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2. PRODUCT LIFE CYCLE

2.1. Comprehensive Approach to the Product

The term ‘product life cycle’ is very essential for design methodology. It is one of
those elements which stresses that a greater emphasis should be put on initial design
stage and which is a springboard for product development process (project) planning
and controlling, which, due to a close link with the market needs product development
and its execution. is necessary in mechanical engineering.

Each product has its own life cycle which consists of six stages:

Staoe 1: Creating the specification and planning. The stage aims at creating a clear
description of requirements which have to be met by the product in a form of its
functions and capacities, availability in time, necessary investments and other
descriptions. All the next stages depend on the results of this stage. Developing
the product specification is the main tool when formulating market needs.

Stage 2: Conception project. This stage involves creating the basic image of the
product, the effect it will have and what it will look like. A project execution
study is carried out. The true designing creativity is concentrated here.
Traditionally this stage is least controlled, least defined and least understood.

Stage 3: Selection of product features and technological product preparation. Here
the product conception is implemented in the form of a product prepared for
manufacturing. This is the most time-consuming stage. Content-wise, the
processes applied at this stage are relatively very well covered. However their
weakness is the time limit due to a series of mutual iterative relations between
selection of product features and technological product preparation. The basic
method of addressing this problem is the so-called ‘concurrent designing’. It
involves the approach in which this stage is understood as a team effort. We try
all the necessary steps to be realized concurrently, which is to exchange partial
results obtained immediately with other team members e.g. between the design
engineer and process engineer the elements of product features selection are
transferred iteratively, analyzed in feasibility study.

Stage 4: Product manufacturing. It involves a real manufacturing process. From the
point of view ot mechatronics, quality and cost reduction experience is
important, both in mass production and piece production.

Stage 5: Product operation. At that stage the product exists on the market at the
client’s (end-user’s). Here feedback connected with a given or future
specification is essential.

Stage 6: Product disposal. Each product is the beginning of another product. From the
point of view of functional properties of the product, one should not ignore e.g.
ecological properties, how the product can be recycled.

The first three stages refer to the true designing (selection of product features).
However, from the perspective of creation of conception only the two first are essential
since applicable efficient processes already exist. We will consider them in more detail.

2.2. Designing as Problem-Solving

Designing from psychological point of view is a problem-solving task. And so
respective stages ot designer’s work follow the order below:
Voicing a demand, stating a problem.
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quantity will result in quality. This is the way it looks: a selected team of 8-12 members
is faced with a precisely and clearly formulated problem. Each member of the team tries
to present the greatest number of ideas. Ideas can be, at first glance, ridiculous,
individual ideas are assumed to be related. No evaluation, criticism or mocking is
allowed. The meting takes less than an hour and finishes once the members are short of
ideas. The ideas presented are written down, each on a separate piece of paper. The
brainstorming must be followed by the evaluation of ideas. Here the mapping of ideas -
and network thinking are recommended. These methods refer to the knowledge on the
structure of human memory which creates skeleton structures and shortcut connotations.
More details can be obtained from the Japanese method KJ.

.. Synectics is a method based on the knowledge that the creation of the conception
can be facilitated by emotional and irrational elements of creativity penetrating into
psychology. The basis of synectics is a change in the established approach to the
problem. Synectics involves a team of 5-6 members. A given problem is talked about in
a form of an unstructured discussion. The evaluation of the problem is also put off.
Analogies, metamorphoses, unusual sides of the problem. referring the subject to the
wider context are searched for. The connection to bionics, the study of mechanical
systems that function like living organisms or parts of living organisms, is obvious.

To sum up this section, let us look at some methods applied by Japanese
companies. KJ method, which was originated by a Japanese anthropologist Kawakita, is
a method targeted at discovering the relationships among sets of knowledge
(experience). It is a variant of mapping of ideas. It starts from facts about a given
problem, each written down on a separate piece of paper. later sorted to bigger groups
which are interrelated. Each group is given a new name on a separate piece of paper.
Then mutual relations are searched for across groups which are presented in a graphic
form with a network of connections on a bigger piece of paper. Finaily the script of
functioning of a given problem is projected based on the interpretation of the network
obtained.

NM method (developed by Nakayama) is a Japanese method, similar to American
synectics, which draws on KJ method. Analogies are created to each piece of paper
which are written down on other pieces and combined with the other pieces (ideas), e.g.
spatial or time combinations.

Key—Needs method is a method which addresses a creation of new conceptions of
products compliant with the needs of end-users. First keywords are defined for which
problems are formulated. As an option, by brainstorming, everyday needs of the
customer are found. Reasons are proposed for no solutions to these problems or needs;
they are expressed as positive or negative statements and then mutually combined. The
combinations are the basis for ideas what the new product could solve.

Kepner-Tregoe method is a method which consists of 4 techniques facilitating
decision-making and analysis of the problem. It is based on a conscious separation and
differentiation of individual activities of the mind while problem solving: analysis,
evaluation and selection. First the problem analysis is carried out by collecting the
information available, followed by the decision analysis. The aims are formulated
together with their alternative solutions, which are then compared. Then the analysis of
potential problems takes place, considering possible future problems based on
respective alternative solutions. Finally the evaluation of the aims of the situations is
conducted. The results help to see the current situation and future possibilities. Priorities
can be defined and solutions accepted.
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3. MODELLING OF THE OBJECT TESTED

3.1. Geometrical Model

The geometrical model was created in the advanced environment of graphical
solid processor Mechanical Desktop 6.0. The real object was reproduced with the
accuracy of 1 mm.

Sets of mechanisms closed in their cases were simplified to their outer
geometrical dimensions. The power leads were omitted. The 3D model generated is
projected in Fig. 2.
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Fig. 2. Robot geometrical model

3.2. Numerical Representation of the Robot Model

The geometrical model was repositioned to the environment of simulation pack of
Visual Nastran 4D. Simulation application initially allocated constrains between
elements based on geometrical statement. The constrains agreed were corrected by
assigning the appropriate number of freedom degrees for each of them, and new
indispensable fixing constrains receiving chosen degrees of freedom were introduced.
To make the object move, drives of suitably selected movement parameters were
initiated in positions corresponding to the actuators.
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Picture description:
— base with rotary motor,
— vertical column guide,
— vertical column stops,
— vertical column with actuator,
— horizontal column with actuator,
— horizontal column guide,
— horizontal column stops,
— manipulator clamping with rotary
motor,
— manipulator guide,
— manipulator crane with rotary
motor,
11 — gripping device.
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Fig. 3. Robot scheme

The particular assemblies of the mechanism were brought to the form of closed
solids of the appropriate weight. In the cases where a subassembly was made of
different materials and was simplified to a substitute solid, e.g. the base, the average
density resulting from the weight and volume of the subassembly was applied. The
division into elements and subassemblies used in the model is presented in Fig. 3.

3.3. Drives Description

Drives in the robot structure:
Vertical column actuator (Fig. 3, pos.4) causes vertical position change in
columns uy, and w:
e element: Linear Actuator,
e  max. travel: 350 mm,
e freedom degrees: 3 rotary,
1 translatory (local Z axis),
e controlling: velocity table.
Horizontal column actuator (Fig.3, pos. 5) causes horizontal displacement of
horizontal column guides u,; and u,,:
e element: Linear Actuator,
e max. travel: 375 mm,
e freedom degrees: 3 rotary,
1 translatory (local Z axis),
e controlling: velocity table.
Manipulator actuator (Fig. 3, pos. 10) allows the gripping device to move in one
direction within short travel of uy,; and uy,:
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element: Linear Actuator,
max. travel: 15 mm,
e freedom degrees: 3 rotary,
1 translatory (local Z axis),
e controlling: velocity table.
Base revolute motor (Fig. 3, pos. 1) allows the horizontal columns 0,013 and Py(1.3)
to rotate:
e element: Revolute Motor,
e max. revolution: 300°,
¢ freedom degrees: I rotary (local Z axis),
0 translatory,
e controlling: velocity table.
Manipulator revolute motor (Fig. 3, pos. 8) allows the manipulator to turn the held
objects @y, and @y
e element: Revolute Motor,
e max. revolution: 180°,
e freedom degrees: I rotary (local Z axis),
0 translatory,
e controlling: velocity tale.
The velocity tables applied were set to interpret proportionally the values between
the limit points.

3.4, Element Weights and Materials

Due to their complexity, particular robot design assemblies that had been
simplified to combined elements were weighed. After defining their volume. the
substitute density was identified. Table 1 presents the numerical model elements with
their weights. Robot elements numeration is consistent with Figure 3.

Table 1. Material properties of robot elements

Element Material Weight [kg]
Vertical column guide (2) ANSI C 1020 steel 46.70
Vertical column stops (3) ANSI C 1020 steel 2.16
Vertical column with actuator (4) various 22.02
Horizontal column with actuator (5) various 25.67
Horizontal column guide (6) ANSI C 1020 steel 6.11
Horizontal column stops (7) ANSI C 1020 steel 1.10
Manipulator clamping (8) various 3.00
Manipulator guide (9) ANSI S 304 steel 1.02
Manipulator crane (10) various 1.48
Gripping device (11) 2024-T3 aluminium 0.53

4. EXPERIMENTAL STUDIES

4.1. Experimental Studies Aims, Conditions and Range

The aim of the studies was to define the PL-7 industrial robot execution time of
complex movements mirroring the work performed by such a unit in an automatic
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workplace. Exact describing the simple and complex motions time should allow to
coordinate the robot-operated processes.

Displacement characteristic measurements were conducted with the use of an
inductive sensor of 0.01 mm accuracy, which was coupled with the MCG extensometer
bridge. Displacement characteristic measurements were filtered through a program filter
of the 1 kHz disconnection frequency. The measurement was accomplished at the
frequency of 50 Hz. Rotary elements displacement times were defined by means of a
measurement card with the accuracy of 0.05 s. Using the same card, deceleration times
were measured. Initial data was gathered in a computer and stored in text files. Constant
5 bar pressure was maintained in the pneumatic supply system during all the
measurements.

Particular robot movement experimental identification was conducted in two series
for each of the simple motions. In each of the series, ten measurements were made,
where one series was equivalent to one motion direction.

4.2. Simple Motions Experimental Studies

The experimental results selected for u, horizontal column guide displacement
measurements have been presented in Fig. 4 and for v, horizontal column guide
retreatment velocity measurements in Fig. 5.
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Fig. 4. u;; u,, horizontal column guide displacement measurements results
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Fig. 5. v, horizontal column guide retreatment velocity course
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Vertical column (4) motion:
1 — column down,
2 — column up.
Vertical column guide (2) turn:
1 — column position 0°,
2 — column position 90°,
3 — column position 180°.

Gripping device (11):
1 - closed,
2 — open.

Manipulator guide (9) turn:

1 — manipulator position 0°,

2 — manipulator position 90°.
Manipulator crane (10) motion:

1 — manipulator is down,

2 — manipulator is up.
Horizontal column guide (6) motion:

1 — the arm retreated,

2 — the arm advanced.

5.2. Simple Motions Numerical Studies

With the use of robot model representation in the Visual Nastran software
environment a numerical test were made. During these tests displacements and motions
velocities of robot parts shown in Fig. 3 were assigned. Numerical simulations results of
particular robot parts movements were compared with experimental tests results. The
exemplary comparison for the v, — horizontal column movement velocity
measurements, is presented in Fig. 7. The results of Visual Nastran simulations are

shown by a solid line. Experimental test results are shown by the dotted line.
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Fig. 7. v, horizontal column guide retreatment velocity course — experimental and simulation
results comparison
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3. Putting together the results of measurements and simulation of robot kinematic
and dynamic behaviours confirms the appropriateness of the numerical model
formula.

4. The simulated cyclograms have shown the necessity of time breaks in the robot
operation. Movement simulation has allowed checking the possibility of shortened
cycles and estimating the minimal times of correct task performance.
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— diode signaling (connected with digital outputs).
Each block has strictly definite functions attributed.

RS 232€ PuSi;of c;lrlltgtons OI;‘L;ISE ;):)(;Z‘rg?:s
MICROPROCESSOR
< Bus line >
digital inputs digital outputs —»I diode signalling |

Coming from the control  Going to the control
device outputs device inputs

Fig. 1. Discrete objects simulator

The most important element of the system is the microprocessor controlling the
whole simulator. The device uses Atmel 8958252 microprocessor.

The next block is a digital inputs block. It draws the output signals from the
controller and sends them to the processor. The digital input block consists of one or
several 74 HCT373 or 74 HCT374 sets and transoptors.

The digital output block sends signals from the microprocessor to the controller
inputs. It consists of one or several 74 HCT373 or 74 HCT374 sets and transistors. This
block also consists of LED diodes signalling the state of the simulator outputs.

The block of starting the controlling program push-buttons and the one of the
forcing push-buttons can come in two versions. In the first version the number of inputs
and outputs is limited to 8. In the second version the number of inputs and outputs is
theoretically unlimited. Besides, in the second version the system was fitted out with a
logical set controlling the readout and entries of the input and output signals.

The communication of the processor with the computer takes place through the
MAX 232 integrated circuit. This circuit together with an adequate transmission reports
forms a serial communication port of RS 232C standard. Through the port the computer
can modify or enter new stimulating programmes to the microprocessor memory and
control the state of the simulator outputs.

Fig. 2 presents a simplified scheme of the discrete processes simulator adapted to
operate a controller of maximum both 8 inputs and 8 outputs.

At strictly definite intervals of time the processor reads the information about the
states of the signals entering the simulator. that is the information about the states of the
output signals from the controller.
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There are two stages in one cycle:

Fig. 6. Mixing and dosing two liquids: a functional diagram

Stage 1
e A liquid dosing
~ input signals: W0 = 1 (the main switch), a2 =0, Y3 = 0;
—the output signal: Y1 =1.
Stage 2
e B liquid dosing
—input signals: WO =1,b2=0, Y4 = 0;
—output signal: Y2 =1.
A and B liquids dosing is independent of each other. After achieving the
predefined levels al = I, bl = 1, the controlling signals will be, respectively,
Y1=0,Y2=0.
Stage 3
e Supplying the mixer with liquid A
—input signals: WO =1, al = 1;
—output signals: Y3=1,Y4=0,Y5=0.
Stage 4
e Supplying the mixer with liquid B
—input signals: WO =1, bl =1, a2=0;
—output signals: Y3=0,Y4=1,Y5=0.
Stage 5
® Preparing A+B mixture — 10-minute state (mixing starts when Y4 = 1)
— the input signals: W0 =1,a2 =0, Y3 =0;
— the output signals: Y6 = 1.
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o optimal load — the necessity to guard against harmful impact of machines on plastic,
which not might be suitable for technology, environment and the design itself;

o optimal material — special requirements in relation to internal structure of working
elements of a grinder as well as their machining;

o optimal stability — the necessity to ensure high standard of hygiene facility during
operation of the machine, high peculiarity of some machining operation. which are
very difficult to stabilize, mechanize or even, to automate; the necessity to measure,
monitor and control polymer features, previously processed in machines;

o optimal relations of related quantities — loads — distortions — stress, maintenance of
high smoothness, efficiency, continuity of technological operations, traditions —
progress, innovations, ‘novelties’ for plastic markets.

The foundation of machine design and manufacturing process planning in
production of polymer raw materials is the knowledge about physical quantities of those
substances. It concerns different groups of features, such as, physical, chemical,
biological, and generally: technological. Supposing that the ground element, during
grinding process, becomes an element of the machine. it becomes subject to design
criteria. Polymer raw materials. semi-manufactured products and final products are
environmentally active.

Problem identification: design of a grinder. The rules mentioned were presented
in a nearly hierarchical way. They form basis for plastic machine design, building and
operating. Mathematical model of grinding is the mathematical description of relations
between input and output with a necessary degree of simplification. Generally, the
function of the research object (using characteristics H,, and constructions features Cg)
is:

{H}: Hy =f{Cy}, Hm=Ff{Cq, He=1f{Cd, Hq=F{Ci )]
where:
Ny — power demand: Hy = (Cy,
W, —mass efficiency: H,, =f(Cy).
er 1, Er, M, @, v, n —energy indicators:  He =f(Cy),
Aq — product quality: Hy =f(Cy.

It is aimed at, by the rule, to minimizing or maximizing selected grinding
characteristics with intelligent design. A detailed form of the intelligent grinding,
research object is (for quality function) as follows (particular features of grinder design
are given in brackets: dimensions, speeds, circular pitches, number of holes and gaps,
Fig. 1):

H, =f(d d,wt,t.I.1,.1.s) 2)

Knowledge representation: The following items were used while modelling
[3-5]:
- work potential equation,
~ design feature matrices of a power unit and multi-disc unit,
- functions of peculiar and general research objects.
The work potential equation of plastic grinding, within a period (fp, T), is:






























42 Henryk Holka

x(t)

k ¢ 7 JFw
i
UA
S [FY)
TJ ] x,{t)

Fig. 2. Active isolator

Unfortunately, this system is quite complicated and rather expensive. For this
reason very often we use the so-called semi-active method of control, Fig. 3.

X

[

m

Fig. 3. Semi-active damper isolation

The velocity and acceleration of the isolated mass are measured. The damper is
commanded to produce a force proportional to these semi-active signals [1].

Another example of such control is the dynamic absorber which follows the
change in the spring stiffness, Fig. 4 [3, 4].






44 Henryk Holka

m,, f(x), f(x)

|
o |

P sinot /

!
o N e
|

Fig. 5. Electrodynamic vibration absorber
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As we can see, only the first two terms (2a, 2b) of the above equation were taken.

The unknown terms a,, a@,, C,, and ¢, will be determined by experiment.
The equation of motion of mass m, can be written as:

mz).(.z +C1().(2 —).(1)+ Ca()l(z _).(1)3 +a1(X1 _X2)+33(X1 _X2)3 =0
Assuming stimulation:
x, =X, coswt

and response:
x, = Acoswt+Bsinwt
where:
XZ=A*+B?
A = x, cos gt

B = x, singt

“4)

(5)

(0)

(7

Substituting (4) and (5) into (3) and introduce X, and x, from the experiment, we

finally obtain the unknown element “a” and “c”.
Numerical calculations were carried out for the following values of parameters

m, =0.362kg m, =0.150kg k, =700N-m™
,=2.8-10° ¢, =-3.72-10°
a, =568-10> a,=-09-10°

The results of calculation are shown in Fig. 6.
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Amplitude of mass motion m, as functions f(Hz) for different values of electric current
in the coil

3. CONCLUSIONS

1. The results of the analysis have shown a complete agreement between theoretical
and experimental investigations.

2. The spring and damping force of the induction coil can be very easily changed by
changing the voltage in the coil. which gives a large potential of applying
electromagnetic field in the control of vibration.

3. Electromagnetic field can be used in the semi-active suspension systems.
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friction centre and the reference line is the fence frontal surface, then the local minimum
of the radius chart determine the stable edge of the load. The corner of the load
subjected to the fence action causes rotation of the load so as to reach the local
minimum (Fig. 3). Every local minimum designates orientation of the load in which it is
in stable equilibrium (according to the fence pressed) and each maximum designates
unstable equilibrium. More detailed relations occurring between the load and the fence
are presented in the next chapter.

a) b)
final &;
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final >

intermediate position @
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unit load

direction of fence
motion

== initial
ber of & position imual
number of succeeding ,__———() .
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Fig. 3. Chart of working motions of the fence that dislocates unit load: a) rectangular,
b) triangular

2.2. Examples of Object Manipulation Techniques by Pushing

2.2.1. Manipulators with Active Fences

The load manipulation process based on giving specific translatory and (or) angle
position usually requires a series of fence working motions. The object destination in-
tended reached by a single fence action can take place in exceptional load arrangements.

In Fig. 4 an example of driving the load to an exactly established position through
a number of intermediate positions is presented. The object dislocation is realized by
means of the fence with deflection working motion mounted above the conveyor belt
(moving with a fixed linear velocity v) [1]. The desirable position (from any initial
position) is obtained as a result of properly planned push sequence of the fence
alternated with the free object drift along the conveyor. The selection of the fence
actions follows the initial position data of an object approaching and its geometry read
and processed by the manipulator system measurement equipped with a video camera.
The essential assumption of this solution is no slip between the object and the fence.

Another variant is a solution which requires only a detection sensor recognizing
object presence in the manipulator work zone (e. g. light barrier) to start the fence
working motion (Fig. 5, {1]). The manipulation process is realized as a result of single
information about the type of the manipulated object. The fence working cycles are
worked out so as to (common for every object of a given type) permit an efficient object
manipulation in any of its initial pose. The main assumption is the frictionless slip
between the object and the fence. The fence manipulation activities begin with the
object interception by the fence and its location at the end of the fence limited by
a bumper. The object motion along the fence (until the fence end) is realized through
the fence deflection consistently with the belt velocity motion.
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consider also its influence on the environment (noise, fumes. fuel vapours etc ), as well as
the opposite influence — of the environment on the highway (wild life in forests and fields
adjacent to the road may disturb the traffic).
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Fig. 1. Essence of engineer’s activity {4]

The example presented is far from machinery engineering domain but it concerns all of
the society, it includes also a wide spectrum of aspects to be considered in every field of
engineer’s activity and therefore it has been quoted here. .

Engineer’s activity is based on the essential knowledge of the subject, using skills
acquired, showing a proper attitude [6]. The most essential elements, which condition the
activity, are presented in Fig. 2.

The range of indispensable essential knowledge of the subject, in its particular
domains, changes depending on the problem to be solved and, therefore the best results are
obtained in engineer’s activity realized in teams made up of depending on the needs.

The skills in Fig. 2 create a general one which can be referred to as skill of creative
thinking and working. Out of the elements attitude, a special attention must be paid to the
last two. The first of them, ecological consciousness should trigger a pursuit of a maximum
reduction in the actions degrading the environment, not only for moral reasons, but also
technological and legal ones (ISO 14000 standards). What is interesting and worth of
popularising is the view that ‘No technological process generates wastes; apart from the
end product, also by-products are generated, which at times (according to the state of the
art) one does not know how to process into supplies being a source of wealth’ [1]. Such an
attitude ensures proper relations between technosphere and biosphere.

The second element of the attitudes: pursuit of knowledge updating and broadening as
well as improvements of skills is also very essential. The progress which is observed
practically in all the fields of science makes it that, without this element of attitude, creative
engineer’s activity is simply impossible. A great deal of indispensable knowledge makes it
also that to meet the needs, one should get to know the most effective methods of learning.
“The illiterate of the future will be the man who does not know how to learn to learn’ [3]
seems very accurate.
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INTERNET-BASED TECHNICAL PROJECTS MANAGEMENT
SYSTEM ALLOWING FOR TEAM-WORK IN DISPERSED
ENVIRONMENT

Summary: The present papers covers conceptual presumptions and work of Internet
application that supports the design-engineering process in the dispersed team. This
system allows collecting, storage and accessing data of technical projects via the
Internet. which makes it possible for projects participants to cooperate, while
performing their tasks in a different time and place.

Keywords: CAD. Internet. design- engineering process, documents circulation

1. INTRODUCTION

At the beginning of the 80s a possibility of using computers to work together to
support engineer work became a fact. Together with the first applications for designers
the new notions, such as CAD, CAM and CAE, came into use. Nowadays there is
a huge number of constantly-evolving computer programs beyond the shortcut CAx.
Probably the most important change concerns the way of presenting the modeled
artifacts. At the first stage of CAD, the first applications were used to create (it was
indeed time-consuming although it required only bows and lines composition) two-
dimensional drawings documents. Nowadays the applications are based on three-
dimensional record of the structure. The information this kind of model contains can be
used to create technical documents (drawings, lists of parts), calculations (e.g.: MES)
and generating NC codes almost automatically.

The changes in most cases concern only individual design [1] process, namely:
work of the single engineer in a separate (computer) work post, on a separate design
task. In fact modern CAD programs allow team cooperation via the net, LAN in most
cases. Besides CAx type programs support only part of design-engineering process, e.g.
they concern only designer tasks that are apart of the structure shaping process. A great
diversification and individualization of the CAD, CAM, and CAE program group can
be still seen in data exchange between systems as well as from an organization
(integration) of the design-engineering process point of view, communication in the
design-engineering team, etc.

It is worth mentioning that there is a group of documents management dedicated
programs, based on the Internet browser, e.g. Microsoft Project 2000 with the Internet
extension: Microsoft Project Central. This application is dedicated to a wide group of
users; it concerns the project management problem in general, and as such it becomes
very difficult to tailor it to the needs of design-engineering process. The experience of
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the authors (2000-2001) shows a number of imperfections of this software, especially
when updating database by both, administrator and user of the system. When there is no
efficient technical support available, which refers to the period of 2000-2001 it must be
considered as the problem that questions the idea of using the system mentioned.

Obviously, the complex systems, integrating work in large companies, such as
I-DEAS, CATIA, has existed for quite a long time. Nevertheless, the authors pay
attention to the needs of small and medium-size companies. However, as Wrobel [3]
stresses, despite relatively high financial resources, for small and middle-size
companies those systems are too expensive.

However, a development of telecommunications, computer networks and,
particularly, the Internet and client-server applications makes it possible to create proper
information channels between persons engaged in the project task [1] so it becomes
possible to create computer systems which can respond to the needs of design-
engineering process in a complex way, in small and medium-size enterprises.

The present paper is a description of the computer program that helps to go
through the defined stages of the design-engineering process in dispersed work team [1].
The main scope of this work are information flows at each stage of the design process:
structural (modeling the structure, selection of the structural features) and execution
process (preparing technical and technological documents) [2].

The ‘team’ notion is provided [1] with the adjective ‘dispersed’, to stress a lack
of limits concerning the distance between design-engineering process team members and
differences in time of their work.

The system which is covered by this article has been developed by Faculty of
Mechanical Engineering, the University of Technology and Agriculture in Bydgoszcz.

2. PRESUMPTIONS CONCERNING PROGRAM FUNCTIONS

It was assumed that systems described known as Projects Central Station need to
offer the following functions and features:

1. It supports the flow of information on the project in the dispersed group of persons

engaged in the process so it allows to: collect, store and access the information.

It presents information about the project in a given order as a tree which is the

visualization of the project structure.

It treats design-engineering process as a time-evolving event. In practice it means

that e.g. it allows to edit (change) the project structure, remembers the history of the

project: it administrates versions of the documents and generates log (event register).

4. The scope of its work are design and execution phases: it can transform different
kinds of documents and files.

5. It supports team work; it protects the documents from deleting (e.g. overwriting)
information by other members of the team.

6. It notifies about events important for the user, shortening the time of response and
rationalizing cooperation.

The system is based on the client-server architecture. It makes hardware and
software basic layers, discussed in Section 4. The solutions of the database architecture
for keeping the information are presented in Section 5. The work of the system and its
utility is presented in Sections 6 and 7; the way the system collects and allows to access
data.
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MODELING OF HYBRID ASSEMBLY STANDS

Summary: Hybrid systems of assembly are constructed of complementary automatic
stands and manual assembly stands. The configuration of such an assembly is to
some extend a hybrid. Hybrid area modeling is based on determination of the con-
figuration system. The assumption of simple division of the rectangle area of the
system into two equal parts has been used for differentiation of manual activities
from the automatic ones in the configuration system of the assembly process. The
percentage of automatic assembly field in the whole hybrid process has been de-
scribed as the level of hybridization of the assembly process. Fuzzy logic theory has
been used for determination of optimal values of the assembly process at the as-
sumed area of the hybrid. Simplification of project assumptions for hybrid assembly
stands have been presented as well as the defined area and the level of hybrid and
optimal parameters of a given assembly process.

Keywords: assembly. hybrid systems, mechatronic system

1. ASSEMBLY IN HYBRID SYSTEM

Hybrid systems of assembly of products or sets of products are constructed of
complementary automatic stands and manual assembly. These systems fill the gap be-
tween the assembly processes which are fully manual and fully automatic. The assem-
bly configuration may thus have a different structure, that is, it may be a hybrid to some
degree [4]. This degree exists between hybrid border values, namely, the fully manual
assembly and the automatic one (Fig. 1).

big diversity of variants small
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assembly
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Fig. 1. Possible assembly configuration diagram [4]
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2. ANALYSIS OF CONTEMPORARY RESEARCH METHODS OF MULTI-
AXIAL FATIGUE

2.1. Cylindrical Sample Testing

One of the widely used methods of multiaxial fatigue testing assumes the use of
a full cylindrical sample (Fig. 1). The shape samples usually undergo cyclic loading by
an axial force and a torque. What is also applied is a simultaneous loading by a bending
moment and torque. On the surface of the work part of the full cylindrical sample
loaded with the torque and axial force. the stress state characterized by a constant
amplitude of shear and normal stresses is achieved. In the case of loading the sample
with the torque and bending moment, an additional gradient of stresses resulting from
bending occurs.
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Fig. 1. Cylindrical sample [8]

Another way of acquiring in the sample shear and normal stresses resulting from
bending is by applying a grip of a special design and uniaxial loads (Fig. 1). Under such
conditions the loading on the test stand is distributed through a kinematical chain of the
grip in such a way that for one extreme adjustment, the sample is bent, and for the other
— it is twisted, while in the intermediate positions both bending and twisting occur.
What can be concluded on the basis of how the load is applied is that there exists
a possibility to control the relation of normal stresses to shear ones. However. they can
change only synchronically in relation to each other.

2.2. Tubular Sample Testing

In the group of standard methods of biaxial fatigue testing the most often used are
the methods assuming the use of a thin-walled tubular sample. This shape samples are
tested in the conditions of cycle-changeable loads with an axial force and torque (Fig. 2)
or with an axial force and the internal pressure (Fig. 3).
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Fig. 2. Thin-walled tubular sample intended for the axial force and torque loading {4]
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feature of this shape samples is the uniform strain and stress distribution in a wide area
of the sample surface.

n

Fig. 8. Rhomboid sample dimensions and the way it is loaded

For the loading method presented in Fig. 8, (corners are joint fixed) the bending
moment M, referred to the length unit e is the load function Q and in distance

¢ from BD axis:

Mezg(b—c)/e (1)

where:
Q N
2 load working in a single corner,

b - halfthe AC segment length,
¢ —distance from BD axis,
€ — HI segment length.
The length of HI segment is:
e=2(b-c)a/b) @
where:
a — halfthe BD segment length.
Substituting the expression (2) into (1), an expression describing a rhomboid
sample unitary moment is achieved:

M, :%Q(b/a) 3)

As it can be seen, M, moment is independent of distance ¢ from BD axis, and

constant alongside the whole HI segment. What results from this is that it is constant on
the whole sample surface (except the grip parts). On the basis of the moment constancy,
it can be presumed that on the working part of the sample, there is a homogeneous flat
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INVESTIGATIONS OF TURBULENT PULSATION CHANGES
AND MEAN VELOCITY DEPENDING ON FORCING
FREQUENCY IN ANNULAR AXISYMMETRIC NOZZLE

Summary: The paper presents results of research of outlet jet from axisymmetric
nozzle. In this jet turbulent pulsation was forced using loudspeaker membrane.
Membrane oscillations were obtained with the pulsation generator and the air
oscillations generated were superposed on the main flow. The relationship between
turbulent pulsation and forcing frequency of membrane was analyzed.

Keywords: axisymmetric nozzle. turbulence. vibration damping. pulsation frequency

1. INTRODUCTION

Impinging jet applied in technological processes requires relatively high
coefficients of heat or/and mass transfer. The factor which limits the transfer is the
insulating layer near the object surface. It depends on fluid viscosity. The layer is the
principal cause of heat resistance, since heat transmission is due to conduction, which is
less efficient than due to convection. According to Stokes, the thickness of
nonstationary border layer & is:

§=2+v-t
where:
v — stands for coefficient of kinematics viscosity,
t —time.

As seen from the equation, the thickness of border layer depends on time which, in
turn, depends on jet oscillations. Heat conduction depends on turbulent movement.
Increasing turbulent pulsation in fluid probably increases transmission of heat through
the border layer. The purpose of the present investigations was to test the relationship
between pulsation superposed to the main stream and the turbulent pulsation of the main
stream out of the nozzle. The main drawback of this solution is a complexity of the
additional system activating periodic stream. The current progress in fluidic engineering
offers a solution to the problem with a simple jet oscillator.

2. POSSIBILE USES OF AIR STREAM NOZZLES WITH INCREASED
HEAT TRANSFER

Fig. 1 presents evolution of microprocessors. Since an increase in the number of
transistors per microprocessor has been rapid over time, the ordinate is presented in
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logarithmic scale. Similarly power transmission grows rapidly per volume unit. So far
no additional cooling systems have been used. Small fans have been used instead.
However, if the present trend continues, it is most likely that power transmission in
microprocessors will be close to power transmission in nuclear reactors, and therefore
implementing an additional cooling will be indispensable.

Impinging jets used for cooling purposes are very efficient. However supplying the
jets around microprocessor is extremely difficult. It would require the application of
additional devices. Intensive investigations are then carried out which involve cooling
by pulsating air streams (suction and blowing) as pulsation destroys the border layer.
The new solution is to replace the traditional cooling systems available today.

Number of transistors per microprocessor
over 1970 - 2000
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Fig. 1. Evolution of microprocessors in time

3. TEST STATION

Experimental research was made using a test station presented in Fig. 2.

The test station was air-supplied with a ventilator (5). Stream intensity is measured
by measuring quadrants orifice (6) located on the supply pipeline. The pipeline inner
diameter on both sides of the orifice is 46 mm . Maximum efficiency of the system is

0.063m? -s™, however having joined the nozzle tested (8), the efficiency decreases to

0.053m*-s™. The efficiency is controllable by throttling ventilator air-input with

a rotational cover.

This type of control is not precise, however it does not generate additional
resistance. A pressure drop on the orifice is recorded with a micromanometer (7)
CMR-10A. It is equipped with an option indicating velocity in the supply pipeline and
transmitting the data measured to the computer by a serial port RS 323.

The stream down the nozzle was tested. The anemometric system probe was placed
on traverse device (1) whose motion is computer-controlled. The probe moves
perpendicular to the axis of the nozzle (8). The pulsation superposed on the main stream
was generated by the loudspeaker membrane (4) powered by the amplifier (3). The
pulsation frequency was controlled by the frequency generator (2). Apart from
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controlling the pulsation frequency, it also allows for shaping control signals it
generates.

Fig. 2. Test station generating additional harmonic pulsation: 1 — traversing device, 2 — frequency
generator. 3 —amplifier. 4 — loudspeaker membrane. 35— ventilator. 6 — measurement
quadrants orifice. 7 — micromanometer CMR-10A, 8 — nozzle tested

4. RESULTS OF THE MEASUREMENTS

At the first test stage, the pulsation generated by the loudspeaker membrane was
measured without superposing on the main flow. The mean velocity distribution and
absolute turbulence were tested. To do so, the test station was simplified. The
loudspeaker was connected with the short pipe which coincided with the main pipeline
diameter by conical pipe, (Fig.3). The mean velocity distribution and absolute
turbulence were tested for x =10mm downstream.

—
FEA
> e /

Fig. 3. Simplified test station for preliminary measurements

The measurements were made for two frequency ranges: 1 to 20 Hz (1 Hz step),
and 1 to 70 Hz (10 Hz step). The probe traversed in the range r =+40mm off the
symmetry axis of a the loudspeaker.

The results of preliminary measurements are shown in Figs 4 and 5. The diagrams
show maximum absolute and mean absolute turbulence for the pulsation frequency
range examined. The maximum turbulence was obtained for f = 40Hz and maximum

mean turbulence for f = 30Hz.
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These measurements aimed at determining the influence of different distribution
pulsation (Fig. 6) on pulsation value in the main stream down the nozzle.

5. DISCUSSION AND CONCLUSIONS

The preliminary loudspeaker membrane measurements aimed at determining the
distribution of turbulence at connector pipe outlet. Fig. 4 shows changes in maximum
turbulence depending on frequency for the total range of measurements. Having
presented two measurement ranges in a form of one diagram, the local extremes of these
changes are seen. The first extreme was obtained for f =14Hz and the second for

f=,40HZ.

The mean value of turbulence and absolute turbulence downstream the connector
pipe were a decisive factor when selecting the frequency of the next measurements.
Based on mean turbulence and the lowest mean square deviation, the frequency was
selected for researching the main stream of the nozzle. The distribution of the highest
mean, the highest maximum and the lowest mean deviation (most steady along the
probe traversing line) was chosen. For these frequency parameters and, for comparison,
for the nozzle with / without pulsation of f =1Hz , the measurements were made with

the membrane attached, Fig. 2.
Fig. 7 shows the results of measurements of the output velocity v, =6m-s” for

selected frequencies; changes in mean velocity and changes in absolute turbulence
depending on forced input frequency. Maximum mean velocities were obtained for the
main stream without pulsation and with pulsation of f =1Hz. The lowest velocity

values were recorded for pulsation of f = 30Hz and f = 40Hz . Interestingly, the least
effect was observed for f =14Hz which, however, resulted in the highest turbulence in
the main flow. The lowest turbulence values were obtained for pulsation of f =1Hz
and without pulsation. For f =30Hz and f =40Hz no maximum turbulence was

recorded in the flow. The highest pulsation in the main stream down the nozzle is noted
for pulsation frequency which generates both high turbulence and steady-distribution
turbulence throughout the cross-section of the connector pipe (Fig. 6 and Fig. 7).
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MULTIPLE-DISC GRINDING UNIFORMITY MODEL

Summary: Uniformity of the crumbling-beater process and cutting mill is described
a part by part due to a rather high process complexity. The aim of a new model.
using new technical solutions and new computer aided calculations of energy
process dynamics. allows for calculating the grinding process in a multiple disc
cutting mill depending on the design properties and mill process.

Kewvwords: multiple-disc grinding, non-uniformity, efficiency. machines operation

1. INTRODUCTION

Optimizing the multiple-disc grinding design, a mathematical model of the effect
of movement non-uniformity plays an important role. Detailed solutions of driving
assembly factor in temporary and long time of changes in speed, torque and as a result
power consumption.

Developing, designing, and operating machines, more and more attention is paid to
environmental concerns [1, 2, 3, 4]. Crumbling polymer material, often as part of
recycling, one must consider design properties.

2. METHODOLOGY OF RESEARCHES

2.1. Research Object Model

The power demand of muitiple-disc crumbling is, similarly as in other solutions,
very unequal. Between the successive crumbling stages dead movement occurs which
allows for energy accumulation. Part of the supplied energy accumulates in multiple
disc cutting mill due to a sufficient moment of inertia. Otherwise fly-wheel should be
installed and as a result non-uniformity takes an acceptable form:

8=Ff(Cg,., . Ca.Pr.2-2)
or n
3=fMW,T,d,.d..l..e;noG,tE.At)
where:
CR,XAy — property of material crumbled, dpe, dmax — diameter on entry, I, — redu-

ced dimension of the product of crumbling, e - energy consumption per-unit,
Cir — design properties of crumbling assembly, IT — form of design, W — dimen-
sion, T — tolerance of elements, Pr — technological parameters, n — rotational
speed. @ — angular velocity, G, — geometrical tool parameters and of crumbling
assembly, t — time; Z-Z — used environmental potential and emission of pollutants
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to the environment, Eg — value of potential energy — material received from the

environment. A7 — value of potential energy — material energy increases due to

increasing temperature.

For the shaft moving at rotational speed n [min'], its average angular velocity
equals nominal value:

Tn
O =0, = — 2
me nom 30 ( )
Approximately one can assume [1-3, 7-8]:
o +to,
w - max min io]
e = T 3)

With the above, one can define the coefficient of non-uniformity of machine
movement [8]:

5k — max min (4)

From equations (3) and (4) the following can be received:
o )
wmax = a)me‘(1 + —_25—] > wmm = a)rme[‘I - ?k] (5)
That is to say:

me

2
i =0 1+52] =0 (14)
(6)
2
b =0k (1-%] =aii-a)

The value of energy accumulated in fly-wheel AL, which is the difference
between the work really executed during cuts L, and the work executed by electric

engine L, [2], which can be substituted to the equation:

2 2
AL — ch _ Lsn — Bmk (wmax a)mln) (7)
2
where:
B, —moment of inertia of machine together with fly-wheel:
B, =B, +B, (8)

B, —moment of inertia of machine without the fly-wheel.
The work executed between points AB can be obtained from the following:

B B
AL = M, do = [(M,,—M,,)dp )
A A

The work is the difference between the energy values due to the highest (@, )
and the lowest (w,;,) angular velocity values. The work equals the area of field F,
(Fig. 1). By introducing equations (6) and (8) to equation (7), we receive:
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AL
= -B 10
2 é‘k mz ( )

me

B,

As the moment of inertia of cutting elements is negligibly low as compared to the
moment of inertia of fly-wheel [9], equation (10) will assume the form:

AL
B, = 11
k 0)2 §k ( )

me

The real power demand is greater [2, 3, 6, 8, 9]:

N, =2 (12)
tO

The energy used per piece cut of d,, diameter and length L while recycling

allows for determining the energy consumption coefficient per unit for 1 m® plastic
materials €' . Hence

2
E:ﬂ.z/ﬂﬁ'L.el [MJ] (13)
Time of cuts:
L-10°
t,=———— [h 14
° 60-n-z-1, [h] (14
|
- F
N S o
g = ™

Fig. 1. Active resistances in pseudo-shearing cutting [2]

The real power demand while cutting to obtain recycled element d,,, diameter can
be calculated as:

N _E _xdi-L-e n-z, 60
St 4 36L-10°

After transformation the following is received:

(kW]

]
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, 60rxd? -e-z-l,-n
N; =
14.4-10°

[kw} (15)

Without the fly-wheel the power demand would change from N' during cuts to the
power of dead movement NB which occurs between pieces, see Fig. 1. The fly-wheel
during dead movement f; accumulates energy equal the area of field F, . Areas F, and

F, must be equal (F, =F,). As a result, this power demand of the electric engine,
remains constant, equal /N, which makes it possible to enhance the engine operation

conditions. Calculating, we assume with a little error, that the work executed by the fly-
wheel during one cycle, i.e. cutting pieces, is equal to the area of the field of rectangle
ABHK in Fig. 1. Hence

AL=F =F, g«
Since
Fy perx = (N'g=Ng)-t,
we can obtain:
AL =(N,-N,)-t, [kW-s] (16)
Substituting equation (16) to (11) we can receive:
5 _(Ni=Ny)-t,

17
* wnzie .5k ( )

After calculations, the following is obtained:
B, =122 (’ZVS “Ne)llo Ny (18)

wme ) é‘k
or
9.35-10* (N, = N,)-t 2
B, = £ $° ©° [Nms" 19
k nz_ 5;( [ m ] ( )
Substituting equation (15) to (19) we can receive:
 35.10° - cr-d?-e-z-1 - ,

k=9352 10°-t,|60-7-d-, -€ 3z . n_Ns [Nm:s?] 20)

n°- 5, 14.4-10

The calculated moment of inertia B, of fly-wheel will ensure the stability of
crumbling of pieces of an average d,. diameter by using a greater d_,, diameter
instead:

max

: 14.4-10°
The electric engine then will work with surcharge defined bellow:

2 '. - .
N,,:6Ond e-z-l, -n

[kW] 0

(v, )= S Z e gz, ) ewy 22)
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If the moment of inertia B, of the fly-wheel designed is greater then the calculated

B, , the surcharge of engine will be smaller and will be:

2
N = [Ns + —8‘1'5‘;#5“) 23)
- t()

When analyzing in detail the fly-wheel inertia moment necessary in pseudo-
shearing, additional periods of dead movements while pseudo-shearing of one piece
should be considered. If the distance between the edges of cutting-tools holes is greater
than d,,, material diameter, then a break (of definite angle ¢, ) occurs between the work

of two successive cutters; hence dead movement. The pseudo-shearing angular distance
can be calculated as:

d
— me 2 4
@, _Rm (24)

27 2z d,,
T TR, @

2.2. Theoretical Solution

For the needs of a detailed analysis of dynamic non-uniformity, a modified torque

M, and average torque value (Mc)me can be used, considering p, — resistances of

crumbling, Al; — unitary length of cut, r — radius, g — friction coefficient, r — angle

of cut, ¥ — angle of tool working motion, z — number of tools; according to
assumptions of equation (1), presented in paper {2]:
s M, .M, PArcost(1+plgt)—p, A, reost(i+putgr) (26)
M) "
z IMC (¥)d¥
ep
2n

Of course having considered non-uniformity, respective resistances of crumbling
and friction conditions, the following is obtained:

AAImax — AAImin _ A(Almax _Almin) (27)

S, =
(Mc)me (Mc)me

The above equation can be used in measuring. The degree of dynamic non-
uniformity, measured for arrangements of cutting assembly crumbling, is based on
measurements lengths AJ, in time; and of torque M, . Under the conditions investigated

also the value of constant A, for a specific multiple-disc considered, a selected kind of
materials and process parameters can be determined.

The reports [2, 9] show that fly-wheel torque necessary in this instance case is ten
times smaller, than this of the working disk. The previously calculated fly-wheel torque
is sufficient to ensure the stability of movement.
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3. CONCLUSIONS

The design features to obtain the highest possible uniformity of crumbling, which
meet the criteria defined by equation (26), have been confirmed experimentally using
the physical model developed in the Department of Food and Environment Protection
Machines.

The solution presented was awarded a gold medal at the World Fair of Innovation,
Scientific Researches and Technology in Brussels in 1998. The process of crumbling
requires thermal stabilization due to heat transfer to the environment of the material
crumbled during timely operation.

In the material — machine — process - crumbling environment system, to obtain
a high uniformity, it is firstly necessary to use the possibility, secondly to change the
properties of the material crumbled and, thirdly, to change the design features

Uniformity of crumbling is essential in terms of coefficients and of potentials.
Coefficients of effectiveness are link to efficiency, namely the efficiency of fulfilling
a given function.

Design solutions offer crumbling multiple-discs, which include, cutting-tools for
which a mathematical model is proposed which consider both technological and
environmental factors.
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