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Abstract 
 

In recent times there has been a lot of demand for environmental performance year upon year, leading 
to the development of electric vehicles and hydrogen fuel cell vehicles as countermeasures to environmental 
issues such as global warming and air pollution. Nevertheless, it is estimated that it could take several 
decades before these vehicles can replace hybrid, or regular vehicles. Meanwhile governments of, mainly 
developed, countries have been implementing stricter environmental regulations on car engines year on 
year. Automotive related companies are dealing with this by constantly introducing newer and better 
performing control technologies for engines. As a result, the situation has become such that engineers 
working to develop engines, which are systems composed of a complex intertwining of mechanical and 
electrical hardware and software, are now not able to follow QCD (Quality, Cost, Delivery) in development 
as a rule of thumb. The cause of this is that approaches are dealing remedially with the problem without 
being able to look at the overall picture of engines. There are, for example, problems where individual 
technologies that have had their effects verified in advanced development stages do not guarantee 
performance of the entire engine when used in mass production development, where problems only surface 
for the first time when the entire engine is put together. 

This research formulates an architecture by correctly capturing automobile engines as a system through 
a model based systems engineering approach. Several demands are made for automobile engines, such as 
thermal efficiency, power output, responsiveness and emissions. Among these, this paper conducts an 
architecture description focusing on thermal efficiency, which exhibits the most fundamental principle of an 
engine. The language used in order to perform the architecture description is SysML (Systems Modeling 
Language) which was recognized by OMG (Object Management Group) in 2006. 

In describing the system model, a context analysis is performed on the engine in order to clarify the 
functions required by the engine. Then the interaction between components is defined through functional 
analysis of the engine, and the allocation of the functions to the subsystems and components that make up 
the engine. By utilizing the engine architecture that has been defined previously, factor analysis was 
performed on thermal efficiency decreasers, showing this more structurally. Furthermore, the relationship 
between factors that decrease thermal efficiency and thermal efficiency increasing technologies, and the 
relationship between thermal efficiency increasing technologies and the system model of the engine is made 
clear. Thus in the place of the remedial investigations used until present in which technologies were 
introduced to counter the factors decreasing thermal efficiency, a methodology whereby solution strategies 
to the thermal efficiency decreasing factors are investigated while grasping the effects on the entire engine 
through the system model is proposed. In addition, there is clarification on what kind of relationship the 
engine architecture defined in this paper has with the seven factors of engine efficiency increase defined by 
a certain company. Also, by conducting a discussion with engineers from three automobile companies that 
develop engines, and by conducting a survey based upon this, feedback on how the system model could be 
utilized in actual development is received , the effectiveness of the engine architecture is validated. Finally, 
through these results, prospects for the future are considered. 
 
 

Key Word(5 words) 
Model-Based Systems Engineering, System Architecture, SysML(Systems Modeling Language), 

Automotive Engine, Thermal Efficiency 
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Figure3-8 Vehicle Context Composition hierarchy
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Figure3-9 Vehicle Context Behavior and object flow 
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Figure3-10 Vehicle Context Composition Interconnection
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Figure3-11 Vehicle/Driver System Composition hierarchy 
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Figure3-12 Driving Assembly Context Behavior and object flow
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Figure3-13 Driving Assembly Context Composition Interconnection

Academic Version for Teaching Only
Commercial Development is strictly Prohibited

Academic Version for Teaching Only
Commercial Development is strictly Prohibited

Academic Version for Teaching Only
Commercial Development is strictly Prohibited

Academic Version for Teaching Only
Commercial Development is strictly Prohibited

Academic Version for Teaching Only
Commercial Development is strictly Prohibited

Academic Version for Teaching Only
Commercial Development is strictly Prohibited

Vehicle/Driver SystemVehicle/Driver System[Block] ibd [  ]

Atm

Climate Info

«full»
DF

Visual Info

Exhaust gas

 : HMI Assembly

foot

driver cmd

hand

brake cmd

direction cmd

 : Driver

Road Info

Climate Info

foot

hand

 : Electrical Assembly
driver cmd

power cmd

brake cmd

direction cmd

brake cmd1

direction cmd1

 : Driving Assembly

Atm

«full»

DF

brake cmd cmd

power cmd

direction cmd

fuel port

 : Body Assembly

fuel port
Model Navigation

allocatedFrom  
«objectFlow»vehicle around air

allocatedFrom  
«objectFlow»direction operation

allocatedFrom  
«objectFlow»direction signal

allocatedFrom  
«objectFlow»power signal

allocatedFrom  
«objectFlow»brake signal

allocatedFrom  
«objectFlow»accel operation  
«objectFlow»brake operation

allocatedFrom  
«objectFlow»power cmd

allocatedFrom  
«objectFlow»direction cmd

allocatedFrom  
«objectFlow»infra info  
«objectFlow»obstacle info  
«objectFlow»road info

allocatedFrom  
«objectFlow»driving force

allocatedFrom  
«objectFlow»exhaust gas

allocatedFrom  
«objectFlow»climate info

allocatedFrom  
«objectFlow»brake cmd

supporting surface

fuel tube

vehicle around atmosphere

exhaust gas

physical environment visual if

climate visual if

power signal line

brake signal line

drection signal line

accel cmd interface

brake cmd intarface

direction cmd intarface

foot

hand



 36 

3.3.3  
3.3.2 Figure3-11 Driving Assembly
Figure3-14 	 Driving Assembly

	 

Vehicle/Driving System Driving Assembly
	 SysML1.4

	  
Engine Context Figure3-15

	  
Figure3-14 Driving Assembly

Engine Context

	  

Figure3-15 Engine Context

Figure3-16 	  

 

 

 

Figure3-14 Engine Context Composition Hierarchy 
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Figure3-15 Engine Context Composition Behavior
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Figure3-16 Engine Context Composition Interconnection 
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Figure3-17 Subsystem Function Decomposition of Subsystem Level 

 

 

 

Academic Version for Teaching Only
Commercial Development is strictly Prohibited

Academic Version for Teaching Only
Commercial Development is strictly Prohibited

Engine Behavior(Layer1,2)[Package] Layer2bdd [  ]

«activity»

6.Conversion from expansion force to 
mechanical force function

«activity»

7.Mechanical force supply function

«activity»

Supply driving force

«activity»

2.Gas compression function

«activity»

3.Gas combustion function

«activity»

4.Gas expansion function

«activity»

1.Intake air function
«activity»

5.Exhaust function



 42 

 

Figure3-18 Function Flow Block Diagram of Engine Subsystem Level Function 
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Figure3-19 Engine System Structure (Subsystem Level)
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Figure3-20 Engine System Function Flow Block Diagram with swimlane (Subsystem Level)
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Figure3-21 Engine System Composition Interconnection (Subsystem Level)
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Table3-2 Allocation Matrix Between Function and Physical  

(Subsystem Level)
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Figure3-22 Engine System Function Structure (Component Level) 
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Figure3-23 Function Flow Block Diagram of Engine Component Level Function 
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Figure3-24 Engine System Structure (Component Level) 
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Figure3-25 Function Flow Block Diagram of Engine Component Level Function 
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Figure3-26 Engine System Composition Interconnection (Component Level) 
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Table3-3 AllocationMatrix Between Function and Physical (Component Level) 
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Table3-4 Allocation Matrix Between Function and Physical
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Figure3-27 Engine System Architecture Diagram (Subsystem Level) 
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Figure3-28 Engine System Architecture Diagram (Component Level) 
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Figure4-1 Heat Efficiency and Energy Loss Structure 

 
 

 
Figure4-2 Otto Cycle with Energy Loss
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Figure4-4 Engine System Architecture (Component Level) with Emphasis on Function and Physical
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Figure4-5 Energy Loss Factor Analysis of “Intake air Function” 
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Figure4-6 Energy Loss Factor Analysis of “Gas compression” and ”Gas expansion Function” 
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Figure4-7 Energy Loss Factor Analysis of “Gas combustion Function” 
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Figure4-8 Energy Loss Factor Analysis of “Exhaust gas Function”
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Table4-1 Energy Loss Factor Analysis Table from Perspective of Function and Physical 
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Table4-2 Dependency Relationship between Energy Loss Factor
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Table4-3 Relationship between Energy Loss and Energy Loss Factor from Perspective of Function and Physical 
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Figure4-9 Energy Loss Factor from Perspective of Function 
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Figure4-10 Detail Energy Loss Factor from Perspective of Function and Physical
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Figure4-11 Detail Energy Loss Factor from Perspective of Function and Physical with  

Emphasis on Dependency on Technology
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Figure4-12 Engine Architecture Related to Engine Energy Loss Factor
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Figure4-13 Engine Energy Loss Factor with Emphasis on Dependency on Energy Loss Factors
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Figure4-14 Classification of Engine Heat Efficiency Improvement Technology 
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Table4-4 Description of Engine Heat Efficiency Improvement Technology 
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Figure4-15 Expressing of Engine Heat Efficiency Improvement Technology on Engine Energy Loss Factor
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Figure4-16 Expressing of Engine Heat Efficiency Improvement Technology on Engine Architecture 
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Table4-5 Analysis of Engine Heat Efficiency Improvement Technology 
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Figure4-17 Expression of Complexity of Gas Combustion Control on Engine Energy Loss Factor 
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4.3   

	 Figure4-18
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Figure4-18 Relationship between Engine Architecture, Engine Energy Loss 

Factor and Engine Heat Efficiency Improvement Technology 
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Figure4-19 Engine Architecture Related to Energy Loss
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Figure4-20 Concept of Reducing Engine Energy Loss Approach  
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Figure4-21 Trade Study of Engine Heat Efficiency on Architecture Diagram 
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Figure4-22 Impact Analysis of EGR on Architecture 
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Figure5-1 MAZDA SKACTIVE Engine Development Control Factor 
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Figure5-2 Engine System Architecture with Emphasis on MAZDA Engine Control Factor 
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Figure5-3 Detail Energy Loss Factor Structure from Perspective of Function and Physical with MAZDA Engine Control 

Factor 
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Figure5-4 Engine System Architecture (Component Level) with Emphasis on Heat Efficiency Improvement of MAZDA 

SKYACTIV-G 
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Figure5-5 Engine System Architecture (Component Level) with Emphasis on Technologies of MAZDA SKYACTIV-G
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Table5-2 Questionnaire Result of A Company 
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Table5-5 Discussion Result of B Company  

	



 105 

C Table5-6 Table5-7 	 

	  

 
! 

	  
! 	 

	  
! 	  

 

	 

	 

	 



 106 

Table5-6 Questionnaire Result of C Company 
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Figure5-6 Questionnaire Result of Question1 about “When is system model 

useful?” 

Figure5-7 Questionnaire Result of Question2 about “Who will get benefit 

from system model? ” 
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Figure5-8 Questionnaire Result of Question3 about “What is benefit from 

system model? ” 

Figure5-9 Questionnaire Result of Question4 about “How use system model 

as a IT tool? ” 
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Figure5-11 Each Company Questionnaire Result of Question2 about “Who 

will get benefit from system model? ” 

 
Figure5-12 Questionnaire Result of Question3 about “What is benefit from 
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Figure5-13 Each Company Questionnaire Result of Question4 about “How 

use system model as a IT tool? ” 
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