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Study of the Elevated Temperature Fatigue Life of
Modified SUS410L

Tohru Kaihara*!, Kiyokazu Kobatake?, Hiromitsu Ohta™*

and Osamu Ueno™*

The integrity of exhaust manifolds on combustion engines has been severely affected by the
cyclic thermal stresses in the engines. New alternative materials for exhaust manifolds are
required for the development of high performance engines. The authors performed elevated
temperature fatigue tests using alternative materials of modified SUS410L.
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Fig. 1. Test specimen configuration (unit:mm)

2. 2 HBRKEH

HER AR RN S RSUSAI0L &, HRREHEE L
TEIBHERH & LTRASh TV 2TREMESUS
304%F\Wic, WESUSAIOL - SUS4NLIE I SUS
304D bR P2 Table 1 IR g, 7z, WHRSUS
410LAECIZSUSS04 DHRREIPEE % Table 2 7R

2.3 EEBEE

FHRE S BRI (Y — RO BB W e R
BBOFEBHRREIROBE Y TH 5,
1) HRHFHE Bhitg £ 10tf, ERHE15tf
2) BRER YA b=y +25mm
3) HhE LHEE 0.00001~30Hz
4) PRIGHR: #+2.8mm, 5Hz
5) W, A bo—2, HEEMHZER

6) HEREIE
7) BRI AR

Eiak, =ZfAbk, Bk
1,000°C

2. 4 HEBAE

ARBRP R OEEIFBYERFT S0, AR
B —E(E =107 sec) & L, EEH5900CTETOD
HA100~150°C & & A TR0 BB EITV, ¥ v IR
DRBERAF AR L 2,

iz, ORI OFLREERE NS A~
& L RESES LoZ A CITEZAERR S L8,
HEEE DS » ORI (T AIZERER E & 30 % A
EEARREIT - 1o ATHEEE é =107 sec—E,
BREIFRHIC00MIIE L, AU SO X -4
0.5 « 1.0 + 20%O=RHE Lice &7z, BIBHER
WHRIBE NS A — 5 & BIEREEAGbE TR
BEBRETT - 1o ERBEORBREIWO F40012.5
%A% E L, MEEENHzE Lic, ThEN
ORBRBIE % Fig. 2 18R T

3 HERER
3.1 P UEOREKREE
IR0 ERIC & D185 M B BRSUSMIOL R USUS
4DBBEIBIF By ¥ VY FETFig. 3ILFRT, O

Fi ko, ESUSI0LIESUSIMIZIL~NT Y v 7R
DRERFEOE M ETSH S T LB -1

Table 1. Chemical composition of Mod. SUS410L, SUS4I0L and SUS304

(unit:95)

Material C Si Mn P

Ni Cr Cu Al N Ti

Mod,

soeds | ool o4s]  024) o0.021 009 1106/ o001 0008 0006 0.188

SUSAI0L | ~0.03| ~1.00] ~1.00] ~0.04 ) 11'1%75 } . . )
8.0~| 18.0~

SUS304 ~0.08/ ~1.00| ~2.00} ~0.045| ~0.030

10.5 20.0
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Table 2. Mechanical properties of Mod. SUS410L and SUS34
(at room temperature)
. Proof stress | Tensile strength | Elongation | Thermal expansion
Material (N/mm® (N/mm®) %> coefficient (1/°C) Hv
Mod. .
SUSAI0L 304 451 31 11.7x10°° 140
SUS30M4 242 666 68 12.2X10°° 150
£
£ S
§ &
[72]
Time Time
(a) No-holdtime test mode (b) Holdtime test mode
£
©
]
N
Time
(¢) Combination test mode
Fig. 2. Fatigue test modes
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Fig. 3. Relationship between Young's modulus
and temperature
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Fig. 4. Strain vs. rupture cycles at no-holdtime
test
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Fig. 5. Comparison between no-holdtime test
and holdtime test of Mod. SUS410L
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Fig. 6. Strain vs. rupture cycles at combination
test of Mod. SUS410L
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Table 3. Dimension of exhaust manifold and exhaust gas temperature
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Flange length |[Interval of port] Thickness Exhaust gas
(mm) (mm) (nm) temperature (°C)
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Surface temperature at exhaust manifold

Fig. 7.
Table 4. Results of thermal stress
Axial direction | Radial direction
Thermal stress
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Fig. 8.

at no-holdtime test

Elastically calculated strength vs. fatigue life
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Table 5. Results of fatigue life
Temperature Fatigue life
9 Axial direction | Radial direction
550 7900 55200
Mod. SUS4I0L 650 5050 42600
750 2000 12500
550 3200 26100
SUS340 700 1900 13100
800 1100 7950
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Fig. 10.  Application of Miner's law
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