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Toughness of Ti-Stabilized 11% Cr Steels at Weld Parts
of ERW Pipe for Automobile Exhaust Systems

il
Atsushi Miyazaki
P BTITIN RAR BT SE
ERAF v AFHHTESE

ER AT
Junichi Karasawa
N BLERT BN EE
EHE LN WEE

Niks #EF
Tatsuo Kawasaki
BRI A A7
CARHR TEGR

&)

R &
Osamu Hashimoto
FRIMETTEAT T DR

& - IR

Y »

BFE &
Takaaki Toyooka
IR o4 BRSE
IME RS R

REGREM

HEHER)

T ¥ 7

W, APEOHERBIICAT Vv ARNEFshTV5, Ti
EEMLIA 112 Cr 87 (Tp. 409 §0)i2, RIFAMITRE, FER{LES
LUMRBRETRT Z EAMORTE D, FOBEESHSREHLST
HEAThTVS, ChOEDHIEORINE TR B BgE oDt
DEICIThhE2:8, thbiE, =vevi— A BEToRRME
EESESEREIND, FoOkd, IhbOBSETRBLLG-ET
PHEENT2Z 522085, RIFEMTHEAERIAT S,

BEEEOMITRIBESONETRIC L 558245, TIG K
BERMOPECE L TR IR E TS PR DR IR T B,
SHhBDHRESUSA0 2k Uan s 5 Cr B EM 16 wt.9 [ -
DEZ 2T TH Y, 11% Cr o X 5 %E C S HRCOWHRE
Ao,

—7, BT (ERW ¥) 0 BBEROWS T IHRE L A L
ﬁbhtm&m@ﬁ%ﬁ?ééoﬁﬁ%@ﬁ%%mﬂGﬁ%%&

*

TR2ZEE A 0 AN

B2E

Ti BRI 21% Cr % chance free bulge roll (CBR) gkfg,¢4 o ”
P L DEEL, BREOEEROEEC oW T, &
BERoMEISHEo - it kL TE LCETLChY, i
HAZ ToEFHAT V., I TERENCSEMNIAT, Ti
ECr oSBT BE L, ARETERALRE L. FORKE,
HAZ o @ E T, (L)REMMCL 6 TIC Ra®RL, BEELE
Crmin@ET Cr s LCIfIT5, (2)amick @ik
CHgEds, (3INTEwE LT TIN AEETL - L iciBET 2
LELXBbRB, LihsT, £ C N {kp HAZ oWk 2 i - x4
%,

Synopsis:

Toughness at weldment of Ti-stabilized 11%Cr steel ERW -pipe
produced by chance free bulge roll {CBR) forming pilot mill has
been investigated. The weld parts are severely embrittled, especially
at the heat affected zone (HAZ), compared with the mother sheet.
The reasen of this embrittlement at the HAZ is discussed with the
tesults of the impact test and the analysis of precipitates in samples
annealed in the laboratory.

The embrittlement at the HAZ is considered to have occured due
to the metallurgical factors as follows;

(1) Cr-carbides formed during cooling after welding by partial

dissolution of TiC at high temperatures.

(2} Solute C supersaturated by rapid cooling after welding.

(3) TiN undissolved even at high temperatures during welding.

Consequently, the reduction of carbon and nitrogen contents
improves toughness at HAZ of the ERW-pipe.
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Table 1 Chemical compositions of specimens of Tp. 409

(wt. %)
C Cr Ti N
A 0.006 11.8 0.14 0.011
B 0.011 11.7 0.14 0.010
C 0.015 11.8 0.14 0.010
D 0.020 11.5 0.15 0.010
E 0.011 11.8 0.14 0.004
F 0.010 11.8 0.15 0.013
G 0.020 10.9 0.28 0.010
H 0.011 11.4 0.23 0.011

Note{1) Other compositions average varied in ranges as fol-
lows: 0.4~0.6wt.% Si, 0.3~0.5wt.% Mn, 0,03
wt.% P, 0.005 wt.% S, 0.002~0.005 wt.% O
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Fig. 1 Result of Charpy impact tests at the seam, HAZ, and
the opposite side of the seam in the ERW pipe (0,009
C-0.007 N-0.23 Ti-11 Cr)

40

vk (0)

—dbh

O

9]
—80 -

! I I L Lygp 1 g

1] A 10 180" AMlother
zone  sheet

Distance from the seam (mm)

Fig. 2 Distribution of ductile-brittle transition temperature
along the circumference of ERW pipe (0.009 C-0.007
N-0.23 Ti-11 Cr)
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Fig. 3 Effect of C content on the ductile-brittle transition
termnperature and grain size number
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Fig. 4 Effect of N content on the ductile-brittle transition
temperature and grain size number
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Fig. 5 Effect of quenching temperature of Tp. 409 stee!l on
the amount of insoluble Ti (steel G: 0.02 C-0.28 Ti-
0.01N)
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Fig. 6 Effect of C content on the results of chemical analyses,
Charpy impact value, and grain size number
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Fig. 7 Effect of N content on the results of chemical analyses,
Charpy impact value, and grain size number
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Fig. 9 Results of Charpy impact tests for water-quenched and
reheated specimens (steel H: 0.011C-0.23 Ti-0.011N)
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