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Field test and analysis of influence factors on the dynamic characteristics

of self-supporting flat arm tower crane under multiple working conditions

ZHANG Qinghua', WANG Zhihao', YANG Hui’, ZHAO Jinming®, XU Yanwei'
(1.School of Civil Engineering and Transportation, North China University of Water Resources and Electric Power,

Zhengzhou 450045, China; 2.China Construction Third Engineering Bureau Group Co., Ltd., Wuhan 430064, China)

Abstract: In order to obtain more accurate and refined dynamic characteristics of the flat boom tower crane, the field test of the dy-
namic response of the typical freestanding flat boom tower crane was carried out considering the influence of lifting positions, lifting
heights (rope lengths) and lifting weights. The test results show that the vibration along the boom axial direction and vertical direc-
tion has good synchronization. However, the response correlation between the horizontal direction of the vertical boom and the axi-
al and vertical direction of the tower crane boom is relatively low. The natural frequencies identified by the half-power bandwidth
method and the SSI-COV method are basically the same, with the difference of lifting positions, rope lengths and lifting weights,
the natural frequencies of flat boom tower crane will fluctuate around the natural frequency under no load. There are some differenc-
es in the identification results of the damping ratio between the two methods, in most working conditions, the damping ratio identi-
fied by the SSI-COV method is smaller than that identified by the half power bandwidth method. Based on orthogonal test analy-
sis, the influence of the above factors on the natural frequency and damping ratio of the tower crane is not significant, and there is
no main effect. In addition, the finite element model of the flat arm tower crane is optimized , and the frequency of the updated mod-
el is in good agreement with the test results. The boom vibration mode function under no-load condition was fitted, the amplitude
distribution along the boom length exhibits an approximately linear, however, when the lifting weight appears at the end or root of

the boom, the boom vibration mode may show an obvious nonliner characteristics.
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Fig. 1 The sketch of construction site
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Tab.1 Basic parameters of the tested tower crane

HARSH HAH
R TAEIRE /m 65
M /m 66.8
A /m 15.5
e KR kg 10X 10°
- 5 / kg 1.48 %10
FRAE (58 /9)/m 1.8/2.8
Sy e KA T/ m 46
S IR B v B /m 40
AT #E/(m-min 1) 0~95
e R M/ (KN-m) 1600
KA S /(KN -m) 1920

AR (B K/ fe /1 )/ m 2.5/65
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Fig.2 Sensor fixed positions and coordinate system of field
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Tab.2 Orthogonal test design

T EMALE MAREEBEE)  mEGH)
sH - - —
Cl1 L, H, m,
C2 L, H, m
C3 L, H, m
Cc4 L, H, m,
C5 L, H, m,
C6 L, H, m,
C7 L, H, m,
C8 L, H, mn;
C9 L, H, m,
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Tab.3 Basic parameters of orthogonal test
M/ ESNES
(X 10" kg) (5 Hb 73 2 )/m
m, m,  m, H, H, H, L, L, L,

i i A /m

0.52 0.75 1.30 11 20 30 63 36 2
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Tab.4 The wind speeds during field tests

_— R /(mes ')
F ik o] 4k

2 1.9 1.2 1.1
C1 1.5 1.3 0.7
C2 1.4 0.9 2.1
C3 1.4 0.9 1.6
C4 2.2 1.6 0.3
C5 0.8 2.0 0.6
C6 1.9 2.1 2.0
C7 2.0 2.4 1.0
C8 1.6 2.4 0.9
C9 2.0 1.2 1.9
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Tab. 5 Velocity responses correlations of field tests

Iﬁ ﬁ IJEJ X,’\ X]*, Y.’\ Y]*. Z,\ Zl’;

I Jrm X, Xy Y, Y, Zy Zy

X, 1.00 —0.13 0.08 —0.05 0.04 0.13

X 1.00 —0.95 0.10 —0.03 0.00 0.01

Xy —0.13 1.00 0.07 —0.82 0.11 0.30 Xy —0.95 1.00 —0.11 0.04 —0.01 —0.02
o Ya 0.08 0.07 1.00 —0.50 0.97 0.73| . Y, 0.10 —0.11 1.00 —0.99 0.88 0.87
R Y, —0.05 —0.82 —0.50 1.00 —0.52 —0.78 0 Y, —0.03 0.04 —0.99 1.00 —0.90 —0.90

Z 0.04 0.11 0.97 —0.52 1.00 0.77 Z 0.00 —0.01 0.88 —0.90 1.00 0.99

Zy 0.13 0.30 0.73 —0.78 0.77 1.00 Zy 0.01 —0.02 0.87 —0.90 0.99 1.00

X, 1.00 —1.00 0.19 —0.06 —0.01 0.02 X, 1.00 —0.99 0.33 —0.09 —0.02 0.03

X, —1.00 1.00 —0.19 0.06 0.01 —0.02 X, —0.99 1.00 —0.33 0.09 0.02 —0.03
. Y, 0.19 —0.19 1.00 —0.99 0.91 091 . Y, 0.33 —0.33 1.00 —0.96 0.79 0.80
¢ Y, —0.06 0.06 —0.99 1.00 —0.95 —0.95 ce Y, —0.09 0.09 —0.96 1.00 —0.86 —0.87

Zy —0.01 0.01 0.91 —0.95 1.00 1.00 Zy —0.02 0.02 0.79 —0.86 1.00 0.99

Zy 0.02 —0.02 0.91 —0.95 1.00 1.00 Zy 0.03 —0.03 0.80 —0.87 0.99 1.00
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Tab. 6 Results of natural frequency and damping ratio identification of tower crane
S i | [ 4 405/ He | /%
R E RS SSI-COV ik 2 D A SSI-COV J5i%
2545 0.106 0.105 3.871 0.834
Cl 0.114 0.114 3.194 0.918
C2 0.124 0.095 2.593 3.346
C3 0.107 0.107 3.129 0.953
X C4 0.107 0.108 3.295 1.133
] C5 0.110 0.111 3.894 3.205
C6 0.085 0.085 4.213 1.573
C7 0.073 0.072 4.527 0.795
C8 0.091 0.091 3.862 0.951
C9 0.088 0.088 3.580 2.973
253 0.210 0.205 1.538 0.679
C1 0.195 0.194 1.681 0.537
C2 0.205 0.205 1.565 0.529
C3 0.147 0.146 2.197 0.686
Z C4 0.206 0.206 2.565 1.904
I C5 0.204 0.204 1.561 0.404
C6 0.209 0.188 1.620 1.332
C7 0.186 0.186 1.696 0.288
C8 0.205 0.205 1.832 1.047
C9 0.212 0.213 1.672 1.601
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EEF' ,Ki

RO RN B AL NN S

2 70T DL B, 4 R 20 [ A AR 1 25
Wi W S < X ) 35 m > H > L, Z [0 5508 H>m> L,
RIS 75 A0 0 45 K X Z 1] iR B [ A A 2R Y 52 ) e
/0N, i EE RIS b s B (i 4R K BE ) A N XL Z 1) ik B
45 W) 5 K o

2 R 2% S BHL @ L % 3 5 R I o < X 1) BHLJE
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Tab.7 Range analysis of orthogonal test

. Xrﬁllﬁlﬁ/ﬁ!iﬁ/Hz

Z 17} [ A7 43/ He

X/ % ZIa I/ %

Rl RZ K% R){,I-‘ kl RZ K%

RZ,I" Rl RZ K3 R‘\’,l) Rl RZ K% RZ,I)

RmAE (L) 0.090 0.099 0.101 0.011 0.189 0.205 0.188 0.017 1.095 2.501 1.686 1.405 0.719 0.660 1.397 0.737
B R (H) 0.104 0.091 0.095 0.013 0.204 0.199 0.180 0.024 2.365 1.758 1.159 1.206 0.848 0.907 1.022 0.174

mE(m)

0.105 0.101 0.084 0.022 0.182 0.199 0.201 0.019 1.739 1.970 1.573 0.398 0.584 1.213 0.979 0.629

WL>H>m,Zm R L>m>H, BV f A E
X\ Z 1) BHLJE LU B 52 0 i O, 5 M g JEE s 48 IS R )
Fs T XoF AN [7] 75 1] BEL i FE B8 B i AN T

7 B FE PAE KO 0.05, 34 25 4 P {E /I
RS ISR ESORAE S AN SN Sy
EHR T 0.050F AN R XA R LA % . 4
T FAE 27 PR K P A2 A0 X 18 B 22 i i) 2 35 1
T AL AR 3 T 32 PR 28 X 512 B 415 P ) 52 W A 5

K8 A AR S Ty 22 Hrdh . ]
VA S i 007 B | R 4t o B8 A 4 4 B2 ) A o 0
P& X Z 1a] [ A 453 BHLJE LG 5% e 25 A8 52 30 I 25 v
(P=>0.05) , NFAE ERON , A7 E 2 F LR .

x8 XMWERAEHWE

Tab. 8 Analysis of variance of testing results

iR N & SRR G R P WP
YRS 0.563 0.640
. S r=0) s _
X _Freq (o 4 FE ) 0.803 0.555
I 2.308 0.302
YRS 0.739 0.575
B b
XD 0.540 0.649
AP i)
B 0.059 0.944
A A 0.480 0.676
B b
Z F 0.913 0.523
S (me k) N
i 0.627 0.614
A i B 1.030 0.493
b
Z D 0.048 0.954
AP ()
B 0.621 0.617

X A AR 54 2 4 B A R — B0 R A E
FAH & /N, X Z 1) Hesr 5ok 15.3% .23.8% 1%
MBS E(RBEKE) BHEFENT219%~
62.8% Z ], = [H 2 ) 22 S M AN B J | X [ A 00 36 52
M) W B A7 7 55 v A B IR A /R H

@A SR AR, 3T X Z B e 5 A
BOFAE S B R, 0 55.2% .60.6 % o B b
(RAK )X X mBHJE L K, ik 8] T 40.4%,

X Z 1w B e A TC R AR 2.8% . M E X} Z W)
FHJB LR g K, IA 8 T 36.6 % , %t X i) BHJ2 LY 52 il
AL 4.4% .

4 ERHARTEEBE
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% SRR FT R B S TR A 4 A L 7R A BR T Bk
- ANSYS "R 22 5150 (Beam 188) #8501 #F 14 , %
FH MASS21 oo B UL BC 8, g 7 38 i A7 IR,y
AL 9804, BT 987, B i b4 kL £ BN AL, Bk
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PR3 550 g - D5 1B« ke 358 76 K7 1 P LIS B oy
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KA AL, A BROTAE R 12 B 8 R 5 52 X Z
T 41 S0 A0 AH 6T I, AF 1R 22 (A i 10 %6, BEALR g
W SR 25 ¥4 ) ) R T BT S 25 R AT B IE

SRy [ R 25 /N, AR RE B BE IR RS LE
V& B R0 SR 5% 6T 95 B AF b 1T &, 7E ANSYS
W orkbench H I JE 3 I Wi 17 187 45 ¥4 Ak 3 A& IE I
1 sh TR E A SR iR 2 S R 9. WTLLES], B
1E J5 85 1 [ A A R 5 S 25 SR BE S AR U b ) L iR
PEE AR 5% 4 H3E R B ERRRAIA
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Tab.9 Natural frequencies comparison of initial values,

updated values and test values

. [ 47 451 2% / Hz R/ %
WM B STy . o
B8 BIERT &
gm g (ssrcoy) PEET BIER
18 0.125 0.110 0.105 19.05 4.35
2By 0.183 0.195 0.205 —10.73 —4.90

T R 2E = CH BROT AT 4720 — S 4521 ) /52 I 25 23 X100 %%
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Fig.4 Tower crane mode shapes of updated model
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