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ARTICLE INFO ABSTRACT

Article history: Finite element analysis (FEA) has been used for product optimization involving

Received 28  October 2020 stability assessment of structures in the design phase before prototype production
Revised 12 January 2021 and deduction of lightening measures to reduce production costs. However,
Accepted 2 February 2021 conducting FEA in advance is insufficient to thoroughly examine general
structures under various loads. Particularly, construction devices related to
Keywor ds: ‘ human safety undergo a variety of impact loads, which must be considered in the
Finite element analysis design phase. In most developed countries, impact factors appropriate for
Rated. load different types of structures are derived through long-term experiments, whereas
Transient response impact factors in Korea are adopted based on results derived in other countries to
Impact load reduce time and cost. Herein, a method is proposed to calculate the impact factor
Impact factor using an FEA model that has been verified using a simple test. The calculated
Dynamic load impact factor can be applied as the static load rather than as a transient response,
thus enabling impact stress to be calculated quickly.
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Fig. 2 Schematic diagram of simple beam
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strain gage

Fig. 3 Strain gage test with simple beam
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Fig. 4 Results of strain-gage test at impact load

Table 1 Results of strain-gage test

Result of strain-gage Test [um/m]
Static Load 86.1
¢ Load Peak 1 Peak 2 Peak 3
Impact Loa
214.98 209.24 169.04
Impact Factor 2.50
Fig. 49 720] 598 A1BE 59 AsIgton), 7} Peake] B
£ ol83t3ltt. Strain gage A1 Al AHe Table 13} 2t

Peakl oA A3t5d o WYL 86.1 pwm/moIH, F45+5S
e o HYE 2| 214.98 m/m oIt Strain gage AFolA
ANed FAASE 2.500th

{3t A8 Alo)] AR&3E Simple Beam ZAFAA] 8.4(84071)
£ ALtk 2 kgo] Hotzol High A3t 46| A= Fig.
59t Ztt}. Strain gage AINA 86.69 pm/m=Z RISt 3}

= 3 BNl REFYHEE A5 A 1filse 2 BE
P4 A= Fig. 63 2tk 2 ked] Z45H% A& A BAHSH

A3= Fig, 73+ 2t Peak 1041 214.98 pm/m o] AXFEIQITH
Simple beam®] f-8F2.4314 mElo 7 (k)akt 42l (c)grol
ATt} Correlations Z19¥5to] sijA] ZAxte] Mg gHs
Atk 2 kg9 shEo] Hoteor AgH siAutel A7 Eoi
=xle o] WAsks Sokaol 3t 2o Peak Ztol| tisto]
27745 AN Table 29 Zo] 2472 AXtet.

7t Sample modeloll thet f3FQAs|H o R 3t FAA S

48

. 1.350E-004

B L iseo0s
8.9976-005
6.7482-005
4.498E-005
2.249E-005 SE-005.

0.000E+000

-2.2496-005

-4.498€-005

- -6.748E-005
fuas0m004

Units = mm/mm

Fig. 5 Results of simple beam’s FEA at static load
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1st mode 40.06 Hz

2nd mode 70.07 Hz

s
n

3rd mode 249.04 Hz 4th mode 424.08 Hz

Fig. 6 Results of simple beam’s natural frequencies and mode
shapes
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Fig. 7 Results of simple beam’s FEA at impact load
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Table 2 Results of simple beam’s FEA

Result of FEA [ym/ m]
Static Load 86.69
Peak 1 Peak 2 Peak 3
Impact Load 214.0 181.8 157.5
Impact Factor 247
L A AEE SO I gt WA 0l oF 12%9) oA
2 2 SUsigich olet Zol A 7229 ol AlZkE 87
st 3%l tiE Aol Qlols §TRadNg olggthy



Journal of the Korean Society of Manufacturing Technology Engineers 30:1 (2021) 46~52

Fixed }'jx@d
m 3 Swing Bearing (|

r:.:- Boom L _‘-:i l ﬂ
14.2 ton e l - l]‘ AY; <
. - : ]],u_ — 21|
| — ]
[ Outriseer IIaJ\ne{Lcwer;
= ::J' |‘ "y Frame(Upper)” I
Fad<¥ — » ‘ﬂ.‘.(edfj Fixed
* Rotation angle : 0°

* Telescoping condition : 0/0/46/92/92% _(a,hl '-;‘;,"_1 Boom

)

0 e Darrick Cylinder

——_ . T - .
Frame(Upper) ‘\ 0 D @
\ »1)

Fig. 9 Constraint condition and pin simulation

Fig. 8 Operating conditions of the crane
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Table 3 Material properties

Table 4 Natural frequency to 10th modes

WELDOX 960E MC 901 Mode 1st 2nd 3rd 4th 5th
(Boom, Frame) (Pad) F
— requency 040 | 079 | 1.8 | 323 | 328
Modulus of Elasticity 210 200 [Hz]
[GPa] Mode 6th 7th 8th 9th 10th
Yield Strength [MPa] 960 750 -
: . requency 371 | 383 | 528 | 550 | 561
Poisson’s Ratio 0.3 0.4 [Hz]
..
723.57 MPa

Fig. 11 Maximum stress by the static load
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Fig. 12 Mode shape to 3rd mode
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(a) 0.1sec (b) 0.2sec

¥

(c) 0.34sec

(d) 0.5sec

Fig. 13 Stress results over time
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Table S Results of impact factor

Maximum stress of
impact load [MPa]
245.12
110.2
314.29
663.25
900.73
508.33

Maximum stress of
static load [MPa]

202.45

81.37
258.05
579.19
723.47
482.01

Impact
factor

1.21
1.35
1.21
1.14
1.24
1.05

1st boom

2nd boom
3rd boom
4th boom
5th boom
6th boom
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