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Procedure Summary

oj ecti ves

This procedure describes the steps to performthe nmeasurenent of
the renmining nass of Heliumin the HTT by using the DLCM device
(Direct Liquid Content Measurenent).

There are 2 DLCMin Herschel |ocated at the bottom of the tank.
They consist in a 10 Wheater on each, CCU-A and CCU-B, used to
produce a heat pulse in the superfluid heliumin the HTT. The
tenperature elevation is neasured accurately to estinate the
remai ning mass of Helium

Summary of Constraints

DLCM in parallel on A and B branches should be avoided. i.e. it
is reconmmended to use only one DLCM chain.

It is foreseen to use the DLCMonly a few tines during the
mssion, in order to limt the lifetime inpact (each DLCM 200s x
10W heat pulse is equivalent to 0.5 day x 50mWof lifetine)

Al instrunents should be in Standby Mbde and thernally stable
with no L3He left inside the 3He coolers 3 hs before the DLCM

During DLCM only acquire those CCU sensors needed for the
measur ament .

The DLCM operation will be done under ground visibility and only
on ground request.

The DLCM paraneters are:

- pre-monitoring phase is always fixed to 200 sec

- post-nonitoring phase shall be set to 450 sec

- heating phase shall be set to 200 sec at BOL and can be reduced
linearly to 60 sec (TBC) at EOL.

Spacecraft Configuration

Start of Procedure
CDWMJ in default configuration
LCL 37 (CCU A) and LCL 38 (CCU B) cl osed
CCU A and B configured "ON' and "VALID'" on 1553 S/ C bus
CCU A&B in nonitoring node
I nstruments OFF or in STBY
Both the 3He cool ers should be thermally OFF

nd of Procedure

CDWJ in default configuration

LCL 37 (CCU A) and LCL 38 (CCU B) cl osed

CCU A and B configured "ON' and "VALID'" on 1553 S/ C bus
CCU A&B in nonitoring node

I nstruments OFF or in STBY

Both the 3He cool ers should be thermally OFF

Ref erence Fil e(s)

I nput Command Sequences
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Qut put Command Sequences

HFKDLCML
HFKDLCM2
HFKDLCMB
Ref erenced Di spl ays
ANDs GRDs SLDs
ZAZ9J3999 (None)
ZAZ9P999
Configuration Control Information
DATE FOP | SSUE| VERSI ON MODI FI CATI ON DESCRI PTI ON AUTHOR SPR REF
30/07/08 1 1 Created E. Picallo
24/11/08 2 DLCM heating period = 180s, post meas = 1x30 sec E. Picallo
Post measurement period set to 450 sec(
26/11/08 3 only one DLCMactivated at a time constrain deleted E. Picallo
28/11/08 4 Both DLCM activated at the same time E. Picallo
01/12/08 5 DLCM Arm & DLCM On Blocked flags updated E. Picallo
DLCM on CCU A only added [
17/12/08 6 DLCM on CCU B only added E. Picallo
17/12/08 7 sequence generation E. Picallo
18/12/08 8 TC PerformCcuManag to start monitoring updated to disable ALL Spare channels E. Picallo
18/12/08 9 DLCM not compatible with decontamination constrain added E. Picallo
18/02/09 2.1 9.01 Validation : summary of constrain updated - DLCM used as a contingency added E. Picallo
comment on pre-heating and post-heating values for MUR, MUO, MIR and MIO should not
25/03/09 2.2 10 vary significantly added E. Picallo
Summary of constrains updated!(
Stop the Monitoring mode for both CCUs berore DLCM[]
09/11/09 3 11 Re-start CCU monitoring mode for both CCUs after DLCM E. Picallo
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Procedure Fl owchart Overvi ew

| START of Procedure |

T HEKDLCMI

Verify instruments are in
stand-by mode

D HERDLCMI

Verify decontamination
function is stopped

v
) HFKDLCMI

Select the DLCM operation

DLCM A
e DLCM B
DLCM A DLCM A+B
DLC’M B
<> >
Stop the Monitoring mode Stop the Monitoring mode Stop the Monitoring mode
for both CCU for both CCU for both CCU
<> D> D
Enable DLCM CCU A Enable DLCM CCU B Enable DLCM CCU A and
B packets
<> <> G
Start DLCM operation on Start DLCM operation on Start DLCM operation on
CCUA cCcu B CCU A and CCU B
D <> G
Verify Pre-calibration Verify Pre—calibratior_1 Verify Pre—calibratior_1
phase (482 msec duration) phase (482 msec duration) phase (482 msec duration)
<D o G2
Verify pre-/heating/post- Verify pre-/heating/post- Verify pre-/heating/post-
monitoring phases monitoring phases monitoring phases
(200+H+P*30 sec) (200+H+P*30 sec) (200+H+P*30 sec)
<> <D G
Verify the post calibration Verify the post calibration Verify the post calibration
phase (280 ms) phase (280 ms) phase (280 ms)
o < <
Verify DLCM arming is Verify DLCM arming is Verify DLCM arming is
disabled disabled disabled
<D < 5D
Verify acquisition of DLCM Verify acquisition of DLCM Verify acquisition of DLCM
monitoring parameters monitoring parameters monitoring parameters
<> < oD
Disable DLCM CCU A Disable DLCM CCU B Disable DLCM CCU A and
packet packet CCU B packets
3 < <D
Re-start CCU monitoring Re-start CCU monitoring Re-start CCU monitoring
mode for both CCU mode for both CCU mode for both CCU
<> ) G
Monitor temperature Monitor temperature Monitor temperature
stabilisation stabilisation stabilisation
(5> HFKDLCMT ] (o> _HrRDICMz ] (s> HFRDLCME ]
Perform the DLCM A off- Perform the DLCM B off- Perform the DLCM A+B
line data processing line data processing off-line data processing

C % J

END of Procedure
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Begi nni ng of Procedure
TC Seq. Nane : HFKDLCM (Enable DLCM Initial)
Ti meTag Type:
Sub Schedul e | D:
]
Next Step:
1 Verify instrunents are in stand-by node 2
Verify H FI node Tel enetry
HL_MODE_S HWVR58194 = standby (None)
Verify PACS npode Tel enetry
DP_TM RATE PMD49380 = NO PRI ME (None)
Verify SPI RE npde Tel enetry
MODE SMDOMB00 = REDY (None)
Next Step:
2 Verify decontanmination function is stopped 3
Verify Tel emetry
DhSt s DEG17170 = Stopped AND=ZAZ9J999
Next Step:
3 Sel ect the DLCM operation DLCM A+B 28
DLCM A DLCM A 4
DLCM B DLCM B 16
DLCM A+B
Performance of the DLCM in parallel on A and B branches
should be avoided.
TC Seq. Nane : HFKDLCML (Enabl e DLCM A)
Ti meTag Type: N
Sub Schedul e | D:
]
Next Step:
4 Stop the Monitoring node for both CCU 5
[Call procedure H FCP_CCU_ACQP and select the option|
"Stop monitoring"
Execut e Procedure:
CCU acqui sition period update
St at us Version 11 - Updated
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Next Step:
5 Enabl e DLCM CCU A 6
Enable CCU_A DLCM (HK ID =101 SID= 0x579E) Diagnostic
packet
Execute Tel econmand
Enabl eTnGen DC900180
Command Par anet er (s)
N DH017180 1 <dec> (Def)
Sub- Type DH019180 Di ag Report
Packet -1 D DH020180 101 <dec>
TC Control Flags :
GBM I L DSE
SENGERE
Subsch. ID: 10
Det. descr. : Enable Generation of Telenmetry Packets
Next Step:
6 Start DLCM operation on CCU A 7
6.1 Verify the arm ng node R
Verify Tel emetry
DLCVHAr m st A KMD37300 = OFF AND=ZAZ9P999
6.2 Send TC to Arm DLCM on CCU A R
Execute Tel econmand
CCUA_Ar nDLCM ZC0ZR999
TC Control Flags :
GBM | L DSE
SNEE
Subsch. 1D : 10
Det. descr. : TC(8,4,8,1) for CCUA DLCM Arm ng
6.3 Verify the arm ng node R
Verify Tel emetry
DLCVHAr m st A KMD37300 = ON AND=ZAZ9P999
6.4 Send TC to activate the DLCM sequence on CCU A R
WARNING: DLCM arming will return to Idle mode if the "DLCM
On" command is received too fast (<1 sec) or is not received
within 180 sec.
St at us Version 11 - Updated
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Acti vity/ Remar ks TC/ TLM

Di spl ay/ Branch

Set the values of the following parameters to activate the
DLCM operation:

KP101300 = heating period between 0 and 200 sec
KP102300 = post measurement period between 0 and 15
(measurements over P*30 seconds where P is parameter on
command i.e. 0 to 450 sec).

The Post measurement period needs to be maximum period
(450 sec).

The heated phase at begin of life (full tank) shall be 200 sec
and can be reduced linearly to 60 sec (TBC) at the end of life.
(empty tank)

Execut e Tel econmmand
CCUA_DLCMon ZC0ZT999

Command Par aneter(s) :
DLCM Heat i ngPeri od CCUA KP101300 200 <dec>

DLCM Post Measur CCUA KP102300 15 <dec>

TC Control Flags :

Subsch. ID: 10
Det. descr. : TC(8,4,8,1) for CCUA DLCM ON

Initiates DLCM sequence:
1) Pre-calibration measurements (482 ms.)

2) Actual DLCM sequence: (measurement of temp. sensors,
voltage and current over heater).

— Pre-monitoring : Measurements over 200 sec

— Heating : Heater ON and measurements over "Heating
period" [sec] (parameter in the command).

— Post-monitoring : Heater OFF and measurements over "Post
measure period" * 30 [sec]

3) Post-calibration measurements (280 ms)

Total execution time = 200.76 + H + 30 * P sec
=200.76 + 200 + 30 * 15 = 850.76 sec = 14 min

Note: The Pre-calibration and the Post-calibration are very
quick and can not be easily monitored in real time.

Verify Pre-calibration phase (482 nsec duration)

Next Step:
8

Verify State of DLCM heater Telenetry
DLCMheat _stat MA KM634300

3

AND=ZAZ9P999

Verify State of DLCM sequencer (execution phase)

DLCM stat MA KM622300 Idle

AND=ZAZ9P999

Verify Pre- and Post- Calibration status Telenetry
Pre_post_cal MA KM528300

Pre-calib

AND=ZAZ9P999
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Verify State of Monitoring sequencer Tel enetry
MonSeq_stat MA KM621300 = NOTACTI VE AND=ZAZ9P999
Next Step:
8 Verify pre-/heating/post-nonitoring phases 9
(200+H+P*30 sec)
]
8.1 Verify Pre-nonitoring phase (200 sec duration)
Verify State of DLCM heater Telenetry
DLCMheat _stat MA KM634300 = OFF AND=ZAZ9P999
Verify State of DLCM sequencer (execution phase)
DLCM stat MA KM622300 = Pre-Mn AND=ZAZ9P999
Verify Pre- and Post- Calibration status Telenetry
Pre_post_cal MA KM528300 = Pre-calib AND=ZAZ9P999
Verify State of Monitoring sequencer Tel enetry
MonSeq_stat MA KM621300 = NOTACTI VE AND=ZAZ9P999
]
8.2 Verify Heating phase (over "Heating period" [sec]
duration)
Verify that the DLCM enters in the Heating phase (selected
duration between 0 and 200 sec)
Verify State of DLCM heater Telenetry
DLCMheat _stat MA KM634300 = ON AND=ZAZ9P999
Verify State of DLCM sequencer (execution phase)
DLCM stat MA KM622300 = Heating AND=ZAZ9P999
Verify Pre- and Post- Calibration status Telenetry
Pre_post_cal MA KM528300 = Pre-calib AND=ZAZ9P999
Verify State of Monitoring sequencer Tel enetry
MonSeq_stat MA KM621300 = NOTACTI VE AND=ZAZ9P999
]
8.2.1 Moni tor the DLCM heater voltage & current and
t enperature sensors
Verify Voltage DLCML heater CCU A Telenetry
CCU_A DLCM V KD272300 AND=ZAZ9P999
Verify Current DLCML heater CCU A Telenetry
CCU_A DLCM | KD273300 AND=ZAZ9P999
Verify data from CCU A (DLCM 1 heated ; CCU A is connect
with DLCM 1, Heater H 101 and the temperature sensors T 105
and T 102)
Verify DLCML tenperature Tel enetry
C100_0_T105 KD201302 AND=ZAZ9P999
St at us : Version 11 - Updated
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Verify DLCM2 tenperature Tel enetry
C100_0_T102 KD200302 AND=ZAZ9P999
]
8.3 Verify Post-nonitoring phase (over "Post neasure
period" * 30 sec)
After the selected heating duration, verify DLCM enters in the
Post-monitoring phase (selected duration 450 sec)
Verify State of DLCM heater Telenetry
DLCMheat _stat MA KM634300 = OFF AND=ZAZ9P999
Verify State of DLCM sequencer (execution phase)
DLCM stat MA KM622300 = Post - Mon AND=ZAZ9P999
Verify Pre- and Post- Calibration status Telenetry
Pre_post_cal MA KM528300 = Pre-calib AND=ZAZ9P999
Verify State of Monitoring sequencer Tel enetry
MonSeq_stat MA KM621300 = NOTACTI VE AND=ZAZ9P999
Next Step:
9 Verify the post calibration phase (280 ns) 10
At the end of the Post-monitoring phase, DLCM enters in Post-
calibration phase indicated in the TM parameter KM628300
Verify State of DLCM heater Telenetry
DLCMheat _stat MA KM634300 = OFF AND=ZAZ9P999
Verify State of DLCM sequencer (execution phase)
DLCM stat MA KM622300 = ldle AND=ZAZ9P999
Verify Pre- and Post- Calibration status Telenetry
Pre_post_cal MA KM528300 = Post-calib AND=ZAZ9P999
Verify State of Monitoring sequencer Tel enetry
MonSeq_stat MA KM621300 = NOTACTI VE AND=ZAZ9P999
Next Step:
10 Verify DLCM arming is disabled 11
Verify Tel emetry
DLCMHAr m st A KMD37300 = OFF AND=ZAZ9P999
Next Step:
11 Verify acquisition of DLCM nonitoring paraneters 12
St at us : Version 11 - Updated
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Verify the following DLCM Pre/Post-heating calibration and
DLCM temperature sensors:
Pre-heating calibration data:
- MUR, used for gaincalibration,
- MUQO, used for offset calibration,
- MIR, used for gain calibration,
- MIO, used for offset calibration.
Post-heating calibration data:
- MUR, used for gain calibration,
- MUQO, used for offset calibration,
- MIR, used for gain calibration,
- MIO, used for offset calibration.
Verify Mur of CCU A in pre-heating calibration
Tel enetry AND=ZAZ9P999
CCU A Mur_pre KD600300
Verify Mi0O of CCU A in pre-heating calibration
Tel enetry AND=ZAZ9P999
CCU_A M0 _pre KD601300
Verify Mr of CCU A in pre-heating calibration
Tel enetry AND=ZAZ9P999
CCU A Mr_pre KD602300
Verify MO of CCU A in pre-heating calibration
Tel enetry AND=ZAZ9P999
CCU A MO _pre KD603300
Verify Mur of CCU A in post-heating calibration
Tel enetry AND=ZAZ9P999
CCU_A Mur _post KD613300
Verify Mi0O of CCU A in post-heating calibration
Tel enetry AND=ZAZ9P999
CCU_A_Mi0_post KD612300
Verify Mr of CCU A in post-heating calibration
Tel enetry AND=ZAZ9P999
CCU_A M r _post KD611300
Verify MO of CCU A in post-heating calibration
Tel enetry AND=ZAZ9P999
CCU_A M 0_post KD610300
Verify DLCML tenperature Tel emetry
C100_0_T105 KD201302 AND=ZAZ9P999
Verify DLCM2 tenperature Tel enetry
C100_0_T102 KD200302 AND=ZAZ9P999
The pre-heating and post-heating values for MUR, MUO, MIR
and MIO should not vary significantly.
Where:
- Voltage measurement reference source voltage (MUR)
- Conversion result from voltage measurement short circuit
(MUO0)
- Current measurement reference source voltage (MIR)
- Current measurement short circuit voltage (MIO)
Next Step:
12 Di sabl e DLCM CCU A packet 13
St at us Version 11 - Updated
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Disable CCU_A DLCM (HK ID =101 SID = 0x579E) Diagnostic
packet
Execute Tel econmand
Di sabl eTnGen DC902180
Command Par anet er (s)
N DHO17180 1 <dec> (Def)
Sub- Type DH019180 Di ag Report
Packet -1 D DH020180 101 <dec>
TC Control Flags :
GBM | L DSE
e
Subsch. ID: 10
Det. descr. : Disable Generation of Telenetry Packets
Next Step:
13 Re-start CCU nonitoring node for both CCU 14
[Call procedure H FCP_CCU_ACQP and select "routine |
monitoring" (period 512 sec) or Recycling/decontamination
(period 8 sec)
Execut e Procedure:
CCU acqui sition period update
Next Step:
14 Moni tor tenperature stabilisation 15
Monitor the time required for temperature stabilisation
(temperature sensors T 105 and T 102)
Next Step:
15 Performthe DLCM A of f-1ine data processing END
TC Seq. Nane : HFKDLCM2 (Enabl e DLCM B)
Ti meTag Type: N
Sub Schedul e | D:
]
Next Step:
16 Stop the Mnitoring node for both CCU 17
[Call procedure H FCP_CCU_ACQP and select the option|
"Stop monitoring"
St at us : Version 11 - Updated
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Execut e Procedure:
H FCP_CCU_ACQP
CCU acqui sition period update
Next Step:
17 Enabl e DLCM CCU B 18
Enable CCU_B DLCM (HK ID = 103 SID= 0x5AAA) Diagnostic
packet
Execute Tel econmand
Enabl eTnGen DC900180
Command Par anet er (s)
N DH017180 1 <dec> (Def)
Sub- Type DH019180 Di ag Report
Packet -1 D DH020180 103 <dec>
TC Control Flags :
GBM | L DSE
SIENGRREn
Subsch. ID: 10
Det. descr. : Enable Generation of Telenmetry Packets
Next Step:
18 Start DLCM operation on CCU B 19
18.1 Verify the arm ng node
Verify Tel emetry
DLCVHArm st B KMD37301 = OFF AND=ZAZ9P999
18.2 Send TC to Arm DLCM on CCU B R
Execute Tel econmand
CCUB_Ar nDLCM ZC0ZS999
TC Control Flags :
GBM I L DSE
L
Subsch. ID: 10
Det. descr. : TC(8,4,8,1) for CCUB DLCM Arm ng
18.3 Verify the arm ng node
Verify Tel emetry
DLCVHArm st B KMD37301 = ON AND=ZAZ9P999
18. 4 Send TC to activate the DLCM sequence on CCU B R
St at us Version 11 - Updated
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WARNING: DLCM arming will return to Idle mode if the "DLCM
On" command is received too fast (<1 second) or is not
received within 180 sec.

Set the values of the following parameters to activate the
DLCM operation:

KP101301 = heating period between 0 and 200 sec
KP102301 = post measurement period between 0 and 15
(measurements over P*30 seconds where P is parameter on
command i.e. 0 to 450 sec).

The Post measurement period needs to be maximum period
(450 sec).

The heated phase at begin of life (full tank) shall be 180 sec
and can be reduced linearly to 60 sec at the end of life (empty
tank).

Execut e Tel ecommand
CCuUB_DLCMon ZC0ZU999

Command Par anet er (s)
DLCM Heat i ngPeri od CCUB KP101301 200 <dec>
DLCM Post Measur CCUB KP102301 15 <dec>

TC Control Flags :
GBM | L DSE

Subsch. ID: 10
Det. descr. : TC(8,4,8,1) for CCUB DLCM ON

Initiates DLCM sequence:
1) Pre-calibration measurements (482 ms.)

2) Actual DLCM sequence: (measurement of temp. sensors,
voltage and current over heater).

- Pre-monitoring : Measurements over 200 sec

- Heating : Heater ON and measurements over "Heating
period" [sec] (parameter in the command).

- Post-monitoring : Heater OFF and measurements over "Post
measure period" * 30 [sec]

3) Post-calibration measurements (280 ms)

Total execution time = 200.76 + H + 30 * P sec
=200.76 + 200 + 30 * 15 = 850.76 sec = 14 min

Note: The Pre-calibration and the Post-calibration are very
quick and can not be easily monitored in real time.

19

Next Step:
Verify Pre-calibration phase (482 nsec duration) 20

Verify State of DLCM heater Telenetry
DLCMWheat _stat MB KM634301

3

AND=ZAZ9P999
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Verify State of DLCM sequencer (execution phase)
DLCM stat MB KM622301 = ldle AND=ZAZ9P999
Verify Pre- and Post- Calibration status Telenetry
Pre_post_cal MB KM628301 = Pre-calib AND=ZAZ9P999
Verify State of Monitoring sequencer Tel enetry
MonSeq_stat MB KM621301 = NOTACTI VE AND=ZAZ9P999
Next Step:
20 Verify pre-/heating/post-nonitoring phases 21
(200+H+P*30 sec)
]
20.1 Verify Pre-nonitoring phase (200 sec duration)
Verify State of DLCM heater Telenetry
DLCMheat _stat MB KMB34301 = OFF AND=ZAZ9P999
Verify State of DLCM sequencer (execution phase)
DLCM stat MB KM622301 = Pre-Mn AND=ZAZ9P999
Verify Pre- and Post- Calibration status Telenetry
Pre_post_cal MB KM528301 = Pre-calib AND=ZAZ9P999
Verify State of Monitoring sequencer Tel enetry
MonSeq_stat MB KM621301 = NOTACTI VE AND=ZAZ9P999
]
20.2 Verify Heating phase (over "Heating period" [sec]
duration)
Verify that the DLCM enters in the Heating phase (selected
duration between 0 and 200 sec)
Verify State of DLCM heater Telenetry
DLCMheat _stat MB KM634301 = ON AND=ZAZ9P999
Verify State of DLCM sequencer (execution phase)
DLCM stat MB KM622301 = Heating AND=ZAZ9P999
Verify Pre- and Post- Calibration status Telenetry
Pre_post_cal MB KM528301 = Pre-calib AND=ZAZ9P999
Verify State of Monitoring sequencer Tel enetry
MonSeq_stat MB KM621301 = NOTACTI VE AND=ZAZ9P999
]
20.2.1 Moni tor the DLCM heater voltage & current and
tenperature sensors
Verify Voltage DLCM2 heater CCU B Tel enetry
CCU B_DLCM V KD272301 AND=ZAZ9P999
Verify Current DLCM2 heater CCU B Tel enetry
CCU B_DLCM | KD273301 AND=ZAZ9P999
St at us : Version 11 - Updated
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Verify data from CCU B (DLCM 2 heated ; CCU B is connect
with DLCM 2, Heater H 102 and the temperature sensors T 104
and T 101)
Verify DLCM2 Tenperature Tel enetry
C100_0_T104 KD201303 AND=ZAZ9P999
Verify DLCML Tenperature Tel enetry
C100_0_T101 KD200303 AND=ZAZ9P999
]
20.3 Verify Post-nonitoring phase (over "Post neasure
period" * 30 sec)
After the selected heating duration, verify DLCM enters in the
Post-monitoring phase (selected duration 450 sec)
Verify State of DLCM heater Telenetry
DLCMheat _stat MB KMB34301 = OFF AND=ZAZ9P999
Verify State of DLCM sequencer (execution phase)
DLCM stat MB KM622301 = Post - Mon AND=ZAZ9P999
Verify Pre- and Post- Calibration status Telenetry
Pre_post_cal MB KM528301 = Pre-calib AND=ZAZ9P999
Verify State of Monitoring sequencer Tel enetry
MonSeq_stat MB KM621301 = NOTACTI VE AND=ZAZ9P999
Next Step:
21 Verify the post calibration phase (280 ns) 22
At the end of the Post-monitoring phase, DLCM enters in Post-
calibration phase indicated in the TM parameter KM628301
Verify State of DLCM heater Telenetry
DLCMheat _stat MB KM634301 = OFF AND=ZAZ9P999
Verify State of DLCM sequencer (execution phase)
DLCM stat MB KM622301 = ldle AND=ZAZ9P999
Verify Pre- and Post- Calibration status Telenetry
Pre_post_cal MB KM528301 = Post-calib AND=ZAZ9P999
Verify State of Monitoring sequencer Tel enetry
MonSeq_stat MB KM621301 = NOTACTI VE AND=ZAZ9P999
Next Step:
22 Verify DLCM arming is disabled 23
Verify Tel emetry
DLCVHArm st B KMD37301 = OFF AND=ZAZ9P999
Next Step:
23 Verify acquisition of DLCM npbnitoring paraneters 24
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Verify the following DLCM Pre/Post-heating calibration and
DLCM temperature sensors:
Pre-heating calibration data:
- MUR, used for gaincalibration,
- MUO, used for offset calibration,
- MIR, used for gain calibration,
- MIO, used for offset calibration.
Post-heating calibration data:
- MUR, used for gain calibration,
- MUO, used for offset calibration,
- MIR, used for gain calibration,
- MIO, used for offset calibration.
Verify Mur of CCU B in pre-heating calibration
Tel enetry AND=ZAZ9P999
CCU B Mur_pre KD600301
Verify Mi0O of CCU B in pre-heating calibration
Tel enetry AND=ZAZ9P999
CCU B MiO_pre KD601301
Verify Mr of CCU B in pre-heating calibration
Tel enetry AND=ZAZ9P999
CCU B Mr_pre KD602301
Verify MO of CCU B in pre-heating calibration
Tel enetry AND=ZAZ9P999
CCU_B_M O_pre KD603301
Verify Mur of CCU B in post-heating calibration
Tel enetry AND=ZAZ9P999
CCU_B_Mur _post KD613301
Verify MiO of CCU B in post-heating calibration
Tel enetry AND=ZAZ9P999
CCU_B_MiO_post KD612301
Verify Mr of CCU B in post-heating calibration
Tel enetry AND=ZAZ9P999
CCU_ B M r_post KD611301
Verify MO of CCU B in post-heating calibration
Tel enetry AND=ZAZ9P999
CCU_B M 0_post KD610301
Verify Voltage DLCM heater CCU B Tel enetry
CCU B_DLCM V KD272301 AND=ZAZ9P999
Verify Current DLCM heater CCU B Tel enetry
CCU B_DLCM | KD273301 AND=ZAZ9P999
Verify DLCM2 Tenperature Tel enetry
C100_0_T104 KD201303 AND=ZAZ9P999
Verify DLCML Tenperature Tel enetry
C100_0_T101 KD200303 AND=ZAZ9P999
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The pre-heating and post-heating values for MUR, MUO, MIR
and MIO should not vary significantly.
Where:
- Voltage measurement reference source voltage (MUR)
- Conversion result from voltage measurement short circuit
(MUO0)
- Current measurement reference source voltage (MIR)
- Current measurement short circuit voltage (MIO)
Next Step:
24 Di sabl e DLCM CCU B packet 25
Disable CCU_B DLCM (HK ID =103 SID =0x5AAA) Diagnostic
packet
Execute Tel econmand
Di sabl eTnGen DC902180
Command Par anet er (s)
N DH017180 1 <dec> (Def)
Sub- Type DH019180 Di ag Report
Packet -1 D DH020180 103 <dec>
TC Control Flags :
GBM | L DSE
soN ca ooa
Subsch. ID: 10
Det. descr. Di sabl e Generation of Tel enmetry Packets
Next Step:
25 Re-start CCU npnitoring node for both CCU 26
[Call procedure H FCP_CCU_ACQP and select "routine |
monitoring" (period 512 sec) or Recycling/decontamination
(period 8 sec)
Execut e Procedure:
CCU acqui sition period update
Next Step:
26 Moni t or tenperature stabilisation 27
Monitor the time required for temperature stabilisation
(temperature sensors T 104 and T 101)
Next Step:
27 Performthe DLCM B off-1ine data processing END
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TC Seq. Nane : HFKDLCMB (Enabl e both DLCM
Ti meTag Type: N
Sub Schedul e | D:
]
Next Step:
28 Stop the Mnitoring node for both CCU 29
[Call procedure H FCP_CCU_ACQP and select the option|
"Stop monitoring"
Execut e Procedure:
CCU acqui sition period update
Next Step:
29 Enable DLCM CCU A and B packets 30
Enable the follwoing Diagnostic packets:
CCU_A DLCM (HK ID =101 SID= 0x579E)
CCU_B DLCM (HK ID =103 SID =0x5AAA)
Execute Tel econmand
Enabl eTnGen DC900180
Command Par anet er (s)
N DH017180 2 <dec>
Sub- Type DH019180 Di ag Report
Packet -1 D DH020180 101 <dec>
Sub- Type DH019180 Di ag Report
Packet -1 D DH020180 103 <dec>
TC Control Flags :
GBM I L DSE
e Yiwaaian
Subsch. ID: 10
Det. descr. Enabl e Generation of Telenetry Packets
Next Step:
30 Start DLCM operation on CCU A and CCU B 31
30.1 Verify the arm ng node R
Verify Tel emetry
DLCVHAr m st A KMD37300 = OFF AND=ZAZ9P999
Verify Tel emetry
DLCVHAr m st B KMD37301 = OFF AND=ZAZ9P999
30.2 Send TC to Arm DLCM on COU A and CCU B R
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Execute Tel econmand
CCUA_Ar nDLCM ZCO0ZR999
TC Control Flags :
GBM I L DSE
QYRR
Subsch. ID: 10
Det. descr. : TC(8,4,8,1) for CCUA DLCM Arm ng
Execute Tel econmand
CCUB_Ar nDLCM ZC0ZS999
TC Control Flags :
GBM I L DSE
a3 oo oas
Subsch. ID: 10
Det. descr. : TC(8,4,8,1) for CCUB DLCM Arm ng
]
30.3 Verify the arm ng node
Verify Tel emetry
DLCMHAr m st A KMD37300 = ON AND=ZAZ9P999
Verify Tel emetry
DLCVHAr m st B KMD37301 = ON AND=ZAZ9P999
]
30.4 Send TC to activate the DLCM sequence on CCU A and
CCU B
WARNING: DLCM arming will return to Idle mode if the "DLCM
On" command is received too fast (<1 sec) or is not received
within 180 sec.
WARNING: the telecommands CCU A DLCM ON and CCU B
DLCM ON shall be issued without any delay (<500ms between
these two telecommnads).
To ensure that the two DLCMon commands (ZC0ZT999 and
ZC0ZU999) are sent at the same time those TCs are blocked
(encoded in the same CLTU).
Set the values of the following parameters to activate the
DLCM operation:
KP101300/1 = heating period between 0 and 200 sec
KP102300/1 = post measurement period between 0 and 15
(measurements over P*30 seconds where P is parameter on
command i.e. 0 to 450 sec).
The Post measurement period needs to be maximum period
(450 sec).
The heated phase at begin of life (full tank) shall be 180 sec
and can be reduced linearly to 60 sec (TBC) at the end of life
(empty tank).
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Execute Tel econmand
CCUA_DLCMon ZC0ZT999
Command Par anet er (s)
DLCM Heat i ngPeri od CCUA KP101300 200 <dec>
DLCM Post Measur CCUA KP102300 15 <dec>
TC Control Flags :
GBM I L DSE
SQY.isaiinad
Subsch. ID: 10
Det. descr. TC(8, 4,8,1) for CCUA DLCM ON
Execute Tel econmand
CCUB_DLCMon ZC0ZU999
Command Par anet er (s)
DLCM Heat i ngPeri od CCUB KP101301 200 <dec>
DLCM Post Measur CCUB KP102301 15 <dec>
TC Control Flags :
GBM | L DSE
SESEtas
Subsch. ID: 10
Det. descr. TC(8,4,8,1) for CCUB DLCM ON
Initiates DLCM sequence:
1) Pre-calibration measurements (482 ms.)
2) Actual DLCM sequence: (measurement of temp. sensors,
voltage and current over heater).
- Pre-monitoring : Measurements over 200 sec
- Heating : Heater ON and measurements over "Heating
period" [sec] (parameter in the command).
- Post-monitoring : Heater OFF and measurements over "Post
measure period" * 30 [sec]
3) Post-calibration measurements (280 ms)
Total execution time =200.76 + H + 30 * P sec
=200.76 + 200 + 30 * 15 = 850.76 sec = 14 min
Note: The Pre-calibration and the Post-calibration are very
quick and can not be easily monitored in real time.
Next Step:
31 Verify Pre-calibration phase (482 nsec duration) 32
Verify State of DLCM heater Telenetry
DLCVheat _stat MA KM634300 = OFF AND=ZAZ9P999
Verify State of DLCM heater Telenetry
DLCVheat _stat MB KM634301 = OFF AND=ZAZ9P999
Verify State of DLCM sequencer (execution phase)
DLCM stat MA KM622300 = ldle AND=ZAZ9P999
Verify State of DLCM sequencer (execution phase)
DLCM stat MB KM622301 = ldle AND=ZAZ9P999
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Verify Pre- and Post- Calibration status Telenetry
Pre_post_cal MA KM528300 = Pre-calib AND=ZAZ9P999
Verify Pre- and Post- Calibration status Telenetry
Pre_post_cal MB KM628301 = Pre-calib AND=ZAZ9P999
Verify State of Monitoring sequencer Tel enetry
MonSeq_stat MA KM621300 = NOTACTI VE AND=ZAZ9P999
Verify State of Monitoring sequencer Tel enetry
MonSeq_stat MB KM621301 = NOTACTI VE AND=ZAZ9P999
Next Step:
32 Verify pre-/heating/post-nonitoring phases 33
(200+H+P*30 sec)
]
32.1 Verify Pre-nmonitoring phase (200 sec duration)
Verify State of DLCM heater Telenetry
DLCWVheat _stat MA KM634300 = OFF AND=ZAZ9P999
Verify State of DLCM heater Telenetry
DLCWVheat _stat MB KM634301 = OFF AND=ZAZ9P999
Verify State of DLCM sequencer (execution phase)
DLCM stat MA KM622300 = Pre-Mn AND=ZAZ9P999
Verify State of DLCM sequencer (execution phase)
DLCM stat MB KM622301 = Pre-Mn AND=ZAZ9P999
Verify Pre- and Post- Calibration status Telenetry
Pre_post_cal MA KM528300 = Pre-calib AND=ZAZ9P999
Verify Pre- and Post- Calibration status Telenetry
Pre_post_cal MB KM528301 = Pre-calib AND=ZAZ9P999
Verify State of Monitoring sequencer Tel enetry
MonSeq_stat MA KM621300 = NOTACTI VE AND=ZAZ9P999
Verify State of Monitoring sequencer Tel enetry
MonSeq_stat MB KM621301 = NOTACTI VE AND=ZAZ9P999
]
32.2 Verify Heating phase (over "Heating period" [sec]
duration)
Verify that the DLCM enters in the Heating phase (selected
duration between 0 and 200 sec)
Verify State of DLCM heater Telenetry
DLCVheat _stat MA KM634300 = ON AND=ZAZ9P999
Verify State of DLCM heater Telenetry
DLCVheat _stat MB KM634301 = ON AND=ZAZ9P999
Verify State of DLCM sequencer (execution phase)
DLCM stat MA KM622300 = Heating AND=ZAZ9P999
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Verify State of DLCM sequencer (execution phase)
DLCM stat MB KM622301 = Heating AND=ZAZ9P999
Verify Pre- and Post- Calibration status Telenetry
Pre_post_cal MA KM528300 = Pre-calib AND=ZAZ9P999
Verify Pre- and Post- Calibration status Telenetry
Pre_post_cal MB KM528301 = Pre-calib AND=ZAZ9P999
Verify State of Monitoring sequencer Tel enetry
MonSeq_stat MA KM621300 = NOTACTI VE AND=ZAZ9P999
Verify State of Monitoring sequencer Tel enetry
MonSeq_stat MB KM621301 = NOTACTI VE AND=ZAZ9P999
]
32.2.1 Moni tor the DLCM heater voltage & current and
t enperature sensors
Verify Voltage DLCML heater CCU A Telenetry
CCU_A _DLCM V KD272300 AND=ZAZ9P999
Verify Current DLCML heater CCU A Telenetry
CCU_A DLCM | KD273300 AND=ZAZ9P999
Verify Voltage DLCM2 heater CCU B Tel enetry
CCU_B_DLCM V KD272301 AND=ZAZ9P999
Verify Current DLCM2 heater CCU B Tel enetry
CCU B_DLCM | KD273301 AND=ZAZ9P999
Verify data from CCU A (DLCM 1&2 heated ; CCU A is connect
with DLCM 1, Heater H 101 and the temperature sensors T 105
and T 102)
Verify DLCML tenperature Tel emetry
C100_0_T105 KD201302 AND=ZAZ9P999
Verify DLCM2 tenperature Tel enetry
C100_0_T102 KD200302 AND=ZAZ9P999
Verify data from CCU B (DLCM 1&2 heated ; CCU B is connect
with DLCM 2, Heater H 102 and the temperature sensors T 104
and T 101)
Verify DLCM2 Tenperature Tel enetry
C100_0_T104 KD201303 AND=ZAZ9P999
Verify DLCML Tenperature Tel enetry
C100_0_T101 KD200303 AND=ZAZ9P999
]
32.3 Verify Post-nonitoring phase (over "Post neasure
period" * 30 sec)
After the selected heating duration, verify DLCM enters in the
Post-monitoring phase (selected duration 450 sec)
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Verify State of DLCM heater Telenetry
DLCMheat _stat MA KM634300 = OFF AND=ZAZ9P999
Verify State of DLCM heater Telenetry
DLCMheat _stat MB KMB34301 = OFF AND=ZAZ9P999
Verify State of DLCM sequencer (execution phase)
DLCM stat MA KM622300 = Post - Mon AND=ZAZ9P999
Verify State of DLCM sequencer (execution phase)
DLCM stat MB KM622301 = Post - Mon AND=ZAZ9P999
Verify Pre- and Post- Calibration status Telenetry
Pre_post_cal MA KM528300 = Pre-calib AND=ZAZ9P999
Verify Pre- and Post- Calibration status Telenetry
Pre_post_cal MB KM528301 = Pre-calib AND=ZAZ9P999
Verify State of Monitoring sequencer Tel enetry
MonSeq_stat MA KM621300 = NOTACTI VE AND=ZAZ9P999
Verify State of Monitoring sequencer Tel enetry
MonSeq_stat MB KM621301 = NOTACTI VE AND=ZAZ9P999
Next Step:
33 Verify the post calibration phase (280 ns) 34
At the end of the Post-monitoring phase, DLCM enters in Post-
calibration phase indicated in the TM parameter KM628300/1
Verify State of DLCM heater Telenetry
DLCMheat _stat MA KM634300 = OFF AND=ZAZ9P999
Verify State of DLCM heater Telenetry
DLCMheat _stat MB KM634301 = OFF AND=ZAZ9P999
Verify State of DLCM sequencer (execution phase)
DLCM stat MB KM622301 = ldle AND=ZAZ9P999
Verify State of DLCM sequencer (execution phase)
DLCM stat MA KM622300 = ldle AND=ZAZ9P999
Verify Pre- and Post- Calibration status Telenetry
Pre_post_cal MA KM528300 = Post-calib AND=ZAZ9P999
Verify Pre- and Post- Calibration status Telenetry
Pre_post_cal MB KM528301 = Post-calib AND=ZAZ9P999
Verify State of Monitoring sequencer Tel enetry
MonSeq_stat MA KM621300 = NOTACTI VE AND=ZAZ9P999
Verify State of Monitoring sequencer Tel enetry
MonSeq_stat MB KM621301 = NOTACTI VE AND=ZAZ9P999
Next Step:
34 Verify DLCM arming is disabled 35
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Verify Tel emetry
DLCVHAr m st A KMD37300 = OFF AND=ZAZ9P999
Verify Tel emetry
DLCVHArm st B KMD37301 = OFF AND=ZAZ9P999
Next Step:
35 Verify acquisition of DLCM npbnitoring paraneters 36
Verify the following DLCM Pre/Post-heating calibration and
DLCM temperature sensors:
Pre-heating calibration data:
- MUR, used for gaincalibration,
- MUO, used for offset calibration,
- MIR, used for gain calibration,
- MIO, used for offset calibration.
Post-heating calibration data:
- MUR, used for gain calibration,
- MUO, used for offset calibration,
- MIR, used for gain calibration,
- MIO, used for offset calibration.
]
35.1 Verify acquisition of DLCM npnitoring paranmeters on
CCU A
Verify Mur of CCU A in pre-heating calibration
Tel enetry AND=ZAZ9P999
CCU A Mur_pre KD600300
Verify Mi0O of CCU A in pre-heating calibration
Tel enetry AND=ZAZ9P999
CCU_A_MIO_pre KD601300
Verify Mr of CCU A in pre-heating calibration
Tel enetry AND=ZAZ9P999
CCU A Mr_pre KD602300
Verify MO of CCU A in pre-heating calibration
Tel enetry AND=ZAZ9P999
CCU_A MO_pre KD603300
Verify Mur of CCU A in post-heating calibration
Tel enetry AND=ZAZ9P999
CCU_A Mur _post KD613300
Verify Mi0O of CCU A in post-heating calibration
Tel enetry AND=ZAZ9P999
CCU_A_MiO_post KD612300
Verify Mr of CCU A in post-heating calibration
Tel enetry AND=ZAZ9P999
CCU_A M r_post KD611300
Verify MO of CCU A in post-heating calibration
Tel enetry AND=ZAZ9P999
CCU_A_M 0_post KD610300
Verify DLCML tenperature Tel emetry
C100_0_T105 KD201302 AND=ZAZ9P999
Verify DLCM2 tenperature Tel enetry
C100_0_T102 KD200302 AND=ZAZ9P999
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The pre-heating and post-heating values for MUR, MUO, MIR
and MIO should not vary significantly.
Where:
- Voltage measurement reference source voltage (MUR)
- Conversion result from voltage measurement short circuit
(MUO0)
- Current measurement reference source voltage (MIR)
- Current measurement short circuit voltage (MIO)
]
35.2 Verify acquisition of DLCM npnitoring paranmeters on
CCU B
Verify Mur of CCU B in pre-heating calibration
Tel enetry AND=ZAZ9P999
CCU B Mur_pre KD600301
Verify Mi0O of CCU B in pre-heating calibration
Tel enetry AND=ZAZ9P999
CCU B MiIO_pre KD601301
Verify Mr of CCU B in pre-heating calibration
Tel enetry AND=ZAZ9P999
CCU B Mr_pre KD602301
Verify MO of CCU B in pre-heating calibration
Tel enetry AND=ZAZ9P999
CCU_B_M 0_pre KD603301
Verify Mur of CCU B in post-heating calibration
Tel enetry AND=ZAZ9P999
CCU_B_Mur _post KD613301
Verify MiO of CCU B in post-heating calibration
Tel enetry AND=ZAZ9P999
CCU_B_MiO_post KD612301
Verify Mr of CCU B in post-heating calibration
Tel enetry AND=ZAZ9P999
CCU_ B M r_post KD611301
Verify MO of CCU B in post-heating calibration
Tel enetry AND=ZAZ9P999
CCU_B M 0_post KD610301
Verify Voltage DLCM heater CCU B Tel enetry
CCU_B_DLCM V KD272301 AND=ZAZ9P999
Verify Current DLCM heater CCU B Tel enetry
CCU B_DLCM | KD273301 AND=ZAZ9P999
Verify DLCM2 Tenperature Tel enetry
C100_0_T104 KD201303 AND=ZAZ9P999
Verify DLCML Tenperature Tel enetry
C100_0_T101 KD200303 AND=ZAZ9P999
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The pre-heating and post-heating values for MUR, MUO, MIR
and MIO should not vary significantly.
Where:
- Voltage measurement reference source voltage (MUR)
- Conversion result from voltage measurement short circuit
(MUO0)
- Current measurement reference source voltage (MIR)
- Current measurement short circuit voltage (MIO)
Next Step:
36 Di sabl e DLCM CCU A and CCU B packets 37
Disable the following Diagnostic packets:
CCU_ADLCM (HK ID =101 SID = 0x579E)
CCU_B DLCM (HK ID =103 SID =0x5AAA)
Execute Tel econmand
Di sabl eTnGen DC902180
Command Par anet er (s)
N DH017180 2 <dec>
Sub- Type DH019180 Di ag Report
Packet -1 D DH020180 101 <dec>
Sub- Type DH019180 Di ag Report
Packet -1 D DH020180 103 <dec>
TC Control Flags :
GBM I L DSE
A
Subsch. ID: 10
Det. descr. : Disable Generation of Telenetry Packets
Next Step:
37 Re-start CCU nonitoring node for both CCU 38
[Call procedure H FCP_CCU_ACQP and select "routine |
monitoring" (period 512 sec) or Recycling/decontamination
(period 8 sec)
Execut e Procedure:
CCU acqui sition period update
Next Step:
38 Moni tor tenperature stabilisation 39
Monitor the time required for temperature stabilisation
(temperature sensors T 101, T 102, T 104 and T 105)
Next Step:
39 Performthe DLCM A+B off-1ine data processing END
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