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PREFACE

The integration of Central and East European countries in the European Union is one of the most
important processes for the future of Europe. There are many barriers which have to be overcome
during this integration; one of them is the big technological gap between West European countries
and the developing countries of Middle and East Europe. International scientific, technical and
academic cooperation has to be focused on making this situation better. In the framework of the
DAAAM International we are supporting these activities by organising annual DAAAM International
Conferences on Advanced Technologies for the Developing Countries. The 1* DAAAM International
ATDC Conference was organised in 2002 by the Faculty of Mechanical Engineering, Slavonski Brod,
Croatia, whereas the 2" ATDC Conference was held in 2003 at the Faculty of Mechanical
Engineering, University of Tuzla, Bosnia and Herzegovina.

Having long term experience of organizing international scientific and academic cooperation
DAAAM International Vienna decided to give the organisation of the 3" DAAAM International
Conference on Advanced Technologies for Developing Countries to the Faculty of Electrical
Engineering, Mechanical Engineering and Naval Architecture, University of Split, Croatia.

This conference is the third one in an open cycle of conferences which will be in the future
organized yearly in the countries of Middle and East Europe. The organizers of conferences will be
organized as open permanent network of partner institutions and organisations. At the moment there
are several institutions and organisations from different countries which are strongly interested to be a
partner in this fascinating project.

The main objective of the Conference is to provide a forum for exchanging knowledge,
experience, results and information related to broad aspects of the advanced technologies and
manufacturing. The most important aim of this conference is to exchange information, initiate and
support the partnership and the cooperation between Western European countries and developing
countries of the Middle and East Europe.

The scope of the Conference covers scientific, technological and practical concepts concerning
research, development and realisation of contemporary technology and manufacturing, offering a
unique opportunity for experts to meet and exchange ideas.

We are inviting all the experts, researchers and practitioners who want to share their knowledge,
theoretical or practical experience on advanced technologies and manufacturing to join us.

We are glad to say that our colleagues and friends were very active and met this idea
enthusiastically. Their commitment and enthusiasm was one of the main driving forces in the course
of organizing this conference. Hereby we wish to thank, on behalf of the Organizing Committee and
worldwide DAAAM International community, all the authors, reviewers and members of committees,
co-organisers and sponsors for their efforts that made this conference possible and successful.

This conference is dedicated to the memory of our professor Zdenko Kordi¢ who unfortunately
passed away this year. He was highly respected for his work. As the president of the University of
Mostar (1992-1999) and as the professor at the Faculty of Electrical Engineering, Mechanical
Engineering and Naval Architecture in Split he left an indelible trace. He has been for many years
the most distinguished figure in the field of mechanical engineering and his passing will be deeply
deplored by his students, his colleagues and by all who knew him.

President of Organising Committee President of DAAAM International
of ATDC-2004 Conference Conference Chairman and Founder
Professor, Dr. Ivica Veza Professor Dr. DDr.h.c. Branko Katalinic
Split, 2004-06-23 Vienna, 2004-06-23
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ATDC 2004 Topics

The Conference includes topics from all fields of advanced technology and manufacturing,
but on the base of statements given in the abstracts we have decided to refine and revise the set of
topics. Topics of interest are included in five conference sections:

A) Product Development

B) Production Technologies and Materials
C) Information Technologies in Production
D) Quality Assurance

E) Production Management
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DESIGN OF CENTRIFUGAL TURBOPUMPS BY NUMERICAL
ANALYSIS OF ENTIRE FLOWING TRACT

S. Bali¢ and J. Duhovnik

Abstract

Method of calculation and water turbopump design in the automotive engine circulation
cooling system is defined in this work. It is based on the CAD technology application for
turbopump elements forming and for numerical grid generation, as well as on CFD technology
(based on finite volume method) for numerical analyses of the fluid circulation in the elements of
these pumps. It is intended for engineering and developing works of calculation and water
turbopump design in the automotive engine circulation cooling system, in the phase before
examination of the prototypes on the experimental equipments.

In the numerical calculations, exact calculation has been applied for the first time on the
automotive turbopumps, with rotation of impeller, using of moving grids. The final calculations are
realized on the whole flowing tract model of chosen automotive turbopump.

Method was practically applied and confirmed by results of experiments on chosen models
of automotive turbopumps.

Keywords: automotive engine water turbopump, numerical flow simulation, finite volume
method, moving grids

1. Introduction

Centrifugal turbopumps, or generally turbomachines, have complex phenomena of flow and
interaction between fluid and pump working elements, with a great number of influence factors
with different character and number of their mutual dependent influences. In respect to modern
possibilities of computer aided design, calculations and simulation (CAD, CFD, FVM, FEM, ...)
there are constant attempts to define effective procedures by which it would be possible to look at
the whole problem of turbo machines design by application of effective methods of virtual analysis,
with aim to provide useful solutions as fast and as cheap as possible. Besides that, it is expected
from the methods that deviations between obtain results and real states will not excide the level of
acceptable error.

Despite the mentioned attempts, it’s a common practice to perform CFD (Computational
Fluid Dynamics) analysis of fluid flow in the centrifugal pumps and compressors using
approximate calculations procedures with unacceptable high level of different approximations and
simplifications. It is either procedure to perform the calculation with rotation of coordinate systems
(The multiple Rotating Reference Frames (MRF) model) [6], or the calculation is being performed
on the model with one internal flow impellers channel (or on one segment of entire flow), with the
appropriate addition of impeller’s rotational movement parameters [3, 6, 8, 10].

This paper presents that CFD analysis of flow in turbopump can and should be performed in
such manner to take into consideration entire flow of fluid trough it, and that it should be done
using exact calculation, with rotation of impeller. This procedure gives closest approximation of
real state in turbopump. This procedure of calculation, on full model of fluid flow in one
turbopump, has special importance in their final design analysis, when, beside getting overview of
fluid flow, all work characteristics of turbopump model can be exactly calculated: flow Q, effort H,



general effort Ap, efficiency factor 7, resulting radial force F, and torque M, on fictive impeller,
and also appropriate O-Ap curves can be constructed.

As an experimental model, based on which virtual models were generated and numerical
calculations realized, an automotive turbo pump with an open radial impeller and cylindrical vanes
was chosen. The pump is built into motor cooling systems of some types of cargo vehicles from a
well-known automotive manufacturer. The meridian section is shown in Figure 1, and a drawing of
the impeller from the chosen pump is shown in Figure 2.
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Figure 2. Radial impeller vane shape of the

LS analyzed turbopump
) . . R . (D = 55,5 mm, D, =107 mm,
Figure 1. Meridian section of the chosen autonotive B =36°, B, = 15°)

turbopump
1. pump collector-feeder, 2. inlet port,

2. Mathematical model and numerical method

In [4] the mathematical model of transport processes that can be simulated with software
Comet is presented. It includes the mass, momentum and energy balance equations in integral form,
a space conservation law, which has to be satisfied if the problem is solved using a moving grid,
constitutive relations required for the problem closure, models of turbulence in fluid flow, and
boundary conditions.

Elements of the numerical method: diskretization principles, derivation of algebraic equation
systems, solution procedure, implementation of boundary conditions are also given in [4].

2.1 Governing equations

The water flow in a turbopump flow passage is considered viscous and turbulent. It is fully
described by the time-averaged equations of continuity and momentum conservation, which are
accompanied by the turbulence model equations. Equations are given for the control volume CV
bounded by (possibly moving) surface S in the integral form similar for all conserved properties.
They all contain local and convective rates of change on the left hand and diffusive and source
terms on the right hand side [4]. The continuity equation is:

d
E.V[pdV+£p(V—Vs)-ds=0, (1)



where p is the density of continuum, v is the fluid velocity, v, is the computational grid velocity,
and s is the outward pointing surface vector.
The momentum equation is:

%IpvdV+jpv(v—vs)-ds:IT-ds +jfde, (2)
Vv S S V

where T is the Cauchy stress tensor, and f, is the resultant body force per unit volume.
Since turbopump CFD calculations involve moving grid, the equation of space conservation
must be solved:

d dV—J.VS-ds=O. 3)
dey, <

Because the flow in the turbine is turbulent, it is difficult to resolve the equations (1) and (2)
on a small time scale. Instead, time averaging of flow variables is used, which replaces the flow

variable ¢ by its mean value ¢ and fluctuation ¢"

d(r,1) = ¢(r)+ ¢'(r,1). (4)
Using such averaged quantities in equation (2) results in Reynolds-averaged Navier-Stokes
(RANS) equations:

%jpvdmjpv(v—vs)-dszj(T—pW)-ds+jfde. (5)
14 S S Vv

The RANS equations contain term pv'v', known as Reynolds stresses. This term needs
special treatment, since it may not be expressed in terms of basic flow variables. It may be
calculated by using a turbulence model, which relays on adequate engineering assumptions. The
standard k-& model [4] was used in our case, which is well known and tested, and widely used in
engineering practice. It introduces two additional partial differential equations, which close the
system of RANS equations [4]:

di.[pde+J.pk(V_Vs) -ds = I(u+&)gradk-ds+j(P+PB —-pe)dV , (6)
tV S s Ok 14

i.[,ong+J‘pg(v—vs) -ds = J.(,u+&)grad8-ds+
drs, s s O¢ 7

2

& &£ .
+£ (CIPE - C2p7 - C3p€dlvvj dv,

where k is the kinetic energy of turbulence, ¢ is its dissipation rate and g, is the turbulent

diffusivity. The production of turbulent kinetic energy by shear P is modeled as:
e 2 . .
P=2,utDID—§(,utleV+pk)leV. (8)

The quantities: C|, Cy, C3, ok and o are empirical coefficients.

2.2 Boundary conditions

In the present study, the given equations are solved for a special case of flow in full model of
the automotive turbopump's entire flowing tract.

The pump flow passage calculation domain is bounded mainly by walls, where no-slip
boundary condition was applied. The fluid velocity in the vicinity of the wall was approximated by
using wall function [4], which assume logarithmic region in the velocity profile. Some of the walls
(contact surfaces of impeller and fluid — boundary regions [4]) move during the transient flow, with
noted velocity.



Model pump's inlet is the passage 2 shown in Figure 3, and the model's outlet is the spiral's
passage 3 shown in Figure 7. At the inlet and at the outlet the total and static pressure were
prescribed, respectively.

3.  Model of turbopump's entire flowing tract

In the design of turbopumps models certain prerequisites, mainly resulting from the character
of applied numerical method, have to be met. One of the main prerequisites is that common
geometric base (based on the results from conventional calculations and preliminary design) has to
be defined from the moment of the start of modeling, so that later, during the creation of numerical
model, all the parts of an analyzed domain could be linked together. Based on the obtained
geometrical base, it is necessary that all the activity of creating the geometric models and their
division into sections and segments are coordinated and simultaneous for all the parts of the
turbopump, i.e. the analyzed domain.

One of the automotive turbopumps specifics is the existence of the two inlet ports. Through
the first, during the period of normal operation of a warm motor, cooled water from a radiator is
drawn, while the other is operational during the period of the motor heating, when water with the
temperature lower than the working is directed around the radiator directly into the pump. There
are two turbopumps solution variants in use that provide the two inlet ports. In the first variant
(used in the analyzed pump), a fan is mounted on the pump shaft (in line: radiator-fan-pump-motor
block), preventing the possibility of water flow in direction of the impeller axis. Because of that the
function of feeding the pump with water from two sources is realized by incorporation of additional
space in front of the impeller in the pump housing. The space is surrounding the pump shaft, and
the two inlet ports are added from the lateral sides (the part 1 in Figure 1). Model of the additional
space, called a collector-feeder in internal terminology, with the two inlet ports clearly noticeable,
is shown in Figure 3.

1 In a realization of 3D numerical
analysis exact calculation procedure is
used with rotations of the impeller. In
this procedure it is necessary to form
sliding interfaces between the water in
the entrance in the impeller and in the
spiral, and the water in internal flow
impeller channels which rotates
together with the impeller. In addition,
contact areas creating the sliding
interface (flat, cylindrical, or conical)
in the numerical model, have to be the
same, i.e. they have to be aligned, and
no gaps on them are allowed. In brief,
one region cannot form sliding
interface with two ore more regions

Figure 3. Collector-feeder model with two inlet ports [4].
1) inlet from a radiator, 2) inlet from a motor

Inlet and outlet vane edges of
radial impellers can be differently shaped (Figure 4). For impellers with a chamfered inlet edge
vane and an outlet vane ending sharply in one point (as in Figure 4a), the sliding interfaces can be
easily created accordingly to the mentioned condition. However, for the impellers with vanes with
the certain width on the inlet and the outlet circumference (as in Figure 4b) additional rings need to
be created, rotating together with the impeller, in order to form the sliding interfaces. In such way,
in the model of the analyzed pump, a thin conical ring was cut off from the 3D model (Figure 5) of
the water in the impeller inlet. The ring is through the arbitrary interface connected to the water
model of the internal flow impeller channels (Figure 6) and rotates with it at the same angular
velocity. The inside conical area of the ring makes the sliding interface with the adjacent area of the
remaining part of the water in the impeller inlet.



The second sliding interface is formed on the outlet impeller circumference, where the water
from the internal impeller tracts enters into the spiral. Ring is formed in this spot with thickness
equal to the clearance between the impeller and the spiral, rotating (with the speed of the impeller)
together with the water in the internal impeller’s tracts. The external area of the ring makes a
sliding interface with the spiral area it contacts. In the analyzed automotive turbopump, the ring
was formed using internal flow impeller channels. One segment of the ring is shown in Figure 6.
External diameter of the ring in this case is equal to the impeller external diameter D;.
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Figure 4. Radial impeller of centrifugal turbopump
a) with chamfered (on inlet) and sharp edges (on outlet),
b) with certain vane width on impeller inlet and outlet

Figure 6. Modified model of internal flow impeller channel,
for analysis with rotation of fictive impeller

Figure 5. Forming of conical ring on impeller inlet model, in order to provide sliding interface

4. Grid generation and grid motion

Because of complex geometry of flow parts models trough turbopump, and need for creation
of interface between rotating and non-rotating parts of fluid, the specific type of grid generation
mentioned models was used. The grid of the analyzed automotive model's entire flowing tract, for
the analyses with rotation of the fictive impeller, is shown in Figure 7.

Numerical grid is created using hexahedron control volumes (CVs), and locally using prism
CVs.

The connection between rotating impeller flowing tracts and fixed parts of pump flowing
tract is realized by two sliding interfaces. The first, representing the connection between inlet part



of the flowing tract and the rotating impellers flowing tracts, is shown in Figure 8 with a separated
rotating ring. The second sliding interface, connecting the impeller flowing tracts and the spiral,
realized by an additional ring on the impeller outlet is shown in Figure 9.
When the flowing tract grid
3

of the analyzed pump was
2 ; .
generated, arbitrary interface [4]
was applied in several cases. Higher
quality was obtained by it, as in
case of the spiral, and in the certain
parts of the domain that was the
only way to generate H-type grid.
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Figure 7. The mesh of analysed automotive turbopump Figure 8. Grids of two impeller inlet
model's entire flowing tract subvolumes
1) motor inlet, 2) radiator inlet, 3) pump outlet 1) fixed part, 2) rotating ring

5. Results and discussion
5.1 3D-calculation of fluid flow

For realization of CFD analysis, the
exact transient calculation procedure was
used, with turbopump's impeller rotation,
based on finite-volume numerical method,
using moving grids with cells of arbitrary
topology [5, 9]. The calculation was
performed with ten iterations per step because
after the tenth iteration satisfactory accuracy
was achieved, close to assigned. Flow with
settled changes of monitored values was
achieved after 2 to 5 revolutions.

Results of performed transient analysis
with impeller rotation, on entire flow tract of
centrifugal turbopump, show that it's possible
to get simulations of working fluid's flow in
all parts of working elements of these pumps,
Figure 9. Internal flow impeller channel (with with all details needed in such analysis, and

rotating ring) and spiral grid of with precision of simulation's results will not
analysed model deviate more than + 5 % from real condition.




Based on numerical calculation results it’s possible to obtain a presentation of fluid flow’s
pressure and velocity (as well as relative velocity) distribution, values of all relevant parameters
(flow Q, effort H, general effort Ap, efficiency factor 7, resulting radial force F, and torque M, on
fictive impeller), and Q-Ap diagrams. The Q-Ap diagrams can be used to obtain data about realized
pumps design efficiency, as well for making decisions about possible needed redesign of pump
parts. Distribution of pressure and velocity in one model's part of analyzed automotive turbopump's
entire flowing tract are shown in Figure 10.
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Figure 10. Distribution of pressure and velocity in one model's part of analyzed automotive
turbopump's entire flowing tract
a) distribution of pressure p, b) distribution of velocity v
5.2 Comparison of the numerical and experimental results

To confirm results of numerical analysis in practice, the results of performed experimental
tests on experimental assembly have been used. Comparative Q-Ap curves of analyzed turbopump
and its numerical model have been constructed (Figure 11), and they show satisfactory level of
accordance. Curve a) was obtained by experiment results (for experiment at # = 3000 min™).
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Figure 11. Q-Ap curves of the analyzed automotive turbopump at n = 3000 min™
a) based on the experiment results,
b) based on results from the numerical calculations




Average values from numerous measurements on the same pump were used. Curve b) is
result of numerical calculations, carried out on the analyzed pump model, using exact calculation
procedure with fictive impeller rotation, at the same angular velocity. The values obtained by
numerical models are around 10% larger that the experimental one for the same general effort
levels Ap. A cause of this is that losses on connection nipples were not taken into account. When
these losses are included, the mentioned difference comes to about 5%.

6. Conclusion

Using CFD analysis in flow calculation of entire flowing tract of centrifugal turbopumps, in
a manner suggested in this paper, can be successfully included in their calculation procedure and
design, because they enable flow simulations of high degree of coincidence with real condition.
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THE INFLUENCE OF THE GEARS GEOMETRY ON VALUE OF THE
FORCE ACTING ON TOOTH OF HCR GEARS

R. Basan, B. Krizan and M. Franulovi¢

Abstract

High transverse contact ratio gears (abbr. HCR gears) are non-standard spur gears with a
transverse contact ratio 2<g,<3. This paper deals with the influence of various geometrical parameters
such as pressure angle, tooth height, teeth number, transmission ratio, addendum modification
coefficients sum and its distribution on the value of force acting on teeth pair in the relevant contact
point. The influence of these parameters on mentioned force calculated according to the theoretical
load distribution was determined. The analysis resulted with diagrams and analytical expressions
which quantify the dependence of the relevant tooth force on the geometry of HCR gears.

Keywords: gears, high contact ratio, theoretical load distribution

1. Introduction

High transverse contact ratio (HCR) gears are non-standard involutes gears with a value of
transverse contact ratio &, between 2 and 3. This is achieved mainly by decreasing the value of normal
pressure angle o, and/or increasing the tooth height 4. Most important feature of these gears is that
they have double and triple teeth pairs contact alternatively during the mesh. On the other hand, during
the mesh of low contact ratio gears (abbr. LCR gears), one and two teeth pairs are alternatively
engaged, and consequently, loaded more heavily. Because of this, HCR gears have higher load
capability and enable more uniform torque transmission than LCR gears which grants them increased
use in vehicles and in other industrial applications. In comparison with LCR gears, HCR gears have
following drawbacks: worse tribological characteristics, diminished scoring resistance and higher
required accuracy during manufacture. However, all of these nominal drawbacks can be either
neutralized or minimized so advantages of HCR gears over LCR gears remain significant and their
increased use justified.

2. Load distribution on teeth pairs in mesh

Tooth load changes during the mesh of corresponding teeth pair. This tooth load i.e. force acting
on the tooth during the mesh has different values along the path of contact. A change of the tooth load
can be described with various load distributions on teeth pair in mesh. According to the hypothetical
load distribution — represented with dashed line in diagram in Fig. 1, it is assumed that every tooth of
accurately machined and absolutely rigid HCR gear pair is loaded only with 1/2 and 1/3 of total normal
force Fy alternatively. This approach is much simplified and generally inadequate for gearing analysis.

Real gear and its teeth are not absolutely rigid but somewhat elastic and when more accurate
calculations are required this fact can not be neglected. This is taken into account in theoretical load
distribution where determination of the tooth load is then based on tooth real elastic deformations o,
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corresponding tooth stiffness’s ¢’ and their change during the mesh.
On diagram in Fig. 1 load shares Fy; of total tooth normal force Fy along the path of contact
calculated according to the theoretical load distribution are represented with a continuous line.

0.7

0.6
Fbt(F,B)

Fu 05

0.4 1

0.3 1

0.2 1

A B D E F G path of contact
Figure 1. Example of load distributions on path of contact of HCR gear:
— = = - hypothetical load distribution, - theoretical load distribution

The information on the value of tooth load is necessary in order to calculate levels of tooth root
stresses of contacting teeth pairs. Various methods are developed to determine mentioned stresses and
they also use different values of force which is acting on tooth during the mesh. Widely used
procedures for calculation of tooth root stresses are defined in corresponding standards [3] and [4]. In
them, following expression for the calculation of tooth root stresses in pinion and wheel of HCR-gear
pair is used:

F
OFo1.2 =W'YFS(D,E) (1)

where £} is the total tangential force and Yrspr) denotes the value of the tip factor calculated for teeth
contact in point D for the pinion and E for the wheel.

The analysis given in [5] has revealed that levels of stress in tooth root of HCR gears calculated
according to (1) are significantly higher than actual ones. So a modification was suggested in the form
of following expression:

— O’Sth Y
OFo12 = m FS(F,B) ()

where F; is the total tangential force and Yrsep) denotes maximum value of tip factor calculated for
teeth contact in point F for the pinion and B for the wheel [1].

3. Influence of HCR gears geometry on force acting on tooth in mesh

In expression (2), 1/2 of total tangential force is used as a fixed value for calculations of tooth
root stresses regardless of gears geometry. In diagrams of theoretical load distribution for different
HCR gears it can be seen that the load in contact points F and B on pinion and wheel respectively, is
not equal to 0,5F; as suggested in expression (2). Although expression (2) gives more accurate results
than expression (1), further improvements in accuracy of analytical determination of tooth root stresses
in HCR gears are possible. The analysis of large number of HCR gears was performed in order to
determine influence of gears geometry on relevant force acting on tooth in mesh. According to [5],
forces acting on tooth flanks in meshing points F for pinion and B for wheel were analyzed. Using own
software solution, values of following geometrical parameters were varied within listed limits in order
to determine their influence on relevant tooth force value Fir p):
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normal pressure angle o, = 16°...18°...24° bottom clearance factor ¢'1=0,1..02...0,4

tooth addendum factor 7, = 1...1.6...1,8 bottom clearance factor ¢>=0,1..02...0,4
pinion teeth number  z; =25...30...45 add. modification coeff. x1=0...04...1
transmission ratio u=1.4..8 add. modification coeff. sum  Xx=0...1,0...1,5
normal module m,=1...5..20

While the value of certain parameter was changed throughout respective range, the values of
other parameters were kept constant and equal to underlined values. Only resulting gearings with
transverse contact ratio &,>2 were considered. Altogether, values of tangential force share Fy; acting on
meshing points F and B along path of contact for pinion and wheel were calculated for 320 HCR gear
pairs. Using this data, diagrams which describe influence of geometrical parameters on value Fiyg py/Fi
were then created and shown on Fig. 2 to Fig. 10.
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Figure 2. Influence of normal pressure angle o, on load share acting on
point F on pinion i.e. point B on wheel along the path of contact
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Figure 3. Influence of tooth addendum factor /,," on load share acting on point F
on pinion i.e. point B on wheel along the path of contact
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Figure 4. Influence of pinion teeth number z; on load share acting on point F
on pinion i.e. point B on wheel along the path of contact
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Figure 5. Influence of transmission ratio # on load share acting on point F
on pinion i.e. point B on wheel along the path of contact
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Figure 6. Influence of normal module m, on load share acting on point F
on pinion i.e. point B on wheel along the path of contact
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Figure 7. Influence of bottom clearance factor ¢'; on load share acting on point F
on pinion i.e. point B on wheel along the path of contact
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Figure 8. Influence of bottom clearance factor c*, on load share acting on point F
on pinion i.e. point B on wheel along the path of contact
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Figure 9. Influence of addendum modification coefficient x; on load share acting
on point F on pinion i.e. point B on wheel along the path of contact
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Figure 10. Influence of add. modification coefficient sum Xx on load share acting
on point F on pinion i.e. point B on wheel along the path of contact

4. Analytical expressions for calculation of force acting on tooth

Further analysis of calculated data and diagrams confirmed that every geometrical parameter
influences the load share Fiyrpy/Fp independently from other parameters. Thus, precise influence of
every parameter was quantified in the practical form of respective auxiliary factor. These factors
present basis for analytical calculation of tangential force Fygp) acting on meshing points F and B on

tooth flanks of pinion and wheel respectively:
E(F,B) = 0’5 F; Can Chaoczl Cucmn Ccl Ccl CExCxl
where F\ is the total tangential force and

C, =-1,645a, +1,308

C,., =0.354(h,)* —0,54h,,+0,957
C, =—0,0002(z,)* +0,0202z, +0,573
C, =0,1278In(u) + 0,812

C,, =0,977m, %

n

C, =-0,6038¢, +1,1242
C,, =-0,0827c, +1,0156
Cy, =—0,15x +1,1

C, =—0,051x} —0,007x, +1,0124

are auxiliary factors for respective geometrical parameters.
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Accuracy of expressions (3) to (11) was tested and verified on additional 120 different HCR gear
pairs. In some examples, calculated values of tangential force Fyrp) were less than 0,4F, which is a
difference and accuracy improvement of more than 20% in comparison to the fixed value 0,5F} used in
expression (2) given in [5].

5. Conclusion

The actual load distribution along the path of contact of HCR gears and its calculation is
complex task so standards and various guidelines for load and tooth root stress calculations tend to
simplify it. These approximations introduce errors into calculations, which, although being beneficial
regarding safety, should be minimized. In this paper, analytical expressions for calculation of
tangential force Fypp) acting on meshing points F and B on tooth flanks of pinion and wheel,
respectively, are provided. Since they are based on theoretical load distribution, dependence of relevant
tangential force Fyrp, on HCR spur gears geometry is accurately defined. These expressions present a
simple and adequate method for an analytical calculation of relevant tooth force in HCR spur gears and
offer significantly better accuracy than standard procedures when used for an analytical determination
of tooth root stresses.
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“CROCKA” GRID STRUCTURES — NEW APPLICATIONS
B. Cali¢

Abstract

Based on Space Joint Patent Application several space joint types were developed and
implemented in various grid structures.

Application of bigger cube space joint type was realized in different fields. In this paper
newest grid structures applications are described: Large TV Suspension Bridge; Large Tie Node
Grid Structure and Tie Node Grid Structures Support Structure.

Keywords: grid structures, space joint, “CROCKA” building system, suspension bridge,
node, rod

1. Introduction

Basically an asymmetrically space joint was registered, developed and implemented in
various fields, [1], [2]. Requirements for bigger as well as stronger grid structures results in new
space joint solutions. These requirements are solving with symmetrical space joint body obtained
by mirroring procedure. New dismantling joint types enable higher grid structures loads support.

2. Space joint body solutions

The basic space joint body is of cubical shape with up to 12 guiding cylindrical holes. Space
joint body represents the main part (bearing part) of the grid node fastening structure. Holes within
space joint body enables placing of the fastening means (screws, bolts). There are several space
joint body geometry solutions.

First space joint body solution (80 mm) is realized with eight (8) 35 mm polyamide
asymmetrical cubes (four left-handed cubes and four right-handed cubes) are used to keep twelve
(12) stainless steel screws guiding tubes (®14 x 2 mm), Fig. 1.

Figure 1. Space joint body - Hybrid type Figure 2. Space joint body — Standard type

17



Space joint body often used is shown on Fig. 2. There are 12 holes of the same diameter as
the steel tubes inner diameter shown on the Fig. 1. Distance between holes axis are the same as on
Fig. 1.

Fig. 3 shows space joint body with all guiding holes opened by side. This type of space joint
body is very useful for light grid structures where structure is not exposed to bigger loads.

The space joint shown on the Fig. 4 is similar to that shown on the Fig. 3 but with just half of
guiding holes opened by side.

Figure 3. Space joint body — All holes opened Figure 4. Space joint body - Half holes opened

On the Fig. 5 the standard space joint solution is shown. This joint enables fastening of up to
6 rods in the grid structure nodes. Fig. 5 shows joint which consists of: space joint bearing body, 3
flanged tubes, 3 blend flanges, and 12 fastening screws.

Figure 5. Space joint — Node structure solution
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3.  2-D and 3-D modulus examples

In this paragraph a typical 2-D and 3-D linear modules are shown.
2-D linear modulus consist of: 4 cubes with corresponding blind flanges, screws and nuts; 2
longitudinal flanged tube rods; 2 transverse flanged tube rods; 4 inclined tube rods.

Figure 6. 2-D grid structure modulus

3-D linear 4 m modulus are formed from 2 2-D linear modulus with welded inclined tubes, 2
additional transverse rods and corresponding additional inclined rods with flanges by ends.
Mounting procedure is as follows: 2-D linear modules with welded inclined rods are connected
with additional 4 transfers flanged rods; 8 inclined flanged rods are connected to longitudinal
flanged rods.

Figure 7. 3-D 4 m linear modulus

4. New grid structures applications

New grid structures shown in this article are based on the 2-D, and 3-D grid structures
modules, and in some cases additional flanged rods, as well as additional space joint components.
A first grid structure shows the stage support structures. Second grid structure application relates to
light grid support structure that could be used in various fields, Fig. 8. Third example of new grid
structure application, Fig. 9, shows 18 m high TV suspension bridge realized in Kraljevica, June-
September 2003. All grid structures used in Kraljevica were used in the world largest tie - “Tie
around Arena” realized in October 2003.
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Figure 8. Stage support grid structure

An example of stage support structure is shown, Fig. 8. All grid structure segments are of
standard dimensions (space joint body-cube, screws and nuts, flanged rods). In case of non-
standard stage heights, is required, support grid structure has to be redesigned. Redesign could
include, if necessary, corrections flanged rods dimensions, as well as space joint body length
corrections. In some cases the screw material and diameter has to be corrected to.

An example of store building support grid structure is shown on Fig. 9.

Suspension TV bridge realized last year in Kraljevica, Croatia, is shown on Fig. 10. Whole
bridge main and auxiliary parts were constructed from “CROCKA” 2-D and 3-D components.
Bridge main dimensions were: suspension bridge span was 24 m, bridge supports was 18 m in
hight. Both suspension bridge and TV lights support structures was ensured by means of concrete
blocks and by means of steel ropes.

All grid structures used in Kraljevica was moved to Pula in October 2003. In Pula very large
grid structures were prepared. Tie node support grid structure was 18 m and 10 m wide. Tie node
was of very large dimensions: 16.5 m x 15 m x 3.5 m. On www.academia-cravatica.hr the world
biggest tie — Tie around Arena is shown.

On the base of realized grid structures, Fig. 8-10, various similar grid structures could be
designed.
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5. Conclusions

The space joints used in new grid structures applications are of cubical body shape.

All until now used space joint body used are of 80 mm cube shape.

Grid structures modules used was of 1 m, 2 m and 4 m in length, and of square cross-section.

By using the standard 2-D and 3-D structures various 3-D grid structures could be designed
and built.

When grid structures components are prepared in good tolerances mounting and dismounting
procedures are simple, accurate and fast.

For grid structures exposed to the bigger forces and moments corresponding design
calculation has to be done in order to be real structure components accepted.

Space joint bodies used in described structures were mainly prepared from hybrid type, and
in some cases from one wooden part.
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DIFFERENCIES BETWEEN NEW PRODUCT DEVELOPMENT
SUCCESS FACTORS IN SMEs

J. Hirvela, 1. Fecikova and T. Kekéle

Abstract

Dan Steinbock [6] has identified Nokia's success factors and survival strategies since year
1865 that have been repeated during the history. Those factors are continuous concentrated on
innovation and growth, mastering the whole value chain (operations, product development,
marketing, sales and service), working on global markets (instead of domestic), and listening to the
customer. Product development is very often the central part of strategy within the company that
focuses on customer.

Managing new product development (NPD) depends on balancing efforts toward four key
objectives: market introduction date, product's unit recurring cost, product performance and
development project expense. When we have knowledge about the success factors of NPD in small
& medium size enterprises (SMEs), it should be possible to improve the control of NPD processes.
Why should we control a new product development process? "There is only one reason to control a
development process, which is the influence of economic performance." [5]

This paper is focused on: what kind of strategies and success factors could we find in low
amount of companies research, in small and medium size enterprises, especially in the field of their
new product development processes. Empirical data have been collected in two different countries,
in Finland (University of Vaasa) and in Slovakia (Technical University of Kosice) by students of
each university. Results from the case interviews related to new product development success
factors were analysed with the analytic hierarchy process (AHP).

Keywords: New Product Development, Analytic Hierarchy Process and Success factor.

1. Introduction

Mobile communication business has been an enormous success in the world and especially
in Finland during last years. According to fact that Finland nowadays has also several other
successful and innovative software companies and electronics manufacturers, it's quite amazing
how few researches and studies have been done in the field of New Product Development (NPD).
Perhaps this area is difficult to study, e.g. because NPD is in many cases the real core competence
of a company [4].

To open up this situation, authors have wanted to know more about NPD with this study.
How NPD is different in different companies, e.g. between software companies and electronic
equipment manufacturers? Is NPD different for main constructor companies than for sub-
constructor companies? What are the NPD success factors of SMEs?

In his book of Nokia, Dan Steinbock [6] has identified the success factors and survival
strategies of this Finnish company since 1865. Nokia's success seems to be based on continuous
concentration on innovation and growth, mastering the whole value chain (operations, product
development, marketing, sales and service), working on global markets (instead of only domestic)
and listening to the customer. Nowadays Nokia's "devices" are supplied to the customers, as they
could call it, through "Demand Supply Network".
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Product development is often the key part of strategy within the company that focuses on
customers. Managing NPD can be balancing efforts toward different types of key objectives. Those
can be e.g. development project expense, market introduction date, product performance and
product's unit recurring cost. Quality of those all objectives should also always be remembered.
When we know more about the NPD success factors in SMEs, it should be possible to improve the
control of NPD processes. The only reason why we then should control a development process is to
try to influence the economic performance of the process. [5] It's possible to measure the success of
NPD e.g. with the increased sales, profitability and value of the stocks.

There are many factors in a NPD project that can affect if the project will be a success or a
failure. According to some previous research a close co-operation with customers and right timing
have been the most important success factors of NPD projects. For example insufficient testing
equipment have been the main reason for some NPD project failures [1].

In this study the researchers have wanted to find out what kind of strategies and success
factors it's possible to find in small and medium size enterprises and especially in the field of new
product development. Product, as we understand it, is more than just a physical product or a thing.
It can also be a service, system or a functional entity. Brand, guarantees, image, maintenance or
warranties affect significantly to the product's value on the markets. [3]

2.  About empirical data

Empirical data for this study have been collected mainly during university courses in
University of Vaasa in Finland and in Technical University of Kosice in Slovakia. During these
courses several groups of students become acquainted with NPD in practice and in the same time
they also learned about research methods in the field of Industrial Management. University students
got an interviewing questionnaire [2] including questions for comparing and surveying success
factors of new product development. This questionnaire is based on a simplified solution of the
analytic hierarchy process (AHP). [7] By interviewing product development experts in SME case
companies with this questionnaire it was possible to find out what kind of NPD factors affect on
the success of a SMEs products.

During making these interviews in case companies, university students did have an excellent
opportunity to become familiar with the small or medium sized company and it's products. They
also saw how NPD is done in practice. During case company visits students could also make
observations of the employees, facilities and organisation culture. From the experts' answers to our
questionnaire and of the case company visit information students made reports of their small
studies. This all is an important part of our teaching (or better learning) method we called research
based learning (RBL).

Most of the empirical data for this study is from Finland. Finland is a country of about 5
million inhabitants in the northern part of Europe and today a member of EU. The neighbouring
countries are Sweden, Norway, Estonia, and Russia. Before 1945, Finland was an agricultural
country with a narrow industrial sector exporting only the wood-processing products. Within the
wood industry, the main industries today are the metal industry, chemicals, textiles, and
construction. Some high-technology fields, e.g. telecommunications equipment, of which Nokia is
the greatest company example, have also made an enormous growth. SMEs are the most important
companies for the industry in Finland. Finland's most important trading partners are Germany,
Sweden, Great Britain, the United States, and Russia.

For comparison there is added some empirical data from Slovakia too. Slovakia is a country
of about 5,4 million inhabitants in the eastern part of Europe and will be a member of EU this year
2004.. The neighbouring countries are Czech Republic, Poland, Austria, Hungary and Ukraine.
Before 1993, Slovakia was a part of Tschekoslovakia, after that The Slovak Republic. The main
industries today are the metal industry, electric energy, gas, coke, oil, rubber products and
agriculture. Slovakia has been called the world's next Hong Kong or Ireland, because it's a small
place that is an economic powerhouse with well educated and higly skilled workforce. Slovakia's
most important trading partners are both old and new EU countries like Germany, Austria, Czech
Republic and Poland.
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3.  Results of this study

In Figure 1 two typical results of this study is presented with radar diagrams. Most of the
cases in this study are more people oriented modern companies like e.g. in Figure 1 Case 16. Many
of the cases are still significantly more product oriented companies e.g. in Figure 1 Case 15. [4]

Case 15 Case 16
Strate Strategy
0.6 o 0.6

4 4

2
Special skills Product Special skills ¥ Product

Process Process

Figure 1. Radar diagrams of two typical results in this study

Following are the results of this study. Totally 39 expert interviews have been done for this
study. Expert's answers to the questionnaire have been analysed with 'Expert Choice'-software. In
Table 4 are the results from Slovakia (12 cases) and from Finland (27 cases). According to
interviewed 39 expert's opinions e.g. 36 % of them thinks that the "Special skills" are the most
important factor of NPD for the success of products in their company.

Table 1. The most important NPD success factors

1 The most important factors of NPD

for the success of products in your company: Slovakia Finland All results
1.1 Special skills 33% 37 % 36 %

1.2 Characteristics / Properties of the product 33 % 26 % 28 %

1.3 Strategic definition of NPD 25% 29 % 28 %

1.4 NPD process 9% 8 % 8 %

1.1 Special skills

1.1.1 People, organisation, work teams, work groups 67 % 63 % 64 %

1.1.2 Business processes (core, product and delivery processes) 25 % 26 % 26 %

1.1.3 Information systems, IT solutions 8 % 4% 5%

1.1.4 Technology, equipment, internal infrastructure 0% 7 % 5%

1.2 Characteristics / Properties of the product

1.2.1 Technical performance of the new product 50 % 22 % 31 %
1.2.2 Product unit manufacturing costs 17 % 33 % 28 %
1.2.3 Time-to-market of the new product 17 % 30 % 26 %
1.2.4 Design of the product and marketing 16 % 15% 15%
1.3 Strategic definition of NPD

1.3.1 Investing in developing different product versions 42 % 33% 36 %
1.3.2 Investing in developing break-through technologies 50 % 27 % 33%
1.3.3 Investing in developing product platforms / families 0% 33 % 23 %
1.3.4 Investing in basic research 8 % 7% 8%
1.4 New product development process

1.4.1 Studying customer needs 42 % 52% 49 %
1.4.2 Testing manufacturability of the new product 26 % 11 % 15%
1.4.3 Product prototype and testing performance 8 % 15 % 13%
1.4.4 Developing stage of ideas 8 % 11 % 10 %
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1.4.5 Developing stage of product concept 8 % 7 % 8 %
1.4.6 Market research 8 % 4% 5%

4. Conclusions

To improve NPD productivity in SMEs we should first know what are the success factors of
NPD. According to this study 'Special skills' are the most important new product development
success factors. People (employees) working in the company, organisation (e.g. how the works are
organised) and work teams/groups are the most important success factors for new product
development for a company. Most of SME case companies interviewed for this study seems to be
not product-oriented, but more people-oriented modern companies.

There are still companies, especially sub-constructors for larger corporations, that are more
product-oriented and the most important NPD success factor for them are the properties of their
product. The larger the company is the more important success factor is the strategic definition of
NPD. Characteristics and properties of the products are more important success factors of NPD for
Slovak companies than for Finnish SMEs. Especially the technical performance of the new product
is an important success factor in Slovakia. In Finland product unit manufacturing costs and time to
market are more important success factors for a new product. Developing product versions and
break-through technologies is strategically more important for Slovak companies than for Finnish.
Product platform thinking is strategically more important again for Finnish companies. According
the observations during this study also e.g. many software companies have invested in employees
and their knowledge. According the same observations hardware companies have focused more to
develop and manufacture competitive products.

To improve NPD success in SMEs it seems to be most important to invest in people and their
continuous education. Organising the jobs well and taking care of that teams are working well
increases the possibilities of NPD success. Developing the own products, whatever those then are,
and keeping them up to date is another path to a successful future.

Results of this study have been very educational and useful and the results will be used
within continuous research in the field of NPD. Good results of this study make also possible the
further development of the new teaching method for universities called research based learning
(RBL).
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OF THE DESIGN PARAMETERES OF CHAIR

Z. Ivandi¢, T. Ergi¢ and M. Kljajin

Abstract

The weight of the human body transfers by sitting over bones and surrounded soft tissue on
the chair and vice versa. Design of the chair suitable for the human body from the ergonomic point
of view becomes necessary. Research was done at several workplaces with five different shapes of
seats. Testing sample included 37 male and 33 female participants who work while sitting down.
Their anthropometrical characteristics were measured: height, weight, sitting pressure, hip and
chest circumference, and body posture while working. Seat characteristics were also analysed,
including: seat dimensions (width, length), seat shape, seat inclination, seat hardness. The main
goal of this research was to determine, out of available chair, which design parameters of chair is
more important and must be acceptable into the design process. The paper uses an original model
for decision making seating parameters when selecting an acceptable chair. Multiple attribute
decision-making model give to the aim for the design of chair.

Keywords: selection the chair, design parameters, decision-making, evaluation, graph
theory

1. Introduction

Humans are designed for walking, not sitting. Sitting involves a seat of very complex actions.
All actions are affected by great number of influence factors, which will involve few main sitting
aspects, such as: biomechanical, anthropometry, and discomfort. These influence factors are
investigated at several workplaces. The work is done by writing on computers or reading on office
desk. Testing sample included 37 male and 33 female participants who work while sitting down.
Participants were of different age groups and gender. Their anthropometrical characteristics were
measured: height, weight, sitting pressure, hip and chest circumference, and body posture while
working. Seat characteristics were also analysed, including: seat dimensions (width, length), seat
shape, seat inclination and seat hardness. The main goal of this research was to determine, out of
available seats, which seat is acceptable for the given group of participants based on comfort
(pressure magnitude and distribution while sitting). The interaction between particular influence
factors was performed by application of hierarchic model.

2. Biomechanical aspects of sitting
2.1 Disk Pressure

When the spine is in the normal erect position, relatively even pressures are distributed over
the discs. When moving from a standing to an unsupported sitting position, all radiographic studies
confirm that the pelvis rotates backwards and the lumbar spine flattens when sitting. It causes
irregular loading of spine. Disc pressure was found to be 35% lower when standing than when
sitting. However when the lumbar spine curvature is reduced, flattened, or reversed, shear forces
are produced. The lumbar disc tends to protrude posteriorly, applying pressure on the ligaments,
and thus giving rise to lower back pains. Many authors have discovered that this can be corrected
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(prevented) with well-designed support. An increase in the backrest inclination resulted in less disc
pressure as more weight was transferred to the backrest. Use of lumbar support not only transfers
some portion of the weight to the support but also changes the posture of lumbar spine towards its
natural standing posture (lordosis), reducing the deformation, and hence reducing disc pressure.
Slope of sitting plane affects on degree of rotation of pelvis.

2.2 Sitting Pressure

As a result of sitting redistribution of pressure and pressure amount on contact surfaces
occurs. Maximal pressure can occur under thigh (Reg. femoris dorsalis) or sitting bones (Tubera
ossis ischii). Amount and distribution of pressure are important because different parts of body
cannot tolerate the same amount of pressure. Pressure under thigh bones causes lowering of body
circulation and therewith leg shuddering. Highest amount of pressure is tolerated in area of sitting
bones.

Figure 2. Force analysis by sitting in chairs with inclined back
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Higher value of pressure under sitting bones (in underweight people) causes obstruction of
circulation and metabolism, and the consequence is decrease or stoppage in oxygen delivery to
body cells. Presence of shear forces on contact area dramatically makes worse phenomena
mentioned before [1] (Goossens, 2000). Biomechanical models show that sitting plane has to be
sloped for angle a to eliminate shear forces. When the sitting plane is sloped but without leaning
shear forces occurs also. Comparing of resultant force Fr by vertical and inclined back of chair, it
can be noted that resultant force Fy is less by inclined back and with this normal component Fy and
shear component Fr of total force. Therefore, the angle between horizontal and vertical sitting
plane should be between 90 — 100° by chairs with leaned back.

3. Anthropometry in seat design

Although body dimensions are not sufficient data for the design of seats, it is obvious that
they are essential.

3.1 Third order headings

One can conclude from this picture that individual position drastically influences the
measurement results. If the sitting plane is so low that legs may touch the ground, the greatest
pressures appear under Tuber ossis ischii. Here the region below the thigh is unloaded what is the
case also by sitting on the leading part of the seat. If the sitting plane is too high and feet don’t
touch the ground, the pressure is transferred through the large field under thighs and maximal
pressure appears on the edge under knee (popliteal). The popliteal height, the vertical height from
the foot to the angle at the underside of the knee, should be taken under consideration when
designing the seat height. In general the optimal seat height is close to popliteal height. Where this
cannot be achieved, a seat, which is too low, is preferable to one, which is too high [2].

3.2 Seat Depth

When the internal depth of a seat, the buttock — popliteal length, i.e. the horizontal distance
from the back of the uncompressed buttocks to the underside angle at the back of the knee, should
be considered. If this length were shorter than the seat pan the seat would be uncomfortable at the
soft posterior part of the knee, hindering the blood supply. The person would try to shift forward
and lose proper backrest support. If the length were too short the thighs would not be properly
supported.

3.3 Seat Width

Clearance between the armrests must be adequate for the largest user. The hip breadth
measurement is bigger in females as compared to males, which should be considered while
designing seats.

3.4 Backrest

The higher the backrest the more effective it is to support the weight of the trunk. In case of
seats where the mobility of the shoulders is of greater importance a medium level backrest can be
used. A medium backrest would give support up to the shoulders. As discussed earlier backrest
inclination has the greatest effect on muscle activity, it decreases in the spinal region with an
increase in backrest angle. The lowest muscle activity was recorded (Hosea 1986) at a 120 degree
backrest angle. However, this will drive the buttocks forward

3.5 Characteristics of Human

Individual characteristics of human affects on amount and distribution of pressure during
sitting. Characteristics of whole population are measured on specially designed chair. Some
characteristics of samples are given in the tables 1 and 2. Sport type of constitution with larger
muscle mass produces also larger pressures, but smaller than very thin constitution. Thick persons
have the smallest pressure variation. Extra thick persons (especially older woman) have the same
pressures that are a little bit changed with different sitting conditions. Thin individuals have smaller
areas under thigh bones and front edges are displaced toward Tuber ossis ischii.
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Table 1. Statistical values of measured parameters for male

Age h m m Pmax Pave A
years cm kg 2 kPa kPa cm?
Average value 35,5 180,3 82,1 25,29 42,88 17,85 452
Standard deviation 15 6,63 13,6 411 1,58 2,416 89
Minimal value 18 170 61 16,92 31 14,06 284
Maximal value 58 196 118 34,94 59,5 22,45 607

Table 2. Statistical values of measured parameters for female
Age h m m Pmax Pave A

years cm kg e kPa kPa cm’

Average value 31,6 165,6 66,1 24,15 36,7 12,1 546
Standard deviation 11,3 7,21 14,2 5,28 7,30 2,37 176
Minimal value 19 148 49 17,86 26 8,34 337
Maximal value 54 179 120,2 42,59 55,5 19,5 1215

4. Seat Comfort Evaluation

Concept of comfortable sitting was related to seat softness, but seat softness does not
guarantee comfortable sitting. Measurement of comfortable sitting is distribution and amount of
specific pressure on contact surface of sitting human and amount of angle of rotation of pelvis and
lumbar part of spine also. Discomfort is a subjective experience, which can result from a
combination of physiological and psychological processes, time on task and muscle fatigue.
Estimation of such discomfort requires physiological measurements because it appears to provide

an objective corollary of subjective experience (Lueder, 1983)

4.1 Evaluation model with Potential Method (PM)

All parameters, which have influence on the chair design, are grouped on the different levels

of hierarchic structure.
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Figure 3. The hierarchical model used for evaluation
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Hierarchic structure of evaluation model (Fig. 3) is given with finite levels number [3,4]:
H, Vi=l..,mn_ =6 (N

In that case, the evaluation model every hierarchic level of analysed parameters presents by
one graph, using the potential method - PM [5,6]:

G =(V.R)Vi=1,..n 2)

Evaluation procedure, described by mathematical formalisms, is determining the complete
and unique hierarchic structure of model for#, —>n=6.

Table 3. Numerical values of evaluation model via potential method

The grade of influence parameters to chair design
Results of ranking procedure:
Showing weights: Verbose = weight + potential + all levels
Nodes: The grade parameters influences to chair design 1.000 (X =0.00)
Level: GROUPS ( Norm= 1.000 )
Comp_1 Weight=1.000 Invinc=0.108 ( Angle=6.15 deg )
Nodes: BIOMECHANICAL 0.828 (X =2.33), ANTROPHOMETRICAL 0.130 (X =-0.33)
PSIHOLOGICAL 0.041 (X=-2.00)
Level: SUBGROUPS ( Norm= 1.000 )
Comp_1 Weight=0.828 Invinc=0.000 ( Angle=0.00 deg )
Nodes: C11 0.076 (X =-1.66),C12 0.753 (X=1.66)
Comp 2 Weight=0.130 Invinc=0.463 ( Angle=24.84 deg)
Nodes: C21 0.050 (X=0.22),C22 0.038 (X=-0.17),C23 0.042 (X=-0.04)
Comp_ 3 Weight=0.041 Invinc=0.281 ( Angle=15.69 deg )
Nodes: C31 0.015 (X=0.11),C32 0.013 (X=-0.10),C33 0.014 (X=-0.01)
Level: CRITERION ( Norm= 1.000 ) Comp_1 Weight=0.076 InvIinc=0.000 ( Angle=0.00 deg )
Nodes: C111 0.041 (X=0.11),C112 0.035 (X=-0.11)
Comp_ 2 Weight=0.924 Invinc=0.000 ( Angle=0.00 deg )
Nodes: C121 0.822 (X=1.51),C122 0.102 (X=-1.51)
Level: SUBCRITERION ( Norm= 1.000 ) Comp 1 Weight=0.041 InvIinc=0.281 ( Angle=15.69 deg )
Nodes: C1111 0.015 (X=0.11),C1112 0.013 (X=-0.01),C1113 0.013 (X=-0.10)
Comp_2 Weight=0.035 Invinc=0.000 ( Angle=0.00 deg )
Nodes: C1121 0.018 (X=0.03),C1122 0.017 (X=-0.03)
Comp_3 Weight=0.822 Invinc=0.108 ( Angle=6.15 deg )
Nodes:C1211 0.631 (X=1.92),C1212 0.053 (X=-1.64),C1213 0.138 (X=-0.27)
Comp_4 Weight=0.102 Invinc=0.000 ( Angle=0.00 deg )
Nodes: C1221 0.036 (X=0.10),C1222 0.034 (X=0.00),C1223 0.032 (X=-0.10)
Level: ELEMENTS ( Norm= 1.000 ) Comp_1 Weight=1.000 InvIinc=0.254 ( Angle=14.25 deg )
Nodes: C11221 0.341 (X=0.03)
C11222 0.327 (X=-0.03)
C11223 0.332 (X=-0.01)

Presented evaluation results are defined by comparison of ordered pair of elements of
hierarchic structure (Fig. 3) and presented by graph G,, which is determined by relation:

(vi,uj)e p; CR= (uj,vl.)e Pi TR, #pyi=l,n;j=1..,m 3)

Graph G, of each level is uniquely determined by incidence matrix B:

Bl=a—>[- -1 1 -] (&)
Numerical value of graph element is the potential of the element. Element of graph is the
node, whom the evaluation parameter is assigned. The potential of any node X presents the
numerical value, which analysed element has on the own hierarchic level related to other elements
on the same level. Real function X :V — R in the set of nodes presents the potential of each
element. Real function F: R — R in the set of arcs is the flow. Potential of the elements X and

the flow F are determined as the vector of n elements:
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X, F,
n:=cardV — [X]= . ,m = cardR — [F] = | |>F=B-X %)

X F

n m

If the direction of the preference is defined as F, = F, :=log, a;,a~1and vector of the

ij 2
potentials as X, then the vector of priorities w and its components w; is determined as:
B e
w=a",a~0->w, =a“i=l,...n>w =a""=a " =a’ :(Ha”j ,i=1..,n (6)
1
The evaluation by potential method (PM) is applied to rank the influence parameters by
hierarchic levels.

5. Conclusions

The results shown the dominant influence of the biomechanical parameters C; (0,828) on the
chair design. Biomechanical parameters are important due to its effects on the comfort and health
of the man. Anthropometric factors C, (0,130) is less influenced, because they have strong impact
on the chair dimensions, but low on the chair shape. The influence of the lumbago spine loading is
emphasised Cy, (0,753) related to buttocks loading Cy; (0,076). By definition of the chair design
parameters and its shaping, it is necessary to consider all analysed parameters. These investigations
could be continued by measurements of few additional parameters (contact pressure distribution),
as well as by statistical methods of evaluation application due to anthropometric and biomechanical
measured parameters. Also, it should be significant to use evaluation of the parameters inside the
subgroups of considered hierarchic model.

References

[1]  Goossens, R.. H. M., Snijders, J. C., Fransen, T., “Biomechanical analysis of the dimensions of pilot
seats in civil aircraft”, Applied ergonomics, No. 31, 2000, pp 9 — 14.

[2]  Motavalli, S., Ahmad, F., “Measurement of Seating Comfort” Computers and Industrial Engineering
1993, Vol. 25. Nos 1-4, pp 419 — 422.

[3] Ivandié, Z., Kljain, M., Ergi¢, T., “The Procedure for Defining Weight in Evalution Conceptual
Design* Proceedings of the 13™International DAAAM Simposium, Vienna, Austria 2002, pp 227-228.

[4]  Ergi¢, T., Ivandi¢ Z., Kozak, D., "The Significance of Contact Pressure Distribution on the Soft
Tissue by Men Sitting” Proceedings of the 7" International Design Conference, DESIGN 2002,
Dubrovnik, 2002, 743-748

[5] Ivandi¢, Z., “Koncepcijsko vrednovanje konstrukcijskih znadajki”’( Conceptual Evaluation of The
Design Parameters), Fakultet strojarstva I brodogradnje, SveuciliSta u Zagrebu, 2002.

[6] Caklovi¢, L., “Decision making by Potential Method” Europen Journal of Operational Research
(EJOR) 2004.

7. Ivandi¢, Ph.D., Senior Assistant

Mechanical Engineering Faculty, Josip Juraj Strossmayer University of Osijek, Department of Mechanical
Engineering Structures, Slavonski Brod, Croatia, Telephone: +385 35 446 188, Telefax:+385 35 446 446, e-
mail: zivandic@sfsb.hr

T. Ergi¢, Ph.D., Senior Assistant

Mechanical Engineering Faculty, Josip Juraj Strossmayer University of Osijek, Department of Mechanical
Engineering Structures, Slavonski Brod, Croatia, Telephone: +385 35 446 188, Telefax: +385 35 446 446, e-
mail: tergic@sfsb.hr

M. Kljajin, Ph.D., Professor

Mechanical Engineering Faculty, Josip Juraj Strossmayer University of Osijek, Department of Mechanical
Engineering Structures, Slavonski Brod, Croatia, Telephone: +385 35 446 188, Telefax:+385 35 446 446, e-
mail: mkljajin@sfsb.hr

34



3" DAAAM International Conference on
Advanced technologies for Developing Countries - ATDC’04
June 23-26, 2004

Split, Croatia ATDC'04

DEVELOPMENT OF DIESEL-ELECTRIC SPECIAL MACHINE

V. Koroman, D. Mikuli¢ and B. Ruzoj¢i¢

Abstract

This article describes the concept and characteristics of demining MV-5DE machine with
diesel-electric propulsion. Compared to hydrostatic concept, diesel-electric propulsion concept is
regarded as technically more advanced. Development of the machine is at the early stage of prototype
demonstration and machine testing would provide basis for analytical judgment for acceptability of
technical concept. Diesel engine is connected to the generator, which produces electric energy
transferred to the electric motor with permanent magnets. The electric motor is providing power for
machine movement and soil digging flail. Initial calculations are implying towards better performance
and higher power efficiency. During this project, the technology challenge of high power static
conversion in reduced space and high ambient operating temperature should be solved. Demining
machine traction characteristics are sufficient for effective soil digging and for destroying AP mines. It
is considered that more advanced technologies will enable multi role use of machine for humanitarian
demining tasks and for special tasks of removal of low intensity conflict consequences. Electrical
propulsion technology is intensively developed and introduced as a future crucial factor for new
military capabilities of NATO members. The biggest advance in humanitarian demining in Republic
of Croatia is achieved in field of machine demining. Croatia set up development and production of
genuine demining machines. It is well known that the basic MV-4 demining machine was, due to its
qualities, sold to the number of NATO countries. Through this technology project of Ministry of
Science and Technology, a new diesel-electric propulsion technology is being developing, in order to
produce environment friendly demining machines. Even more, in the nearest future, the same
technology can also support broad industrial applications in Croatian.

Keywords: demining machines, diesel-electric propulsion, ecological demining machine

1. Introduction

In accordance with development goal for modern demining machines, this article describes
concept and characteristics of future ecologically acceptable MV-5DE machine with diesel-electrical
drive. In comparisons to hydrostatic drive concept, it’s the best way to evaluate a new concept of
diesel-electric drive. Machine development is in the early stage of prototype testing. After factory
testing, an in application field test will provide analytical and expert evaluation of technical solutions.

2.  Whatis MV-SDE?

In western countries a concept of diesel-electric (DE) drive is being developed for commercial
and military vehicles. DE drive offer better vehicle performances, better operability, and easy spare
parts manufacturing as well as lower maintenance cost. Diesel engine has a directly coupled electric
generator, used as electric power source. Electric energy is transmitted by Power Electronics inverters
system to electric motors with embedded permanent magnets. Electric motors are connected to the
tracks movement chain wheel over a gearbox or to the drive flail for digging the soil. Searching for
better technical solutions is a continuous task of development teams. Development and construction of
this Croatian machine, was supported by STIRP project under the supervision of MTZ of Republic of
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Croatia. Traditional MV-4 demining machine is due to its good performances, already sold to
numerous western countries. New MV-5DE machine, based on experience, development and
cooperation with partners, will be technically advanced, providing a multipurpose application, for
humanitarian minecleaning tasks and for special requirements in removal of low intensity conflict
consequences. (LIC, Low Intensity Conflict). The machine technical features will provide searching
and destruction of different mine targets.

Machine chassis is a track and working tool is a flail that by digging the soil destroys hidden
barred AP mines. Flail consists of rotor on which chain-flails are mounted with hammers for soil
digging. In accordance with demining quality, machine has to treat the soil considering technological
speed. During the machine movement, flail has to dig the soil up to the certain depth and density for
safe destruction of smallest mines based on crushing or activating principle.

Basic requirements for development of 5t DE demining machines are:

- Safe cleaning of AP mines up to the their depth;

- Intensive use in hardest working conditions, I to IV category;

- Ecology complied machine, use of mineral oils and lubricants excluded;

- Diesel engine prime mover, optimal working point with low exhaust gases emission, complied with
standard 97/68/EC, Standard (1)

- Operating in extreme temperature conditions;

- Demining capacity (500-2000 m*/h);

- Remote control;

Figure 1. The humanitarian minecleaning machine / Demining machine MV-5

Machine chassis fits for different upgrades. Except basic machine version, chassis allows use of
different superstructure modifications, as machine for removal of suspicious obstacles and objects,
robot for removal of UXOs, light reconnaissance engineering vehicle, amphibious vehicles, etc. Based
on such a multipurpose program, necessary logistics for life cycle, economic profit and technological
progress, sustainability and propulsive development is being imposed. Development of training
simulators with future machine versions is part of domestic scenario of this program that is completely
being developed in Croatia.
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3. Basic characteristics of DE drive

Development of diesel-electric drive is based on advantages in comparison to classic machine
drive:

- Fast force / torque adjustment on drive wheels

- Elimination of hydrostatic or mechanical transmitter (differential, gear-box, cardan shaft)

- Optimal operation of diesel motor with ecological characteristics

- Easier and safer conduction of drive power and breaking

- Automation by using drive-by wire system and DSP technology

- Static conversion of energy with minimal losses

- Simple production process, increased machine reliability and functionality

- Lower maintenance and life cycle costs

- Modern structure of new design with permanent magnets provides smaller dimensions and overall
weight of assemblies and vehicle compared to achievements of equivalent induction motors electric
drive

- Design flexibility — better space distribution

- Better processing autonomy

- Better vehicle performances

- Lower fuel consumption

- Lower exhaust gases emission

- Optional: silent mobility and processing

Electric drive produces a constant rotating torque in wide range of the shaft rotating speed —
from zero to full speed rotation. The applied electric motor drive is organized based on motor current
and speed control loop. Problems noticed at power conversion by static converters are primarily high
environment temperature in which electronic components have to operate, The biggest challenge,
assembly's components procurement costs - in the nearest future will be override by volume
production of assemblies and product modularity.

4. Drive concept

Diesel motor is equipped with a three-phase alternating current generator (380V), which is
directly connected to the motor shaft. Generator's rotor act as diesel motor's driving wheel. Machine
movement is achieved over two independent electric motors of each track, and two electric motors are
rotating a shaft with demining flail. Lifting and lowering of flail's arm is achieved hydrostatically by
two hydro-cylinders. Diesel motor operates in optimal working conditions at the constant speed where
generator achieves nominal power, rotating speed, frequency, voltage and current.

S -

Remote
control

o) o

Machine traction Working tool

Figure 2. DE drive basic schema
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5.  Machine power

The total resistance torque to flail rotation includes static and dynamic torque of flail elements
rotation, until the impact of the hammer against the ground or loss of kinetic energy and change of
angular velocity and reduction of the number of flail revolutions. Since this phenomenon of energy
exchange is not completely known in practice, the starting assumption is the cyclical operation of each
flail: hammer acceleration, and almost stopping at cutting or crushing the ground layer. This
calculation of rotation resistance torque forms the digging resistance torque.

Mk =zJa [Nm], Pk :Mk w [W]

z, - number of hammers in contact (4, 6, 8)

J - inertia of hammer and chain / flail

a - hammer angular acceleration (o / t), ® — hammer angular velocity

For the movement of the tracked machine, the machine movement and operation resistances are
calculated at steepest climbs, as well as the required velocities.

Ry= Ryt RitR, [N],P;=R,v [W]

R - rolling resistance of the tracked vehicle,
R; - vehicle inertia resistance,

R, - vehicle resistance in climbing.

The required machine power consists of the power for operation and the power for machine
movement: P, = P, + P,. The amount of the loss for transmission, engine cooling, air filtering (degree
I / radial fan, degree Il / combined filter), for driving secondary devices, etc. should be added to this
power. The required power for machine operation and movement has been calculated, and the total
amounts to 110-150 kW (150-200 HP). Out of this, more than 90% of power is used for ground
digging and the rest for the machine moving. Power distribution with this machine is very much the
same. Also is assumed that for safe flail operation at demining process, up to 70 kW is required to
achieve on one-meter shaft length.

As an option DEG can charge on board batteries for energy storage and delivery within silent
mobility, silent watch and vehicle operating in accordance with specific NATO requirements. Energy
for electric drive system is provided from generator or batteries or from both sources at the same time
assuring machine movement and operation, increasing the power as resistance is being enlarged. It
means that machine has to operate in regular electric mode, which results in insignificant thermal and
acoustic emissions. Energy stored in batteries allows the machine spreads its role to the areas such as
Special Forces, reconnaissance missions, etc.

6. Components of DE drive

Selection of electric motor for machine movement

One track starting torque:

M, =P,/2 @ [Nm], where P, - power necessary for machine movement,
Electric motor nominal torque for one track:

Mhmg = Mg/ iprﬂpr [Nm]

Selection of electric motor for flail operation

P, — power needed for digging the soil

Electric motor torque for flail operation:
Mk = Pk/za) [Nm], ]Mhmm = Mk/2 ilr i [Nm]
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This is followed by the selection of the electric motor, nominal power, torque, and other characteristics
(catalogue). ij. - transmission relation of the gearbox - chain, 1, - efficiency of the chain wheel

7.
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Comparisons of hydrostatic and electrical power transmission

Comparisons criteria of two power transmissions:

Adaptability to diesel motor operation

Efficiency regarding the load change
Transmission losses

Design simplicity

Possibility of positioning within machine
Operational parameters adjustment

Energy supply for internal and external consumers
Starting torque

Weight of overall power transmission system

0 Overall dimensions; required space

Hydrostatic power transmission

Electric power transmission

1. | Twisting the pump panel regarding position of shaft AC generated output power is transformed by
axis static converter into three-phase variable voltage
and frequency system supplying permanent
magnets based electric motors
2. | 85% in a very wide area 90-95% in overall operating range
3. | Increased flowing causes significant losses; heat Losses slightly increase with output power; heat
caused by losses has to be necessarily released dissipation is released by forced ear ventilation
4. | Very narrow piston and cylinder tolerance, oil has to | Drive design with permanent magnets is simple
be of high cleanness and generally very robust
5. | Free dispositions with high pressure oil pipes Free components disposition, simpler connecting
interconnection with cables
6. | Twisting the pump panel towards shaft axis, change of | With constant generator voltage, the variation of
rotation speed the rotation speed is done by magnetic field vector
control within the motor drive obtaining maximal
efficiency
7. | No universal conversion of energy; larger number of | Universal energy conversion, wide range of users
distribution — bigger losses
8. | If the oil pressure is equal with the pressure at highest | The torque is within overall shaft speed range the
power, momentum is the same same, constant and proportional to motor current
9. | Pump and hydro-motor have approx. same weight and | Generator has considerable weight, e.g. weight of
at one power-unit are better that electrical power rotor iron core and stator ~400 kg, copper weight
transmission ~40 kg. Electric motors are also heavier than
hydro-motors of equivalent torque.
10. | Pump and hydro-motor are compact and of small Generator and electric motors for flail operation
dimensions; problem is special oil cooler need more space. Power and control electronic as
well traction motors can fit within same machine
chassis. No need for hydrostatic oil cooler.
8. Conclusion

DE drive of light mine clearing machine is developed. The electric energy generated by the
three phase AC diesel generator set is distributed to permanent magnets electric motor drives
connected over a gear box to track chains and over chain transmission to the soil digging flail. Overall
energy management and machine control is cared out by digital processing microcomputers connected
over a CAN field bus in a common central control system.

Regarding development trends of hybrid machines, design of new MV-5DE machine provides
ecologically acceptable working machine regarding criteria for environment protection. Maintenance
of DE power transmission is considered the simplest, no need for oil change and dependency to oil
quality. Traction features of mine clearing working machine are sufficient for efficient soil digging for
demining and destruction of AP mines. Prototype testing program, so-called demonstrator, in a
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workshop and polygon will prove machine performances for real demining conditions and reveal
possibilities of further improvement.

Technology of electrical drive is being developed for some time now and spread as a main
future factor for new military capabilities of NATO members. Each western country has its own
development program for electrical or hybrid-electrical commercial and military vehicles. Technology
of hybrid-electric vehicles provides better advantages for special systems. We are facing some human
and technical challenges that have to be conquered by users pragmatically as well as by industry. With
this new demining machine project Republic of Croatia gains new knowledge and technology of diesel
electric propulsion.

References

[1]  DE pogon stroja za razminiranje MV-5DE, STIRP projekt, Brodarski institut d.o.o., Zagreb, 2003.

[2] D. M. Vanderstelt: Apllication of advanced hybrid electric drive systems in the United States Marine
Corps rweconnaissance, surveillance and targeting vehicle (RST-V), 2002.

[3] S. Boge; Simlation of Electric Driven Terrain Vehicles, General Dynamics Land Systems, USA, 2002.

[4] R.W. Thompson: "Electric drives for tracked vehicles, QuentiQ, UK, 2001.

[S]  F. Deibel: Preliminary Technical Description Electric Drive System for DVS, MM 2002.

[6] A. Walter: Safety requirements for the electro-mechanical-transmission (EMT), AECV

[71  D.Mikuli¢: Elektricna borbena vozila, Hrvatski vojnik, 82/2002.

[8]  D.Mikuli¢: "Performanse dizel-elektri¢énog vozila 8x8, HV 87/2002.

[91 D. Mikuli¢: Hibridno-elektri¢éno vozilo HE HUMMER 4x4, HV 101/2003.

[10] B. Ruzojci¢: "Serial Communication Based Structure and Effective Software Development Tools in
Advanced Permanent Magnet Electric Motor Drives", Ph.D.Thesis, University of Padova, 2002, Italia

[11] B.RuZojci¢: "Design of a 250KV A Permanent Magnet Alternator", "TEMA" Pula, 2003.

Vladimir Koroman, Ph.D.

Brodarski institut d.o.0. V. Holjevca 20. 10000 Zagreb, e-mail: koroman@hrbi.hr

Dinko Mikulic, Ph.D.

MORH, Sluzba za razvoj, opremanje i modernizaciju, Bauerova 33, 10000 Zagreb, Hrvatska, e-mail:
dinko.mikulic@morh.hr, dmikulic@net.hr

Branimir Ruzoj¢i¢, Ph.D.

Tema d.o.o., J. Volti¢a 15/p, 52100 Pula, Hrvatska, e-mail: tema@pu.htnet.hr

40



3 DAAAM International Conference on
Advanced technologies for Developing Countries - ATDC’04
June 23-26, 2004

Split, Croatia ATDC'04

A COMPARATIVE ANALYSIS OF ANALYTICAL AND
NUMERICAL SOLUTIONS FOR A UNIFORMLY LOADED
CANTELIVER BEAM SUBJECTED TO LARGE DISPLACEMENTS

D. Kostovié and Z. Lozina

Abstract

In this paper, the methods for solving large displacements of a cantilever beam subjected to a
uniformly distributed load and large displacements are analyzed. The methods for nonlinear
numerical analysis of beam structures are presented in chronological order. We start the analysis
with a method that uses a classical stiffness matrix for small displacements. The other methods for
solutions of geometrically nonlinear beam structures comprise development of respective finite
element matrices based on continuum mechanics. A virtual work approach and total and an updated
Lagrangian approach for large displacement of beam structures are presented and compared with
other approaches from relevant literature. A comparative analysis of methods for nonlinear
numerical solutions of a geometrically nonlinear cantilever beam with a uniformly distributed load
is performed, in order to determine which methods are most suitable for engineering application in
terms of accuracy, numerical efficiency, and robustness. The results obtained for all numerical
methods are then compared with the exact analytical solutions.

Keywords. nonlinear numerical analysis, line systems, analytical solution, Taylor series,
accuracy, numerical efficiency, robustness, large displacement

1. Introduction

Since the first applications of computers to nonlinear numerical analysis of structures,
various nonlinear beam elements have been presented by Argyris [2], Bazant and Nimeiri [5], Oran
and Kassimaili [11], Reissner [12] and Crisfield [7]. A matrix displacement approach is developed
for the numerical analysis of elastic problems of beams and frames by Yung [14].

The total Lagrangian formulation is based upon the Reisner kinematic relations as developed
by Haefner and Willam [8]. An updated Lagrangian and a total Lagrangian formulation of a three-
dimensional beam element are developed by Bathe and Bolourchi [3, 4]. Studies of large
deflections, that require nonlinear analytical solutions, have been concerned mainly with single
members. Rohde [13] studied large deflections in cantilever beams subjected to uniformly
distributed loads.

The scope of the research of methods for nonlinear analysis for solutions of a cantilever
beam with uniformly distributed loads is accuracy, reliability and numerical efficiency. The
analytical solution of large displacements of a cantilever beam with a uniformly distributed load
that involves ten members of Taylor series is exact up to six decimal digit.

Analysis is performed on standard bench test example, using the a finite element programs
developed in Master’s Thesis [10]. The numerical results are compared to analytical solution.
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2. Analytical solution of large displacements of cantilever beam with
uniformly distributed load

This method is developed by ROHDE [14].

Linear solution, vertical displacement of a cantilever beam with uniformly distributed load,
4

towards Alfirevi¢ [1]is v =
8EI
The calculation of an analytical solution of large displacements of a cantilever beam with a
uniformly distributed load is more accurate, if more elements of Taylor series are introduced into
the calculation. Comparison, of analytical solutions of large displacements of a cantilever beam
subjected to a uniformly distributed load is performed towards number elements of Taylor series.

Table 1. Exact analytical solutions for large displacements of a cantilever beam with a uniformly
distributed load obtained for ten elements of Taylor series

L Load Horizontal Vertical Vertical
oad . . .
2 parameter | displacement displacement displacement

qINmT | oL YEN ulL VinlL viL
10 0.57142 -0.00290 0.07142 0.07114
20 1.14285 -0.01137 0.14286 0.14059
30 1.71429 -0.02480 0.21429 0.20689
40 2.28571 -0.04232 0.28571 026896
50 2.85714 -0.06295 0.35714 0.32615
60 3.42857 -0.08575 0.42857 0.37819
70 4.00000 -0.10988 0.50000 0.42513
80 4.57143 -0.13464 0.57143 0.46723
90 5.14286 -0.15951 0.64286 0.50485
100 5.71429 -0.18410 0.71429 0.53841
110 6.28571 -0.20813 0.78571 0.56835
120 6.85714 -0.23142 0.85714 0.59508
130 7.42857 -0.25386 0.92857 0.61898
140 8.00000 -0.27538 1.00000 0.64040
150 8.57143 -0.29597 1.07143 0.65965
160 9.14286 -0.31561 1.14286 0.67698
170 9.71429 -0.33433 1.21429 0.69264
175 10.00000 -0.34335 1.25000 0.69990
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Figure 1. Comparison of analytical solutions of a cantilever beam subjected to large displacement due
to uniformly distributed load towards number elements of Taylor series

Table 2. The comparison, of analytical solutions for large displacement of a cantilever beam due to
uniformly distributed load towards number members of Taylor series

Number elements of Taylor series
n=1 n=3 n=6 n=9 n=10

k 4.00000 4.00000 4.00000 4.00000 4.00000
Load parameter

\%
Vertical 0.405652 0.425884 0.425129 0.425131 0.425131
displacement
Number of
exact decimal 1 3 4 6 6
digits

Analytical solutions of large displacements of a cantilever beam with a uniformly distributed
load are compared with number elements of Taylor series . For load parameter k=4.00000,
analytical solutions of cantilever beam with a uniformly distributed load for ten and one elements
of Taylor series analytical solutions are identical up to one decimal digit. For ten and three
elements of Taylor series, analytical solutions are identical up to three decimal digits. For ten and
six elements of Taylor series, analytical solutions are identical up to four decimal digits. Finally,
for ten and nine elements of Taylor series, analytical solutions are identical up to six decimal digits.
So, we conclude that Taylor series solution of large displacements of a cantilever beam due to
uniformly distributed load, where ten members of Taylor series are calculated , is exact up to six
decimal digit and we call it analytical solution.
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3. A Comparative Analysis of Methods for Nonlinear Numerical Solutions of
a Uniformly Loaded Cantilever Beam Subjected to Large Displacement

We start the analysis with a method that uses a classical stiffness matrix for small
displacements.

This method is developed by T. Y. Yung [14]. The present development is based on the
assumption that the material is linearly elastic and the displacements are not small in comparison
with the length of the beam. The solution procedure includes first formulating the stiffness
equations for a beam element based on the small deflection theory, but with the inclusion of effect
of axial force, then applying a linearized midpoint tangent incremental approach and coordinate
transformation at every step. If the displacements obtained at every step are small with reference to
the local coordinates such that the squares of the slope increment are negligible in comparison with
unity, the small deflection theory should hold.

A simple beam element is developed for the solution of large deflection problems by Lothar
Haefner and Kaspar J. Willam [8]. The total Lagrangian formulation is based on the kinematics
relations proposed by Reissner for finite rotations and stretching as well as shearing of plane
beams.

The third method is developed by K.J. Bathe [3,4]. An updated Lagrangian formulation of a
three-dimensional beam element is presented for large displacement and large rotation analysis.
The formulations are derived from the continuum mechanics based upon Lagrangian incremental
equilibrium equations. The beam elements are assumed straight, and the conventional beam
displacement functions are employed to express the displacements of the elements in convicted
coordinates. The element has been implemented for use in elastic, elastic-plastic, static, and
dynamic analysis.

Analysis is performed on a cantilever beam with a uniformly distributed load. The numerical
solutions obtained for all methods are compared with exact analytical solutions by Rohde [14]. In
addition, in all analyses shear deformations are neglected.

A cantilever beam subjected to a uniformly distributed load was analyzed together with the
results for vertical and horizontal displacements of the free end shown and in Figure3.1.

The results obtained for all numerical methods compared with the analytical solutions.

Analysis of the Bathe and Haefner methods for determining large displacements of a
cantilever beam reveals a variance of between 0% and 1.5% measured against the analytical
solutions. Young’s method results in a difference in the range of 0% to 3% compared with the
analytical solutions.

44



1.4

1.2

linear solution by Alfirevié¢ [1]
analytical solution by Rohde [13]
Yung, 8 beam elements [14]

Haefner, 8 beam elements [8]
Bathe, 8 beam elements [4]

Viin/L

0.8

W e
IS s
.... (k-

0.6

0.4

0.2 ‘ RN

Dimensionless displacements

load parameter k EI

Figure 2. Large displacement analysis of a cantilever beam subjected to a uniformly distributed load

4. Conclusion

Nonlinear numerical analysis was performed on a cantilever beam with a uniformly
distributed load. The results obtained for all numerical methods are compared with the analytical
solutions. The numerical methods are compared against each other, using criteria of accuracy,
reliability, and numerical efficiency. The analyzed examples show that the numerical solution
obtained by these methods converge monotonically towards an exact analytical solution.

For discretisation with eight beam elements, in respect of the finite element mesh, the
methods used by Bathe [3,4] and Haefner [8], followed by Yung [14] correspond most closely to
the analytical solution. The results for large displacements of a cantilever beam with a uniformly
distributed load in terms of numeral iterations are most closely aligned to the analytical solution by
method of Bathe, followed by the procedures of Yung, and then Haefner. Therefore the Bathe
method is more efficient than the methods used by Haefner and Yung.

The methods employed by Bathe and Haefner are based upon the full Newton-Raphson
method for solving nonlinear problems. The Yung method is based upon incremental loads, and
has not removed control error. To reduce of the error it is necessary to repeat the process with other
incremental loads. To summarize, the methods adopted by Bathe and by Haefner are extremely
reliable, while the Yung method is less reliable. Measured against the criteria of accuracy,
reliability and numerical efficiency the K.J. Bathe method provides the best results.
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A SIMPLIFIED FEM MODEL OF A COMPLEX FRANCIS TURBINE
GEOMETRY USED FOR THE STRESS REDUCTION EVALUATION

L. Krstulovi¢-Opara, Z. Domazet and D. Frani¢evié

Abstract

When using numerical modeling techniques, the evaluation of stress reduction strategies for
complex geometries, e.g. the Francis turbine of the reversible hydropower plant, requires enormous
computing capabilities. Such geometries based on the higher order curves and surfaces can only be
modeled by CAD program packages. Importing geometries to numerical packages based on FEM
or BEM approaches, requires some simplifications described in the presented paper. The stress
reduction strategy, applied on ruptured turbine rotor, is modeled by axisymmetric FEM model and
obtained results are presented herein.

Keywords: FEM, BEM, Francis turbine

1. Introduction

Complex geometries, such as the turbine rotor of a 155 MW reversible hydropower plant is,
can't be modeled directly in FEM (Finite Element Method) or BEM (Boundary Element Method)
by using the pre-processing facilities available in majority of commercial codes. These geometries,
with surfaces and edges based on the higher order polynomials, such as nurbs and splines [1], can
only be modeled in CAD (Computer Aided Design) packages, e.g. ProE (Pro/ENGINEER,
http://www.ptc.com ). Importing geometries from the CAD packages, into the FEM or BEM
packages, often causes incompatibilities what is not the case for geometries based on primitive
surfaces (plane, cylinder, sphere).

Modeling a stress distribution requires vast number of elements when a FEM approach is
used. Stress concentrations around corners and joints require high mesh densities in the
neighborhood of these zones. Increasing the mesh density in the 3D simulations leads to the
enormous number of DOF's (degrees of freedom), what requires processing on high performance
computers (i.e., a common PC can't satisfy such requirements). Reducing the 3D problems to the
2D case (plane strain, plane stress or axisymmetric) significantly reduces computing requirements,
enables meshes with high number of elements and results in a more precise description of the stress
distribution. As the 3D mesh sometimes can't be avoided (e.g. due to the complexity of the
problem, non uniform loadings or modal analysis) computational limits require analysis performed
on simplified 2D model. Transforming results from 3D model (i.e., the loading as the input
variables) to the 2D model, requires particular attention, which is going to be illustrated on the
turbine simulation presented herein.

The main goal of the research was to calculate the percentage of stress reduction achieved
after the reparatory welding together with the changes in the blade geometry.

2. The turbine rupture and the repair

The 14.8 tons Franics turbine characterized by the 155 MW of maximum power, 600 rpm,
and flow of 20.5 m*/min, was seriously damaged due to the fracture propagation that appeared on 4
of 7 blades . All ruptures started in the same region (Figure 1), what excludes the production
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defects of the cast X3CrNi 13.4 alloy as the cause of rupture. To reduce the stress concentration in
the region of crack initialization, during the welding reparatory works (performed by the SALONA
VAR d.o.0., http://www.salonavar.hr together with the BRODOSPLIT shipyard machining

facilities), the curvature radius was increased in the region where crack started (Figure 2). The
stress reduction in the crack initialization zones, achieved by the reparative works, is presented in
the text below.

Figure 1. The turbine rupture

Figure 2. The welding repair and the changes in geometry by increasing the curvature radius

3. The CAD model

The complex geometry of the turbine rotor could only be modeled by using the CAD
software, such as the ProE. The geometry was later imported to the FEM (ADINA,
http://www.adina.com ) and BEM packages (BEASY, http://www.beasy.com , not presented in this
paper). The 3D body geometry created by the ProE was used for the geometry definition of the 3D
FEM analysis in ADINA. Results from the 3D FEM model (stress distribution, deformation,
reaction, modal analysis, etc.) were used as the input loading of the 2D model. The 2D model
enabled a precise description of the stress distribution in the region where crack started. As well as
the 3D, the 2D geometry was modeled in the ProE by cross sectioning the original geometry
(Figure 3). The results from the 3D FEM analysis (loading), were also used to model the 2D
fracture propagation within the BEM package BEASY (not presented herein).

As commercial BEM packages are not highly developed, as more common FEM packages,
the 3D BEM models are often reduced to the simpler 3D geometries where nurbs surfaces are
simplified by more primitive surfaces. In this particular case the simplification of geometry will not
lead to the acceptable model and results. Therefore, the 2D axisymmetric BEM fracture
propagation model was used together with the loading obtained from the 3D FEM model.
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Figure 3. The 3D body and cross sectioning of the 3D body (modeled in the ProE)

4. The 3D FEM analysis

The 3D CAD geometry was imported (IGES format) to the FEM package ADINA. The
turbine was modeled by using the 4 nodes tetrahedral elements (481349 elements, 107635 nodes,
322905 degrees of freedom and total solution time of 1179 s), the free form - Delaunay automatic
mesh generation and the linear elastic material model [2].

The modal analysis (Figure 4) showed that the possible cause of rupture couldn't be
vibrations at natural frequencies (72 Hz, 82 Hz, 83 Hz, 102 Hz, 138 Hz, etc.). The mode shapes
showed that vibrations at natural frequencies are not causing crack opening scenarios for regions
where rupture occurred. The turbine was modeled at the working regime of 600 rpm, where each of
seven blades was loaded by 1/7 of the full power.

MODE 1, F 72.12

MODE 2, F 72.36 g
TIME 0.000 MODE MAG 277.8

TIME 0.000

MODE 3, F 82.14 MODE MAG 27
IME 0.000

Figure 4. The modal shapes and the natural frequencies

The analysis showed that the most critical case of turbine loading is the rotation of the dry
turbine at 900 rpm (centrifugal loading and gravity). This is the case that occurs during the startup
in the pump regime of the reversible Franics turbine. This is performed by drying the turbine (with
compressed air), spinning at 900 rpm, connecting the generator to the electrical power system and
opening the water valves. This process is characterized by significant vibrations resulting from non
uniform water flow. For such case effective stress calculations showed the concentration of stresses
exactly at the points where the cracks started. Figure 5 shows the region of outer blade edge.
Figures are obtained as the radial cross sections in the consequent circular cuts around the blade's
outer edge.
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Figure 5. The effective stress distribution around the blade's edge

5. The 2D FEM analysis

As a more precise analysis of the stress distribution in the zones where crack appeared was
not possible due to the computation limits, the precise stress distribution was modeled as the 2D
case. Modeling the turbine as a plane strain problem will give a good approximation of the real 3D
case, but applying loadings (displacements) from the 3D model is hardly possible. As the most
critical case is the pure centrifugal loading, the 2D axisymmetric model represents an acceptable
approximation of the 3D case. For this particular model problem appears due to the fact that the
radial stiffness of blades cannot be modeled in axisymmetric plane. If the 2D axisymmetric turbine
is loaded with 900 rpm, due to the lack of radial blade stiffness, the response will be wrong.
Therefore the load has to be reduced (from 900 rpm to 76 rpm). The reduced load is evaluated by
comparing the effective stress distribution and deformed shape of the 3D and the 2D axisymmetric
case (Figure 6).

A TIME 1,000 DISP AG 6122
)

I

L

Figure 6. The 3D and the 2D axisymmetric FEM model
The 2D axisymmetric turbine is modeled by using the 6 node triangular isoparamteric finite

elements (40623 elements, 82889 nodes, 165778 degrees of freedom and total solution time of 19
s), free form - Delaunay automatic mesh generation and linear elastic material model [2].
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The effective stress distribution for the zone where crack started, in the case of the curvature
radius R6 mm and R20 mm, is depicted in Figure 7.
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Figure 7. The effective stress distribution for the curvature of Rémm and R20mm

The diagrams in Figure 8 show effective stress distribution for the nodes along the straight
white dashed line in Figure 7, and on the curvature surface (the red curved line in Figure7).
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Figure 8. The effective stress distribution along the surface and across the material

When comparing results for both cases, the stress reduction of 26 % is achieved after
increasing the curvature radius from 6 to 20 mm. The distance in Figure 8 is measured according to
the arrow direction in Figure 7.

6. Conclusion

The presented paper concerns two main topics, the modeling of complex geometries and the
stress concentration reduction for the case of ruptured Francis turbine rotor.

The needs for simplifications in modeling the complex geometries requires simplifications
from the 3D to the 2D models. The link between these models is hardly achievable. For the
particular example of the complex turbine geometry it is described how results from the 3D model
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could be approximated by the 2D axisymmetric model. The reduction of code size and evaluation
time (from 322905 DOFs to 165778 DOFs, and from the total solution time of 1179 s to 19 s)
enables modeling of stress distribution in regions that could not be modeled using the 3D model.

The welding reparative works included changes in turbine geometry, i.e. the curvature of the
region where crack started has been increased. This curvature smoothing enabled the 26%
reduction of effective stress for the region where crack started. Although the stress intensity factor
K can be calculated within the ADINA, the factor K has been calculated by using the BEM
software BEASY as more appropriate method for obtaining the fracture propagation simulation.
The BEM model and obtained results are not described in this paper.
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Abstract

The paper presents the analytical review on the Von Karman — Gabrielli diagram for the
different vehicles (and L/D: v; or W/T: v relations), as the diagram of force weight relations to
vehicle’s speed (P/W: v) related to “technological line” of today’s vehicles possibilities. Namely,
the domain of optimal relations force weight to speed is determined, and the domain of
efficacious activities of a different “new generation vehicles”, applicable in Croatian shipbuilding,
i.e., the domain in which there is a chance to do research work in new vehicles design. At the end,
some new design of vehicles is presented either in classical or new forms, which, according to the
Von Karman — Gabrielli diagram, could be successfully developed and designed in Croatian
shipbuilding.

Keywords: technological line, classical form ship, new form vehicles, development,
design, Croatian shipbuilding

1. Introduction

It is well known that Croatian shipbuilding produces great value capital vessels which have
a strong influence on Croatian industry, citizens’ standard and social situation, and as an export
industry plays a positive role in the trade balance of Republic of Croatia. Croatian shipbuilding is,
also, a generator of its metal industry development and the different products of other industries
are incorporated in its final products, together with knowledge, works and services. Also, the
Croatian shipbuilding has a direct influence on the economic life as a whole and it is Croatia’s
strategic industry. It is a profitable basic industry, and it has a chance to be competitive in the
world taking into consideration its new owners, new organisation, technological modernisation,
business rationalisation and... new-sophisticated projects.

2. Today’s position of transport vehicles
Today’s transport of goods and passengers has three principal characteristics:

- fastness,
- security, and
- comfort ability.

From this point of view, the existing forms of vehicles have to be divided in several
categories:

- displacement ships,

- semi-displacement ships,
- planning ships,

- hydrofoil assisted ships,
- hydrofoil boats,
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air cavity vessels,

SES ( surface effect ships),

air cushion vehicle,

Wing -In -Ground effect vehicle, or
Ekranoplans.
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Figure 1. Modificated Von Karman — Gabrielli diagram
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To correctly present an actual state of the utilization of vehicles it is useful to start with the
Von Karman — Gabrielli diagram [6], modified by authors, in which it is possible to see the
domain of the some actual idea project vessels, and its place between actual seagoing and aircraft
projects, presented in Fig.1.

This diagram shows the ratio L/D (buoyancy and resistance) to v (speed), and it can be
taken as W/T (weight and propulsion force) to v (speed) of vehicle, starting from bicycle and
displacement ships, over air cushion vessels, automobile, aircrafts and helicopters up to
“Concorde”. The speed is presented in km/h and in knots calculated by authors. In that diagram,
the TECHNOLOGY LINE is marked, i.e. the limit line of actual technological transport vehicles
possibility. It is a task of new generation of naval architects, designers and constructors of new
vehicles of the 21" century to shift this technology line more “to the right”.

Namely, the technical and technological development, research of new building materials,
engines, production resources, and ideas, based on actual results of aircraft industry is a warranty
for these hypotheses.

By analysing considerately Von Karman — Gabrielli diagram, a triangle area “A” can be
seen in the central quadrant, under technology line, in which there are no domain of actual
transport vehicles, and also that the domain responds to the speeds v = 50 to 250 knots, and
relation L/D (or W/T) =15 to 50, as is shown on Fig. 2.

In this domain in diagram there is a space to research an efficacy of new speed and high
speed vessels, i.e. the vessels of new generation, as well as a WIG — effect vessels and
ekranoplans.

[L/D is relation of buoyancy and resistance, because in stationary flight the weight is
equal buoyancy, and propulsion force is equal resistance, than L/D is equal W/T, i.e. the

relation of weight and propulsion force. At the big flying vehicles L/D is about 20, and at
smallest is about 15].
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Figure 2. The detached domain «A» of Von Karman — Gabrielli diagram
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Regarding today’s transport speed, there are vehicles up to 250 km/h or 135 knots, but they
are not used for group- transport, and are in the function of short relations transport. At longer
distances, they are no acceptable, because their cruise speed is limited to 100 km/h or 54 knots,
which is a minimum speed of ekranoplans. Using the high — speed vessels, and WIG — effect
vehicles - ekranoplans, for passenger transport, the crossed road can be increased up to fourth
times for the same period of time, regarding the fact that a magnitude of speed in domain “A” on
Von Karman — Gabrielli diagram corresponds just to these requirements. Their advantage over
other vehicles would be in possibility of rising in the air and descending without classical runway,
but a disadvantage would be a restricted use on great lakes, at coastal regions, with numerous
islands nearby, and there where big waves are produced.
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Figure 3. The power and weight ratio to speed diagram of up to date build vehicles

The ratio P/W (power and weight) to v (speed) diagram, regarding typical groups of
existing vehicles is shown on Fig. 3 [6], and Fig. 4 [6], shows only its part, i.e. a space between
the ships, hydrofoil boats, air cushion vehicles and ekranoplans, marked as “B”, in which domain
a positioning of new generation vessels are expected, regarding ratio of P/W to v, and in which
area the next research and development forces have to be concentrated.

(In Fig.3 and Fig.4 ratio P/W is normalised, car at 100 km/h = 1)
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Figure 4. The detached domain of power and weight ratio as a function of speed diagram for the new
research

[P/W is a ratio of power and weight, where the efficacy of vehicles is presented by a quantity of
consumed fuel per passenger and per one km, and is proportional to inverse number of
transport efficacy TE, which is determined as product of L/D and the vehicle’s speed)

3. A possible Croatian shipbuilding response

The Croatian shipbuilding, if it wants to keep pace with advanced shipbuilding and naval
architect world has to orientate itself, as soon as possible, to designing and building of high
sophisticated vessels and high — speed vehicles, which presupposes:

- another organisation,

- technological modernisation,

- production augmentation,

- cost controlling in each phase of production,

- entering into partnership at the State level,

- animating and stimulating research, innovations and education,

- production based on knowledge and science,

- partnership relations with sub- contractors and other suppliers, based on communal product,
- new sophisticated final products, and a high — speed vessels,

- greater volume of production for Croatian shipping companies etc.

Some preliminary project solutions are presented in the following figures.
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Figure 5. “SEA-MINIBUSS”- (the sea-buss [4], idea-project of Prof. R. Markovina,
Ph.D.nav.arch. from Split and 1. Lipanovi¢, nav. arch. from Lumbarda - island Korc¢ula (speed
25 — 28 knots, MONO-HULL)
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Figure 6. “TRILLENNIUM 8000”, (sea car, idea project of G. Curin, B.Sc nav.arch. from Split,
speed 22 — 25 knots, small TRIPLE-HULL)
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Figure 7. “FAROP”, — catamaran with superstructure on stable amortising field [1], idea project F.
Dizdarevi¢, B.Sc.air.constr. — USA and Prof, R. Markovina, Ph.D.from Split (speed: 35 do 60 knots,
MONO-HULL, TWIN-HULL, TRIPLE-HULL)

Figure 8. « BRACERA II» - vehicle for transport of 20 passengers, idea project D. Marasovi¢, Be.S.
from Split (speed about 120 knots, EKRANOPLAN)
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LVL

Figure 9. “GLIDING WING”, variant SPALATO [3], (idea project Prof. R. Markovina, Ph.D. from
Split and F. Dizdarevi¢, B.Sc. air.constr. — USA, which in the first version would have a speed about
60 — 80 knots, without WIG — effect, bat in the second version a speed about 80 - 120 knots, with
possibility of flying by WIG- effect, TWIN-HULL and/or TRIPLE-HULL)

On the base of presented super high speed idea projects of vehicles [1], several years ago
some research about Adriatic and Mediterranean needs for high speed passenger transport [4], as
conversion actual “white fleet” was done , and the results is present in Table 1.

One of possible sophisticated project, which Croatian shipbuilding could be design and
offer in world shipping market, as concurrent homemade product is SHIP FOR WASTE
BEARING, which is today in Croatian coastal and islands towns actual, and Mediterranean to,
with high ecological performances. There are, also, a nice sophisticate floating objects design like
FLOATING RESTAURANT, FLOATING APPARTMENTS, FLOATING PARKINGS,
FLOATING HOTEL etc.

Croatian shipbuilding has needs and possibilities to start with these very sophisticated
projects, as the new projects of super high speed vessels, which would have a market, and which
would be very useful both for local people and for tourists [2]. The first step is reanimation of the
research function, which actually does not exist, bringing together actors in naval architecture
science and starting with projects design, working parallelly on shipyards’ restructuring,
application of new materials and modern technologies, and finally on technological
modernisation.

In this sense we propose the following:

1. Croatian shipbuilding has to be reconstructed on the basis of decreasing total production costs,
especially ensuring business efficacy in the non favourable market conditions, which, in
shipbuilding industry, changes cyclically (recession) and with continuous increase in efficacy
of all essential functions of production process.
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Table 1. Results of research of needs for high-speed passenger transport in Adriatic and

Mediterranean coast

T 1 Type2 Type3
No. | Characteristic ype t Farop- Gliding wing —
Sea-minibus . v
amort.superstr. Spalato

1. | Number of hulls | Mono-hull twin-hull twin-hull

2| Number °f 60— 80 150 — 200 300 — 400

passengers

3. | Speed 20 —25 knots | 25 —35 knots | 40 — 60 knots

4. 100% Y€1 10 months 8 months 10 months

efficiency.

5. | 60 . % Year' | 12 months 12 months 12 months

efficiency.
6. | Users -Island people | - Island people | -“Shopping
-Season -Weekend tourists
tourists. tourists, “-Religion”
-Season tourists,
tourists. -Season
tourists,
-Excursion
tourists.
7. | Preliminary
needs for | 10— 12 pcs. 6 pcs. 4 pcs.
Adriatic sea
8. | Preliminary
rﬁzgistenanean for 40 — 50 pcs. 15 —-20 pcs 10 — 15 pes.
sea
9. | Preliminary price
prototype 400.000 4,000.000 8,000.000
(USAS)

10. | Preliminary price
in series per unit | 320.000 3,000.000 6,000.000
(USAS$)

2. Certain activities, which are not completely shipbuilding, and which could survive on the
market have to be separated from shipyard’s system by its own organisation (small and
medium), but some parts of its capacity can be placed in shipyard (as partners in building of a
ship as common product, with common risk for profit and/or loosing and rest of its capacity
could be placed on the market.

3. Croatian shipbuilding, as its Far East and European competitors must have the same conditions
provided by the State [5], as:

e offering on the shipping market the attractive products in form, design, quality,
price, payment’s conditions and delivery time,

e providing the financial resources for our own production with acceptable
conditions,

e modern and acceptable organisation and coordination in ship production,
systematically directed to the coasts to ensure a profit, need for existence, research,
innovation, development, investments...etc,

¢ rational developing of technological and human potentials, needs for competition
and surviving on the shipping market,
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4.

¢ introduce well-educated and successful managements for good business policy, with
well chosen and qualified collaborators, who would be capable to introduce modern
methods and models in shipbuilding process, would support research and
development function, would control production process and would create
appropriate measure for the realisation of production programs.

Conslusion
Von Karman — Gabrielli diagram presents domains in which we could expect the research

of a new generation of vehicles under the current technology line.

In modified Von Karman — Gabrielli diagram it is possible to see in which domains of L/D

in a function of the speed takes place of some old and current forms of transport vehicles and
actual idea projects of the fast ships and the super high speed vehicles.

Croatian shipbuilding as compared with a world competition has some benefits:

the idea projects for starting the design process of high speed and super high speed vehicles,
the high quality designers, constructors, science and production people, and other professions
in shipbuilding,

good support institutions in ship design and production in scientific and education areas,

good quality and recognized product,

numerous workers ( one own’s and cooperates) employed,

good and qualified working power,

a great and good tradition in shipping market,

good associate industry (small and medium firms ) which have to be developed more than they
are today in different domains which shipbuilding industry needs.
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Abstract

Aim of this paper is dynamic load impact analysis of regulation and automation of drive
mechanism for reach shifting. Calculation of each machine system implies mathematical analysis
intending to reduce inevitable model simplifications and negligence. Cranes, that are in operations
without stationary states, range of dynamic loads could be determined only using dynamic analysis
of complex mathematical models. When determining amplitude loads, dynamic analysis of elastic
model is necessary.

Model with structural matrix is used for analysis of dynamic load and swinging impact on
regulation and automation of rotary cranes drive mechanism for reach shifting.

Keywords: Regulation, drive, Cranes, Model, Reach.

1. Introduction

Recent researches of crane drive automation impact are related to selection of strategy that
would be applied during regulation. Aim of this paper is dynamic load impact analysis of
regulation and automation of drive mechanism for reach shifting of revolving cranes. The crane is
regarded for working cycles with cargo catching, lifting, transferring and unloading.

2. Model definition

In static calculations, impact induced by dynamic loads are taken over dynamic factors that
are estimate of expected dynamic effects. Regarding crane assembly that are not exposing
stationary states in operation, the answer concerning dynamic loads extent could be reached merely
using dynamic analysis of complex mathematical models. Rigid system models are giving answers
regarding dynamic loads average course lines, but for analysis of amplitude loads extent, elastic
model dynamic analysis is necessary requesting computers of notable capabilities.

For dynamic load impact analysis of regulation and automation of drive mechanism for
reach shifting of revolving cranes over their dynamic and load swing, a model with structural
matrix is used for describing the conduct of beam or spindle. Figure 1. present diagram derived
from crane operation simulation during unloading for one half of working cycle. Elastic parts of
construction are indicated with B. Reduced masses and inertial features comprise rigid elements
that are connected to elastic parts. The Rope is presented as spring with attenuation.

Simulation of crane operation in time domain is performed with programming system
ADAMS using variable load. Rope when lifting the load and winding spindle for changing the
reach, are exposed to movements. Simulation is performed for rigid models with adequate
movements and models with various elastic components content. Static load analysis for several
positions in working area is also performed.
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Figure 1. Diagram of crane movements

3.  The results of model analysis

Since the model analysis is performed for more possible variants of cranes changing reach
and lifting driving set, for rigid and elastic systems with various degrees of freedom, in this paper
several characteristic examples are presented.

Simulation of rigid crane system, with load hanging on rope, and driving set for changing the
reach is having programmed drive and drive that is analog to asynchronous electric motor driving
set. The movement is accomplished from maximal to minimal reach respectively. Diagrams on
Figure 2. display path lines of load (code -- 07.3) and cranes boom pike (code — 04.3) for
simulations with code 4 — and 6.
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Figure 2. Load and crane boom path line diagrams

As displayed on diagrams, different motions principles of driving set for changing the reach
will impose different load swinging as pendulum. When classic electric drive is involved,
oscillation amplitudes during breaking phase could extent over 5 meters.

Figure 3. display diagrams of load horizontal moving speed (code --.08.3) and cranes boom
pike (code — 05.3).
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Figure 3. Load horizontal moving speed and booms pike speed diagrams

From booms pike speed diagrams there could be observed speed increase for reduced reach
with constant speed of driving set, representing the basic reason for laborious crane manual
manipulation. Increase of absolute booms pike speed in a range of reduced load reach, and sudden
breaking are inducing loads speed increase during oscillations.

Figure 4. display diagrams of forces extent in upper joint of compressed boom for both
simulations (Figure 3.) and winding spindle coaxial forces diagrams for simulations with code 04.
—and 06. — in Figure 7b. Active paths for both simulations are the same.
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Figure 4. Diagrams of transversal forces in upper joint of compressed boom (a) and
winding spindle (b)

Movement diagrams derived from simulations similar to previous but with elastic
construction parts are presented in Figure 5. Three-dimensional system like this one, in dynamic
simulation has 28 degrees of freedom and integration start with 262 equations. In diagrams B
denotes structural matrix, and based on these, structural suppression matrix are formed. Rope is
presented in model like spring with suppression.
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Figure S. Position diagrams for dynamic simulation

To observe more precisely load swinging, Figure 6. present diagrams of load coordinate and

boom spike difference in case of drive set for changing reach with programmed