo
[T BN B BN
™~

L IR Y I

E N N

COCOCEO  mirdmtmtrtr
¥ O0O0O0O0QZOOO0D0LO
LSSWDNNNN DL DO O
~ TR OO0
LI eo e s e COOLOO

> 5 ¢ 8 0@
- |
-d
wd
%1.121345611.23 T INYO

(=1
T o
SN\ o o 8 0 ¢ o4O
TR C©
=3O O
N~ DO FNID>T
(00 B I B B B a1
— Doe
w1 (S o]
Crt o 8 0 00 ¢
oL XLIONLNDI &,
Ot - Netpmetn & ] e
~ OLUNrmig -
Trrr S
-t LT
S >
xo
BD e e e ae ¢ o
ZE s N0
~I PO
[A)s o3 I B IO BN IO §
- el
~T ~
— X —
—<

V] @ ¢ 0 ¢ & 803 O
whnonnmMLes

Dot « 0 088 9

W NOPO—~=—q &

Lol LI ]

n (=3
[« .
< 1)
C v s v s s @
ML To™
LNVES 