Modeling and Simulation EHL51H, 2022, 11(2), 411-422 Hans )0
Published Online March 2022 in Hans. http://www.hanspub.org/journal/mos
https://doi.org/10.12677/mo0s.2022.112038

EFANSYS WorkBenchfiIER EEWERET
NES ST St

gediip, I
EE TN TR R, i

Weks H . 20224F2H15H; FHER: 20224837 14H; KA HM: 20224F3H23H

=

BABEHNEA—MRERE, SEELTEL. 7 LR T . BEREHSLFNRR, "2
BIZHHL, MRBERFNTRBE—PINK, FHHENEEN A ERERNZEZERBEZB SR,
HTRAZEERML, BRREANTR, HNEENKREHREZ N, SRR, XEHEMRIR
RBL IR MG 2 38K . 9T B AL R EAE TR RAE A T RIRSIRE, DR B R R B4 5K
A 3CHE =4 A SolidWorks AR & 37 7 S AR E ML — MR R LR, K5 HIEE 3 AANSYS
WorkBenchZ T BRTC#EAT A FAS 2T, X8 R ENLH —MrAET KB TR AGRBBEAT T AT
W, BJE, ERIE—MrETIERAZNERT, MNIARAAETRE T 3MRLBTHFT o, A
PR AR BT HIRS) H R AER R, ASWSERHESE.

XA

BARENL, WorkBench, &N, BEHEHER, LBt

Modal Analysis and Structural Optimization
of a Standard Section of Tower Crane Based
on ANSYS WorkBench

Huayi Chai, Yan Wang

School of Mechanical Engineering, University of Shanghai for Science and Technology, Shanghai

Received: Feb. 15", 2022; accepted: Mar. 14", 2022; published: Mar. 23", 2022

Abstract

As a kind of towering equipment, tower crane is often equipped in docks, mines and construction
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sites. With the development of China’s social economy, high-rise buildings are gradually increas-
ing, and the demand for high-rise buildings is further increasing. Therefore, the performance and
safety requirements of tower crane are also gradually improved. Due to the increasing number of
building floors and the continuous rise of building height, the height of tower crane also increases.
At the same time, the influence of wind load and wind vibration effect also increases. In order to
study the vibration characteristics of tower crane under strong wind and reduce the loss caused
by wind load, the geometric model of a standard section of tower crane is established in the
three-dimensional Software SolidWorks, and then the model is imported into ANSYS Workbench
for constrained modal analysis based on finite element, The natural frequency and vibration mode
of a standard section of tower crane are discussed in detail. Finally, on the premise of ensuring the
performance of a standard section unchanged, three optimization designs are proposed and ana-
lyzed for the existing standard section, which provides a theoretical basis for further solving the
vibration problem of tower crane standard section and a reference for structural improvement.
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[ %5 (135 x 10, 135 x 12)

177 (125 x 12)

PR : 15x15%x22 K, 1.5x1.5%x252K, 1.615x1.615x2.5K, 1.6x1.6 x 25K, 1.6 x 1.6 x
28K, 1.8x1.8x282K, 1.8x1.8x252K, 1.835x1.835x28 K, 1.5x15x3 K,

Figure 1. A standard section of tower crane
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ARICERE AN 140 x 12, % 135 x 10, I HIEFE RSN 1.5 x 1.5 x 2.5 KR HETTVE AT T
%, 1E SolidWorks %t 37 —ArviE T AL . W 2 Fios:

Figure 2. 3D model of a standard section
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Table 1. Material properties of Q235
= 1. Q235 KRk BE

MR R PR AURFAE
# ¥ /(glem?®) 7.85
SR & (GPa) 200~210
ELN=A 0.25~0.33
P EE(MPa) 370
Je AR 58 FE (MPa) 235
(LIRSS 5%

TEAFITE T, Q235 Bt St A B bRtk T TAERT BT Ab i B2 20°C, i Q235 1)
FERTE N 2,06 Gpa.
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fif IS SO B AL brdE T PRSI M. ARFEEE 2012 4F 6 HAATK OXATI550) B briE, KHE
PRUE TGO 10 K BEAR I XGE KA, 5 B KO, a8 KGR R A A = A, 20l il B
PINIS S ORIRD S 22 BN, B & TR & F AL oKD o

JRGE AN DAL RIS BN T 42 2 o -

Table 2. Corresponding relationship between wind speed and wind level
2. REFRRBIXS LK F

%44 B i K (mfs)
0 TR 0~0.2
1 A, 0.3~15
2 LE 1.6~3.3
3 Wy 3.4~5.4
4 AR 5.5~7.9
5 R 8.0~10.7
6 2 X 10.8~13.8
7 PR, 13.9~17.1
8 N 17.2~20.7
9 LR 20.8~24.4
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Continued
10 FER 24.5~28.4
11 el 28.5~32.6
12 JAE R 32.7~36.9

SRS 2 3 BTS00 (SF EBTSCRI R A T AT o ARSI S RIS X - FROR R KB A

W, =0.5pv? @)
A, W, —— KU (KN/m?);
p —— T (kglm3);
v—— X (m/s).
SR E KRR N:
r=pg )

TERRAEIRAS R OKAE 101 kPa, 15°C)4 A 45°C fsth 77 85 /1 0N3d & o 9.8 m/s?, a LA 3.

W, =Vv’/1600 ®3)

A, v——KIE(m/s).
0+ ORI KR AL 24.5~28.4 mis, HX LR 28.4 m/s, 13E|AHW, = 0.5 KN/m* . 4% [ KATX
MR R R IE R, O AR B, T AT DA B4 5068 XU ) B AR K
PGS KUK B T 5 3 i

Table 3. Correspondence of wind level, wind speed and wind pressure
3. K& MRS XERIT

R K (m/s) KU (kPa)
0 0~0.2 2.5¢-5
1 0.3~1.5 1.4¢-3
2 1.6~3.3 6.8e—3
3 3.4~54 0.02
4 5.5~7.9 0.04
5 8.0~10.7 0.07
6 10.8~13.8 0.12
7 13.9~17.1 0.18
8 17.2~20.7 0.27
9 20.8~24.4 0.37
10 24.5~28.4 0.50
11 28.5~32.6 0.66
12 32.7~36.9 0.85
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Figure 3. Load and constraint distribution of a standard section
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Figure 4. Structure meshing of a standard section
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C: Model
Total Deformation 1
Type: Total Deformation
Frequency: 93.896 Hz
Unit: m
2022/2/12 21:15
0.15452 Max
0.13735
0.12018
0.10301
0.085845
0.068676
0.051507
0.034338
0.017169
0 Min

C: Model

Total Deformation 2
Type: Total Deformation
Frequency: 101.56 Hz
Unit: m

2022/2/12 20:28
0.6956 Max
0.61831

0.54103

0.46374

0.38645

0.30916

0.23187

0.15458

0.077289

0 Min
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C: Model
Total Deformation 3
Type: Total Deformation
Frequency: 101.60 Hz
Unit: m
2022/2/12 20:29
0.6985 Max
0.62089
0.54328
0.46567
0.38806
0.31045
0.23283
0.15522
0.077611
0 Min

C: Model
Total Deformation 5
Type: Total Deformation
Frequency: 106.16 Hz
Unit: m
2022/2/12 20:29
0.21364 Max
0.1899
0.16616
0.14243
0.11869
0.09495
0.0712123
0.047475
0.023738
0 Min

©)

Figure 5. The first 6-order mode of a standard section. (a) The 1 vibration mode; (b) The 2 vibration mode; (c) The 3 vibra-

C: Model

Total Deformation 4
Type: Total Deformation
Frequency: 105.21 Hz
Unit: m

2022/2/12 20:29
0.22448 Max
0.19954

0.1746

0.14966

0.12471

0.099771

0.074828

0.049885

0.024943

0 Min

(d)
C: Model
Total Deformation 6
Type: Total Deformation
Frequency: 116.44 Hz
Unit: m
2022/2/12 20:30
0.93324 Max
0.82955
0.72585
0.62216
0.51847
0.41477
0.31108
0.20739
0.10369
0 Min

®

tion mode; (d) The 4 vibration mode; (e) The 5 vibration mode; (f) The 6 vibration mode

[E 5. #RETIRT 6 IMIRELE . (a) 1 PMREY; (b) 2 BAHREL; (c) 3BMREY; (d) 4 IMIREL; () 5 MMHREL; (f) 6 iREY

PL 12 A=A N, W3R 4 Fs . R ATEN, AT LIRS M 1 21 6 B [E A A58 K/

93.90 Hz # 116.44 Hz.

Table 4. The first 6-order natural frequency and mode characteristics of a standard section

5= 4. tRAETSET 6 I EASRRMIRBVEHE

Wi % #4741 (H2) PRBYRFIE
1 93.90 VG 73 0] A T 7 00 ¢
2 101.56 TR fi) T~ 1T
3 101.60 JRGTED [71) T~ 1T
4 105.21 VYA {795 00 A I 8 00 2 L
5 106.16 P00 T —— A0 T B — 00 % £
6 116.44 RS T [ - e
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Figure 6. Bar graph of natural frequency with order
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TELRUEARAE TS B A D) Be AL HARIE SEBRiz F A FE W B R W BRI, RSO I bR e 152k 47 45
Al Wit 7% A 5 Q235 AHLEL, ANFEHR 304 (1458 1 A5 5 AN e AR i FEE AT, (HANER AN 304 1% B 1wy
DAL R AN S AN 304 1R 98 A SN UARAE TS IR RE: BT 7R By BB BIFRE 1Y 22 H AT AR 4E
B MR T RAE SIS 5 mm AEE, Wi 6 Fras; Wi ER C: BREEIRRENT AR EE N A
Bk, NEERECRAORL, AR T SRAE BRI EIE IN R BE Dy 30 mm N aR A, i 7 s
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BRI SCHTR B RV 3T T3, R =Rt U5 AT oM, A3 B =Rt J5 EEHT 6 B i A5
o WTHREASCESRMEL, HIT% B INEASIU X AR, T % A % B R ILALaT I
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Figure 7. 3D models of optimization plan B and optimization plan C. (a) 3D model of optimization plan B; (b) 3D model of
optimization plan C
7. RAF R B RILILF R C HIZL4EREY, (a) LA R B FI=4EEEL; (b) RILA R C M=4EiRE

Table 5. Natural frequency and increase ratio of three optimization schemes

F?5 =ML REBMERERB ML R

[ 45 4% (Hz) HEA 1y H & B 10 2 % C 1 b 2
1 94.58 0.72% 102.98 9.67% 102.97 9.70%
2 [ 102.30 0.73% 103.03 1.45% 103.00 1.41%
3/ 102.34 0.73% 103.74 2.11% 111.53 9.77%
4y 105.97 0.72% 116.90 11.11% 117.65 11.82%
5 fr 106.94 0.73% 117.63 10.80% 118.55 11.67%
6 117.29 0.73% 117.69 1.07% 124.10 6.58%

AL B J [ A AR %) B
T 1 T T T T
—— AL
120 —— J1 A -
o) —— 7T EB ——
7 —— HHC
510 s
X
& . L —
H 100} i
1 1 1 1 | 1
0 1 2 3 4 5 6 7
T T £

Figure 8. Six order natural frequency variation trend before and after air filter optimization
B 8. =SIEFRMMAE 6 MEFMET

DOI: 10.12677/m0s.2022.112038 420 R ()


https://doi.org/10.12677/mos.2022.112038

SetEilk, EHE

HR AT, AT ORI RS AETT, 7R A LI R 6 TG SR frig e, P ntt xR
N 0.73%:; WIS B A 1A 6 WA SR A BN, SPRAE b Eh 6.04%, FHrh 4 BRl 5 YA
AR SE IO IR, BT R R SRR SR BT TS C M 1 & 6 B[ SR A BT m, ~F3s
Lb#h 8.49%, HEFREE 2 MriE A Mg AW B, HARJIMIEHERA. 25, MARAETT S
TERILAT MR, FBREIAEN 304 BAFX T Q235 iy, HATAFIGINJE 5 B AR 45 14 i &
EPEE, AR TIBHMALS:, SR C R bR Ak Py Sl inin s i i /L S M Bk . &y
% C T EA R 9 Pos:

C : Model

Total Deformation 1
Type : Total Deformation
Frequency : 102.97 Hz

C : Model

Total Deformation 2
Type : Total Deformation
Frequency : 103.0 Hz

Unit : m Unit : m
2022/2/28 10:01 2022/2/28 10:01
0.69108 Max —
| 0.64172 0.60706
m i
] 0-54299 0.53118
= 0.44427 0.4553
[] 0.34554 0.37941
L] 0.30353
] 0.24681 0.22765
0.14809 0.15177
0.075883
0.49363 0 Min
0 Min
(@)
C : Model C : Model

Total Deformation 3
Type : Total Deformation
Frequency : 111.53 Hz

Total Deformation 4
Type : Total Deformation
Frequency : 117.65 Hz

Unit : m Unit : m
2022/2/28 10:02 2022/2/28 10:02
0lo0es 0.93207 Max
- 0.82851
0.096177
0.72495
0.082437
0.068698 0.62138
0.054958 9:51782
0.041219 0.41426
0.027479 931069
0.01374 020713
0 Min 0.10356
0 Min
C : Model C : Model

Total Deformation 5
Type : Total Deformation
Frequency : 118.55 Hz

Total Deformation 6
Type : Total Deformation
Frequency : 124.1 Hz

Unit : m Unit : m

2022/2/28 10:02 2022/2/28 10:03
0.92717 Max 0.16601 Max
0.82415 0.14757
0.72113 0.12912
0.61811 0.11067
0.51509 0.092229
0.41208 0.073783
0.30906 0.055337
0.20604 0.036891
0.10302 0.018446
0 Min 0 Min

()

Figure 9. Simulation results of optimization plan C. (a) The 1 vibration mode; (b) The 2 vibration mode; (c) The 3 vibration
mode; (d) The 4 vibration mode; (e) The 5 vibration mode; (f) The 6 vibration mode

E o MHFRCHMELER. (a) LMIRE; (b) 2 MREL; (o) 3MMREL; (d) 4 MREY; (e) 5 MMREY; (f) 6 M#RE
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