H s TRIP O ARy MEEB IO
7L AN KA E 9 AN 57 1k

» Bk BHEZ* g #FEZ*
A. Nagasaka 7. ﬂ{o]yo
F—U—R IR, ARy MEBSRE, TRIPE~ VT 2H A4 M, Sy MRS T, KERE
HE WA (HAZ) S LoEERRFEShTn5s 12, Ll
WA, B b7 b NCIFEZ oM 2 BiE L CTHB) NG, ARy MEHE L TM 05 RSB 1T Dtk
MR OB EBELAED b Tnd, &I, HEhE R CFEIC B 2078 0 AT DL TULan,
DORIHO RT7 O/, % K7 O RICHIHETH D = ZC, AW CIIE R 3 5 B B E O

24— 7— (BET7—), BLUI L /X—E—A%T 1470
wmui®ﬁ§%£ﬁﬁékmtmy%x&yfﬁﬁ
(hot stamped steel : HS #fl) 23 T\ 5 YV, ZHITkf
LT,@ntﬁg-ﬁﬁﬂiyx%ﬁﬁéme@@wv
%A M (TRIP-aided martensitic steel : TM ) 34 1%
1470 MPa LL L OB SR D = — X D@ £ OISk s
DMERE LTRSS TR Y, Bix AR s S hvan
%9,

7= & 21F, Senuma HITEEIRE /LT A N OIE
AU RZPEIC X IET Mn, Nb, Ti, Mo ZDRksy
uowfﬁﬂbfwéﬁ%-%_fi,&Elmm@ﬁ%
F o7 FEICERKISETIN 1.3GPa 72 b L H IcAfm Lz
REETF AT VEET =7 & NHsSCN /KIRIRIZIRE
LT, REBRG KT E TCORMAZRIELTWD,
Yamazaki 5 19 %, U FEIFRENE RV b TREOMT
Efaf & DT TOIREECKFBDORIBT v — V%21 To 72 EWE&
WRBROMAR, U FlF 2T 5108 OREA— AT
FTA b pr BEWVIZEBIVIEERESEN &S E D 2 & it
LT\ %, F2 M A 455 U 7= B B = i SR A AR 0D 7K S
Wb R O 72 8, 1470 MPa #% TM £k > U fiif—F2
WRT ¢ — R T DA, BB A d R 3~15
mm T U N TAa L THEOT A4 U Bl TESEIC
~1000 MPa D) & EnEnfT G L, Zo U #hi a3
ICKFEFv— (BRFv—, 3%NaCl +5¢g/L F4
T VBT =1 & NHaSCN /KIAH, EITEE 10 A/m?
25°C) %47V, KREMALRBREZIT> TV D,

72, SIIRIR S 1470 MPa kL OBER L~ /LT A Ll
WZBWCSITRMEEZE A2 D Z & TREBHRINC L X
Fﬂ%ﬁ&tﬁfﬂtf% % & ORI R CH D Mk & R
L, MEGIR & 38 OBEER S L mEREIC KIE T 519E
W, KEE, BEORBERRR SN TV W, BEi#EO
MFEFE ST CIE, BERMEO B €7 —0D7 7 U0
WENTEIRY 22T 5L EE— NIZRHIIENb DT
W, ARy MEEE LTS BRI O5REE & NS I B

0D B

*RIP ISR B TR iR
FRULRSE SEATRETET B
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EZEDBRITE Z D ARy MNEBEEFOR v b A X 7K

TEHOERHE GEMES CAME) 2 T 5720, HENEM

iﬁzﬁ%&ﬁfﬂ*}i@%l%&%r WCRIAET AR MEHE, 3 L 0K
DEBEHALNITHIEHZHNE LT, ARy MNEHE

LtTMﬁM@*%%m%ﬁ%ﬁﬁbto

2. EBRAE

Table 1 \ZfiEH D L AR A o3, EEEI 1% Si dm
BORR DAL FRR A E T H WIS (BRI t=1.4 mm)
Z Az (Table 1), BEERERIXHUELE (t=60—t=30 mm),
L BT (t=30—t=4 mm), BRIEHZAERIEE (t=4-t
=14mm) Z L CTER L7, TM #ii%, 900°C, 1200s D
A —AFFA MEt#, 250°C, 200s OLEIRISREALEE % fili L
72o F7o, HlEE LT, 900°C, 240s IiEA, &FUfEFF 15
DA 72 oF a2 Uil =0k, 700 °C, 1 h 2Em okt
LML 2 FEOSR A~ ER U, D, #4147 =
FEEDR Y AKX TR & HSL 8, HSL 8ilchER L%
i L7 % HST SR EMES 2 L &5,

Fig.l (C AR v MNEESRRBR A 29 ¥, SIS
DFATERO PRI Z T & AR MAHEL, AR v N
AR 2 ERL U7z, Table2 ([C AR v MNEBESRMEZRT W,
ARy MEEERIZIE, EERERA =2 ARy ME
BEpk (£ 1 ~>, SLAIB5-601 (S-1)) & W7z, FEMIZIE
DR U, Jef% 16 mm, JGuif 6 mm, JEui R40 mm @ Cu-
Cr&4% vy, MNES 3.0 kN, @R 333 ms, RS

I 1% 6.5 kA TIT->7=,

ORI Z2I 1, SEM AW T To 70, A — A
T4 b OEFEE f, (vol%) 1% CuKo #12 L - THIE S
72 a-Fe 200, o-Fe 211, y-Fe 200, y-Fe 220, p-Fe 311 [El4f7
[ — 7 ORI L e Lz W, £72, A —A
TFA N rHFORERE C, (mass%) 1T CuKo FRIZ L -
THIE L7z y-Fe 200, y-Fe 220, 330N y-Fe 311 A4 &°—
I GEEN RO TG EROFHME a (X107 10 m) 2K
X (1) ®WITRALTRD T,

IIL



a,=3.5780+0.0330C,+0.00095Mn,

+0.0056Al,+0.0220N, = + + + + ¢ o oo e .o

22T, Mn,, Ay, BERN,IZA—ATFA by DT
FIRE (mass) #RT, AMFETIIEE L, ThEho
BAEILFEORMEE A\,

SIERERICIE, R BIIRRER A (R 3B, ARIE - 20
mm, FATHEORE S ;60 mm, AEASEERAE - 50mm), k&
CARy bR ERB N (FERARL, 2 7K :
20X20X1.4mm) P Z M, A A b o R ERERE I
X072~y FEE 1 mm/min (O 355 2.8X1074/s)
TiTo7 (Fig.1), By —A@IRRITIE, X147
7 WoIMEEERE (7 98.1mN, {REFFESs) Ik, #iR
DOERMED D 4= 0.35mm RN ONEIC T, HHkE
AL x=0.1 mm BRI AT 7 18 OB S 4347 2 01E L7z,

Table 1. Chemical composition of steels used (mass%).
steel C Si Mn Ti Cr B
TM | 0.22 | 1.51 | 1.51 | 0.020 | 0.21 | 0.003
HS1, | 022 | - | 1.21 | 0.038 | 0.25 | 0.004
HS7

217

60

.20,
- a0

i ~—

i R20

Fig. 1. Geometry of spot-welded specimen??,

Fig. 2 IZ/K#ET ¥ — Us|iERBR A R T, KFETFv—VIC
%, BT v —EE v, EEREEIC LV RBR A%
BV — ROt L, KEF ¥ —TEITo7, BT Pt R
Z Wiz, 3wt%d NaCl KIERIZ, 59/l OF AT ik
T =17 5 NHsSCN Z U L 72 KV 400 mL % KE T
YUK & LT W, EIREE 10AIm? , Fx —
W 48 h & L7c, AKFEF v — VL, ~ A% 70
#HORER & TSR OMmE (20 mmX20 mmX2), ¥
F O IE 20 mmX1.4mmx4) & L7,

KFEROBPEIE, FEBBESHT (TDS) % A/ 19,
KRBT v —VHERBRD & & L RBEOKFETF ¥ — VK, &
BT 48 h, KFEFv—Y LRk % FIREE
100°C/h (2T 800°CE THIEA L 72, HEHEY — 7 A% I
THIE U, WK SR 53 2 AR RO IR U7, kR
T 2 BRI Sy L, s R COBR T 2 & CREKE
e L TR, S| 5 300 °CE T &b kR

S 47 -

DL AKRFZ TH Y, Ll EOWRE ThHiit S 5k FE 1
HHEBMATE & SN D, KFEMEMEIC TGS 2 OIFHEH K
FThHIZD, HMKREOLEZ RO,

Fig. 2. Appearance of tensile test after hydrogen charging.

Table 2. Condition of spot welding.

Electrode cap Electrode Welding time Welding
force current (1)
Cu-Cr 3.0kN 333 ms 6.5 kA
DR16x60, 40R | (0.25 MPa) | (20 cycles/60 Hz)

3. ERBEREBLUEBR

3+ 1 fABEHmAEE
Fig. 3 1Cflikdil o X 7 o fifk SEM G EH % ~7, Fig. 3 (a)
X TM 4, Fig.3 (b) 1% HS14M, 35X Fig.3 (c) 1% HS7
O 7 ki ch D, 3% Y/ — VIRIERIZ X
D, TIM#IZ~ VT oA FEFREA—ATF A4 bpr (r
DORFEHE f,=1.52 vol%, A —ATF A b pwHORFE
e C,=0.79 mass%), HS1#fiZ~n7 41 &, HS7
WFBER L~ LT A FOMEE» HZENENAR D, TM
L HSLER 1E~vT YA MHEEZA T 55, HSLEO
BHIME IR IR~ T A F T A2 TM flE D %< D
TAUHA NP L2 ERTER S L,

Table 3 |ZHERS DR Fr OB RIE,  d6 J OV
T Coqg 2R 19, JRIFBUE Coq IXIRBEME A RT/IT A
—ZTHY KA (2) LVRD, 0.47~0.58 mass% D HiH T
b5, ZzT, [c], [si], [Mn], BXO [Cr] IX&ERE

(mass%) &7,

Ceq=[C] +[Si]/24 + [Mn] /6 +[Cr] /5

- -
0 = —

Table 4 (ZftFREH O 7EBERER Fr OB RE1E 2 7~
T, BB OFEM S TS & MO TEI, EEEARR T
DR S (AIGS)) TSW & B i oMy (B
Wi ) TEI-W LV, BIRIMI DZEATS # ATS=TS-W—
TS, U7 ATEl 2 ATEI=TEI-W— TEl £ 2T ZEHE



Table 3. Mechanical properties of steel sheets used.

YS TS UEI TEI TS XTEI Ceq
steel (MPa) | (MPa) | (%) (%) (GPa%) | (mass%)
™ 1180 1532 5.6 9.4 144 0.58
HS1 1095 1469 6.5 7.7 11.3 0.47
HS7 521 559 13.7 22.4 12.5 0.47

YS: yield stress or 0.2% offset proof stress, TS: tensile strength, UEI: uniform elongation,
TEI: total elongation, TS X TEI: strength-ductility balance and Ceq: carbon equivalent.

)

5 pm
(b)

5 um
©

5 um

Fig. 3. Scanning electron micrographs of (a) TM,
(b)HS1 and (c)HS7 steels'®),

F L7 (Table3, Tabled), &HDEA DOFsRFEEIX, TM
£, HS1 £ C 1470 MPa #k O 5|38 = 2 4 L, HS7 8% 590
MPa fkDBIIRIR X & /e o7z, —J5, HST $fllZ TM £, HS1
LY bREREBMOEH Lz, £72, TMEIIFERE A4 —
AT FA b g OOT HFFEEREIZL D, HSL 8 & [F L
NOBIEBRSZFTHICHhhD 6 HSL LY Hk&
REROEA L,

TM 8, 3 X OVHSL il C, it 1L B 5t
izl LC, SlERI E2fNIZzNENIE T Lz

(Table 3, Table 4), TM i, ¥ & OV HSL SO ERERER T
IZAR v DIEEERANE TRk L7z, —77, HS7 il i\,
RPEARBT TR I i L, TS W2 L L7z e
S72H, TEFW IZD TR N L, R L7 (Table
4), ZDOZEnD, TM SHORERER KK TS-W=
1450 MPa, 35 L OB OY TEI-W=7.0%(%, HS1 &l ookl
ONC I L TN TR Y, HSL MO R REE (TS=1469
MPa) L-ULEHT 5 Z ENnD (Table3, Tabled), =
72, TM SRIZEA 258 « JEPE T > X TSXTEI=14.4
GPa% (TS=1532MPa, TEI=9.4%) %A L, TM DA
R OFREE « GEMENT 2 TS-W X TEI-W=10.2 GPa% %,
HS1 fiD itz L TEAL TV 5,

Table 4. Mechanical properties of spot-welded test specimen.

spot TS-W TEI- | TS-W ATS ATEI
welded W X TEI-W
test (MPa) | (%) (GPa %) (MPa) | (%)

specimen
™ 1450 7.0 10.2 —82 | —24
HS1 1388 6.2 8.6 —81 | —15
HS7 557 21.7 121 —2 —0.7

TS-W: tensile strength of spot-welded test specimen, TEI-W:
total elongation of spot-welded test specimen, TS-W X TEI-W:
strength-ductility balance of spot welded test specimen, ATS:
tensile strength difference (ATS=TS-W—TS) and ATEI: total
elongation difference (ATEI= TEI-W—TEI).
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Foa

32 BIRBENFEICRIEFTIKED

Table 5 [ZKHD AR > MNaHE - KFEF ¥ — V%R OKRK
WSS T, R OSBRI E & TS, AR v MAE#E:
R ORKIGT & TS-W, KFET v — VMR T O
KIEHT % TS-H, KFF v — DR A O KIG /) % TS-
WH LIRS Z & &5, Fig. 4 (2R o R4 RER i 2R
7. (@) O TM AR 42 TM-B, (b) @ TM ik 3
F ¥ — VMR A E TM-H, (c) @ HS1 SR8 A
Z HS1-B, (d) @ HS1#iKET v — IR % HS1-
HEMSRZ LT 5, BRI, 5lEIFm & 45°0
e KA BT T SRR LT D 72, SEVEREE & 5 %
Hid (Fig.4 (a), Fig.4 (¢)), KFEF v+ —V%OMEBR
T, BRGNS EEISHET LT\ D 7w, MatEkiEin X
Bl CTdh o Bz 65 (Fig. 4 (b), Fig.4 (d)).

Fig.5 |Zfilklbrts O EERBR A 2777, (a) @ TM #ilias:
w2 TM-W, (b) @ TM $l/KET ¥ — D iEERER T &
TM-WH, (c) o HS1 #iilEEatiiz iy 4 HS1-W, (d) @ HS1
HIKFET v — VEERP T Z HSIWH L RESZ 2 2T 5,
s <L, mNBIERER 12 L LT o 7n 7,

TERER A & FRRICEHIE L 7o, KRBT v —VEELOSAIE,
SIaRIT I & 45° 0 e R AW ) 5 ISR L T D 728,

FEMERRIE S R T D B2 bvd (Fig.5 (a), Fig.5
(€))o TM-WH TiZ, HMIAFIEF I TRELD, MR35
R L 45 O K AW ) T R LT D 7,
SEMERGSE & fatEniE e B2 b (Fig.5 (b)), HS1-WH
T, BIEF AN REICHET LT D 2 o fathmlisE & & %
bhb (Fig.5 (d)),

Fig. 6 1Z HS7 $HOKFET ¥ — VB 259, (@ ©
HS7 K% T v — O RMEBR A % HST-H, (b) @ HS7 8
KRBT v — VAR %2 HST-WH MR & 55,
HS7 $iTix, &H 6 b aEHM & 45 D iR AWNR 15
AT LT D72, IEVERE & & 2 5 (Fig. 6 (a),
Fig.6 (b)),

Table 5. Tensile strength and maximum stress of TM,
HS1 and HS7 steels.

) TS TS-W | TS-H | TS-WH
specimen
(MPa) | (MPa) | (MPa) | (MPa)
™ 1532 1450 1126 929
HS1 1469 1388 725 811
HS7 559 557 507 533

TS: tensile strength of base metal specimen,

TS-W: tensile strength of spot-welded specimen,
TS-H: tensile strength of base metal specimen with
hydrogen charging and TS-WH: tensile strength
of spot-welded specimen with hydrogen charging.
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Fig. 4. Base metal specimens after tensile test ((a) TM-B,
(b) TM-H, (c) HS1-B, (d) HS1-H)

Fig. 5. Spot-welded specimens after tensile test ((a) TM-W,
(b) TM-WH, (c) HS1-W, (d) HS1-WH).

10 mm

Fig. 6. Specimens after tensile test ((a)HS7-H, (b) HS7-WH) .

Fig. 7 {Z TM 8, Fig. 8 {C HS1 #f, Fig.9 (= HS7 Mo ik
MR, BLOEHERRT OKBF v —VAEDIE ) o
—OFH e X &7, Figs.7, 8 LV, TMEH, HS1 4D
FEREB R, B XL OEERBR A OKETF ¥ —VEL OGS
W, AR AE Lich &, Ml Lzolzxt L, KFEF v —
UL TCHIERER L2 as, MR, B X Ok
Fr oW b R T Tl 2 4 U=, —J5, Fig. 9
O HST IR SRR, B L OB T OKFET v —
VORI BNTENEIIRKICINEIFRZETH D8, KH#E
F ¥ =X VR O/ E < Ae o TV B Z & A
Do



Fig. 10 [Z5 iR & O kel %7~k 97, Fig. 11 125 IR X2
FAFFTIKEBORBEA TR, KET ¥ — %D HSL RS
B OB 3R X 1% TS-H=725 MPa C, HS1 $fifEk15A5R
Jr oo TS=1469 MPa & LR L, KT v — VEECliatk

i#E 7= (Table5, Fig.4 (d)).
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Fig. 7. Stress (o0)-strain (g) curves for TM steel of
(a) base metal without and with hydrogen
charging, (b) spot-welded test specimen
without and with hydrogen charging.
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Fig. 8. Stress (o)-strain (¢) curves for HS1 steel of
(a) base metal without and with hydrogen
charging, (b) spot-welded test specimen
without and with hydrogen charging.
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(a)
1500 .
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©
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Fig. 9. Stress (o0)-strain (&) curves for HS7 steel of
(a) base metal without and with hydrogen
charging, (b) spot-welded test specimen
without and with hydrogen charging.

KRFEF ¥ — %D TM SRS A 0 515R58 S 13 TS-H
=1126 MPa C, /KT ¥ — Ut D HSL SR 3B 7 5|
JEH & TS-H=725 MPa & [, KEMLOEN /NS

(Fig. 10, Fig.11), /K#ETF v — %0 TM Siltasslin A
TS-WH=929 MPa T, KFEF v — %D HSL SEHERER
Jr o TS-WH=811MPa & tt~, KF#Eelk, AR > MEED
BN S (Fig. 10, Fig. 11),

2000
1500 - Bw Bw
g H
= 1000 - WH HWH
P BWWH
o 1l )
0
™ HS1 HS7

Steel

Fig. 10. Tensile strength and maximum stress of TM
steel, HS1 steel, and HS7 steel, in witch “B”,
“W”, “H” and “WH” denote “Base sample”,
“Spot-welded sample”, “Hydrogen charged
sample” and “Spot welded and hydrogen
charged sample”, respectively.
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.000

© ATS-H ATS-WH
s HS1
2 800 |
_744 HS1
= ™ 77
= 600  T™ 5217
% -406
E 400
T 200 | ';27 HS7
'2] 0 i 24
Base Welded

Steel

Fig. 11. Maximum stress difference between base and
hydrogen charged samples (ATS-H), base and
spot-welded and hydrogen charged samples
(ATS-WH) of TM steel.

TM i, BLOHSLIZKEF ¥ — %475 &, TMHIT
IAKFIZEICIHA—=AT T A FRRRT ZBER 19, #57
L0 A — 2T A M, ERRERA AT A b
R SNT A REERL VS, HSLEHCIE TM 8 & AR
WZIHA =R T F A MR T ZAEH, #5867 EolEnic, =
NTH AN/ BAVEAL N BER 2Ty T LIk
BEZoND, A—ATF A |k (fee) &E~nAT ¥ A b (bee)
DIKHEBEIAFDFE D 25, TMER 1251 ERBR T O A4
—ATFTA RN r O T YA NEREIZL > TERE LT
ST YA MEEOKBIRREN BA L, SR PR ET D
B Lonl, TMEROEREA—AT A b i3y —Ic
HFIEL, BWEFEEO~ LT oA b ICERL TV D
IRV BHEOT R T DL BN o7 2 b,
BRA—AT A N r OOTHGFBE, BLOISHEE
R S e 2 &, BLOE BRI E L2 oW
A RN EL, TCICEZERPA M SN2 L6, TM
L HSLA LV BIREDIR TN S hole b B X BT,
£7-, KEF v —I%O HST SRARBRA 1L TS-H=507
MPa ¢, HS7 SRR 38k i > TS=559 MPa & kb, [F%
DIREE 215 D, RO L7=, Z4uiE, 1200 MPa 2L
T OMPKFEDORELEZ FIC W LK 5 (Fig. 10,
Fig. 11), AKFEF v —V% DO TM MEMRBR T O TS-H=
1126 MPa &, TM $liERER T TS-W=1450 MPa (I,
HSL #floZn & e, RS oEZRr L= (Fig. 10),

3:3 BIRMEFMHICRIZTRARY MEEBEHOES S
TDEE

Fig. 12 12 TM $fl> 2R > MaEEilmm 2 ~d. £72,
Fig. 13 (2 TM %, Fig.14 (= HS1 8, I3 X O%Fig. 15 (2 HS7
FOVEBEEWTRI O By B — A S HV /0 & E NZE IR
T
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Base metal

Corona bond

Fig. 12. Cross-sectional image of spot-welded TM steel.
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Fig. 13. Vickers hardness (HV) distribution for TM steel®?),

Fig. 13 7> 5 Fig. 15 OKHD AR v ABSE O S 4545
X0, TMEOEHE, 500 HV~600 HV, HS1 fHOREH 1
400 HV~500HV 2 A L, BRSO S SR O S L 13
LA EEDL IR oTm, T2, TMEH, HS1 80 & & HAZ 56
O SIRME Y BT LA, TM $lo HAZ Sofs &
KT &R, HSLEMD HAZ O S DK T RIS RE < 7
Hot,  —J7, HST #iTiE, B O S 13 200 HV FLE
ThHhol=i, ARy MNABEORES, X OVHAZ Hof
SIFS00HY FCTEA L, BMICHBL THhrRey &<k
o7, TM 8, 3L OVHSL 8%, HAZ fROE S 23R4,
BLOERETIC IR L TR F L2 Z &2k, 20 HAZ
ENGIR & LEBROIER 2R L, HAZ SiCEANIREL
72728, FEMERER T I R U T O N L7 & B %
bivlc, —J7, HST SO A HAE 1% 200 HY, #ELHO
WEAB00HV THD Z &b, HAZ Tk x & LTE
9, WALTC HAZ EB8CIx7e < BEMAlkEr L7=72, il
Wi O RE L N3l Sz L Ex Hhd, TMERIC
BWT, ARy MABED HAZ #AbIZH S v, 5]
ERB P OEREA—ATFA b D TRIP ZFIC L - T
HAZ #fb L7=#B%r &30k LT HAZ i COERHOREL
B SHT-728, TS-W=1450 MPa O = W IREERER i DKk
SN ERBL LB Z B D (Table 3, Table4),
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Fig. 14. Vickers hardness (HV) distribution for HS1 steel®®.

v Ak

5U3500,20.0kV.x2.00k SE

I 750 pm,

Fig. 16. Scanning electron micrographs of fracture surface in TM steel. ((a) high magnification (><2000) of base metal,
(b) low magnification (< 47) of (a), (c) high magnification of base metal with hydrogen, (d) low magnification

of (c)).

SU3500 20.0kV x47 SH '

Fig. 16 |Z TM 4, Fig. 17 |2 HS1 S DR A T & 4 77,
Fig.16 £ v, TMEIIKFZEOF I b LT 4 7L
WmmiZ7e o7z, LavL, KFEF ¥ — ¥ LI RHEER T Ok
X B S 72T 4 VTV KE T, MEOT 1 v
TN, WaE e T 4 VR LT EE X B
b, LEDZ &b, TM EfIE HSL 8 & b, KEMLD
HENNE L, TMHHOKERACIZ AR > MNEEORE L
A4 DigEE 2o~ L7z (Fig. 16), TM SRIZRMEER i, K35
Fy—PHRBMRBRAOELLTHLT 4 AR LR
7oo LinL, KEF ¥ —PHBMEBNT OF 4 7 VIEE
SESRTF 4 TFNANKREE 2> TW -, Lo T, Kk#E
T v — CHORMREB A T, B XBEREE L 20, itk
B L= B 2605 (Fig16 (o)),
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Fig. 15. Vickers hardness (HV) distribution for HS7 steel*3).

SU3500 20.0kV x47 SE

Fig.18 |2, TM #l, HS1 #l, 35 LUV HST D % 7'z (20 X
20X 1.4mm) \ZKFEF v —V%EE L, T 5H%E 100°C/h
CHIRMBES AT U 7o KSR A B A 77 37, TM Sl oL e
KE L 2.0 ppm T, HSLEHD 2.9 ppm & D 7pnz &
Wordd, ZIZT, KRBT N T v T ENs & &,
PARA DIREEIN LD 1T EMRALEER S < 720D 2 Linb,
FIBREE L UL 3 TM B0 7723, itk E s R & <
RHZENEZ LN, UL, TMHOYLEME KT RIT
HSL8 L W /NS e ot-, TMECIIAREIZTEICIHA—2
T A NIRRT AR, R B2, B AT S
A b, FRFEEA—AT A b r ST A
FEESR 2V |2, HSLEHTIE TM 8 & RERICIH A — 25 F A
FRIFRC T ZBER, L LoIEe, ~ T o3 A &

-
>



SU3500 20:0kV x2.00k SE

250 pm

SU3500 20.0kV x47 SE

(©)

5 um

(d)

250 um

Fig. 17. Scanning electron micrographs of fracture surface in HS1 steel. ((a) high magnification (< 2000) of base metal,
(b) low magnification (X 47) of (a), (c) high magnification of base metal with hydrogen, (d) low magnification of (c)).
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Fig. 18. Typical hydrogen desorption curves for TM,
HS1 and HS7 steels.
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Fig. 19. (a, b and c) Inverse pole figure maps and (d, e and f) phase maps of bcc and fcc in (a and d)
base metal, (b and €) heat affected zone and (c and f) fusion zone for TM steel. Red and blue
portions in phase maps represent retained austenite and martensite, respectively.
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