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Updated: 3 June, 1996

Message Syntax & Protocol

* The serial port shall operate at 9600 baud, 8bits, odd parity, & 1 stop bit. The Cooler
Drive Electronics (CDE) echoes each byte that it receives. :

The spacecraft computer sends command lines to the CDE over the serial port and
receives possible replies from the controller over the serial port.

Each command line is terminated by ASCII carriage return and consists of a list of blank-
separated commands. Each command is a command name, possibly followed by a
parameter list. The parameter list, if any, would be blank-separated from the command
name. Moe {"‘S £4 SI1Z $ydes inc :'»a, CoOretmge retven,

Each command name is an alphanumeric string beginning with an alphabetic character.
When a channel is required the indicated values shall be used - :
0 = Compressor A

1 = Displacer A
2 = Compressor B
3 =Displacer B

Checking the list of commands below, one can see that

"vem 2 mode 1 report<CR>" would cause the controller to:
1) set the vibration control mode for Acceleration DECS
2) set the controller mode for temperature control
3) request a list of readings of various monitoring points

Whenever an error interpreting the command line occurs, the offending string is simply
skipped over. The succeeding string is expected to be a command.

Telemetry data sent from the CDE to the spacecraft includes a checksum byte. The
checksum is generated by first summing each byte of data as it is being sent, then taking
the ones complement, then stripping off the high order bit, and finally sending this result
as the checksum. This allows the data to be verified by the receiver by first summing the
data as it is received (not including the checksum), then adding it to our checksum word
gnd striping the high order bit. For valid data the result will always be 7Fh (127

ecimal).

Commands

mode <n>
<n>=0: Cooler "off", i.e. all waveforms are DC 0 volts. _
<n> = 1: Temperature control mode. The amplitudes of the two compressor
waveforms are adjusted to drive the diode selected by tsrc to the target
temperature selected by ttem
<n> = 2: Manual mode. Amplitude & bias of all waveforms are under user control
from the command line. '
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Updated: 3 June, 1996

vcm <n>
Set vibration control mode where:
<n> = 0: DECS off. No DECS correction.
<n> = 1: Position DECS (P-DECS) active.
<> = 2: Acceleration DECS (A-DECS) active.

Note: When in P-DECS (Position Digital Error Correction System) vibration control
mode P-DECS runs on all four motors. While in A-DECS (Acceleration) mode A-
DECS runs on the B compressor channel and P-DECS runs on the other three motors.

ttem <n> (SCRS Instrument Use Only)

Set target temperature where <n> ranges from O thru 59, representing -
50+ (<n>/2)deg K

nit (deg K) nit (deg K) n|t (deg K) n t (deg K)
0 50.00 15 57.50 30 65.00 45 72.50
1 50.50 16 58.00 31 65.50 46 73.00
2 51.00 17 58.50 321 = 66.00 47 73.50
3 51.50 18 59.00 33 66.50 48 74.00
4 52.00 19 59.50 34 67.00 49 74.50
5 52.50 20 60.00 35 67.50 50 75.00
6 53.001 21 60.50 36 68.00 51 75.50
7 53.50 22 61.00 37 68.50 52 76.00
8 54.00 23 61.50 38 69.00 53 76.50
9 54.50 24 62.00 39 69.50] 54 77.00
10 55.00 25 62.50 40 70.000 55| 77.50
11 55.50 26 63.00 41 70.50 56 78.00
12 56.00 27 63.50 42 71.00 57 78.50
13 56.50 28 64.00 43 71.50 58 79.00
14 57.00 29 64.50 44 72.00 59 79.50
ttemf <n>

Set target temperature where <n> ranges from 0 thru 4096, representing 50 to
110deg K _

setP <n>
setI <n>
setD <n>
The gains defining the characteristics of the PID temperature control loop where

setP sets the amount of proportional gain, setI sets the amount of integral gain,

and setD sets the amount of derivative gain. In each instance, <n> represents a
‘gain of <n>/32768.

ilim <n>
Set the integrator limit on the PID temperature control loop to the value <n>.
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Updated: 3 June, 1996

bias <a><e>
Set the bias of sine on channel <c> to <a>/204.8 volts.
The scale factor for the bias command is 0.004883 mm per count when the sensor
scaling is set to nominal of 10 V =10 mm. The resolution of 0.004883 mm 1§
based on a 12 bit data converter and £10 mm sensor range (20 / 4096 = 0.004883 ).
If the requested bias + amp drives the sine beyond the wmin or wmax settings, the
bias implemented will be clipped to maintain those bounds. The value of <a>1s
determined by dividing the desired offset by 0.004883 or by multipling the desired
offset by 204.8.

amp <a><c>
Set the peak amplitude of sine on channel <c> to <a>/204.8 volts.
The scale factor for the amp command is 0.004883 mm per count when the sensor
scaling is set to nominal of 10 V =+10 mm. The resolution of 0.004883 mm is
based on a 12 bit data converter and 10 mm sensor range (20 / 4096 = 0.004883 ).
If the requested bias + amp drives the sine beyond the wmin or wmax, the
amplitude implemented will be clipped to maintain those bounds. Note: this is not
peak-to-peak amplitude, but is the greatest excursion of the sine from OV. The value
of <a> is determined by dividing the peak amplitude by 0.004883 or by multipling the
peak amplitude by 204.8.

wmin <a><c> o
Set the piston travel limit in the direction of the target plate where -
channel <c> to <a>/204.8 volts. The requested limit must be less than that set by the
'‘wmax' command.
The scale factor for the wmin command is 0.004883 mm per count when the sensor
scaling is set to nominal of +10 V =10 mm. The resolution of 0.004883 mm is
based on a 12 bit data converter and 10 mm sensor range (20 / 4096 = 0.004883 ).
The value of <a> is determined by dividing the negative limit by 0.004883 or by
multipling the negative limit by 204.8. :

wmax <a><c>
Set the piston travel limit in the direction of the compression head where -
channel <c> to <a>/204.8 volts. The requested limit must be greater than that set by
the 'wmin' command.
The scale factor for the wmax command is 0.004883 mm per count when the sensor
scaling is set to nominal of #10 V =+10 mm. The resolution of 0.004883 mm is
based on a 12 bit data converter and +10 mm sensor range (20 / 4096 = 0.004883 ).
The value of <a> is determined by dividing the positive limit by 0.004883 or by
multipling the positive limit by 204.8.

phase <a><c> ,
Set the phase offset of the sine on channel <c> to <a>/4096 radians.
The scale factor and resolution for the phase command is 0.000244 radians (0.01398
degrees) per count.

tsrc <n> _
Select diode <n> as the diode whose temperature is to be controlled, 0 = backup cryo
diode, 2 = primary cryo diode
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Instrument Specific Command
spc <n> The frequency range is set in firmware to instrument requirements.

Sets the cooler system drive frequency. spc represents the number of samples- pcr-
cycle used to generate the waveform (range <n> = 196 to 255);

SCRS Instrument and Basline CDE:
13021/n=Frequency

n f (Hz n f (Hz n f (Hz)
255 44.97 235 48.80 215 53.34
254 45.15 234 49.01 214 53.59
253 45.33 233 49.22 213 53.84
252 45.51 232 49.43 212 54.09
251 45.69 231 49.64 211 54.35
250 45.87 230 49.86 210 54.61
249 46.06 229 50.08 . 209 54.87
248 46.24 228 50.30 208 55.13
247 46.43 227 50.52 207 55.40
246 46.62 226 50.74 206 55.67
245 46.81 225 50.97 205 55.94
244 47.00 224 51.20 204 56.22
243 47.19 223 51.43 203 56.49
242 . 47.39 222 51.66 202 56.77
241 47.58 221 51.89 201 57.05
240 47.78 220 52.13 200 57.34
239 47.98 219 52.36 199 57.63
238 48.18 218 52.60 198 57.92
237 48.39 217 52.85 197 58.21
236 48.59 216 53.09 196 58.51

(spc <n> Continued on page 6)
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spc <n> (Continued from page 5)

HTSSE Instrument:
9469.7/n=Frequency
n f (H2) n f (Hz) n f (Hz)
255 37.14 235 40.30 215 44 05
254 37.28 234 40.47 214 44 25
253 37.43 233 40.64 213 44 .46
252 37.58 232 40.82 212 44.67
251 37.73 231 40.99 211 44.88
250 37.88 230 41.17 210 45.09
249 38.03 229 41.35 209 45.31
248 38.18 228 41.53 208 45,53
247 38.34 227 41.72 207 45.75
246 38.49 226 41.90 206 45,97
245 38.65 225 42.09 205 46.19
244 38.81 224 42.28 204 - 46.42
243 38.97 223 42.47 203 46.65
242 39.13 222 42.66 202 46.88
241 39.29 221 42.85 201 4711
240 . 39.46 220 43.04 200 47.35
239 - 39.62 219 43.24 199 47.59
238 39.79 218 43.44 198 47.83
237 39.96 217 43.64 197 48.07
236 40.13 216 43.84 196 48.31

Power up default: spc 237 (39.96Hz)

(spc <n> Continued on page 7)
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(spc <n> Continuedfrom page 6)

MOPITT Instrument:
9469.7/n=Frequency n

n| f (Hz nl t (Hz] nj f (Hz)
255 41.54 235 45.08 215 49.27
254 41.71 234 45.27 214 49.50
253 41.87 233 45.46 213 49.73
252 42.04 232 45.66 212 49.97
251 42.20 231]. 45.86 211 50.20
250 42.37 230 46.06 210 50.44
249 42.54 229 46.26 209 50.69
248 42.71 228 46.46 208 50.93
247 42.89 227 46.67 207 51.17
246 43.06 226 46.87 206 51.42
245 43.24 225 47.08 205 51.67
244 43.41 224 47.29 204 51.93
243 43.59 223 47.50 203 52.18
242 43.77 222 47.72 202 52.44
241 43.96 221 47.93 201 52.70
240} - 44.14 220 48.15 200 52.97
239 44.32 219 48.37 199 53.23
238 44.51 218 48.59 198 53.50
237 44.70 217 48.82 197 53.77
236 44.89 216 49.04 196 54.05

Power up default: spc 241 (43.96Hz)
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dgain <g> <c>
Set the DECS gain on channel <c> to a value represented by <g> as follows:

DECS gain <g>
32 5
1/16 4

1/8 3

1/4 2

12 1

1 0

2 6

4 7

8 8

dshif <s> <c> ,
Set the DECS shift for channel <c> to <s> ( must be less than SPC ). DECS shift is
the amount of phase lead used in the error correction algorithm.

dbiscl <n>
A-DECS bias scale = <n>/65536. DECS uses the bias at compressor B times the bias

scale during acceleration DECS

. mon
Invoke the test monitor. (Not to be used in flight)
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The controller responds to ‘camp’ (current amplitudes) request by sending the current
compressor and displacer amplitudes (comp A, disp A, comp B. disp B):

Byte

Description g

Example, camp

1

Message length low byte;

7 bits binary, fixed message
length is the number of data
bytes + 1 (for the ID byte).

23h

Message length high byte;
7 bits binary.

00h

Message ID;
7 bit binary identifier.

03h

Message data;
33 ASCII characters.

camp: +00844 +00317 +00844 +00317

ASCII carmage return.

0Dh

Checksum; represented by a
7 bits binary, 1's
complement checksum
character for everything

from byte 1 thru byte 37.

4Fh

Note: When in temperature control mode both compressor amplitudes are set by the

requirements of the control algorithm, camp can be used to check on the current
amplitudes. '

atem
Controller responds to 'atem’ (current temperature) request by sending the current

temperature reading from the diode specified by the tsrc command:

Byte

Description

Example, atem

1

Message length low byte;

7 bits binary, fixed message
length is the number of data
bytes + 1 (for the ID byte).

05h

Message length high byte;
7 bits binary. '

O0Oh

Message 1D;
7 bit binary identifier.

02h

Message data;
4 ASCH characters
representing a hex string.

0423

Checksum; represented by a
7 bits binary, 1's
complement checksum
character for everything
from byte 1 thru byte 7.

2Fh
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s .
Display the current values of user-settable parameters as in this example:
Byte | Description Example, show

1 | Message length low byte; 72h
7 bits binary, fixed message
length is the number of data
bytes + 1 (for the ID byte).

2 | Message length high byte; 0'2h

7 bits binary.

3 | Message ID; 01lh
7 bit binary identifier.

4- | Message data; temsrc: +00001 ttem: +00655<cr>

372 1369 ASCI p: +32767 I: +01024 D: +00512 tigrlim: +03000<cr>
characters. mode: +00001 vmode: +0000l<cr>

spcyc: +00235<cr>

biasscl: +10355<cr>

dgain: +00000 +00000 +00000 +00000<cr>
dshif: +00035 +00036 +00035 +00036<cr>
min: -00844 -00337 -00844 -00337<cr>
max: +00845 +00338 +00845 +00338<cr>
amp: +00844 +00317 +00844 +00318<cr>
bias: +00000 +00000 +00000 +00000<cr>
phase: +00000 +04218 +00000 +04218<cr>

373 | Checksum; represented by a | 7Dh
7 bits binary, 1's
complement, checksum
character for everything
from byte 1 thru byte 372.

where: '
temsre is the diode selected for temperature control. 0 = backup cryo diode; 1 =
primary cryo diode. See tsrc command.
ttem is the diode reading that would correspond to the temperature selected by the
ttem command. See table under t tem command.
P,I,& Dare the PID gains for temperature control. See setP, setI, setD
commands. :
mode controller operating mode. _
0 = Cooler "off", 1 = Temperature control mode, 2 = Manual control of stroke.
vmode controller vibration control mode. 0= DECS off; 1 = Position DECS; 2 =
Acceleration DECS. See vem command.
spcyec is the number of samples per cycle. See table under spc command.
biasscl is the A-DECS bias scale. See dbiscl command.
dgain shows the DECS gains for the 4 channels.
5=1/32,4=1/16:3=1/8;2=1/4,1=1/2,0=1;6=2,7=4;8=8.
dshif shows the DECS shifts for the 4 channels. See dshif command.
min shows the maximum excursion towards the target plate of the piston for the 4
channels. See wmin command.

(show Continued on page 11)
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(show Continued from page 10)

Updated: 3 June, 1996

min shows the maximum excursion towards the target plate of the piston for the 4
channels. See wmin command.

max shows the maximum excutsion towards the compression head of the piston for

the 4 channels.

See wmax command.

amp shows the amplitudes for the 4 channels. See amp command.

bias shows the biases for the 4 channels. See bias command.

phase shows the phase for the 4 channels relative to a unity sine wave.
See phase command.

report
Controller responds to report request with current performance and health and

status data. The data is returned in the following format:

Byte

Description

Example, report

1

Message length low byte;

7 bits binary, fixed message
length is the number of data
bytes + 1 (for the ID byte).

17h

Message length high byte;

01lh

7 bits binary. -

3 | Message ID;
7 bit binary identifier.

00h

4- | Message data;
153 | 150 ASCII characters

representing a hex string.

0D71 08C6 OE28 098F OEC7 OA68 0F44
OB2F 0F91 OCOF OFDO OCES5 OFFF 0DC4
0CAO0 080A OFCB OFCC OFCC OFCA 05EF
01DA 0200 021B OFC2 OFC9 OFCC OFCA
OFCA OFDO

154 | Checksum; represented by a

7 bits binary, 1's
complement checksum

character for everything
from byte 1 thru byte 153.

33h

Using the above example the data as follows:

compressor X vibration (rms):
compressor Y vibration (rms):
displacer X vibration (rms):
displacer Y vibration (rms):
compressor Z vibration (rms):
displacer Z vibration (rms):
compressor A position (rms):
compressor B position (rms):
displacer A position (rms):
displacer B position (rms):

4 hex digits followed by a space (0D71 )
" (o8ce )
" ‘ (0E28 )
" - (098F )
" (0EC7 )
" (0n68 )
" (0F44 )
" (0OB2F )
" (0F91 )
" (OCOF )

(report Continued on page 12)
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(report Continued from page 11)

compressor A motor feedback current (rms):
compressor B motor feedback current (rms):
displacer A motor feedback current (rms):
displacer B motor feedback current (rms):
-12VDC monitor:

-15VDC monitor:

electronics temp 1:

electronics temp 2:

electronics temp 3:

COmpressor temp:

displacer temp:

+15VDC monitor:

+12VDC monitor:

+5VDC monitor:

temp diode 1 wide (50K to 300K):

temp reference for drift compensation, wide:
temp diode 2 wide (50K to 300K):

temp diode 1 narrow (50K to 100K):

temp reference for drift compensation, narrow:

temp diode 2 narrow (50K to 100K):
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(OFDO )
(0CES )
(OFFF ¥
(opc4 )
(ocao )
(o80a )
(OFCB )
(0FCC )
(OFCC )
(0FCa )
(O5EF )
(01pa )
(0200 )
(021B )
(OFC2 )
(0FC9 )
(OFCC )
(OFCa )
(OFCa )
(0FDO )



Appendix A: Baseline and CRS CDE
Updated: 27 September, 1994

APPENDIX A
Baseline

and
SCRS CDE
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Appendix A: Baseline and CRS CDE
Updated: 27 September, 1994

- Baseline and SCRS CDE Defauit Operating Parameters

1) Operating mode (mode 1, Temperature control mode)

2) Vibration control mode (vem 1, Position Digital Error Correction System (P-DE_CS))
3) Target temperature (ttem 30; = 65 deg K) |

4) Temperature control loop proportional gain (setP 32767, proportional gain = 1.0)
5) Temperature control loop integral gain (setI 1024, integral gain = 0.031)

6) Temperature control loop derivative gain (setD 512, derivative gain = 0.016)

7) Temperature control loop integrator limit (ilim 3000, integrator limit = 3000)

8) Compressor A stroke bias (bias 0 0, 0.00 mm)
Compressor B stroke bias (bias 0 2, 0.00 mm)

9) Displacer A stroke bias (bias 0 1, 0.00 mm)
Displacer B stroke bias (bias 0 3,0.00 mm)

10) amp 735 0, amp 317 1, amp 735 2, amp 317 3
(All amplitudes set to nominal for 2W @ 65 deg K)

11) wmin -844 0, wmin -337 1, wmin -844 2, wmin -337 3
(Compressor wmin set to -844, Displacer wmin set 10 -337)

12) wmax 845 0, wmax 338 1, wmax 845 2, wmax 338 3
(Compressor wmax set to 843, Displacer wmax set t0 -338)

13) phase 0 0, phase 4218 1, phase 0 2, phase 4218 3
(compressor phase set to zero, displacer phase set to 4218=52 degrees)

14) Diode for temperature control (tsre 2, diode at the thermal interface)

15) Cooler operating frequency (spe 235, = 55.41 Hz)

16) Compressor A Position DECS (P-DECS) gain (dgain 0 0, gain= 1)
Compressor B Position DECS (P-DECS) gain (dgain 0 2,gain=1)

17) Displacer A Position DECS (P-DECS) gain (dgain 0 1,gain=1)
Displacer B Position DECS (P-DECS) gain (dgain 0 3,gain=1)

18) Compressor A Position DECS (P-DECS) shift (dshif 35 0, shift = 35)
Compressor B Position DECS (P-DECS) shift (dshif 35 2, shift = 35)

19) Displacer A Position DECS (P-DECS) shift (dshif 36 1, shift = 36)
Displacer B Position DECS (P-DECS) shift (dshif 36 3,shift= 36)

20) Position DECS (P-DECS) bias scale (dbiscl 10355, gain = 0.158)
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Appendix B: HTSSE CDE
Updated: 8 April, 1995

APPENDIX B
HTSSE I CDE
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Appendix B: HTSSE CDE
Updated: 8 April, 1995

HTSSE II CDE Default Operating Parameters

1) Operating mode (mode 0, cooler "off")

2) Vibration control mode (vem 1, Position Digital Error Correction System (P-DE_CS))
3) Target temperature (ttemf i474, =77 deg K)

4) Temperature control loop proportional gain (setP 32767, proportional gain = 1.0)
5) Temperature control loop integral gain (setI 1024, integral gain = 0.031)

6) Temperature control loop derivative gain (setD 512, derivative gain = 0.016)

7) Temperature control loop integrator limit (1im 3000, integrator limit = 3000)

8) Compressor A stroke bias (bias 0 0, 0.00 mm)
Compressor B stroke bias (bias 0 2,0.00 mm)

9) Displacer A stroke bias (bias 0 1, 0.00 mm)
Displacer B stroke bias (bias 0 3, 0.00 mm)

10) Compressor A stroke amplitude (amp 819 0, 8.00 mm)
Compressor B stroke amplitude (amp 819 2, 8.00 mm)

11) Displacer A stroke amplitude (amp 276 1, 2.70 mm)
Displacer B stroke amplitude (amp 276 3, 2.70 mm)

12) Compressor A stroke negative limit (wmin . -901 0, -4.40 mm)
Compressor B stroke negative limit (wmin -901 2,-4.40 mm)

13) Displacer A stroke negative limit (wmin -307 1, -1.50 mm)
Displacer B stroke negative limit (wmin -307 3, -1.50 mm)

14) Compressor A stroke positive limit (wamx 901 0, 4.40 mm)
‘Compressor B stroke positive limit (wamx 901 2, 4.40 mm)

15) Displacer A stroke positive limit (wmax 307 1, 1.50 mm)
Displacer B stroke positive limit (wmax 307 3, 1.50 mm)

16) Phase relationship compressor to displacer:(phase 5004 1,70.0 degrees)

17) Diode for temperature control (tsrc 2, diode at the thermal interface)

18) Cooler operating frequency (spe 237, = 39.96 Hz)

19) Compressor A Position DECS (P-DECS) gain (dgain 1 0, gain = 0.5)
Compressor B Position DECS (P-DECS) gain (dgain 1 2,gain=0.5)

20) Displacer A Position DECS (P-DECS) gain (dgain 1 1, gain= 0.5)
Displacer B Position DECS (P-DECS) gain (dgain 1 3, gain=0.5)

(HTSSE Default Operating Parameters Continued on page 17)
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Appendix B: HTSSE CDE
Updated: 8 Apml, 1995

(HTSSE Default Operating Parameters Continued from page 16)
21) Compressor A Position DECS (P-DECS) shift (dshif 27 0, shift = 27)
Compressor B Position DECS (P-DECS) shift (dshif 27 2, shift=27)
22) Displacer A Position DECS (P-DECS) shift (dshif 27 1,shift=27)
Displacer B Position DECS (P-DECS) shift (dshif 27 3, shift = 27)

23) Position DECS (P-DECS) bias scale (dbiscl 7642, gain=0.1161; Not used by
the HTSSE cooler control system but command exists, this is for reference only)

Page 17 of 29



Appendix B: HTSSE CDE
Updated: 8 April, 1995

HTSSE II CDE "report" Engineering Units Conversion
Motor Position Monitors (data items 7, 8, 9, &10)

Conversion from hexadecimal to rms pasition. From the ‘report’ command the data shall be interpreted as
follows - ' )

'report' Data Item Description SCALE OFFSET
7: Compressor A rms Position 2.009 0.0
8: Compressor B rms Position 2.009 0.0
9: Displacer A rms Position 2.000 0.0
10: Displacer B rms Position 2.000 0.0

POS_MON = {[HEX2DEC(hex _ value) - 2048.5]* 0004883} * SCALE + OFFSET

The HEX2DEC(hex_value) function convents a hexadecimal number to decimal. ‘Hex_value’ is the
parameter to be converted to 2 rms motor position.

EXAMPLE #1:

Issuing the" report’ command causes the CDE to return a hexedecimal value of 0A2C for data item #7
(Compressor A rms Position Monitor). '

COMP_A_POS_MON = {[HEX2DEC(0A2C)-2043.5]* 0.004883}‘2.0094-0.0
COMP_A_POS_MON = {[2604 - 2048.5]* 0.004883} * 2.009 + 0.0
COMP_A_POS_MON = 5.449 mmrms

 With the system in P-DECS mode the position can be assumed to be sinusoidal so the output may be
converted to peak-to-peak by multiplying by the square root of two.

COMP_ A_POS_MON = 5.449mmrms * /2

COMP_A_ POS_MON =7.707Tmmpgp -
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Appendix B: HTSSE CDE
Updated: 8 Apnil, 1995

HTSSE 1 CDE "report” Engineering Units Conversion
Motor Feedback Current Monitors (data items 11, 12,13, &14)

Conversion from hexadecimal to secondary power supply voltage. From the 'report’ command the data
shall be interpreted as follows - ’

'report' Data Item Description SCALE OFFSET
11: Compressor A 1.0 0.0
12: Compressor B 1.0 0.0
13: Displacer A 1.0 - 0.0
14: Displacer B 1.0 0.0

I_MON = {[HEX2DEC(hex _ valuc) —2048.5]* 0.004883} * SCALE + OFFSET

The HEX2DEC(hex_value) function converts a hexadecimal number to decimal. 'Hex_value’ is the
parameter to be converted to a rms motor current.

EXAMPLE #1: :
Issuing the 'report’ command causes the CDE to return a hexedecimal value of O0CBA for data item #15 (-
12Vdc Monitor).

I_MON = {[mznac(oc&)—zm.s]*o.oomﬂ'1.o+o.o
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Appendix B: HTSSE CDE
Updated: 8 April, 1995

HTSSE II CDE "report" Engineering Units Conversion
Secondary Power Supply Monitors (data items 15 &16)

Conversion from hexadecimal to secondary power supply voltage. From the 'report’ command the data
shall be interpreted as follows - ] ‘

'report' Data Item |  Description SCALE OFFSET
15: -12VDC monitor -2.0 -0.1518
16: -15VDC monitor -2.0 -0.0922

V_MON = {[HEX2DEC(hex _ valuc) - 2048.5} * 0.004883} * SCALE + OFFSET

The HEX2DEC(hex_value) function converts a hexadecimal number to decimal. 'Hex_value' is the
parameter to be converted to a secondary power supply voltage.

EXAMPLE #1:

Issuing the ‘report’ command causes the CDE to return a hexedecimal value of OCBA for dataitem #15 (-
12Vdc Monitor).

~12VDC_MON ={[HEX2DEC(0CBA) - 2048.5]* 0.004883} *(-2.0) - 0.1518
~12VDC_MON = {[3258 - 2048.5]  0.004883} * (~2.0) - 0.1518

-12VDC_MON = -11.964

EXAMPLE #2: :

 Issuing the 'report’ command causes the CDE to reurn a hexedecimal value of ODEA for data item #16 (-
15Vdc Monitor).

-1SVDC_MON = {[HExzDEC(ODEA)-zms.s]- 0.004883} *(-2.0)~0.0922
-15VDC_MON = {[3562 - 2048.5] * 0.004883} * (~2.0) - 0.0922

~ —~I5VDC_MON = -14.873
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Appendix B: HTSSE CDE
Updated: 8 April, 1995

HTSSE II CDE "report' Engineering Units Conversion
CDE & Motor Temperature Monitors (data items 17, 18, 19, 20, & 21)

Conversion from hexadecimai to temperature in degrees celsius. From the report' commangd the data shall
be mtcrpretcd as follows -

‘report’ Description SCALE | OFEFSET
Data Item '

17: Compressor A PWM Driver Temperature Monitor | -10.0 35.492

18: Compressor B PWM Dniver Temperature Monitor |  -10.0 35492
19: Dispiacer Driver Temperature Monitor - -10.0 35.492
20: Compressor Housing Temperature Monitor -10.0 35.492
21: Displacer Housing Temperature Monitor -10.0 35492

T_MON = {[HEXZDEC(hcx_valuc)—2048.5]'0.004883} * SCALE + OFFSET

The HEX2DEC(hex_value) function converts a hexadecimal numbcr to decimal. 'Hex_value' is the
parameter to be converted to temperature.

EXAMPLE #1:
Issuing the ' report' command causes the CDE to return a hexedecimal value of 08CS for data item #21
(Displacer Housing Temperature Monitor).

DISP_MON = {[HEX2DEC(08CS) - 2048.5] * 0.004883} * (~10.0) + 35.492
DISP_MON = {[2245 - 2048.5]*0.004883} *(~10.0)+35.492

DISP_MON = 25.9°C
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Appendix B: HTSSE CDE

Updated: 8 April, 1995

- HTSSE II CDE "report" Engineering Unit Conversion
Secondary Power Supply Monitors (data items 22, 23, & 24)

Conversion from hexadecimal to secondary power supply voltage. From the ‘report conmand the data
shall be interpreted as follows -

'report' Data Item Description SCALE OFFSET
22: +15VDC monitor -0.3869 12.1136
23: +12VDC monitor -0.3207 97141
24: +5VDC monitor -0.1466 4.455

V_MON= {[HEXZDEC(hcx_value)—2048.5]'0.004883} * SCALE + OFFSET

The HEX2DEC(hex_value) function converts a hexadecimal number to decimal. 'Hex_value’ is the
parameter to be converted 0 a secondary power supply voltage.

EXAMPLE #1:

Issuing the 'report’ command causes the CDE to rewrn a hexedecimal value of 0CAC for data item #22
{(+15Vdc Monitor).

+1SVDC_MON = {[HE‘XZDEC(OZ9D)—2048.5]‘0.004883} *_0.3869 +12.1136
+15VDC_MON = {[669 —2048.5] 0.004883} * -0.3869+12.1136

+1SVDC_MON = 14.72

EXAMPLE #2:

Issuing the 'report' command causes the CDE to rewrn a hexedecimal value of 0C69 for data item #23
(+12Vdc Monitor).

+12VDC_MON = {[mznsc(mas)-m.s]—o.omm}--o.3zo7+9.7141
+12VDC_MON = {{702 - 2048.5]* 0.004883} * -0.3207 +9.7141

+12VDC_MON = 11.82

EXAMPLE #3: :

Issuing the 'report’ command causes the CDE to return a hexedecimal value of 0C3C for data item #24
(+5Vdc Monitor).

+5VDC_MON = {[HEX2DEC(0SBE) - 2048.5]* 0.004883} * ~0.1466 + 4.455

+5VDC_MON = {[1470 —2048.5] * 0.004883} * ~0.1466 + 4.455

+SVDC_MON = 4.87
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Appendix B: HTSSE CDE
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- HTSSE II CDE "report" Engineering Units Conversion
Cryo Diode Readouts (data items 25, 26, 27, 28, 29, & 30)

Conversion from hexadecimal to temperature for both the wide and narrow cryo diode readout channels
uses the same formula changing only the constants. Standard Curve #10 from Lake Shore Cryotronics, Inc.

is also required to match the cryo diode calibration. From the report’ command the data shall be
interpreted as follows -

‘report’ Data Item Description
25: temp diode 1 wide range (50K to 300K)
26: temp reference for drift compensation. wide range
27 temp diode 2 wide range (50K to 300K)
28: temp diode 1 narrow range (50K to 100K)
29: temp reference for drift compensation, narrow range
30: temp diode 2 narrow range (SOK to 100K)

Note : Data items 26 and 29 are used by the CDE to compensate for drift due to changes in the temperature
of the electronics. They are included in the data set for verification of the temperature controller
performance. Data item 29 may be used to determin the amount of drift due to the temperature of the CDE
or to compensate for drift. See section on the 'atem’ command (page 20) for details on the how the report
data may be compensated to get more accurate temperature readings.

Formula Constants

SCALE OFFSET
NARROW _ -0.006119 1.02132
WIDE -0.030533 0.77891

t._volts = {[HEX2DEC(hex_ valuc) - 2043.5]* 0.004883} * SCALE + OFFSET

t _ volts - LOOKUP(t volts, SC10_ VOLTS,SC10_VOLTS)
temp = LOOKUP(t its, SC10 _VOL 0_TEMP = — -
UP(t _ volis.SCI0_ VOLTS. SC10_ TEMP) + = SOKUP(t _ volts.SC10_ VOLTS.SCI0_dV_dT)
The HEX2DEC(hex_value) function converts a hexadecimal number to decimal. ‘Hex_value' is the wide or
narrow parameter to be converted to a temperature. '

The LOOKUP(t_voits, lookup_vector, result_vector) function searches the table (Standard Curve #10) to
find 7_volts’ in the lookup vector. 'Lookup_vector' is the searched vector. 'Result_vector' is the vector
which is reaurned based on the search. If the LOOKUP() function can't find an exact match to ‘t_volts', it
shall match the largest value in 'lookup_vector that is less than or equal to ''t_voits’.

EXAMPLE #1: ‘
Issuing the ‘report' command causes the CDE to return a hexedecimal value of 080D for data item #28 -
(temp diode 1 narrow range (50K to 100K)).

t_voits = {[HEX2DEC(080D) - 2048.5] * 0.004883} * (-0.006119) + 1.02132
t_volts = {[2061 - 2048.5] * 0.004883} * (-0.006119) + 1.02132

‘t_volts = 1.02095

' 102095 - LOOKUP(1.02095.SC10_ VOLTS.SCI0_ VOLTS)
temp = LOOKUP(1.02095.SC10 _ VOLTS.SCI0 _ TEMP)+ =
P - ANTTE LOOKUP(1.02095,SC10_ VOLTS.SCI0 _dV _dT)

1.02095-1.01525

temp = 80+
0.001*-1.93

temp = 77.05K
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, Appendix B: HTSSE CDE
T Updated: 8 April, 1995

HTSSE II CDE "report” Engineering Units Conversion
Cryo Diode Readouts (cont.)

EXAMPLE #2:

Issuing the 'report’ command causes the CDE to return a

(temp diode 2 wide range (50K to 100K)).

t_volts = {[HEX2DEC(01A9) - 2048.5]* 0.004883} * (~0.030533)+0.77891

t_ volts = {[425~2048.5]* 0.004883} * (~0.030533)+ 0.77891

t_volts = 1.020962

temp = LOOKUP(1.020962,SC10 _ VOLTS,SC10__ TEMP} +

hexedecimal value of 01A9 for data item #é7

1.020962 - LOOKUP(1.020962.5C10 _ VOLTS.SC10_ VOLTS)

0.001* LOOKUP({1.020962.SC10_ VOLTS.SC10_dV _dT)

1.020962 - 1.01525

temp = 80+ T —1.93

emp = 77.04K

Standard Curve #10
Temperature Cryo Diode dv/idT Temperature Cryo Diode dviT
X Voltage (mV/K) K Voltage {(mV/K)
(SC10_ TEMP) | (SC10 VOLTS) | (SC10 dV_dD) || (SC10_TEMP) | (SC10_VOLTS) | (SCI0,dV dT)

350 0.39783 244 | 130 0.91243 -2.16
340 0.42221 243 || 120 0.93383 212
330 0.44647 242 i 110 0.95487 -2.08
320 0.47069 242 1 100 0.97550 204
310 0.49484 241§ 95 0.98564 -2.02
270 0.50980 -2.39 |i 90 0.99565 -1.99
300 0.51892 2240 || 85 1.00552 -1.96
290 0.54294 =240 |l 80 1.01525 -1.93
280 0.56650 239 75 1.02482 -1.91
260 0.61465 -238 |t 70 1.03425 -1.87
250 0.63841 237 0l 65 1.04353 -1.84
240 0.66208 -2.36 |l 60 1.05267 -1.81
230 0.68564 235 |l 58 1.05629 -1.80
220 0.70908 234 11 56 1.05988 -1.79
210 0.73238 232 54 1.06346 -1.78
200 0.75554 231 0 52 1.06700 177
190 0.77855 229 | 50 1.07053 -1.75
180 0.80138 228 i 48 1.07402 -1.74
170 0.82404 2226 | 46 1.07748 -1.73
160 0.84650 22 | 44 1.08093 -1.72
150 0.86873 221 | 42 1.08436 -1.72
140 0.89072 -2.19 | 40 1.08781 -1.74

Note: Standard Curve #10 is taken from the Lake Shore Cryotronics, Inc. catalog.

Page 24 of 29




Appendix B: HTSSE CDE
"o Updated: 8 April, 1995

HTSSE II CDE "ttemf" Command, Engineering Units Conversion

Setting the desired temperature (variable: temp) is accomplished by sending the ttemf <n>command to
the CDE. The formula below is used to come up with the coefficient (n) to be sent:

volts = [t - LOOKUP(I.SCIO__T.S_CIO__T)] *0.001* LOOKUP(!.SCIO__T.SCIO_dV_dT)+ LOOKUP(t.SC10_T,SCI6_V)

n = INT(volts * (~33470.5) + 36068.4)

The LOOKUP(t, lookup_vector, result_vector) function searches the table (Standard Curve #10) to find 't’
in the lookup vector. 'Lookup_vector' is the searched vector. ‘Result_vector' is the value which is returned
based on the search. If the LOOKUP() function can't find an exact match to 7', it shall match the largest
value in 'lookup_vector' that is less than or equal to 't".

The INT(n) function rounds a number down to the nearest integer.

EXAMPLE:

To set a temperature of 76.0 K using the ' ttemf <n>'command, the value of nshall be 1788 as
determined below:

t=77.00

volts = {77.00 - LOOKUP(77.00.5C10_T.SC10_T)}*0.001 * LOOKUP(77.00.SC10_T.SC10_dV _dT)+ LOOKUP(77.00.SC10_T,SCI0_V)
volts = [77.00 - 75] * 0.001 * (~1.91) + 1.02482

volts = 1.021000

n = INT(1.021000 * (-33470.5) + 36068.4)

n = INT(1895.0195)

n=1895
Standard Curve #10
Temperature Cryo Diode dv/dT Temperature Cryo Diode dv/idT
1:¢] Voltage (mV/K) x) Voltage (mV/K)

(SC10.T) (SC10_V) (SC10_dV_dT) (SC10.T) (SC10._V) (SC10_dV_dT)
350 039783 -2.44 130 0.91243 -2.16
340 042221 -2.43 120 0.93383 -2.12
330 0.44647 ~2.42 110 0.95487 -2.08
320 0.47069 -2.42 100 0.97550 204
310 0.49484 -241 95 0.98564 -2.02
Z10 0.50980 -2.39 90 0.99565 -1.99
300 0.51892 -2.40 85 1.00552 -1.96
200 0.54294 -2.40 80 1.01525 -1.93
280 0.56690 -2.39 75 1.02482 -1.91
260 0.61465 -2.38 70 - 1.03425 -1.87
250 0.63841 - -2.37 65 1.04353 -1.84
240 0.66208 -2.36 60 1.05267 -1.81
230 0.68564 -2.35 58 1.05629 -1.80
220 0.70908 -234 56 1.05988 -1.79
210 0.73238 -2.32 54 1.06346 -1.78
200 0.75554 -231 52 1.06700 -1.77
190 0.77855 -2.29 50 1.07053 -1.75
180 0.80138 -2.28 48 1.07402 -1.74
170 0.82404 . -2.26 46 1.07748 -1.73
160 0.84650 -2.24 44 1.08093 -1.72
150 0.86873 -221 42 1.08436 -1.72
140 0.86072 -2.19 40 1.08781 -1.74

Note: Standard Curve #10 is taken from the Lake Shore Cryotronics, Inc. catalog.
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APPENQIX D. [11i0uis soire

Updated: 8 April, 1995

HTSSE H CDE "atem' Command, Engineering Units Conversion

_he 'atem command is used to determine the actual temperature sensed by the cryo diode. The 'atem
command responds in two different ways depending on the mode that the CDE is in. When in temperature
control mode (mode 1) it includes compensation for any drift due to changes in temperature of the CDE.
as well as averaging of the data to help reduce the effects of electrical noise. When in manual mode (mode
2) or cooler off mode (mode 0)it responds with the instantaneous reading of the cryo diode (no
averaging, no drift compensation).

The atemn command returns ‘temperature’ when in temperature control mode using the following algorithm:
temperamre = [TRUE _ REFERENCE - AVERAGE(reference _reading)] + AVERAGE(diode _ reading)

The atem command returns ‘temperature’ when in manual or cooler off mode using the following algorithm:
temperature = diode_ reading

Where:

reference_reading = the CDE internal temperature reference.

diode_reading = the cryo diode, one of two, determined by the ' tsrc <n>' command.

TRUE_REFERENCE = nominal reference value stored in ROM (the value is = 1648).
AVERAGE() = this function takes a 200 point running average.

Conversion from hexadecimal to temperature for the response to 'atem’ uses the same formula as the
'report’ command, narrow range cryo diode data. '
t_volts = {[HEX2DEC(bex _ value) - 2048.5]0.004883} * (-0.006119) +1.02132

t_ volts — LOOKUP(t _volts,.SC10_VOLTS. SC10_VOLTS)

= LOOKUP{t_ volis.SCI10_ VOLTS.SC10_TEMP $volts = LOOK Y o v dT)
e e )+~ 501 ° LOOKUR(1 _ volts.SC10_VOLTS.SC10_dV _dT)

The HEX2DEC(hex_value) function converts a hexadecimal number to decimal. 'Hex_value' is the
parameter to be converted to a temperature.

The LOOKUP(t_volts, lookup_vector, result_vector) function searches the table (Standard Curve #10) to
find 't_volts® in the lookup vector. ) p_vector' is the searched vector. 'Result_vector’ is the vector
which is returned based on the search. If the LOOKUP(Q) function can't find an exact match to 't_volts', it
shall match the largest value in "lookup. vector that is less than or equal to *¢_volts’.

EXAMPLE:
Issuing the 'atem’ command causes the CDE to return a hexedecimal value of 080D:

{_volts= {[mznsc(osoo) -2048.5]* o.omsss} » (-6.0061 19)+1.02132
t_volts = {[2061-2048.5]* 0.004883} * (~0.006119) +1.02132

t_ volts = 1.02095

1.02095 — LOOKUP{1.02095. SC10_VOLTS.SCIO0.. VOLTS)

temp = LOOKUP(1.02095, SC10_VOLTS.SC10_TEMP}+
i UK ) 0.001* LOOKUP(!.OZO?S.SC]O_VOLTS.SCIO_dV _4aT)

1.02095-1.01525

temp = 80+
it 0.001°-1.93

temp = 77.05K
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Appendix C: MOPITT EQM CDE
Updated: 8 April, 1995

MOPITT EQM CDE Default Operating Parameters
1) Operating mode (mode 0, Cooler off) ‘

2) Vibr_ation control mode (vem 1, P-DECS)

3) Target temperature (ttem 3278, Nominal 96.0 K)

4) Temperature control loop proportional gain (setP 32767, proportional gain = 1)
5) Temperature control loop integral gain (setI 1024, integral gain =0.031)

6) Temperature control loop derivative gain (setD 512, derivative gain = 0.016)

7) Temperature control loop integrator limit (i1im 3000, integrator limit = 3000)

8) Compressor A stroke bias (bias 0 0,0.00 mm)
Compressor B stroke bias (bias 0 2,0.00 mm)

9) Displacer A stroke bias (bias 0 1, 0.00 mm)
Displacer B stroke bias (bias 0 3,0.00 mm)

10) Compressor A stroke amplitude (amp 525 0,5.127 mm)
Compressor B stroke amplitude (amp 525 2,5.127 mm)

11) Displacer A stroke amplitude (amp 266 1,2.598 mm)
Displacer B stroke amplitude (amp 266 3,2.598 mm)

12) Compressor A stroke negative limit (wmin -716 0,-3.50 mm)

~ Compressor B stroke negative limit (wmin -716 2,-3.50 mm)

13) Displacer A stroke negative limit (wmin -357 1,-1.75 mm)
Displacer B stroke negative limit (wmin -357 3, -1.75 mm)

14) Compressor A stroke positive limit (wamx 717 0, 3.50 mm)
Compressor B stroke positive limit (wamx 717 2, 3.50 mm)

15) Displacer A stroke positive limit (wmax 358 1, 1.75 mm)
Displacer B stroke positive limit (wmax 358 3, 1.75 mm)

16) Phase relationship A compressor to A displacer:(phase 4787 1,66.962 degrees)
Phase relationship B compressor to B displacer:(phase 4787 3,66.962 degrees)

17) Diode for temperature control (tsrc 2, diode on cooler A, S/N: BR06848)

18) Cooler operating frequency (spe 241,=43.955 Hz)

19) Compressor A Position DECS (P-DECS) gain (dgain 1 0, gain= 0.5)
Compressor B Position DECS (P-DECS) gain (dgain 1 2, gain=0.5)

20) Displacer A Position DECS (P-DECS) gain (dgain 1 1,gain= 0.5)
Displacer B Position DECS (P-DECS) gain (dgain 1 3, gain=0.5)

(MOPITT Default Operating Parameters continued on page 29)
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Appendix C: MOPITT EQM CDE
" Updated: 8 April, 1995

(MOPITT Default Operating Parameters continued from page 28)
21) Compressor A Position DECS (P-DECS) shift (dshif 27 0, shift=27)
Compressor B Position DECS (P-DECS) shift (dshif 27 2,shift=27)
22) Displacer A Position DECS (P-DECS) shift (dshif 27 1,shift=27)
Displacer B Position DECS (P-DECS) shift (dshif 27 3, shift=27)

23) Position DECS (P-DECS) bias scale (dbiscl 7642, gain =TBD)
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: Updated: 25 January, 1997
MOPITT FM CDE Default Operating Parameters

1) Operating mode (mode 0, cooler "off™)
2) Vibration control mode (vem 2, Acceleration Digital Error Correction System (A-DECS))
3) Target temperature (ctemf 3278, = 96 deg K)
4) Temperature control loop proportional gain (setP 32767, proportional gain = 1.0)
5) Temperature control loop integral gain (setI 1024, integral gain = 0.031)
6) Temperature control loop derivative gain (setD 512, derivative gain = 0.016)
7) Temperature control loop integrator limit (114m 3000, integrator limit = 3000)
8) Compressor A stroke bias (bias 0 0,0.00 mm)

Compressor B stroke bias (bias 0 2, 0.00 mm)
9) Displacer A stroke bias (bias 0 1, 0.00 mm) -

Displacer B stroke bias (bias 0 3, 0.00 mm)
10) Compressor A stroke amplitude (amp 545 0, 5.322 mm)

Compressor B stroke amplitude (amp 575 2, 5.615 mm)

11) Displacer A stroke amplitude (amp 276 1, 2.695 mm)
Displacer B stroke amplitude (amp 307 3,2.998 mm)

12) Compressor A stroke negative limit (wmin -740 0,7.227 mm)

. Compressor B stroke negative limit (wmin -740 2,7.227 mm)

13) Displacer A stroke negative limit (wmin -307 1,2.998 mm)
Displacer B stroke negative limit (wmin -307 3,2.998 mm)

14) Compressor A stroke positive limit (wmax 7 41 0,7.227 mm)
Compressor B stroke positive limit (wmax 7 41 2,7.227 mm)
15) Displacer A stroke positive limit (wmax 308 1,2.998 mm)

»

Displacer B stroke positive limit (wmax 308 3,2.998 mm)

16) Phase relationship between the compressor A and displacer A (phase 4003 1, 56.0 degrees)
Phase relationship between the compressor B and displacer B (phase 4003 3, 56.0 degrees)

17) Diode for temperature control (taxc 2, diode at the thermal interface)
18) Cooler operating frequency (spc 241, = 43.96 Hz)

19) Compressor A Position DECS (P-DECS) gain (dgain 0 0, gain = 1)
Compressor B Position DECS -DECS) gain (dgain 0 2,gan= 1)

20) Displacer A Position DECS (P-DECS) gain (dgain 0 1, gain=1)
Displacer B Position DECS (P-DECS) gain (dgain 0 3, gain=1)

21) Compressor A Position DECS (P-DECS) shift (dshif 30 0, shift = 30)
Compressor B Position DECS (P-DECS) shift (dshif 30 2, shift = 30)

22) Displacer A Position DECS (P-DECS) shift (dshif 27 1, shift = 27)
Displacer B Position DECS (P-DECS) shift (dshif 27 3, shift =27)

23) Compressor A Acceleration DECS (A-DECS) gain (dgain 1 0, gain = 1/2)
Compressor B Acceleration DECS (A-DECS) gain (dgain 2 2, gain = 1/4)

24) Displacer A Acceleration DECS (A-DECS) gain (dgain 1 1, gain = 1/2)
Displacer B Acceleration DECS (A-DECS) gain (dgain 5 3, gain = 1/32)



. Updated: 25 January, 1997

25) Compressor A Acceleration DECS (A-DECS) shift (dshif 27 0, shift = 27)
Compressor B Acceleration DECS (A-DECS) shift (dshif 26 2, shift = 26)
2 DECS (A-DECS) shift (dshif 30 1, shift=30)

26) Displacer A Accelerat _ _ .
Displacer B Acceleration DECS (A-DECS) shift (@shif 26 3, shift =26)

27) DECS bias scale (@biscl 7642, gain = 0.117)
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T4c4
Oefc
2934
436¢
ddad
77dc
1214
ac4c
4684
elbc
Taf4
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af64
499¢
e3d4
7e0c
1844
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4cb4
e6ec
8124
1b5c
b594
4fcc
eal4
843c
le74
b8ac
52e4
edlc
8754
218c
bbc4
S55fc
£034
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24a4
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5914
f34c
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f664
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c824
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deba
78a2
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474a
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4d7a
e7b2
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1c22
b65a
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b972
S3aa
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8b32
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c2ba
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£72a
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c5d2
600a
fad2
947a
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6322
fdba

4b17
7472
6163
7061
4d20
4a44
4147
433a
3a42
3ff1
da29
7461
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agdl
4309
dd41l
7779
11bl
abe9
4621
e059
7a%1
14c9
af0l
4939
e371
7da9
17el
b219
4c51
e689
80c1
laf9
b531
4£69
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83d9
lell
b849
5281
ecb9
86f1
2129
bbé6l
5599
efdl
8a09
2441
be79
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2759
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Sbc9
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2a71
c4a9
Seel
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2d89
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61£9
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9669
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756d
6b65S
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4445
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3a52
474a
593a
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41e0
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df30
7968
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adds
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e248
7¢80
16b8
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4b28
e560
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1940
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4e40
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b720
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5470
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bds50
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2948
c380
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c698
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£b08
9540
2£78
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2041
5620
483a
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7527
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43ct
de07
783f
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46e7
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Tb57
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afc7
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8187
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5347
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972f
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0003040
0003060
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0003240
0003260
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0003660
0003700
0003720
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0004020
0004040
0004060
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feeb
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3356
cd8e
67c6
0lfe
9c36
366e
d0abé
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0516
9fde
3986
d3be
64f6
082e
az266
3c9e
dedsé
710e
0b4s
aS7e
3fb6
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7426
OeSe
aB96
42ce
ddos
773e
1176
abae
45e6
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7a56
148e
aecé
48fe
e336
Tdée
17a6
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4cl6
ebde
8086
labe
b4fe
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e966
839%e
1dade
b80e
5246
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86b6
20ee
bb26
55%e
ef96
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2406
be3le
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f2ae
8ceb
271e
cl56
Sbh8e
f5c6
gffe
2al36
c46e
Seab

fdbd
897f£5
322d
ccéS
669d
00d5
9b0d
3545
cf7d
69b5
03ed
9e25
385d
d295
6ccd
0705
al3d
3b75
dSad
6feS
O0ald
a455
3e8d
dscS
72f4
0435
a76d
41as
dbdd
7615
1044
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44bd
defS
7924
1365
adgd
47d5
e20d
7c45
1674
b0b5
4aed
e525
7£5d
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b3cd
4e05

e83d’
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lcad
béeb
511d
eb55
8584
1feS
b9fd
5435
eebd
g88a5
22dd
bdi5
574d
£185
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25£5
c02d
S5a65
£494
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c345
5474
£7b5
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3104
cb3c
6574
ffac
99%e4
341c
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688¢c
02c4
Scfc
3734
diéc
6bad
05dc
all4
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d484
6ebc
08f4
a32c
3d64
d79c¢c
7144
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a644
407¢c
dab4
T4ec
0f24
al%5¢c
4394
ddcc
7804
123¢c
ac74
46ac
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Tblc
1554
af8c
49c4
e3fc
Te34
186¢c
b2a4
4cdc
e714
8l4c
1b84
bSbe
4ff4
ea2c
8464
le%¢c
b8d4
530c¢
ed44
877¢
21b4
bbec
5624
f05¢
8a9%4
24cc
bf04
593¢
£374
8dac
27e4
c2lc
Sc54
f68¢c
90c4
2afc
c534

644b
feB3
98bb
32f£3
cd2b
6763
019b
9bd3
360b
do43
6alb
04b3
9eeb
3923
d3sb
6d93
07¢cb
a203
3c3b
de673
70ab
Oael
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3£53
d9sb
73c3
0dfb
agil
426b
dcal
76db
1113
ab4db
4583
dfbb
79£3
142b
ae63
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e2d3
740b
1743
bl7b
4bb3
eSeb
8023
1aSb
b493
4ecb
e903
833b
1473
b7ab
51e3
eclb
8653
208k
bac3
54fb
ef33
896b
23a3
bddb
5813
£24b
8c83
26bb
cO0f3
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563
8f9b
29d3
c40b
Se43
£87b
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31lca
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663a
0072
Saaa
34e2
cfla
6952
038a
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37fa
d232
6céa
06a2
atda
3bl2
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6£82
09ba
a3f2
le2a
dge2
729%a
0cd2
a70a
4142
db7a
75b2
Ofea
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445a
de92
78ca
1302
ad3a
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elaa
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elda
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b682
50ba
eaf2
852a
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53d2
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bfca
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f43a
8e72
28aa
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5dla
£752
918a
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££49
9981
313b9
cdfl
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0261
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36dl
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6bdl
0579
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39e9
d421
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3d01
d739
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Oba9
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e081
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af29
4961
e399
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1809
b241
4¢79
e6bl
80e9
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le39
b871
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2469
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8d49
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2a99
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ccc8 000f
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35a8 68ef
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bl1l8 e4Sf
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e588 18cf
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8f38 c27f
2970 Scb7?
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0004500
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0005120
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0005540
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0006040
0006060
0006100
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64d6 981d
ff0e 3255
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337e 66c5
cdb6 00fd
67ee 9b35
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9cSe cfas
3696 69dd
d0ce 0415
6b06 9edd
053e 3885
9f76 d2bd
3%ae 6¢f5S
d3e6 072d
6ele alés
0856 3b9d
a28e dsds
3ccé 700d
dé6fe 0a4s
7136 a47d
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aSa6 d8ed
3fde 7325
dalé 0454
744e a795
0eB6 41lcd
a8be dc05
42f6 763d
dd2e 1075
7766 aaad
119e 44e5
abdé dfid
460e 7955
e046 138d
7a7e adcS
14b6 47fd

.aeee e235

4926 7céd
el5e 16as
7496 b0dd
17ce 4blS
b206 eS54d
4c3e 7£85
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lae6 4e2d
b51le e865
4£56 829d
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83c6 b70d
1dfe 5145
b836 eb7d
526e 85bS
ecabé lfed
86de balb
2116 5454
bbde eeds
5586 88cd
efbe 2305
89£6 bd3d
242e 5775
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589%e 8beS
f2d6 261d
8d0e c055

Sféc
f9a4
93dc
2eld
c84c
6284
fcbe
96f£4
312c
cb64
659¢
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9alc
3444
celc
68b4
02ec
9d24
375¢c
di94
6bcc
0604
al3c
3a74
d4ac
6eed
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a3l54
3d8c
d7c4
71fc
0c34
a6éc
40a4
dadc
7514
0f4c
a984
43bc
ddf4
782¢
1264
ac9c
46d4
elOc
7b44
157¢
afbd
49ec
e424
Te5c
1894
b2cc
4304
e73c
8174
1bac
bS5ed
501c
ea54
848c
lecd
b8fc
5334
edéc
87a4
21dc
bcl4
564c
£084
8abc
24f4
bf2c
5964
£39c¢c

92b3
2ceb
c723
615b
fb93
95c¢cb
3003
ca3b
6473
feab
98e3
331b
cd53
678b
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9bfb
3633
do6b
6aal

9f13
394b
4383
6dbb
07€£3
a22b
3¢63
dé69b
70d3
0b0b
a543
3£f7b
d9b3
73eb
0e23
a8Sh
4293
dccb
7703
113b
ab73
45ab
dfe3
7alb
1453
ae8b
48c3
e2fb
7433
176b
bla3
4bdb
e613
804b
la83
bibb
4ef3
e92b
8363
1d4s%b
b7d3
520b
ec43
867b
20b3
baeb
5523
efSh
8993
23ch
be03
583b
£273
8cab
26e3

c5fa
6032
fada
94a2
2eda
c912
634a
fdg2
97ba
31f2
ccla
6662
009a
%ad2
350a
cf42
697a
03b2
Sdea
3822
d25Sa
6c92
O6ca
alo2
3b3a
das72
6faa
09e2
adla
3e52
ds8ga
72c¢2
Ocfa
a732

-416a

dba?2
75da
1012
aada
4482
deba
78f£2
132a
ad62
479%a
eld2
7c0a
1642
bo7a
4ab?2
edea
7£22
195a
b392
4dca
eB802
823a
ic72
bé6aa
50e2
ebla
8552
1f8a
b9c2
S3fa
eel32
886a
22a2
bcda
5712
filda
8b82
25ba
bff2
Saza

£941
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2dbl
c7e9
6221
fc59
9691
30c¢9
cb01
6539
££71
99a9
33el
cel$
6851
0289
9ccl
36€£9
dl31
6b69
05al
9£d9
3all
d44s
6e81
08b9
a2fl
3d29
d761
7199
0bd1l
a609
4041
da79
74bl
Oee9
a921
4359
dd9l
77¢9
1201
ac39
4671
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1519
afs1
4989
e3cl
7d4£9
1831
b269
4cal
e6d9
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1b49
b581
4£fb9
e9fl

2c¢88
c6cO
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fb30
9568
2fal
c9ds
6410
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9880
32b8
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6a40
0478
9eb0
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d320
6d58
0790
alc8
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de3s
7070
0aa8
a4el
3f18
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7388
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a7f8
42390
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76a0
10d8
abl0
4548
df8o
79b8
13f0
ae28
4860
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7cdo
1708
bl40
4b78
eSho
Tfe8
la20
b458
4e90
e8c8
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1438
b770
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ebel
8618
2050
ba88
S54c0
eef8
8930
2368
bda0
5748
f210
8cd8
2680
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2e77
c8af
62e7
fdif
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6c2f
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3def
ds27
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a6ef
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deS57
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acff
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15df
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84ef
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0007400
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0007440
0007460
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0007560
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0010020
0010040
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0010100
0010120
0010140
0010160
0010200
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0010240
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0010300
0010320
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0010360
0010400
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0010440
0010460
0010500
0010520
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0010660
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0011060
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9026
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c496
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£906
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2d76
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9656
308e
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ff36
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cdde
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024e
9c86
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dofe
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39d6
d40e
6e46
087e
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3cee
d726
715e
0b96
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4006
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7476
Ceae
a8eb
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778e
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abfe
4636
el6e
Taab
1l4de
aflé
494e
e386
7dbe
17f6
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4c66
e69%e
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D546
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e9b6
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le26
b85e
5296
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8706
213e
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2935
c36d
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£7dd
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2f65
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3274
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3595
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6a05
043d
9e75
38ad
d2eb
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0755
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asfd
7035
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3edd
d915
7344
0485
a7bd
41f€5
dc2d
7665
1094
aad5S
450d
df45
7974
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aded
4825
e25d
7¢95
16cd
b105
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e575
7fad
19e5
b4ld
4eS5
e88d
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icfd
b735
516d
ebas
85dd
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badd
5485
eebd

8dd4
280c
c244
Scic
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2b24
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c874
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cb8c
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9a34
346¢
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9d4c
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6bf4
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a064
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0944
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0cS¢
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43e4
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7854
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el34
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15a4
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eddc
Te84
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ealc
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ed%4
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Seéb
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5d42
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605a
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03da
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7602
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510a
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5422
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8892
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f651
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£969
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ch29
6561
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3409
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6879
02bl
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3721
dl59
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ad01
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d471
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08el
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a789
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1541
af79
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8769
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8f60
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b480
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e8f0
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