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Sensitivity Analysis of the Dynamic 
Behaviour of Agricultural Machines 
Even during normal operation of agricul
tural machines a number of disturbances 
occur that can generate excessive Vibra
tion Ieveis. The disturbances can come 
from soil roughness or from rotating ele
ments within the machine. Machine 
Vibrations affect the manual or automatic 
controls and they reduce the efficiency of 
the operations to be carried out like for 
example spraying. ln this contribution, an 
experimental modal model is derived that 
contains the eigenfrequencies and mode 
shapes of the machine. A frequency 
sensitivity analysis on the modal model 
gives information about the most critical 
locations on the structure with respect to 
local parameter changes. ln a later stage, 
this is used to predict frequency shifts 
owing to structural modifications like 
local stiffness and inertia changes. 

Tractor vibrations reduce the driver 
comfort and influence the efficient 

control of machinery [1, 4]. Experimental 
data of machine vibrations yield informa
tion about vibration Ieveis, natural fre
quencies, damping and mode shapes oc
curring under real situations. The experi
mental technique can be utilised for 
failure detection, structural integrity 
testing and modelling purposes [3]. 

Objectives 

This work deals with the dynamic beha
viour of a tractor and a sprayer. The aim is 
to build structural dynamic models, ba
sed on experimental observations and ap
plying the models to evaluate possible de
sign changes. These design changes are 
proposed on the basis of a parameter sen
sitivity analysis carried out on the experi
mental modal models. 

Fundamentals of modal analysis 

The experimental modal analysis is used 
to derive linear modal models of a struc-
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ture. The most obvious assumptions ma
de in this method of vibration testing is 
that the system under test is linear and is 
driven by the excitation input only in its li
near range. 

Experimental modal analysis uses mea
sured responses of a mechanism to 
known input excitation forces to calculate 
the frequency response functions (FRF). 
A parameter identification applied to the
se FRFs yields the modal model. These 
models contain the main characteristics 
of the system under consideration like na
tural frequencies, damping ratiös and 
structure motions or mode shapes [2]. 

Experimental set-up for modal analysis 

The hardware components required for 
experimental modal analysis vibration 
measurements consist of an excitation 
source for providing input energy to the 
structure. The inputs are measured by 
force transducers. Aceeieration transdu
cers are used to measure the response 
motions of the structure under test. The 
transducers are connected to a signal 
conditioning amplifier and filter. All the el
ectrical signals are coupled with a data 
acquisition system to a computer work
station on which signal processing and 
modal analysis software runs. 

For the excitation, a vertical hydraulic 
shakerwas constructed. The top of the pi
ston rod is connected with two parallel ho
rizontal plates with three calibrated Ioad 
cells (type PCB-2028) sandwiched in 
between. 

The complete shaker is placed in a pit 
suchthat the instrumented horizontal pla
tes are at floor Ievei. 

Response accelerations are measured 
by inductive accelerometers (HBM B12/ 
200). The digital data acquisition system 

is a DIFA-SCADAS 6-channel acquisition 
system. LMS CA DA-X software controls 
the data acquisition and analysis. lt also is 
used to visualise the mode shapes. ln the 
report reported here, a conventional agri
cultural tractor (John Deere 3300 FWD) 
with a Berthoud Mack 1000 sprayer 
mounted of which the boom width was 
18m, was utilised. 

The vibration study was limited to a 
bandwidth of 0 to 10 Hz. Higher frequen
cies do not contribute to large motions of 
the tractor or of the sprayer. The burst 
random stochastic excitation signal has a 
spectrum between 0 and 10 Hz and a 
length of 5/8 ofthe measuring period. The 
complete system of tractor and sprayer 
was excited under the left rear wheel. An 
anti-aliasing filterwas used and the aver
aging of 20 time periods cancelled outthe 
influence of the noise on the signals. The 
coherence between excitation and res
ponse was better than 93 %, which ensu
red a high signal to noise ratio. 

The modal model of the tractor 
with mounted sprayer 

The sprayer is depicted by 14 nodes lo
calised on the spray boom, four on the 
frame of the sprayer and five on the trac
tor (on the axles and on the pendulum 
point of the front axle), representing the 
geometric model of the test structure ( Fig. 
la) . Figure lb represents the visual ani
mation ofthe firstlongitudinal mode of the 
tractor-sprayer combination at 1,92 Hz. 

The summed FRF of the sprayer shows 
four peaks for the horizontal and three 
peaks for the vertical direction in the fre
quency range 0 to 5 Hz. Each peak cor
responds to a resonant frequency and a 
mode shape as listed in Tab/e 1. 

Table 1: Resonant frequencies of tractor-sprayer (horizontal motions) and effect of structural 
modifications on resonance 

Mode Frequency Mode participation predicted predicted modes Description 
Nr. Hz % frequencies alter alter placing a truss 

adding a mass of between spui: 1 to 2 
1 kg in points and spui: 13 to 14 
spui: 5 and in 
spui: 10 
Hz Hz 

1,92 71,8 1,53 mode disappea rs both outer boom 
sections in phase 

2 2,52 18,9 2,68 mode disappears both outer boom 
sections in antiphase 

3 4,06 9,2 5,40 3,91 third flexible mode 
shape of entire boom 
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Fig. 1 a: Wireframe representation of the undeformed tractor-sprayer 
combination 

Fig. 1 b: First (longitudinal) mode of the tractor-sprayer combination at 
1,92 Hz 

Sensitivity analysis 
and structural modification 

The modal modelwill be used to study the 
influence of small design changes on the 
dynamics. Forthis purpose, the sensitivi
ty of the structural dynamics to applied 
modifications is analysed. A set of equati
ons calculates the sensitivity of the natu
ral frequencies, damping values and mo
de shape coefficients of the machine to 
changes in inertia, stiffness and damping 
distribution. The starting point for the 
computations is the experimental modal 
model of the original structure. 

Results of a sensitivity study of the na
tural frequencies of the tractor and the 
sprayer to inertia (mass) and stiffness 
changes are displayed in Figure 2. For 
each mode shape, the least sensitive lo
cations are in the nodal points. ln the an
ti-nodes the amplitudes can easily be re
duced by structural modifications. 

Next, astructural modifieation was car
ried outto alterthe dynamics ofthe struc" 
tures undertest. A frequency spectrum of 
the expected disturbances in the field can 
be of great help for this design change. 
For example for proper field work, some 
of the resonant frequencies of this tractor 
and spray boom must lie beyond the do
minant frequencies of the input spec
trum. These frequency shifts can occur 
by locally increasing the mass or by chan
ging the stiffness of some substructures. 

For the sprayer, small changes are ap
plied to the structure. The structural mo
dification prediction revealed a great sen
sitivity to inertia modifications at the ex
treme points. ln addition nodes 5 and 10 
(the anti-nodes of mode 3) react to inertia 
additions. The spray boom is also made 
stiffener by putting two extra trusses on 
the outer sections (between node 1 and 2 
and between node 13 and 14). This struc
tural modification has great impact on the 
first two mode shapes, which were moved 
out from the frequency band of interest. 
The results of the structural modification 
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on the sprayer boom are summarised in 
Table 1. 

Conclusions 

ln this study, experimental modal analysis 
is applied to study the dynamics of an 
agricultural tractor with mounted sprayer. 
From experimental data of accelerations 
to stochastic random disturbance forces, 
frequency response functions are com
puted. Parameter identifcation tools esti
mate the modal parameters like resonant 
frequencies, damping ratios, modal dis
placements or mode shapes and mode 
participation factors. These modal para
meters are used to design the modal mo
del that describes the dynamics of the 
structure in the studied frequency band. 
Good approximations are obtained bet
ween the measured and synthesised 
FRFs. The sprayer model showed seven 
resonant frequencies, for the rigid body 
modes, for important longitudinal flexible 
deformation modes between 0 and 5 Hz 
and for the vertical modes. 

in a next stage, the modal model was 
subjected to a sensitivity analysis. The 
most sensitive parts of the tractor and 
sprayer were localised. The influence of 
mass and stiffness changes on resonant 
behaviour was de-
termined. Results 
show different ef
fects of modificati
ons between the 
nodal points with 
small amplitudes 
and the anti-nodes 
of the mode shapes 
with greater amplitu
des. The use of 
structural modifica
tion predictions can 

F(g. 2: Frequency 
sensitivity of the third 
longitudinal mode of 

the tractor-sprayer 
(4,06 Hz) to changes 
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be helpful for design purposes. Knowled
ge about the force disturbance spectrum 
experienced in the field gives information 
about the condition in which the machine 
has to operate and can guide the structu
ral modification to reduce undesirable, 
excessive Vibrations und er working condi
tions in the field. 
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