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Low Fuel Consumption Technology in Gasoline Engine
(Down-Sizing, Direct Injection…..)

CO2 Emission in Euro Car
’01 Euro car Line-up
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Comparison : L4 / 2.0L (DS: L3 / 1.5L + Turbo), EuroV
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Experimental Approach
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Development of 3-Dim. HCCI Simulator 
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Single ： Parameter Survey, Visualization
Multi   :  Combustion Control Method
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1. HCCI Operation Area

2. HCCI Combustion Control

3. SI-HCCI Combustion Switching
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HCCI Combustion Control

Exhaust
Gas

Intake
Air

Temperature, Pressure, Turbulent Flow, 
Air / Fuel Mixture…..

Engine

Physical parameters influence HCCI combustion

Auto-ignition and combustion  occurs  
through chemical reaction processes.

5
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Fuel
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Catalyst
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HCCI operation must be controlled 
by engine parameters

Valve Timing
Throttle
Position

Engine
Control

Unit
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Objectives

+ Clarify the correlation between engine 
parameters and HCCI combustion stability

+ Construct the HCCI control concept 

+ Evaluate the engine performance

The Possibility for the Future Engine System
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Multivariate Analysis

- Correlation of Engine Parameters
and HCCI Combustion Stability -



Target System
Energy Conversion
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(Fuel Amount)

Output Energy
(Engine Power)

Control Factors (Engine Parameters)
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Ideal Function

① Variance Reduction
(S/N Ratio Optimized)

② High Efficiency
(Sensitivity Optimized)

Multivariate Analysis (Quality Engineering)

O
ut

pu
t E

ne
rg

y

Current Performance

Multivariate Analysis 8

Control Factors

A : Comp. Ratio

B : Swirl Strength

C : Fuel Pressure
D : Injection Timing
E : Fuel Spray Angle

F : Rate of I-EGR

G : Intake Air Temp.

(Supercharge)
(Heater)

H : Intake Manifold Pressure
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Experimental Design
Input Energy - Amount of Fuel / Cycle (12, 16, 20mm3) 

* Engine Speed (1000, 2000, 3000r/m)
Output Energy - Indicated Engine Power [kW] 
Noise Factor - Octane Number (91, 100)
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Engine Specifications

Bore  x  Stroke
Displacement

4-Cylinder Engine (L4 : 4-Stroke)

Fuel Supply System Direct Injection
1998 cm3

89 x 80.3 mm
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Shaft

ValvesOutput Cam
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VEL : Variable valve Event & Lift

Continuously

VEL
Y. Yamada, etc, JSAE Transactions 20015065, 2001
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Engine Appearance

VTC : Valve Timing Controller

VEL
(Exhaust)

VTC (Phase Control)

VEL
(Intake)

L4 / 2.0L (80 * 89.3mm), Direct Fuel Injection (Side, Swirl Type)
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HCCI Control System
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The HCCI Control Algorithm is 
executed on the Prototyping System
with the Bypass method.
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Experimental Results
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HCCI Control Concept



Real-Time HCCI Control

HCCI Operation Condition

Air / Fuel Mixture HCCI Combustion Stability
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Experimental Condition

Fig. Performance Variance of Injectors

- Engine Speed: 2000[rpm]
- Target BMEP: 1.5[bar]
- Injectors: Uneven Performance
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Influence of Injector Variance
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- 100 cycles average
- Set A/F:18.5
- Fuel Injection Timing: 

282/440[deg. ATDC]
- Fuel Injection Rate:  1:1

2000[rpm], 1.5[bar]
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Effect of Fuel Injection Rate
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Effect of Fuel Injection Rate
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Effect of Adjusting A/F Ratio
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COV of IMEP

Fuel Injection
Rate: 1:1

Fuel Injection
Rate: Optimized

Fuel Injection Rate: Optimized
Ind. Cylinder A/F: Adjusted

0

C
O

V 
of

 IM
EP

 [%
]

#1

#2
#3

#4
30

20

10
5[%]

Crank Angle  [deg. ATDC]
-30 0 30 -30 0 30 -30 0 30

#1 #1 #1

2000

4000

In
-C

yl
in

de
r 

Pr
es

su
re

 [k
Pa

]

0

2000[rpm], 1.5[bar], 100 cycles

23

Strategy for HCCI Control

Exhaust
Gas

Intake
Air

Engine
Controller

Intake Air 
Control

Valve Timing Make HCCI combustion occur

Optimum
Valve

Timing

Fuel Injection Keep HCCI combustion stability

Combustion 
Conditions F/B

Individual Fuel Injection 
Control(Injection Rate, A/F)

Individual 
Cylinder A/F F/B
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The possibility of a gasoline HCCI engine
for the future engine system was verified. 

1. Hitachi is now challenging to develop the gasoline HCCI 
system applying our original technologies. 

(Engine components, Combution analysis....)

2. Test engine for HCCI was equipped with VEL on both the 
intake and exhaust sides.

3.   Based on the experimental design, the concept of stable 
HCCI combution control was constructed.
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High Pressure Fuel 
Pump(Single Cylinder)

Mass Air 
Flow Meter
・Installation 

improvement
・Higher accuracy

・Spray pattern design 
・Long nozzle
・Bouncing less

Fuel Injector

Electronic
Throttle Body

In-Pan Transmission 
Control Module

Durability in oil 
environment
(Transfer molding)

In tank fuel pump
・High efficiency

・High reliability
・Compact design

Valve Timing 
Control

・Injector drive unit integrated (Custom IC)
･ETC, exhaust sensor circuit integrated

Lower weight, 
Less parts：- 50%

Engine Control Unit

･Compact, 
lower weight
･Low driven 
torque

Plug top  
Ignition coil

・Smart installation
・High energy・ Compact design

・ Quick response


