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Fig.2 Initial structure of spray boom
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Fig.4 Curve of objective function and constraint function
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Table 1 Comparison between initial state and optimized state

5 Ak wiat e ke SR
Item Variable Initialization Lower limit Upper limit \F/)a:umea
Objective M;j(g 69.47 35.82
function
ZURRE AR
Constraint  First mode 16.71 10 — 10.87
function  frequency/Hz
rdmm 30 10 50 25
Jd./mm 3 1 4 3
ry/mm 25 10 50 20
J/mm 3 1 4 2
rJdmm 20 10 50 10
d/mm 3 1 4 2
et AL yzimm 800 0 1000 427
Design xg/mm 500 0 1000 233
variable yg/mm 800 0 1000 307
Xo/mm 1500 1000 2000 1177
yo/mm 800 0 1000 239
X10/mm 2500 2000 3000 2188
yio/mm 800 0 1000 179
x11/mm 3500 3000 4000 3169
yu/mm 800 0 1000 170
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Note: r; represents outside diameters of structure bar 7, J; represents thickness of
structure bar i, x; represents abscissa values of structure node j, y; represents
ordinate values of structure node ;.
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Fig.5 Comparison of initial structure and optimized structure for
spray boom
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Fig.6 First two mode shapes of spray boom by modal calculation

3.2 BIAFERSIRIE

h T ARAE SRR AE TR F I R T S, SR A
553 50 % it 37 (R BT 2 B0 A R oA 2 (e o af
HEATHAERY . AR5 rh ol T A8 Se AR L R R R R R —
B, R e S 7 OB W AP [ e e TR A |
T BB 45 R B R R T B e . 2 AR
(single input multiple output, SIMO) X AT FE: Sl LA
HEATRAE W 0 N TF W FF PR 2R A, SRR
o7 B N8 A o3 A ELIR 26 T AR R S I P, A
26 Makri.

AR FE P PCB-086C02 7 g 4 o 5%
FFE5 R 25 RS 5, IRslma N 45 5 th PCB-333B42
TR P AL SRS SR . 7E mp-Vibpilot B E S 40T
AR AR B 1 NS 5 2 e A 5 AT A B
JE A R, FRIE S Analyzer B AT A A TR
30T, BT CA BRI RIS WA 5 H A S S 4. B IRE
WG DL A Fa PR A B 7 .

LI 23t AR HTHE  AME S M SRR 6 lE A
e

1. Spray boom 2. Exciting point 3. Data analysis software 4. Signal
analyzer 5. Impulse hammer 6. Acceleration sensor

e B iR R

Note: Letters in the figure are sequence numbers of response points.
B 7 R AR AR
Fig.7 Modal test of spray boom
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Table 2 Natural frequency comparisons of numerical value and
test value
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A% Numerical

Mode Test frequency/Hz frequency/Hz difference/%
1 10.43 10.87 4.05
2 36.20 37.60 5.85
3 70.91 73.47 3.48
4 95.17 103.12 7.71
5 11553 123.76 6.65
6 136.48 149.52 9.55
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Fig.8 Model assurance criterion of mode shape correlation
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Fig.10 Power spectral density of displacement
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Experiment and structure shape and section size
optimization of spray boom

Chen Chen'?, Xue Xinyu™, Gu Wei', Cui Longfei!, Qin Weicai', Zhou Liangfu®
(1. Nanjing Research Institute for Agriculture Mechanization, Nanjing 210014, China;
2. School of Engineering, Anhui Agricultural University, Hefei 230036, China)

Abstract: During the boom sprayer spraying, the vibration of the boom excited by field ground roughness not only
influences homogeneity of spray distribution, but also reduces the life of the sprayer. To improve the structure dynamic
behavior of the original boom design, a multi-variable optimization approach by genetic algorithms was presented. A
parametric finite element model of the 18 bar plane truss element was built by the finite element software Abaqus. Then
the mass of spray boom is taken as optimization goal. The first mode frequency of spray boom is taken as constraint
condition. The element node coordinate and section dimension of spray boom are taken as design variables. All the
design variables are transformed to dimensionless variables based on the unified design variable method to avoid
optimization analysis failing to converge. The design variables and the optimization goal of the model were set on the
Isight multidisciplinary multi-objective optimization platform, the shape of the boom structure and bar section dimension
were optimized by using Multi-Island Genetic Algorithm ( MIGA) method to obtain a single lance structure with 10.87
Hz first mode frequency, 35.82 kg mass and 5 m width. According to the technological requirements, the optimized
structural dimensions were adjusted to manufacture an actual sample. In order to ensure the reliability and accuracy of
the finite element model, the modal test in impact method was done to validate the finite element model and its modal
parameters. In the test, the boom was fixed on the concrete column to make the actual model consistent with the finite
element model. Single-point excitation and multi-point acquisition method was used. The exciting signal was generated
by an impulse hammer and the response signal was measured by acceleration sensors. Then the modal parameters were
identified in the computer. After the test, a comparison between test and simulation was made. The result showed that
the difference of first 6 modes frequency between finite element model and test modal model were all less than 10%, the
modal assurance criterion (MAC) of the first 6 modes between finite element model and test modal model were all more
than 0.85, which indicated that the finite element model and the modal parameters of the model met the requirement of
engineering research. Since the spray boom was fixed on the tractor chassis frame, the oscillation of chassis from ground
roughness would directly transfer to the spray boom, which may lead to spray boom’s vibration. A rigid-flexible
coupling sprayer virtual prototyping is established in Abaqus to compare vibration displacement between the spray
booms before and after optimization. Generally, hose laid was used in the pesticide transport, which has little impact on
spray boom structure dynamic behavior. So the pipeline and nozzle was substituted by the uniform distribution mass in
the sprayer model. Random vibration response was analyzed under the excitation of power spectrum density (PSD) of
the class D road at the tractor speed of 20 km/h. The result showed that the maximal vibration deformations at the end
point of the spray boom were about 7.9 mm and 9.5 mm relative to the static condition before and after optimization
respectively. The deformations were all less than 10mm. The maximal deformation after the optimization was not
increased obviously with the mass of the optimized spray boom was decreased by 48.43%.

Key words: modal analysis; finite element analysis; optimization; spray boom; genetic algorithms; stochastic vibration;
road roughness



