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Preface

This book is the fourth volume in series Recent Advances in Mechatronics,
following the editions in 2007, 2009 and 2011. It comprises carefully selected
contributions presented at the 10" International Conference Mechatronics
2013, organized by Brno University of Technology on October 7-9, 2013 in
Brno, Czech Republic.

The selection of the contributions for this book was based on thorough
reviews of full length papers, concentrating on originality and quality of the
work. Finally 113 papers were selected for publishing in this book.

The book covers the areas design, modeling and simulation of mechatronic
systems, in particular the r&d of mechatronic systems, model-based design,
virtual prototyping, electrical machines, drives & power electronics, actuators
and sensors, automotive and aerospace systems, measurement and diagnos-
tics, signal processing, pattern recognition, wireless sensing, nanometrology,
industrial and mobile robotics, microrobotics, unmanned vehicles, control
and automation, industrial applications, vibration and noise control, the list
of topics could go on and on.

We hope that the volume can serve as useful reference source in mecha-
tronics not just among academics, but also in development departments in
industry, as the mechatronics as a subject should be closely related with the
rapid transfer of new ideas to products we can meet in our daily lives.

We would like to thank all authors for their contribution to this book.

Tomés Bfezina
Conference Chairman
Brno University of Technology
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Monitoring of Energy Flows in the Production
Machines

J. Augstel, M. Holubl, R. Knoﬂl’c‘:ekl, T. Novotn)’ll, and J. Vyroubal2

! Brno University of Technology, Faculty of Mechanical Engineering, Technick4 2, 616 69,
Brno, Czech Republic
v101686@stud. fme.vutbr.cz

% Research Center of Manufacturing Technology, Faculty of Mechanical Engineering,
The Czech Technical University in Prague, Horskd 3, 128 00, Prague, Czech Republic
J.Vyroubal@rcmt.cvut.cz

Abstract. The article deals with the development of software tools supporting
visualization in order to assess the workload of electrical appliances installed in
machine-tools. This enables us a considerably easier orientation and the control of
energy consumption. The first part of the article is concerned with the application
created for simulation of energy flows in the machine-tool with the help of ad-
vanced post-processing. That allows software to select to review only interesting
data using peaks identifying algorithm. The second part deals with Sankey dia-
grams visualizations improvements. The tool developed for visualization was
applied to the machine FUEQ 125 Efektiv company TOS Kufim in cooperation
with the Czech Technical University in Prague, Faculty of Mechanical Engineer-
ing, VCSVTT - Research Centre for Manufacturing Engineering and Technology.

1 Introduction

Energy reduction strategies are increasingly important with the constant increase
in electricity costs and the rising environmental awareness of both manufacturers
and customers [3]. A machine tool’s replacement cycle, after installation, is up to
15-20 years; thus, it is critical to conserve energy on machines with methods that
can be applied to both new and existing machines [10]. According to the publica-
tion of the European Union, “Ecodesign” aims at improving the environmental
performance of products throughout their life-cycle (production, use, and end-of-
life) by systematic integration of environmental aspects at the earliest stage of the
product design. It is estimated that over 80% of all product related environmental
impacts are determined during the design phase, and most of the costs involved
are committed then. [11].

This description is very general; therefore, several analyses have to be used for
evaluation. The method of "Lowest Life Cycle Cost" (LLCC) allows determining
a total cost of ownership and operation of a particular product. LLCC is used to set
a particular target minimum of these costs where the space between this minimum

T. Brezina and R. Jablonski (eds.), Mechatronics 2013, 1
DOI: 10.1007/978-3-319-02294-9_1, © Springer International Publishing Switzerland 2014
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and the current state enables us to maintain a space for innovation (competition).
To ensure the necessary innovation, the product is compared with the "Best Avail-
able Technologies" (BAT); in simple terms, using the best available technologies.
These are technologies expected to be introduced into a standard product within a
short time horizon. A comparison with the best non-available technologies
(BNAT), i.e. with a top of the current state of the art in research and product de-
velopment, indicates a possible market development in a longer time horizon.

Nevertheless, these analyzing tools are used only to determine the potential for
improvement and the direction in which this improvement could occur. The ener-
gy-efficiency has to be evaluated [5] for a clear illustration of dependences of the
individual variables. Due to complexity of energy flows in productions machines,
it is convenient to use a graphical evaluation. That has to summarize data from all
the energy-using components. Important points based on peaks and important
intervals, for example coolant running, must be identified. Even on a single actua-
tor it is a difficult task because these points could not be easily found without
inspection of a smaller interval (Fig. 1).

Therefore, the essence of the proposal is to present improved visual decision-
making platform for Ecodesign of machine tool previously described as ECO
Design v1.0 [1].
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Fig. 1 Example of FU EFEKTIV measured data

2 State of Art

The application must allow a complete support for a product development with
regard to energy efficiency [6]. For ECO Design v1.0 application testing data
measured (Fig. 1) on floor type machining centre FU EFEKTIV (Fig. 2) were
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used. Machine FUE (Q) 125 EFEKTIV is installed in TOS Kufim. Based on test-
ing results some of improvements were suggested by users.

The application itself enables making a straight and comfortable 3D visualiza-
tion by Sankey diagrams [7] (Fig. 4) but in some cases 2D visualization with a
precise value displayed could be more straightforward.

Because the data set sampling time is usually very short, little oscillation of
Sankey represented by 3D body could occur. First version of application had
implemented frame skip function to make visualizations smoother. Due to 2D
diagrams and precise value support request it was necessary to choose different
approach to suppress the phenomenon.

Fig. 2 Installed machine FUE(Q) 125 EFEKTIV in TOS Kufim

3 Peak Analysis

One of typical step towards reducing energy consumption in machine tools is to
analyze measured data over all actuators and find peaks and other critical time
intervals.

There are several scenarios that have to be reviewed [8]:

— Reduce total energy use for the machine tool based on the usage during idle and
non-value-added periods

— Identify disruptions in smooth part production based on anomalous power
usage spikes

— Track maintenance state of the machine tool using historical power usage pro-
files

— Enable environmental reporting on a per-part basis by accurately accounting for
the energy use of the part as it is being manufactured
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— Notice emerging trends in the energy usage, such as increased total consump-
tion for successive parts which may indicate process plan deviations and incon-
sistencies.

For peak analysis “window” approach is used. The input is a table of values
equally spaced in time. Value in point i is local maximum on interval k£ when val-
ue of peak function S (1) there is bigger than a threshold. The threshold is calcu-
lated and a value bigger than zero is adaptively set on dataset. The value is written
to matrix p(i) for next processing.

max{x, —X_, X, —X,_,,...., X,

— X A max{x — X, X = X 5~ Xy ) (N
2

S(k.i,x,.T) =

After that local peaks are processed and compared in global context of data set.
Point i could be global maximum P(i) for mean m’, standard deviation s’ and con-
stant A.

(ali]=-m") > (h*s") 2)
Where constant 4 is:
1<h<3 3)

Peaks close to each other must be removed. Every pair (i, j) is tested whenever
they are closer than k on timeline. When this is true, then just one with larger val-
ue is a global maximum.
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Switch OFf | I 1
1 101 301 =01 &0 £01 ga1 71 (0.13)

Fig. 3 Visualization of energy flows according to real measured data [2]
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4 Sankey Diagrams

They are not visualized together with machine so it could by sometimes hard to
understand them. We could also make them as a layer on picture of the machine but
machines are usually too complex in the space to show just 2D picture and 3D mod-
eling has been increasingly used for design. Making visualization in 3D enables to
obtain a space for extension allowing an increase in the overall visual impression;
e.g. by a complex kinematic simulation along with the simulation of energy flows.

measuring point 2
color = value of measuring point 2 at a specific ime

diameter = average value of measuring point 1

g e i measuring point 1

Fig. 4 Example of basic 3D Sankey diagrams [4]

4.1 2D Sankey Diagrams

Suitable design of 2D Sankey diagram for Ecodesign usage was publicized before
[9]. It must involve a precise text value to allow users to read accurate value when-
ever it is needed. Diagrams are showed in separated window (Fig. 5) and were pro-
grammed in C# using OpenGL library as well as whole ECO Design application.

@® ECO Design v16 == =
Total Power:
10208 W
Strack: 2493 W (244 %) Actuators: 1401 W (13,7 %)
Chip conveyor: 330 W (3,2 %) Peripherals: 1042 W (10,2 %)
Rack: 4942 W (484 %) VT Pump: 0 W (0,0 %)
NT Pump: 0 W (00 %)

Fig. 5 2D Sankey diagram values according to measured data on FUE(Q) 125
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4.2 3D Visualization

During practice testing used source style of 3D Sankey (Fig. 4) visualization was a
little bit modified. Different visualization approach (Fig. 6) was designed to get
better information value into visualization. There is a static basic color used for
identification of object, combination of intensity of each color for indication of
growth, transparency for average value and diameter for actual value. Indication
of growth helps to predict peak states (Chapter 3) before they occur. Using trans-
parency to visualize average value helps to highlight parts with significant energy
consumptions compared to the other ones.

' 4

Fig. 6 Visualization of energy flows; values represented by diameter of bodies

5 Conclusions

The Eco Design v1.6 has been designed to provide energy flows post-processing
to production machines designers. One of typical tasks realized in software is to
analyze measured data over all actuators and find peaks and other critical time
intervals. The main target is to find the peaks creation process. Thanks to imple-
mentation of 3D visualization, possible improvements of process could be sug-
gested. On the other hand, 2D Sankey diagram enables precise value checking
and, therefore adds the possibility to select from several variants. All of these
functions and possibilities form a visual decision-making platform for Ecodesign.

Main possible future developments of the software are connections to virtual
reality and augmented reality visualizations. Data review in CAVE using virtual
reality for presentation of final results could show different states even on very
complex machines and complexly solve Ecodesign study together with all
other studies necessary to be done in design phase. On the other hand, augmented
reality enables to changes overall impact to energy flows and consumption of the
production machine.
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Abstract. The paper deals with the investigation of the influence of the controlled
suspension on the traction capability of the off-road vehicles, especially the agri-
culture tractors. The standard suspension of the tractor is realized by tires, the rear
axle is firm. The controlled suspension is used to increase traction forces in the
soft unprepared terrain. The models of wheel soil interaction describe the rigid and
elastic models of wheel based on semi-empirical model.

1 Introduction

The prediction of the tractive and traction force is very important but it is very
difficult. It depends on correct of models of terrain, the correct parameters of ter-
rain and on model of the tire. The agricultural off-road vehicles are built with firm
rear axle and the suspension of this vehicle is realized by tires. The suitable con-
trolled suspension influences the motion of the vehicle in the terrain and the forces
between the terrain and the wheel.

2 Modeling Elements
The basic model’s elements for modeling of the vehicle in the terrain were used.
The model describes the basic characteristic response of the real object. The mod-

el is consists of the vehicle model, the terrain and soil model and the wheel-soil
interaction model. Each of models will be described below.

2.1 Vehicle Model

A 4-DOF half vehicle model is implemented to simulate the response of vehicle
on different loading, terrain profile and to calculate the load on wheels.

T. Brezina and R. Jablonski (eds.), Mechatronics 2013, 9
DOI: 10.1007/978-3-319-02294-9_2, © Springer International Publishing Switzerland 2014



10 A. Bilkovsky and Z. Sika

The four degrees of freedom of the vehicle are the heave, pitch and bounces of
the two unsprung masses. The vehicle model (Fig. 1) is half car model and con-
sists of body (sprung mass), two suspension systems and two wheels. Each of
suspension system consists of linear spring and damper. The wheel is modeled as
a linear spring too. The front suspension has stiffness k; and damping by, the rear
suspension has stiffness k; and damping b,.

Fig. 1 Half car model

The set of ODE of vehicle model motion is obtained by Newton’s method [6]
as follows

m,Z, = —k, (Zl —-d,, _Zz)_bz (Zl —d, ¢, _Zz)_

. . (H
_ka(Zl +d,p, —Zg)—bg(Zl —d,, —13)—m1g —Pcosg

19 = k2(zl -d,p -z, )dz _bZ(Zl -d,p, -z, )dz -
—k; (Zl +d,0, -z, )d3 —b, (Z.1 —dp, -2 )ds -M,

2
m,Z, =k, (Z1 -d,p -2z, )+b2 (21 —d,p, -2, )_ m,g—F,,, 3)
myZ, =k, (Z1 +d,p -z, )+b3 (21 +d¢ -2, )_ng —F,. “)

2.2 Terrain and Soil Model

In this study we used one type terrain profile to simulate the dynamic response of
vehicle, illustrated in Fig. 2. The combination of loading of a pulled object and the
terrain prepare the simulation conditions.
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I=14m

A

£h=0.3m

Fig. 2 Terrain profile

The mobility of wheel vehicle on soft terrain is determined by pressure sinkage
relation and shear stress — shear displacement relation, which are established at the
contact patch between the tire and the soil.

Typical parameters of the terrain are measured by the experimental method.
The empirical and semi-empirical approaches is used to describe these relations as
[11,[2] and [3]. The terrain is characterized by parameters, which are in Tab. 1.
There are presented parameters for several types of the terrain.

Table 1 Parameters of terrains — taken from [2]

. n kc kq) C q) K
Terrain n+l n+2 2
- (KN/m™")  (kKN/m™)  (kN/m°) (°) (m)
Grenville Loam 1.02 66.0 4486 3.1 29.8  0.038
Upland Sandy Loam (type 1) 1.1 74.6 2080 33 337  0.093
Upland Sandy Loam (type 2) 0.85 33 2529 2.5 28.2  0.041
Upland Sandy Loam (type 3) 1.74 259 1643 3.3 33.7 0.093

The most commonly used relations in terramechanics are Bekker’s equation for
pressure sinkage relation, shown in Eq. (§) and Janosi-Hanamoto equation for
shear stress — shear displacement relation shown in Eq. (6).

k,
p= (;wk‘bjz” 5)

t=[c+p tan ¢] (1-e7%) (6)

3 Models of Wheel

The wheel of the off-road vehicle is modeled as a rigid or an elastic wheel. It de-
pends on critical pressure, which is compared with the average ground pressure.
When the critical pressure is less than the average ground pressure, the tire is
modeled as rigid. The average ground pressure is sum of tire inflation pressure and
the terrain pressure due to carcass stiffness [1].
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In other comparison of the rigid and the elastic wheel the depth of sinkage is
used. When the depth of sinkage of rigid wheel and the depth of sinkage of elastic
wheel are computed, these values are compared. When the sinkage of rigid wheel
is higher then sinkage of elastic wheel, the wheel is modeled as the elastic. Other-
wise, the wheel is modeled as rigid wheel.

o i i

Fig. 3 Rigid and elastic model of the wheel

3.1 Rigid Wheel

When the wheel is modeled as rigid, the deformation of the terrain occurs. The
wheel is not deformed. For the tire model, the sinkage is calculated by Eq. (7) and
the shear displacement is calculated by Eq. (9) [2], [4].

3W 2n+l1
= rll=cos)= b(3—n)k. /b+k,N2r "
Z,=rcos@—r+z, 8)
j= r[(é?0 - 9)— (1 - i)(sin 6, —sin 9)] )]

Substituting Eq. (5), Eq. (6) and Eq. (9) into the tractive force F (Eq.(10)), re-
sistance force Rc (Eq.(11)) and drawbar pull force Fd (Eq.(12)) are calculated.

8

F={z(6)cos0-r-b-dg (10)
0
90

R.=[p(6)sing-r-b-d6 (1)
0

F,=F-Rc (12)
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3.2 Flexible (elastic) Wheel

The elastic wheel model is used in case of deformation of the tire and the terrain.
The circumference is divided into three parts as shown in Fig.3: input part BC, flat
part AB and part or relaxing AD.

For the first section BC, the maximum sinkage and sinkage at any angle are Eq.
(13) and Eq. (14).

1/n

pagr
,=|————— 13
© \k /b+k, 4
Zpc = r(cos@—cosb,) (14)

The shear displacement j developed along section BC can be determined in the
same way as that earlier described for the rigid wheel [1], [2]. For the section AB
the slip velocity is constant. The increase in shear displacement along section AB
is proportional to the slip of tire and distance x between the points AB. The shear
displacement along the section AD can be determined by the same way as that
discussed previously.

4 Controlled Suspensions

The controlled suspension using in the model is based on Extended Ground Hook,
called as “Skyhook”. In Fig. 4 there is the representation of the theoretical ap-
proach and the realizing by the control law. This control is used with controllable
damper. The characteristic of the controlled damper is shown in Fig. 4.

bz$ -
| 42

m;
iz S s, S g

|t

b, m
f $k1 47 $

STITIFT I Ve o N L. Iv.

Fig. 4 Extended Ground Hook — theoretical, realization, characteristic of controlled damper
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The control law [5] (Eq.(15)) is based on selection of parameters according to
relative velocity between sprung and unsprung masses — as shown in Fig. 4.

F=b, (2, —2,)+b, 2, =b(z, _Zo+h) (15)

5 Numerical Results

To analyze of response of 4-DOF vehicle with the wheel — soil interaction the
model runs the straight forward driving on Grenville loam. The vehicle runs over
the hump (Fig. 2). The multi object parameter optimization of the controlled sus-
pension was used. The optimized parameters were obtained. The next simulations
were computed for obtained parameters for controlled suspension and then the
results of response were compared with the vehicle with firm rear axle (usprung
model) and with the rear suspension model (sprung model).

The vehicle runs straight forward with constant velocity 10 m/s, but real veloci-
ty of vehicle is lower, because during the running over the hump the slip increases.
The wheel rotates with the constant velocity, but the vehicle is running slower
(Fig. 5).

Welocity of the vehicle
T T T

10.02 . ;

o i i i i i i i i i i
190 200 210 220 230 240 250 260 270 280 290 300
distance [m]

—— sprung suspesion =———rigid suspension == active suspension
x10° Slip over the bump
T T

slip [1]
IS
T
i

g i | ! ; | | i N
190 200 210 220 230 240 250 260 270 280 280 300
distance [m]

Fig. 5 Velocity of the vehicle running over the hump

The effect of the suspension and the tire stiffness uncertainty on the vehicle
performance is shown in Fig 6. The heave of chassis is for unsprung model very
uncomfortable, but for controlled suspension the heave is more comfortable. If the
firm axle is used, the vehicle is not so inclined, but if the sprung axle is used, the
vehicle is more inclined. This is results of sprung suspension; the construction
changes can eliminate this fact.
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Heave of the chassis Pitch of the chassis
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Fig. 6 Heave and pitch of the chassis

The effect of the suspension on the wheel — soil interaction forces is considera-
ble. The tractive force and resistance force depend on soil parameters, on the
geometry of the tire and on the vertical force operation on the wheel. The sinkage
of the wheel increase, if the vertical force increases too. The resistance force de-
pends on the sinkage and the force increase with the sinkage together. The results
of tractive force minus resistance forces (depend on models, but buldozering
effect, the deformation of tire are examples of resistance force) is drawbar pull
(Fig. 7). This force represents the free capacity of wheel — soil interaction.

Dravbar pull on the rear wheel over the bump at velocity 10mfs
2000

1800
1600
1400
Z 1200
1000+

drawbar pull [N

800

GO0 e et e ]

00 : sprung suspension
: unsprung {rigid) suspension
active suspention (semiactiv) |..

200

0 i i i i i i i i i
200 210 220 230 240 250 260 270 280 280 200
distance [m]

Fig. 7 Drawbar pull on the rear wheel over the hump at velocity 10m/s

6 Conclusions

This paper presents the influence of controlled suspension on the vehicle in the
terrain. This is a way how to study the wheel — soil interaction and compare sever-
al models of vehicles. The prediction of mobility and performance of the off-road
vehicle depend on realistic parameters, but the response of the simulation vehicle
is similar. The results of simulation confirm that the controlled suspension in-
creases the drawbar pull and enhances the comfort for the driver. The increase of
mobility of the vehicle depends on the controlled suspension.



16

A. Bilkovsky and Z. Sika

References

(1]
(2]

(3]
(4]

(5]

(6]

Wong, J.Y.: Theory of Groung Vehicles. John Wiley, New York (2001)

Wong, J.Y.: Terramechanics and Off-Road Vehicles. Elsevier Science Publisher, Ams-
terdam (1989)

Muro, T., O’Brien, J.: Terramechanics: land locomotion mechanics. A.A. Balkema
Publishers, Exton (2004)

Li, L., Sandu, C.: On the impact of cargo weight, vehicle parameters, and terrain cha-
racteristics on the prediction of traction for off-road vehicles. Journal of Terramechan-
ics 44(3), 221-238 (2007)

Valasek, M., Novak, M., §ika, Z., Vaculin, O.: Extended Ground-Hook - New Concept
of Semi-Active Control of Truck’s Suspension. Vehicle System Dynamics 27(5-6),
289-303 (1997)

Stejskal, V., Valasek, M.: Kinematics and dynamics of machinery. Marcel Dekker,
New York (1996)



