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2. & wy

21 ME U AlYH
AER Age 9 FxE
RE F7 16mm SS4179] 7& gd FgAZA 3}
A E-& Table 19 20} A gHL SS41738 £
(normalizing) @3t FF $HE AA }_,—7_ 24
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Table 1. Chemical composition (wt.%).

C Si Mn -P S

0.19 0.096 0.34 001 0.009

Table 2+= SS41
SECER

#3949 MEF. 3% 2279 7
FEE e

Table 2. Metallurgical properties.

Ferrite | Martensite Hardness(Hv), 25gf
Material |grain size| volume - - -
(4m) | fraction(%) Ferrite| Martensite |Pearlite
Normalized
5541 30 . 151 . 270
steel
dual-phase| 30 51 151 560
steel

AAYAe AVE 0emAEeth. Table 32
SS41 @A, MEF. 23 =279 A 44&
Jehfar glok

Table 3. Mechanical properties.

Yield | Tensile — Poisson’s | Young's
Material | strength | strength °(“§/) ratio | modulus
6,(MPa) | oy(MPa) | W) | (GPa)
Normalized
SS41 262.74 | 434.73 {31.81 | 0.268 |224.75
steel
MEF.
dual-phase| 390.85 | 781.84 | 1496| 027 |185.19
steel

2.2 42 7d MM AE

Nz 7#d 34 A A Ad7E A7HEA
o] B4 uhs g2 AP 7)o|n, 47 A EF 315 Aof ¥4
o2 uhE olF 815 7hetyoh Fig. 1 A Yl A8
B CTANEHY g4 2 AFE ez e, 23
2742 F05 10Hz, 489, 4= R=01 % 052
Ae dr] zPsAN AP en, FFF 4Pc
S84l BH A= 5831 N, MEF. 2% 23739 A4+

2x 613
=
. 0 o~
2 — 127 — Z
=
'
102
51
63.7

Fig. 1. Geometry and dimensions of CT

specimen(unit : mm, thickness=12mm).
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U F S NPW FEdol WX s 7Y Holg &
A3 At.

23 X4 HH M¥

231 X-4 34 249 274
SS41 #¥A s MEF. $% 24%& sztelA
A% AR2A A4 Y T2, AR F27 A
T2A 34, 54 (kDAY B2 ARE 0= 1

Bhd & giok
1 h* +k* +1°

d a

)

o7} SS41 2 Ag MEF. 2% =372 A=)
A4 a=28664A 7 Cr-K, A 1=229092A& °] 43
%€ l, Bragg? 234 ni=2d'sinf & H=3} = 3
AR 2327 20 38 A o] &34} £ A3
M SS41 E¥A9 MEF. 2% 23739 As:
(IDHY A °)83At X-4 AgrEE F4
87] fisted 449 4¥ =AE Table 49 Yehlid
o R £8H 9rMEe] S 29 e X-A
34 AX(X-ray diffractometer) o}, XAt $38 &3
W g% wel Az 209 AR wEY
(half-value breadth method) 2.2 3}gl.o.n), W7y
FHAZ 4AYAH o = 0°, 15°, 30°, 45°7)0) <&}t
sinff¢ o2 IAF $YL ARk WZe AR
28 SAA QAL ¢=0CollM 9] 3 E Fx THe=
g 7t ’

Table 4. X-ray diffraction condition.

Test condition Parallel-beam method
Characteristic X-ray Cr-K.
Diffraction plane (211)
Filter \Y
Tube voltage 30KV
Tube current 10mA
Divergence angle 05°
Height limit slit 5mm
Scanning speed 2°/min
Chart speed 20 mm/min
Time constant Bsec

Vol. 16, No. 1 (1996)

232 Wz #d AW AYUANS] X-4 Hejole]
27

Fig. 2= 2 stedel dg X-4 839 R4%

SESEIES SUES R E DR EE e

A F4Ro| ImmxTmme} ANAYe2 SHdh

2
=
=
5

2 Incident X-ray

Perpendicular line
to diffraction plane

Diffracted X-ray

X-ray irradiated area
(lmmX 7mm)

Fig. 2. Schematic ilustration of X-ray irradiated
area on fatigue fractured surface.

o ofefe] A4 Zolo FH& SS41 EFA A
2 A 28 Fo) AF Knax= 209, 250, 20.7 MPa/ m
4 282 MEF. 28 2379 Z$E Kax=22, 32,
45 MPay/ moll A 2 dadie) A3 g £3He=
A3 AutsiAA sad olee) X-AH e & vy
2R3tk 249 dole 24 WYL A Fe A
9] X-A dElve gty =2l Fo = dgen, 9
2 494 24 vY g A & BA X-4 g
E]9] 2k-& Table 59 BEA&SATE 2ela A3} AutF
L rlolaz nlH 2N &9 Azt wX BYPR A5
2L J1FL2 1/1000mm AREE SH 9

Table 5. X-ray parameters under no loading

condition.
Materidls | N ormalized | MEF. dual
X-ray. SS41 steel phase steel
parameters
Res‘d“‘;l:t‘ess’ 10 MPa 45 MPa
Half-value o 0
breadth, Bo 1.51 1.89
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(a) Normalized SS41 steel
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t)5te] §341 E ¢ A4+ Fig. 4a),(b)el, MEF. £& =
27+ Fig. 5(a),(b)dl 242 dehliich 29l &
F %ol FHate] AF $HE AW YR £99%F
o met A4 FF Sl FAF L ey, R=0.1¢]
A$7t R=052.5F Y Kool Al 357 &8o] A 1
B 9=, o] A& AK=Kmax(1-R)7 $Y Kmax®l
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A |R=05]|

7 8 9 2 3 4 5 1] 7
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Stress intensity factor range,

(b) MEF. dual phase steel

Fig. 3. Relation between stress intensity factor and crack propagation rate.
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—~ Aa
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g a0r s " °
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2 0F  Ge=l0MPa--------- ©0- Pp- - -
¥ o
@ —40f
~-80
-120 —_— s gl 1 PR sl
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Depth from fracture surface, y (mm)
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_. 200 2, s
[ a
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-40 o a
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10 o] 1

0
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() Kmex = 25.03 MPay m
Fig. 4. Residual stress plotted against the depth from
fatigue fractured surface for normalized SS41
steel.
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(b) Kmax = 45 MPay/ m
Fig. 5. Residual stress plotted against the depth from
fatigue fractured surface for MLEF. dual
phase steel.
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Fig. 6. Half-value breadth plotted against the
depth from fatigue fractured surface for

normalized SS41 steel.
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Fig. 7. Half-value breadth plotted against the depth
from fatigue fractured surface for ME.F.
dual phase steel.
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A Study on the Fatigue-Fractured Surface of
Normalized SS41 Steel and M.E.F. Dual Phase Steel
by an X-ray Diffraction Technique

Sae-Wook Oh’, Young~Chul Park®, Soo-Young Park™,
Deug-Jin Kim™ and Sun-Chul Hue™
* Dept. of Mechanical Engineering, Dong-A University
**x Material Laboratory, Dong-A University
*xx+ Dept. of Mechanical Engineering Graduate School, Dong-A
University

Abstract This study verified the relationship between fracture mechanics parameters and X-ray
parameters for normalized SS41 steel with homogeneous crystal structure and MEF. dual phase
steel(martensite encapsulated islands of ferrite). The fatigue crack propagation test were carried out and
X-ray diffraction technique was applied to fatigue fractured surface. The change in X-ray
parameters(residual stress, half-value breadth) according to the depth of fatigue fractured surface were
investigated. The depth of maximum plastic zone, wy, were determined on the basis of the distribution of
the half-value breadth for normalized SS41 steel and that of the residual stress for ME.F. dual phase
steel. Kmax could be estimated by the measurement of wy.

(Received : August 12, 1995)

_18_



