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Background

IV&YV for an Operation Procedure in JAXA

[GOAL of proposed method]
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Target System (1/2)

Spacecraft : H-ll Transfer Vehicle (HTV)
Component : Avionics Module / Multi-mission Control Unit (MCU)
Function: Pressurized Environment Controller,

Avionics Module
The Avignics Module contains
navigational and elactrical
equipmenl

ULC: Unpressurized
Logistics Carrier

The ULC will carry the Exposed Paliet

PLC: Prassurized
Logistics Carrier
The PLC will carry supplies that
will be uzed aboard the 155, The
laa crew will be able to antar
and work within the PLC,

EF: Exposed Fallet
The EP will carry unprassurized
payloads of other equipmeant

CBM: Comman
Berthing Machanism
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Target System
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Activity Execution (1/6) 354364

Work Sequence

Perform model-based simulation of targeted system behavior
to validate operation procedure regarding HTV MCU

e Step1: Modeling of target system and its environment

> System model is constructed based on system specification defined in
system requirement phase.

v System behavior is statically simulated according to the command input
and the state of environmental model.

» Environmental model associated with cabin pressure is virtually constructed.

v If all two switches of valves are “open”, pressure value is decreased by
1kPalsec.

v |If one of two switches of valves is “close”, pressure value remains the
same.

e Step2: Simulation with executable models

> [input] sequence of commands based on operation procedure
> [output] telemetry

e step3: Analyze the result of the simulation recorded in log file
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Activity Execution (2/6) )%;54

Modeling and Simulation

<Environment> ! <Pressurized environment controller= | <Environment>
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Data Flow of Cabin Pressure Control in MCU

Modeling Language : Microsoft Visual C++
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Activity Execution (3/6)

Simulation Result
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D Command Sequences

@ Telemetry to be checked

® Simulation Output

@ Comment on the Procedure
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If cabin pressure goes over upper threshold,
cabin air is released for depressurization by opening relief valves.

Activity Execution (4/6) __ W
Case Example
e Automatic Cabin Air Relief

upper
[Abstract of Operation Procedure]
Set “Status of Cabin Pressure Monitoring (ENA/INH)” to ENA lower
Set “Status of Cabin Pressure Sensor” to NORMAL O kPa
Set “Status of Automatic Cabin Air Relief (ENA/INH)” to ENA [sensor]
Execute “Automatic Cabin Air Relief” h
Monitor “Value of Air Pressure Sensor” Open

Monitor “Status of Air Pressure Sensor”
Monitor “Status of Valve (OPEN/CLOSE)”

[valve]
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Activity Execution (5/6

C E | expectatlon simulation
ase Xamp e value output
\ / [ 7~
W EEFEET T BEE |[TLARYEHSA EEOE i3 e
T FOEvEC L NERET &
2 Gabin Pressure 1 — 226 ELER D A
3 Cabin Pressure 2 — 226 B A
4 Cabin Pressure 3 - 226 8k 0D
3 W07 AutoR|T Enast = L TR0
5 WCUZ AutoR|T Enast = TNH TR0 7
7 WCUT AutoR|T Execst = OFF SR D
g WCU? AutoR1f ExecSt = OFF R DH
T VRV Al ot Tpen B0& |G QRN
10 VRV B1 St - Open R0 N Open’ MIZFMHHRED =&
] VRV A2 St = Close RO
12 VRV B2 St = Close D
K
14[MCU1 PLG Prc Gab Mon Ena
T5HCUZ_PLC Pre_Cab Won Ena | cabin pressure monitoring : ENA
6 WCUT PLC Prc Cab Won st ENA ENA
17 W07 PLC Pro Cab Won st A | 7=, ENAT SENAD = AT — % A D E LI C =200,
18 MCU1 Press Snsrl St NORM
19 MCU2? Press Snsrl St NORM NORM H .
L HGUZ Prose $ns-] 5 MR oz cabin pressure sensor : NORMAL
21 MCUZ _Press_snsrZ_st NORM NURM R=2
22 MCU1 Press Snsr3 St NORM NORM R=2
723 WCUZ Press Snsr3 St NORN NORM R=2
24 WCUT PLC Htr St = 0 EBO#H __ |R-2 MET — 32 QO BBIEND.
25 WCU2_PLC Htr St = 0 RaDH  |R-2 WET — 5 QMMEHD,
76|WCUT PLC HEr FIT_sel
77|MCUZ PLC Htr FIt Sel
28 WCUT PLC HEr St LT FLT R=4
29 WCU2 PLC Htr St FLT FLT R=4
JOIMCUT_At Relf_Emalnh_Ena
- e - =) automatic cabin air relief : ENA
33 WCUZ AutoR|T EnaSt ENA r —
TANCOT AT RelT Exe Ina I I
J5IMCU2 At Relf Exe Ena . . . .
== BT O & = automatic cabin air relief : ON
37 WCUZ AutoR|T Execst ON ON ' r
38 [ [
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Activity Execution (6/6)

Case Example (contd.)

expectation simulation
value output
IN[=< > FERS BER [TLAFIERE }\Iﬁﬁ EHEOE 2 I]E% [EE
i Tabin Pressure 1 = Ii—-117y_J cabin pressure falls down continually.
40 Cabin Pressure 2 - 219—197
41 Cabin_Pressure_ 3 - mq’::ﬁﬁ& R=8maR=21FECHRLHAEEC .
47 MCUT_Press_&nsr1_5t - — T::.Eﬁb’t R=22
43 MCU2 Press Snsrl St - NORM—MIN ERR E-F#E [R=22
44 MCU1_Press_Snsr2 5t - NORM—MIN_ERR E-aE |R=22
45 MCU2 _Press_snsrZ_5t - NURM—MIN_ERR L= Hﬁﬁ: R=22
46 MCU1 Press Snmsrd St - NORM—MIN ERR S b
47 MCU2 Press Snsr3 5t — NORM—MIN ERR ] R N
- o 1ot - =i If cabin pressure falls below lower limit,
49 VRV_B1_5t Open—Close
50 VRV A2 St = Glose—Upen—Glose valves are closed.
51 VRV B2 5t - Close—Open—Closg) | E= 2 #8 [R=13. R=22
52

Remarks about the simulation result

»1In this case example, system model behaved as expected
In the operation procedure.
> If there are some inconsistencies between system model
and the operation procedure, simulation output would be

different from expected values.
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Lessons Learned )%;54

e Modeling based on system specification

e Abstraction level of System Requirement
Specification and Operation Procedure should be
similar extent for modelling and integration.

e Models are easy to build for those who can use C-
language.
e Validation of Operation Procedure

e Execution Conditions of the Simulation were defined
as parameter changes with time.

e Various failure conditions are possibly defined and
Operation Procedure could be validated under the
conditions.

September 17 2010 Validation and Verification Workshop 12



Conclusion and Future Work )%gm

e Conclusion

e Simulation with Executable Model was shown to be
effective way to validate consistency between
operational design and system/software design
from early development phase.

e Future Work

e Validation of Dynamic System Behaviour

Operational validation methodology should be developed
with not only static model (status, command and
telemetry) but also dynamic model.
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