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ANALYTICAL THERMAL ANALYSIS OF THEL
L-BAND TRANSMITTER REPLACEMENT L

INTRODUCTION

x'5 The Terrestrial Systems Branch undertook a task to design an L-band transmitter to replace an '5

existing unit with requirement of improving transmitter reliability by increasing the mean time between.
failures. A comprehensive, analytical thermal analysis was conducted on the L-band transmitter

replacement to identify possible "hot spots." Early detection facilitates the use of proper thermal design
to minimize the number and severity of hot spots.

The incorporation of proper thermal design with the electromechanical design will increase elec-
tronic component life by decreasing temperature rise. Furthermore, the allowable ambient operating
temperature will increase due to improved heat transfer. 40

The analysis was conducted using several well-established thermal computer programs.
Developed by the aerospace industries for the National Aeronautics and Space Administration (NASA),
these thermal computer programs have proven successful through many space flight missions. .- - ,-

MECHANICAL DESIGN CONSIDERATIONS AND CONSTRAINTS

Special mechanical design considerations were included to meet the demands of anticipated future ".. - -.

.-. systems. Mechanical designs that directly impact the thermal design are' detailed below.

To facilitate the replacement of the existing transmitter, the baseplate and mounting holes for the
new design match those of the original unit. In addition, the locations of external connectors were
maintained whenever possible. The only through holes permitted in the casing of the new design were
the connector and pressure fitting holes. This limits the number of possible pressure leaks.

The casing was designed to be purged and pressurized with nitrogen or dry air when a protective
radome is not provided. Also, whenever possible, the use and contact of dissimilar metals on and in

* the casing was avoided to limit electrochemical attack, primarily from rain and salt spray.

The casing walls were constructed of 3/8-in. aluminum plate. This allowed the insertion of
number 8 and 10 locking threaded coils without rupturing the walls. The baseplate constructed of half-
inch aluminum was the major heat sink of the casing.

The interior of the casing was designed using a modular concept so that each component was a
separate entity (Figs. I and 2). Each component was attached to a mounting bracket, which in turn was
attached to the transmitter casing by way of 10-32 threaded captive screws held to the mounting bracket
by captive fasteners. Each modular unit was totally accessible to maintenance personnel for removal.

The mounting brackets are fabricated from quarter-inch aluminum plate, except for the power .,,

supplies which require half-inch plate for additional heat sinking. Quarter-inch plate was needed to bot-
* •tom mount several components to mounting brackets with flathead screws. A thinner plate prohibits

proper countersinking of mounting holes. ..
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Several mounting brackets and surfaces in the casing require a maximum waviness of 0.006 in.
over a length of 4 in. This improves contact between heat-producing components, mounting brackets,
and the casing. Improved surface tolerances are required on the modulator/regulator, power amplifiers,
power supplies, and the RFI power filter mounting surfaces and brackets.

THERMAL DESIGN CONSIDERATIONS AND CONSTRAINTS ..-

The thermal design of the transmitter allows effective operation during the worst case cycle time .'

consisting of a period of 20 min on, followed by 20 min off. Coated with a low absorptivity-emissivity
ratio paint, the exterior of the transmitter is designed to be cooled by natural convection. The ambientdesign condition consists of a sol-air temperature of 10OF (43 0C) with zero wind speed. Interior heat

is dissipated through passive design. - ° ,-%

Components which generate heat, except the modulator/regulator assembly, have an upper
operating temperature of 140°F (60 0C). The modulator/regulator is limited by an upper temperature of
160°F (71°C). Thermostats, strategically located throughout the box, detect components that exceed
maximum operating temperature and deactivate the power supplies for a minimum of 5 min.

The use of mounting brackets reduces the passive heat dissipation rate by decreasing the overall
heat transfer coefficients. The decrease in heat transfer coefficents results from increased heat transfer ,.
path and additional contact resistance between surfaces (Fig. 3). t. - ,

In place of silicone grease, a new thermal conductive product is being used to decrease contact
resistance between mating surfaces. This product is a silicone elastomer binder with a thermal conduc-
tive filler that forms a flexible conductive pad which has a higher thermal conductivity than grease. -:
The new thermal conductive product replaces silicone grease where modules require electrical isolation --...-

or high heat dissipation rates. "

THERMAL DESIGN AND ANALYSIS APPROACH

The L-band replacement transmitter is designed to improve the dissipation of heat. Heat dissipa-
tion, in turn, is improved by balancing the transfer of heat with short-term thermal storage, without
exceeding component temperature limitations. Constraints on the design are large thermal gains over ..-.-
short periods of time, low-temperature gradient within the casing, and limited internal space.

Two design methods were analyzed to determine the most appropriate major form of heat dissipa-
tion for this design: the use of condviction heat transfer and thermal storage, and passive convection
heat transfer using fin surfaces.

The following heat transfer and capacitance equations were used to evaluate the methods:

Conduction; AT 

' '
Qk = -kA A- (Btu/h) (1)

ax--,.-.-

Tk - T2 - T,

4
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CONTACT I,~~.
RESISTANCE COMPONENT R- , ax, y , v-.Z

a X,

BASE PLATE T2  I * J
AX2  R, - CONTACT RESISTANCE 1

RT1 - R, + R2 + R3  .l

T2 -T, R3 - -%X2
Q - k 2 A2  rRT0,J L .

AX,

CONTACT A,=k, A,
RESISTANCE COMPONENT

CONTC T% AX,
REITANCER 

- CONTACT RESISTANCE 2

MOUNTING BRACKET AX 3

BASE PLATE T2 AiX2 -%X3
A3 k3 A3

RT.,., - R, + R, + R, +- R4 + R, j

k - THERMAL CONDUCTIVITY R 4 - CONTACT RESISTANCE 2
A - CROSS-SECTIONAL AREA

AX - THERMAL PATH LENGTH
R - THERMAL RESISTANCE
T - TEMPERATURE AIX2

0 - HEAT TRANSFERRED R5 A

Fig. 3 - Effect of mounting brackets on total thermal resistance
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Convection;

Qh - hPATh (Btu/h) (2)

T,

Capacitance;

C - mCA T (Btu) (3)

T~ A.. -"TS T

T4.m
Cp

where
k is the conductive heat transfer coefficient (Btu/h. ft • *F)
A is the cross-sectional area in the direction of heat flow (ft2 )
Ax is the heat transfer distance (ft)
A Tk is the temperature difference for heat transfer (F).
h is the convective heat transfer coefficient (Btu/h • ft 2 OF)
P is the heat transfer surface area or perimeter (ft2 )

A Th is the temperature difference for heat transfer (F)
m is the mass (Ibm)
C, is the specific heat (BTM/lbm - *F)
A T, is the temperature difference for thermal storage (0F).

For this design, k,h, and Cp are fixed, and the temperature differences A Tk, A Th, and A Tc are
relatively small. The only coefficients which can be varied to improve heat transfer and storage are A,
Ax, P, and m. An increase in A and decrease in A x improves heat conduction by enlarging the con-
tact area and decreasing the heat transfer path. Increasing P improves convection by increasig the sur-
face area. Increasing m improves the thermal storage capability.

Finned surfaces are recommended when convective heat transfer is the limiting factor in the total " . "
dissipation of heat and when 2/k (b • h) > 5, where b is the fin thickness (Fig. 4). Fins are added to . -

the surface P to increase the overall surface area until an optimum solution is reached, where the con- -,
vective and conductive heat transfer rates are balanced:

kA AX hP Th (4) , "Ax,

For this design, the convective heat transfer rate needs to be at least equivalent to conductive
heat transfer rate to the baseplate to be the more attractive s lution.

°. - S,•.

6
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br) ":.".d.-..-'

Fig. 4 - Fin surface

The value for A Tk and A Th are approximately equal and can be eliminated from the equation.
After rearranging terms, the equation for the required convective heat transfer surface, P, becomes:

p kA (5)
hAx*

Using the conductive coefficient values for the modulator/regulator,

kA Bt
kA =8.9 Btu-
AX hF 

and the convective heat transfer coefficient,
h=0.4 Btu

h OF ft 2

To calculate the required surface area for equivalent heat transfer, P is equal to 22.25 ft2. The present
surface area is 2.06 ft 2. thus P requires 10.8 times more surface area. With internal space at a pre-
mium, the use of fin surfaces as the major form of het transfer is prohibitive. Fins are used as a A
secondary source for additional cooling on particular components.

In developing thermal models there are two standard approaches to handling purchased com- ..-..
ponents. The first is to introduce the component as a heat source applied to a surface; the second is to . .
incorporate the component as a physical part of the model. The first approach assumes that the com-
ponent is not critical to the operation of the design, or that the possibility of thermal failure from this
component is minute. The second approach assumes the opposite. This second approach was used
throughout the analysis.

Accurate incorporation of component into the system requires the use of detailed manufacturer
information. Where manufacturer information was not avaiiable or did not exist, visual inspection and
available data were used to estimate heat transfer coefficient and capacitance.

THERMAL COMPUTER PROGRAMS

Two main computer programs were used to analyze the thermal characteristics of the transmitter:
Radiation View Factor (RAVFAC) and -.,stem Improved Numerical Differencing Analyzer (SINDA).
These programs were developed for NASA by Lockheed and TRW Corporations, respectively, to
analyze space flight equipment. Currently, both programs are recognized and used within the aerospace
industry. The programs use finite difference, contour integrals, and other matrix techniques to formu-
late thermal and general solutions.

RAVFAC develops the blackbody radiation view factor, f,, to determine radiation exchange
between objects Radiation view factor is defined as the percent of radiation emitted by surface i that

7 . - i ;



T. I. BENNETT
v" • ~~. , *- I ../

impinges on surface j (Fig. ). The accuracy of the results are dependent on the number of elements
per node and nodes per surface, and the distance between the two surfaces, i and j, relative to the size
of the surfaces.

SURFACE j

SURFACE i Fig. 5 - Radiation exchange

)NODES ".S. _-. '

SINDA uses a resistor-capacitor (R-C) network to represent a thermal system. Each component
is represented as a nodal point (s), interconnected to other nodal points by resistors, i.e., conduction,C convection, and radiation conductance (Fig. 6). Associated with each node is a thermal capacitance for
energy storage. The accuracy of the results are dependent on the number of nodal points used to
describe a component and by the accuracy of the heat transfer coefficient and thermal capacitance.

T,.h T,

T3, fIt

R

N, T- " - ' k"

NTT,
N T,

Rd
raRd

T3

T,

Fig. 6 - R-C network

Several other computer programs are required to geneite view factors and to arrange them into a'..
format acceptable to SINDA: Ravplot- three-dimensional plotting program, Copaps-data reduction pro-
gram, and Script f-data conversion program.

THERMAL MODEL DEVELOPMENT

" *- " --" --i-:

The RAVFAC data deck for this model is constructed of two-dimensional rectangular and circular -
plates, and three-dimensional cylinders. Rectangular components are made up of six rectangular plates

8

...................................
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to represent tile six sides of a box. The capacitors are the only nonrectangular components and are
constiucted by combining a cylinder with two circular plates. Flat objects such as printed circuit boards
are constructed of two rectangular plates facing opposite directions. The walls of the casing are made 2,15

up of rectangular plates facing into the casing. Appendix A includes a RAVFAC deck.
Each plate is constructed of one node which is subdivided into rectangular elements with the

length of each element varying from I to 2 in. on a side.

The plotting program Ravplot is used to assure correct orientation of surfaces and components
before RAVFAC is executed. Figures 7 and 8 are examples of Ravplot drawings. Appendix B includes
Ravplot deck.

The execution of RAV'AC generates view factors for each surface, i.e., six sets of view factors
for each box. The program Colaps is used to reduce the data to a more manageable form. Colaps
reduces sets of view factors to a single set, i.e., each component becomes a single set. Appendix C
shows a Colaps deck. . V.

Script f uses surface emissivities, the blackbody view factor and area data from Colaps to gen-
erate greybod conductance values. Appendix D includes a Script F data deck.

SINDA requires capacitance, conductor, and source data to generate steady state or transient tem-
peratures profiles. Appendix E includes a complete SINDA data deck. Al.

The capacitance (thermal storage) C is specified in units of Btu per OF and is calculated by usingeither Eq. (6) or (7). The capacitance values are located in the Node Data block. .

C = mCP (6)
C = VCp (7) -L

where
C is the capacitance (Btu/°F) ." " '..

m is the mass (Ibm)
Cp is the specific heat (Btu/lbm -°F)
p is the density (Ibm/ft3 )--
V is the volume (ft 3 ).

The conductance uses the format of Eq. (8). The convective and conductive conductors are input

as linear conductors into the network solution using Eqs. (9) and (10), respectively.

G.(2 - TI) (8)

where
Qis the heat rate (Btu/h)

G is the conductance (Btu/h - OF)
T is the temperature (0 F)

G h.P (9) j
G = k (10)

where
h is the convective film coefficient (Btu/ft2 h OF)
P is the surface area (ft"
k is the thermal conductivity of the material (Btu/ft h OF)- -
A is the cross-sectional area of the conductive (ft')
x is the length of the conductive path (ft).

9
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To account for contact resistance between surfaces where the conductive pad is used, the contact 9,

area is assumed to be half the plate area. Where the pad is not used, the mounting screw area is
assumed to be the contact area.

The radiation conductor is input as a nonlinear conductor using the format of Eq. (11).

G - eo FA ((T + 460)) ((T 460)2 + (T + 460)2) (11)

w is the Stefan-Boltzman constant 0.1714 x 10 - (Btu/fti h R4 )

e is the emissivity
FA is Script f (ft2 ).

The conductors are located in the Conductor Data block.

* Heat sources are redefined in each iteration of the analysis. The heat source values are listed in |7€ 7 7
the Constants Data block and redefined in the Variables 1 block.

Time between iterations is 0.5 min with output every 5 min. The cycle time for the first 250 min
is 5 min on, followed by 20 min off to stabilize the transmitter cycle temperature. This is followed by a
20 min on, 20 min off worst condition cycle. The final 150 min returns to the original 5 min on, 20
min off cycle. The cycle scheduling is listed in the Execution block.

OBSERVATIONS AND DESIGN MODIFICATIONS "

Preliminary results revealed one major and two minor localized hot spots, and three areas of con-
cern with insufficient manufacturer's data.

The modulator/regulator is the most likely component to exceed its temperature limit. Heat is
difficult to dissipate due to the small surface area relative to the amount of heat generated by the regu-
lator. A high thermal resistance also exists between the interior of the regulator and its conducting sur-
face. To utilize the available surface area, the regulators are attached to large aluminum blocks. In
addition, each regulator is finned for additional heat dissipation. The size and shape of the heat
sink/mounting bracket was determined by the available space within the casing (Fig. 9).

The output sections of the power amplifiers are minor areas of concern. The analysis shows that
the amplifiers approach their maximum temperature limits as the modulator/regulator reaches its limit.
There is sufficient temperature gradient difference between the amplifiers and their limit to allow the
modulator/regulator to deactivate the power supplies before the amplifiers reach their maximum tem-
perature. Therefore, no revisions were required in the design.

The three areas of possible concern due to insufficient manufacturer's data were the two power
supplies and the RFI power filter. The analysis indicated the three components are operating below
their respective critical temperature limits, but due to limited manufacturer's data, the coefficients are
of questionable value. The smaller of the two power supplies was opened for visual inspection, and all . -

heat generatiog components appeared to be well heat sunk. When the unit was bench-tested, it
appeared tb operate near ambient conditions. The power supplies arrived from the manufacturer with a ...

label requesting adequate heat sinking. To assure proper operation of the two supplies, the mounting ,-..-.,-
bracket thickness was increased to a half inch instead of the quarter inch used on all other brackets. r

The RFI power filter is hermetically sealed, which eliminate, visual inspection, and requires the
manufacturer's limited information be used to calculate the coefficients. The filter was bench-tested
and appeared to remain cool. Due to the high electrical efficiency of the filter, the mounting bracket
will follow the design of other components until a full-scale test of the transmitter is conducted. -..-

12
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CONCLUSION

The thermal analysis predicts that the transmitter is capable of withstanding an ambient sol-air
temperature of 1 10OF (43°C), with no wind, and will operate effectively. The transmitter is also able to
withstand extreme environmental conditions without malfunctioning.

During normal operations the interior of the transmitter is designed to minimize component tern- ,
perature rise. This is accomplished by spreading out the heat generated by the components into the
mounting bracket/heat sink. Lower temperature rise will increase the life expectancy of the electronic
components.
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Publishing Corp., New York, 1983).
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lj, AFNNETT.77G126P4iENNT2.DPT:(C,2),CAT=23 ." .

.IMIT M 0,Ve R.ANI' 150I NT

F/ r - (lt06rC01.HANn=5/4O/5_

I CP -Tn7c01.b3AN,=5/50/5
cn T0q,9FU=lI"gkt4tj%.55/5

I SG LOAVPA,.MVYIAVFAC/LrAVFAL.USE=SHR
/ FvjQT rM=LRAVFACCPTlvt=100000.PT=(,4)

L PANO 1 1QANSM[TTFC RADIATION ANALYSIS
1 1 2 2 2 -1

10133 RFI POWER FILTER T3P
1 1 1 2 30.0 0.0 7.5 0.0 3.1675
'3 C.^ 0.75 6.0 0.0 0.0 0.0

C233 RFI PMWFP FILTER BOTTOM
-I 1 1 2 30.0 0.0 7.5 C.0 3.187i"

3 C.0) 0.15 3.5 0.0 0.0.
2 03"3 KFI POWER FILTER FRONT

-] 1 1 2 30.0 0.0 7.5 0.0 2.5 . . ,-
0 3.175 0.75 3.5 0.0 90.0 0.0

S0413 kFI OOWER FILTER RACK
1 1 1 2 30.0 0.0 7.5 0.0 2.5

0 C.25 0.75 3.5 0.0 90.0 0.0
10533 RaI POWER FILTER RIGHT SlOE

-1 1 1 2 20.0 0.0 2.5 0.0 3.1875 --
0 0.0 8.25 3.5 0.0 0.0 90.0

10633 R:I POWER FILTER LEFT SIDE,,
1 1 1 2 20.0 0.0 2.5 0.0 3.1875

2 0 t.0 0.75 3.5 0.0 0.0 90.0
20133 Ca4 SWITCH I TOP

1 1 1 2 20.0 0.0 2.625 0.0 3.01S
0 28.0 6.25 1.1875 0.0 0.0 0.0

20233 ClAX SWITCH I BITTOm
-1 1 1 2 20.0 0.0 2.625 0.0 3.015 " -
o 16.0 6./5 0.25 0.0 0.0 0.0

20333 CIAX SWITCH I FRONT
- 1 1 2 10.') 0.0 2.625 0.0 1.187'

0 21.015 6.25 0.0 0.0 90.0 0.0
2 r431 ClAw SWITCH I BACK ".'

1 1 1 2 10.0 G.0 2.625 0.0 1.1875
0 1.0 6.25 0.0 0.0 90.0 0.0

20531 COAX SWITCH I RIGHT SIDE ..-.
-1 1 1 1 20.0 0.0 1.1875 0.0 3.015

1 1d.0 b.875 0.0 0.0 0.0 90.0 .. .j.. ,
20633 COAX SWITCH 1 LEFT S lO

11 1 n _0.0 0.0 1.1815 0.0 3.015
0 1t.3 6.25 0.0 0.3 0.0 90.0

30133 COAX SWITCH 2 TOP
1 1 1 2 20.0 0.0 3.015 G.0 2.62S".

1.o) 24 .3 b5 5.1875 0.0 0.0 0.0
30231 CIAX SWITCH 2 83TTO"

-1 1 1 2 20.u 0.1, 3.315 0.0 2.625
0 17.0 Z4.385 4.0 0.0 0.0 0.0

30333 COAX SWTCH 2 FRONT
-1 * 1 2 10.0 0.0 3.015 0.0 1.1873
0 19.625 24.365 4.0 0.0 90.0 0.0

10433 . I- L4X SWITCH 2 PACK
1 1 1 2 11.0 0.0 3.015 0.0 .,T -. - ",
0 11.1 24.385 4.0 0.3 90.0 0.0

1053S CO4% SWITCH 2 RIGHT SIDE
-1 1 1 1 2#.C 0.0 1.1875 0.0 2.625 -
0 17.u 27.25 4.0 0.0 0.0 90.0

30633 C IAx SWITlCH 2 LEFT SIDE

1 1 1 1 ?0.0 0.0 1.1875 0.0 2.625

16
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40133 CI.'ULAT1A TOP

I 1 1 2 20.0 0.0 2.625 0.0 2.87s
0 9.25 24.875 5.1875 0.0 0.0 0.0

40233 CIRCULATI ROTTqm
["-1 1 1 2 20.0 0.0 2.625 0.0 2.879i

0 9.25 24.8T5 3.5 0.0 0.0 0.0 .....

..40353 C[CULATOR :RON
T  -- ,. ,

-1 1 1 2 10.0 0.0 2.62S 0.0 1.687i
0 12.125 24.875 3.5 0.0 90.0 0.0

40433 CIRCULATMR BACK

I I L 2 10.0 0.0 2.625 0.0 1.6 75
0 9.2i 24.875 3.5 0.3 90.0 0.0

40533 CIRCULATOR RIGHT SIDE
-1 1 1 1 20.0 0.0 1.6q75 0.0 2.87s . .

0 9.25 27.25 3.5 0.0 0.0 90.0
40633 CI'CULATOG LEFT SOE

1 1 1 1 20.0 0.0 1.6875 0.0 2.875

0 q.25 24.875 3.5 0.0 0.0 90.

50133 CAPACITOR 1 TOP
2 1 7 2 10.0 0.0 1.5 0.1 360.'

0 5.25 3.00 4.0 0.0 0.0 0.0

50233 CACI I sOTT(4 %-2 1 7 2 10.0 0.0 1.5 C.1 360.C.. ...

0 5.25 3.00 0.250 0.0 0.0 0.0 -.

S0333 CAPACITOR I SIDE
4 1 7 2 31.5 0.0 4.0) 0.1 360.0
0 5.25 3.00 0.0 0.0 0.0 0.0

60133 CAPAC[TP 2 ToP
2 1 7 2 10.0 0.0 1.5 c.l 360.0

0 .~ 6.50 4.0 0.0 0.0 0.0
60233 CAPACIIOR 2 PITTO-

-2 1 7 2 10.0 0.0 l.5 0.1 360.0

0 5. 5 6.50 0.250 0.0 0.0 0.0

60333 (,APACITIR 2 SIDF

4 1 ? 2 31.5 0.0 4.3 0.1 360.n

- S.Zi 6.50 0.0 0.0 0.0 0.0

733 PI-EP SUPPLY 1100 TMP
, 1 1 2 33.0 0.0 2.Z5 0.0 7.0- ..._

0 9.25 18.25 4.1475 90.0 0.0 0.0

70233 P'VEQ SUPPLY 1100 B3TT[ 1-

-o 2 3G. 0.c 2.Z5 0.0 7.0

0 9.25 19.Z5 0.25 jo. 0.0 0.C

-1 1 1 2 40.0 0.0 2.25 0.0 4.187i

0 9.2. 11.25 0.0 90.0 90.0 0.0

70431 PE SUPPLY 110u KKCK

1 1 1 2 40.0 0.0 2.25 0.0 4.187, .

0 .25 18.25 0.0 90.1 90.0 0.0

70533 PEQR SUPPLY 1100 RTGHT StO" "

-1 1 1 1 30.0 tG.Q 4,1875 0.0

0 11.5 18.25 0.0 90.0 0.0 90.0

?0633 P3,EQ SUPPLY llO LEFT S1)-

1 1 1 1 3 .0 0.G 4.1975 0.0 7. A

0 9. 25 1;.25 0.6 90.0 C.0 90.0

80133 FILTER TOP

1 1 1 60.0 0.0 2.5 0.0 12.12i

I" C.0 2.6875 0.3 c.0 0.0

A02 3O3 FILTER AITT-'

-1 1 1 1 60.0 0.0 2.?5 0.0 11.87i

0 0.2"5 e5.0 0.250 0.) 0.0 0.("
V--.- i)33 FILTER FAr'&T

-t 1 1 2 ?0.0 0.0 2.5 0.0 2.6075
s 12.125 25.0 0.0 0.) 90.0 0. r0

0Q433 FILIFQ R3ACEC
1 1 2 20.) 0.0 2.75 C.0 2.6d71

. . - .-.- .. .. * . .
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P0533 FILTER PIGHT SIDE

-i 1 1 1 60.0 0.0 2.05975 0.0 12.172
0 0.0 27.25 0.0 0.) 0.0 90.0

80633 FILTEP L-FT IDF
1 . I 60.0 0.0 C. ,.6 I5 000 1..5 1

0 0.0 25.0 0.0 0. 0 0.0 90.0
90333 C44U RUCKET 9GTS DOWN

-I 1 1 3 30.0 0.0 6.03 0.0 5.5

0 13.25 5.5 0.48 90.0 0.0 0.0
90433 CARD RUCKET RITTO UP

1 1 1 6 30.0 0.0 6.0 G.0 5.5 .
0 13.25 5.5 G.09 90.0 0.0 0.0

90533 CA4) AUCKT RIEFT SDE 6ur

-1 1 1 3 30.0 c.o 6.0 0.0 5.5
0 21.25 5.5 0.0 90.0 0.0 90.0

90633 CARO (UCKET QLFT SIDE IN
1 1 1 3 30.0 0.0 6.0 0.0 5.5
0 21. 5.5 0.0 90.0 0.0 90.0

91133 I CARD 1UKE LEFT IDECEU

1 1 3 30o. 0.0 6.5 0.0 5.5
13.2 5.5 0.0 90.0 0.0 90.0

90633 CARO RUCKET LEFT SIDE IN

-1 1 1 3 30.0 0.0 6.) 0.0 5.5 '
0 13.25 5.5 0.0 90.0 0. 0 90.0

91133 CAR) 2 LEFT FACF
1 1 3 30.0 0.0 5.5 0.0 5.5

0 1.6 5.5 0.5 90.0 0.0 90.0
92233 CAV) I RIGHT FACE

1 3 30.0 0.0 5.5 0.0 5.5
0 14.45 5.5 0.5 90.0 0.0 90.

92133 CARD 2 LEFT FACF
1 1 1 3 30.0 0.0 5.5 0.0 5.5
0 15.6 5.5 0.5 90.0 0.0 90. " ' -

92233 CAR) 2 RIGHT FACE .-....

-1 3 30.r 0.0 5.5 0.0 5.5

0 15.65 5.5 0.5 90.0 0.0 90. ,

943 3 3CARD 4 LEFT FACE

1 1 1 3 30.0 0.0 5.5 0.0 5.5 .. '

0 16.0 5.5 0.5 90.0 0.0 90._

94133 CAQ) 4 LGHT FACE
-1 1 3 30.0 0.0 5.5 0.0 5.
0 18.05 5.5 0.5 90.0 0.0 90. . .

94133 CAR) 4 LEFT FACE
1 1 1 3 30.0 0.0 5.s 0.0 5."

0 180 5.5 0.5 90.0 0.0 90.0
95233 CAR) 5 QRGHT FACE

-1 1 1 3 30.0 0.0 5.5 0.0) 5
0 39.23 5.5 0.5 90.0 0.0 90.

96133 ,5 PLEFT FACE0 1 1 3 30.0 0.0 0.o5 0.0 5.5

0 6.5 0 . 90.0 0.0 90.-
96133 ErLA PIG.. F

- 1 3 30.0 0.0 0.i5 0.0 5.05
061.3 0.0 0.0 0.0 9.0 o.C

96433 gERULTIPR RC

1 1 1 1 30.0 0.0 0.5 0.0 6.0

0 12.0 0.0 0.0 0.) 90.0 o.n
96433 RE ULATOR PACK"S.OE

-1 1 1 30.0 0.0 0.)5 0.0 6.5

0 6 . 5 0. 0 . 0 0 .0 9 0 . 0 0 . 0.. 
. .

96533 ~~RE,FqJLA T," QI(-,T SIDF .-'- .,." '

-I I I 3 30.0 0.0 6.0 C.0 5.5

0• ... -. n
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kEGJLATR LFFT SIDE ! .
1 1 3 30.0 0.0 5.75 0.0 5.5

6, 0.25 0.25 0.2 0.0 90.0
1. , AMO 1 TlP 1L

2 30.0 0.0 3.25 0.0 5.0
I 1.j 10.0 1.k5 0.0 0.0 0.0

1233 AMP I BO~TTOM 61
-1 1 1 2 30.r 0.0 3.25 0.0 5.0 -6-

10) i.0 0.250 0.0 0.0 0.0
1 3A.) AMP I FB( NT 01

-1 1 1 2 10.j 0.0 3.?5 0.0 1.25
Id.0 10.0 0.0 0.0 90.0 0.0

.4
3  

AMP I BACK 91 .
1 1 1 le 10.0 0.0 3.25 C.0 1.25 .

1 13.0 10.0 C.0 0.0 90.0 0.0
1533 AMP I LEFT SIDE #1

* 1 1 1 0,C 0.0 1.25 0.0 5.0
13.0 10.0 0.0 0.) 0.0 90. -

2135 AMP I TIP "2
1 1 1 4 30.0 0.0 3.25 0.0 5.0
0 13.0 13.25 1.25 0.0 0.0 0.0

2233 AMD I BOTTC 02
-1 1 1 2 30.0 0.0 3.25 0.0 5.0

1 13.0 13.25 0.250 0.0 0.0 0.0
2313 AN I FRONT #2

-1 1 1 2 lO.n 0.0 3.25 0.0 1.25
0 18.0 13.25 0.0 0.0 90.0 0.0

2433 AMD 1 BACK 92
1 1 1 2 10.0 0., 3.25 0.0 1.25
0 13.0 13.25 0.0 0.0 90.0 0.0

3133 AMD 1 TOP 03
1 1 1 2 30.0 0.0 3.25 0.0 5.0
11 13.0 16.5 1.25 o.0 0.0 0.0

321 3 AMD I BMTT9M 03
-I 1 1 2 30.0 0.0 3.25 0.0 5.0

0 23.0 16.5 0.250 0.0 0.0 0.0
3333 AMP I FRONT 3

-1 1 1 2 10.0 0.0 3.25 0.0 1.25
0 18.0 16.5 0.0 0.3 90.0 0.0

3433 AMD 1 BACK 93
1 1 1 2 lO.n 0.0 3.15 0.0 1.25
30 13.0 16.5 0.0 0.0 90.0 0.0

4133 APN I TOP 94
1 1 1 2 3U.0 0.0 3.25 0.0 5.0
0 13.0 19.75 1.25 0. 0.0 0.0

4233 AMP I BOTTOM 94
-I 1 2 30.0 0.0 3.25 0.0 5.0
0 13.0 19.75 0.250 0.) 0.0 0.0

4333 AMP I FRONT 94
-1 1 1 2 10(. 1 0. c 3.25 0.0 1.25

0 10.0 19.75 0.0 0.0 90.0 0.0
4431 AN 1 BACK 94

1 1 1 2 10.0 0.0 3.25 0.0 1.25
0 13 ., 19.75 ). 0 0.2 90.0 0.0

4t33 AMD I RIGHT SIDE "4
-1 1 1 1 30.0 0.0 1.25 0.0 5.0
0 13.0 23.00 0.0 0.0 0.0 90.0

5L31 AMP 2 T'P 01

I 1 1 2 30.0 0.0 3.25 0.0 5.0 -
0 ?.75 10.0 0.75 0.0 90.0 0.0 -f

5213 AMD 2 BOTTOM 01
-1 1 1 , 30.0 0.0 3.25 0.0 5.0

S.0 0 o5 0.0 90.0 0.0
533 A1AND 2 FRONT 01

-1 1 1 2 10.0 0.G 3.25 0.0 1.25
1 .5 in.n n.71 n. n r,. n n."

1... ....
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5 4 3 3 A M Do 2 B A C K II I. ...
10.0 0.0 3.05 0.0 1.25 07'.

0 20.15 10.0 5.75 (.) 0. C. 0.05 5 3 3 A M " 2 L F F T S ID E I go t
-I 1 1 1 3V.0 0.0 1.25 0. 1 5.0
0 20.15 10.0 O.T 90.0 90.0 0.06133 

AMD 2 TOP #2
1 1 1 2 30.0 0.0 3.25 0.0 5.0
0 20.75 13.25 0.75 0.0 90.0 0.06233 AND 2 9-TT(9m *2

- 1 1 2 3.0 0.0 3.25 0.0 5.06333 1.5AND 2 FRONT 02 00R
-1 1 1 2 10d.0. 3.25 C.0 120 20.75 13.25 0.75 0.0 0.0 0.06433 

AND 2 RACK 92
1 1 1 2 G.0 0.G 3.25 0.0 1.250 20.75 13.25 5.1 u.) C.0 0.07133 t40 ? TOP 03
1 1 12 30.0C 0.0 3.25 0.0 5.00 2C .75 1 . . 0.3 90.0 0.07233 A 14P 2 PfTTmM 03 + .j '-Tw

-1 1 1 2 iO.L C. L J.25 C.0 5.00 21.15 16.5 G. 150.0 90.0 O.C7333 AMD 2 FOONT 03-1 1 1 2 10.0 0.6 3.25 0.0 1.250 20.5 16.5 C. . 0.0 0.07433 
A"D ? RACK &3

1 1 1 2 1,. 63.o 5 o.0 1.25 -- -
0 20. 75 5~. 5. 7 0.0 0.0 0.09133 

AMP 2 Tf"D 041 1 1 2 30. 0.0 3. ? 0.0 5. n0 2c. 75 19.75 0. 75 0. D 90.0 0.0
8233 A 4 2 BOTTrm 04-1 1 30.0 0.0 3.25 0.0 5.0

0 21.15 19.75 0.75 0.0 0.o 0.r8333 A'A 2 FRVNT 04-1 1 1 2 10.0 0.0 3.2i 0.0 1.250 20.75 19.75 0.75 0.0 C.0 0.0 . .8431 AMP 2 BALK *4I 1 1 2 10.0 0.0 3.25 0.0 1.250 2L.15 19.75 5.75 0.0 0.0 0.0
A5M33 .2 IGHT IF 04

1 1 1 i 30.0 0.0 1.25 0.0 5.0
0 20.,5 23.oo 0.75 90.0 90.0 0.09133 P349k SUPPLY 1400 T-
4 1 1 3 50.0 0.0 1.3 0.0 11..0 0-75 23.0 4.1875 90. 0.0 0.0 . ..-9233 P3WER SUPPLY 1400 R7TTN-

-1 1 1 3 50.G 0.0 7.0 0.0 11.0 0.750 23.0 0.250 90.0 0.0 0.0
9337 P(OEQ SUPPLY 1400 FRONT

-1 1 1 3 20.C 0o.o 7. o.o 4. 1 d'io C.,50 23.0 0.0 90.0 90.0 0.0
9433 PIWER SUPPLY 1400 BACK1 3 20.0 0.0 7.n 0.0 4.1 7i0 0.75o 12.0 0,0 90.0 90.0 0.0 -- "9533: P'"WEQ SUPPLY 1400 RIGHT SIOF-1 1 1 2 50.0 0.0 4.1875 0.0 11. ...0 0. 7,0 23.0 0.0 90.0 0.0 90.09633 PlWFQ SUPPLY 1400 LFFT ST)E

1 1 1 2 50.0 0.0 4.1975 0.0 L1.0
0 7. T 23.0 0.0 90.0 0.0 90.0

-1 7 60.0 .- S.i TP 0 .0  22. ,..
n Plf A.. n., n. r,

20 ...... .
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2 3 3CASING FRON.T
I 1 1 14. 30.11 0.0 27.5 . .

022..) 0.0 0.0 0.9 0.0 0.5

333 CASING BACK
-1 1 1 1' 30.-1 0.0 27.5 0.0 6.5 ,j....

C .0 0.0 0.0 0.0 90.0 0.0
4.33 CASING RIGHT SIDE *.

I 1 1 6 220.0 0.0 6.5 0.0 22.
o 0 . 27.5 0.0 0.0 0.0 90. -

533 CASING LEFT STlOE
-i 1 1 3 110.0 0.0 6.5 0.0 22.

0) m 0.0 0.0 0.0 0.0 90. I

633 CASING !kCTYIM
1 1 1 14. 113'.0n 0.0 27.5 0.0 22.
0 (1.0 0.C 0.0 (,.o 0.0 0.C

NC
/C ATV MY ILRANG2/PuVFAC/r aVfRUT,ACNm=FT07F001

FII

21
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/ lb l MIN= It. 6% 1)I
i p[ .€ , t , V) t lq 7 1- 1 71 ' T F ,,.

AG LRVPL'T, .'41S/L4VPLJTZLSF=S
4 R ' .".",

FX wT k V PL. T
L AlI I T .P ITTT F RA3IATIN . . LYSIS % .." " ..

1 EFT P.IwFR FILTER TIP

I I I 2 3rn. 3.1875 n .55

C.75 0.0 0.0 O.C 9a.0

IC233 Prl 05.ER FILTER 00TT-M

- 1 1 2 3(.r 0.0 3.1675 0.0 7.5

75 4.' *.r o.c
I? s~.3tFI "'ImR FILTER InINT

2-1 1 2 2(.( 0.0 3,75 0.0 3.-75

J.Z, r.7 0.' coo 90.0 0.0

IL
4  

1 RFI PlwER FILTER BACK

I 1 20.( 0.0 3,75 0.0 3.18T5

1/F3 PFI PJwER FILTER QIrPHT SIFnE

-1 1 1 .2 30.( 0."1 .i
7
5 0.0 7.5

T.75 3.1875 . 0.0 0.0
RFI PIWER FILTEP LEFT SICE

1 - . r,. 0.') 3.75 0.3 7.5

C.7 0.,G 0 .
C AX SWTCH I T'lP

I i 1 2 2(',.( 0,. 2,62S 0.0 3..15

4.147
!  

90.0 0.0 0.0
2'3 C'AA S,TCH I b'TT '" '

-1 1 2 '.( 0.0 2625 DC 3.015

2. i 3 s4A w StTCH I FP NT
- t . .*6," , 2 0.0 1.197r"

1.5 3.90. u 90.-j 0.0

.4 15 C 6 X SWITCH I bACK
,1 2 V. L .$ 00.0 I.1875

5 j Cmt SoITCH I RiuHT SIDE

-L 1 ,. 0., 1 , 3.015
.o 2 ., r 3.n 90 . 0.0 90.0

i L tb .SAX SwITCH I LrFT SIOE
1 1 1 1 ?0,( 0." 1.187i 0.3 3.015

6. 3,*1 90..- 0.0 902

r.I }., L,'AX SwIlCH 2 PI'p

1 I 1 1 " 20. 300 , 5 0.0 2.6?5

L( 2.2 . P .I3 7 C 0.0 ,J,0
.. 2 2. CM AX SWITCH 2 z3NTTI-

-1 1 1 2 ?.( 0 3.rI 0.0 2.625

Q 25.4F5 4.- 0. .C

3', 3j CIAX SWITCH 2 J°0'T

-1 1 1 2 1C.( 0.
r  3.015 0.0 1.1875

5 2 5i4R ; 4.1 U0.1 90.0 0.0
343 CMA'x SWITCH 2 1tCK

I I I g i".r 0. 3,C 1 0.0 1 .187 S
". .; ."P. 4" -. A C.0

3051- CMAX SWITCH 2 RIUHT STDF

"- 1i 1 ?
~

n.1 1.1875 0.0 ,,625

2q.25 4,0 0.0 0.0 90.0
a' 51 CIA X SwITCH 2 LEFT SIDE

1 1 1 £'.( 0.0 1.7,l 0.0 2.625

2, ,4 4 F 4.C C.n 0.0 90.0

4L 1 LIkCUL4T3R TOP

" I 1 / 2 7r S 2.6' 0.0 (.875

23.,.

., -. , .

. . . . . . . . . .. . . .
• . o-. '.
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4 P233 CIRCtJLATCR 6,T T-N
-11 2 2r.f I.,I 2*62c

;  
"I.,l 2,. 75

o 9. Zs 25.875 5.5 C.r 0.0 -. 0
4033 CTRCJLAT'. FRINT,

-I 1 1 2 2O.0' .0 2.62r 0.0 1.6975

0 12.12c 25.B7r , O. 90.3 Q.C 1..40433 CIRCULATOR PACK .,'.0433 l 1 2 10 0.0 ,65 0.0 1.6S75,,

9. o2 r 2 r,.q~ -9 o 7 "? 9voG 0.6 I
4CS533 CTRO)tLAT14 QlGhl Sir'E

-1 1 1 1 20.f 0.0 1.6R75 C.G 2.b75
0 9.25 20.25 3.5 0. 0.0 93.0.

40633 (.TRCULATOR LEFT SITC .-
50201 0.0 1.6b7i 0.0 7.75 V.
- 1 . 25.7T 3.5 U G. 90.1.50.
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8533 AMP 2 RIGHT Sf4P fiP8 t
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- 1 1 1 5,r 0.0 4.165 0.0 6.
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0 .3C4 7k1 03.5 809f 020.770L t2V.1161E 02f'.496 E-010.2479E 020.106(IE

*0.605Ck 030.1705E 03D.4n74L C20.2871E 020.235st 020.319L. u2
*0.60ROE 0 30.22801E 020.17531 C20.3609E ()10. 10 46E 02

0 0.1I787E 030.3091E 010.97111 rl18.f6199E 00
0. 1 787 030.52021 010.1463C (2

*0.1430L 030.229PE 01p
0.14301 03
_-99.0

/ (.ATV Pqy/IANlVI CLAOS f~oLUTAC %.F TF 00
/ FO0SYS FT07FO0 ~l

IrI
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SCRIPT f -.
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I L!M!T mlY9LANI=150
/ PC) 4v pus(c;LAT/DT7/.32C /idt~ 41
/ FV FI(,?F921 ,'A%0=5/20/5 %
/ F0? FT06FuO1,eoAN')='/2of5
/ ASG LSCRPbTF ,'Y/SCR iPTr/LSCPDTr-.USE=SHR
/ FXQT Gl=LS4.RPTF
ST$ T N.
L RANU 2 TRUdeSMITTF.A SCRIPT F ')ATD

3,p 46'5
0i.9 9 0,44 ).q 0.9 0.9 0.9

0. es9 c(9 0.c9 1.9 009 0.9 ri09
0.9 9 .' 1) n.A 0.9 C. 9 0.9 0.9

o~ J.9 )q C. M. o.9 0.9 0.9

0.128fiE 03').8414E-O)1O.1'fl',-1AO.P00E 000.1279E 020.9761E 010.2097E 010.OOOOE 00
0.6P57t e~,0" 00X.03-PL (r(0)FE00.0v0:'. 00u.O000 E 000.5551F 010.374SE 00
C.4519t-01u.3?5',E-02)*1 i5E-fZ0.412?C 001.19i(=. 00C.9644t-Ot0.581RE-010.0000E 00
0.7936E 011.144, 02J.1953L CP01.276( 'l2).96Y3k-ClC.4021F 02

~ 0~.~5 -f~o.294LIC~0O~000.1347E 000.1139E 000.OOOOE 000.146LE 01
0.92-j.e)5 0O0.649lt (00.3795k 000.7307E 00C.003E 000.7867f 000.4436E-01
0. 1236L-01U.541b6E-02.12991E (10. 1496E 000.4954L-D10.1 996E-010.0000E 000.5TO1E 01
~.110LE 020.53,d9t Cl..'.o4E C~f.202F o0.5720SE 00

c.97091-02J.64'J4E-02,J.Ii S2E-C2C.41PE-021.46b IL-.)1G.3495E-01O.781'J1-010.2149E 00
b.Q99t n000.215E-010.543-(1O.16CF 000.1016F clO.306aE-010.8561E 010.4612E 01L

C.3366E OZ0.O0000. flO ,344E-C10,4339E 000.6546E 01C.9404E-010.6985E-020.2503E-01
I.2I711-310).1 ? 3E-010.43?9E-(lC .?161E-01fl.'914E-010.1153E 000*2583E 000*7544E 00
5. 7P5 3E 1h. 1 M E 000.207.L COO.31IR4E ceQ0.105RE 000*9'3?E 010.2423E 010O.4869E 00
0.9 317t OvO.1'?93t 020.ILLiL CO0
0.510E1 OZC.3?38E 010.2144L C10.CIE 100.".491E 000.0003E 000.OOOOE OOOO0000k 00
O.COCUE 000.00003E OQO.1 7 33E 00n.9811E-01fl.R9Z4E-030.0003E 000.OOOOE 000.T665E-01
0.6642t-010..Q0f 00.0000E COO.(OC3E 000.99J7E 010.11TIE 020.1675E-010.8958E 01
0.1Z22-010*6692E 00
0.518iJE 020.362LE 010.6499E-fI0.?65!E 010.030'jE 000.O0003E 000.OOOOE 000.0000E 00
0 . G (Ad k 0.1318E OlJ.6932t: COV.o54l3E-01O.6217E-3Z0.000OE 000*3452E 090.2109E 00
0.138~5E 00(J.6381E-010.0300E CDofl23qE 020.143CE 020s6333E 000.1252E 010.71543E-01
0.1360t 01
0.1C9eL 030.1?50E 010.1072E C10.?OITE 000.3155E 000.33?3E 000*2016E 00093736E 00

*0.5 31)4E O00.3351E 0 10.6050E Cl 0. 39SE 010.9527Ei 000.1135E 010.1383E 010.1184E 01
0 . 33E OuO.0OCOE C0O.3061E (2). 361@F 02A.2462F~ 010*4212E 010.2103E 010.6T63E 00SC.135% 030.L712E CQ0.15?6E-CLO.3752F-Ol0.7086k-010.5293E-010.9950E-010.OOOOE 00

*0.2083E-010.1534E 000.47?01 COO.1885E 01O.267'1 000,4663E 000.6189E 000.7592E 00
0.COOOE 000.2212E 020.3q25E C209eM7F 000*1493E 020.4492E 020o1168E 00
0.22OVE 030.3246F 020.7006E ClOoF66TE 010*2849E 010.2193E 020.6661E 010*916qE 00
0.1533k 00,j.357E-01J.3638E-CIO.7905E 000.?941E 000.1189E 000.8081E-010*99*OE-01
0.216g E 020.5299E1 020.3307E C2C.?286F 010.6680E 000.9361E 01
C.60.5eE 02J.e'35qE C20*0000L COO.COO2E 000.0001E 000.0003E 000.1962E 000. 1931E-01I
0.7q8 6 k-02 0*3l4 1E-0~J2 i,124 3E C0O.1004E 000.55.P3E-010.3576E-010.1349E-010.2268E 01
'2.EejbE 300.000eOE 000.3322E-010O.10401 000.3242E 01
0 .6Cj 5e E 020.23Z9E CZ0OOOE C00.*COO)E 000.O0eJCE 000.20271 000.1738E-010.6676E-02
O .329it-020.3663f 010.1054E C00.5679E-010.3045E-010. 1739E-010. 33081 3I0.1084E 01
0 .60OuE 001.3589E-010.128CE C30.365f1) 01
r.b 5Ck UIa.i3E 02J0COE C:0*(0'1 000.2414E 000.24T4E-010.109?E-01G.4588E-02
G .Se6L 000.1378E 000.6912E-CIO.3135E-010.1607E-010.1715E 010.7451E 000.9236E 00
G.324LE-010.1S69E1 00143Sg: Cl

*C.6C50E Oi-)92462F 020*OOOOE C00.1612E 000.2049E-010.8666E-020.4293E-020.2765E 00
C .4.7IE-Olu.1771E-010. 8371E-C20.7155E-020.2?63E D10.316E 000.4675E 000.109RE-01
0.636.'E-Ot0.73,)9E 01
0.lcsuE~ 320.00O0E 030.3251 . (C0.593i1-010.278?E-010.t30)4E-010.2?64E 0000152SE-01
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0.6007E-O2).2556F-023.1 306E-CICa2891F 010.5903L; DOC*2661E 30.2492E-010.19ii On
0*5594E 01
0.527SE 02093213E 000.1107TE C0.o311F-01O.?6O6E-O1O91O0J E 000.414 -Itc.648SE-0 I
O.4632E-0I0.6?6E-fl1O.td375E C10,4854E 011.56s9E-00.1j?E 10.44o9E 010.2239E 02
0.4687E 020.OOOOE 000*000OE COO.VOOOE 00f'.I'jd7k 010*970)E 000.2404L 001.778TE-31
0.0000ii OuO.1315E 020.2()34E C2C.1?31E 011.2829L 000.1662E 000.548s9E On0

Oo4C62E 020*OOOOE 000.OOOC.E COO.A567E 000.18tCE O000117E 001.2447E 000.0000E V~
0.1199E 02091696E 020).3799E C00.?'313E-O20*336SE 30 0 .15 20 E 00
^ .4062k 020.OOOOE 000*2366E CD0.QIrRE n00.1993f 010*920YE 000.0000E 000.1276F 02
0 .181 2E 020..3796E O0J*314E-UO*7491E e00.8537E-01 --

0.4687t 020.755SE-0IC.2430E CGO.S023F 000.162 E 0IO.COO)E 000.1299t 0262q 02
0.164.1E 010.i11E 000.305L CIO.6427E-01 -
C.468?E 020900E.~ OOOOE O00 £0COOOE OOOo4163(-01(.95R5E 010.6370k 010.2n42F OZ
0.7896E 000..3874.E 000*223SE CD I
0.4.062E 023.OOOOE 00090000E 000.50q5E-010.9241E C10*6OqlE 010.1660E 020.5456E 01
0.6103E 00092124~E 00
0.4062E O20.oOOOE OOC*5406E-CIO.9245f 011.6231E )1C. t662E 020.5dd~t 000.9~222E 00
0.1555E 00
0*4687E 020.4878E-010.9517k Cl0.76Z22 019.1936E 020.7i3lE 010.3t04E 010.1309F 00
0.30j47E 030.134.5E 030.1477TE 0~30.1775F 001.1931E. 02O.t998t 010.3874E 0 0
0.60SOE 030.IIZE 03O.2066E 020.51671 C20.?6951 020.2286E 02
C3.6050E 030.1176E 0209IR08E f 20.l1 09F 020).4386E 01
0.1787E 030.2512E 01091069E V20.F20IF-01
0.1?87E 030.8116E 010.1497E (2 -

0.1430E 030.16T01 01
0.1430E 03
END
/ CATV MY/LfRAhD2/SCRIPTCgACNP=FT(7F00I
/ FOSVS FT07FOCI
/ Ff'J

.
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I no

A I f ~ r4 Pf IAL 117CS,

I610 r i%,10rF OATA
760l1l..,4 S RF Pr);NEP FILTER (ITu/P)

snoS ClAXIAL S..IICH4 1~
q 1 C'!AY1AL Si,ITI>4 2 ..

10, 1.?.r.7A $ C I iC-1LA1 O.

121)(10 1 q CAI'ACIT0IR 2
l3')0 7, 1Pf.,0'4hhi S SERI4ES It0(( Prw.FR SI10PLY

14 nlr, M1 ?0 6 111 0 S FILTER4
IC.00  I " .. I ? S C -1q. AIICKF I
]Ann n l.,? .l.C S CA,?r 1
1 7fori 1~,0r.

* IB8oOI)1f.0Ol S C A'r' 3
90 3. 1o*,fl.o51 S CARDo I

2000 lI,1?0.,0.l % C A WDs

?20 A(?.rl .o 7

I0V0 l~ 0 ;1.7 7 S A4P I #
?son 19,1?0.,01.277 S A P I
2600 ?fl, 20.,0.,An4, S A-', P
2 700 ?11(',*P, S A-P?#
2MII%, P2, 1?0).,0.277 S A-R ? 0
2900 ;13 l?0.,n.?77 S A P 2 03
3000 ?ai,l~l,* VA AP P #
3100o P,? .14? S 1410n SERIES POvvER SUPPLY
3200 26o I20.v7.938 S CASI IG TOP
13 n3 ?,?0).*7.93A S CAST G NOT Tflw
34A0 ?A.1, ;l I) 1 A $ CAST G F R 0 )
3 3%tn o 9, 1?0., 1.96ii C As; S .y ACK
360o 3ov I?0.,I.C.IQ S CAST d RIGHiT S IDE
3700 3 , 12.1).'.Ssq % CAS114G LEFT SIDE
3Bo 8210,orS 6 AIR IN.SIDE THf CASINO,39 n0 33, IPO.,IQ.M.47 $ HEAT SINK PLATE
40n nF, 3. . $ T-j4P f$r1U..rARY
4 1 0 -3S, II?.,. S WIiTT,), HOIJ)I)AfIY
0200 -36, 1 2.,l1.o S FRnNT IHOUNDARY
430n -37, 112., 10 . n MACK AOUNrARY
400l -3R, 112.,l1. n s kI~ SInF HOIJNPARY

*sf rb,1.,. LfFT SlOE tiDI)tfl&R or

0700 f 3(ri'iCT~l Dlk)10
*8n IM0 1, I,3 1, I6q 24' S RF F~tTER Tr) L 4T SIDE

'4900 , I,3i?,O.;00 AI-
5000 -3, 1, , .711 CIJAXTAI. SvYITCH I
s*o-0 Pq~ , , c; . I 4'F-1 100 PnWER SOPPLY
s?0 n r.hp.057F-I ASING 7 DP
S In -h., I, P7 , 2.oF-' CASING Rr.T 7 Ow
540 1) -7f I, ?9 vlI. P 0 0 S CASING BACK
554 -s1,12.2f:i CASIKG LEFT SInE
56 n09?2,I.t S COTAXIAL SovTTCtH I TO CASINr HOTTOM
57nn 10,32,n.nS#AT

5~nr -IP,~.,..Mh .1 SCASINGC TOP
594'o.On -1,,71P0-1 CASING ROTTnm

600b1,.QnAChF4 CASINIG HACK
6 10n0 -P,,, 7t'Jf-jl I s LEFT SIDE

36
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K6400 t F

6700 -l,,717~ 1 s CASI,14TO

670-20.3,29,3.qJ?8E-i I S CASVI'RAC
6800 -21,0,30,6.896 E-Il s RIGHT SIDE
6900 22,'4,30,3.954 5 CIRri'LATOR In CASINtO WICGHT SIDE
700t)0 P 3, j, 3?,0. 1)7jA S
7100 -214.140 4 p . 1j?E - I F TL T E~
7200 s2,J9l.1Fl r~~r !~AirKT

7300 -26.,?b,I.02RtF-1) s C ASI I Kr TP
7400 -27,14,27,3.4?E-i1 5 CASING 9 GT T n
750 0 -26,14p29,l.714E-11 I S CASING RACK
7600 C2,j3~.2Ai A. CAI N 0 ft: HT -SIO
7700 An,N,,27,%;.9qi S5 CAPACITOR I TO r 4S I , H,.I~fl-

7801)0 31,Si2.0.129 s AI P
7900 -32p,6pb5.142f -fl 5 CAFACITI"W
8000 -33.5,7.6.RSNF-11 s 12100 SEPRIFS POUFP
8100 -345v9,h.95hE-l1 s CAkl) MiiICKE I
8200 oS~2..I4- 1 .5 14(10 Sp.w FeS PO 'FW
8300 03,,...701 $ CASIOC T14'
81400 -37,5,27, 1 .2?)o-1 u s r-AqI %C tI
8500 -3A,5#28,1.7l14F-1I I 5 CASING FRI,:.l
8600 -3,,917 -1 s CASI,\G 6ACK
8700 -llO,9,30,I.71/4f-l1 % CA S I NG IGi-T STOE
8800o a2,14,27,5.923 S5 CAPACITOR 2 10 CA SI'( flh1IOt-'
8900 42.6,32,0.129 s A I F,

9100 -1414, 69,91.20F11) s CAPkC PtCK.E I

9200 -45,6,?6,6.85hE-1 t s C~Sltj TIP
9300 ljI.62?,8.570F-l1 t s CASI G r1[1tTfl

9600 L9.7,3?,0.,131. $ All.
9700 -51,7,9,1.7114E-1l $ CsAP0 -uCO(FT
9800 -52,7,17.1.71'JF-l1 S A'VP 1 A'1
91900 -53,7P25,2.2RE-10 $ 1 410n0, TPRFS

10000 -ra,7,?6,?.ci71I-.1 I CASIrf, T;'P

10 10 0 -55,7,?7,2.2?AP-1l 1 CASIO r, OTTH'
10200I -56,7,28,2.097F-l1 I CASU, GFRqt'1T
10300 -1,7,7,?4,J.*714SF-1 I s C A SIO GACK
1014n0 58,8,27o47M.735 S FILTER TO CASINr kOTTflv
165n0 h18,32.0.l80 s AIR
10 60 nb,,,.IF1 C CA Pr P (CPcF T
10700 AV,~?03.?~i1 SAP 1 11 Q
100 ognoJ3.4A&1 A,.P 2 $04
10900 -65,8,25,I.7 LJE-1 I s140() SERIES Pfi .FH SIJPPLY
11000 -66,8,26.2.22AE-1l I S CASING TOP
11100 -b,,7I.1I-0 s CASIkCf,0 RTTO
11200 -6A,,9,1.371F-IU s C ASI. T ,rP-A C V
11 300 -9A3,9II 1 0 s CASTT.C.9 .1 GH T SPFk

I14110n0,,1I71L.I s CASI C LEFT S I F
11500o 7l,g,?7,j.s810 5 CARO~ 1itCXET 7r) kUJTTrL
1 1600 72,9,32,0.257 s I k
1 1700 -73,9#,10,2.1400F-10 S CARD I
I11800 -74,9,1..''lr CARDO 2
11900 -75,9, 12,8.570F-'1 I s CANO) 3
12000n -76, Q,13,8.57nF-11 I C AR C.
12100 s C,145tIF1 cA;;r)5
12200 -7A,9,l5,S.l42F-11 I s C A P 6

37
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* . I3fo -7,~I,'91-i SCARD 76 0 9,2,.7'j-1
I SC 1'a00 SIIJEA POWER %t?50 -FI,9?6,~qlF..O SCASIkG TOP

1270 ~ .9?$?.%7~.i SCASV-G F 90t
*13002A.,3,.7n1IT 

CASING MACK O
12900 -hS,9,30,3.uP~.2ui CASING 14TGN-T SJIDE .'

13300 If9,1ovl.?. 11* SCAO T C-r

13400 9
,I)?,.1:fI CASING TOPM350 $

9
,O2,~~~i CASING 60TTOO~13600 $22;;j~;. CASING FROlNT

137noS CA~n PTO CAPP 'i)CKF-T13800 14',I1~,.~ AIR
s CARD 3

1400 CASING TOP .141200 -71,7i74lI SCASING ROITOM
1420 9A1,2,.,r..l CASING FRONT[41300'9I2,92.1pI 3 CaRn 3 TO CARD) RUCI(ET
141400 lo,232f.2 AIR
1500 h10?,2,6,5 .142Ew1, 5 CASING TOP

-I3I,2 ,~ i4-j s CASIN bU70
1800 -10 5,12,2'3,1.7l'4E-11 s CASING FRONT14~900 1l7,13,9,2.IA.3 S CARO ~4 TO CARO BUCKEiT

15000 I,3o32,n.?29 AIR
150 119 13 4,I ; f CARD 5 

-15240 -110,13,26,1.714E.1I Is CASING TOP15300 -1ll,13,27,,.7iaE-i1 $ CASING BOTTOM15400 -1l
2
,13,28,I.o?8F..1o 3 CASING FRONT15500) 113.2'4,9,2.103 S CARD 5 TO CARP PUrKET15600141,3,.? 

AIR
1570 11J~l,3?,.2? SSCARP!f,

t58o l6,14,26,3.'4?Rt-i s CASING TOP1590)0 -1I7,1'4,27,i.1a~F-II s CASING koiTom16000 -1 18 ,14,28,6.A56r11t $ CASING FRONT
110119,I'i,9,2.IA3 S CARP) 6 TO CARP RUCKET
1600I20,15,32,o.;)q SAIR16300no,51,po7~2 

CARD) 716400 -2,52..2iI SCASING TOP
1650 23,15,27.1.714.-lI S CASING IjOTTnm1660D -12o,15,28.,.714F.11 s CASING FRONT
170-12S.IS,30,I.7lt-)l I CASING, RIGHT SInE16800 126,16,9p2.1p3 S CARP) 7 TO CARD PUOKT16900) 1?7,16,32,n.279 s AIR

17000 -12"s,16,26.3.a2ME-11 s CASING TOP120-l2 9
,16,27,1.714F11l 4 CASING BOTTOM p1700-130.16,28,1.71'4E-11 SCASING FRONT* 17300 -3163,.li1 s CASING RIGHT S I!)EF

1T~ 32.l7.lg,?1.?4bi S AMP 1 *1 TO AlP I 5
1700 l 3 1 . 7 o , SCASING ROTIlim160134,17,32#0.ngi 3 AIR

* 7G 136,17P25,3.42A-Ii It 1400 SERIES POwER SuP.
* l~n~ l

3
?l7,6,2~a3-l1 s CASING TOP

2800-J 3
9,1

7
,2

7
,2.2AP4-1o s CASING BOTTrOM

1800 1 3 9
.1

7
,?9,1.7iaF-,1 3 CASING HACK

18200 -IIJ(1.7,31,1.7i14F- 1 t 3 CASING LEFT SIDE ,,18300 l98,9,p?.2ho S AAP I*2 TO AmP 1 03

38
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18400 102,18,?70,ua'h s CAS1 .G HOIT1i'1
18500 I03#18,3PO.1189 sAI
18600 1UiA2..1II SAtP 2 ~

*18700 -14,861.4E1 s CAS1-r TOiP

18800 -14,1,7,1,,.Flmr-l01 s CA Sl.T AnfTTf

18004~7#I8v29,I.714E-l1 s CASIA'G 'jACK
19000 Ii8,19,20,?1.260 5 AWP I 13 7 ) A P
191 00 149,I9.27P3.456, s C&ST%.G PrTffK . .
19200 It01.2,.i AIR
19300 Itj,9?.17'Ff A-P e ~
19400 $1?1,b,.3- r AS1'J.r TOP

1 9500 -lS3,19,27,1.R"45k-1 s CAS1j~r qWTfr"
*19600 *15iJ.19,?9,1.714 -l 1 S CASI~r iACK
*19700 155,?0,27,3.j~e, f A-P I waA ri raslrkc -4 0T Ti

* 199110 -157, ?(),?4 , 1 7 14F -1 1 s V P 2 a"-
200(0( -RlbI'j- s rASTP'r, TOP
20100 s19

2,7,.hEt S ,ASlr~ c Ti
20200 -16n,20,29.l*714t-l I s C ASTP~ r, c 020300 -1hI.20,3ii,l.714E-1I s cAS a Ji~- 5 TtI

1
4 r O

20,400 5t2~,2).i( A P $I T' A-P 2 XP
20500 163,21,?7,0.K,, s c LA ' I I
20600 1614, ?1 , 3?0.C'Ai s1

20T00 -t65p2l,#29, 1. 71 1E- I I I pCl 'PooE 3,)P
20800 -16b,21 26,1I.371f-tf) s C LS'I( TfIP
20900 -167,21,27,2.n57-1i A 5 1 0 T ~JT14
21000 -16A,21 2Q,A.i7n -11 I s aSr,.-&r
21100) -169,2I,1.l7i l r j- f AFT S

21200,r,?2a'.b S A",, m P Ti AP
21300 171#22,27#3.456 C ~ AtI Pr, .1 nT I-
21000 172,2?,3?#o.n94 s A Tw
21500 -173,22,?6.l.37iE-iO It C aS~ TfG uP
21600o14?.?,.~' r, A~ST* C, TTO
21700 -7,?2.,Kh-I SCA.Sf "
21800 176,23,24,?1.2hi) I A P A 03 to A' ? *4

*21900 177,23,27,3.456 s C AS I Ir *,) TIC
*22000 178,23,32,n.ngg s A T
*22100 -I79p23v2Eh,1.371L-1o s C A S IP~ Til

22200 -18 n, ?3, ?7 , I .71i -I I, % iA 0, *r)lT T (
*22300 A r r -arK

22000 t142 , 24,27p I. alh Sap? p Ti) CnAST14. -'PTTr
22S00 183p4,32p0.n94 ItA
22600 -184,2AJ.2b,l.17JE-10 s CASII.r TOiP
22700 s152,7,As~i C rASI!.r'. oT 7 0-
22800 - I 8h, 2a,294. 1714 - I I s C AS I t.r.
22900 -1R7,20,36,I.71it-l I; CA S r.r . IGH T S T IF%

23000 l8A,29p271Kt6.l;) S I it( if .T PTS PIfFP Ti (,ASr~ irH1I'
23100 169,;.)5,32,0.h97 s AIPN
23200 -190,25,26,R.nsh -Iu s rCASIN.(. TOP
23300 -191,29,27,9.770E-10 s CASING H 0T TOP
23400 -J92,2 5,28.3.771k-J0 s CAST, r FI~k.IT
23500 _193,?5,?9,6.AS,r-1I s CASE T, tiACI.

*23600 -1 4iI,25,311,1.71ii.-ll s RIGHT S1i)F
23700 -195,25,31.5.445t-10 S LEFT SIDE
23800 196,26,28#a.455 S C/lSI,4G TOP T11 CASI?%G F ROm 7

*23900 197,26P29,0.435 s CASINGl mlACx
20000 198,2h,36p3.Q?3 CASh-Cr RIGH.T STOPF
24100 19 9 ,2 6, 3 1,3 .'4)3 r CA S INr1 'F FT S IDE w
24200 P00,26,32?. (i3 A AI r
24300 -20I,26p2?,l.37lF-0q s CASINGH MrI r"
24400 -202,2h,2A, 3*.?-jI0 I C ASfir Fo4ihT
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p sLn - p.,p,?6,A.I IOE-IJ S CASING RACK
2(hrn -- 2,, As..?,Rf1" S CASING RIGHT SI)E
2147f. - $ CASING LEFT SIDE
?4 2L#n o ?7, ?,U.jYl S CASI1G ROTTOm TO CASING FRONT
2490( 1I)7,27,2,.ulS CASING RACK

25000 2n8,?7,O,3.23 $ CASING RIGHT SIDE ,
25100 ?09,?7,31,3.,23 s CASI NG LEFT SIDE
.520 %o,, , AIR
2530( 1 Il , 3, 10'. 

,  s HEAT- SI1'K PLATE
2%sa0 S1?,7,21',$.',70r- S CASIr.G FRONT
2550, -s1 . 7,?9,.'7Il- $ CASIIr AACK.

25600 - 1 d ,?7, $0,1.2110F- I ( $ RIGHT SIDE
25700 -2l,?7,t11.5'O7r-

,  S LEFT SIE. -

2%800 ? 1,,2m,3(,# .0) S CiSING FROT T0 RIGHT SIDE "" -

25900 ?1 7,?t,'Ip. 3 $ LEFT SIDE
26000, ?IA,?A, ?,,.'5q $ AIR

261 nf - P 1 1) P 9, S. 1 ? F -I I s CSING )4ACK
26200 -s,, U,1.71tJF-II $ RIGHT SIDF
26300 s2l1,1.57C-11 S LEFT SIDE
2640n S?? ,3,?.,3 $ CA3I.,G HACK TO RIGHT SIDE - -" ..

•S?3,?Q, 31 , . 1) 13 $ LEFT SI"E
26600 ,?9. 3,?.

,, 
3 AIR

2 &7n0 -22", 20, 30,'.Mh, -j 1 RIGHT SIDE
26AO0 -22(-, 2q,1,6. ,F- I I s LEFT SIDE

26900 ??7,30,32,n.t4l9 S CASING RIGHT SIDE T AIR .
270A0 -2,03,.E1l s LEFT SIDE
27100 ;?9, ,3?,,,? S CASIN.G LEFT SIDE TO AIR
27200 ? pt", V, . 3'J $ CASI 4 TOP Tn RoU, v._ARY
2730(. p , , %3%,lo' * $ HEAT SINK TO H()I).ARY
27400 23?,?8,36,(..053 S CASIG FRONT TO BOUNDARY

27500 ?33,29,37,n.o53 $ CASI;iG RACK TO hOuNDARY
276n0 ?34, o,3m,0.n$ % CASING RIGHT SIDE T BUOINDARY
2770(, 0 S 1 , 9, 0. ih S CASI' G LEFT S70E TO ()Ul0RY. .

2780(, 1113,33, 31, o.71 S HEAT SI'4K TO TOP !OijjOAf Y .-

2790(, -
28000 f:') ;CO;jSTANTS r,:\T,
28100 .i TI-F O,0.0,,3-3% .
28200 1, 1T TF 1, 0.0 0 8 ,3 3 ',. 3'-'.,°

" ~ ~ ~ 2 23n oo"L X C A 0 ?!,. ,-." ".- .""%

21%40(l PXA..)28000 .L CA, 0.? T,
'

.
"' '  

.
'

2T & , 0 .9Qrceh $ 3) MIJfJTF CYCLE TME ,
. 286A0 OhUTPuiT,0.OP313S S OUTPUT EVERY 5 MIFJUTES

28700 .LOP, 560 $ MAXIMIJM ITERATIONS
28800 1168.24 S RF PONER FILTER (RTtJI/HR)

" 28900 t, .) $ COAXIAL SvITCH '

*. 29000 o,0.0 I CrAXIAL SAITCH 2
$291n0 A. s CIRCULATOR (.T.-/HP)

29200 5,0.0 S CAPACITOR I

* 29300 h, 00 S CAPACITOR 2
2qan(1 7,1.4? S 1100 SERIES POWER SUPPLY
2950 m,2n.47 S FILTER
29600 Q,0.oi S CARl) HUCKET
29700 lr,o.o S CARD I
29800 11,85.30 S CARD 2

299nO 1?,85.30 S CARD 3
30000 13,5. 30 s CARD 4
301n0 1,As. in s CAPI) 5
3020 1S~oeD S CARD 6
3030o 16,17.06 $ CARL) 7
3000 17.17.06 5 AMP 1 01

30500 IR,34.12 5 AlP 1 02

J0 "~~. .":- .

.- . .. .. .

r:
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30601) Iq, 7 0 6 0 f PI~P 1 x3
3070n ?0,?7?.97 5 A"P I p a
30800 P1,17.06 $ A'P P ut
30900 ?2,34.12 $ A"P ? fP
31O0_0 2 3,170.b0 S A"P P 3

31100 24,272.97 S AP P 'UA
31200 25,759.53 $ 14O0 S.I'TfS PflkFii SliPPLY (fTIJ/Hw)

31300 ?6,0.n S USF, TO 7F.kO IlT HELh S(IilrFS
31400 F''

31500 Hr, IAWPA OATA

31700 ,.0nnf.OOP, .. 1 5, .' ?TFi.;3,4;.0a 0.0 O,0.0 , r.67.o7

31800 0. OW .092 C.l10, 1lo8, 0. .O 17 . 7. 15 C.. 33 0. 1 't? ? ,lo. t

32900
32000r.17A ec32100 333 ri , .3a?, V. 390,, 358 , 0. 367 ,n . 37b, 3F13, 39;1, (1. 11 n , .,4's,

32200 F NO S TI E I, , ', i, lY J/? • .I'TE jNriFi.F..rp -.

32300 F ":-

32400 F:C,- 3EX f CWT I ni
32500 F PT 'FNSION X(2OO)
32600 F f
32700 F T

32800 F Or. I ICOu,1 '1

32900 Fh.DPCK

33000 m T T!F n=O .r,-
33100 Ft0 I rOl. T T P UE

33200 E
.

.

33300 F.-r, 3 AkIAHLFS 1 .
33400 m TF(TINEv.GT.O.'I/j. .r.TI,.,,.LF..s)Gn tf, 10

33500 (4 JF(T~f EW.CT.0.SA33'43);(O V> 10 .-

33600 SHFTv(?SKJ,fl'1) I SHIFT HEAT snoIrF. TIJTf tflWPO(4.NTS 4-

33700 F rOr' rn 0"
33800 FIO C) rT TLF
33900 AkY 'PY(?. S ,QI ,K?6t I 7FRO 01:T HEAT SQ)"MCES
33950 SHFTV(IKIAw.I,,) f. I/0 LOGTC CAPI1 AL"AYS 'I

34000 F20 Ct-iT TP 1E
34100 r
34200 $C-

, 
3VARIAHLFS 2

34300 E:,

34400 r, 30UTP'IT CAIl S
34500 T P oI AT
34600 - .

34700 C" 3F )I (}F rnATA 1 ' .
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