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é/ LTC Demo Objectives

o Establish LTC status versus requirements
« Expose LTC operation & configuration capabilities to users

 Obtain feedback to change requirements or software
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é Demonstration Overview: Status vs. Requirements

« Today’s demo covers the Thermal Control System:

— The demo uses simulated ADC counts that would normally be read
from the PDU via the LAT Communications Board

— Otherwise, all functionality closely resembles that for the Flight
Unit: (1) reading thermal control parameters from the SIU file
system, (2) converting ADC counts and executing the control
algorithm, (3) manipulating the heater control switches on the SIB

— Addresses the following requirements:

« 53.19.11
e 53.19.1.2
5.3.19.1.3
5.3.19.1.4
5.3.19.1.5
5.3.19.2
5.3.19.3
5.3.19.5
5.3.19.6
5.3.19.12
5.3.19.13
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Sensor to ADC Mapping

Set of Sensors to be Read
Set of Sensors for Algorithm
Raw ADC Data

Control Parameters

Thermal Control Initialization
Convert ADC to Temperature
Determine Heater Setting
Shut-Down

Heater Control Signals

TCS Telemetry
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HP[0] -Y Rad. VCHP 0

HP[5] -Y Rad. VCHP 5
HP[6] +Y Rad. VCHP 0

HP[11] +Y Rad. VCHP 5

Primary/Redundant

X12/PDU

X12/PDU

VCHP Reservoir Temps

Overview of the System

Downspout CCHPs
(12ph)

X-LAT CCHPs
(Not Shown)
©ph)

Embedded VCHPs
(12 pl, 6 per Radiator)

Note: Tracker Towers, ACD,
Calorimeters, and MLI not shown
for clarity

RIT Monitor — thermistors
RES Temp. Monitor - RTD

\12

VCHP Heater PCE'
Status (On/Off)

“On/OFF” VCHP Heater

Radiator IFTemps

“Open” VHCP Watch-dog Sw

Configuration Files

« Sensor To ADC Mapping.
*« ADC To Temp Param.

« Algorithm Param.

« Control/Monitoring Param

SIU PROCESSOR




é/ Context for the Demonstration

*The demonstration is run using:

;ﬁ\n gnv2304 (%‘,tPU crate to act as s U e
e Spacecra ==
RAD750
A RAD750 crate to act as the @ 9
SIU S| 1553 S S
> S [3)
*Thermal Control telecommands and Ethemet |~
Ethernet
telemetry are sent over the 1553 ]
interface
*FSW will be loaded on the

Spacecraft and SIU crates

(=

S
Demo
Terminal
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é Simulated Sensor Data

 |In actual operations, the ADC data is read from the PDU via the
LAT Communications Board, but the demo is simulated:

— However, only minimal changes are required to read from the
hardware

« Today’s simulated data follows a basic linear function of
“heating” and “cooling”:

— If the HP reservoir heater is currently on:

e New RIT temperature = current RIT temperature + 0.2C
— If the HP reservoir heater is currently off:

* New RIT temperature = current RIT temperature — 0.2C
— Some random noise is added to this progression
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LTC Control Logic

Assumptions:
- Start htr flag OFF
- Trit-Tres > 6C

OFF
OFF
1 OFF ritHi=-4
ON @OFF
O :
@ OFF fitLo=-5

Time
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YES

LTC Control Logic (ll)

Assumptions:
@ - Start htr flag OFF

- Trit-Tres <=6C

@SF\F
OFF
4%\ OFF G resHi=-64
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@ OFF ON OFF
@ OFFA" ON resLo=-65
ON
Time

Assumptions:
- Start htr flag OFF
- Trit-Tres > 6C

OFF
OFF
2% OFF P resHi=-64
OFF ON (2)OFF
ON
@ OFF resLo=-65
ON
Time
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é Creating LTC Configuration File Binaries

RIT Temp Conversion Tables

RTCNVxx.xml JJ

RSVR Temp Conversion Tables

RSCNVxx.xml JJ

RIT Smoothing Filter Definitions
[

RTFLTxx.xml

"

RSFLTxx.xml

{LTC_CFG

» LTC Cfg.bin

LTC Cfg.xml

—

TCS HP Config File

[ file_hdr_prefix J\

LTC Cfg bin.f

LTC_Snsrs.bin.f FILE_sendUpl
T (path,div,dir,f#)

[ file_hdr_prefix ]

{ LTC _Snsrs J—»

T

LTC_Snsrs.bin

TCS Sensor Def File /

LTC_Snsrs.bin
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FILE IDs:
0x41400000 - f00000
0x41400001 - f00001
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SIB

EEPROM

(/ee0/d0005/
f00001)




‘A LAT Thermal Control Software Configuration - Microsoft Internet Explorer =]
File Edit “iew Favorites Tools  Help ar
~

LAT Thermal Control Software Configuration

Heat Pipe Setup

HP Active Fail RIT (I;fITV FI?I]_?}HF RES 5{?3, II}EF? Rlli S RI-]EiS lgf R}{IT DELTA

o || ves | |oFF [|pske [0 | ([0 (P |[[h | |]e | |[es0 ||-640 |[-50 [|40 || B0 |
] es | [[oFF Jif<e J1 0 T ([ TR 1 ][ | |[650 ||640 |50 |0 || [p0 ] |
iz || ves | |oFF ||osHer || | 0 JP [ ||z | |[es0 ||l6a0 ||s0  [|40 || [e0 |

3 || vEs | JoFF ||xwer || 0 | 0 P I I | |0 ||l6a0 ||s0 [|40 || e0 |

4 || vEs | |oFF ||oswe ||z | 0 P f| | I | |es0 ||l6a0 ||B0  [|40 || e0 |

5 || [ves | |loFF ||oske || {2 | ([ |Im || | |0t | |[es0 |[840 ||-50 |[40 || |60 |

& || ves | |oFF [|pske [0 | (0 (P |0 ||t | ||es0 [|-B40 |[-50 [|40 || B0 |

7 |/ves | |oFF ||oske || e | 0 || || | |lz | |[es0 ||6a0 ||50 [|40 || 60 |

& || ves | |oFF ||oske [[ [ | 0 TP f| 3 ||l | |[es0 |40 ||ls0  [|40 || [e0 |

o |/ vEs | |oFF ||oswe |0 | P fl ]2 | [ | |es0 ||l6a0 ||s0 [|40 || e0 |

o || ves | |oFF ||oswe [0 | 0 P f| | [l2 | |es0 ||l6a0 ||50  ||40 || g0 |

11 || [ves | |loFF [|oske |0 | ([ ||k |15 | |0t | |[e50 |[B40 ||-50 [[40 || |60 |

o
&] Done 9 My Computer
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é Example Temperature Conversion Tables

2 LAT Thermal Control Software Config... [= |[8]8X] [ 3 LAT Thermal Cantrol Software Conf.... [= |(0)[X)
File Edit Wew Favorites Tools Help f Fil=  Edit Wiew Favorites Tools Help ,'
NAME: -RTCNVO01- ~ 3

NAME: -RTD001-
RIT Thermistor
Temperature Conversion RTD Reservoir
Table Temperature Conversion
Table
ADC Counts Degrees Celsius
ADC Counts Degrees Celsius
|
o
< | 5 < | >
I@_.] Done d My Compuker I@ Crone :J My Compuker
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Example Smoothing Filter Configuration Table

A LAT Thermal Control Software Confi... E][E|E|

File Edit \jew Favorites Tools  Help ,’
A
RIT Smoothing Filter
Coefficients
# |CoefTicient
0 05238
1 0.3810
i 0.238
3 0.0as2
4 -0.0476
E -0.1905
L
£ >
@ Daone J My Corputer
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File Edit View Favorites Tools Help

File Edit View Favorites Tools Help

Thermal Control Sensor Definition

Table

PRIMARY PDU

HP # Name Group # ADC #
6 +Y VCHP RSVR HTR T 0 2 10
7 +Y VCHP RSVR HTR T 1| 3 10
8 +Y VCHP RSVR HTR. T 2| 4 10
9 +Y VCHP RSVR HTR. T 3 5 10
10 +Y VCHP RSVR HTR. T 4| 6 10
11 +Y VCHP RSVR HTR. T 5| 7 10
0 -Y VCHP RSVR HTR. T 0 2 12
1 -Y VCHP RSVR HTR. T 1| 3 12
2 -Y VCHP RSVR HTR. T 2 4 12
3 .Y VCHP RSVR HTR T 3 5 12
4 |-Y VCHP RSVR HTR. T 4| 6 12
S -Y VCHP RSVR HTR. T 5 7 12
6 +Y VCHP DSHP INTF.T 0 4 7
7 +Y VCHP DSHP INTF. T 1 5 7
8 +Y VCHP DSHP INTF.T 2 6 7
&] Done " My Computer

9 +Y VCHP DSHP INTF T 3
10 +Y VCHP_DSHP INTF T 4
11 +Y VCHP DSHP INTF T 5
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7 7
0 3
1 3
0 |-Y VCHP DSHP INTF T 0 2 8
1 |-¥ VCHP DSHP INTF T 1 3 8
2 |-Y VCHP DSHP INTF T 2 4 8
3 |-Y VCHP DSHP INTF T 3 5 8
4 |-Y VCHP DSHP INTF T 4 & 3
5 |-Y_VCHP _DSHP INTF_ T 5 7 8
6 Y VCHP XLHP INTF T O 2 14
7Y VCHP XILHP INTF T 1 3 14
8 +Y VCHP XLHP INTF T 2 4 14
9 +Y VCHP XLHP INTF T 3 5 14
10 +Y VCHP XLHP INTF T 4 6 14
11 +Y VCHP XILHP INTF T 5 7 14
0 |-Y_VCHP XLHP INTF_T 0 2 15
1 |-Y¥Y VCHP XLHP INTF T 1 3 15
2 |-Y VCHP XILHP INTF T 2 4 15
3 |-Y VCHP XLHP INTF T 3 5 15
4 |-Y VCHP XLHP INTF T 4 6 15
5 |-Y VCHP XLHP INTF T 5 7 15 =
&) Done 4 My Computer
13
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é Demo Procedure (Spacecraft Side)

Embedded Spacecraft Simulator (lat-elf 9)

— < lat2304.vxw (load spacecraft software object files)

— SCP_init 3 (start 1553 telecommand & telemetry with LAT )
— SCP_setDiagnostic n (dump n LTC telemetry records)

— LTC _SndSetParam (send telecommand to change HP limits)
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é Demo Procedure (LAT Side)

RAD750 LAT-LTC (lat-elf19)
— < |latR750.vxw (load LAT side software object files)

— LCP_init (start 1553 telecommand & telemetry with
spacecraft)

— LTC Init 2,1,0x41400000,0x41400001 (LTC init with config
files from EEPROM)

— LTC_StartTask (start LTC periodic and telecommand
processing)
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= LAT Side LTC Demo Output

windsh: lat-elf1%@lat-arwen

LTC Temperatures iCelsiusl:
———IELTA--

——HP#—— ——CHI-—- ' Lo TmpsLimit
() OFF 27 2
1 OFF -Bh, 0 272
(2 g -E5,0 26,7/
03 OFF -BR,0  2B.BS
(4 OFF 65,0 26,8/
(5 OFF -Bh,0 27,4/
6 OFF 5,0 Z2b,BS
0y OFF -Bh,0  2FES
g OFF 65,0 26,3/
19 OFF -Bh, 0 270
110 OFF -E5,0 262
11 OFF -EL,0 27,4/

+ + +
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+

+
+
+
+

+
+
+
+

+
+
+

+

+
+
+
+

+
+
+
+

+
+
+
+

+

Mm@ IO O o o
+
T AT T AT D AT o T T T T T

T T M e et e et el e
|

o g I iy By iy g ) R
+

T AT T AT T AT T T T

+

+

|

R i e i o O
+

T AT T AT T AT T T T
|

i S L
+

= 51T kel Gl k] R B OO

+

16 February 2005 Monthly FSW Functional Demo 16



LTC Spacecraft Side Telemetry Dump

windsh: lat-elf9@florad1
10- 13 Qx000dddiod

timeztamp {uzec? 908548

HP=

Raw
HP4#
HP4#
HP#
HP#
HP4
HP4
HP#
HP#
HF#
HP4#
HP4#
HP#

Active: Oxfff

AIC Counts:

o0 DSHP_RIT-762 DISHP_RIT_R-7E2
01 DSHP_RIT-759 DSHP_RIT_R-759
02 DSHP_RIT-757 DISHP_RIT_R-757
03 DSHP_RIT-758 DISHP_RIT_R-753
04 DSHP_RIT-759 DSHP_RIT_RE-759
05 DSHP_RIT-7E0 DSHP_RIT_R-7EO
05 DSHP_RIT-7E0 DSHP_RIT_R-759
0F DSHP_RIT-759 DSHP_RIT_R-759
08 DSHP_RIT-759 DSHP_RIT_R-FEO
09 DSHP_RIT-762 DSHP_RIT_R-7E2
10 DSHP_RIT-761 DISHP_RIT_R-7E1
11 DSHP_RIT-758 DISHP_RIT_R-753

LTC Telemetry Payload

HF Selected Sensors RITARSWE: Q000 Oxl0 OxB250
11-0/F 10-0/F 9-D/F 2-0/F 7-D/F 6-0/F 5-D/R 4-D/F 3-HR/F 2-IR/P 1-4#/F 0O-D/P

HF Sensors Status (RITARSYRD: 0000000
#00-0K 0K #01-0KA0K #02-0KA0K #03-0K 0K #04-0K0F #05-0K0K #06-0K 0K #07-0KA0K #03-0K0K #09-0K 0K #10-0K/ 0K #11-0K/0K

KLHP_RIT-7E2
KLHP_RIT-753
HLHP_RIT-757
HLHP_RIT-753
HLHF_RIT-753
HLHF_RIT-7E0
HLHP_RIT-7E0
HLHP_RIT-753
KLHP_RIT-7E0
KLHP_RIT-7E2
KLHP_RIT-7E0
HLHP_RIT-753

HF Reserwoir Heater Commanding: OwxffFf
#00-0M #01-0N #02-0M #03-0M #04-0M #06-0M #065-0N #07-0M #05-0M #09-0M #10-0M #11-0M

End LTC Telemetry Payload
S S s o

KLHP_RIT_R-7E2
KLHP_RIT_R-753
HLHP_RIT_R-747
HLHP_RIT_R-7h8
HLHP_RIT_R-759
HLHP_RIT_R-7E0
HLHP_RIT_R-7&0
HLHP_RIT_R-753
KLHP_RIT_R-7E0
KLHP_RIT_R-7E1
KLHP_RIT_R-7E1
HLHP_RIT_R-7hg

RSVRE_HTE-1171 RSVR_HTR_R-1172
RSVE_HTE-1161 RSVR_HTR_R-11EZ2
RSVE_HTE-1164 RSVR_HTR_E-11E1
RSVE_HTE-1174 RSVR_HTR_E-1171
RSVE_HTE-1163 RSVR_HTR_R-1170
RSVE_HTE-1157 RSVR_HTR_R-11%7
RSVE_HTE-1133 RSVR_HTR_R-1133
REVE_HTE-1160 RSVR_HTR_R-11%3
RSVE_HTE-1183 RSVR_HTR_R-1172
RSVR_HTE-1174 RSVR_HTR_R-117%
RSVE_HTE-1131 R5VR_HTR_R-118%
RSVE_HTRE-1160 RSVR_HTR_R-11E1

HF Senzor Temperatures {celsiusii#00- -4,1/-21.5 #01- -4,8/-31,9 #02- -5, 2/-31.8 #03- -5,0/-31,3 #04- -4,8/-31,6 #05- -4,0/-32,2
#06- -4,0/-30,1 #07- -4,8/-32,0 #08- -4,8/-31,F #09- -4,1/-31,3 #10- -4,3/-30,0 #11- -5,0/-32.0

16 February 2005

Monthly FSW Functional Demo

17



