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PREFACE

To start with, a brief explanation of the reasons for which the book is published.
In 1996 the Faculty of Mechanical Engineering of the University of Technology and
Agriculture in Bydgoszcz created the Department of Control and Machinery Design.
Not to go deep into its organisational structure, one shall bear in mind that it was
a common interest in creating state-of-the-art computer labs to enhance modelling of
geometrical features, dynamic constructional-element behaviours, control system and
automation simulations and numerical enhancement of engineering calculations which
was one of the main reasons for teaming up the two, previously independent, academic
groups. The creation has brought about not only the academic and organisational but
also scientific mtegration. By incorporating those related to the Department of Control
and Machinery Design, outstanding colleagues of the Faculty of Mechanical
Engineering, and thanks to the highly appreciated co-operation with colleagues from
other foreign and domestic scientific centres, a representative group was created which,
over the last five annual seminars, have been discussing advances in control and design.
In my opinion, it was indispensable to document it all in a collection of monographs -
reflecting selected topics covered. The selection offered is not randomly sampled,; it has
been my intention, as its editor, to make it representative of the scientific interests of
a group of people who attend the annual meetings.

A few words on the contents. The book covers, by putting together the collection
of monographs, selected issues of machine and device design and their constructional
elements in its broader sense. Design and construction are taken up originally against
the environment we function in as creators and recipients of both machines and the
natural environment. The enhancement of the design and construction engineering is
represented by papers which cover the basic issues, e.g. constructions dimensioning
with fracture mechanics, complex fatigue plane stress state modelling as well as those
which focus on applications, e.g. finite elements method or defining fatigue life
following the regulations of the Polish Register of Ships. The reader interested in CAD
tools is offered papers on computer simulation and computer-aided research. Here one
will find ideas on power fluidics, constructional issues related to developing axi-
symmetric nozzle without mechanical movable parts in experiments (to define airflow
velocity spread) which, i my opinion, constitute an interesting part of the book.

Last but not least, about the people around the book. As it is seen from the
authors’ affiliation, seven different scientific groups from three Polish schools of higher
education and the Czech Academy of Sciences are represented. The debate of the
seminars has gathered a much wider group of scientists from the University of
Sheffield, State Academy of Refrigeration in Odessa, Polytechnic of Bialystok,
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The graphic presentation of Equation 1 is an ellipsoid lying within the stress space
described by a coordinate system 00,0,1,,. One of the ellipsoid axes overlaps with the

01,, axis and the two other ones are bisectors of the angles between the 0o, and Oc,
axes.

Fig. 2. Huber-Mises-Hencke’s ellipsoid

Out of the ellipses created by cutting the H-M-H ellipsoid with the planes
describing stress states, which arise in different specimens during tests, the BEC ellipse
has been distinguished by cutting the H-M--H ellipsoid with the plane described by
Equation 2.

Gy +0y = Opy (2)

The analysis of the Mohr's ctrcle made for the stress state described by Equations 1
and 2 suggests that one of the main stresses must equal zero, which indicates that the points
of the BEC ellipse correspond with the initial yield stresses determined in the umiaxial
loading conditions. Coordinates of the points creating the BEC ellipse, in the stress space,
are determined with these initial yield stresses and appropriate transforming dependencies.

The assumed shape of the BEC ellipse observed in the DO direction, in the
arrangement offered in Fig. 2, for the virgin material is presented in Fig. 3 with lines with
circles-like markers.
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INTEGRALITY OF DESIGNING MACHINES
OR THE ENVIRONMENT?

Summary. The paper presents the applicability of environmental methods
development to the analysis of machines exploitation in the environment and
offers potentials, actively controlled: machines operation in the environment as
well as the environment for machines described by reliability, that is by the
function incorporating its active and passive value, quality, namely the distance of
practical effects from the pattern of theoretical possibilities.

Key words: machine designing, machine environment

1. INTRODUCTION

A dynamic and ‘uncontrolled’ development of machines exploitation in the
environment made it necessary to provide a new approach to machine designing and
technological mega systems as the environmental processors of energy and matter
{processor -~ machine/person who processes; computer — device which processes
information (Oxford Dictionary) in order to rationalize natural resources [1-15].

The value of the existing machine construction and exploitation should be
appreciated, however it is also necessary to arrange and supplement some of the
information to cover specific environmental problems, including the development of a
new model and criteria of environmental significance of energy processors (including
matter); supplementing designing, calculation bases, survey of applicability, adequacy
of a well-known and intentionally modernized environmental theories of energy
processors; technical systems operation efficiency systematization; work recognition
and description, energy and ecology outlays; specification of system movement
characteristics, suggestions and experimental verification of new techniques of
calculation monitoring temporary loading of energy systems and cooperation.

Machine construction and exploitation are said to require combining the machine
theory and environmental issues and to shape the nature of environment bearing in mind
the imperfection of machines.

2. METHODOLOGY

The environmental and functional petential of operation, energy and renovation
The functional potential of technical system represents its external operating capacity [5}:

— human potential PY(1),

technical potential P(1),

energy and material potential PE(t),

controlling potential P5(v).
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The modelling performed aiming at objectivisation of operating efficiency
measurements and renewal of technical systems together with their environment
(surrounding) allow for certain practical observations and conclusions:

1. Environment-friendly energy reliability, operating, renewal and processing involve
a system and its surroundings can be addressed with the analysis of the factors
describing the environment, human, techmical, energo-material and controlling
potential.

2. The risk of unfavourable effects of the operation and reaching the working target is
measured with the reliability index and the index of needs of creative work, and
renovation, recovery and restoration of potentials play a tremendous innovative and
strategic role in designing environmental energy processes.

For the co-generation in Poland, the initial potential [15] has been used: in
cannelite — 1.201.825 T - 66.8 %; in brown coal - 528.673 TJ — 29.4 %; in other media
—67.700 T} — 3.8 %; a total of 1.798.208 TJ — 100.0 %.

Conventional coal processors

According to the criteria indices of the power model accepted — operating
potentials, well-known, used and non-used power processors can be evaluated. An
exemplary evaluation of a conventional coal processor (power station) is shown in
Table 1. and willow-sewage processor in Table 2.

Table 1. Environmental consistency of the coal processor designed in Poland [7]*

& - Total/
Q g ?—_:0 2 index of
No | Variables, indices © ‘2 Z © g potential
= < 5 = S processor
& = 5 S 2 5 | consistency
1. | Initial potential 1 3 0 3 6 13/30
2. | Recovered potential 1 3 1 1 1 7/30
3. | Environment protection 1 1 3 3 3 11/30
4 | Environment development 1 1 3 3 3 11/30
5. Regenefation, environment 6 3 | 3 | 14730
renovation
6. | Aim, consistency of form . .
with the need 3 ) ! ? ! 11730
7. | Consequences of the aim, "
after-effects 3 3 ! ! ! 9730
8. | Accessibility 3 6 6 3 6 24/30
9. | Efficiency ] 1 1 3 1 7/30
10. | Investment costs 3 1 1 3 1 9/30
11. | Exploitation costs 1 3 3 1 1 9/30
12. | Entropy 6 3 3 0 1 13/30
Index of envi tal
ndex of environmenta 3072 | 3u72 | 2472 | 2172 | 26072 | 038333
consistency

* Mark: 0 — critical, 1 — unsausfactory, 3 — satisfactory, 6 — excellent
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(rates), tables and even methodology for pneumatic power systems designing with
specific movement parameters.

REFERENCES

(1]
(2]

B3]
(41
(51

te]
(7}
(8]

Gerc E. W, 1973. Napedy pneumatyczne. Teoria i obliczanie. WNT Warszawa.

Siedlaczek A., 2000. Podstawy obliczen ukladow napedowych. Czesé 1. Napedy i stero-
wanie 4.

Siedlaczek A., 2000. Podstawy obliczen ukladow napedowych. Czgsé 11. Napedy i stero-
wanie 5.

Szenajch W., 1992. Naped i sterowanie pneumatyczne. WNT Warszawa.

Iwaszko J., 1999. Funkcja przejécia pomigdzy parametrami C i b opisanymi w ISO 6358
a wspolczynnikiem wymiarowym Kv dla elementéw pneumatycznych. Hydraulika i Pneu-
matyka 4.

Szydelski Z., 1999. Sterowanie cisnieniowe. Hydraulika i Pneumatyka 4.
Gawda M., 1998. Przetworniki wielkosci fizycznych. Praca dyplomowa. ATR Bydgoszcz.

Kazmierczak M., 1999. Wieloobwodowe pneumatyczne uklady napedowe — modelowanie
i symulacja. Praca Dyplomowa. Politechnika Biatostocka.

































Marek Macko

University of Bvdgoszc=

Institute of Technics

Department of Mathematics, Technics and Natural Science

COMPUTER-AIDED MULTIPLE-DISC-SHREDDING
RESEARCH

Summary. Shredding is one of the important stages in plastic technology.
A variety of materials, part shape and product quality justify a search for
constructional solutions for the energy-saving multiple disc shredder. State of the
art technology makes it possible to continue computer aided research of shredding
as well as to simulate machine investigation.

Key words: quasi-cutting, multiple-disc shredder, CAD

1. INTRODUCTION

A search for energy-saving production processes justifies investigating a new
enhanced construction - alternative milling design {6,10}] which was taken up by the
Department of Mechanics of the Bydgoszcz University of Technology and Agriculture
and by the Institute of Technics of the Bydgoszcz University.

The multiple-disc mills patented by Flizikowski and Bieliniski [1,2] cut on hole
edges in discs or drums rotating with different speed or being in a position of relative
movement; it 1s based upon both the tool cutting edge number and the edge geometry,
which can be deterministic or random. According to this classification, milling
processes are featured by the tools with deterministic geometry. Each cutting edge is of
a precisely defined size, radius, rake and clearance angles, and nose radius. The present
study investigates a plastic-pipe-refuse multiple-disc shredder. The available literature
on multiple disc shredders construction and investigation does not cover the effect of
construction on the plastic pipe refuse milling.

The research included computer-aided conceptual, simulated under strain-machine
conditions and as a physical experiment with multiple disc shredder. The initial research
covered a range of material properties and geometric features, while the main research -
the relation between quasi-cutting element velocity, the angle of blade edges of holes,
gaps between discs as well as the area of holes and of pipe profile and energy efficiency
{3.7].
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CALCULATIONS OF FATIGUE LIFE ACCORDING TO POLISH
REGISTER OF SHIPS FOR SELECTED RESEARCH RESULTS

Summary. The aim of this article is to present non-standard calculation methods
for fatigue life node construction welded and experimental verification. The
method follows the requirements of the Polish Register of Ships introduced in the
supplement Rules, Classification and Building Sea Ships, part II. Hull: ‘Analysis
of steel ship hull fatigue strength’. The experimental results verification
concerned the ship welded nodes obtained from the Faculty of Oceanotechnics
and Shipbuilding of the University of Gdanisk. Comparative analysis of the results
of calculations of fatigue life and the results of experimental investigations
showed the results of calculations on the safe side of the Wéhler’s graph.

Key words: welded joint, fatigue life, calculation method

1. INTRODUCTION

Welding is a universally practical method to assembly large constructions, often of
great significance, including bridges or hulls. However a complicated building of such
constructions makes describing their fatigue life complex. The literature offers sample
calculations for welded constructions with the permissible stress method [1], terminal
states method [1,2] or cracking mechanics methods [3]. The calculations, which draw
on these methods, are frequently very complicated and time-consuming and errors of
coefficients can bring about substantial negative results. The present method of
calculation for welded constructions follows the Polish Register of Ships for welded
nodes hull calculations. The method allows for estimating fatigue life nodes
construction welded in a simple way and shows the calculation sequence as well as
comparative analysis of fatigue life calculations results with those obtained in the
experiment for a given construction node.

2. ALGORITHM CALCULATIONS

The algorithm calculations have been developed following the Polish Register of
Ships [4].

2.1. Selecting the node to be analyzed
Selecting the node to be analyzed or calculated is essential for accurate

calculations of construction fatigue-life as the total construction life depends on its
weakest point, most frequently one of the nodes. The construction examined should
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3.2. Node load parameters
Table 3 presents node load parameters for two load levels.

Table 3. Node load parameters

Parameter Level 1 Level 2
Opax [MPa} 114 159
O [MPa] 5.7 7.96

R=0C\u / Ounax 0.05 0.05

4. CALCULATIONS AND EXPERIMENTAL RESULTS COMPARED

The results of calculations and investigations, carried out in the laboratory of the
Faculty of Oceanotechnics and Shipbuilding, the University of Gdansk, described by
Chayiboun [5] are shown in Table 4. A graphic comparison of calculation and
expenmental life for each node is given in Fig. 2.

Table 4. Results of caiculations and investigations

Load level 1 - low Load level 2 - high
Node Life Node Life
no. Investigated Caleulated | C/1 no. investigated Calcutated 1
] 910-10%/3 " 24810 | 027 | 4 | 518100 18" 90-10° 0.17
2 970-103/2 * 248-10° | 020 | 5 | 840-107720° 00-10° 0.11
3 11398-10°/30 7 | 114810° | 082 | 6 950-10° 505 10° | 0.53

» Crack length observed for a given life, mm

cycle number, th

node number
Blinvestigated life O calculated life

Fig. 2. Calculated and experimental life compared
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PHYSICAL MODELS OF THE UNIT LOADS STREAM
SORTING PROCESS

Summary. The paper investigates the automatic separating process of the unit loads
stream (parcels). The article reviews the effects of sorting machine technical
solutions and analyses dynamic phenomena which coincide with loads sorting
methods.

Key words: modelling, sorting process, separating machine

1. INTRODUCTION

Automatic sorting systems are applied in logistic centres: big post offices, airports
and assembly lines. Universal solutions are offered for unit loads sorting and
distribution: collecting unit loads, directing their flow and sorting identified loads to the
particular destination lines. The notion of a unit load is very broad and incorporates
a high-dimensional container, pallet, box and smaller-dimensional loads with a parcel,
luggage, agriproduct, chemical goods. High-dimensional loads are operated with
various kinds of carts, gantries and cranes. The other machines and devices are used for
the selection of such Joads as parcels. Parcel dimensions, shapes and mechanical
properties vary considerably and remain very changeable. Parcel packaging can be
made of carton and reinforced with a self-adhesive tape, glue, staple or string; it can be
in a form of towel or paper bag. Mechanical property of the parcel depends not only on
the type of packaging but also ‘on their contents. The capacity of the load very often
refers to different contents at the same time: loose materials, liquids, foodstuffs, clothes
and empty spaces. All that makes the objects differ not only from one another but also
within a single load. They are referred to as unisomorphic sticky-springy loads. Unit
loads stream into particular directions, depending on the destination, is automatically
distributed with the separating machine combined with the conveyors system. In order
to assure a proper work of a transport system, the sorting machine must account for
a corresponding specific capacity, weight, dimensions and mechanical properties of the
loads. Sorting machines can be broken down into two major groups (Fig 1.) depending
on the dividers construction (i.e. sorting machine operating devices): stationary and
streaming [3].
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K ota=2 Y )
8p
where:

I+x 1
——=~— for plane stress,

Sy E

2

1+x (l -V ) -
—= for plane strain case.

8Su E

Furthermore, it should be pointed out that the energy balance relation (6) is the only
condition for crack growth.

The revival of the Griffith theory came about after the X-ray work indicated that
even in materials fracturing in a purely brittle manner there were extensive plastic
deformations on the fracture surfaces, which led Irwin and Orowan, independently, to
suggest that in the energy balance theory the rate of plastic work at the crack front
should also be considered as a dissipative energy component. It was established that in
a fracturing elastic solid if the characteristic size of the zone of large plastic deformation
or energy dissipation around the crack front is very small, compared to the length
parameter of the crack, then it is reasonable to assume that the energy (U-V) “pumped”
into the fracture zone will come from the elastic bulk of the solid. In this situation then
it will not be dependent on the details of the stress state very near the crack front. The
stress state in elastic bulk of the solid will not differ from a purely elastic crack solution
to any significant extent. The significance of this observation lies in the fact that one
may now be justified in calculating the energy (U-V) available for fracture from
a purely elastic solution [3].

Another contribution of Irwin was his recognition of the universality of the
asymptotic stress and displacement fields around the crack tip of the interpretation of
the fixed-grip strain energy release rate, which involves the strain energy distribution in
the entire solid. He also introduced a new parameter G, which for a small crack
extension da may be calculated as follows:

G:i(u~v) (10)
da

The parameter G describes the strain energy release through the crack — closure energy.
Then the term d(U-V) can be given as:

da
d(U—V)=2_[%ny(r)v(da—r)dr an
0
where:
1
(B Gy !
Oy _(]+K1t) ‘/; (12

v=2('—+—K—G—)2J2_r (13)
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The above equations (10) + (13) show that the energy available for fracture per
unit crack extension may be related to the coefficient of the singular form in the expres-

sion of the stress state at the crack tip described by G.R. Irwin as stress intensity factor:
1

kl :(.EE_EJE (14)

l+x &

which determines the stress and displacement states in the close neighbourhood of the
smooth internal boundary of a plane crack in linearly elastic solid.

Furthermore the relation between k; and G, equation (14), gives a new form of
stress intensity factor as:

nk, = K] (15)
where:
K, - being the new stress intensity factor.

Very useful tools in fracture mechanics include aiso such parameters as: crack tip
opening displacement CTOD and the integral Rice — Cerepanov J. Below a short
characteristics of the main fracture parameters is presented.

Stress intensity factor K,

As seen above, the stress intensity factor is a parameter which determines the level
of the stress or of the strain, energy density, elastic singularities near the tip of an ideal
crack in a stressed linear elastic solid. The asymptotic stress and displacement
components may be expressed as follows [4]:

1

6, (1,0)= —=
}(r ) 2T

K (0)+ Kyt (6) + Ky £y (0)] (16)

1
u;(r.8)= o } d [K,Eu(e)+ Kngj (6)+Kuej' (6)] (17)

where:
r — distance from the crack tip,
0 — angle, second polar co-ordinate,
£"(6),2" (8) ~ dimensionless functions of the angle 0,
K, - stress intensity factor (n = L, Il, III distinguish the models:

I- opening mode, 11 — sliding mode, IIl - tearing or
antiplane mode),

1} — index refers to either the Cartesian co-ordinates (x, vy, z) or
the cylindrical co-ordinates (r, 6, z).

Compliant with above, the stress intensity factor K, is a fundamental quantity that
governs the level of stress field in the vicinity of the crack tip or of the strain.
Furthermore, it affects the strain energy density, elastic singularities near the tip of an
ideal crack in a stressed linear elastic solid at r = 0 (r —, Gjj — o), Fig. la. In reality
some inelasticity in the neighbourhood of the crack tip is always present in the form of
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— in plane strain

o= +Ki)(l‘vz)+ 'Zfl‘ (36)

G is also related to the variation of the compliance C of the element with as follows:

1_,dC
G=—F — 37
T2 oA @7
where:
C - compliance (u:CF—)C:uF_l)N_Im
F - force, N.

Crack tip opening displacement CTOD - §

Very often in linear elastic fracture mechanics the parameter & - CTOD is used to
characterise the effort of the plastic zone at the crack tip situated in elastic-plastic
materials. The concept of a crack tip opening displacement as a fracture parameter &
was used for the study of crack initiation in situations where significant plastic
deformation precedes fracture. A measure of the amount of crack — tip plastic strain is
the separation of the crack faces or crack opening displacement (COD), especially very
close to the crack tip. A simplified model for plane stress yielding which avoids the
complexities of a true elastic — plastic solution has been introduced by Dougdale. The
model refers to thin plates in which plane stress conditions dominate for materials with
elastic — perfectly plastic behaviour which meet the Tresca yield condition, (Fig. 3). By
Dougdale, the following hypotheses are made:

— all plastic deformation concentrates in a line in front of the crack,

— an effective crack that is longer than the physical crack by the length of the plastic
zone is considered.

According to Neimitz [5], the opening of the effective crack at the tip of the crack is

given by:

8o
5= Ealn[sec MJ . (38)

T 2(‘5y

By expanding equation (38) in Maclaurin series and retaining only the first term for
a small value of 6/ G, we get:
K2
§=—1 (39)
Eo,
If we base on the Irwing’s solution, the distance & of the faces of the fictitious crack at
the tip of the initial crack of length 2a is given by:

4 K}
nE o,

§= (40)
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calculated. The adequate boundary conditions were used. All this made the time of the
calculations shorter. Finite elements were used from the library of the program
ANSYS5: SHELLS57 in thermal calculations and PLANE42 in the structural
calculations. 892 elements were used. The mesh of the elements was shown in Fig. 3.
The restrains relate to those appropriate in the experiment. The size of elements is
smaller near the welding lines due to high gradients here (of degrees of freedom e.g.
temperature or deformation). Distributed volume heat source, suggested by Goldak, [3]
for MIG/MAG, was moving along the line of the weld. There were welds in the place of
grooves due to completing the model by previous removal of finite elements from the
model (“killed”). On both surfaces, upper and bottom, the loss of heat through
convection was taken into account. The convection near the weld was intensified to
account for the heat radiation.

+v

Fig. 3. Finite element mesh used in both analyses

2.2.2. Calculation for the steel plate

The calculations made for the experimental model are described in 2.1. The heat
source was 4.88 kW, which corresponds to U-I=7.2 kW, taken into consideration the
efficiency 11 = 68 % [7]. The speed of welding reflected the time registered in the
experiment (10 mm-s™'). Fig. 4 shows thermal material properties dependent on
teriperature. The value of A (for t >1490 °C) was raised from 40 till 230 W/mK to
factor in the intensive mixing of liquids in the weld pool [3]. Fig. 6 shows the
temperature field at the end of welding.

Mechanical properties of St3S materials are very important. They depend on the
present temperature, the speed of cooling and phase changes connected. The material is
elasto-plastics with 1sotropic hardening. Part of the data comes from the literature [4,5].
Numerous experimental research were carried out for higher accuracy of the results. The
properties of base material, called MAT 1, the base material cooled rapidly in water from
830 °C (MAT?2) and the weld material (MAT3) were examined. A special attention was
given to R, Er and ag. The properties referred to as MAT2 and MAT3 were connected
with the parts of the model area which were quickly cooled by cold metal close by or were

welded over the cooling phase. The properties R, E, E;, v and o1 were in Fig. 5.
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The probe shown in Fig.1b was investigated.

Modes of HWA (Hot Wire Anemometry) operation.

The two main modes of operating a hot-wire probe include:

— the Constant-Current (CC) mode in which the probe temperature varies,

— the Constant-Temperature (CT) mode in which the probe resistance, and hence its
temperature, is kept virtually constant by changing the current.

The aerodynamic laboratory experiments were performed with CT methods supplied by

air blower.

Time means and fluctuating components of velocity magnitudes in meridional
planes were measured by StreamLine® CTA 90C10 hot wire constant-temperature
anemometer supplied by Dantec; a single-channel instrument, unable to determine the
velocity direction, which is crucial to interpreting the results which cannot discriminate
between positive and negative values of the velocities.

Maintaining the hot-wire at a constant operational temperature and thereby at
a constant hot resistance has major advantages since the thermal inertia of the sensor
element is automatically adjusted when the flow conditions vary. This mode of
operation is achieved by incorporating a feedback differential amplifier into the HWA
circuit to obtain rapid variation in the heating current to compensate for instantaneous
changes in the flow velocity.

The principle of a CT circuit is illustrated in Fig. 2. A hot-wire probe is placed in
a Wheastone bridge. As the flow conditions vary, the error voltage ¢;-e; will be
a measure of the corresponding change in the wire resistance. These two voltages move
from the input to the operation amplifier. The selected amplifier has an output current 7,
which is inversely proportional to the resistance change of the hot-wire sensor.
Feedback to the top of bridge will restore the sensor resistance to its original value.
Modern amplifiers have a very fast response, and in the CT mode the sensor can be
maintained at a constant temperature, except for very-high-frequency fluctuations.

Fig. 2. A CT anemometer containing a Wheastone bridge, a feedback amplifier
and an electronic-testing subcircuit: R,, ~ probe resistance; R, -~ cable
resistance; R; — adjusting resistance; R;, R;, R, — constant resistance; G —
— amplifier; e;,e; — voltage; E - output voltage; 1 — output current

Anemometer is equipped with a probe to measure temperature. The probe is placed
in a stream of air. The temperature read from this sensor is used to correct the resutts.
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The machining technology imposed caused *some shaping limitations. The
essential elements of the design are two frames with a window, where all parts were to
be placed; 43 % of them were 2-12 mm thick (Fig. 1).

12

=

67

N,

L2 |

Fig. 1. Optimal design solution with the technology applied

Long elements, which do not correspond to the window size, were divided and
both were fixed while assembling with spring-type straight pins and then screwed.
Another restriction is the variety of tools that can be used and the ability to shape
geometrical features of the design elements. The list of tools restricting the designer,
and being a compromise of technological abilities and tool holder prices, is presented in
Fig. 2.
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Fig. 2. Tools

For example, a 3-millimetre-diameter drill is used to make holes for M4 thread and
M3 screws.




































