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Abstract: Safety in automated workplaces is the most important feature of any machine, equipment and system as a whole
in a modern and advanced society, where some part of it performs mechanical movement. The task is a set of
comprehensive measures to prevent contact / collision of the device (robot, conveyor etc.) during this movement with any
part of human operator. In addition, behaviour of modern automated workplaces is not always predictable, since
movement (performed inside the automated cell) are usually controlled by a control program whose structure is only
known to the manufacturer's programmer. These reasons pointed to the advanced functions use that is available in such
equipment as light curtains.

1 Introduction In general, light curtains belong to the basic surface-

Light curtains as an element for implementation ifnounted optical security sensors to ensure automatic
automated workplaces usually serves as command Paptection of inputs and outputs to / from danger area that
workplace to stop before operator is at risk position. ThEannot be fitted with any other type of mechanical barrier
type of device can protect large areas. The advantage o(@@. mechanical barrier, other type of barriers, etc.). This
mechanical covers lays in free access to the automat&despecially in cases, when operator necessarily moves
workplace, shorter setup time, material loading and so dAto the hazardous area and needs free entry and exit for
Protective devices must detect persons, parts of the body®asons such as automatic supply or removal of finished
objects reaching into the danger zone. Entry betwed@rts, products and materials see figure 1.
protected zone and danger zone shall not be permitted. If
necessary, additional protective devices must be installe
Light curtains must be installed at a distance such th
hazard ends before the person enters into the danger z

[1].

The light curtains are made in a version for scannir
body parts or even of a whole person. Many versions & ¢
capable to identifying whether an operator is intruding int
danger zone with its body or is entering supplying materi
for processing. We can say that it is a kind of "mechanice &
equivalent to safety of electrical equipment, where it g2
necessary to protect human operators from danger bef
electric current. While requirements for providing of
electrical safety are generally understood and considere( N
be very important, safety against mechanical movements Figure 1 Example of light curtains installation into the
of machines, robotic arms or other types of equipment has automated workplace
been neglected quite often for quite some time, although it
can cause as serious accidents as e.qg. electric shock [2]. As a typical good example is a mechanical safety fence

or plexus-glass fences around a robotic loading station,
where on the one hand it is necessary to ensure the entry

~1~
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(arrival) of packaged products as well as the entry RECEIVER

(delivery) of packaging material (e.g. pallets, boxes, etc.)
and on the other hand, provide the exit (output) of filled
packages on conveyor outside from the danger zone, e.g.
for purpose of carrying or transporting by hand pallet truck
or forklift truck [3]. In these cases, it is usually not possible
to ensure mechanical securing of inputs and outputs by
means of a classical mechanical door, even if the opening
would be solved by its automatic opening. Not only
because of high transport capacity for products on
conveyors, or because of unwanted frequent shutdown of
machine (in this case an industrial robot) to a safe state that
significantly reduces machine life, but also because
required by a human operator to check security from entire

protected area [4]. It must be ensured that after closing of TRANSMITTER

the door, there is no longer any person in danger zone. : o A :
Figure 3 Principle of light curtain

2 Suitable position for assembly Transmitting unit is equipped by source of infrared

Safety light curtains are installed in one of th§gy; that is transmitted in certain cycles to photo sensors
following modes, see figure 2. in opposite part of barrier. In case of some object enter into
* Vertical (perpendicular to ground or at an angléne field and at least one line is missing, opposite receiver
greater than 30° up to 90°). doesn't get information and generate signal about this

) ) situation, eventually it stop connected equipment resp.

*  Horizontal (horizontally to ground or at an angleyngye equipment outside from this field (zone) [6]. Width
approaching to 30°) to detect presence of a persgf protected field is depended on maximum distance

in a hazardous area. between transmit and receive unit for safe operation.
Obviously starts from zero to several meters. High of

« Slant (assembly at an angle around 30°) fgsrotected field is depended only at unit's construction
special  functions simultaneously detectingaspect, basically is limited to the two meters. Spacing of
vertical and horizontal entry under certaintwo neighbour lines determines resolution of equipment

conditions. and its effectiveness. If the spacing is too small, it is very
_ _ good for protection, because smaller object is matched.
Danger Limit of the Danger Limit of the Danger . . . .
protection fled_zere protasion field_zone Resolution of equipment also determines a required IP.

/

o apprasch 'jlq ‘%'j" 2.2 Advanced function of light curtain

- o The most appropriate option for deployment of light
<—S~‘ /0:’ ‘ curtain is using of so-called safety light curtains, equipped
”””” with function “muting”. This function ensures guarding of
free entrance space into the fence by detecting of unwanted

Direction g

of 3 entry by person, but at the same time allows completely

J

Direction of
approach
—_— S

- -
distance < 75 mm

AOPD

_ _ approach _
- automatic, i.e. without operator intervention, product entry
Vertical Horizontal Slant or its exit [7].
Figure 2 Positions for assembly of light curtain This light curtain with flat surfaces allows detection by
o _ _ interruption (screening) of its rays with aim to control entry
2.1 Principleof light curtain of a person into the danger zone, while temporary “muting

Light curtain design must be constructed in such a waynction” that are implemented as in form of additional
that it does not cause injuries to the operator and prevesésisors allows correct detection / evaluation of the object
speculative starting of the automatic mode of workplacgrival and automatic momentary deflection for
[5]. Usually, light curtain consists of receiver andunlocking) equipment only during entry or exit of desired
transmitter units and protecting field is between them, s&em [8]. At the same time, correct setting of “muting”
figure 3. function ensures that this unlocking does not cause a

person to enter, but only by required products and required
objects of automated workplace.

~2~
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3 Trends — LEUZE MLD light curtain In particular, MLD 330 or MLD 530 design provides
Light curtains type MLD belongs to the basic curtaingbove-mentioned "muting” function, in addition to the
with flat surfaces detection by two or four safety sensoMgrtical curtains themselves, by a set of two or four
(according to the standard EN IEC 61496) at LEUZEMUting” sensors (depending on the particular safety
electronic GmbH company, that regarding to the Safeﬁ’tuaﬂon or selected function mode) that is supplied. Basic
category 2, 3 or 4 and performance level PL (d, e — stand&#® modes of light curtains “muting” function can be seen
EN ISO 13849) realise variants with two or three ragt figure 5.
system for sensing of input / output for area considered as
dangerous. Obviously it is realised by separate activel Example of MLDS530-RT2M light curtain
transmitter on one side and an active receiver (we note that use
active means electrically powered), or only with an active Example of MLD530-RT2M light curtain, their
transceiver on the one hand and only a passive lighinctionality and “muting” function is introduced at figure
reflecting the "pillar" on the other [9]. 6. This example consists of kit: MLDSET-M002-UDC-
1600-S2, which contains 2 pieces of “muting” sensors with
The passive reflector is not made up of a simple mirroeflectors on four parts and also 2 pieces of fixing columns
type that reflects light ray from transmitter back to théo the floor with its sophisticated attachment. This solution
receiver, but as a special set of two prisms that receigeeatly simplifies correct installation and commissioning
transmitted ray at one horizontal height level and send régasy adjustment of perpendicular position and relative
at the second horizontal height level to the receiver. In thistation of columns by means of locking screws and
way, required dual-ray horizontal — “optical network” isintegrated level) [10].
effectively created with help of single transmitter and
receiver, see figure 4. Kit MLD530-RT2M can also be ordered separately
~without columns and attached to our own vertical frame or
A o[, i1 column construction. The designation RT2M means that it
is a version with active transceiver on one side and a
passive reflective part on the opposite side of guarded
vertical space. Their big advantage lay in complete wiring
of electrical cables to only one side of guarded area and
thus serves as a great simplification of electrical
‘ b 2| installation [11].
¥ d ! ki h lef . g
Figure 4 Separated receiver with transmitter (left) versus 1 ——
gcompoun(Fj) receiver with transmition solutio(n (ri)ght) Gi -

2 ‘Tﬁ 6

"Muting" function requires presence of built-in control ~ |
logic directly in the curtains MLD type (it is not necessan /‘
to use advanced safety relay or PLC) together wil | & <
connection at MLD curtains, which attach in the opposit 3 1= -
direction to the direction of movement of rays, in, g L N = 7
perpendicular to the rays of MLDs themselves. Their sign 5 ,D' \'-fa’ : ' 7
for sequential or simultaneous occultation by connecting _\H % - : 8
the related input of main MLD curtain provides a’ Q
information to control logic whether it will deny safety
function of vertical rays (if it is desired object and safety Figure 6 MLD530-RT2M light curtain kit
outputs will not be activated or not). Where

1 ' » 1 =transceiver (associated transmitter/receiver),

2 = supporting column,
3 = locking “muting” arms with sensors,
* 4 =local interconnection terminal,

=
w
N
= |
@
\}i
=
w
N
=
@
[ ]

N

e

e RN <— A « 5 ="“muting” sensor,
1 I8 . = i i
) 8 6 = passive reflef:tlon column,
0| & « 7 =arms of “muting” reflectors,

8 =reflectors.

1 Danger zone 1 Danger zone
MS1  Muting sensor 1 MS1 Mut!ng sensor 1
MS2 Muting sensor 2 MS2 Muting sensor 2

Figure 5 Principle of “muting” function
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4 Conclusion Sauvé en santé et en sécurité du travail (IRSST) et

We can state that advanced safety light curtains are Commission de la santé et de la sécurité du travail du
reliably and cost-effectively protection against access into Québec (CSST), GUIDE RG-597, 2009.
hazardous points and areas of automated workplacEd PAWAR, V. M., LAW, J., MAPLE, C.Manufacturing
Suitable choice of the proposed variant together with Robotics, the next robotic industrial revolutjodK-
different equipment functions that can be integrated or can RAS White papers, UK-RAS Network, Robotics &
be selected via safe control solutions is considered for Autonomous systems, 2016. )
replacing of traditional methods such is mechanicdf] VAGAS, M., SIMSIK, D., GALAJDOVA, A,
barriers, sliding gates and pull-back restraints. The range ONOFREJOVA, D.:Safety as necessary aspect of
from small and compact types to extremely robust and automated systemdCETA 2018, Proceedings, 16
resistant variants that withstand special ambient conditions |EEE International Conference on Emerging eLearning
up to the highest safety level makes them suitable for Technologies and Applications, New Jersey (USA),

intuitive and cost-effective safely solution. Institute of Electrical and Electronics Engineers,
pp. 617-622, 2018. 5 5
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Abstract: Magnetic levitation used in technical applications such as transport systems in particular high-speed trains
requires position control of the levitation system. It is precisely by suitable position control that there are no hazardous
situations of contact of the mechanical parts outside the magnetic cushion, which can cause a dangerous state at very high
speeds. However, for correct regulation, it is necessary to first turn out a reliable position sensing subsystem. It is precisely
sensing the position using the optical method that this work is devoted to. The method of shielding is verified, when a
smaller collimated beam falls on the photodiode. In order to measure the changes as accurately as possible, a laser
collimating beam of light was chosen as the source.

1 Introduction design the necessary control, it is necessary to

Magnetic levitation has a large perspective in practicéXxperimentally verify the position sensing by means of the
but the widespread use of this technology is not &ptical shadow method [1-10].

enormous as some other technologies. The best-kno
application of magnetic levitation is the use of magle
trains, but it is not the only application of magnetic ,

levitation in practice. To meet the functional model o
magnetic levitation in practice is quite problematic in ou
latitudes. Germany is one of the few countries dedicated
magnetic levitation technology and has a high reputatic
worldwide with its Transrapid train (Figure 1). However &
Germany is not the only country engaged in the practic
application of magnetic levitation technology. Japan has
equally strong and possibly stronger presence in tt
industry. While the Germans focused on one developme
type of Transrapid, two different types of maglevs ar
being constructed in Japan, working on the HSST syste...
and the Yamanashi system. The German Transrapid train
and the Japanese HSST train operate on a similar moti 11 . -

system of an induction linear motor, where the stationajs)r Shadow method of measuring position _
rotor consists of an aluminium reaction pad located at the Magnetic levitation has a large perspective in practice,
top of the track. Three-phase stator coils are placed on & the widespread use of this technology is not as
lower parts of the train, creating a magnetic field. ThENOrMous as some othe_r te.chnolo_gles. The measurement of
magnetic field make train levitation and the action of thi'e position of the levitating object using the shadow

traction force induced reaction to aluminium backing give®ethod is based on the measurement of the current
the train moving along magnetic wave. depending on the intensity of the incident light beam on the

Incorrect positioning of the levitating train from thePhotosensitive sensor. The drop shadow on the photodiode

ground could cause a train accident in the event Wfill cause us to drop the current. Classic light or intense
unexpected events occurring during operation. For tH@Ser light can be used as the light beam source. The
reason, sensing the position of the levitating object is §§NSING unit thus consists of an emitter and an emitted
important part for regulation needs. However, in order feam sensor. It is most ideal to use a laser beam source as

- Guidance magnet

Support magnet

Figure 1 Transrapid train and its LIM system
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the emitter, the intensity of which is better reflected in thdirections. Schematic representation of the measurement is
photodiode in a way of greater variance of the measuradthe figure (Figure 3).

values. The figure (Figure 2) shows a diagram of the Description of measurement scheme:

construction of the sensing. When designing it is 1. Laser module holder

appropriate to use a collimator, which provides us 2.Laser module

collimated beam. 3. photodiode
4. Stand with micrometre movement
The figure description: 5. Metal shielding plate
1. caoll 6. photodiode holder
2. levitating object 7. ammeter
3. photodiode
4. laser module with collimator
5. collimated laser beam

Figure 3 Scheme of current measurement by laser beam on
photodiode [2]

Measurement procedure:

* connecting the laser to the mains, attaching the laser
probe to the stand and connecting the photodiode through
the wires to the multimeter input,

* turning on the laser and checking the beam so that it

Figure 2 Schematic representation of the position sensing hits the sensor,

solution by the shadow method [2] + setting the distance of the sensor from the laser
module as required,
2 Experimental verification of the shadow « grasping the shielding plate in a micrometres feed
method rack,

» zero setting of the shielding plate,

The absolute measurement method was used for © turning on the multimeter and setting the DC current
experimental verification. The aim of the measureme ode, :
was experimental verification of the proposed solution, regordmg the generated background currents of the
The experiment was performed under different conditiorfg®asuring room, . ,
and settings and was therefore divided into several phases.” reading the value from the muItlmgtler with zero cover,
The determined dependency characteristic is therefor ° rn the screw to change t_he position of the sh|eld|ng
different for each phase. plate in 0.5 mm increments until the entire 10 mm interval

In the experiment we used LASER BTL 2000, LED'as passed. .
light and Tesla 1PP75 photodiode. The BTL 2000 laser is. . reading thre_e_ values from the multimeter every half
primarily intended for medical use. Its positive feature igulllmetre and writing to the table,
the great variability of possible settings. Negative can be * calculation of averages from the measured values and
considered the divergence of the radiated beam, Who%ébsequent correction for total measurement error,
angle was 36°. The active surface of the Tesla 1PP75 * Interpolation graphs [4].
photodiode is 3.5 mm x 5.5 mm.

Current measurement was performed on a HP 34401
professional laboratory multimeter. The experiment wdl
carried out on a rack set, on which the Laser BTL 2000
probe was mounted and compared to the photodiode Ty
1PP75. The casting of the shadow on the photodiode was
obtained using a metal sheet that was mounted in a rack
with micrometres movement in the X-axis and Y-axis

A Experimental verification consisted of three phases of
easurement when the laser beam conditions changed [4].
For experimental phase |, we determined the following

gasurement conditions:

» Daylight measurements,

* continuous laser beam,

* laser beam power 8 mWw,

« distance of probe from photodiode 100 mm.

~6~
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For experimental phase Il we determined the followin|
measurement conditions:

« Daylight measurements,

* 990 Hz pulsed laser beam,

* laser beam power 8 mw,

« distance of probe from photodiode 100 mm.

For experimental phase Ill, we determined th
following measurement conditions:

« Daylight measurements,

* 500 Hz pulsed laser beam,

* laser beam power 8 mWw,

« distance of probe from photodiode 100 mm.

3 Reaultsof measuring position
The measured values were averaged and then correg

current Ixgor [MA]

]
o
3

IN
o
7

0 R VWP _ . OPy

o 1 2 3 4 5 6 7 8 9 10 11

displacement L [mm]

for the measurement error using the formula (2). Tt

e .
. - igure 4 Graph
correction of the measured values (Table 1) consisted otF 9 P

subtracting the measurement error from the averaged

of interpolation of corrected current versus
cover length — phase | [2]

value. We used the formula (1) to calculate the gjnce in our case we are mainly interested in the linear

measurement error.
51' = 6REi + 5RA1' = [(0,01% X Ixi) + (0,004% X 100)] (1)
)

Ixgor; = Ix; — 6;

course of the graph because of the correct positioning and
then the subsequent coil regulation, we focus mainly on the
values forming the most linear parts of the graph. The

shape of the graph is in the (Figure 5) and the interpolation
equation is attached.

3.1 Resultsof experimental phasel

The calculated values of the corrected current (Table
of the first experimental phase were shown as polynom
dependence in the (Figure 4), described by formulas (

(4).

Table 1 Errors and correct values of the phase | - measureme

current IX gor [MA]

o 05 1 15 2 25 3 35 4 45

displacement L [mm]

process [4]
1. 2. 3. 4.
6; [mA] 0,01104 0,01094 0,01092 0,01078
IXKOR [mA] | 70,39 | 69,39 | 69,19 | 67,79
5. 6. 7. 8.
6; [mA] 0,00948 0,00814f 0,00678 0,00567
IXKOR [mA] | 54,79 | 41,39 | 27,79 | 16,69
9. 10. 11. 12.
6; [mA] 0,00432 0,00412 0,0041| 0,0041
IXKOR [mA] 3,12 1,19 0,99 0,99
13. 14. 15. 16.
6; [mA] 0,00408 0,00408 0,00407 0,00407
IXKOR [mA] 0,79 0,79 0,69 0,69
17. 18. 19. 20.
6; [mA] 0,00406 0,00407 0,00407 0,00407
IXKOR [mA] 0,59 0,69 0,69 0,69

¥ =00023%° - 0,0459%5 + 0,1115x* + 2,9304x° -
-19,928%* + 20,255x 468,064  (3)

R? =0,9928 (4)

~7 ~

3.2

Figure 5 Graph of linear interpolation of selected work area
values of phase | [2]

y=-25786x+10617 (5
R=0,999 (6)

Results of experimental phasell
The calculated values of the corrected current (Table 2)

of the second experimental phase were shown as the
polynomial dependence in the (Figure 6), described by
formulas (7), (8).
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Table 2 Errors and correct values of the phase Il - measurems
process [4] 60
1 2 3 4 gg N
5 . . . . Z 45 <>\
. [mA] 0,00869 0,00871 0,00881 0,00875 E 40 $
IXKOR [mA] | 46,89 | 47,09 | 48,09 | 47,49 g gg e
= 25
5. 6. 7. 8. 2 20 AN
6; [mA] 0,00875 0,00872 0,00820 0,00729 g 15 \
IXKOR [mA] | 47,49 | 47,19 | 41,99 | 32,89 3 12 ‘\\
0
9. 10. 11. 12. 0051152253354 455556 657
6; [mA] 0,00628 0,00535 0,00449 0,00418 .
displacement L [mm]
IXKOR [mA] | 22,79 | 13,49 | 4,89 1,79
Figure 7 Graph of linear interpolation of selected work area
13. 14. 15. 16. values of phase Il [2]
6; [mA] 0,00419 0,00414 0,00413 0,00412
IXKOR [mA] | 1,89 1,39 1,29 1,19 y=-14929x + 82,547 9
6; [mA] 0,00412 0,00412 0,00412 0,00411
IXKOR [mA] [ 1,19 1,19 1,19 1,09 3.3 Resultsof experimental phaselll
The calculated values of the corrected current (Table 3)
of the experimental phase Il were shown as the
55 — polynomial dependence in the (Figure 8), described by
Zg AT formulas (11), (12).
g;‘g Table 3 Errors and correct values of the phase Il -
“g 30 \\ measurement process [4]
=2 \ 1 2. 3. 4,
£ 15 \\ 6; [mA] 0,00953 0,00938 0,00927 0,00834
5 12 \ IXKOR [mA] | 55,29 | 53,79 | 52,69 | 43,39
g 5. 6. 7. 8.
0 1 2 3 4 5 6 7 8 9 10 11 6; [mA] 0,00683 0,00609 0,00548 0,00433
displacement L [mm] IXKOR [mA] | 28,29 | 20,89 | 14,79 | 3,29
Figure 6 Graph of interpolation of corrected current versus 9. 10. 11. 12.
cover length — phase I [2] 5; [mA] |0,004150,004120,00411] 0,00411]
V= 0,00655° - 0,20385 + 2,3622x* - 11,953%° + DKOR[mA] | 149 | 1,19 | 109 | 1,09
23275x* - 13,702x + 47,685 (7) 13. 14. 15. 16.
) 6; [mA] 0,0041|0,00412 0,00415 0,0041
R* =06,9955 (8) IXKOR [mA] [ 0,99 1,19 1,49 0,99
In the second experimental phase we were als 17. 18. 10. 20.
interested in the linear part of the graph, because of th™ 5. [mA] 0,0041| 0,0041|0,00412 0,00411
correct positioning and then the coil regulation. The shap
of the graph is in the figure (Figure 7). It can be seen thg IXKOR [mA] | 0,99 0,99 119 1,09

the values obtained from the pulsed laser are almost

completely linear and therefore this linearity can also be The shape of the linear waveform is shown in the figure

used for positioning. During this phase, the linear charactgrigure 9). It can be seen from the graph that the values

values start at 2 mm and end at 5.5 mm. obtained from the pulse laser at 500 Hz are decreasing
faster to zero and differ more from linearity than at a higher
frequency.

~8~
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Abstract: The paper deals with didactic model of mobile four wheeled robot which is able to adapt to rough terrain. The
geometry of undercarriage can be changed in accordance with rough terrain. Mechanism for change of chassis clearance
is placed in robot body. In case of very rough terrain with large irregularities, the robot can lift own body as prevention

of collision with ground. In case when it moves on inclined plane, it can move down own body as prevention before the
side overturning.

1 Introduction would not able to locomote. The concept with changeable

Currently, there are many applications, where a mobif1assis clearance can solve this problem and in case when
robot is better solution for solving of any problems. Th#regularities is too high, the clearance is increased to
application includes also inspection of undercarriage #cessary height.
cars, inspection of mines and caves, fire and rescue tasks,
bomb destroying and pyrotechnical tasks, handling th2 Concept of robot undercarriage with
unknown objects, vacuum cleaning, cutting the grass, changeable chassis clearance
health care activities, cleaning of floors and walls etc. Model of system (Fig. 2) consists of lever mechanism,

~ The example of the inspection robot (Fig. 1) shows thghich is able to adjust clearance of chassis for successful
divided chassis for better crossing through the rougtossing through the irregularities.

terrain. All wheels are driven with independent motors and
controller. This configuration allows to sustain the contac
between the wheels and ground. Therefore, the traction
robot is more effective and powerful.

Lever mechanism

Wheel A

Ground
clearance

Ground

Figure 2 Concept of water tank model

Lever mechanism has been proposed for adjusting of
chassis clearance. Left and right side has independent lever

A S - ot mechanism. So, it means that, robot chassis can be adjusted
Figure 1 Four wheeled robot with divided chassis to the different height and it enables to locomote on tilted

_ o _ _ _ terrain. It will help to prevent to side overturning.
Velocity of rotation is synchronized via using of

controller. Direction of locomotion is adjusted with
difference of wheel velocity rotation. If obstacle is as stair
or street curb, this concept is not useful, because the
undercarriage could be locked on irregularities and robot

~11 ~
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Distance between the chassis and ground is detected via
using of optical distance sensors and control system can
change automatically chassis clearance.

Lever mechanism consist of two arm levers for
synchronized moving with both wheels on chassis. Moving
of levers is ensured with servomechanism (Fig. 3).

This concept allows to set the chassis clearance to
relatively large range of clearance (Fig. 4)

Selection of suitable servomechanism has been made
on the base of static analysis results (Fig. 5) and simulation
results (Fig. 6) which shows the all positions from the
viewpoint of loading force and torque.

Arm 1 Arm 2

-3

Force between levers (N)
-
—_—
borseeomaeey
——
A s~

F il
- -
=_—

Shaft Servomotor] ¢ o5 10 15 20 25 30 35 40 45 50

Figure 3 Lever mechanism with servomechanism i ime(sh
gure 3 Lever mechanis servomechanis Figure 5 Static analysis of lever

The setting of the chassis position is locked with loc' 7w
mechanism actuated with small servomechanism. The_
are several default positions where it is possible to lock ti
adjusted height of chassis. Left and right side hé s
independent lever mechanism and also servomechanig A s A
with locking system. — sy Pty

0 V\’\w

0 0,5 1,0 1,5 2,0 25 3.0 35 4,0 4,5 5,0
Time (s)

Figure 6 Simulation of lever motion for selection of
servomechanism

577 SERSERSI

3 Design of robot parts

Every wheel is driven the separate BLDC motor.
Simulation of locomotion has been executed and it shows
the requirements on torque on output shaft before wheels
(Fig. 7). The extreme value on starting point of the
dependence is related to rotation starting and it is typical
for this type of motion.

1602

1202

Moment (N.mm)

0 0,5 1;0 1.5 20 25 30 3,5 4,0 4,5 5,0
Time (s)
Figure 7 Simulation of locomotion for selection of drive
servomechanism for wheels

Figure 4 Change of the position of robot chassis

~12 ~
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Motor is completely placed into wheel for because ¢:5 = =it
space saving and there is no need for system of motj“™ ==
transfer from drive to wheel (Fig. 8 and Fig. 9). Thit
concept brings the contribution of mass saving because
overall weight is significantly decreased. Selected dri\
motor is supplied also with gearing and control unit witl

Sensors.

Figure 11 Finite element method analysis — displacements in
lever

Modiel rmer ncks
‘Shudy e CM7-ALT-Frasme-25

Fiot type: SRatic nodel stress Siress!
Detormation scale 111079

Shaft Servomotor
Figure 8 Drive and bearing for output shaft ..
Special focus has been done to design of bearing syst
for output shaft (Fig. 8), which will carry the load anc
vibration coming from the contact between the wheel ar

ground.

® Vinkd strergin 8204

Figure 12 Finite element method analysis — von Misses stresses
in cam

o e vatka
Sty rvme: CMT.ALT-Frame-25

Prctnype Ststic dieplacament upiscemant
Deformation scale: 111979

Figure 9 Wheel drive placement inside wheels

Finite element method analysis has been used f{

4 507e-000
checking of the suitable design of chassis part (Fig. 1 Aoy
Fig. 11, Fig. 12, Fig. 13). [
':’ Figure 13 Finite element method analysis — displacements in
s cam
. 4  Overall design of the robot
- Overall design (Fig. 14) also includes the lights (1) for
% better visibility of scene before the robot. The locking
a mechanisms (2) are placed inside the robot body near the
|=; lever mechanisms. CCD camera (3) is placed on the top of
. the robot for visual feedback for teleoperation controlling.
Figure 10 Finite element method analysis — von Misses stresse®mmunication unit for wireless teleoperation control (4)

in lever

~ 13 ~
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is also installed on the robot body. Robot is powered by thige stability of the robot. Centre of gravity is moved into

two batteries placed in back side of the robot body.

Figure 14 Overall design of the robot

suitable position for reaching of stabile locomotion. This

adaptation should be automatically executed. The robot
will take care about yourself for safely locomotion. There

is also other application, where the intelligent properties of
products help to prevent the collisions or other accidents
[3-17].
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Abstract: The paper deals with didactic model of test device for testing of airflow sensors and measurement equipment’s.

The test device contains from source of wind flow with regulator, flow channel with place for the testing of airflow sensors
or anemometers. Students can have training with working with sensors and measurements equipment's and also

experience with calibration and verification of sensors.

1 Introduction position where gravity force and force from flow are in

Nowadaysl there are many app"cations where it gqUIllbrlum This pOSition gives information about the

necessary to measure airflow velocity. This measuremeifflow velocity.
is possible to divide into two main groups as: Ultrasonic principle is principle, where we cannot

- Airflow measurements in opened channels. change anything inside tube. Ultrasonic transducer is

- Airflow measurements in closed channels. attached to outer side of pipe wall and uses two type of

Area of meteorology uses airflow measurements féinciple as Doppler principle and time to flight principle.
weather-forecast. The anemometers are used for the Cup wind anemometer is used for airflow measurement
measurement of flow of wind. on opened space also frequently called as wind speed

Closed channel is represented with tube or pipe and fremometer. Change of wind speed causes the change of
measurement of airflow is used p|tot and Prandtl p|pe VelOClty rotation of vertical shaft with horizontal arms with

spherical cups (Fig. 1).

Iiigure 2 Rotameter

Vane anemometer (Fig. 3) is also suitable for wind

. . speed measurement. It uses the propeller on horizontal axis
Figure 1 Cup wind anemometer e - .
in wind direction.

There are several principles of measurement of airflow.
Venturi device is based on principle of reduction of cross-
section of flow which causes a pressure differential before
and after the cross-section reduction. Airflow
measurements is derived from pressure measurement.

Similar principle based on pressure difference uses
orifice plate with exactly defined hole diameter and
thickness.

Rotameters (Fig. 2) are also famous principle of
measurement of airflow. Principle is based on flow of air
through the tube with continually increased cross-section
where float is lifted with airflow. Float is stabilized in

Figure 3 Vane anemometer
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Hot-wire (Fig. 4) anemometer uses the thin wire, whicprevention of frost cover, which can disable the
is electrically heated. Airflow causes the decreasing of wifanctionality of pitot tube.
temperature.

Figure 4 Hot wire anemometer

Controller has to compensate it with higher electri
current which gives information about airflow velocity
measurement. Advantage is that, there is no moving pa
[1-5]. Figure 3 Prandtl tube with input and output ports.

2 Testing device for airflow measurement Blower MASTER BL 6800 (Fig. 4) has been used as
Model of system consists of big fan BL6800 as sourcurce of airflow. This is an excellent source because it

of airflow with tube for stabilization of airflow and Prandt/Provides air pressure 388Pa and air displacement

tube also called as pitot static tube (Fig. 5) used #900n¥/h. It has robust and stabile design.

reference measurement of airflow.

>

B ‘
Air flow ; —— ; - .~
=
=* e,
Prandtl tube o
'
B TPr -
1]
_l h

\
Figure 5 Concept of Prandtl tube measurement

-

Prandtl tube has one tube hole in flow direction which -
measures the total pressure composed from static pressure Figure 4 Blower MASTER BL 6800
and dynamic pressure. Second input hole — static port is
placed on side of Prandtl probe. Both input ports are It has terminal with bayonet lock for connecting of
connected with output terminal on Prandtl tube (Fig. 5jube. Blower has one constant speed and for our purpose it
Both terminals are connected to U-tube manometer fisr connected with speed controller RS 10,0 T (Fig. 5). Itis
measurement of pressure difference. Also, different type @drmally used in ventilation and air conditioning systems
manometer can be used. U-type manometer can be ut@dontrol the output of single-phase fans by means of
only in vertical position, because it includes liquid filling. smooth variation of the voltage supplied to the motor. The
The velocity of airflow along the cross-section is nogcontroller operation is based on changing the output
constant. The configuration with static pitot tube alswoltage. The controller body is made of non-combustible
allows the measurement of velocity profile of airflow alonghermoplastic. The controller is equipped with an ON/OFF
the cross-section of tube, where we measure airfldoutton. The power output is modulated from 25 to 100%.
velocity. Pitot tube is also used for velocity measurement
of aeroplane. In this case pitot tube also includes heater as
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Pressure difference can be measured via using the U-
tube and for this case it can be derived as:

Ap=pr—ps=h-p-g €))

Where h is height of liquid bar in U-tube angl is
gravitational constant.

Figure 5 Speed controller RS 10,0 T

Overall setting up is shown on figure 6. Blower (1) is 0\
connected to the conical reduction (2) and stabilization | Zg§
tube (3). Speed controller (4) is connected to the blower :
(1). Hot wire anemometers (5) and (6) are tested and
installed in hole. Also, vane anemometer (7) is installed for
testing.

Figure 6 Vane anemometer and two hot wire anemometers

3 Experimental results

All mentioned anemometers are tested on designed
testing device. Ten measurements measured during the
constant velocity is shown on figure 7.

20
<18 ‘
& |
a i
S 16 . |
2 eSS —— — ,‘ =
¥ ? ? S = W s
Figure 6 Change of the position of robot chassis é " :
<
All tested anemometers (Fig. 7) are compared wit

ey
o

static pitot tube. Data from all tested anemometers will k
compared.

Velocity of airflow measured on pitot tube is defined
with equation:

W:\/ZB&:\/ZBC%& 1)

0

1 2 3 4 5 6 7 8 9 10
Measurement

—Hot wire1 —Vane anemometer —Hot wire2 —U tube

Figure 7 Simulation of locomotion for selection of drive
servomechanism for wheels

Measured data are relatively stable and it is close to the
reference value. Blower has been adjusted to ten different
values and it brought the ten various values of airflow
velocity. From this data the averages have been done for
comparing the results with reference value. It is shown on
figure 8.

Where

w — airflow velocity; q — kinetic pressurep — air
density; ps — dynamic pressurpr — total pressures —
compress ability (liquids s=1; gassed ks

For kinetic pressure it is possible to derive equation:
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=8 ; .4 Conclusion
=16 | - || -‘ . . . .
EL I eI The aim of this work was to build the test device and to
iy B B REE RO NEE NAM make a test the available anemometers. The best results
é 10 1 have a vane anemometer. On the base of these results, it is
< B “ 11 rrrrr possible to declare the uncertainty of measurements and
s ° ‘ | . ol | systematic error of measurements.
=4 [ I e All measure device should be periodically verified for
é """ _ | accessible measurement error and uncertainty fir receive
9.45 9.62 1119 13,16 15,15 16,03 16,58 16.99 17.04 17.2 the valid results of measurements [10-26].

Reference value of velocity (m/s)
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error is shown on figure 9. Vane anemometer has the best
results from the viewpoint of measurement error.
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Abstract: Glued joints appear in the automotive industry in many types, both in terms of functional stress and in terms of
design. Glued joints appear in the automotive industry in many types, both in terms of functional stress and in terms of
design. At present, car body plates are most often joined by resistance (spot, seam and projection) welding technology.
These disadvantages include, for example, problematic joining of sheets of different thicknesses and qualities, or thermal
influencing of the welded area. By using the bonding technology, we avoid these problems and we can take advantage of
the many advantages it offers in the automotive industry. This paper gives an overview of the advantages of using glued
joints in the automotive industry. It is devoted to the problem of strength calculation of these bonded joints.

1 Introduction

Many people think that gluing is a modern techniqu
belonging only to the present, but the opposite is tru
People have been using adhesives for thousands of ye
The first people used glue in the Stone Age. The discove
and introduction of bakelite in 1910 was followed by ths
introduction of many new types of plastics that ar
inherently associated with the adhesive. Virtually unt
World War II, only materials that were able to soak th
adhesive (paper, wood) were glued. Glue technology
currently used in construction, aviation or healthcare, ai
last but not least, in the automotive industry, wher
adhesives are used not only for bonding body parts, t
also for sealing and vibration damping. At presen
adhesives are manufactured exactly according to custon
requirements and it is difficult to find a field where it would Figure 1 Overview of glued joints of the car body
not be used.

Glued joints appear in the automotive industry in many At present, car body plates are most often joined by
types, both in terms of functional stress and in terms @ésjstance (spot, seam and projection) welding technology.
design. It can be said that the bonding either acts asriis technology has several disadvantages. These
complementary and sealing function (bonding angisadvantages include, for example, problematic joining of
cementing of bodies for sealing, vibration dampingsheets of different thicknesses and qualities, or thermal
corrosion protection, application of reinforcements) or, ifhfluencing of the welded area. Other specific problems are
specific cases, can generally represent welding technologiyused by the zinc coating, which serves as a corrosion

in structural strength joints [1-3]. Some applications dfrotection in cars. Zinc adheres to the electrodes and there
glued joints can be seen in Figure 1.
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is a problem at the weld seams to maintain the protective -
function of the coating.

By using the bonding technology, we avoid these -
problems and we can take advantage of the many
advantages it offers in the automotive industry. Such as the -
possibility of new assembly procedures, reduction of the
resulting weight of the car, preservation of the protective

possibility of joining various materials (steel-glass,
rubber-steel etc.),

no damage to the protective layer of galvanized
sheets,

flat mounting of car body plates ensures uniformly
distributed tension in the glued joint (which
increases overall strength and rigidity of the whole

layer of zinc, higher strength and rigidity of the body, high car body).
quality of appearance of the parts to be joined anc
substantial reduction of noise in the car body. sl o ya

It also has number of complications with the use of 1 14
bonding technology in car body construction. For example, | S L
the adhesive must be overpainted [4-6], due to productior \
short time intervals to cure the joint, the adhesive life must
be longer than that of a car, the adhesive must hav_ o .
sufficient strength, the shrinkage of the adhesive during Figure 2 Mitigation of notch effects by adhesive layer [8]
curing on the car body surface.

This paper is devoted to the problem of strength
calculation of these bonded joints. It deals with classical ~
strength calculation as well as using finite element method
for strength calculation.

glue

Disadvantages of glued joints:
technological complexity of preparation of glued
surfaces,
- long curing time of the adhesive, maximum
strength of the glued joint reaches after some time,
- low temperature resistance,
- aging of the adhesive,
- low peel and splitting strength,
non-demountability of glued joints.

2 Characteristics of glued joints in the

automotive industry

Glued joints appear in the automotive industry in many
types, both in terms of functional stress and in terms of
design. Adhesives have several obvious advantages overThe pature and composition of the adhesives used to
other bonding methods. The main advantages are that thgyid the car body is always firmly linked to the desired
can be used for joining different types and thicknesses @fhction of the joint. In this way, the adhesives can be
materials without affecting the base material of the parts ¢gyiged into strength, reinforcement and sealing [9].
be glued compared to other joining technologies such as strength adhesives cure together with body paint. The
welding or riveting [7]. Gluec_j joints distribute more eVG”'Yedge adhesives are partially cured by induction heating
under stress, absorb vibration and often perform a sealijgring assembly, but full hardness is achieved only during
func'qon. In spite of all advantage.s, the strength gnd IoaﬂTe curing of the vamish by high temperatures in the
bearing capacity of the bonded joint depends mainly on {$race. The designer currently has a choice of many types
suitable positioning. L o of adhesives with different mechanical properties, ranging

The main advantage of joining parts by gluing is the USgom tensile to brittle behaviour. In the automotive

_of this technology wh_ere it is not possible to create ajOiMdustry, we are particularly interested in strength
in other ways e.g. different types of materials, complexgnesives.

shapes, etc. Bonding has many advantages and
disadvantages, but this work focuses primarily on thS
advantages and disadvantages of using adhesive
technology in the automotive industry and with regard o,
the design and stress of the bonded joint.

Calculation of glued joints of glued joints
Glued joints can be loaded statically or dynamically
d their material properties are determined primarily for
Advantages of glued joints: three characteristic load cases: tension_,.shear and peel. As
- increased stiffness of the parts to be joined a rule, the pressure 1s not sp_eqﬂeq _because the
- tightness of joints (no need for additional se'a”ng)ﬁ_ompresswe strength of the glued joint is |_ncom_parably
. good damping properties (noise, vibration) |gher than for other types of stress and is difficult to
- increased safety in case of faiIur’e (Figure é) aphleve. Thes_e characterlsnc Iqad cases usually occur in
- weight loss ’ dlfferent_comblnatlons (e.g. tension - shear, peel - tension).
- possibility (;f joining materials of different sizesln special cases, howe\(er, these load cases can be
and thicknesses egcou)ntered separately (Figure 3) (e.g. net tension or clean
; o . shear).
g‘(;fa;?eﬁ:iccgrrgﬁaonelgecst'g@gge (gggzg\?:rigogy’ The glued joints. have a high shear resistance. Very
electrical insulator) IBadly toI.erate.d tensile force. Therefqre, we shape them so
' that the joint is loaded only by shearing.
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4  Calculation of glued joints using finite
& ! | element method

Recently, at ever faster evolving computer technology
and available literature, we can encounter modern
', .., numerical methods, such as finite element method (FEM)

[10,11]. It is one of the most widespread numerical
mathematical methods used to solve the problems of
elasticity and strength, the dynamics of pliable bodies, heat
transfer, fluid flow, electromagnetism, and many other
‘ . . problems in engineering.

Knowledge of the behavior of glued joints is essential
for their subsequent application in practice. For effective
prediction of the properties of glued joints it is necessary
to use suitable tools allowing to accurately model various
modes of failure that may occur in the structure. The failure

tensile force pressure shearing

bending peel off of glued joints includes the area from the beginning of
loading to the initiation of the crack, followed by the area
Figure 3 Types of stresses of glued joints of development of the failure.

L ) ) ) The possibility of numerical simulation of the glued
The glued joint is loaded with forée(Figure 4). In this  joint is the main requirement for its successful design. If a

case (assuming the flange material is inelastic), both pai§itaple numerical method was found, it would be possible
are shifted by lengtte. If Hook's law applies to the i replace a large part of the glued joint experiments with
adhesive, the voltages the same over the entire length ofps simulation. This would lead to a reduction in the times
the connectiom involved in the development, production and production
! cost of the product.

) The simpler tools offered by FEM analysis allow you
v to model only the area from the beginning of the load to the
-— -] initiation of damage [12]. The principles of linear elastic
I EEEE ¥ fracture mechanics apply in this area. The behavior in this

area is described by the cohesive stiffness of the adhesive
layer. The failure initiation state occurs at a critical value

.1_,.. ..r" - of the stress at the crack front. In the FEM model, this state
r ; | describes the tension between the nodes of an idealized
NS S S NS SN adhesive layer caused by their critical displacement and
| \ critical load.
In addition to the strength approach, advanced analyzes
Figure 4 Glued joint stressed on shear can also be based on the elasto-plastic fracture mechanics

. . _ _ approach to describe the area of failure development.
The basic calculation equation (1), (2) is based on these principles apply especially in a situation where the
mean stressequally distributed over the length of the jointadhesive layer is very thin between two parts to be glued

and we compare it with the allowable stress and its behavior cannot be described by macroscopic
properties, such as tensile modulus or Poisson's constant
T=1< Tp Q) (E,v) [13]. In these cases, the behavior of the bonded joint

by the energy required for crack propagation, or the rate of
release of the strain energy G, is described.
These approaches make it possible to predict the onset
and spread of failure without prior knowledge of the
wherek - safety factorF — force,| - length of the |ocation of the crack and the direction of crack propagation
connectionp - joint width,z - tensile stressp - allowable i, the structure. The quality of the calculation and the
tensile stress. accuracy of the results are directly dependent on how
) ideally the adhesive layer can be idealized using
Experiments showed these valuest(3pr steel are  onventional and advanced tools offered by FEM analysis.
In addition to the accuracy of the results, the duration of
7, = (23 + 54) - 10°Pa 3 the calculation, these can also differ in the user-friendliness
of the results.

=7 )
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Elements commonly available in FEM analyzes can lmompromise between computational complexity and result
used to idealize the adhesive layer. Their behavior &curacy.
described in terms of material parameters, which in some The next step is to load the file into the solver and start
cases can be obtained from glue producers, but more oftea calculation itself. The calculation is started using the
it is necessary to find out more difficult by means ofommand line and follows the mathematical operations
experiments. Specifically, the adhesive layer can laescribed above. The results are written to files during the
replaced by contact, 3D elements, 2D elements, a lingzlculation.
spring system, or simply replacing the adhesive, such as theThe last step is to load and process the results in the
SSG element in Siemens NX or the TIE element in Abaqusostprocessor. The postprocessor allows viewing the
Individual modeling techniques using 3D elements fasimulated process, plotting acceleration, stress, strain and
adherend realization are shown in Tab. 1. By means wiany other variables depending on the selected variable.
these elements it is possible to describe only the linear arealn recent years, models using the so-called cohesive
of cohesive behavior of the adhesive, up to the initiation @fint model have been used in the research of glued joints.
failure. The cohesive Model can be used to model adhesives,

bonded surfaces, seal models, patches, or delamination
Table 1 Comparison of basic modeling techniques [14]  processes (Fig.5). The cohesive model exploits some of the

The way of advantages of common FEM elements and is based on
idealization Griffith's refraction theory. The aforementioned common
Adherend - elements included in the FEM creation tools are

FEM mode adhesive layt characterized by the absence of a criterion for predicting
. the evolution of violations for any violation mode. The
cohesive model is innovative and used approach for the
calculation and prediction of the evolution of bonding
failure, specifically this model includes, compared to the

3D-3D previously mentioned models, the area of crack initiation
in the structure.
3D-1D
Elements Figure 5 2D plain strain finite element model of bonded joint
with defined testing
stiffness
The cohesive model must be implemented in the
numerical model of FEM analysis. All elements making it
possible to apply the principles of the cohesive model are
generally referred to in the literature as decohesive
elements [15]. These elements can be one-dimensional,
two-dimensional, and three-dimensional elements and
3D - Special include commonly available solver for FEM analysis.
glued contact Cohesive elements are used for modeling an adhesive layer

with a certain final thickness compared to a cohesive
surface contact. The adhesive behavior of these elements is
defined by the material properties. Cohesive elements are
defined by the thickness, stiffness and strength of the
adhesive. It is advisable to apply cohesive elements

The first step is to create a CAD model. This model ié;pemally in places where crack development can be

then converted into a preprocessor, which converts t xpected. It is asiunjedhthatdz;t the t?eginnin% of I_oadiﬂg
. : ’ “there are no cracks in the adhesive layer, otherwise this
geometric model into the form necessary for the CaICUIat'o%benomenon can be modeled by the absence of elements at

itself. In this phase, the main task is to create an adequ & crack site. The relative displacements between the

ggm éﬁerTnhegw?éka?;goéoofdglensvhtgé égréillagg?]dggg pper and lower surfaces, which are measured in the
Y. prep ?S'E:kness direction and in the directions perpendicular,

fOIIOWS. the rules that each company creates itself aqd MyYShresent the opening of the crack face between the glued
be strictly observed. The rules are set to achieve SArfaces
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Abstract: The paper deal with quantification of residual stresses by the drilling method and design of the methodology of
using optical device LF/Z-2 for their verification. The optical methods have been used for strain analysis for years, but
with the continuous development of new and more accurate measuring instruments and devices, are solved the
possibilities of creating new application methodologies. For using the Optical PhotoStress method for quantifying residual
stresses, has been designed an accurate positioning device to analyse the released deformations around the drilled hole i
multiple steps as considering by ASTM E837-13a for drilling methods.

1 Introduction 2 Analysis of the causes of defects in
Determination of causes and the prediction of the constructions with a combination of hole
failure of the bearing members of structures is still a highly drilling methods and photoelasticimetry
topical issue related to the assessment of the lifetime of Despite the advances made in numerical methods, it is
structures, machines, equipment, etc. It should be pointgg 1ot hossible to unambiguously analyse the residual
out that many failures of parts of structures, Systems Qfaggeg using numerical methods. Therefore, even
machines are not only due to the stress mducgd by the log adays experimental methods in the area of detection
but are also due to the occurrence of residual stress§Sy measurement of residual stresses have their

These also occur in unloaded structures or machine pa Fﬁeplaceable place. It is necessary to know the individual
They can be caused not only by the operating load, but a Qges of the experiment when stressing machine

by the production technology (ca;ting, rolling, pressing, mponents or assemblies with drilling and optical
etc.) as well as by welding. Determining the occurrence ffoihads and then determining stress and deformation

residual stresses, their size and direction is problemaliG < The aim of this experimental part was to propose a
without carrying out experimental measurements. The ri ethodology for determining residual stresses using

of thei_r occurrence is mainly (elated to the fact tha.t theyaB tical methods, namely the PhotoStress method together
superimposed on operating stresses, which c3hth hole driIIing'method [1-12]

significantly affect the life of machines and equipment. American norm ASTM E837-13a is currently the only

For this reason, it is necessary to know and quantifyonera|ly accepted standard that deals with investigating
these stresses to predict the occurrence of disord

C v, the drill hod i | d idual stresses by experimental mechanics. However,
urren'; y: t e aniiing met 0g 1S most commonly use tfhere are a number of limitations in this standard. For direct
determine residual stresses in the material. This is a se

. . . . illing into the component and subsequent examination of
destructive experimental method of quantifying residu g b d

! . deformation values by optical methods, it was
stresses in a selected point. The authors use the SINT e%e y op

- ; - . ssary to design and manufacture the device
3000 dr|II|n.g. equipment or the RS 200 drilling machine t?Fig. 1a, b), which would connect the two mentioned
solve specific practical tasks.

methods of detecting stresses and deformations in
structural members. The idea was to design a device with
an adjustable drilling head and an optical device for
detecting deformation fields - the LF/Z-2 polariscope. The
principle was to accurately drill into a defined depth of the
component with a special cutting tool. Subsequently, by
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means of a stepper motor, is released by the horizontamponent adhesive (resin + hardener) was applied to the
displacement of the drilling head outside the opening tlgample from aluminum as indicated by the manufacturer
space for measuring the residual stresses by the LF/415,16].
polariscop with a compensator [8,13-15]. Furthermore, the simulated stresses were determined
At the Fig. 1la is a view on one of the designs of a 3Bn a uniaxial loaded aluminum sample. It consisted in the
model of a positioning drilling device, and at the Fig. 1b igradual drilling of the blind hole and the subsequent
the resulting real constructed device. The motors are usduservation of the emerging photoelastic entities in its
for horizontal and vertical movement of the drilling headicinity. A strain gauge cross was applied to the test sample
and for rotating the drill or milling cutter. to check the stability of the induced load (Fig. 3). Each grid
was connected to the quarter bridge. Time warp was
recorded and evaluated by Catman Easy.

Figure 1 Proposal of the drilling device (a) and really
configurable positioning drilling device (b)

. o - . Figure 3 Aluminum sample with applied strain gauge cross
The precise positioning drilling device was largely g P PP gaud

constructed from aluminum alloy due to its satisfactory ¢ the Fig. 4 is a view on a drilling process on an
strength and total weight of the device. Subsequently Wag, minum sample loaded with a hydraulic loading

tested the accuracy of the drilling device for horizontal a aratus and stress measurina by obtical apparatus LF/Z-
vertical movement of the drilling head and drilling throug P gbyop PP

the unloaded samples with already applied photoelastic
coating. Also tested was a hydraulic load device located in
the newly built Prototyping and Innovation Center of the
Faculty of Mechanical Engineering TUKE, which is
capable of generating loads of up to 100 kN in two
direction. The annealed samples were drilled under load
and through the polarizing device and the photoelastic
coating were examined the formed entities [16].

In the following section of experimental testing and
investigation of stress fields, was designed an aluminum
sample of dimensions and shape as shown in Fig. 2. The
shape of the samples, resp. its 65 mm edges, were adapted
for further testing by other methods for detecting stresses
and deformation fields in the component.

&
&

- Figure 4 Drilling with positioning device and measuring of
stresses with the optical device LF/Z-2

e - = The mill cutter speed with diameter 3.2 mm (or 18 mm)
ks - was 120 rpm. The released relative deformations around
Figure 2 Shape and dimensions of samples used for drilling the blind hole were analyzed in twenty steps with an
detection and optical method PhotoStress increment of 0.1 mm. During the whole measurement, the
tensile force was 7.5 kN. By moving the drilling head in

The sample was annealed to eliminate residual stressgg, horizontal direction to a position allowing the use of the
A photoelastic coating PS-1D was consist of a two-
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polarisop, directions and differences of the mainecord of the vertical displacement of the drilling head into
proportional deformations were observed. After each stéipe annealed sample registered by the displacement sensor.
were created images of isoclinic and isochromatic lines In the next section, isochromatic lines for a given depth
(Fig. 5). of 0.5 mm (Fig. 7), 1.0 mm (Fig. 8), 1.5 mm (Fig. 9) and 2
mm (Fig. 10) are given for comparison of the released
strain ratios. Blind hole drilling was not realized for larger
depths (in according of ASTM E 837-13a). From Fig. 7 -
Fig. 10 it stands to reason that more pronounced bands
(isochromatic lines) are more visible when drilling an
annular groove, which corresponds to the results of
numerical modeling. Despite this, it can be stated that these
are relatively low stresses levels, their quantification is
more demanding and the measurement inaccuracy is also
higher in this case. On the other hand, low levels of
simulated "residual" stresses do not pose a risk to the safe
operation of machinery and equipment. Higher sensitivity
of the simulated stress measurement is possible by using an
optically sensitive coating with a greater thickness, which

Fiure 5 Process of registration of isoclinic and isochromatic
lines with a polariscop LF/Z-2 A . "
The entire measurement phase without the applicati&‘?wever limits the use of cutting tools (milling cutter or
of strain gauge and photoelastic coating tooROllow cutter).
approximately 2 hours. At the Fig. 6 is a more detailed time
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Figure 6 Time recording from vertical movement of hole drilling

Within the proposed methodology of quantification oRing-Core. The limiting factor is the shape of the cutting
residual stresses using the PhotoStress method, it was thas for drilling the blind hole, respectively. an annular
to the comparison of achieved results with the method gfoove, since the thickness of the adhesive and the coating
drilling, resp. Ring-Core method considered usingsed had to be added to the depth itself. Therefore was used
identical cutting tools 3.2 mm diameter cutter used witthe thinnest coating of PS-1D with a thickness of 0.5 mm.
RS-200 and hollow cutter used with SINT-MTS 3000
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Figure 7 Isochromatic lines for 0.5 mm depth a) blind hole, b) Figure 9 Isochromatic lines for 1.5 mm depth a) blind hole, b)
annular groove annular groove

b)
Figure 8 Isochromatic lines for 1.0 mm depth a) blind hole, b) Figure 10 Isochromatic lines for 2.0 mm depth a) blind hole, b)
annular groove annular groove

b)

The time recording of the relative deformations in theausing hydraulic load device. The hydraulic loading
test sample during the experimental measurements disvice can be considered as one of the key elements of the
shown in Fig. 11. Itis clear from the figure that there wemneasurement chain, since if the stress in the sample
no significant variations during the measurement, thenalysed is changed in the experiment, the obtained results
correct operation has been confirmed of the simulated loazbuld not be considered as relevant.
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Figure 11 Time recording of relative deformations on loaded test sample
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