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The CSU (continuous ship uploader) is one of the most advanced and high-tech machines among the logistics facilities. It
is giant heavy equipment and has a number of driving systems compared to a general crane. In general, CSU is designed
to have a life of 20 years, but recently it has been increased up to 30-50 years or is being used as a semi-permanent
facility. In this study, based on the structural analysis and the elasto-plastic fracture mechanics, fracture toughness test was
performed on the front tension bar, which is the main load bar of the CSU machine. The J-integral analysis was performed
on the front tension bar. Based on the results of the J-integral analysis and fracture resistance test, the critical crack length
without instantaneous fracture was calculated and analyzed for each operating load.
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NOMENCLATURE
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a = Crack length
ao = Initial crack length

W = Specimen with
J,; = Elastic component of J

Jy = Plastic component of J

J = J-integral
K = Stress intensity factor
F = Shape factor

o = Stress
P = Applied load
v = Poisson’s ratio

E = Elastic modulus
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Table 1 Chemical composition of materials

. Chemical composition (%)
Materials

C Si Mn P S

SM490YA 0.2 0.55 1.60 0.035 0.035

SM570TMC 0.18 0.55 1.60 0.035 0.035

Table 2 Mechanical properties of specimens

Yield stress Tensile stress

Materials (MPa) (MPa) o n
SM490YA 381.1 546.2 2.157 7.219
SM570TMC 417.9 610.2 0.632 10.04

Section A-A

18

61

Fig. 1 1T Compact tension specimen (unit: mm)
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Fig. 2 Fracture resistance test
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Fig. 3 Load-cod curve of 1T CT for SM570TMC and SM490YA

Table 3 Summary of fracture resistance test results for CT

specimens
. Jo G
Materials K/m2 KI/m2 C,
SM490YA 90.88 127.29 0.267
SM570TMC 116.48 146.58 0.166
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Fig. 4 J-R curve for SM490YA
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Fig. 5 J-R curve for SM570TMC
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Fig. 12 Critical crack length from J, for SM570TMC
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Table 4 Critical crack length from Jy
Applied load (ton)

Materials
300 500 750 1000
SM490YA 283 mm 231 mm 172 mm 99 mm
SM570TMC 290 mm 248 mm 195 mm 149 mm
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Fig. 13 Critical crack length from J-R curves for SM490YA and SM570TMC
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Table 5 Critical crack length from J-R curve

Applied load (ton)

Materials
300 500 750 1000
SM490YA 286 mm 238 mm 184 mm 125 mm
SM570TMC 291 mm 246 mm 198 mm 154 mm
500 = SM490YA from JR
450 | ®  SM570TMC from J-R
—A— SM490YA from JQ
= T v SM570TMC from J,
£ 350
£ 300
x 20F i
5 20|
= i
S 150 *
S il n
0|
0 L | 1 1 1 1 1 1 1 1 1

100 200 300 400 S00 600 700 800 900 1000 1100 1200
load (ton)

Fig. 14 Comparison of the critical crack length from the J-R curve
with those from JQ of both materials

= d<&:4] 35197]9] Front Tension Barof] =2 A}
ofstol T ARA RS Setol HEL B

e

o
il
2
i3
=2

ol o
o 2
iy
b
e
1B
>
ol
18
o
e,
filo
i
;
ot
]
2
-
y
o

e 2
8 ]
o

N
of oL

=~
42
=TT i
LT
iy
ﬂiﬁ )
;
ri Z%i

o rx J:i
H1
al VF‘E
Qoox
L/
%‘ B
pased
£
ol o
VT
s m}]ﬂ;
@‘: o
Y
> Q2

SR .
R0 AN
o
B oo
o
N

N
e
o
o
il
H1
i
_(?L

S
4 =
N -
o
'\9' o]
-
e
>
)

@
20d

K

il

N
o

ol
o
e

fu

H1
i
o
X2
o
=

(2) SM490YAR|RIS] 72~ 300, 500, 750, 1000 ton®] 2835
FolA dAFEZLCl= JoE ol8sto] H7IRS Al 283, 231,
172, 99 mmo| J-RATEE o]93lo] H7gS A] 290, 248, 195,
149 mmo]c}.

(3) SM570TMCAjZ12] 7 300, 500, 750, 1000 tono] &
sksollAl HARFEol= Jog o835t 7RIS Al 286, 238,
184, 125mmo|H, J-RAES o]&3lo] H7IHE Al 291, 246,
198, 154 mmo]t}.

4) 2-gols R =53 dAFEdols JoE o83t Aot
FRAES o]83F 79 wi $ARH Auihe dehion], 28

ACKNOWLEDGEMENT

2 AT 20149 8o} ShtdAte] 2| Al AelQlE
PAIAIA Q] A -E whol =3 %] (No. 2014HIC1A1067175).

REFERENCES

1. Kobayashi, T, “The Mitsubishi Continuous Ship Unloader,” Bulk
Solids Handling, 5, No. 3, p. 529, 1985

2. Kim, C. U, Song, J. L., and Chung, J. Y., “Study to improve the
Bucket Life of the Continuous Ship Unloader,” Proc. of the
Korean Society of Manufacturing Process Engineers Spring
Conference, No. 4, p. 29, 2017.

3. Abdul Wasy, Atta Ur Rehman, Kim, H.-S., Ha, S.H., Song, J.-L,
“Structural Analysis of Continuous Ship Unloader,” Proc. of the
Korean Society of Manufacturing Process Engineers Autumn
Conference, No. 11, pp. 2075-2078, 2012.

4. Kim, C. U, Lee, D. W,, Park, S. B., and Song, J. 1., “Dynamic
Characteristic Evaluation of the Bucket Elevator Chain Pin and
Plate,” Journal of the Korean Society for Precision Engineering”,
Vol. 34, No. 3, pp. 211-215, 2017.

5. Park, J. C, Kim, C. U,, and Song, J. L., “Study on the Dynamic
Behavior of Heavy-Duty Roller Chain Systems,” Proc. of the
Korean Society of Manufacturing Process Engineers Conference,
No. 10, p. 138, 2015.

6. Nam, G B., Ku, H. K., Wang, Y. Q., Hahm, C. H., and Song, J.
L., “Structural Analysis for Portal Girder of 2000 Ton CSU Using
Finite Element Method,” Proc. of the Korean Society of
Manufacturing Process Engineers Conference, No. 6, pp. 159-
160, 2010.

7. ASTM E1820-18, “Standard Test Method for Measurement of
Fracture Toughness,” ASTM, 2013.

8. Kurner, V., German, M., and Shih, C., “An Engineering
Approach for Elastic-Plastic Fracture Analysis,” EPRI NP, 1931.

9. Anderson, T. L., “Fracture Mechanics: Fundamentals and
Applications,” Taylor&Francis, 3th Edition, 2005.

10. Tada, H., Paris, P. C., and Irwin, G. R., “The Stress Analysis of
Cracks Handbook,” ASME Press, 3th Edition, 2000.



Keontae Park

Ph.D. candidate in the Department of
Mechanical Engineering, Sungkyunkwan
University. His research interest is Fracture.
E-mail: keontae@skku.edu

Jang-Young Chung

Ph.D. President & CEO of SMH Co. Ltd., His
research interest is Fatigue and Fracture of
Machine.

E-mail: jy.chung@smh.co.kr

Chang-Sung Seok

Professor in the Department of Mechanical
Engineering, Sungkyunkwan University. His
research interest is Structural integrity evalua-
tion

E-mail: seok@skku.edu

Jung-1l Song

Professor in the Department of Mechanical
Engineering, Changwon National University.
His research interest is reliability assessment
of machine and composite materials

E-mail: jisong@changwon.ac kr

December 2018 /1177



	연속식 하역기용 Tension Bar의 임계 균열길이 평가
	1. 서론
	2. 파괴저항 시험
	3. 구조해석
	4. 균열진전력 선도 해석
	5. 임계 균열길이 분석
	6. 고찰
	7. 결론
	REFERENCES


