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Effects of Strengthening Mechanisms on Fatigue Damage for 600 MPa
Class Hot-rolled High Strength Sheet Steels

Masaya Mizul, Hiroshi TAKECHT and Tomoo SEKINE

Synopsis :

Low cycle fatigue damage of two types of formable hot-rolled high strength sheet steels for automobile
use with different static strengthening mechanisms of 600 MPa class in tensile strength; 0.9% Si-1.2% Mn
dual phase and 0.04% Nb added precipitation hardened steel was studied by the X-ray differaction, SEM
and TEM methods, the following results were obtained.

(1) Si-Mn dual phase steel (DP) with low yield ratio shows higher cyclic stress than Nb containing pre-
cipitation hardened steel with high yield to tensile strength ratio.

(2) Nb containing steel shows monotonuous cyclic softening which provides a decrease in the X-ray half
value breadth resulting from sub-boundaries due to the rearrangement of dislocations.

(3) DP steel offers initial cyclic hardening followed by cyclic softening with an initial increase followed
by a decrease in the X-ray half value breadth, this resulting from fine cell-structures in the ferrite matrix.

(4) DP steel seems to show high resistance to a fatal crack due to the effect of microstructures of soft
ferrite and fine martensite.

Key words : dual phase hardening; precipitation hardening; low cycle fatigue; cyclic softening; cyclic
hardening ; half value breadth ; micro structure ; sub-structure ; cell-structure ; fatigue damage.
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Steel A : Nb precipitation hardening,

Volume of ferrite 86 %
Volume of pearlite: 5%
Volume of bainite : 9%

Average diameter of ferrite I 2.7 um

Steel B ! Si—Mn dual phase hardening

Volume of ferrite
Volume of bhainite 3%
Volume of martensite: 10%
Average diameter of ferrite :

87%

54 um

Etched with mixed solution of picric acid, sodium
thiosulfate and citric acid

Photo. 1. Microstructures of test
steels.
Table 1. Chemical compositions and mechanical properties of test steels.
Steel Thickness Chemical compositions (% )
mm) c Si Mn P s Al Nb Ca
A 3.5 0.10 0.38 1.43 0.019 0.003 0.020 0.05 0.002
B 3.5 0.07 0.92 1.19 0.014 0.003 0.020 - 0.003
Mechanical properties
Steel Ys TS El YR Note
(MPa) (MPa) (%)
A 500 618 25 0.81 Precipitation hardening
B 441 627 28 0.70 Dual phase hardening
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Fig. 1. Stress response curves at low cycle fati-
gue test.
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Fig. 2. Amount of stress change due to cycling
and plastic strain amplitude.
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Fig. 3. Strain-life data of steel A and B.
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Fig. 4. Relationship between stress amplitude and
plastic strain amplitude.
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Fig. 5. Changes in stress and plastic strain ampli-
tude due to cycling.

W. Smrtt 52 12 kB & 0T AB{LIEH n<0.1 T o,
/0,<1.2 OBEIEEBE LEILERTOIHL, o>
0.1 T o,/0,>1.4 Ti#ER LREML £ 72 1380E L ICKE
THHLELTWD (0,: 5IERME, o,: FBKEE T 212
0.2% 7). MAILBWTAHLRIERMK LEk(bEEE
D. J. Quesner & 2% #5{ C-Nb AHTHG&IL#IC > v T8l
BLE-ABEABOLDOTHS. —F, A M SHERMAN
513 43 0.11 C-0.48 Si-1.41 Mn-0.08 V R 18 & #H #
EBIZ oW T FMTOBELBRE L, MLOEVEA
R LR LS 525, L& A54a 3 R ol Lk
b4 %7 O WEDEFERE LG - 0§ A8 E3E%
LB ERRTVS. B THSNPADMEE LIE
EEICHLE LEIb 2 A U ABEIE, 03 &3kRE 1% Ll
T® S15C FEstid 2, 0.8 Cr-0.4 Mo R A HLgksalk
B2 HDBISBME SN TWAENE id B v, EHLZD
A —2FF A4 PRRATF VLRI W T LE O

—111—



418 B L W 876 4 (1990) 5 3 B
0.05 ————r—————— — ;
0 —
Omax 46/2=03%
0y 3 Steel B
0

-0.05

_ 4109 (20max/40x)
4log N

Logarithmic hardening rate, h

e

Nth cycle

=010

L i L ! . | . L ] 1

Fig. 6. Changes of logarithmic

102 108
Number of cycles, N

MR LA (NI RIC LD K&K H B ER AL
TWh., TOK) BRI KD HE LEEEHME O H]
ST I T A EE AWM TH ), MABIUHMB
T SN fER L ESE) O 2 3 a6 o fLsk < s LA i
Koz edHEISRI D, OFAEN 0.5% 3L
0.3% 123 BT IRIE O R LI X 541k (Fig. 5
(a), 5 (b)) &HIHEME & HERICHEST MUV Ak
MR LI X B24L (Fig. 5 (¢)) %3 LD TRL 7.
Fig. 5 (c¢) W2 BV TH A OO 3 AIRIEOLE L IT HFHH
WHIL TWh S, B Tid A¢/2=0.5% THEE LK
N=10 BIZH VT, 0.3% TId 100 @IcBVTERF
N T AIEEIS B/ E R L, Fig. 5 (b) O#K LG
TS AR B % # AR L B L OB K 2 /R 4Rl L
BB L Twab, £72, -0 FAaexFY 2 Al
WhOROEFABFTOLZAF ) Y AR LF— I3
WEEI R 3 I3E—ETHD. LEA-T, SBIIB
B ORE L LB S Fem o b T % REICT
XS, ZOERECEL MRS O3 A IRTE % R
B, FRE L TEOROEESE LKL & B0 $ Ak
TR OB K % JH LI F7mER L ICHF S5 T5LE 26N
L. TOXD e LEEN % D. J. Quesnel 529 13(6)
K O EARE LRELIE S R F O THRE LT 55,
CITRNAY YA —FROEELRL O 1 HD DG

HIRME A b 0BRGN 2 H W T(6)A T L Fig.
6 IR L 7.
h= Alog (Aon/2)/Alog N «eeeeeeeeeeereennnnnnns (6)
h=Alog (2 0pe./A0n)/Alog N woeveeveeeess (67)

722U, Ope i3 1 HIDOFRAIE KIS, Aoy/2 & N
[ 2 BT BIEHIEME, A>0 38K LAk, A<0 ik

hardening rate for steel A and
steel B.

104 105

WoRE LikAb 289, D. J QuesneL S 3SR LEIC LS
F R EE LTHRELTWAD, Fig 6 Tid b i34
BLEEDICEEHICEIELTYS, $£7:, 0.3% DO
FTAIRMEICBVTHA, FBEbEELKNL (R<0)
R A B OF ALK E VI L2 b 2%,

1-2 X®R¥ERS SCBREBRC L 2HEFIREBIEOD

B®’E
BIEN Tl 7R USR8 3 55 &R X 28R A
DNy E LTOEMETH L. EHAEGRERBITICLY
% EM S ND H o XBREMEIC X 2 RER0REITHEE
FREIL VBB R OLEZ SRS, SHHVERD
550 MoKg (A=0.63225A) (=X 2 XBOBARS I
100um T&H Y, Cr, Cu ZOHEXHOBAITHEL
THEBEEE Mo LIbr K & < BEAROKRE IS
BLTWwD, Fig. 7 2B THtE (N=1) i27a v b
L7 BRI TR O TH ), HEMEE Lo
WBOHFFHALYKE W, Zhid, 7x 91 MR

X 10 $ [ i T
£ 1.0 MoKy (321) After annealed
3 Steel B _oosi  b=2466%107° rad.:A
g L g S\, 24281078 rad.B
_g‘o 088_ --I 2
|
Zim ~~ g
i L BA |
@ \\ 6.‘~
e Steel A 8\.J°
2% 04 Q 2
=~ | | | |
1 10 102 108 10* 10°
Number of cycles, N
Fig. 7. Changes of X-ray half value breadth

during fatigue test at A¢/2 = 0.3%.

—112—



R 600 MPa #24 HE &5 58 52 8 AR 0 9% 57184512 B T o & 419

WD 1um LETH D REFEOHRIIERTCEL LD
WMBOTNF o H A FOBRELEIILAY L2505,
T%bb, MoKe#f (321) IC&k B 7294 boE¥iAE
20=48.741 BEI2 LNV F ¥ 4 baD (C) #F
0.3% iBfEs - &35 & FDEHTAREIX 48.878° &
ZOWEITEEGESE L CHETE LV D THAE.
B, CrK, & (211) 12X % Sin?¢ TR 795 5 A ERai
DXBHRBICIEREFIYCHMA L 2MPa, #Bix —
7MPa T D I3 ZE% L A %€ 5. Fig. 7 B 0T 4IE
& 0.3% (2381} B EHFBROFMBEELERLAZBDOT
b0, FHAOFMIZTIAREL & & HICEEAICEI LT
BOFMIHICALRBHALR LHELPLTWA,
SRALE AR L CERAL 3 2 #8181 o v CEF M O IX
LB O BES, ERENHD O AW, BH
D AR SN TV DHBRHO KNS\, HE LK
(LB L RETT 5720, BEELZEHRT 0T AIER
0.5% 12 B BAREH.LE O T MG O Z % BHIE
TEM #H W T2 L Photo. 2 IZ7R L 72. Photo. 2 (a)
BHADHEBOBERRETHY VT AOBELIZL ST
71274 VRAOH T 7L A AMEATHER, LEVICHERF
HRCHBICKRET A EAEDONG, DX Y
77V A vtk Nb iRZBILW AR LT O 4 % %0
THAR SN T 32V F—M12 X 0 RE ZEMET)~
BT H7:0% L2 6h, XELMEEIEIT 5

As Received

b

N = 10 cycles N = 30 cycles

DERLED, F72, Fig 2 TRLZX I ICOTHIER
DWMRTHOEILT S Z L25, BIKARED VT AIE
P& B 1T % BB UL i3 BE RN O MR 2> W BhiEir o
BELRKELFHLTWSE, b, BEERO XK
FAHNE O SR T SROBAEICL Y RELZBEUER
HELdTHAD., —7F, WMBOEHBERICBITL XK
FAMNR L 4 ORBRRAEOZRO LD, 250X
AREVOPIIER L TR ER L2 A1
AR SN, WA LIRS »ICREDEB LR, o
NODOBRIIAE TR R LBHEEB L XS LT
D, XHAAMGIE R LB b cA L, b TH
ALFEMICEA TS, T% b5, Photo. 2 (b) IC/RL 7
B D#RE UELBERE CIIEER O 7 = 714 RIS
VRSN, EaE LB sl 28R LT
VEEEEL 2D, EHFICI A VEEEEICOWTS
COREVHDHH, LHABMNOEETINICL-TX
NEELZFRYERDHLOTHY, LIVEBREFICLS
BT NN FEHS L BEICEHED LTwbsbn L&z
bha. ZOELTHREOTARIRBOEMT/IE L %Y,
AWML ¢ L VACTBEI T HEMONEE [ ORI
BIEIE tec TP CRENTWBE, T42bb, #iBD
MR LB LI SEMTH A7 274 MIOTAPERL
TEHFHVEEEND Z L2 X BHH0 7% 2 VB ORI
MIBL, ZOHRE LCREROMILSI D £ LS L

(a)
(b)
~—— JLoading axis
(a) Steel A : Nb added precipitation hardening
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1000 kV+-TEM micrographs before and after cycling at Ae/2 = 0.5%.
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Photo. 3. TEM micrographs
of steel A (a) and steel B (b)
after 4000 cycles at.Ae/2=
0.3%.
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(a) (d) Before fatigue (b) (e) After 4 000 cycles
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Photo. 4. SEM micrographs of the surfaces of
steel A and steel B at Ae/2 = 0.3%.
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