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1. General

1.1 Scope

Someone needs to write a bit of blurb here.

1.2 Reference documents

RD1 RO-LPT-RAL-TN-3403 Issue 5.1 26/Febuary/01
Telecommand and Telemetry Definitions
RD2 RO-LPT-OU-PL-3105 Issue 1

1.3 Overview of Ptolemy

A bit about Rosetta mission, Ptolemy is on the lean@tolemy is a GC-MS etc.

Ptolemy is classed by the lander as an intelligeitt i.e. most Ptolemy actions are controlledtby i
own micro-processor without direct control by taader CDMS. Ptolemy operates in a series of
modes.
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2. Ptolemy Operation

The Ptolemy instrument is designed to operate by selection of niitlased by
telecommand from the CDMS and then function autonomously. At power on,
Ptolemy will enterSafe Mode and await further telecommands from the lander
CDMS. Ptolemy has two methods of receiving telecommands
i) Receiving a direct TC from the CDMS. These are stored b &S
and are transmitted at a definite time after the startao€CDMS
Application Mode Descriptor Table (AMDT ref???)
i) Requesting the next TC from the CDMS stored TC table.

Safemodeis used to check and/or modify Ptolemy memory, all science comgonent
are switched off. The only TC mode change command that éptctby Ptolemy in
Safe Modeis a TC to enteBtandby Mode The Safe mode TC will cause Ptolemy
to immediately enteGafe mode, whatever its current mode. When Ptolemy enters
Safe mode it immediately attempts to switch off every science compotieme
times, disables all hazard commands and then waits for any TC’s from the CDMS.
Standby mode is used to send “Hazard enable” TC's to enable operation of the
various science components and send any mode change TC’s. WiISlsinatby
mode Ptolemy can be set to request TC's from the CDMS TC stdrken set to
request TC’s, Ptolemy will request the next TC from the COHtfge at a rate on one
every 15 seconds (TBC) whenever it isStandby mode

When Ptolemy enters a science mode, it performs a ser@stiohs described in a
science command sequence, which is stored in a look-up table iInGMNEPR he
exact duration and power requirement of a mode will depend on local conditions. The
basic instrument modes are described in section 2.2 and Table 2He é&id of the
science command sequence Ptolemy will returrStandby mode If an invalid
science command is encountered then Ptolemy will retuBatemode A return to
Safemode is also initiated if Ptolemy detects that a science compaseyerating
beyond its safe limits.
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| Hibernate
(Ptolemy off)
Science Modes
| Ground Test |

Yy | T | Post Launch |

<
Safe Mode(/ﬂ Cruise Phase |

| Instrument Checkout |

| HTO Conditioning |

7| MTO Conditioning |

| CASE Conditioning |
—| Standby | Survival Evaluation |

| He Rupture |

| Dynamic Pre-operation*s
Power On/Off (by CDMS) —p» |

Calibration |

Mode change by TC —_—>

Autonomous mode change————>
Failure cmmeeee > | Atmosphere Analysis |

\l Ice Core Anal.(HTO) |

| Ice Core Anal.(MTO) |

| Silicate Analysis |

| Additional Science |

2.1 Ptolemy Telecommands

A complete list and definitions of the Ptolemy Telecommands BRD1. A list of
commands and in which modes they are accepted by Ptolemy is shown in table 2.1
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TC Commands Current Ptolemy Mode
Safe Mode Standby Mode| Science Modgé

Memory Management TC’s
Load Memory Yes No No
Dump Memory Yes No No
Check Memory Yes No No
Copy Memory Yes No No

Mode Selection TC’s
Standby Yes No No
Ground Test No Yes No
Post Launch No Yes No
Cruise Phase No Yes No
Instrument Checkout No Yes No
HTO Conditioning No Yes No
MTO Conditioning No Yes No
CASE Conditioning No Yes No
Survival Evaluation No Yes No
Helium Tank Rupture No Yes No
Dynamic Pre-operations No Yes No
Calibration No Yes No
Ice Core Analysis (HTO) No Yes No
Atmosphere Analysis No Yes No
Silicate Analysis No Yes No
Ice Core Analysis (MTO) No Yes No
Additional Science No Yes No
Safe Yes Yes Yes

Miscellaneous TC'’s
Connection Test Yes ? ?
Hazardous Function No Yes No
Parameter Update No Yes No

2.2 Mode Descriptions

2.2.1 Safe Mode

Ptolemy waiting for CDMS instructions, Ptolemy memory can be modified

Ptolemy entersSafe Modeupon power-up. On entering Safe mode all the science

components are switched off and all hazard commands are disdlilecbnly mode

change TC that can be entered frBafe Modeis Standby. Ptolemy memory can be
modified inSafemode This can be used to modify the Ptolemy software in RAM.
Usually the memory modified is the Science mode sequence tables in EEPROM.
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2.2.2 Mode: Standby
Ptolemy set-up. Write Ptolemy status to CDMS back-up RAM. Hazard
commands may be enabled by CDMS

This is the only mode that can be entered fi®afie Mode. On enteringStandby,
Ptolemy will update the CDMS back-up RAM. When Ptolemy iStandby mode
Hazard Enable TC’s will be accepted by Ptolemy, however no@Eieomponents
can be switched controlled.

At the end of any of the science modes, Ptolemy automatiezliyns toStandby
mode Any science components which are still active at the end aicteece mode,
will remain on until either switched off by a science commandriather science
mode or Ptolemy commanded to returrfsademode

2.2.3 Science Modes
Control Ptolemy Science components

There are a total of 15 Science modes which control the varimreceaccomponents
that make up the gas control and mass spectrometer systemeshyrtol' he science
components consist of heaters, chemical reactors, gas control aaldethe mass
spectrometer (described in REF). The science components arellednby science
commands stored in Ptolemy EEPROM. When a science mode tedsRiolemy
will process each science command in the sequence until itesedich end of the
sequence where upon Ptolemy returnStandby mode. If Ptolemy encounters an
unknown command in the sequence then it will immediately retui®ate mode
Whilst Ptolemy is in a Science mode it will only acceptttieSafemode TC. Any
other TC transmitted by the CDMS will not be acted upon and Ptolithyeport
that an invalid TC was received in the next HK packet.

2.2.4 Mode: Ground Test
Spare mode to allow ground testing.

This mode can be used for ground test. The mode sequence can betovRtt@amy
EEPROM whilst it is inSafe Mode Ptolemy can then be commanded by the CDMS
to perform the test sequence.

2.2.5 Mode: Post Launch
This mode performs any tasks required soon after launch suchteg lseene of the

chemistry components and mass spectrometer to out-gas the.systeith also go
through a test sequence to evaluate the status of the instrument.
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Check status of helium tanks, evacuate air between tanks and L-valves
Bake-out mass spectrometer

2.2.6  Mode: Cruise phase

Ptolemy will carry out some limited operations to check the instrumentasitaithe
Limited Functional Test sequence. The mass spectrometer high voltagesapgli
nano-tips are not operated.

Sequence overview:
Read Temperatures of all thermocouples.
Read Pressure from all pressure sensors.
Read Baseline power levels.
Operate a sequence of valves to exercise them.
Operate most science components for a few seconds whilst monitoring
pressure and temperature sensors.

2.2.7 Mode: Instrument checkout
Complete instrument functional checkout.

This mode performs a complete check of the instrument befodarier is ejected
from the orbiter. Any non-hazardous system that can be operatadtivated.
Evaluation of the instrument is assessed by monitoring pressuiperaure and
power levels. Helium is not available.

Sequence overview:
Read Temperatures of all thermocouples.
Read Pressure from all pressure sensors.
Read Baseline power levels.
Turn on manifold heaters
Operate a sequence of valves to evacuate the manifold
Turn off manifold heaters
Heat reactors to test that they work.
Sequence valves to move gas around the system
Operate ion trap to obtain a baseline scan
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Mode Phase/Function Power| Time
requirement (h)
Hibernate Most of cruise phase Ptolemy is off. Survival
Safe Mode | Ptolemy waiting for CDMS instructions. Low -
Command store can be modified
Standby Ptolemy set-up. Write Ptolemy status to Low <0.01
CDMS back-up RAM. Hazard commands
may be enabled
Post Launch| Test sequences during commissioning Medium 0.25
phase (TBD)
Cruise Phasg Minimal functional tests Medium 0.25
(TBD)
Instrument | Complete instrument functional checkout  Medium 15
Checkout
HTO Condition a high temperature oven Medium 0.1
Conditioning
MTO Condition a medium temperature oven Medium 01
Conditioning
CASE Condition the oven containing the comet|  Medium 0.1
Conditioning | gas absorbant phase (Comet Atmosphere
Sample Experiment).
Survival Instrument functional test and ion trap Medium 0.2
Evaluation | baseline test
He Tank | Rupture a helium tank Medium
Rupture
Dynamic Pre-| Science sub-system thermally conditioned High 1
operations
Calibration Reference gas calibration of GC and |ion High 15
trap
Ice core Anal| Highest Priority Science High 5
(HTO) Isotopic analysis of comet sample using a
high temperature oven
Atmosphere | 2" Highest Priority Science High 4
Analysis Analysis of comet atmosphere
Silicate Generate fluorine for oxygen isotope High 4
analysis analysis of comet silicates (TBD)
Ice core Anal| Isotopic analysis of comet sample using High 2
(MTO) medium temperature ovens (TBD)
Additional Back-up routines and end of mission phase TBD TBD
Science
Ground Test | Spare mode to allow ground testing

Table 2.1

Description of Ptolemy modes. Survival power is the power the

spacecraft heaters to maintain Ptolemy within non-ops tempernatuge. During
hibernation, Ptolemy is switched off.
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2.2.8 Mode: HTO Conditioning
Condition a high temperature oven

Sequence overview:
Heat oven (max temperature 8G)

2.2.9 Mode: MTO Conditioning
Condition a medium temperature oven

Sequence overview:
Heat oven (max temperature 280

This mode is also used to calibrate the docking station position potentiometer if
enabled in standby mode. The docking station motor will be operated for at least 1
minute to determine the docking station maximum and minimum positions. The
results are stored on Ptolemy

2.2.10 Mode: CASE Conditioning
Condition the oven containing the comet gas absorbant phase (Come
Atmosphere Sample Experiment).

Sequence overview:
Heat oven (max temperature 26)

2.2.11 Mode: Survival Evaluation
Survival evaluation, instrument functional test and ion trap baseline test

This mode performs an instrument check-out as soon as possibléaatterg. In
order to save power, this is a simplified version of mbodg#grument Checkout.
Hazardous commands are not enabled. No helium is available. Andhef these
mode Ptolemy will indicate that the mode was completed sucdgsahd that it is
OK for the CDMS to continue with the next command to rupture a helium gas tank.

Sequence overview:
Read Temperatures of all thermocouples.
Read Pressure from all pressure sensors.
Read Baseline power levels.
Turn on manifold heaters
Turn off manifold heaters
Operate a sequence of valves
Heat reactors to test that they work.
Operate ion trap to obtain a baseline scan
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2.2.12 Mode: He Tank Rupture (Gas Tank)
Rupture a helium tank

If the CDMS indicates that it is OK to continue, then this madlé rupture the
helium tank specified by the gas tank parameter.

Sequence overview:
Check Helium system
Rupture helium tank
Open L-valve to helium gas supply and monitor pressure

2.2.13 Mode: Dynamic Pre-operations (Gas Tank)
Science sub system thermally conditioned.

This mode conditions the Ptolemy science system using the hsfiaaified by the
Gas Tank parameter. After completion of this mode, Ptolemy riedus switched
off for at least two hours (TBD) before Ptolemy performs seignce analysis mode
or Calibration mode. This time is top allow Ptolemy’s GCs to cool down back to
ambient temperature. Other instruments can be operating during this window.

Sequence overview:
Set pressure of plenum chamber to 6 bar
Set pressure of GC columns to 1 bar
Obtain lon trap background
Heat GC columns to 170
Heat Reactors
Obtain lon trap background 15 minutes later

2.2.14 Mode: Calibration (Gas Tank)
Reference gas calibration of GC and ion trap

This mode analyses the reference gas, required for accuratpigsahalysis of the
comet. The helium gas tank used is specified by the Gas Tank parameter

Sequence overview:
Prepare hydrogen source
Evacuate Manifold
Start helium
Obtain reference gas
Measure background
Measure reference gas through V13
Measure reference gas through GC1
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Measure reference gas through GC2

2.2.15 Mode: Ice Core Anal. (HTO)
Isotopic analysis of comet sample using a high temperature oven

This mode performs a complete isotopic analysis of a sampha fre high
temperature oven. It is the highest priority science and follonvslirectly from
Calibration. SD2 needs to collect a sample and load it into one of the tiighe
temperature ovens. The sample is heated in steps up to aumaxih806C and the
gas released at each temperature step is analysed.

Sequence overview:
Heat oven to —5C
Dry sample, analyse CO, G@nd N
Heat Oven to + 10C
Analyse HO
Dry sample, analyse CO, G@nd N
Heat oven to +40C
Dry sample, analyse GC 4 trace, CO,,God N
Prepare oxygen, heat oven to +400
Analyse CQ
Heat oven to +80C
Dry sample, analyse GC4 trace, CO,G0Od N
Prepare oxygen, heat oven to +80D0
Analyse CQ

2.2.16 Mode: Atmosphere Analysis
Analysis of comet atmosphere

This mode performs a complete isotopic analysis of a sampha fre high
temperature oven containing the absorbant phase. It i8theyBest priority science
and follows on directly fronCalibration .

Sequence overview:
Heat oven to +20C
N, isotope analysis
Water isotope analysis
Dry Sample
Reference gas isotope analysis
GC analysis
Isotope analysis CO, GO
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2.2.17 Mode: Silicate Analysis
Analysis of cometary silicates.

This mode performs an oxygen isotope analysis of the cometaates| using a high
temperature oven.

2.2.18 Mode: Ice Core Anal. (MTO)
Analysis of comet sample using a medium temperature oven.

This mode performs a complete isotopic analysis of a sample &omedium
temperature oven. It follows on directly fro@alibration. SD2 needs to collect a
sample and load it into one of the medium, temperature ovens. Tp&sarheated

in steps up to a maximum of 1®Dand the gas released at each temperature step is
analysed.

Sequence overview:
Heat oven to -5C
Dry sample, analyse CO, G@nd N
Heat Oven to + 10C
Analyse HO
Dry sample, analyse CO, G@nd N
Heat oven to +18C
Dry sample, analyse GC 4 trace, CO,,God N
Prepare oxygen, heat oven to +480
Analyse CQ

2.2.19 Mode: Additional Science
Backup routines, end of mission phase

This mode can be used for other experiments as required.

2.3 Science Mode development

The science modes will have default sequences stored on thenyPtBEPROM
before launch. The actual sequences will be determined by expériand
characterisation of the QM; as well as the available respusteh as power, time,
data rate etc. @ There are several models of Ptolemy #ratbe used to aid
development of the sequences. These are:

i) Chemistry Set Simulator (CSS). This consists of the Ptokdeutronics and
processor with the science components indicated by LEDs or gespédys.
Ptolemy TC'’s can be generated and sent in real time usingdieeny EGSE,
through the CDMS simulator. This is a useful tool to determiaedbtience
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components operate in the expected order and can be used to determine the
amount and timing of data generated.

i) Ptolemy Qualification Model (QM). This is a complete flighpresentative
instrument. The QM is controlled by the Ptolemy EGSE in theesaanner
as the CSS. Operation of a science sequence on the QM wiltl@rogtter
estimates of power and time to run a science sequence, althooigdd li
resources (chemical reagents and mass spectrometemidewill prevent
frequent use of the QM.

i) Ground reference model (GRM). This consists of the Ptolemyrehécs and
processor with many components replaced by simulators (e.gorgsier
reactors), integrated with other lander sub-systems and exp&imd his
instrument will be useful for verifying Ptolemy operation by &@d its
interaction with other Lander instruments (notably SD2).

The method of generating a new science sequence is shown below.

Create
7 Script V
Lab Tests v
- < Generate
olemy - “
cSS Command File
and CDMS
simulator Y ™
and/or < Conve’rt > Integrated
Ptolemy to TC'’s Lander Tests
QM (GRM)
and CDMS Y
simulator ;
Verl’fy ——>| Archive
TC’s i) Script
i) Command file
i) TC's
Transmit TC's iv) Memory map

to Ptolemy FM
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2.3.1 Create Script

A script is the list of science commands that the science veauld like Ptolemy to
operate. The script is generated using the Ptolemy EGSE (refindag. The
EGSE ensures that only valid commands can be entered.

2.3.2 Generate Command file

Once the script has been generated, it is converted into hex cadthe Btolemy
EGSE and stored as a command file with date and time of creaftus.is the hex
code that needs to be loaded onto Ptolemy EEPROM. At this stad&tdieeny

EGSE can transmit the TC’s directly to the Ptolemy Cheynisét Simulator and/or
the Ptolemy Qualification Model.

2.3.3 Convertto TC's

The Ptolemy EGSE converts the command file into the sequenc&oh&cessary to
load the hex code into Ptolemy EEPROM. At this stage the sesu@En@C'’s
necessary to operate the science mode can also be generated.

2.3.4 Verify the TC’s

The TC’s that have been generated can be verified on any atfolleen CSS, QM or
GRM, whichever models are most appropriate.

2.3.5 Transmit TC’s to Ptolemy FM

Once the Potolemy science team are satisfied that Ptoddiingperate the desired
experiment, the TC’s can transmitted to Ptolemy FM. Eséimaf time sequences
and resources required will have been determined.

2.3.6 Archive

Documents of the script, command file and transmitted TC's aneér®yomemory
map will be placed in the data archive.
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2.4 Mode resources

Each mode of operation uses some of the limited resources on thedaddetolemy
instrument. The main resources used are battery energy, gtentand the sample
ovens. Table 2.2 shows the estimated duration and power used for daeimaides.
Table 2.3 shows the other resources used by each mode.

Duration Power (W)

Mode (min) 5V 28V
Average Maximum| Average| Maximum

Hibernate - 0.0 0.0 0.0 0.0
Safe Mode - 2.0 2.0 2.0 2.0
Standby - 2.0 2.0 2.0 2.0
Post Launch 60.0* 2.3* 3.8* 7.0* 11.8
Cruise Phase 15.0* 2.3* 4.3 8.0* 11.8
Instrument Checkout 16.4 2.3 4.3 10.1 11.6
HTO Conditioning 6.0* 2.8* 4.8* 6.0* 11.8
MTO Conditioning 6.0* 2.8* 4.8* 4.0* 11.8
CASE Conditioning 6.0* 2.8* 4.8* 4.0* 11.8
Survival Evaluation 4.6 2.4 3.5 7.1 11.8
He Tank Rupture 21.0* 2.4* 3.8* 2.0 2.0
Dynamic Pre- 187.0* 2.8* 5.0* 7.7* 11.8
operations
Calibration 54.8 3.5 5.9 10.3 11.8
Ice core Anal. (HTO) 223.9 4.3 5.9 7.6 11.8
Atmosphere Analysis 220.0* 3.8* 6.8% 8.0* 11.8
Silicate analysis 240.0* 3.8* 6.8* 7.0* 11.8
Ice core Anal. (MTO) | 120.0* 3.8* 5.9* 7.0* 11.8
Additional Science TBD TBD TBD TBD 11.8
Ground Test TBD TBD TBD TBD 11.8

* To Be Confirmed

Duration| Helium | Ovens Other resources useq

Mode (min) (ml)

Hibernate - 0.0 - -

Safe Mode - 0.0 - -

Standby - 0.0 - -

Post Launch 15.0* 0.0 - -

Cruise Phase 15.0* 0.0 - -

Instrument Checkout 16.4 0.0 - -

HTO Conditioning 6* 0.0 - -

MTO Conditioning 6* 0.0 - -
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CASE Conditioning 6* 0.0 - -

Survival Evaluation 4.6 0.0 - -

He Tank Rupture 21.0* 30.0* - -
Dynamic Pre- 187* 347* - -
operations

Calibration 54.8 223 - Ref gas, 6mj H
Ice core Anal. (HTO) 223.9 442 1HTO R5, 9mi H
Atmosphere Analysis 220* 440* 1 HTO | Ref gas
Silicate analysis 240* 400* 1 HTO R1

Ice core Anal. (MTO) 120* 150* 1 MTO R5
Additional Science TBD TBD TBD TBD

Ground Test TBD 0.0 - -

* To Be Confirmed

! This oven can be re-used for comet atmosphere analysis

The data generated by Ptolemy for the various modes is shown bélbe.data

generated are transferred to the CDMS in packets of 128bytes.

Duration | Housekeeping Science
Mode (min) (Packets) (Packets)
Hibernate - 0 0
Safe Mode - 1 per minute 0
Standby - 1 per minute 0
Post Launch 15.0* 15* 60*
Cruise Phase 15.0* 15* 12*
Instrument Checkout 16.4 17 12
HTO Conditioning 6.0* 6* 1*
MTO Conditioning 6.0* 6* 1*
CASE Conditioning 6.0* 6* 1*
Survival Evaluation 4.6 5 92
He Tank Rupture 21.0* 21* 20*
Dynamic Pre- 187* 187* 251*
operations
Calibration 54.8 55 1421
Ice core Anal. (HTO) 223.9 224 9088
Atmosphere Analysis 220* 220* 9000*
Silicate analysis 240* 240* 9000*
Ice core Anal. (MTO) 120* 120* 5000*
Additional Science TBD TBD TBD
Ground Test TBD TBD TBD

* To Be Confirmed
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3. Ptolemy Mission Timelines

These mission timelines are provisional, depending on when certairiopgican be
performed (such as SD2 sample collection), requirements fromiogterments and
when lander resources become available (power).

3.1 Post Launch/ Commissioning

This phase of the mission is used to check the operating statumlemyp and
perform any tasks required soon after launch. TC'’s are trdednid Ptolemy to
request memory checksums of the various science sequencedy adteared in
memory. A complete health check of Ptolemy can be asbégssetting Ptolemy
into Cruise Phase. Once the health check of Ptolemy has bekmted, then the
Post Launch mode can be operated. A complete description of Ptolenayiaper
during the Post Launch/Commissioning phase is in RD2, RO-LPT-OU-PL-3105.

Mission Phase Mode Duration Energy  Science Data
(min) (Wh) (kBytes)

Post Launch/Commissioning

T1 start Switch on Ptolemy 0.25 0.02 0
T1+15 Check memory TC’s 5 0.3 0
T1+ 315 Set-up cruise test 1 1.0 0
T1+ 375 Cruise test 14 2.4 2
T1+ 1215 Safe mode 84.75 5.7 0

T1+ 6300 Switch off Ptolemy

T2 start Switch on Ptolemy 0.25 0.02 0
T2+ 15 Initialise Ptolemy 1 0.1 0

T2 +75 Post Launch 60 9.3 20
T2 + 3675 Safe mode 5 0.3 0

Page20



MODULUS
Ptolemy Operations Plan

Issue: 3.0
Document Number. RO-LPT-OU-PL-3101 Date: 16 October 2001
T2 + 3975 Switch off Ptolemy

The time delay between T1 start and T2 start should be suffiéentthe
Housekeeping and Science data returned by oper@tinge mode to be analysed by
the Ptolemy team and confirm that it is OK to continue withpla@ned operation of
Post Launch mode. (Allow at least 2 hours for an initial evaluation of the gerui
mode results by the Ptolemy team).

3.2 Cruise Phase

During the cruise phase Ptolemy will be in hibernation (switch§da@fmost of the
time, only requiring survival power. Occasionally Ptolemy willdvdtched on for
updates to the command sequence tables, check the memory of tice seiquence
tables or to perform th€ruise Phase modgthe minimum functional tests. A
complete description of Ptolemy operation during the Post Launch/Csomigy
phase is in RD2, RO-LPT-OU-PL-3105.

Time Task Duration Energy  Science Data
(s) (min) (Wh) (kBytes)

Cruise, check Ptolemy memory

TS start Switch on Ptolemy 0.25 0.02 0
TS +15 Send Check memory TC’s 4 0.3 0
TS + 270 Wait for memory results 79.5 5.3 0
TS + 5040 Switch off Ptolemy

Cruise, Ptolemy test

TS2 start switch Ptolemy 0.25 0.02 0
TS2 +15 Initialise Ptolemy 1.0 0.1 0
TS2 + 75 Start Cruise test 14 2.4 0
TS2 + 915 Wait for cruise test results 24.75 1.7 0

TS2 + 2400 Switch off Ptolemy
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Cruise, Load memory sequence

TS3 start switch Ptolemy 0.25 0.02 0
TS3 +15 Load n memory TC's nx0.25 nx0.0167 0
TX Check memory loaded 0.25 0.02 0
TS +15 Wait for Check memory results 8 0.5 0
TX + 495 Switch off Ptolemy

Tx = TS3 + n*15, where n is the number of load mgnikC's.

3.3 Asteroid Flyby

Ptolemy has no mission requirements for asteroid or planet f(itoygl probably be
in hibernation mode).

3.4 Pre-ejection phase

Ptolemy requires helium to condition various components before siweardlysis.
Ptolemy will perform a complete instrument check-dastfument Checkout) and
the activate one of the helium tanks using lfee Tank Rupture mode, about four
days before lander eject. This will allow enough time tdfioonthat theHe Tank
Rupture mode was successful and the helium supply is available. Intlvaste
Tank Rupture mode is unsuccessful, two furthele Tank Rupture modes are
timelined; the first to attempt to activate the helium tankafdonger time, and the
second to activate the second helium tank. These sequences arertmed once
successful activation of a helium tank is confirmed from ground control.

[Note: At this stage SD2 is disabled (to prevent the drivatng and damaging the
orbiter), so Ptolemy is only able to condition the high temperawea containing the
adsorbant phas€ASE Conditioning) ]

Descent Phase
Ptolemy has no mission requirements for the descent phase, fegartthe
requirement to land on the comet surface safely (it will probbblyn hibernation

mode). It should be noted that Ptolemy has requested that the hjggratime oven
filled with adsorbant, is located under the Ptolemy tapping station by default.
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First Scientific Sequence (0 to 61.5 hours)

The primary mission objective for Ptolemy is the chemical aotbpsc composition
of two comet samples, one from the surface and the other at th@unaxiepth that
the drill can achieve. Further objectives are the analysiscofreet sample using a
medium temperature oven (for comparison with COSAC and CIVA) aatyss of
the comet atmosphere using the HTO containing the absorbant material.

The first four samples to be analysed by Ptolemy areHMO samples (one surface
and one at depth), one atmospheric sample and one MTO sample. Durfirgtthe
61.5 hours, Ptolemy has been assigned two operational windows (Laftder fi
iteration). The preferred option is two analyse two HTO sampMtgrnatives are to
analyse an MTO sample (less energy) or an atmospheric sé&ioge not require
SD2 operation). The timelines below assume that the first tmaplea will be the
HTO samples.

First Operational Window

First, Ptolemy needs to perform mod&urvival, Calibration and HTO
Conditioning. Ptolemy will then analyses a surface sanflde Core Anal (HTO),
after SD2 has collected a surface sample and deposited it Tid@d.HOnce Ptolemy
has analysed the sample it will then condition the HTO oven, sdhisabven will
then begin to absorb any comet atmosphere.

Second Operational Window
Ptolemy will performinstrument Check-out andHTO Conditioning then analyse
the comet sample collected at depth by $lo€ Core Anal (HTO).

Second Scientific Sequence (61.5 to 100 hours)

Ptolemy will use this sequence to analyses the two samplenagsed during the
first 61.5 hours (Comet atmosphere sample and a MTO sample)

Extended Mission Phase

Ptolemy will have three high temperature ovens and four medium tatupeovens
to carry out further experiments. The exact experiment délpend on the
results/discoveries from the main mission phabee oven with the absorbant phase
will be used to sample the comet atmosphere about once a weekluréhien of this
phase depends upon the amount of helium usage from the gas tanks.
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End of Mission phase

There are many circumstances which will result in Ptolemybeotg able to operate
(pressure, temperature, available power, helium). We hope that atfter
instruments have met their objectives, Ptolemy will be ableoperbxygen isotope
analysis of silicates in the high temperature ov&ilgcate Analysis.
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Mission Phase Mode Duration Energy  Science Data
(min) (Wh) (kBytes)
Pre-Ejection
Eject —4 days Instrument Check-out 17 3.4 4
He Tank Rupture 21 15 3
Eject —3 days Instrument Check-out 17 3.4 4
He Tank Rupture 22 1.6 3
Eject —2 days Instrument Check-out 17 3.4 4
He Tank Rupture 22 1.6 3
Eject — 1 day Instrument Check-out 17 3.4 4
Dynamic Pre-operations 187 32.7 55
CASE Conditioning 6 0.7 1
Descent Phase
Descent None - - -
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First Scientific Sequence (0 — 61.5 hours)

Mission Phase Mode Duration Power Science Data

(Time, minutes) (min) (Wh) (kBytes)

First Operational Window (0 — 7 hours)

TO-T30 None - - -
T30 Survival Evaluation 5 0.7 12
T39 — T40 SD2 — Rotate carousel HTOL1 to Ptolemy docking station
T40 Calibration 55 12.6 1421
HTO Conditioning (HTO1) 6 0.9 1

T105-T180 SD2 — Collect comet surface sample, deposit in HTO 1 atel rot
HTOL1 to Ptolemy docking station

T180 Ice Core Anal (HTO) 230 44.3 9088
T410 — T411 SD2 — Rotate carousel HTO4 to Ptolemy docking station

T411 CASE Conditioning (HTO4) 6 0.7 1

Ptolemy total 302 minutes, 59.2 Wh

Second Operational Window (T11 to 20 hours)
T660 — T661 SD2 — Rotate carousel HTOZ2 to Ptolemy docking station

T661 Instrument Check-out 17 34 4

HTO Conditioning (HTO2) 6 0.9 1

T685 — T940 SD2 — Collect comet sub-surface sample, deposit in HTO 2 and
rotate HTO2 to Ptolemy docking station

T940 Ice Core Anal (HTO) 230 44.3 9088
T1190- T1191 SDZ2 — Rotate carousel HTO4 to Ptolemy docking station

Ptolemy total 253 minutes, 48.6 Wh
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Second Scientific SequencgT61.5+ hours)

Mission Phase Mode Duration Power Science Data

(Time, minutes) (min) (Wh) (kBytes)

Sample 3 (Start S = 0 to 5 hours)

SO Instrument Check-out 17 3.4 4
Calibration 55 12.6 1421
Atmospheric Analysis 220 43.3 9000
CASE Conditioning (HTO4) 6 0.7 1

Ptolemy total 298 minutes, 59.3 Wh

Sample 4 (Start S = 0 to 3.5 hours)

S0-S1 SD2 - Rotate carousel MTO1 to Ptolemy docking statiom (afte
analysis by CIVA

S1 Instrument Check-out 17 3.4 4
Calibration 55 12.6 1421
Ice Core Anal (MTO) 120 21.6 5000

Ptolemy total 192 minutes, 37.6 Wh
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4. Ptolemy Power Profiles

Ptolemy uses the 5V rail and the 28V rail. Power and timesdon procedure are
best guesses. The maximum power required by each component is listed below.

Component Type Max 5V power Max 28V power Control
(W) (W)

Ptolemy On 2.0 2.0 CDMS
Valve 0.4 - On/Off
Injector Valve 1.2 - On/Off
L-Valve 1.2 - DAC
Reactor - 9.8 PWM
Heater - 9.8* PWM
SMA Heater 2.0 - DAC
Docking Station 2.0 - DAC
High Temp Oven 0.0 9.8 PWM
Medium Temp Oven 0.0 9.8 PWM
lon Trap 0.5 - On/Off
lon trap scan 3.0 - DAC

Notes: CDMS is control by the lander. Ptolemgustched either on or off
On/Off, the itme can be switched either fully aroff
DAC, the amount of power used depends upon aatligitanalogue converter controlled be
Ptolemy.
PWM, the amount of power used is controlled by &tol's pulse width modulation
controller.

* The lon trap heater requires 11.0W on the 28V rai

Control methods
Each component type is controlled by Ptolemy by one of three methods:

i) On/Off ~ The component can be either switched on and operating at full
power or switched off, requiring no power.

i) DAC The voltage to the component is controlled by an 8bit digital to
analogue converter.

i) PWM The power to the component is switched at a rate of about 4Hz.
The duration for which the power is switched on in each cycle
controlled by the Ptolemy processor
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4.2  Example modes

These modes have been designed using the procedure above. Power estimates

Mode: Instrument Checkout

Operation Time (s) Power (W)
5V 28V
Read all sensors 3 2.0 2.0
Turn on manifold heaters 61 2.0 11.6
Operate valves, evacuate manifold 28 2.7 2.0
Heat reactors to test that they work. 137 2.9 9.5
Operate ion trap to obtain a baseline scan 752 2.3 10.5
Total time 981 s Average power (5V) 2.7 W
Total Energy 12260 J Average power (28V) 10.1 W

Mode: Survival Evaluation

Operation Time (s) Power (W)
5V 28V
Read all sensors 3 2.0 2.0
Turn on manifold heaters 61 2.0 11.3
Operate valves, evacuate manifold 34 2.6 2.0
Heat reactors to test that they work. 137 2.5 8.0
Operate ion trap to obtain a baseline scan 38 2.7 2.0
Total time 273 s Average power (5V) 2.4W
Total Energy 2594 J Average power (28V) 7.1 W

Mode: Rupture Gas Tank
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Operation Time (s) Power (W)
5V 28V

Initialise Ptolemy 300 2.0 2.0
Rupture gas tank 60 3.5 2.0
Admit helium gas to chemistry 600 2.6 2.0
Switch off system 300 2.0 2.0

Heat reactors to test that they work.
Operate ion trap to obtain a baseline scan

Total time 1260 s Average power (5V) 24W
Total Energy 5490J Average power (28V) 2.0W

Mode: Dynamic Pre-operations

Operation Time (s) Power (W)
5V 28V
Prepare helium gas system 2215 2.9 5.9
Condition GC columns 7200 2.8 8.7
Obtain mass scan of helium gas 334 2.9 2.0
Condituin manifold heaters and reactors 1142 2.8 8.0
Test helium operated valves, shut down 328 2.0 2.0
Total time 11219 s Average power (5V) 2.8 W
Total Energy 117800 J Average power (28V) 7.7 W

Mode: Calibration

Operation Time (s) Power (W)
5V 28V
Prepare helium gas system 590 2.7 11.0
Evacuate manifold 1049 3.0 11.4
Prepare hydrogen gas system 266 4.1 5.9
Prepare reference gas 250 4.8 5.9
Measure reference gas (no GC) 68 5.0 5.9
Measure reference gas GC1 879 3.9 115
Measure reference gas GC3 188 4.0 9.3
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Total time 3290 s Average power (5V) 3.5W
Total Energy 45320 J Average power (28V) 10.3 W

Mode: Ice Core Anal. (HTO)

Operation Time (s) Power (W)
5V 28V
Close docking station, prepare helium gas 680 2.8 10.7
Evacuate manifold 809 3.7 10.1
Prepare hydrogen gas 266 4.1 5.7
Sample analysis (pyrolysis) at “&D 1300 3.6 7.7
Mass spectrum, isotope analysig RO, CQand CH
Evacuate manifold 209 4.5 7.9
Sample analysis (pyrolysis) at +£Q0 2013 3.4 8.2
Mass spectrum, isotope analysig RO HO and CQ
Evacuate manifold 209 4.1 7.9
Sample analysis (pyrolysis) at +4Q0 1612 3.4 7.0
Mass spectrum, GC analysis and isotope analysi€®, CQand CH
Evacuate manifold 209 4.5 6.2
Prepare oxygen 485 3.6 11.6
Sample analysis (combustion) at +200 2147 4.3 6.4
Mass spectrum, GC analysis and isotope analysi€®, CQ
Evacuate manifold 209 4.1 6.2
Prepare oxygen 485 3.3 11.6
Sample analysis (combustion) at +8D0 2800 4.2 5.8

Mass spectrum, GC analysis and isotope analysi€® and CQ

Total time 13433 s Average power (5V) 4.3W
Total Energy 159652 J Average power (28V) 7.6 W
Science 2
Operation Time (S) Power (W)
Collect sample 31 5.2
Allow sample to adsorb 300 3.0
Prepare hydrogen gas 608 8.2
Evacuate manifold 888 7.7
Close tapping station 322 8.3
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Heat oven to +20C
Transfer sample

Prepare helium

Nitrogen isotope analysis
Water isotope analysis

Evacuate manifold
Reference gas carbon isotope analysis

Reference gas nitrogen isotope analysis
Reference gas water isotope analysis

Reference gas oxygen isotope analysis
Prepare second sample
Carbon isotope analysis

Wait for reactors to cool down
Oxygen isotope analysis

Total time 8753 s
Average power 10.6 W
Total Energy 92782 J
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