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Ferritic Stainless Steel and Pipes for Automotive Exhaust System to Meet Weight

Reduction and Stricter Emission Requirements
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Synopsis :

High formability heat-resistance ferritic stainless steel and pipes for automotive
exhaust system parts were developed to reduce auto weight and meet stricter emission
requirements by making full use of the advanced production facilities recently
constructed at Chiba Works. The average r-value of the newly developed stainless steel
was improved by more than 1.3 times in comparison with the conventional steel while
retaining the same level of heat resistance. This increase in the r-value resulted in a
remarkable improvement in various forming properties which are important for
automotive exhaust system parts, including (1) limit drawing ratio, (2) stretch flanging
ratio, (3) limit expansion ratio of pipe, and (4) thickness reduction ratio of pipe after
bending. In particular, the formability of the newly developed stainless steel pipes was

nearly equal to that of conventional stainless steel pipes after stress relief annealing.
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Ferritic Stainless Steel and Pipes for Automotive Exhaust System
to Meet Weight Reduction and Stricter Emission Requirements
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Synopsis:

High formability heat-resistance ferritic stainless steel and pipes for automotive exhaust system parts were developed to
reduce auto weight and meet stricter emission requirements by making full use of the advanced production facilities
recently constructed at Chiba Works. The average »value of the newly developed stainless steel was improved by more
than 1.3 times in comparison with the conventional steel while retaining the same level of heat resistance. This increase
in the rvalue resulted in a remarkable improvement in various forming properties which are important for automnotive
exhaust system parts, including (1) limit drawing ratio, (2) stretch flanging ratio, (3) limit expansion ratio of pipe, and {4)
thickness reduction ratio of pipe after bending. In particular, the {ormability of the newly developed stainless steel pipes

was nearly equal to that of conventional stailess steel pipes after stress relief annealing.

1 #

)

O, EREEREAEH 2 h, TOhTREEO F XEL
=R EASEIC BV THRS KD S THS, KETE LEV #EH
LEV.T 8], BN T3 EU2000 #iEl, EU2005 #Hlk & OERBAHE
FdsnRERsh, SREFRTHY /2RI REICHELah
BT HD, ZOXD HEMOBICHIETHINE, TyUVE
BEH (2—A F2 52— b) O A EREE 20 TEE
pEmEL D, Jhid, TP UBEERCERED -0
ERAMES . PEB A Ao NO,, HC, CO OBERIENETICL
WAEBTHA, WiEELT, DHMAUBEOLR, 55032
TES—RA LT Ta—AF (BT, T4v=) ORFRLET
B A -bOEREAEDEFRTH B, JOKI RERLE, F
FERLICLFS TS, IONEERAVEADOEMICEERE
B AERENEOT, SFICRb o TAT Y L AEOEBALA

o FE13% 3 F 8 DEMEH

Lo2d 59, T3v@GELOBE, RoAAZATHES LD
ICHEMLERIC Rt EhD, FOAD, PAemIgssnk, &
ORI T TE R0, MIEORERANREL 258
arss, COXIEBArL, BETE, HEEEZMTIED ST
vANHEERITE BB RO 2FATRAT YL AR
(Typed29Nb; HE#EM RAZOEX®) HEICHAEh TS, LA L
mMTEmEOERT 26 ICELL G, e mREEmIT5
AF L AFEOEBRESAEMA - —IIBEERT S,

TOEILEKIGAD 2B, NEREE, #Rko+v B
BT YL AE (NS RA20EX) ZBAL T, EToOEhAmiit
AFTHERERF LA BRESHO IO AMEIIE T, £ E
% 30% BERmEXEZ T EICRIIL A,

FHYLCE, TFRVoRBIIET A EELHIET S IIROFERD
e, ORBEY, 2 TOHESE XUz ow T, FR#E (3
M R429EX) EREREORM A HE L ARREEN 5,



B EE Rl L e H S BT AT BN BRI T 2 54 PR 2T L 2 s LU 73

Table 1 Chemical compositions of steel used

(mass%)
C Si Mn Cr Ni N Nb
0.008 0.86 0.37 14.6 0.35 0.006 0.44
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Fig. 1 Comparison of insoluble Nk and aging index (AL} of hot
bands between newly developed and conventional stain-
less steels
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Tahle 2 Mechanical properties of R429EX stainless steels pro-
duced by newly developed and conventional processes
Thickness: 2 mm

YS TS Fl .
MPa)  (MPa) (%) vave
Developed steel 330 488 34 15
Conventional
steel 343 479 34 1.1
Thickness: 1.5mm
Y5 TS El _
(MPa) (MPa) (%) Fvalue
Developed steel 325 496 33 1.6
Conventional 340 490 23 1.2
steel -
O Success
24 x Failure
% 23 = —
222
g [ola)] X x
& 21 %
20 L LIC-
Newly Conventional
developed steel steel
Punch diameter: 33 mmg
BHF:98kN

Lubricant: Vinyl

Fig. 2 Comparison of deep drawing property between newly
developed and conventional steels

Comparison of appearance after deep drawing test
between (a) newly developed stainless steel (deep
drawing ratio =227} and (b) conventional stainless
steel (deep drawing ratio = 2.27)
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Fig. 3 Comparison of stretch flanging ratic between newly
developed and conventiona) stainless steels
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Photo 2 Appearance of test pieces after stretch flanging test, (a)
newly developed stainless steel, (b} conventional stain-

less steel

Table 3 Comparison between results of stretch franging test and

the parameter of Itoh’s theory?

Experimental results iﬁﬁ?g:;:’;
A (96) Fomin n-value n(l + £
Developed steel 144 112 0.19 0.40
Conventional steel 119 0.77 0.18 0.32
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Table 4 Mechanical properties of ERW pipes according to JIS 11

Plate Pipe
1.5 mmnt 1.5 mmt X 42,7 mmg¢
F-value {JIS 13 B) Y5 (MPa) TS (MPa) El (%)
Newly developed steel 16 As rolled 465 511 49
Conventional steel 1.2 As rolled 438 488 50
1.2 After stress relief annealing 299 501 51
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Fig. 4 Comparison of limit expansion ratio between newly devel-
oped and conventional stainless steel ERW pipes

Photo 3 Appearance of ERW pipe (1.5 mmt X 42.7mm¢) after
expansion test (Expansion ratio = 1.45D, D: Diameter)
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Point of the maximum
thickness reduction ratio

Photo 4 Appearance of ERW pipe of newly developed stainless

steel after 50 mmR-90° bending (3 points)

Developed steel pipe (As rolled)
Conventional steel pipe (As rolled)
Conventional steel pipe {(After stress relief annealing)
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Fig. 5 Comparison of thickness reduction ratio after 90° bend-
ing between newly developed and conventional stainless

steel pipes
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