
講演Ⅱ
大型車用エンジンの技術発展の動向

セッション1 大型車分野の先進技術

早稲田大学大学院
環境・エネルギー研究科

大聖 泰弘 教授



��������
�	
�������

�� ��

������ ����� !"#$

���%��&� #$'( )*

2

2006+12,5-
19./0

123456789:

;<=> ?@ABCDEFG;<=> ?@ABCDEFG

H�I�	JK LMNOPQR:2010+Q NO2SSPM �I�	
TU VWXYZ[\]^[_�`ab[cde fgS=hijklmno)�
NOx
PMpqrstuZ[\]^[_�vwqx89yz{|}Sj~��
H2009+9,YPM108���PM2.5 �	TU�������

H�I�	JK LMNOPQR:2010+Q NO2SSPM �I�	
TU VWXYZ[\]^[_�`ab[cde fgS=hijklmno)�
NOx
PMpqrstuZ[\]^[_�vwqx89yz{|}Sj~��
H2009+9,YPM108���PM2.5 �	TU�������

SPMFG
���� �o`�

0� 50
51�100

101�200
201�400
401�600
601�

g/m3

������

o���q89
:�� ��g
S��g ��

��� ��� 8¡¢:CO2`a£ ¤¥��� ��� 8¡¢:CO2`a£ ¤¥

�¦§¨©

3

2008+G8¡¢:��� ���  CO2`a£2008+G8¡¢:��� ���  CO2`a£

� ª «¬ ®� %
o)� 20,543 87.2

o¯%°%� 11,506 48.9

o¯%±D� 4,120 17.5

�²%±D� 4,078 17.3

³ ´ 433 1.8

µ¶�� 406 1.7
·¸¹� 1,166 5.0
¸ º 1,028 4.4
» ¼ 801 3.4

2 ½
12.7%

¾²
34.5%

¯¿
14.1%

²Àq
19.3%

��
19.4%

CO2Á`a£
12.140Â¬

Ã�  `a®�

4



5

-ÄÅ8¡¢:ÆÇ�ÈM£� NOxSPM de-ÄÅ8¡¢:ÆÇ�ÈM£� NOxSPM de

NOx g/kWh

P
M

g/
kW

h

EURO6   
2013-’14 
NOx:0.46     
PM: 0.01

Ä� 2010
NOx: 0.27
PM: 0.013

0              0.5 1      1       2       3 4  

��

É´ÊËÌÍ
2009-’10   
NOx:0.7-0.23  
PM: 0.01

Ä�’07

EURO5 ’08

ÎÏÐ�ÑX-ÄÅQÒj:�YÓÔ
WHDCSÕ��ÖTU×Ø�Ù3�:�


EUQXABÚdeÛÜÝÞ

ßàOPS2015+G��TU á
.VW�âN�n2016+ãäWHDC
ÛåæÕYçè)éêëì:íî�x

ËïÍ’03

Ä�’04
(NOx+HC) ��

0.20

0.15

0.04

0.02

0
� �

� �
ßàOPNOx: 0.23

EURO4’05

ËÌÍ’05

ðñò��

0.20

0.15

0.04

0.02

0

6

�ÖTU×Ø �5 `að´
����8

;ì:ó ¯ôõnGRPEx
�ÖTU×Ø �5 `að´
����8

;ì:ó ¯ôõnGRPEx

Höö÷ødenùúûx


üý�`að´ÎÏpnWMTCx nþ îx


����Ñ��&�ÎÏpnNRMMx nþ îx

M£�`að´ÎÏpnWHDCx

`að´����nWWH-OBDx

�	
�¶ÎÏpnWWH-OCEx


°%�`að´ÎÏpnWLTPx nÜÝÞx

HECEd��

AB�îpnPMPx nþ îx

H22 ½


�	8�Õ�o)�nEFVx

�©�CnFQx nÜÝÞx

M£�`að´;�

nÜÝÞx

7

�������	
����������������������	
���������������

����� !"#$%�&'()��*+,-./01234356789:
�;<=>?�@ABC=DEFGH�������������
/6IJ4:?KLMNOP

�WHTCÐ�Ñ�

�JE05Ð�Ñ�

Ê

¶

%
�
�

km
/h

���

���

.� �

.� �

.� �

50

�
�
Ú

%

8


�����vw MN�ÛêëÕYÓÔ �� �� Û!"ì:#S�

$�%&'( )*e+�,-.j/�q801��ð´QR:$��r23DE
QR:4�Ð54 `a£�6�ì:¡2��R:#S�

Ô7�89q :;�Û!"ì:#S�

�<W��+4Q8=>?@��&�#$ "(�

üABCYüABCåæ89:��&�DE�
�&�F

GHIJ 6�YGHIe+ KGgY���LM NOPQRS T%

�©)*UV *WYXYZ�[\]^�q �©)*e+ KGg

���LM µ�_`�aE�Ñ�´bc T%

deDE defYYgXe

dehi jk�lmnopqrkrrmnopqjkj�mnopq

É´ÊËÌÍ jklmnopq jk�lmnopqrkrrmnopqjkj�mnopq

��J stu jujuju

i��&��çvCwxyvCw8¡��x2�z�`að´ÎÏÛ{|ì:�
`að´£}çv.`að´£ ~ ������ yv.`að´£ ~ ����

�������	
��Q/8RFSHTU:�������	
��Q/8RFSHTU:

dg�

jksmnopq



9

ÓÔ ÆÇ�È��&� `að´vw�ÓÔ ÆÇ�È��&� `að´vw�

�����Û�%Õ�Y�©)*�S`IÔ7� L-je+ �´bcgY��
:;� !"Y`´Ê���MN�ÌÍi8�� K�JgÛO�ìâN�R:�

µ�_BC�

n|�v�YrAgx

��]
�]�

Ë I `I

�4
	Çµ

&'(
�C�cZ�

�g����O �
$�%&'��

c¡¢¬_£
E

E

¤Ic¡¢¬_£ E
E

E

E

ECU

E :¥Be+æaV

Ã�0GUV
æV

EGR
�]� c¡¢¬_£

E

Ã�e+
aV

QRS
�]�

QSR£

¥Be+KU
)*�´bc
n¦A)*x

LPL EGR

HPL EGR

10

¦A)*89:ÆÇ�È�[ e+¦A)*89:ÆÇ�È�[ e+

OYYZ�[
§¨©�
ï ª

«�[ Xe¬�[

Ô7�%
fY�C
`I0

�Í)*� �Í)*r «)* ÔÍ)*� ÔÍ)*r

W®¯ ¶°�¶±G

)
*
J

²�c[��Ydg�
O³´e

n)*J
e +x


¥Be+µ`Ð�¶�KU)*�´bc ·%�

)*UV¸180MPa�240MPaY¹ºX300MPaM?

 �[1»CS ¼�Q�38�[���

11

HCCI (í½�Uª§¨x
�[>µ {/|}�

HCCI (í½�Uª§¨x
�[>µ {/|}�

¾�¿À8¡¢:ÁÂ�[89~�Ã�NOxYPMSÆÇ�ÈÄm 
K�JgÛ{/Õ�YÔ7� ¿ÅÛ�Æ8��ì:#S�{3��

ÇK¿ÀQXÈ'ij�[Sj:�5-%�É5�ÊË�
ÇÌ�HCSCO `a6�n�© ÍÎÏÐS¶��Ñ�Fx�
H�µ�ÒY0GS½�I ,Ó��8ÔÕ��: QYÖÕ×PCCI

(Partially Premixed Charge Compression Ignition)SØÙÚÛ�
Hçè�!"YIÜ�³°ÝÞ´eYßà�[S áâ�qYe+�
ËÕ��e+8XY)*e+YEGRY|�³ãv�YUV/¨ä�
�
�ª�âN���Xßà ÆÇ�È�[ÛÃ�3�j��

Hðñò��8¡¢:�¿ÀQ ��
`að´�� |}��

H�0
K08¡¢:g�åæÛç5�èéj�[�êëì]�íîZ[_S
ï�89:/ðñòY�38Xí�óp ô'�âN�

)* �[

BDC                      TDC

HTC

LTC

12

PCCI �[ õö÷BPCCI �[ õö÷B

Uªø

�©�C

ð´lW*

ùGnUVx

EGR úûüb[cý

B C

)*�÷B

�©�þ*

�ICw

��Ú
¿À

ºI�)÷B

��
�ï÷B �áõö÷B

�}
`a
ð´��

0 G*

� [

§ ¨

n*:,Ó��x



13
KBCYKEGRY¦A)* 9:�)ÆÇ�Èv; 

`I�g ú��Yo#ô2008+ý
KBCYKEGRY¦A)* 9:�)ÆÇ�Èv; 

`I�g ú��Yo#ô2008+ý

0.01

0.02

0.03

0.04

0.5 1 1.5 2 2.5 3

S
oo

t g
/k

W
h

NOx g/kWh

Boost: 60�160 kPa
EGR: 20�45%

4-stage-injection

+ Pilot-injection

+ Pre-injection

+ After-injection

0
0.5

1
1.5

2
2.5

C
O

 g
/k

W
h

240

250

260

0.5 1 1.5 2 2.5 3

B
S

FC
 g

/k
W

h

NOx g/kWh

Single cylinder: 2L, 	:17, Ne:1,200 rpm, Load: 60%, Pinj: 180 MPa

1.Single1.Single

-2

120 2.P2.P++MM

-2-30

10515
3.P3.P++PP++MM

-2-30

10510

-21
5

4.P4.P++PP++MM++AA

-2-30

9510

-21
5

8
10

CA


ù

14

Miller PCCI�[`���Ê89:
NOxSPM á.��

Miller PCCI�[`���Ê89:
NOxSPM á.��

NOx g/kWh

0
0.02
0.04
0.06
0.08
0.1

0.12
0.14
0.16
0.18
0.2

0 1 2 3 4 5 6 7 8

S
oo

t  
 g

/k
W

h Ne:1800 rpm 
Fueling¸21.5 mg/st.
Pinj.=160 MPa

EGR40%

Late intake valve 
closing

EGR0%

Miller-PCCI

(IMEP:  0.75 MPa)

ú��¸��Y�Y��Y¦ß�Y��Q����� ý

15

KU)*YEGRYA�Û�[1 ��KU)*YEGRYA�Û�[1 ��

�Two-Step Piston, narrow spray

�Two-Step Piston, baseline spray

�Two-Step Piston, wide spray

B
S

FC
C

ha
ng

e
u

Injection timing  deg. BTDC

Two-Step Piston Bowl

Conventional Piston Bowl

Injection pressure: 270 MPa

C. E. Roberts et al,
JSAE 20105166,
May, 2010
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2015+GM£� ��TU (�vÁM£>3.5¬)2015+GM£� ��TU (�vÁM£>3.5¬)

< ³ ´ > (L/km)

< Ê°�¶ > (L/km)
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��³´ 4.51 5.01 11.1%
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ö | 5.62 6.30 12.1%
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Heavy Vehicles U.S. Climate Change Technology 
Program – Technology Options for the Near and Long 
Term, The 21st Century Truck Partnership (U.S. DOE) –

Heavy Vehicles U.S. Climate Change Technology 
Program – Technology Options for the Near and Long 
Term, The 21st Century Truck Partnership (U.S. DOE) –

Year Base Present 2010 2013
Engine efficiency 40% 42% 50% 55%

< Engine Efficiency Target >

Total Energy Used per Hour
(66 mph, fully loaded, level road for one hour)

Base = 400 kWh (6.6 mpg)

Aerodynamic 
Losses

Base = 85 kWh, 
21.3%

Rolling 
Resistance

Base = 51 kWh, 
12.8 %

Drivetrain
Base = 9 kWh, 

2.3 %

Auxiliary Loads
Base = 15 kWh, 

3.8 %

Engine Losses 
Base = 240 kWh, 

60 %    
Engine Efficiency

Base = 40 %      
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7858
µ�_`�aE�Ñ�´bc

Volvo D12 500TC nICCT, 2008+x
7858
µ�_`�aE�Ñ�´bc

Volvo D12 500TC nICCT, 2008+x
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Ä�Cumminsî WHR�´bc
�¶°´ïÊ°¶µ� 10%�����n2008+x
Ä�Cumminsî WHR�´bc

�¶°´ïÊ°¶µ� 10%�����n2008+x


Extracts Waste EGR Heat
primarily -

Takes in Waste Exhaust

Heat when off-peak

WHR Loop kept at peak

power as much as possible

~8% efficiency benefit

across the drive cycle.

>8% improvement at cruise

‘More Electric’ Accessories

will add 2% benefit
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