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Development of 1.8L CNG Engine for 2006 CIVIC GX
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ABSTRACT

Honda has developed the 2006 CIVIC GX, a natural
gas vehicle that it has been mass-producing since 1998.
For this model, Honda has developed and fitted a new
Compressed Natural Gas (CNG) engine. This new engine
was designed to further enhance power. The increased
engine displacement and use of a variable-length air
intake manifold have achieved a 15% increase in power.
In addition, engine fuel consumption has been reduced
by 4% through a combination of a reduction in pumping
loss due to the inlet valve delayed closure, and a
charging stroke injection that harnesses the properties of
gaseous fuel. As a countermeasure for tail pipe
emissions, a cylinder head integrated with the exhaust
manifold and a close-coupled two-bed catalyst have been
used. As a result, the amount of precious metal used was
reduced by approximately 30%, and is in compliance
with the Advanced Technology Partial-Zero Emission
Vehicle (ATP-ZEV) Standards. Despite the increased
weight of the larger vehicle design, the CIVIC GX
achieved a fuel economy increase of 15% in FTP
highway mode, and an equivalent fuel economy in
combined mode.

1. FAHE

JEAE, KREIGHS L ORI 5 X F & F BRI DR
AENTED, & SICHIBRIREL IEOBAA 5 CO, il
LIEHICREAFEL > TW5. BREMFEOEN TR
F&RE9 & LT Non Methane Hydro Carbon (NMHC) #EH 2352
HictaTthsd CNG TV VA% 5N %, Honda 1&
1998 4EIC CIVIC GX W2 FE5e L, ERBERTREAN ORI 2 E
DA ZEIBT IR o7z, 2001 FEET)L CIVIC GX(D17A #T
V)OGS T ATP-ZEV HNSEE Lz, T
J&, 2006 EET )V & U CEREMREZHEHFL DD, 5k
TPPERE &R 21 L L7 CIVICGX | CNG >y

k PUSRBHRE 2 > 2 —

RISATIZRARE LTz, WA MER TR X 288 M L EHl
(D, @B PNCHRET 5.

2. EEORSW

¥ CIVIC GX JHI CNG ¥ VBiFsgEHE, EkET
B Z BEBEMERE R FEIE L, & SICEITIERE & R E 2 W
Lx¥zceTHB. BAMCELLTOHEEED .
(1) PNIARERE B i D BEH AT A M RE
HATHREH LY ATP-ZEV DS
rzrvyrvHhmk
(3 Ty UEN b

— 116 —



#8 CIVICGX FH 1.8LCNG ITVI VDR

3. BIELFHTT

3.1. CNG IR

CNGZ, M, HARAMSRIMENZ A2 2L L
TTRVETOTIVAY EETOBHE, NEEDEEE
TEMAMETH%. Table 1 I CNG DERT TH S
AR eV OREERT . NIRBEBERE L LT
DRI,

(1) Research Octane Number(RON)A3[A] | L, K&
TaffE D BRIED B T2 8 [T i LS DY E

(2) KRR D 728, R OERE )T 10% LA 7R
KT

(3) KUARBREL D 12 8 T 3 U F— 3K/

(4) ZRB bR FHEH DR 30% D730

ThH3.

INIARRBE R & U CoFeEAERIE, A SN B RAXD
REETHD. FRTHB ARV,
(DHEEHZODORAETIIAVY 72 kA5
(2) [FA—225UT 09 2 PR 22 PAE FH Y DO FEEAVR T RS
(3)10% L LA EME R 5728, 1Y A7)0 EbD

FEEANR S [ARRICIK R
LixBd. AV Y EDFRRROILEZ Table 2 ICR7.

32. TV UHE

HERTUDITACNG TV VY L DR T, FARE LTV
% R18A #INV ) vV DLtk Table 3 1I/RT.
AV MDD S DO FIRE T NI,
(1) AL AT
(2)CNG BREMILAEZR D
TH3.

BRI CNG T2V Vb D28 W ki,
(1) R F DTz DISTTER CBi R -vTEC £RA
(2) ol kot B AGE R
(3)LAF+0, A/F fillfi~oDZ5 5
TH%. Fig. 1 IC&EKKERT.

4. MEBRERIN

4.1. /WEFAER Clc L 28R L3R
ALYV, BEm BRI LT, WAPERT
I &K B Ry THIARF M2 EA U, Fig. 2 1ciE&X
ZRT.
PR UM RIS X B IR GER R,
(1) R T HESAK
(2) FBNEARLLIRTT, mlRIC X 2 B8R oss
(3) RN A LEAK R I &K % RN EAK R O 7z & B 1 2%
1 5k
DIHERND 5.

Table 1 Comparison of methane and gasoline fuel
characteristics
Fuel CH, Gasoline
RON 130 91
Weight 17.2 14.5
A/F 8.3 x10°
Vol .52 :
olume 9.5 (Liquid)
Charging efficiency (%) 90.5 100
Exhaust gasl] CO, (%) 9.5 13.5
at stoich. H,O (%) 19.0 12.5
Table 2 Comparison of methane and gasoline
heating value
Fuel CH, Gasoline
Lower (MJ/kg) 50.1 427
heating (MJ/air m3) 3.80 3.80
value (MJ/air+fuel m?) 3.42 3.80
Table 3 Engine specifications
Engine code R18A D17A
Fuel CNG [ Gasoline CNG
Cylinder configuration In-line 4-cylinder In-line 4-cylinder
Bore x Stroke (mm) 81 x 87.3 75x94.4
Displacement (cm3) 1799 1668
Compression ratio 125 | 105 12.5
SOHC i-VTEC SOHC VTEC-E

Valve train

Inlet delayed closure

1 intake valve inactive

Number of valves

4 per cylinder

4 per cylinder

Valve diameter | IN 32 30
(mm) [EX 26 26
Cylinder offset (mm) 12 0

Intake manifold

Variable intake system

Conventional

Fuel control

LAF+O, sensor

0,+0, sensor

Fig. 1

R18A i-VTEC CNG engine
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Fig. 2 Comparison of P-V diagram between normal
and delayed closure
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Fig. 3 Comparison of theoretical thermal efficiency
between conventional and delayed valve
timing
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(a) High-output cam
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Cam profile A
(High-output cam)
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Cam angle

(b) Delayed closure cam
Rocker arm A

Cam profile B

(Delayed closure cam)

Rocker arm B

Cam angle

Fig. 4 Rocker arm and cam profile

5. IVI ke

5.1.:EEC LV.C. DRE

EEPAT LV.CIE Ry THKIEAD OBl S 13 M50 kA
HTENEFRLVD, Kif, HIIOKNEMNES T2, EHU
I CHEGEATREAR SN U, UHBRZ S E BN 5. 1t
T, EMUIMERmLE 27 )V— XE# RO > Y > Ml
BB TERM N ZRETE S X5 IkE Lz nidx
SYA4A%

ALYV NCBT B U ORGEE, @EEHIC
B2 E LR, 5th120kmfH4ETcE L, HEHIIELT

&, ZV—XROH0D130% L Lz, TOREIATY Y

YDAV NRRERETH S, EEHATAHLD LV.C. i,

(1)CNG Mi5Hc X % /SR T

(2)FtEha

(3) 2k

X, AV oERIEN SO HZEEHEE L, Fig. 51

RTKIITHV Y D 9Adeg & D Hbiz 86deg & HET L7z,
Z DD BSFC ERIEH VD VDK 6 %I LK 5

% T2 EHEE LTz, BBROMRE, HINKIZIFHEEMZ/RL

72h, BSFC EHILR Y THRAE FTh S OHEEMZ RE

R LT 5T, Fig. 6 ICHEAMICHIT S BSFC & ISFC

CNG
actual value
ol -0.4%

CNG
I assumed value
1

Engine speed = 1500rpm
Power = 2.94kW

o

Gasoline
—6%

Gasoline
actual value

- ————————————

|

BSFC reduction rate (%)
N

1
1
1
-8 :
35 CNG L
actual value | |
:
o~ 1
1
E‘ 30 F .
o ST STy
z "‘ ~—_ Required output
s PN~ T -o :
g 25t i|cne Tl
3 | assumed value | o\ theloretical line  ~ =+
1 1
| | Engine speed = 2500rpm
1 T
20 L L
86 94
85 90 95 100
1.V.C. deg

Fig. 5 Relationship between I.V.C. and output power
and charging efficiency
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Fig. 6 Comparison of ISFC between conventional
and delayed valve timing
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Fig. 7 Comparison of mass burnt ratio between
CNG and gasoline
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Fig. 8 Comparison of mass burnt ratio between
conventional and delayed valve timing
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Fig. 9 Comparison of mass burnt ratio between
conventional and delayed valve timing

Table 4 Comparison of IG to 10% mass burnt and
10% to 90% mass burnt between CNG and

gasoline
Fuel CNG Gasoline
IG to 10% mass burnt (deg.) 33 38
10% to 90% mass burnt (deg.) 33 30

Table 5 Comparison of IG to 10% mass burnt and
10% to 90% mass burnt between
conventional and delayed valve timing

Fuel CNG
Inlet closure High-output| Delayed
IG to 10% mass burnt (deg.) 33 40
10% to 90% mass burnt (deg.) 33 43

Table 6 Comparison of IG to 10% mass burnt and
10% to 90% mass burnt between
conventional and delayed valve timing

Fuel CNG Gasoline

Inlet closure High-output| Delayed [High-output| Delayed

Injection timing Exhaust | Exhaust | Exhaust | Exhaust

1G t010% mass burnt (deg.) 33 40 38 46

10% to 90% mass burnt (deg.) 33 43 30 37
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Fuel :CNG

High-output cam |—
ki
Delayed closure cam

5g/kWh

High-output cam Delayed closure cam 1g
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timing k 12
0

~Exhaust Charging

Engine speed = 1500rpm
Power = 2.94kW

BSFC g/kWh

1
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Valve lift (mm)
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-360 -180 0 180 360
Injection end timing (deg)

Fig. 10 Comparison of injection timing characteristics
between conventional and delayed valve
timing

— 120 —




#8 CIVICGX FH 1.8LCNG ITVI VDR

RBHHR DIEEN DI T E Vb %, Fig. 121 AST
FRRE S 2 fH A& DR T 5ED BSFC, I1SFC D) Bz R
9. BERAU AT Z A GHE S T &I KD ISFC
LA ELTWS T EDMRTE, FillE L FZE0 BSFC [A)
L2157,
BSFC i EL7ZJEIA & LT,
(1) MEIEB TR g 2 BRI S 72 S8 3 )L F— 72 4
WNimRBIOTEFLICTR L L2728
(2)REXDOBELE X Plug EfExEY v FLT 5T
Ll & v BRpEIAR 2 f/ N U 72
HEWEZBNDM, SHBOMGEREE L.

5.3. R TR LRI RDRRFER

1500rpm KEDWRSEAEL E—XZ ) V570 7 3 VO
%% Fig. 13 IImd. F—RABHFETE, WAL LEE
PACAHLTIRE—RV YT T 7Y a METENRD B
U, FBNEAEIMK NIC KD, T AR ORANIEAME R
L, W32 E07% EOBIRIME N Licled e EZ BN 5.
Fig. 141, 1500rpm, 2.94kWTDE—XV VT TV I 3
VEIRT. Table 8IC/RT KIS, BHUALICEKZ 7YY

__100 -
S Engine speed = 1500rpm
S 80 [| Power = 2.94kW
g 60 | Fuel :CNG
c
5 40| Delayed closure cam
; inj. timing: Charging
20T -
b
= High-output cam Dglgygd closure cam
0 inj. timing: Exhaust

-60 -30 0 30 60
Crank angle (deg)

Fig. 11 Comparison of mass burnt ratio between
conventional and delayed valve timing
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Fig. 12 Comparison of SFC between conventional
and delayed valve timing

Table 7 1G to 10% mass burnt & 10% to 90%

mass burnt
Fuel CNG Gasoline
Inlet closure High-output| Delayed |High-output| Delayed
Injection timing Exhaust | Charging | Exhaust | Exhaust
IG to 10% mass burnt (deg.) 33 40 38 46
10% to 90% mass burnt (deg.) 33 35 30 37

Table 8 Comparison of friction between conventional
and delayed valve timing

i Indicated BSFC
Power Friction :
ower reduction
(kw) (kw) fkw) %)
High-output cam 2.94 3.18 6.12 —
Delayed closure cam| 2.94 2.97 5.91 3.5

35 ¢

3.0

High-output cam
25}
Delayed closure cam

2.0 -
-100 -80 —-60 -40 -20 0
Intake manifold pressure (kPa)

Friction (kW)

Fig. 13 Comparison of friction between conventional
and delayed valve timing
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S 31
=
c
il
k3]
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2.9 Delayed closure cam
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2.8
-80 -70 -60 -50

Intake manifold pressure (kPa)

Fig. 14 Comparison of friction between conventional

and delayed valve timing
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Fig. 15 Motion of bypass valves
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Fig. 16 Engine performance

Table 9 Comparison of engine power between D18A

and D17A
D18A D17A
(CNG) (CNG)
Max. power (KW/rpm) 84/6300 73/6000
Max. torque (Nm/rpm) 148/4300 130/4200
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Fig. 17 Operating region of delayed closure cam

LAF sensor

Exhaust manifold-integrated
cylinder head

Close-coupled catalyzer

Fig. 18 Exhaust and catalytic converter system
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Fig. 19 Engine speed and catalyst temperature
during FTP city mode
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Fig. 20 Engine speed during FTP highway mode

Table 10 Achieved fuel economy of NGV (Label FE)

Label FE (mile/GGE)

City HWY Comb I.W. (Ib) [Transmission
[ 2006 model 28 39 32 3250 5AT
[2001 model 30 34 32 3000 CVvT
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