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Construction of Model to Predict Wear Amount on Exhaust Valve Seats for Gasoline Engines
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A technique has been created to predict the amount
of wear on exhaust valve seats for gasoline engines.
Through bench and rig wear tests, a prediction model
was constructed with multiple factors as variables.
Through these tests, the controllable factors were
categorized, and sensitivity for each factor was
determined from the measured wear data. The model
was also applied to valve seats of different materials,
confirming its versatility. By using the model to
predict the amount of wear on valve seats in the
cylinder head design phase, a cylinder head structure
was quickly devised to increase valve seat wear
resistance, shortening the development period and
reducing development cost.
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Table 1 L18 orthogonal table
Air- | Seat Seat Cam | Valve Test
No. fut_al face face rotation | rotation duration
ratio | pressure | temperature | speed | speed | time
[-] [MPa] [deg C] [r/min] | [r/min] | [hour]
1 (11.9]| 1241 240
2 [11.9] 10.1 240
3 [10.7] 121 280
4 110.7| 10.1 280
5 [13.1 8.1 200
6 131 8.1 280
7 (14.3] 10.1 200
8 (143 8.1 200
9 [14.3] 121 240
10 [13.1] 121 240 3000 20 6
11 [11.9 8.1 280
12 [11.9] 121 320
13 [13.1] 10.1 200
14 (13.1] 10.1 280
15 [14.3| 10.1 240
16 [14.3] 12.1 320
17 [14.3] 121 200
18 [10.7| 12.1 200

Mixture of LP gas and air ——]

Setting plate

Base plate

Valve seat

Lifted by

cam mechanism

Fig. 2 Valve seat testing machine

Wear loss [pm]

Fig. 3 Factorial effects on L18 test
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Fig. 4 Comparison between predicted wear loss and
actual wear loss
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Fig. 5 Methodology of valve seat face deformation

Table 2 Measuring machine specifications

Manufacturer TOKYO SEIMITSU ACCRETECH
Product name SVA Fusion
MPE; 1.9 + 4 L/1000 pm
Accuracy | MPE, 1.9 um
MPE 2.8 um
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Fig. 6 Appearance of measured valve seat
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Fig. 8 Valve seat face deformation
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Fig. 9 Impact of seat wear loss on seat deformation
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Table 3 Engine specifications

Type of engine L4 DOHC
P 9 i-VTEC Turbo
Bore x Stroke (mm) 86.0 x 85.9
Displacement (cm?) 1996
Compression ratio 9.8
Intake 2
Number of valves
Exhaust 2
Valve head dia./ Intake 35.0/34.5
Stem dia. (mm) | Exhaust 29.0/28.5
Valve seat width (mm) 1.6
Valve seat base hard particles | Cr-Mo-Co hard particles
Maximum power (kW/rpm) 228/6500
Maximum torque (Nm/rpm) 400/2500-4000
Fuel type Petrol

Table 4 Engine bench test conditions

Engine Intake Engine Test
9 air 9 duration
No. speed power .

[/min] pressure (kW] time
[hPa] [hour]
1 2750 750 27 116.3
2 4500 2300 169 8.0
3 5700 1175 115 30.5
4 5700 1480 145 65.0
5 5700 1950 182 6.5
6 6500 1480 126 20.0

V- MNERAEERELEETLONLT Y — Tl
We 2L THUNE D IZPES SV T2 — NEE Py, 1525 D,
E 6, RikBEOEFER Wiw & TIHIT 2K (5) &K 72

Radiation
detection
machine

e&——— | ead cover

/= Base plate

Radioactive ray

Valve seat  Cylinder head

Fig. 10 Wear loss measured with radioactive rays

— 131 —



Honda R&D Technical Review

Vol.29 No.2 (October 2017)

W/mmlzD'eXp(E*Pv)*We (5)

X (5)I2k b, 228k, NLT Y — MEIFE, NLT Y —

MREE, /LT Y — N, LT ORNEDIZ X 58
LTy — MR AT L, TN Y FRBRIEOIRNE T 2T

NEREEZRLIZET VAL 7=,

— o
o —) .
= £
a3
= ©
il Q
8 —8
%) -
[%2]
o
- *
(]
2
. ® o | 2MPa
Peak firing pressure [MPa]
Fig. 11 Wear loss ratio and combustion pressure
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Fig. 12 Wear loss predicted with response surface
model and actual road tests
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Fig. 13 Predicted results for engine with different
materials
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