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ABSTRACT

CNG or LPG fueled engines typically have less valve
seat wear resistance than gasoline powered engines.

An analysis of the valve seat wear mechanism was
performed and various designs of alloys were studied.
A Co-Mo-Cr type alloy, that has a self-lubricating effect
against wear, was employed. Also, MnS addition
improved the alloy’s machinability, which is typically
counter to a materials wear resistance characteristics.

In the end, a robust CNG/LPG engine valve seat
material specification was successfully developed that
exhibits equivalent wear properties to that of gasoline
powered engines.

googogo

ogoboboboboboobobooboooooooooo
gboboobobooboooboooobooboboboono
obobobbooboobooboo™moboooeNcmoog
gbobooooooobobobooooooon
oboooboobooboobobooobooooeNcuon
Uboobooooob0obob0ooboobO0bO0ob0O0OCNG
goooooooooobooobobbbbobobooooogo
gbobooboobooobooobooooboobobobono
gboooooogan
gboboboboooboobooboooooobooooon
gboboboboobooooooobooboboboobo
oooooooooooboobobbbbbobobnonoooo
gboboboboobooooooobooboboboobo
oooooo
gbobobobooooboooboooboooobooobooobooon
oooooooooooboobobbbbbobobnonoooo

gooooad
godoobooooomoo
https://doi.orq/10.69239/hondatechnicalreview.1999 11 1 21

gobooooooeNcUoooooooooooooog

gbooboboooboooooobobobobo
gooopbocNGODOOOOoooooboboooooooo

gocNGOoooooooooooooooooooooo

gooodad

gboboooooooobd

0000oDoOoo000oooo0oO0oooDooogOogrFiga
gboobooooooboobobobobobooboooooo
gooooooobooboboboboboboooooo
gboobooooooboobobobobobooboooooo
goobogoobod

oboobooooooo
gbobobobobooooobooboooooooooon
0000000000000 OTable1OOOQOOOOOO
oo

0 1490



HONDA R&D Technical Review

Vol.11 No.1 (April 1999)

LPG+air =
Burner
<Test condition>

Cam revolution 3000rpm o
Valve rotation 20rpm
Test temperature
(at valve face)

Test time Shr
Air/Fuel 201

300°C

Fig.1 Valve seat testing machine

Table 1 Engine specification

Type of engine L4 SOHC VTEC

Bore x Stroke (mm) a75 x 90
Displacement (cc) 1590
Compression ratio 125
Number of valves Intake 2
Exhaust 2
Valve head dia. Intake  30/5.5

/stem dia. (mm)
Output (kW/rpm)
Torque (N-m/rpm)
Fuel

Exhaust 26/5.5
81.0/6500rpm
130/5500rpm
CNG
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Fig.2 Wear loss of valve seats and valve faces
in bench tests
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Fig.3 Compare of bench test and field test
for valve seats wear loss
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Table 2 Characteristic of gas and gasoline fuel

CNG LPG Gasoline
(methane) (propane)

Row materials Natural gas | Crude petroleum | Crude petroleum
Molecular formula Kﬁﬁ;f:: l\jgiﬁf C(;I‘-tl HC(C4~C12)
Molecular weight 16 44 100
Octane number (RON) 130 125 90~98
Theoretical air-fuel ratio (A/F) 17.2 15.6 14.7
Inflammable range (Vol%) 5.3~15 2.4~9.5 1.0~75
Density ratio for air 0.555 1.548 3.4
Boiling point (°C) -162 -42.1 25~220
Heating value (kcal/kg) 11,839 10,988 10,505
Spontaneous combustion (°C) 540 457 228
Cooling by heat of vaporization Non Non Exist
Actual gum composition (mg/100ml) - - <20
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Brilliantly wear .

Fig.4 Appearance of valve seat on engine test
with CNG fuel
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Table 4 Differences condition for bench test
and field test

Table 3 Temperature of valve seat Bench test Field test Temperature
difference
Temperature of valve seat . -
5 Running condition
/valve face (°C) Ne 6500rpm I;ggla jgegouoern(;ryl/ _
CNG Gasoline CNG | Gasoline P
Maximum :
310 270 Engine 1.6L SOHC VTEC Peak frequency
Intake fgf:g’:t”'e Load Full throttle Pb=-100~ -
temporature| 290 260 Output | 115PS | 130PS -400mmHg
Maximum .
Exhaust temx;l)er:nure 390 400 Revolution| 6500rpm | 6500rpm Valve seat Exhaust 355°C | Exhaust 265~325°C| Exhaust -60°C
Average Compression . K temperature Intake 290°C Intake 170~195°C| Intake -100°C
temperature| 355 360 s 125:1 | 96:1
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Fig.5 Relation between temperature and wear loss
in exhaust valve seats
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<Fuel property> <Influence for valve seat condition>
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Fig.6 Influence of fuel property on valve seat wear
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Fig.7 Relation between density and radical crushing
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Fig.8 High temperature hardness for Matrix
of developed material
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Fig.10 Coefficient of kinetic friction at each hard particle
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Table 5 Chemical composition, density and hardness
of developed material

Chemical composition (wt%)
C Ni Cr | Mo | Co | Pb S Fe
Intake 09 | 55 | 35 | 65 | 175|115 | 0.75 | Bal

Exhaust | 1.0 | 6.0 | 5.0 | 11.5| 24.0 - 0.75 | Bal

Density |Hardness
(g/cm®) | (HRA)

Intake 8.0 70

Exhaust 7.15 57
Bainite High alloy
phase phase

Martensite Co-Mo-Cr hard
phase particle

Bainite

phase High alloy phase

Co-Mo-Cr hard
particle

Martensite
phase

Fig.13 Microstructure of developed material for
1) Intake valve seat
2) Exhaust valve seat
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Fig.14 Compare of gasoline and CNG
for material composition
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Fig.15 Wear loss of valve seats and valve faces
in rig tests
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Fig.16 Wear loss of valve seats and valve faces
in bench tests

gbooooooobooboboboboboboooboooo
goooooopoopoooooOoODDODODOOFgA7000O
gbhoboobooboobooboobooooboooMnsCOO0O
00oooooooooooo0oOogoooow3snoood
goobooooMnSOOO0OO0OO0OO0OO0OO0OOOOOOOO
goododooooooooooooobooobbobooboo
oo

160
7’ —4A— Intake Add MnS
€ 140 - - - - Intake Non MnS
= I —@— Exhaust Add MnS
° 120 I - -@ - - Exhaust Non MnS
¢
S 100 i Both intake and exhaust
§ 80 ,, edge wear loss to 1/3
@
9]
2
©
o)
ke
1]
O L L L
0 50 100 150 200

Number of processing sample (piece)

<Test condition>

Velocity Intake : 80m/min, Exhaust : 62m/min
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Fig.17 Evaluation of machinability for valve seats
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