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Development of Nickel-base Superalloy for Exhaust Valves
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exhaust valves.

With its reduced nickel content, this new superalloy is
less expensive yet offers greater strength and wear resistance
at elevated temperatures as compared with the nickel-base
superalloys previously developed.

Lighter weight and lower cost are another advantages of
this new superalloy when it is used in place of hard-faced heat
resistance steels.

Thus this new superalloy, applicable to both unleaded and
low-leaded gasolines, was adopted in the exhaust valves of the
production motorcycle engines in 1990.
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Table 1 Nominal chemical composition
Composition (weight %)
Material | C | Si [Mn| Ni|Cr|Fe| Ti| Al| other
HI 261 |0.27]0.02|007| 46 | 18 | 30 | 40 | 1.2 [occa B
Inconel 7510.05(0.10| 0.1 ; 72116 7 l23l12hom
] I ‘ IPNEERD
BONi alloy [0.08/0.20| 0.2 | 60 | 18 | 17 | 25 | 1.0 |g50’p
40Ni alloy |0.06]0.15| 06 | 40 | 19 | 37 |275|085|0.010E
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SUH 3 0.40] 2.0 [¢0.6] — | 11 |Bal.| — | — [1.0Mo
SUH11  |050| 15 |(06) — |85 |Bal| — | — | —

Table 2  Structural analysis of Ni-base Superalloys

Theoretical amount (weight %)

Material o Intermetallic Cgmpound Cartg@_e__ Ni in
| Ni AL | Nis Ti [ Nis Nb |7 'Nia (ALTiNb)| Ti |Nbe| Tatx

HI 461 9.0 136 226 1.4 275
Inconel 757 9.0 108 | 0.66 204 0.87| 55.3
6ONi alloy | 7.5 11.7 | 0.81 20.0 0.70| 43.8
40Ni alloy 49 1.7 16.6 0.3 26.6
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Fig. 1 Heat treatment diagram of HI 461
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Fig. 2 Hardness of HI 461 after solution treatment
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Fig. 16  Fabrication process of exhaust valves

Table 4 Weight and cost reduction ratios of exhaust

valves
Weight (g) Cost ratio (%)
Valve materisl o dueion | Cost faduchion
ratio (%) ratic (%)
20-11P (vath stellite) 1.2 100
82 88.5
Inconel 751
-179 -115
9.2 86.7
Hi 461
-179 -133
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g valve seat tered alloy tered alloy tered alloy
5 i — Qutput (kW rpm) 5.5,78000 | 34615000 | 46.3,713000
£ 900 1= Torque (N+m,“rpm) | 17.2./8000 | 22.6,711000 | 39.0,10000
g‘ -
I Condition of
@ 800 I bench test
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= —
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Gasoline Unleaded Unleaded Unleaded
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Fig. 19 Wear loss of exhaust valve faces
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Fig. 21 Valves after bench test using leaded gasoline (1.5gPb/gal)
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