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Structure Evaluation for the Level Luffing Crane’ Boom

Min-Saeng Kim, Jae-Chul Lee, Suk-Yong Jeong, Sung-Hoon Ahn, Jee-Won Son,
Kwang-Je Cho, Chul Ki Song, Sil Ryong Park and Tae-Han Bae

Finite Element Method(+3F 2 4~%), Level Luffing Crane(Z]'¥ 233 =Z#<l), Boom

(37), Wind Load(%3}%°), Luff Rope Element(2] 32 23 Q /)

Abstract

Structure evaluation for 70/15 T><X105 m LLC(Level Luffing Crane)’s boom was conducted by Finite
Element Method. Boom modeled with beam element was fixed by luff rope and boom mount and was
received loads from self weight, luff hoisting, traveling motion, slewing motion, and wind force, etc. These
applied loads were calculated using various factors presented in the reference standards and were inputted in
the analysis model after considering about the adverse conditions of LLC. In the research, deformation,
stresses, buckling of boom were evaluated by ANSYS. Structural safety of boom was confirmed in the results
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Fig. 2 Boom structure with luff rope
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Table 1 Analysis cases of 70/15Ton <X 150M LLC

slewing radius load boom wind

CASE

angle (m) (ton) angle direction
1 [90-42M><70TON-NW| 90° | 42 | 70 | 71° X
L 2 190-60M><60TON-NW| 90° | 60 | 60 | 61° X
ong . .
term | 3 |90-99M>35TON-NW| 90 99 | 35 | 33 X
N < -
4 90-105M><25TON 00° | 105 | 25 | 27° «
NW
5 | 90-42M><70TON-W | 90° | 42 | 70 | 71° side
Mid. | 6 | 90-60M><60TON-W | 90° | 60 | 60 | 61° side
term | 7 | 90-99M><35TON-W | 90° | 99 | 35 | 33° side
8 |90-105M>X25TON-W | 90° | 105 | 25 | 27° side
Short | 9 | 0-RestXno Load-OW | 0° - 0 | -30°| front
term 110 |0-RestXno Load-90W| 90° | - | 0 |-30°| side
* slewing angle: angle between boom and tower
Remark radius: from tower center to boom end
load: operating load in the main hook
boom angle: angle between boom and earth

Table 2 Load conditions of 70/15Ton <X 150M LLC

SW| Load | SW-TL Load-TL | SW-SL Load-SL
Long | K | KXy | KXB1L | KXBrL | KXBgs | KXBsL
Mid K | KXy | KXB1 | KXBr1o | KXBs. | KXBsL
Short 1 - - - - -
Travel 1 0.05
Remark | * K:1.08, ¢ :1.1, B1.:0.044, B :0.018~0.071
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Fig. 6 Position of check point for deformation in boom
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Table 3 Tension results of the luff rope

Luff rope
Cose tension (kgf)
L/HL
90-42M X T0TON-NW /H Luff rope 40566
R/H Luff rope 0.000
L/H Luff
90-60M X 60TON-NW /H Luff rope 63698
Long R/H Luff rope 0.000
ferm L/H Luff 212
90-99M X 35TON-NW /H Luff rope 75
R/H Luff rope 100887
90-105M X 25TON-NW L/H Luff rope 33910
R/H Luff rope 95965
90-42M X 7T0TON-W L/H Luff rope 43418
R/H Luff rope 0.000
90-60M X 60TON-W L/H Luff rope 63698
Mid. R/H Luff rope 0.000
term
90-99M > 35TON-w | /1 Luif rope 0.000
R/H Luff rope 122959
90-105M < 25TON-w | /H Luffrope 18614
R/H Luff rope 111265
[ L/H Luff 79045
0-restXno Load-0" Wind ull rope
Short R/H Luff rope 90418
term . L/H Luff 99324
0-restXno Load-90" Wind ull rope
R/H Luft rope 74319
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Fig. 7 Position of major elements for boom axial force
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Table 4 Axial force results of major elements

Case Element No. | Axial force(kgf)
307 -27916
Long | g 4oM70TON-NW 17 11800
term 821 -191837
534 -172949
307 11749
90-42M <X 70TON-W 17 26753
821 -231806
534 -214133
307 15787
90-60M <X 60TON-W 17 35242
821 -225153
Mid. 534 -197561
term 307 13971
90-99M X 35TON-W 17 37492
821 -191827
534 -143582
307 12431
90-105M X 25TON-W 17 41512
821 -169582
534 -121908
307 -709
Short 0-rest Xno Load- 17 35905
term 90° Wind 821 -102214
534 -64079
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Table 5 Definition of axial stress and bending stress

Remark

Definition

. FX: axial load

Axial stress FX/A .
. A : area of cross section

Bending stress on

*
47 side of beam | M7 " Ymax/ Iz

. MZ, MY : bending moment

Bending stress on Ymax,min : max,min of ¥

% Vo .
-Y side of beam MZ* Ymin / Izz

coordinates in the cross section

Bending stress on measured from the centroid

*
+Z side of beam MY Zmax / Iyy

. Izz, Iyy : moments of inertia of

Bending stress on the cross section

%
-Z side of beam MY* Zmin / Iyy

Table 6 Allowable stress of STKM20A

Long term Mid. term Short term

tension | compression | tension | compression | tension | compression

260MPa| 226 MPa [299MPa| 260MPa |338MPa| 293MPa
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Fig. 8 von-Mises stress result of boom in 90-
42M X 70TON-W
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section : 5.37

Fig. 9 Buckling result of boom in 90-99M X 35TON-W
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Table 7 Natural frequency and natural mode of boom

unit : Hz
Ist 2nd 3rd 4th Sth 6th
1" X- 1 Y- 2" X- 1z- | 2™y | 3¢x-
bending | torsion | bending | bending | torsion | bending
mode mode mode mode mode mode
71° 0.52 0.69 0.83 1.20 1.89 1.97
61° 0.52 0.88 0.96 1.26 1.94 2.00
33° 0.51 0.94 0.96 1.29 1.44 1.46
27° 0.51 0.95 0.97 1.28 1.32 1.35
-30° 0.51 0.96 0.98 1.29 1.41 1.43
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