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Abstract :

The minimization of valve and seat insert wear is a critical factor in the pursuit of engine performance

improvement. In order to achieve this goal, we have developed a new simulator, which can generate and control high
temperatures up to 900 Cand various speeds up to 80Hz during motion, just like an actual engine. The wear simulator is
considered to be a valid simulation of the engine valve and seat insert wear process with various speeds dun'ng engine

activity.

The objective of this work focuses on the different degrees of wear from two different test speeds (10Hz & 25Hz). For
this study, the temperature of the outer surface of the seat insert was controlled at 350°C, the cycle number was
2.1x106, and the test load was 1960N. The wear depth and surface roughness were measured before and after the
testing using a confocal laser scanner. It was found that a higher speed (25Hz) causes more wear than a lower speed
(10Hz) under identical test conditions (temperature, cycle number and test load). In the wear mechanism, adhesive

wear, shear strain and abrasive wear could be observed.
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Fig. 1 Schematic of valve and seat insert wear simulator
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Fig. 2 Schematic of chamber assembly
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Table 1 Chemical compositions (wt. %)

Materials | C | Si (Mn| Cr |Mo|Ni |[Cu|Co| W | Fe
iy 0.53]0.31} 9.0 |21.0 387 - | - | - {Bal
(STR35)

AEAME L1 - | - [75(20(20]|15|6.5{2.0|Bal

(HVS1-2)
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Fig. 3 Valve and seat insert geometry
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Table 2 Wear test conditions

Hz 10 25
A 2E(T) 350
W W 9| (mm) 1.0
B 7= 3] (F]) 2.1x10°
Test load (N) 1960
Al A= LPG
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Fig. 4 Measurement of wear depth
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Table 3 Wear loss of worn valve and seat insert

Al 2=
145 1 2 3 4 5 6 w7 +SE
105z W E 399 274 25.5 30.1 26.5 297 29952
A E CAE 352 326 34.1 335 36.7 358 34.7£1.5

IH &

ik 1 2 3 4 5 6 #4SE
25Hz W 718 79.8 75.4 78.8 71.1 715 747439
AE M E 80.2 83.1 88.4 82.5 8.6 80.7 82.9+2.9

Fig. 5 Three-dimensional wear scar profile at the maximum
contact area of a seat insert at 25Hz, which was
measured from the OLS1100
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Fig. 7 Three-dimensional wear scar profile at the maximum
contact area of a seat insert at 25Hz, which was
measured from the OLS1100
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Fig. 6 Histograms show the means for wear depth of a worn valve and seat insert. Error bars indicate

standard error of the mean
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Table 4 Roughness of worn valve and seat insert Unit : ym
Al =
185 1 2 3 4 5 6 % F+SE
Al E x{
e LLRZN 21.4 19.5 23.3 19.8 22.7 21.1 21.3£1.5
A E QAME 26.4 23.8 23.1 25.5 239 25.8 248+1.3
Al 4=
1A 1 2 3 4 5 6 % #+SE
10z LUR:R 347 37.4 37.0 33.0 342 349 35.2+1.7
ANEQIME 447 449 35.8 416 46.6 44.6 43.0£3.9
A|H S
185 1 2 3 4 5 6 % ¢+SE
23Hz ELRZ] 54.5 56.3 57.0 53.7 55.2 57.7 55.7+1.5
AEQIAME 65.1 66.7 61.0 60.4 65.1 60.1 63.1£2.9
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Fig. 8 Histograms show the means for roughness of a worn valve and seat insert. Error bars indicate standard

error of the mean
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Fig. 9 SEM micrographs of worn seat insert surface
(10Hz, Temperature 350°C)
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Fig. 10 SEM micrographs of worn valve surface
(10Hz, Temperature 350°C)

Fig. 11 SEM micrographs of worn seat insert surface
(25Hz, Temperature 350°C)
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