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The article deals with the design of a robotic workplace for laser engraving. The first part of the article 
describes the importance of introducing robotics to industry 4.0. Custom solutions work is devoted to the 
implementation of the six-axis robotic arm UR10. This six-axis robotic arm inserts the designed jig with 
the semi-finished product into the engraving machine. In the engraving machine, the semi-finished pro-
duct is engraved on the final product. This saves the operator time to pinpoint the position of the semi-
finished product inside the engraving machine. The proposed jig is designed to be universal so that the 
position in the x-axis and in the y-axis can be precisely defined. At the end of the jig there is a bed for 
placing the semi-finished product, which can be replaced by another in the case of other dimensions of 
the semi-finished product. The conclusion is a comparison of time savings in individual steps and overall 
engraving time savings for one engraved part. 
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Introduction 

The application of robotics in production is a topic 
not only today, but also the future of industry. Robot-
ics has undergone a long development from single-
purpose manipulators to today's intelligent and collab-
orative industrial robots. The use of a collaborative ro-
bot for cooperation with the operator seems to be the 
best option guaranteeing a reduction in injuries and an 
increase in work productivity. Without a robot, the 
operator must repeatedly perform monotonous oper-
ations that adversely affect his physical health and also 
expose him to laser danger, as the operator must insert 
the blank directly into the laser station. Today, laser 
engraving is the most widely used method not only for 
marking materials, but also for the production of ad-
vertising or decorative items. Semi-finished products 
in industry are marked with a laser for traceability, so 
a certain type of unique code is created on the mate-
rial. This code allows the operator to trace back the 
semi-finished product or the final product in the data-
base. Thanks to the speed, accuracy and high quality 
of marking and engraving, the laser marking method 
has no competition on the market. However, just like 
the method of mechanical engraving, the method of 
laser engraving has its necessary measures against 
damage to the health of operators. Laser engraving 
can be very dangerous for the operator if the safety 
instructions and elements are not observed. Impact of 
a high-intensity laser on the skin results in burns. If 
the laser hits the eye, permanent damage to the oper-
ator's vision may be caused. In the workstation with 
the robot, the robot performs handling work and 

work potentially dangerous to the health of the oper-
ator. The operator still remains at his workplace, with 
the fact that he handles the material only minimally 
and rather devotes himself to operating the robot 
from a safe distance. The design of a suitable solution 
for a robotic workplace, material handling and safety 
elements brings time savings, return on investment, 
increased productivity and safety for operators mov-
ing near the laser. 

Design of a robotic workplace 

When designing a robotic workplace, it is necessary 
to proceed from predetermined requirements for the 
workplace. It is necessary to know the use of work 
space, but also the technology and equipment that the 
workplace will have. The design of the workplace is 
crucial for the production process. Improper arrange-
ment of elements in the workplace can lead to both 
time and financial losses. These are one of the few rea-
sons why a workplace design should not be underesti-
mated. When introducing new production processes 
and the associated purchase of new machines (manip-
ulators, robots etc.), a quick return on investment is 
important. The return could be partially slowed down 
by inappropriate design of the robotic workplace. Care 
should also be taken to save jobs. The greater the sav-
ings of individual workplaces, the greater the total 
number of workplaces in one production hall can be 
in the final. This is also associated with saving money 
for the otherwise necessary purchase or lease of an-
other production hall.  

The design of a robotic workplace for laser engrav-
ing was commissioned by KEYENCE as the topic of 
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the bachelor's thesis. The aim of the work is an imple-
ment a robotic arm into an engraving workplace for 
engraving small series of advertising products. The 
company owns an unused robotic arm from the man-
ufacturer ABB. For an existing engraving station, the 
operator must manually insert and center the engrav-
ing blanks into the engraving machine. These opera-
tions were time consuming and due to the manual po-
sitioning of semi-finished products, each engraved 
part was original. The main requirement for a new ro-
botic engraving workplace is that the same position of 
semi-finished products in the chamber of the engrav-
ing laser is always ensured. A jig is designed to always 
ensure the same position of the blank in the chamber 
of the engraving laser. The jig is placed in the chamber 
by means of a robotic arm. 

A new robotic workplace for laser engraving will 
be created on the basis of this work. This work serves 
only as one of the possible models. For the purpose 
of this work is the design department realized from 
available resources Laboratory Automation and Ro-
botics Institute of Machinery and Energy Engineering 
of Faculty of Mechanical Engineering of the J. E. 
Purkyne University in building laboratories Za 
Valcovnou 8. The KEYENCE company lent us the 

MD-X1000C Engraving Laser, which they use at the 
existing manual engraving workplace. The workplace 
for laser engraving consists of three tables and a labor-
atory trolley. 

· table for engraving laser technology - (Fig. 1) carries 

equipment exclusively for laser engraving. In 

the foreground is an engraving box in direct 

contact with the table. The whole process of 

laser engraving and marking takes place right 

inside this engraving box, where the input 

semi-finished product is inserted. An engra-

ving (writing) head is detachably mounted on 

this engraving box. The upper surface of the 

engraving box contains a circular hole which 

is filled with an engraving head which directs 

the laser beam. This opening ensures the en-

try of the laser beam into the engraving box, 

where the semi-finished product is engraved. 

Behind the engraving box there is a laser 

beam control unit and a source. 

 

Fig. 1 Designed robotic workplace - robot arm UR10 and engraving equipment 
 

· the operator's table - (Fig. 2 in the middle) serves 

as the working space of the operator, who 

handles the semi-finished products here. By 

this manipulation is meant unloading the 

semi-finished products from the laboratory 

trolley, placing the semi-finished products in 
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the loading frame for the engraving process 

and inserting the already engraved finished 

product into the marked area between OK or 

NOK products. The working space of the 

operator is supplemented by the safety mar-

king of the working space of the robotic arm 

(it extends into the working space of the ope-

rator), the marking of the space for input ma-

terial and the marking of the space for fi-

nished OK and NOK products. 

· table for robotic arm - (Fig. 2) is located between 

the table for engraving laser technology and 

the operator's table. This table is used to fir-

mly mount the collaborative robotic arm. The 

robotic arm is thus placed on a sufficiently ri-

gid surface, which prevents inaccuracies in 

the movement of the robotic arm. At the 

same time, it defines the working area of the 

robotic arm, into which no one and nothing 

should enter during the execution of the pro-

gram. To the right of the robot table is the 

control box. The control box provides inputs 

and outputs from the UR10 collaborative ro-

botic arm, but mainly contains a memory card 

on which software for the robotic arm and 

user-created programs is loaded.

· laboratory trolley - (Fig. 2 on the right) contains 

semi-finished products for engraving, which 

is located in the semi-enclosed space of the 

trolley. On the upper storage space is a porta-

ble programming case with a PLC and HMI 

screen for linking the activities of the robotic 

arm and the laser engraver. 

2.1 MD-X engraving laser 

The MD-X1000C laser (Fig. 3) is a hybrid station-
ary engraver whose marking laser moves in three axes. 
The machine is equipped with oscillating technology 
combining the advantages of YVO4 and fiber lasers. 
YVO4 lasers (the active medium is yttrium vanadate - 
yttrium vanadium garnet) are characterized by very 
good marking quality and fiber lasers in turn with high 
marking speed. The graphic design for engraving was 
created in the Marking Builder 3 software - see Fig. 4. 

 

Fig. 2 Designed robotic workplace - complete view
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Fig. 3 Engraving laser MD-X1000C 

Fig. 4 Graphic design for engraving 

2.2 Design of jig 

The laser beam impinges on the material and en-
graves it at a distance of 179 mm from the marking 
laser head. The laser head allows automatic adjustment 
of the focal length with a tolerance of ± 21 mm from 
the height of the semi-finished product for engraving. 
The jig was designed for precise placement of the 
semi-finished product in the engraving box and for re-
peatability of engraving in small series production. 
The individual parts of the prototype jig were printed 
using additive technology and then assembled into 
one unit. During the construction of the jig, sliding 
dovetails were created on the components, which 
served to precisely define the position of the material 
for engraving in the x-axis and y-axis (Fig. 5). 

Fig. 5 Jig for the establishment of semi-finished product 

2.3 Six-axis robotic arm UR10 

Unlike humans, the robot never gets tired physi-
cally or mentally, the quality of his work is constant. 
Robot does need proper maintenance to run correctly 
as it wears out and becomes obsolete. In addition, the 
robot can work in dusty, wet and noisy environments. 
A most of robots are used in the automotive industry, 
where robots are welding, cutting, assembly, painting 
etc. The robot is also used for packaging and palletiz-
ing of products. This involves unloading and loading 
semi-finished or finished products in the machining 
centers. They are also used in the area where the exact 
position of the part is scanned by the camera, the ro-
bot grabs it and moves it to a given place, the so-called 
"pick and place" tasks. In our case it used six-axis ro-
botic arm UR10 - see on Fig. 6. 

Fig. 6 Six-axis robotic arm UR10 

Solution 

A sheet metal with a thickness of 1.5 mm and di-
mensions of 70 × 110 mm was chosen as the input 
semi-finished product for engraving. 

The type of material was 
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· stainless steel (polished and unpolished), 

· galvanized carbon steel, 

· brass. 

 
The size and types of material were specified by the 

contracting authority. Parameters for laser engraving 
were supplied by the client. Setting laser parameters 
affect the resulting color after engraved. Fig. 7 shows 
the results of the colors of the engraved sheets using 
different laser parameters (Tab. 1). Laser parameters 
also have an impact on the overall time engraving. 

 

Fig. 7 Examples of colors of engraved plates 

Tab. 1 Color depending on the parameters of the engraving laser 

Parameters of laser 
Color 

White Dark brown Dark grey Black 
Laser Power [%] 60 80 90 100 
Engraving Speed [mm/s] 1000 100 90 80 
Frequency [kHz] 80 80 80 80 
Repetition [-] 2 1 1 1 
Total engraving time [s] 81 122 142 159 

 
The condition of the contracting authority was al-

ways the same position of the semi-finished product 
in the chamber of the engraving laser. This require-
ment has been achieved by means of a jig which is at-
tached to a robotic arm which always ensures the same 
position in the engraving chamber. By the fact that the 
operator does not have to manually insert and center 
the semi-finished products in the engraving chamber, 
the time saving of the whole engraving process was 

obtained and the claims of defective products were 
eliminated. This makes it possible to accept larger or-
ders or more smaller orders at once. By processing 
more orders, a higher profit is obtained, which covers 
the costs associated with the maintenance of the ro-
botic arm and the energy for the operation of the ro-
botic arm. 

An integral part in the design of any workplaces is 
primarily to ensure operator safety. In this case, it 
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would not be fenced workplace safety fencing as la-
boratory robotic arm UR10 is a collaborative. It stops 
when hitting an obstacle. In a real workplace, where 
the ABB robotic arm will be used, the robot's working 
space must be fenced a safety mesh to prevent contact 
with the operator. The ABB robotic arm is not collab-
orative. The working space of the operator, where the 
semi-finished products are loaded into the jig 
mounted on the robotic arm, is secured by an optical 
gate, which is closed at the time of manipulation of the 
robotic arm and engraving. The operator would insert 
his hands into the optical gate, the power supply 
would be interrupted, and the robotic arm and engrav-
ing would be interrupted. The optical gate turns off 
when the robotic arm is in the rest position so that the 

operator can insert the semi-finished products or re-
move the finis products. Another measure is an optical 
sensor within the chamber laser engraving. This sen-
sor senses when a jig with semi-finished product is in-
serted. If the laser beam is interrupted during engrav-
ing, the engraving process will be interrupted. The 
door remains closed during engraving. If the door 
opened, this sensor would interrupt the engraving 
again. Tab. 2 shows the times of individual operations 
of the whole engraving process. The original times of 
the individual operations were delivered from the con-
tracting authority. These are average times. The times 
at the robotic workplace were measured in laboratory 
conditions. These times will be slightly different in a 
real robotic workplace. Again, this is the average of 
several measured times at individual workplaces.

Tab. 2 Comparison of time intensity of individual operations at the original and robotic workplace 

Work Operations 
Time [s] 

Original Robotized 
Inserting the semi-finished product into the engraving 
box 

5 8 

Adjusting the correct position of the material for en-
graving 

48 0 

Engraving process 142 142 
Remove the product from the engraving box and place 
it between the finished pieces 

7 10 

Total time required to produce one product 202 160 

The operator would thus produce 168 finished 
products in an eight-hour shift (with a half-hour 
break) while working at a robotic workplace. At the 
original workplace, the operator would produce only 
133 finished products under the same time conditions. 
The difference during one eight-hour shift at a robotic 
and non-robotic workplace is 35 pieces of finished 
products. 

Conclusion 

The article deals with the design of a robotic work-
place for laser engraving. The introduction of the arti-
cle describes the reason for the introduction of robot-
ics and engraving into production. The next part of 
the article is devoted to the design of a robotic work-
place, which describes the layout of individual ma-
chines in the workplace. The robotic workstation for 
laser engraving has a six-axis robotic arm UR10 and 
an engraving laser MD-X1000C. A universal jig has 
been designed for the precise placement of a semi-fin-
ished product for engraving in an engraving box and 
for the repeatability of engraving. The next step of the 
solution was the selection of suitable parameters for 
the engraving process itself. These selected parameters 
affected the color of the engraved texture in the fin-
ished product. At the conclusion of the article is the 
overall evaluation in terms of time savings on individ-
ual engraving operations and the total time savings for 

engraving one piece of product. Using robotic laser 
engraving workstations, the time saved to produce 
one piece of product was 42 seconds. A total of 35 
more products will be produced using robotic laser en-
graving workstations. 
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