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Fatigue Fracture for Bead-formed Sheet of Austenitic Stainless Steel

Takashi Karsural, Tatsumi Tozawa, Hajime Kato and Yoshimasa Taxavama

Synopsis : A metallic gasket for the cylinder head of the automobile engine is made of an austenitic stainless steel sheet. It
commonly has a press-formed bead which seals the high pressure gas in the combustion chamber. Because the fatigue
characteristics of the sheet with the bead do not correspond to those of the plain sheet without bead, it is not easy to
judge the suitability of the materials for the metallic gasket. We investigated the fatigue behavior for the sheet with
the bead, especially the number of crack origins and the fatigue crack propagation rate. As a result, the fatigue strength
at the number of 10°¢ cycles was not dependent on the mean stress but the stress amplitude. In addition, the discrepancy
between the fatigue characteristics of the sheets with and without the bead resulted from fine wrinkle-like bands of
plastic deformation which occurred at a part of bead profile foot during the bead-forming.
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Cylinder head (Al alloy)

Fig. 1. Illustration of automobile engine.

T 6F4A5HEZMN FR649H 2 HRZHE (Received on Apr. 5, 1994 ; Accepted on Sep. 2, 1994)
¥ FERE KSR AERR AR (BR L (BR) ARHTIFZERT) (Graduate Student, Faculty of Engineering, now Honda R&D Co., Ltd., 4630 Oaza-Shimotakanezawa

Hagamachi Haga-gun Tochigi-ken 321-33
* 2 FEBEKRET¥E (Faculty of Engineering, Utsunomiya University)



FROE I I DEBS A v X, BHARRCBRBEENT
DBRIL2BOELMELRZU S0 — FEOEYE
FEHRIEIZ 2 B,

L Ld’ s v — FRERIQEERM (FH) ORET
OEFHREBIER L - PRI M (C—N#) TO
HMELPLTLbRE—EmEr nd T, B L L5 EROK
FBHEIZL > TH Ry v ML LTO#EGEHR A2 L
BT ERCOVERTD ., '

Fo TARFRTRA Ay v MAHEHE L TR —IRTH
2A—2AFF4 P RRTF AT QMEKREHC, ©—F
OB IEREE) 2 IRRET L 12

2. RERSE

2.1 B#

ki idTable 1 S R_RTA—RFFA4 PRRAT Vv A
SUS301AZESRAR % V12, 2 IS OB R~ 120
Table 2 2R T & 5 CHFHEFEEROETHEL20~75% 2T
TibI il o TPHRBES309, 403, 448, 495, 599HV
D SEMEOEMPIER LY, T TRIISICED 6IL5EH
#SHEEHZA U THO TV 3 BRIV H0.2mm
Thbr, BFBEIFZ~[ 270y h— A3 RBRETHRD
W oDV T20HDRAERIT-o L SOPHfELZED LT
VWb,

Table 1. Chemical composition. (mass %)

C Si Mn P S Cr Ni Mo Cu N

0.09 060 0.77 0.037 0.002 1715 6.92 0.18 0.34 0.026
Table 2. Hardness of sample.
Designation |Temper-rolling Symbol of Average of
of grade reduction (%) temper hardness (HV)
20 1/2H 309
32 3/4H 403
SUS301-CSP 46 H : 448
60 SH 495
75 EH 599
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Fig. 2. lllustration of bead test piece.
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Table 3. Height of bead.

Average of Height of bead (mm)

hardness (HV) Initial After compression
(39.2kN X 10cycles)

309 0.25 0.08

403 0.25 0.10

448 0.25 0.11

495 0.25 0.12

599 0.25 0.13
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Fig. 3. Relationships between mechanical proper-
ties and hardness.
: (a) Young’s modulus
(b) Tensile strength
(c) 0.29% offset yield
(d) Elongation
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Fig. 4. Relationship between fatigue limit stress and
hardness for as-rolled sheet.

Table 4. Surface roughness of SUS301 sheet.

Surface Hardness(HV)
roughness 448 495 599
Rmax (xm) 0.71 0.66 0.57
Ra (um) 0.09 0.08 0.07
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Fig. 5. Relationship between displacement of gap
and hardness after annealing.
(10%cycles)
Solid line shows the displacement of gap
against failure.
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Fig. 6. Relationship between stress at bead profile
foot and applied load.
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Fig. 7. Effects of stress amplitude and mean stress
on fatigue strength after 10°cycles.
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Cross section

Fig. 8. View of fatigue cracks.
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Fig. 9. Effects of fatigue crack propagation rate
and number of crack origin on hardness.
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