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The Change of Full Width Half Maximum and Residual Stress during
Fatigue Process in S45C Steel
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Abstract The purpose of this study is to examine the change of full width half maximum(FWHM) and residual stress
during fatigue process in S45C Steel by X-ray diffraction. For S45C Steel, the relationship between the change in
fatigue damage of the specimen and the FWHM, and residual stress of X-ray diffraction profiles during the fatigue
processes has been investigated. The FWHM decreases in the early period of fatigue cycle. The change of FWHM is
associated with cyclic work hardening. The change of the FWHM is not significant in 10~20% of ratio of fatigue life.
The residual stress is changed with fatigue cycle increasing during the fatigue process.
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Fig. 1 Geometry and dimensions of test specimen(mm)

Table 1 Mechanical properties of S45C
Yield strength Ultimate tensile Elongation HY
(MPa) strength (MPa) (%)
343.35 568.98 16 168
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Table 2 X-ray stress measurement condition

Diffraction plane (211)
Characteristic X-ray CrKa
Filter vV
Method MSF
Tube voltage (kv) 30
Tube current (mA) 10
Irradiated area (mm) @
Irradiated time (sec) 10
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E : Young's modulus
Standard Bragg's angle

gr : Residual siress,
v : Possion's ratio, 6 :

" K : Stress constant, M : Slop
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Fig. 2 Directions of stress and strain
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of cycles for S45C

3.2. m2apdoliMef g7 [Ee| Bt

Fig. 49 287Z0] 204MPadule] TD¢} RDA g
A9 ai=R 2 Jehigeh sinft=0~012A4A 7
aRwst B A& ¢ 5 glow, TDREY RDS i)
azwst o aA Jeigeh S5A8 JfzA] £4)
sh;};:- 740 ﬁx%go] Exh‘s]. ggko g _?_x-]aioi u}]s}:
ol gtk AL Snlsld, Bragesl AFRANSIl o
8 5A% %‘%‘ﬁ E XAe] A=A gAY dsite
EW ol#ig A= AIFH JFEA
gk o) FEE 43 A

A3
10
A
w 8
g A ‘
& 6r 5 0 o
g A
g 4F ©
ERP
== B o TD
& 4 RD
0 ! ] L 1 I} (]

00 01 02 03 04 05 06
Sinzw

Fig. 4 Change of X-ray peak intensity with sin’¥

zte] $UE| le] ERF WS waE
Fig. 591 Uehislch o7l wrkEe vl v
249 Amolnt Zzte] AT chated F=E
7} FAERE WABE o 10644 FE AR B
oA, 1 okl s Ad 2AE B eI
o =3 $5A5d WAl WSS Adl 175 A=

Ak ANE 94 =E U wE o)E3,
AuUle] BEAH(subgrain) B €32 ¥

). o] gl IHE APl EESE LoTIH, 9
AF AT F2Y 278Ad AT vEEA

rﬂ,



542 Fgg, udd,

4w, ol

ol
Md

WHES 271717 ") e 927t o= AR 2
P H9 99 e wske gastA =v Ty
o ol2 W}, 0% & U (persistent slip band)el
A wlzzde] WA Avp} AzkER g Wz Wsh
= 79 B 47 9o XA Sdely dojxe Hr
Sagolxg XHe) zAEAe] ulg FEA ol
7%= st 2ol B Aze] uAH W& yAe o
4, RARYe] HA, URNEE W wlEe)
Wtz 2 Yeuxe, 3de] waely Axel e 3
RAQ) Gape] Wk U] ojge Ao A

r

™

rir

3.3. mZotgolMe HFEH| wst

SHAZ o) 29AMPal o] 2P| WE sinPHE
£ Fig. 6o YERNTE 29 Fo) Aue Haxeye
2 78 590l Qe 29 A o] XA
27w} zon Hazesde) waeters) AuHe

.30
c|l:\)L) O TD
T, I A RD
o 2.5F
£ |
5
& 20F
L
2 7 eBosoasb8 B B
> 1.5 2
Yt
=
s

1.0 | ) | L i " 1 t | | |
0 20 40 60 80 100
Ratio of fatigue life, N/Nf (%)
(a) Ao = 294MPa
_ 30
&0 o TD
= i A RD
a 2.5+
= L
5
o 2.0F
L
= I ARR0RR2 A A & o
> 15 2
=
< -
T
1.0 ! t 1 1 I | 1 1 L " [
0 20 40 60 80 100
Ratio of fatigue life, N/Nf (%)
(b} Ao = 343MPa
Fig. 5 Change of half value width with number of

cycles

2 A= Ag ot webd WrE5]le R §d
7 0% ZAsR oA E Xt DAEHA Hw, 2
Hqog FRgHAE 1 43 nRA Aok & AT
o)X Tig, 67 8ollMe} o] FZAEs} Aoz &
wrg Fske 2AF-gEE TGk ©A The ARE
By, 7127)E gizalelFe] FUhge wE F(A)A
ARez A FAHE W s & § slon, 3
FoHE oo wet W= AE o & vk 2y
RDY 7%, 2 71e71E Aoz 71e7 234 ¥

sk ek
Fig. 69] 2942 7122 3o 74 A5% 347 9
o

it

Aolgste] BAE Fig 791 YERATh DY 2
SRz7ldE Age BFLHAYUE ey

re
g s2AolZo] FAhg] e B Gastel )
25mue) oF gy el Havk A 1 F oA
F7hehe 4% et RDY A%E ol )
o A% ehRl

156.5
L o %
A 40%
156.4- & 0w

156.31-

.|

1562

26 (deg)
j?

156.1
lsgob——t v 1y
0.0 0.1 0.2 0.3 0.4 0.5 0.6
Sin’y
(@ TD
156.5
I O 5%
A 40%
. ]
o 1563 W
) L
) .
S 156207
156.1+
156. s | ) 1 ) 1 L 1 . 1
8.0 0.1 0.2 0.3 0.4 0.5 0.6
Sinzu/
(b) RD

Fig. 6 Change of 208 with number of cycles
(Ad = 294MPa)



H ) GAALEE A A 22 @ A S F (2002d 104) 543

%0 Agt B =Rl szadd g 253 wals
T eof 2 > 2e F BHoz s3] Ui Jzide e
g aof agith o] BAE 2% szaAd) Uig 3% ARSHe
§ 2 2o, o ° koA o1z e
5 iF Loa 9 Az 2 A sz UE AFLEE D
ERN3 R A  a s} RDoll dls) W2Fdel At 2 A AL @
8 ool ° # grh meEd Wl A4E Jzo 2r|HAL
B 0 a0 60 80 100
Ratio of fatigue life, N/Nf (%) 156.5
L © 5%
Fig. 7 Change of residual siress widih with ratio of 156.4- ‘; 700
fatigue lile (Ao = 294MPa) o 15 6.3'_
$EAZ] 3BMPaY Wle) NI BE sfvAE S e St
£ Fig. 8ol JElgow, 1222 AN Haso 1561k
2 7% HAAMoIT). TDY A%, 71ers AAHo= i
BAEE Jeln H2Ae)Ee] Flg oek s 156‘8.0 " 0?1 ' 012 ' 0!3 ' 0?4 ' ofs 0.6
A Z7kske A%e Ushiln 9ok RDY AL, TDS sin’y
£ wz AAFoR 7147t AUl 3 2AlolZe] @ D
7 w2 oA 27RES ¢ % 9ok 156.5
Fig. 8& 7122 54 78 FR-¢E% 720l 23 seal & A
BAE Fig. 99 Uehidc) Fig. 9¢ 2R% Fig 79 Ly
oA okl R A¥xvlds 2 a9 2 ¢ B 1563F —
Zo) AFSANEE Ushlen, slzajelEe] Z7)1d 2 1562 e
o AR B BE FUkse HEsge of 0%AT ° i
A Az E= Huige Jehiith 1 F o) 27 2 sedr
Basis A% deon, $EAE0] 33MPag] A 1569l bl )
H259) 80914 Trre] Bly] WEel 2 ojFe] A Sin’y
5‘01:% cé' ‘)F‘ 317‘]‘31', %333_]%‘3] 2941\/]133.9‘]’ Q% 73?-5:}’% (b) RD

yeld ez ARt E£§ Fe 74 Hg 98 #lus)

HW, AR Hess $¥UZe] 243 AFLd Fig. 8 Change of 28 with number of cycles

¥s} Ftke A8 ¢ 4 o (o = 343MPa)

Fig. 79 Fig. 9914 92838 719, & 24 8o —
el 0%¢] 3§ TD% RDYl Hisl Z2 oF 0MPa 2 § Zg: A RD
-40MPas] R3] EATHE AL & 5 ATk A< « 20f oo °
ARG W T @AAEAS P =9, oz i oo 9°° o o °
3 2AHEE YOI ERD)LE R AR BAY & 2 -20:— WA
oAl ek gk FAFHTD Nz 2HYo] g b 8 A a8
Aoz &3 H, o] dFoE BAY Bl g oo
72 9% 2 4&e IFgHo] 2AE He Res SO0 a0 60 80 100

gad £ A2AT AFHL 7 R P Ratio of fatigue life, NN (%)

i ol X 1o - = 3 o )

A% A R Addke vEhlivE, ofe J=dEd 2 Fig. 9 Change of residual siress width with ratio of
Aoz Q3 FH A3l #AAVL e AR At fatigue life (Ao = 343MPa)



544 238, gl

_1,3_1/]}5-]2]& F 2
o digte] 2ug
5 U8 FAHY SEgANel 2219l wE unl

)
Jﬂ
o
2
Jﬁ)«
i)

)4

o,

w ﬂllo

e EIEERE
@ Rz

o oty

seabgel e Azl 4 B detel XA
Hag olgslel WAE BTEAL HRagon o
&% 2o BEe A,
1) F2og o WwEe] Weke zdnule o
1096744 Z7kstRt, 1 ool tishe Aol 9
& g Uehligich old@ whEe wake =
4ol g BrAwEs WAL Aok
deshgel g RS WHe ARzl
TDsh LD thste] 27k 919 % gl 2R3
g uehion], wlzatelge] el el
M mE F7bele] WEFel of 4098 Ee A
: @e ehigi 1 F vl 37}
iﬁ}% 3% el
Rl Azl i FUE dST 39 o)
&7}01:; WlEog dFe] iseixtt Sz
e e mUEYss] daHE AR
Fhske Aol mr} Aue ANE A+ vk

S
L)

wa B o2 T

fr

o

A SWANF27IH AR

o
A8t em, @A €A e

(11 A, $7%, olrlF, “HdFstFete HaFgd
- AR S ETE w7 T, AR 1AS
=A(A), A2A, A4E, pp. 760-780, (1983)

(2] A=, =, HAdE, AN, AL NG T

a4 vz pde) WAl WA Y Pk R el

e -\l)l'

o

AT (D7, g7 AR =53(A), A5, A

3%, pp. 907-915, (1991)

[3] @719, Az, “g2ade AT BE +3

d& 2 wsARY, SFsdEeIAl, A3, Al

3Dz, pp. 36-48, (199)

HAM IRk, "X e,

(1981)

[B] I C. Noyan & J. B. Cohen, "Residual Stress -
Measurement by Diffraction and Interpretation,”
Springer-Verlag New York Inc., (1987)

[6] g, 753, 383 A4S, “X-4 -G ol§

& AlT0T>-TEol RS 3isl4]”, e dgals]e

A, A7, A2Z, pp. 281-291, (1993)

gL uhodd EEMEEHE XM SHESA| 9F &

B9 35, digrAEE=ERA(A), A

A, ATE, pp. 11731181, (199)

a3, ulod A FREEERE “WC-Coxd@E9 W=

ERAZA wAE wxzAe T, A

3

[4

[ama

=R, U5,

e

[71

4z B3 u:%' e r-{n

Hﬂ rﬂ o rL"i‘

=

F3(A), 4223, ARE, pp. 1409-1417, (1998)

g ahod A, EEElE, “WC-Coxd¥tael X-4

e gell o0& wodst mlejn|eie] @i,
a7 Ag sl =E5(A), #1239, 108, pp. 1709-
1716, (1999)

[10] Shuji Taira, Kazuo Honda, “X-Ray Investigation
on the Prediction of Fatigue Life,” Vol 28
No. 188, pp. 452-459, (1961)

[11] Shyji Taira, Kazuo Honda, Kenji Matuki, “X-Ray
Investigation on the Prediction of Fatigue Life”
Vol. 29, No. 197, pp. 6-11, (1962)

[12] B&s, 249, 792, "X whES o83 Al
2024-T3 g9 MZFgd Sl A A7, A=A

=
%
sz ]

[9l

R

AEa s =53, AT, AlE, pplds-152, (20000
[13] 244, 794, A5d “X-4 3-L o]8% =
e e AuFRsde] AT B AT,

FaAEAE s, ATH, A8E, pp.2ds-26l,

[14] Annual Book Of ASTM Standards, Sec. 3, Vol
03.01, Metals-Mechanical Testing, pp. 631, ASTM,
(1991)

[15] 53], XA ="

, WE=ETAL pp. 100-108, A&,
(1990)



