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ARG, TR (XAl O K FEMALARME (ICBI 2 0F9E) LEEL, LIT O 6 Eh bk s,

B 1E T ik, BEEARZRIEROME R I OMRZLIE I BEE 9 2 BEFE O MK FEe b Bl & 2 D
WZDNWTIRR T, BER L~ LT %A MEOTKSERM R ERE LTiE, VCE R TIC ICXBKERT v 7B X
OMENLEZINHI A STV 523, 500°CLL FOMRIRSER L 21T 5 M Rl Tl 2 S IRIcR o R %
FTHITEPTZERREETH D . F ATt OBLE L b bIRASMOIEHNEE L2 & 2R ~7z, DLEOR
DD | ARIFFETIL 2000MPa #RAK G <R X Aagf O itk Stk IS I3 E Bk RA L (FeasCe)IZ L DKk b F
v 7 LEEEBINH ST TH D EHEE L. FeasC(e) DM AL & LT Si il & S BER L O AE bEIC
FHHE L, —J7. B Si 2R L ClX, FersC(e)& & HITEBA—AT 4 by 22 ENEESN
Ted, FREVIIKEE N T v 7L, KEMLREEZ IR T S04 LM ESER5ARH D, £ T, AIFKT
L RS TR TR I W T RAGY) & Ry DS TR SEMEMEC BOE 3 B o (L & KB bR O g 4 B
BE L, 51T, X0l TR /KEMLRREIC KITT AL #E U, BAUTADOMmKFE 21
L&D OOMRE BELEORHERET DL L Lis, KEBIC, AEOB LR A LT,

%52 % [ Si 2l R LE O KEILEERS L OB b E BB A — AT T4 FORE] CTlid, SiELBERL
HE 2 78I (IH: Induction heating) & 4P IIEY(FH: Furnace heating) Z VW TZE 2 - iZ i 2 BRI L, BB AE +
PAMEEIC K DB YT L D X BUNMAREL TN G . AL IS K OBy D oy ik HE & E Al %
LBz, ENHOHE YT E BRI L o THEByZ D ST W TESERY A 7 VB T IZRB T 5
4 S RERIC L 0 KB LR EZ Rl L TV B, ZOREE, Si &S 2.0mass b %< oBER LiEE
ZIHIZXE D K& Lz 2.0Si-IH Sl CiE, #H7e FeasC(e))d 7 AT K ik L. MKEMALREDME Si <0
RHBER LB LD bENRD Z ERH LN ERoTz, £72, 20Si-IH SITEEy LRV E<EA LTV R, 37
YA 4T 9 L AKREMCIC L DM HFMNEL 2D 2 05, BRENIKER LR E T ST Z 8805
n&lpol,

3 [ Si AHBER LEOKSE b T v FRER L ORI LR A— AT 74 OB T, FIEDEE
SHHE(TDAYE FAWTC, & Si AUEBE R LEIOKSE b 7 v 7238801 X O FersC(e) S RyD B MIAT 5 2 L %
HigE Uiz, FeasC(e) ik By D /KB HHRE & HEE T 2 7212, 2.0Si $ilA i~ OBER LI TUBE L 721X 128
® TDA M1 E4T, T OFER, 2.0Si S TIE, BER LIREE 400°CD & E 1T FersC(e) mB L UVKFE b7 v 7T Ed i
KERDZEND, KFEFNT v 71T LT FersCe) DENRKE W R Iz, 72, 2.0Si-IH 8 TiX,
15 Si SRR BER LB L 0 b KEEZZLSEH L TWAITH 0D &P Lic< < AKEMLEE MR Z
ERALMMNE T ol ZHUT 2.0SiFIH SIS < B E LD FeasC(e) oMy kEZE b T v 7 L, Sk e &
~DOKF N T v TEEERED D 0E. FNORME~DKEOERBEBIESEDLOTHD EEZ N, 72
L., BEYVIC T v 7 ENTRFEIL, KEMACFEARBR OB L > TREBD LTRBY, -y
THHEH D WIIREFREEIC L > T T A MIZEHE U7 ATRRMEAV TR X U7,

%4 T Si GUlBER LB OKFEMbIC X 5 S ROFEA L EREME ] T, Si LR LEEDRL 51T
TR LT, BT v — 2 4 s TR ORI 2 8% 0 2 & T, & Si BUsBER LSO K R LB 2 iR




ALz, TORER, BEvEET IH BER Lfﬁl@ﬁ&’%t FT7 ey BRELAHEHAAHY, 7y MIE
DAL RS- (bee) DT Y ﬁf&’;é{llZ}ﬁ WolcENTHDHZ ENHALMNE /o, TDZ L LD, FREyR
INTHED D VVIIAKEFELLREIZL > TwAT VA R ERY BRI 72 5 72K E {112} H TOHRNAL TR

EEE L bR a R, F f:\ 2.0Si-1H Sl Ofk g Rk Ot s I~ B cH v . —H., K Si H0
IRHBE R LA Tk AUk 2 & e Th o 72, & - TL 2.0Si-IH i TIE T A PITAH L 72856/ 72 FeosC(e)lZiin
PP FENETET D 2 & T FeasCle) S EHDOMERIRIE L 70 0 | FXAIITKLI 72 & DR S1E A~ DHEAL0 KR
DOETRMEESND Z & TEHDORAERHERZBEES TS LB LT, 2.0Si-IH L, mEyoinc ks &4
DIAEL Y b FeosC(e) DRI BIC & 2 & 2 - IR OMBIRF D F KT NeAIC & DI K&

SEETDHZEDRHLNE RS T,

05 Uii}a@ﬂiﬁ]ﬁ%?ﬁ%ﬂ%ﬁ%J:U*‘7k§ﬂf‘4t¢ff¢$ ETRE) TR, BRITROETLERETH 0T A
WYL gy == 703 & St SBER L ii@fﬂ@%ﬁﬁk%i@*ﬁﬂﬁlﬁ%ﬁ CRIET R ARAL
7o ZOREREREZT, %%lfiﬁ@ﬁﬁﬁk?@ﬂﬁt%ﬁ%ﬁiéﬂié7‘:&)0)%15%#@?’6%%?%6 L HBE
L7z, OV AED BESEIZ, 300°CHHITDIRE TREyz 3k L. oA DML 230645 71<1¢7§‘L LT
HTEEWOEMNI LI, £z, Yay =0 7 X o THbKFEM bR E A0 LS8 25 720100%, FEREE
IS5 DIRAGIT K 2 BRSO & AKRZBADHFINEELE THL Z L aBR LT,

6 T TRER TiE, A THELONIZM R ZREE L, SRR oK F etttz m ESE 5720
DAARERR G RE R OFREHI DWW TIRE L 72,

% FSCEEIX, FI3C 2000 52 & 9630 300 554 1 #3283 2, & L<IXHEIC800 354 1 #fR L T2 auy,
Note : Thesis Summary should be submitted in either a copy of 2000 Japanese Characters and 300 Words (English) or lcopy of 800
Words (English).
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In this study, we assumed that hydrogen trapping and dislocation motion suppression by iron carbide (Fe».
3C(¢)) are effective in improving the hydrogen embrittlement (HE) resistance of low-alloy spring steel, and
focused on the combination of high-Si steel and rapid tempering. In rapid tempered high-Si steel, it was assumed
that Fe,.3C(¢) and retained austenite (y) would increase, but the retained y could trap hydrogen and either reduce
or improve the HE properties. Therefore, the purpose of this study is to clarify the effect of carbides and retained
v on HE resistance in low-alloy high-strength spring steel and to reveal the HE mechanism. Furthermore, we
aimed to understand the effect of the spring manufacturing process on the microstructure and HE properties,
and to propose guidelines for the microstructure and manufacturing conditions to improve the HE resistance of
suspension springs.

As a result, we confirmed that the higher the Si content and the faster the tempering rate, the greater the
amount of Fe;.3C(¢g) precipitated in the laths, and the higher the HE resistance. It was estimated that Fe,.3C(g)
in the laths pins dislocations and traps hydrogen, suppressing the concentration of dislocations and hydrogen at
grain boundaries, thereby delaying the initiation and propagation of cracks. On the other hand, it was suggested
that retained y transforms into martensite due to the accumulation of dislocations and hydrogen during the HE
process, promoting the initiation of cracks. It was revealed that in rapid tempered high-Si steel, the effect of
suppressing crack initiation and propagation due to the fine dispersion of Fe,3C(¢) in the laths contributes more
to the fracture life than the initiation of cracks due to retained y. In addition, it was found that the appropriate
conditions for stress relief annealing in the manufacturing process of springs are a low temperature of around
300°C, which decomposes retained y and does not coarsen carbides. It was suggested that in order to improve
HE resistance by shot peening, it is important to reduce the load stress by deepening the compressive residual
stress field and to suppress hydrogen entry.
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