Advanced Structured Materials

Andreas Ochsner

Lucas F. M. da Silva
Holm Altenbach Editors

Design and Analysis
of Materials and
Engineering Structures



Advanced Structured Materials

Volume 32

Series Editors

Andreas Ochsner
Lucas F. M. da Silva
Holm Altenbach

For further volumes:
http://www.springer.com/series/8611


http://www.springer.com/series/8611

Andreas Ochsner - Lucas F. M. da Silva

Holm Altenbach
Editors

Design and Analysis
of Materials and
Engineering Structures

@ Springer



Editors

Andreas Ochsner Holm Altenbach

Department of Applied Mechanics Lehrstuhl fiir Technische Mechanik
Faculty of Mechanical Engineering Fakultit fiir Maschinenbau
University of Technology Malaysia—UTM  Universitit Magdeburg

Johor Magdeburg

Malaysia Germany

Lucas F. M. da Silva

Department of Mechanical Engineering
Faculty of Engineering

University of Porto

Porto

Portugal

ISSN 1869-8433 ISSN 1869-8441 (electronic)
ISBN 978-3-642-32294-5 ISBN 978-3-642-32295-2  (eBook)

DOI 10.1007/978-3-642-32295-2
Springer Heidelberg New York Dordrecht London

Library of Congress Control Number: 2012949076

© Springer-Verlag Berlin Heidelberg 2013

This work is subject to copyright. All rights are reserved by the Publisher, whether the whole or part of
the material is concerned, specifically the rights of translation, reprinting, reuse of illustrations,
recitation, broadcasting, reproduction on microfilms or in any other physical way, and transmission or
information storage and retrieval, electronic adaptation, computer software, or by similar or dissimilar
methodology now known or hereafter developed. Exempted from this legal reservation are brief
excerpts in connection with reviews or scholarly analysis or material supplied specifically for the
purpose of being entered and executed on a computer system, for exclusive use by the purchaser of
the work. Duplication of this publication or parts thereof is permitted only under the provisions of
the Copyright Law of the Publisher’s location, in its current version, and permission for use must always
be obtained from Springer. Permissions for use may be obtained through RightsLink at the Copyright
Clearance Center. Violations are liable to prosecution under the respective Copyright Law.

The use of general descriptive names, registered names, trademarks, service marks, etc. in this
publication does not imply, even in the absence of a specific statement, that such names are exempt
from the relevant protective laws and regulations and therefore free for general use.

While the advice and information in this book are believed to be true and accurate at the date of
publication, neither the authors nor the editors nor the publisher can accept any legal responsibility for
any errors or omissions that may be made. The publisher makes no warranty, express or implied, with
respect to the material contained herein.

Printed on acid-free paper

Springer is part of Springer Science+Business Media (www.springer.com)



Preface

Design and analysis of materials and structures is nowadays an important discipline
which enables a better and more reliable application of engineering components.
Furthermore, limits of materials and structure can be accurately determined which
may influence the design process and result, for example, in much lighter structures
than a few decades ago. Much of these advancements are connected with the
increased computer power (hardware) and the development of well-engineered
computer software. This directly influences the design and analysis process, for
instance, based on numerical simulations (e.g. finite element method) or advanced
experimental investigations with modern data acquisition and analysis tools.

The fifth international conference on advanced computational engineering and
experimenting, ACE-X 2011, was held in Algarve, Portugal, from 3-6 July, 2011
with a strong focus on computational-based and supported engineering. This con-
ference served as an excellent platform for the engineering community to meet with
each other and to exchange the latest ideas. This volume contains 12 revised and
extended research articles written by experienced researchers participating in the
conference. The book will offer the state-of-the-art of tremendous advances in
mechanical and civil engineering, ranging from automotive to dam design, trans-
mission towers up to machine design, and examples taken from the oil industry.
Well-known experts present their research on damage and fracture of material and
structures, materials modeling, and evaluation up to image processing and visual-
ization for advanced analyses and evaluation.

The organizers and editors wish to thank all the authors for their participation
and cooperation which made this volume possible. Finally, we would like to thank
the team of Springer-Verlag, especially Dr. Christoph Baumann, for the excellent
cooperation during the preparation of this volume.

June 2012 Andreas Ochsner
Lucas F. M. da Silva
Holm Altenbach
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Design of Driveline Test Bench for Noise
and Vibration Harshness Improvement
of Automotive Chassis Components
System

Kee Joo Kim, Si-Tae Won, Kyung Shik Kim, Byung-Ik Choi,
Jun-Hyub Park, Jong Han Lim, Jun Kyu Yoon, Sang Shik Kim
and Jae-Woong Lee

Abstract The test bench for handling the vibration input and output in a driveline
is presented in this contribution. In the experiment, the rear subframe and propeller
shafts and axle were composed and mounted with rubber mounts each other as a
role of vibration absorbing function. For applying the vibration input instead of the
torsional vibration effect of an engine, the shaker moved only the upper and lower
side excitation was taken. In particular, the torsional vibration due to fluctuating
forced vibration excitation across the joint in between driveline and rear subframe
was carefully examined. Accordingly, as the joint response was checked from
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experiments, the FE-simulation (finite element simulation) using FRF (frequency
response function) analysis was performed. All test results were signal processed
and validated against numerical simulations. In the present study, a new test bench
for measuring the vibration signal and simulating the vehicle chassis system is
proposed. The modal value and the mode shape of all components were analyzed
using the model to identify the important components affecting driveline noise and
vibration. It can be concluded that the simplified test bench could be well estab-
lished and be used for design guide and development of the vehicle chassis
components for the improvement of NVH (noise and vibration harshness)
problems.

1 Introduction

The major excitation caused to a vehicle system is torque fluctuation by engine
excitation. In recent years, the driveline vibration problems are emphasized due to
increased engine power and overall increased NVH (noise and vibration harshness)
refinement demand from customers. In order to detect driveline vibration issues in
an early design stage for the improvement of NVH problems, it is necessary to test
and simulate the vibration mode generated by the driveline detached from the
vehicle, which is composed of the rear subframe and propeller shafts, axle and
rubber mounts used for reducing the primary driveline vibration transmitted to the
vehicle body. In a conventional driveline test bench [1, 2], a combustion engine or
an electric motor is used for the torque input. However, these equipments are very
expensive and the unbalanced force of the engine itself can be the undesirable
noise source. In this study, therefore, a shaker was used instead of the engine
torsional vibration input because it is possible to make a low cost driveline
vibration test bench and to exclude the undesirable noise input source. In addition,
a simplified driveline test bench was proposed and evaluated.

The use of computer aided engineering (CAE) techniques, such as the finite
element method, as tools for prediction of NVH performance has become almost a
standard approach in the automotive industry [1, 2]. The appropriate use of
simulation tools can lead to a significant reduction in the number of prototypes
required to validate design alternatives and search the root causes of NVH issues
detected at prototypes. In order to reach this stage, a thorough correlation study
between experiments and simulation must be carried out. In this work, the
vibration mode of the driveline was checked from experiments and FE-simulation
for FRF (frequency response function) analysis was performed. The test results
were compared with the simulation results in order to get more advanced and
reliable CAE simulation.
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2 Experiments and Simulation Procedure

In order to evaluate the NVH characteristic due to the engine rotation and torque
variation, the rear sub-frame, propeller-shafts, rear axle and drive-shaft were
composed and mounted with rubbers. Since the propeller-shaft and drive-shaft
were rotating parts, the sensor adhesion for measuring the vibration was difficult.
For example, a special gap sensor or razor sensing system is needed for the
measurement of rotation components. For applying the vibration input instead of
the torsional vibration effect of an engine, a shaker was used as shown in Fig. 1.
Therefore, the rotational component was excluded and only the upper and lower
sides excitation due to the shaker was applied in the present study. In particular,
the vibration due to fluctuating forced vibration excitation across the joint between
the driveline and the rear sub-frame was carefully examined. A LMS Co. Pimento
equipment was used for the vibration measurement and a PCB (printed circuit
board) triaxial accelerator was used for detecting the acceleration of the excitation.

For applying the torque fluctuation instead of engine excitation, the shaker was
used with increasing frequency from 15 to 145 Hz in one step measurement.

CAE computer simulation was performed by the method of modal frequency
response function (FRF Function) using the commercial program Nastran Sol. 111.
The simulation model was composed of 110,000 numbers of solid and shell
elements. The simulated shaker speed was swept in the same type of experiment
input frequency from 15 to 145 Hz using response value at all characteristic
points. Simulated results were compared with experimentally measured results.
Figure 2 shows the test bench of the driveline of the rear chassis system. All
components were composed and mounted by rubbers coupling.

3 Results and Discussion

In order to improve the agreement between the predicted and experimental results,
the appropriate dynamic joint stiffness of the rubber components and a prediction
method of the each dynamic stiffness, which was reflected at each sweeping fre-
quency, should be well matched. In addition, the initial loads which were applied
at each component when assembling each component of the vehicle chassis system
should be known. However, the magnitude of the loads was not known and the
load values were different in the vehicle chassis system. Figure 3 shows the
driveline test bench of the rear chassis system. All components were composed
and mounted by rubber coupling.

The natural frequency and the mode shape were investigated through the modal
test of a simple sub-frame. In the simple component modal test, the sub-frame was
pending from an elastic cord with an acceleration sensor and the excitation was
applied by an impact hammer and the frequency response was achieved. The
component model of the sub-frame as shown in Fig. 4a was treated as a line path
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Drive Shaft
Point 10

p-shaft (,
Point 3 203
Shake 1
Excitation , P-Shaft ; Drive Shaft
T \.___Pmnt g Point 7 Point 9
l Point 4 P-Shaft
P-Shaft Point 5
P-Shaft  Point 2
Point 1

Fig. 1 Schematic model and measuring points of the driveline of the rear chassis system

Fig. 2 Test bench of the
driveline of the rear chassis
system

Shaker

and simplified as Fig. 4b in the present study. Figure 5 shows the simplified mode
shape and the measured natural frequency of the sub-frame. As shown in Fig. 5,
the mode shapes from mode 1 to mode 4 showed a decoupled shape and natural
frequency (Hz), respectively.

The finite element model of the sub-frame was made by using two-dimensional
shell elements and the natural frequencies were calculated by the Nastran program
(Sol. 103 normal mode analysis). Figure 6 shows the mode shape and modal
values of the sub-frame from the FE-simulation. From the comparison between
Figs. 4 and 5, the mode shapes and the natural frequencies from experiments were
in agreement with those from simulation results. Figure 7a, b show the tested and
calculated results of vibration animation of the rear chassis system at 27 Hz
acceleration. In addition, Fig. 8a, b show the tested and calculated results of
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Fig. 3 Model of driveline
test bench in rear chassis
system

Fig. 4 Example of a
simplified rear sub-frame
model. a Sub-frame model.
b Simplified sub-frame

vibration animation of the rear chassis system at 33 Hz acceleration. From these
results, when compared with experimental results, the calculated results of the
system showed reasonably good qualitative agreement.

Figure 9 shows one example of acceleration amplitude (dB) at the shaker point
from the experiment. In the case of the shaker, a 130 dB excitation was constantly
applied at Z-direction. X-direction had some noise because of equipment
limitation.
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Fig. 5 Modal analysis test
results of rear sub-frame.

a Mode 1 (59.4 Hz). b Mode
2 (126.2 Hz). ¢ Mode 3
(129.6 Hz). d Mode 4

(202.5 Hz)

Mode 1 : 59.4392 Hz, 0.08 %

2 1 126.1585 Hz, D.26 &%

3 : 128.6354 Hz, 0.30 ¥

Mode 4 : 202.5106 Hz, 0.06 ¥

Figure 10 and 11 show the synthesize representation of measured acceleration
at X-direction and Z-direction, respectively, using each points measurement of the
propeller shaft based on the shaker excitation. It was confirmed that some special
frequencies measured during the experiment had a good agreement with the cal-
culation results, contributed by the resonance. It was also suggested that if the
component has higher or lower stiffness without affecting its special resonance
frequency, it will have improved NVH characteristic.
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Fig. 6 FE analysis results of rear sub-frame a Mode 1 (60.1 Hz). b Mode 2 (124.2 Hz). ¢ Mode
3 (131.3 Hz). d Mode 4 (193.1 Hz)

Each vehicle component has natural frequencies which can be exited by an
active source creating the resonance phenomena. This means that the excitation
amplitudes are magnified at the natural frequency of the component. Therefore, it
is essential to control the interaction of the various resonances by tuning (i.e.
frequency shifting) these resonances within the driveline system for better overall
performance [3-6]. In order to tune the resonances of the driveline system, it could
be considered to change the stiffness of the component and modify the design of
the rubber insulators.

In order to improve the prediction capability of the NVH evaluations, however,
it is necessary to develop a better test method of the joint parts, considering the
rubber properties (static and dynamic stiffness) of each component. Figure 1
shows the measuring points and components name in the rear sub-frame chassis
system as previously shown.

Figure 12 shows the ODS (operating deflection shape) of the rear axle roll
mode at 66 Hz obtained by the NVH test. It was confirmed from ODS animation
that the mode shape at 66 Hz was a roll mode due to the resonance of the axle.
Therefore, it was suggested that the stiffness of axle should be higher in order to
avoid its special resonance and have an improved NVH performance. Even though
the calculated vibration result does not agree well with the measured values
quantitatively, the simulation results show that the modal value and mode shape
due to the special resonance of the chassis components are considerably similar to
the experimental results and could be characterized.

When compared with experimental results, the calculated FRF analysis of the
system showed reasonably good qualitative agreement. Further analysis showed
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(a)

(b)

Fig. 7 Vibration results of the rear chassis system at 27 Hz a test and b calculation results
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Fig. 8 Vibration results of the rear chassis system at 33 Hz a test and b calculation results
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that the modal value and mode shape simulation of each driveline single com-
ponents was quantitatively in good agreement with the experimental results.
However, the simulated results of the driveline system should be compensated by
the joint parts. The joint response by rubber insulators was the main cause of the
deviation from the test bench results of the driveline system. The reason of this
deviation due to the simulated joint response of rubber components can be
explained as follows. One thing was caused by the initial (residual) load which
occurred from assembling each rubber components for composing and insulating
the chassis system. The other was caused by unknown parameters of the dynamic
stiffness in the variable conditions of the experiment which was performed with
varying frequency from 15 to 145 Hz at one step. Therefore, it was needed to
offset this deviation by a special weight value (e.g. dynamic stiffness ratio). In
order to improve the correlation between the predicted and experimental results, a
further analysis about the prediction method of each dynamic stiffness of rubber
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Fig. 10 Rear chassis vibration results (Propeller-shaft) at acceleration (X-direction). a FE
calculation results. b Experimental results
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Fig. 11 Rear chassis vibration results (Propeller-shaft) at acceleration (Z-direction). a CAE
calculation results. b Experimental results
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Fig. 12 Operating deflection shape of the rear axle roll mode at 66 Hz

joint parts, which was reflected at each sweeping frequency, should be developed.
However, the initial load (remaining pre-load) applied to the joint part when
assembling each component of the vehicle is very difficult to be predicted.

4 Conclusion

NVH behavior of the propeller-shaft and drive-shaft by torque fluctuation can be
appropriately evaluated from a driveline test bench. When compared with
experimental results, the calculated FRF analysis of the system showed reasonably
qualitative agreement. However, the calculated results of the driveline system have
a minor deviation. This deviation could be supposed by 2 reasons from the joint
response of rubber components. One thing was caused by the initial (residual) load
which occurred from assembling each component for composing the chassis
system. The other was caused by unknown parameters of the dynamic stiffness in
the variable conditions of the experiment which was performed with sweeping
frequency from 15 to 145 Hz in one step. The NVH characteristics of the simple
driveline system, which the body and the other parts were excluded from, were
evaluated. This evaluation could contribute to the NVH improvement of the
vehicle at the early design stage.
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Abstract Nowadays, approximately 90-95 % of metals are processed by cold
rolling. There has been a substantial increase in demand for utility properties as well
as for reducing production costs. These objectives cannot be achieved without a high
degree of automation, control and monitoring throughout the manufacturing pro-
cess. These qualitative changes require rather deep and comprehensive theoretical
and metallurgical-technological knowledge of operators in the field of design,
research and production of rolled steel sheets, which is needed for further devel-
opment in rolling steel. A continuous quality control of material and surface during
the rolling process is a part of these tasks and is associated with providing the full
automation of rolling mills. Starting from theoretical foundations, we have devel-
oped a new procedure for the determination of main technology parameters of a
rolling mill. The main difference between our proposal and current methods of
calculation is as follows. Our proposal is based on the knowledge of deformation
properties of materials and continuous processes of stress-deformation state and on
the knowledge of reductions in different stages of rolling. Current procedures are on
the contrary based on static calculations using the geometry of the system—working
roll and instantaneous sheet metal thickness in a gap between the rollers. In doing so,
the calculations almost ignore the real stress—deformation properties of rolled
metal sheets, optimal transmission rate of deformation in the material at the given
speeds of rollers and the given main rolling force. We are concerned with the
optimum balanced system: main rolling force—rolling speeds, or transmission rate
of deformation in the material. This procedure allows us to achieve a significant
increase in operational performance as well as in rolling process quality.

1 Introduction

Rolling means a continuous process in the course of which the material being
formed deforms between the working rolls under conditions of prevailing all-
around pressure. The material being rolled deforms between the rolls, the height
decreases, the material elongates and simultaneously widens, and also the speed at
which the material being rolled leaves the rolling mill changes [5].

Continuous cold rolling is an important process in the metallurgical industry. Its
performance influences directly the quality of a final product. This process is a very
complicated system, including many multidisciplines, such as: computing tech-
nique, automatic control, mechanics, material engineering, and others. Any correctly
designed recovery of the system may bring a large financial gain, consisting in an
increase in performance, quality and overall business competitiveness, to a company
[1,2,3,4].

The goal of metal cold rolling process is to manufacture very high quality flat
rolled products from metals, where the high quality means that the final product
has the required geometry, including sheet flatness [6, 7, 8]. The issue of longi-
tudinal cold rolling and its influence on the topography of surface of rolled sheets
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Fig. 1 Overview of world literature in the SCIRUS database

is graphically represented in Fig. 1. It shows this issue dealt with in the world
literature in the course of last 20 years with a view to presenting the numbers of
publications in individual study areas. Research into the area of relations between
technology parameters of the rolling mill and the topography is done very rarely
owing to comprehensive complexity of solving.

2 Experimental Procedure

Low carbon steel of type PN EN 10263-2:2004 with the Young’s modulus
E,... = 126 GPa and the yield strength of 310 MPa was chosen as an initial
material for the realization of experiments. The chemical composition is given in
Table 1. Deep drawing quality steel of U.S.Steel KoSice, Ltd. production of type
KOHAL 697 with the Young’s modulus E,,,, = 186.7 GPa and the yield strength
of 390 MPa was chosen as the second material being used in experiments. Its
chemical composition is given in Table 2

Chemical analysis was performed by a glow discharge optical emission spec-
trometer LECO GDS 750.

The material investigation consisted of the metallographic analysis. The
metallographic analysis of the samples were done perpendicularly to the
longitudinal axis of the samples. For a visual observation of the samples there was
used the inverted microscope for transmitted light GX51 with the maximum
magnification of 1000x. Figure 2 shows an example of the microstructure of low
carbon steel of type PN EN 10263-2:2004.

The analysis of micro purity does not show any significant contamination by
non-metallic additives. There were observed globular-oxide-type inclusions. The
microstructure of deep-drawing steel consists of ferrite, pearlite and cementite
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Table 1 Chemical composition of the used low carbon steel PN EN 10263-2:2004

Fe C Mn Si
99.620 0.0228 0.1928 0.0117
P S Cr \'%
0.0081 0.0053 0.0209 0.0018
Cu Al Co As
0.0275 0.0562 0.0075 0.0047

Table 2 Chemical composition of the used deep-drawing steel of type KOHAL 697

Fe C Mn Si
99.5327 0.037 0.251 0.007
P S Al N,
0.007 0.007 0.051 0.0031
Cu Ni Cr As
0.021 0.009 0.014 0.001
Ti \'% Nb Mo
0.001 0.001 0.002 0.002

Fig. 2 Microstructure of low
carbon steel

(Fig. 3). A ferritic grain is polyedric, equally distributed in cross-sectional area of
the investigated material.

In contrast to the existing methods, the final condition of rolled sheet surface
topography was taken as an initial input parameter for solving. It is above all the
final roughness of sheet surface in relation to the main technology parameters,
namely the rolling force F,,;, rolling speed v,,;, reduction Ak and in relation to
sheet materials. Low carbon steel sheets and deep-drawing steel sheets produced
by longitudinal cold rolling were measured using an optical profilometer Micro-
Prof FRT. Samples were placed on a scanning table and an area of about
5 x 5 mm? size (Fig. 4) was scanned by a fixed sensor at a step of 3 um and a
frequency of 1 kHz. In this way, data on the studied surface topography were
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Fig. 3 Microstructure of deep-drawing steel
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Fig. 4 Diagram of sample 1C with 0.4 mm reduction and delimited 5 x 5 mm? measured area

acquired. By the optical profilometer, the 3D topography of surface of measured
areas was obtained.

Information on surface irregularities produced by longitudinal cold rolling for
individual reductions A#, i.e. the mean arithmetic deviation of surface profile Ra,
root mean square deviation of profile Rg and the maximum height of profile
irregularity Rz, is given in Table 3.

On the basis of data acquired from low carbon steel and deep-drawing steel, a
graph in Fig. 5 was constructed. It shows that the quality of surface of low carbon
steel sheets is higher (lower values of mean arithmetic deviation of surface profile
Ra) than that of surface of deep-drawing steel sheets.

Surface roughness is expressed implicitly as follows: Ra = f (F,oi, OFrom Vrour
n,on)- It is necessary to look for relations between technology, material and
resultant surface quality.

Using the program Gwyddion, measured areas of individual samples were
analysed. Gwyddion is a modular program for analyzing scanning probe micros-
copy (SPM) data files. Gwyddion is free and open source software, covered by
GNU General Public License. In the measured areas of 5 x 5 mm? ten equidis-
tant measuring lines at a step 0.5 mm were there. The measuring lines were
perpendicular to the direction of rolling. From each measuring line, a signal
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Table 3 Relevant standardized parameters of surface texture evaluation for individual low
carbon steel and deep-drawing steel samples

Samples from Sheet designation Ah (mm) Ra (um) Rg (um) Rz (um)

Low carbon steel 0A - 0.71 0.97 7.42
1A 0.4 0.37 0.52 3.39
2A 0.5 0.43 0.56 3.77
3A 0.6 0.21 0.28 2.05
4A 0.8 0.12 0.17 1.60

Deep-drawing steel 0C 0 1.07 1.38 6.94
1C 0.38 0.76 0.97 4.66
2C 0.96 0.73 0.94 5.12
3C 1.27 0.43 0.55 3.02
4C 1.56 0.61 0.81 4.74
5C 1.73 0.48 0.61 3.16

12 -

i Low carbon steel —#— Deep - drawing steel

Ra [pm]

Fig. 5 Graphical representation of dependence of mean arithmetic deviation of surface profile on
absolute reduction

carrying the information on the distribution of surface height fluctuations (RMS)
was obtained (Fig. 6).

The rolling force of a rolling mill DUO 210Sva (testing stand) was already in the
case of deep-drawing steel measured by metallic resistance tensometers (see Fig. 7)
mounted on this mill in the course of rolling our sheets.

The rolling force was measured at a rolling speed of 0.7 m s~ ' (see Fig. 8a) in
the case of all deep-drawing steel sheets; the rolling force ranged from 67.9 to
145.1 kN. The greater is the used reduction, the higher is the rolling force and also
the smoother is the surface of the given rolled product, as graphically represented
in Fig. 8b.
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Fig. 6 Measured areas of sample with 0.6 mm reduction in ten equidistant lines (0.5 mm
distance) from which signals representing surface irregularities were obtained

Fig. 7 Detail showing the location of tensometers on the rolling mill

In Fig. 8b a difference between the curve representing the dependence of rolling
force on reduction for low carbon steel and the curve for deep-drawing steel is
clear. This difference is given by different numbers of reductions and reduction
values that were not identical for the low carbon and deep-drawing steels (see
Table 4).

3 Analytical Processing

For a purpose of analytical processing and generalization, the authors have chosen
the concept of regression and correlation analysis. In order to determine the main
functions of rolling process there was measured a number of metallic materials
with different mechanical parameters. As a reference parameter was chosen the
modulus of elasticity and the material constant of plasticity K, (1) used in
previous works of the authors.
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b Relation between the reduction 4k and the rolling force F,,;

1012 L
Kpinar = 55— [MPa™] (1)

mat

It was found that using the index ratio (2) that is incorporated into the
regression relations for reduction in thickness, it is possible to distinguish different
materials in the process of rolling.

K ImatQ
Ly = 4 | 22292 2
kpl X, t[ ] (2)
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Table 4 Dependence of mean arithmetic deviation of surface profile on rolling force

Samples from Sheet designation Ah (mm) Ra (pm) F,,; (kN)
Low carbon steel 0A - 0.71 0
1A 0.4 0.37 65.55479
2A 0.5 0.43 72.90912
3A 0.6 0.21 82.71223
4A 0.8 0.12 90.06656
Deep-drawing steel 0C 0 1.07 0
1C 0.38 0.76 67.8861
2C 0.96 0.73 82.5948
3C 1.27 0.43 96.3955
4C 1.56 0.61 110.9628
5C 1.73 0.48 145.1399

Fee (X)

: : i
0 0.5 1 1.5 2 2
Ak [mm]

Fig. 9 Mathematical model illustrating the course of the main rolling parameters for the used
materials deep-drawing steel (material A, Ementry = 186.7 GPa) and low carbon steel
(material B, Ementry = 126 GPa)

Based on this finding, an algorithm for mathematical modeling in MATLAB
has been developed. An example of the course of basic parameters for rolling of
the material marked as “A” (low carbon steel) and material “B” (deep-drawing
steel) is shown in Fig. 9.

A set of equations for the algorithm (3) and Fig. 9 contains the following
variables for material “A” and “B”:

Osa, OB Surface tension (MPa),

Frona> Froup Rolling force (kN),

Nyolias NrollB Rotations of the rolls (rot min™"),

Vyolias VrollB Rolling speed (m min~"),

QFrollA’ QFrollB Forming factor (_)7

Ray, Rag Measured and predicted surface roughness (pm),

Ah Reduction in thickness (mm),
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Dy, Grain size (mm),

Sh Horizontal projection of the contact surface between the rolled
metal and the roll (mmz),

Iy Length of deformation (mm),

h Average value of reduction in thickness (mm),

Ahyucas AMae Maximum reduction in thickness for material A and B (mm),
D, Roll diameter,
b, Average width of rolled sheet [8, 6].

The input equations to the algorithm and their exact record (3) are given below:

Droll = 0.210; delh = 0.01:0.01:8;

EmentryA = 186700; Kplmato = 28.68873;

EmentryB = 125580; Kplmat = 10.A12/1./Ementry."2;

Ikpl = (Kplmato/ Kplmat) 20.5

Vroll = 148.0662 — 132.41266.*(delh* Ikpl) + 160.17705.*%(delh* Ikpl). 2 —
83.55556.*%(delh* Ikpl).A3;

Froll = 43.63183 + 329.16274.*(delh* Ikpl) — 413.33298.*(delh* Ikpl).*2 +
222.8675.*%(delh* Ikpl).”3;

Ra = 1.47963 — 0.534 .* (delh* Ikpl);

QFroll = 0.57873 + 2.50374.*(delh*Ikpl) — 3.00062.*(delh*Ikpl).”2 +

1.78554.*(delh* Ikpl).A3;

SIGsur = 4.66667E — 5 + 354.26751 .* (delh* Ikpl);

nroll = vroll /1./(3.14.*Droll);

Dgrc = 0.05%(0.34843 + 3.30751 .* Rarollm);

Sh = 1000*Froll/1./( Emat"0.5.*QFroll);

1d = Sh/1./bs;

hs = 1d/1./QFroll;

MATactual = 1001.

The curves of these parameters D, S, L, and hg are not plotted in Fig. 9 to
make a clear interpretation.

Figure 9 illustrates the course of rolling functions, showing a high degree of
comformity with the measured values given in Tables 1 and 4 and in Figs. 5 and 8
according to individual reductions in thickness of both materials. Using the
algorithm (3) that contains the regression equations, it is possible to get the high
degree of conformity between the measured and predicted values. The closeness of
the resulting values does not exceed 10 %. The model calculation requires to
control the rolling speed v,,; and to control the rotations of the rolls n,,;
depending on the increase in these parameters: thickness reduction A4#h;, rolling
force F,,y, surface strengthening oy, and forming factor Qp,,; while the surface
roughness values are decreasing. The surface tension curve a,,, can be considered
as a function of strengthening.
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4 Conclusion

The theoretical treatment and the basic project concerning the operational appli-
cation of optical check of mechanical parameters, especially the yield strength of a
material of cold rolled sheets, rest conceptually on basic documents and specific
operating conditions at a workplace of a specific company. Values of trace
roughness Ra are input data for worked-out algorithms. Interpretation procedures
and their results are conceived to provide not only the check values, i.e. in prin-
ciple values obtained by defectoscopy, but also to model-predict the instantaneous
mechanical condition of the material, capacity-deformation data, and others in the
whole rolling process so that they can be used in designer’s work both in the stage
of project designing the rolling parameters and in the stages of check and control
of sheet cold rolling process. Thus the algorithm, which after putting input
material data will automatically provide a comprehensive mathematical model of
the process in numeral as well as graphic form, is available for theory and practice.
The main goal of the presented solutions was to derive the equations for the
algorithm (3) according to experimental works. Looking further ahead, the authors
will make some adjustments of the algorithm for industrial multistage cold rolling
mills, what shall be followed by verification in real operating conditions. Next step
is to propose a way to use the algorithm for on-line control and automatization.
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Observation of Damage to Materials
for Educational Purposes at the BSc Level

Ivica Kuzmani¢ and Igor Vujovié

Abstract This chapter presents the results of education in the science and tech-
nology of materials at the Maritime Faculty at the BSc level. The goal is the
experimental observation of mechanical damage to materials and the impact of
such damage on the electrical properties of materials. Since small faculties cannot
afford to buy devices used in nanotechnology, the chapter introduces optical
microscopy as a cheaper way of introducing micro and nano world to students.
Experiments presented to students include the influence of corrosion and cracks on
the properties of materials. It is also shown that students preferred this way of
education to the classical lessons and seminar works. The examples of damage to
materials obtained by optical microscope are linked to the theory as an example of
the learning process.

1 Introduction

Damage to and degradation of materials play a vital role in the occurrence of
problems in the maintenance of industrial, traffic or any other technical systems.
Therefore, it is important to integrate the awareness of the problem in the educational
curriculum. Although we are primarily interested in materials used in electrical
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engineering, the chapter is also applicable to other technical areas, i.e. mechanical
engineering.

Since it is impossible for small educational environments to implement expensive
equipment [1, 2] in the educational processes at the BSc level, lecturers have to
improvise to maintain the level of knowledge