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A study on MBSE(Model-Based Systems Engineering)

application method for concept design of submarine
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Abstract : Because submarine is high—technology and very complex system, it takes a lot of time, cost and
manpower for design. For efficient concept design, application of systematic method is required such as
system engineering. In this study, we studied application method of MBSE for submarine concept design with
SWBS (Ship Work Breakdown Structure). Components of submarine system from SWBS were classified and
organized as system architecture with Vitech CORE’ . Through the MBSE application for concept design,

systematic, efficient and traceable concept design of submarine was considered.

Key words : Model—Based Systems Engineering (MBSE), Submarine concept design, Ship Work Breakdown
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[Figure 1] Model-based systems engineering method(Kim et al., 2013)
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[Figure 2] Work Breakdown Structure (Levell™ 3) of aircraft
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[Figure 3] The work flow for conceptual design using
model-based systems engineering (Kim et al., 2013)
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1. Scope

1.1 Characteristic
This document is about operating reaquirements document (ORD)
which defines the requirements of a submarine pilot,

1.2 Overyiaw

This document is the draft of operating requirements
document (ORD) about a submarine pilot,

This Is a document defining operating requirements based on
a letter of requirement,

2. Reference Paper

The used documents for the submarine pllot are shown below :
ORD €This document)
Systen Enalnesrina Handbook

3. Requirements
3.1 Functional Requlrements

30001 Submar ines must aather information and monltor enemy,
3,12 Submar ines must lay mines for a blockade,

3.1.3 Submar ines must have secrecy attack and self-defence
capabl ity against enamy,

3.2 Performance Fequirements

g 2, A Submarines must perfarm missions within maxinum diving
ept .

3.2.2 Submarines must perform missions at least "B" days in
water,

3.2.3 Underwater speed of submarines must be "C" knot,

2.4 Cruising radius of submarines must be "D" nm,

2.5 Minimum nunber of submarine crewmembers must be "E”
2.6 Displacement of submarine must be "F" ton,

2.7 Submarines must load armanent for missions.

2.8 Submarines must have "G" ton of weight on board for
ssion modules,

[Figure 5] Operational requirement document about virtual
submarine system
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C COMPOMENT _SLIBMARIME

C. 1 GENERAL GUIDAMCE AND ADMIMISTRATION,
C.2 HULL STRUCTURE, GEMERAL.

C.3 PROPULSION PLANT, GEMERAL.

C. 3.1 ENERGY GEMERATIMG S5YSTEM

C. 3.2 PROPULSION UNITS

C. 3.3 TRANSMISSION AMD PROPULSION SYSTEMS
C. 3.4 PROPULSION SUPPORT 5Y5.

C.4 ELECTRIC PLANT, GEMER.AL.

C.4. 1 ELECTRIC POWER. GENERATION

C.4. 2 POWER DISTRIBUTIONM 5YSTEMS

C.4. 3 LIGHTIMNG 5YSTEM

C.4.4 POWER. GEMERATION SUPPORT SYSTEMS
C.5 COMMAND AMD SURVEILLAMCE, GEMERAL.
C.5, 1 COMMAND AND COMTROL SYSTEMS

C. 5.2 MAVIGATION 5YSTEMS

C. 5.3 INTERIOR COMMUMNICATIONS

C. 5.4 EXTERIOR. COMMUNICATIONS

C. 5.3 SURVEILLAMCE 5YSTEMS, SURFACE AND AIR
C.5.6 SURVEILLAMCE SYSTEMS (UNDERWATER)

C. 5,7 COUNTERMEASLURE SYSTEMS

C. 5.8 FIRE CONTROL SYSTEMS

C.6 ALIXILIARY SYSTEMS, GEMERAL.

C.6.1 CLIMATE CONTROL

C.6.2 SEA WATER 5YSTEMS

C.0.3 FRESH WATER. 5YSTEMS

C.5.4 FUELS AND LUBRICANTS, HANDLING AMD STORAGE
C.6.5 AIR., GAS, AND MISCELLANEQUS FLUID SYSTEMS
C.6.6 5HIF CONTROL SYSTEMS

C.6.7 REFLENISHMENT 5YSTEMS

C.6.8 MECHAMICAL HANDLIMG SYSTEMS

C.7 OUTFIT AND FURMISHINGS, GEMERAL.

C.5 ARMAMENT, GEMER.AL.

C.58.1 MISSILES AND ROCKETS

C.8.2 MIMNES

C.8.3 TORPEDOES

C.8.4 CAR.GO MUNITIONS

[ COMMANDER ]

CAPTAIN ] [ SUBMARINE ]

COMMANDER'S WORK
MISSION ORDER TO...

| PREPARE MISSION
MISSION ORDER TO ..,
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[Figure 10] Allocating a function to COMMAND system
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I 1> Process for conceptual design using MBSE

Process of MBSE for concept design of submarine

Giving traceability between requirement and
function of submarine

©Allocating a internal function to component
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| Name ..| Description | Type
R Requrements Composite
R.1 Functional Composite
Requrements
R.L1 Gatherng information | Submarines must gather Composite
and menitoring enemY | inf ormation and monitor enemy.
R.LL1 Gathering information .~ Submarines must gather Functonal
information.
R.LL2 Monitoring enemy Submarines must meniter enemy.  Functional
R.1.2 Laying mines for a Submarines must lay mines for a  Functional
blockade blockade.
R.1.3 Secrecy attackand | Sybmarines must have secrecy Composite
seif-defence capabilty g1t ck and self- defence capability
BQAUNSLENEMY | i mo mn mannes.
R.13.1 Searecy attack Submarines must have secrecy Functional
attack.
R.13.2 Selfdefence capabiity Submarines must have Fanciionsl
against enemy self- defence capability against
R.2 Performance Composite
Reguirements
R.2.1 Maximum diving depth  Submarines must perform missions  Performance
within maximum diving depth "A"
R.2.2 Endurance Submarines must perform missions Performance
at least "B” days in water.
R.2.3 Submarine speed Underwater speed of submarines  Performance
must be “C* knot.
R.2.4 Crusng radus Cruising radius of submarines must Performance
be D* nm.
R.2.5 Crewmember Minimum number of submarine Performance

crewmembers must be "E”.

Process of MBSE for concept design of submarine

[Figure 11] Defined requirements
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(D Operational requirement document about
submarine system

@ Requirement diagram

@ Physical context of submarine operation

@ Function oriented usecase diagram

(® Submarine component diagram with ESWBS

® Sequence diagram between submarine system
and external system with function flow

(@ Activity diagram about internal function flow

of submarine

act SYSTEM

[Figure 12] Activity diagram

12 A|2E A XL o] 2



ier SUbmarne speed
(22
| Submarine speed
| I
[ Requrement
|=T3 ass of oast of Pasis of oases of Jbass of
33 33 a1 a1 a3 LX)
POWER POWER ENERGY PROPLLSION ENERGY TRANSFER,
GENERATE SUP... DISTRIBUTE GENERATE SUPPORT TRANSFER, ENERGY TO PR,
Funcion Functon Funcan

Function Functon Function
L’GHW L'WNW L"UMJ‘ L"“H’W L‘W‘N“ L'M'HW
(XX (¥ €31 T34 €33 €32
POWER: POWER. ENERGY PROPLLSION TRANSMISSION | | PROPLASION
GENERATIONSS... |  |DISTRIBUTION ... | | GENERATING ... SLPPORT SYS. MOPROPUSL.. | | s

Component Companent ‘Component Companent Component | Comgonent
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[Figure 14] Allocating a function to GENERATE system
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