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Abstract: This article is aimed at problems of designing a&mngonomic optimizing of production systems with a
modular construction structure made up of buildahaek principles on the basis of Al components. Thedular
structure allows an individual and flexible adaptim varying requirements and also the realizatbriow-cost
solutions. Benefits to using the modular profilestsyns and building elements for creation of newmadernized
production base of workstations configuration areinty: simple fast assembly, short planning timenpde
disassembly, easy construction, retrospective rvatiibns, reassembling of all elements.

1 Introduction
This article deals about building principle ©

grooves,
sconnecting elements and can also perform a whalgera

which can be used in conjunction with

ergonomically designing manual workstation focused of additional functions. The aluminium alloy is iant

modular profile systems.

Production demands can change rapidly, wheth®
they are changing quantities, new product variaots,
product generations — the manual production syste
from aluminium profile technology can be flexibly
adjusted to fit any need. The inventor of aluminium
profile technology, in the field of assembly constion,
offer alternative to welded steel constructionshia form
of the basic mechanical elements and modular profi
system.

to weathering and many chemicals and the surfatkeeof
rofiles has been specially treated to make it peently
scratch- proof and has also been corrosion-prateét
Lofiles have been designed to deliver maximunmstte
or the materials used.

System profile technologies offer further modular

combination possibilities (e.g. connections withistrg
constructions, machine frames, protective cabirts).et
With the universally applicable components in madul
profile assembly system, it can quickly find a sssful

Profile system is easy to process and quick gplution for all tasks: frames, enclosures, speeiad

assemble- no cutting or welding, no grinding origfohg,
no painting. All profiles can be combined in anyywa
imaginable; the accessories provide functional and
aesthetic solutions for a wide range of application
machine bases, enclosures, guarding, work- asseanbly
inspection stations, transfer and supply troll@gstitions
and protective walls and cabins, special sheh@s et

The software packages (for example MTPro from
BoschRexroth) using for computer aided design
workstations of aluminium profile system include o
to-date parts library and parts list informationvesl as
3-D graphics to help visualize design of production
system. In contrast to conventional planning meshtus
program helps save time and allows generate plgnnin
variants.

2 Modular profiles building block system <
The basic elements of the building kit consist o?

profiles, connecting elements and caps. The exttude

aluminium construction profiles are provided with

series machinery, workstations, supply of materigtis

Profit from the benefits of modular profile
construction kit system [1]:
user-friendly screwed connections, perfected,

stability-oriented connectors, easy assembly due to
standard elements, easily dissembled connections
enable flexible modifications during the assembly
phase,

widest system profile range on the market,
compatible modular system for all dimensions: 20,
30, 40, 45, 50, 60... mm, all profiles can be
combined with each other, the 8 mm and 6 mm
groove profiles are used in the construction of
simple appliances, partition walls, stands or digpl
cabinets,

comprehensive range of accessories,

short planning, design and assembly times, 3-D
planning software available,
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» high loading capacity with low self-weight, profile The products of the building kit system based on
technology is fast, stable, and safe. aluminium profiles are the perfect solution for sitking
from simple basic frames and testing stations toptex
Profiles of different product lines and sizes can bhandling units.
combined into basic frames with the aid of special

connectors. Using connectors with high load-bearing  Computer aided design of workstations
capacities, combined with particularly robust greeand Computer aided design provides for examptist
large central bores allow profile connections efegrhigh  from Bosch Rexroth — “MTpro” light offers a quick
static and dynamic loads. All profile connectorséane introduction to layout planning software for assgmb
thing in common: they are screwed into place. Seew technology free of cost. MTpro is software for the
connections can be made quickly and easily. Theyanning and design of assembly technology systéats

prOVide excellent Stablllty, even under heaVy loaisd S.upports in Se|ecti0n’ Conﬁguration and Ordering o
they also have the advantage that can be rebudfoducts from this producer.

constructions made of basic mechanical elemengat
time, or extend them for new requirements. Thisnmeea Software includes the following functions [2]:

you can reuse the same components again and again. v Layout Designer for planning and design of

. _ _ complete frames and conveyor systems without a
The following advantages are achievable with  CAD system.

modular kit [1]: v Generation of order lists; Upload of order lists to
> Speed: supports during the tender phase, planniig a  eShop; Sending of requests for quotes to sales
design phase of projects with individual enginegrin contacts.
and 3D configuration. v Multilingual content and graphical user interface:
> Risk reduction: by buying in modules at fixed costs  switch between 5 different languages at run-time
the estimating security increases. (de/enffrlit/es).
» Wide and deep modular system: the whole modular
system is so wide and deep that it combines ligstle Advantages:
flexibility and compatibility with specific redudih o  Configurable CAD volume models with direct
in special parts. interface to all standard current CAD systems,
» Degree of assembly: it is possible receive the product configuration.
solutions — as an assembly kit or as a complee Catalog information and assembly instructions at th
module. press of a button, catalog data sheets and assembly
» Attractive design of aluminium profiles. instructions.
» Combination of stability and function. o Calculating of order lists.
> Modern appearance of the whole workstation. o No limitations to content or functions in the Layou
> Minimisation of the risk of injuries. Designer, Layout Designer for planning and
» No accumulation of dirt. constructing complete modules and systems.
> No additional covers required. o CAD export of layouts created using the Layout
> ldeal for clean rooms. Designer.
» High-quality design.
> No flame cutting and welding - threaded connections MTpro is professional software to help plan, design
instead of welding. construct and calculate production systems usirilgibg
» Profiles and elements can be reused after a sysism it components and modules.
been dismantled.
» No grinding and polishing - braces and beams can be Layout Designer functions [2]:
easily removed or relocated; assembly changes gre Combination of catalog components to form
possible without visible traces and damage. assemblies and systems in a virtual 3-D scene with
» No painting - profiles provide a clean surface with support of a built-in rule engine.
good finish; no making good necessary. > Drag and drop components directly from the product

o ) ) ) catalog into the 3-D scene.
The building kit system is a cost-effective and- Fast connection and placement of components using
flexible solution for producing a whole range ofttires the snap function and manipulation handles.
and equipment up to and including automated hagdlin- Hierarchical user library where you can save andee
systems. The components can be used not only for your own constructions.
building laboratory equipment, assembly workstajony Consideration of the environment: import floor
electronic  manufacturing  systems or packaging |ayouts from 2D-DWG and DXF files; library with

machinery, but also in highly demanding constructio  room planning elements (walls, windows, doors);
applications such as clean room areas etc.
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import custom VRML, DWG and DXF models via b e = PSRRI

drag and drop. - ,
» Intelligent parts list calculation: parts list ofll a
components in the assembly; consideration «:
additional parts; summary of parts into order ynit
further processing of the order list via clipboamd
integrated report generator.
> Exporting the 3-D layout as a solid into all commor :
CAD systems and save in CAD exchange forma :
(STEP, SAT, DXF...).
> Extended CAD interface to AutoCAD, Inventor, Solic :
Works and Pro/Engineer: transfer of CAD model :
with parts list information; subsequent loading o s m————————— R
models from CAD systems into MTpro and Figure 2 Planning configuration of custom workgiat
reconfiguring them; generation of MTpro order lists
from the CAD model. 4  Ergonomic design of modular
» Saving the 3-D scene in common graphics and workstations
rendering formats, transfer to Office applications An ergonomic workstation facilitates work,
using the clipboard (DWG, DXF, 3DS, VRML, PNG).maintains health and motivates employees, thereby
providing a solid foundation for high productivignd
The sample of planning software to building- blockconomic success. Ergonomic movements make precesse
equipments in production system is at fig. 1. safer, faster and smoother. Ergonomic workstatjvemg
for themselves by facilitating work, reducing doimmé,
and increasing productivity.
Manual workstations must accommodate a wide
range of body heights to ensure that the largeseptage
of the population is covered. Country-specific eliéinces
and regional requirements must also be taken into
account. Design of working systems by ergonomics is
described under e.g. DIN ENV 26 385 [2]. Objectofe
ergonomic design is, among others, adaptation of
workplace, working space, environment and lighttog
human properties and skills. The modular system for
designing individual workplaces enables optimal
Figure 1 Design software with visualisation tools adaptation to task and individual employee conakrne
Correct workplace design has, to a high degree,
Planning software uses icons or menu points af@sitive effects on employees' health, performance,
parameter-aided programming techniques so thedurance and concentration [3]. The most important
assemblies, 3D models of humans or individu&kctors for designing work equipment are the wagkin
components of equipment for ergonomic workstationgeight, proper sizing of the reach zones and reduir
can be quickly incorporated into a 2D or 3D drawihige legroom, as well as definition of the appropriaage of
high quality display of the human form is one ofthvision [4]. All of these dimensions are derivednfra
software elements. This enables workstations to fstandardized” body height.
ergonomically planned, tested and optimised to eéry
body size. Further criteria that must be taken into account :
The example of designing of manual workstatio Foot and leg room, depth and adjustment rangeeof th

according to customer requirements is presentéd.&. ~ footrest; _ _ _
Size and variation of workpiece dimensions;

Occurring forces and weights;

Changing types of equipment and insert heights;

Greatly varying vision distances;

Local specifications (deviating body heights, legal
requirements, etc.);

Aspects related to methods, safety, and efficiency.

AN N N NN

AN

By incorporating ergonomic aspects into the design
production equipment in assembly workstations,ilit ve
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able to optimize working conditions and thus ineeethe can be used to create mobile workstations. Height-
motivation of workers. adjustable workstations are the most flexible satufor

dealing with extremely varied workpiece/component

Ergonomically and individually designed productiordimensions and large differences in employee hgight

systems ensure : Height-adjustable workstations are perfectly suifed
» Work with reduced fatigue; visual inspection and manual work (e.g. in wristhat
» Increased productivity; assembly or jewelry manufacturing).
» Targeted and optimized use of capacities; The sample application of building-block principle
» Motivated workers. equipments, composite to the manual productionesyst

structure, on the basis of Al-construction profilest fig.

An ergonomic workstation design plays a decisivéd. Workstation systems and comprehensive accessorie
role in reducing waste during production. Thus, fdrom building blocks construction systems can be
example, the movements for grabbing parts and thaividually adapted to different production needs.
distances workers have to walk are directly relatethe
design of the individual workplace. From an ergoiom
aspect, the main focus is on the worker. This iy thiese
workstations are designed to fit each worker andtin®
other way around.

Designed stand up/moving and sit down/ stand 1
concepts are the foundation for dynamic, stressafrerk.
Both concepts are based on individually adaptak
workstations with perfectly matched chairs. Thelding
block profile systems provide all the modules that¢
need to ergonomically design and arrange of wotiksis.
They have developed an ergonomics checklist thastas
during workstation planning and design, which widlip
attain the greatest possible performance, safety ¢
motivation from workers.

Custom designed workstations offer a wide range
variable dimensions and individual solutions oresel
from standard products with fixed dimensions. At 8 is
example of image manual assembly worktable wi
accessory equipment.

Figure 4Examples of a draft concept for workplace work
standing up and aeated position

Workstation accessories - these functional
workstation components can be used at any statioh a
increase the efficiency of workers. They offer defl
storage spaces, support work processes, and ensure
optimum transparency and ergonomics. All workstetio
can be equipped with side panels and footrestaiedsas
cloth and bottle holders. It is possible equip the
workstations with socket strips, system lamps, and
compressed air strips. Suitable accessories make it
possible to supply grab containers, tools, andrin&ion
at the workstation. An accessory upright permits, f
example, installation of material shelves for paupply

. . t the workstation.
Figure 3 Example of modular workstation and mobtteck rack a . .
9 P All reach distances should be as short as possible

The dimensions and position of the table top resuffvoid redundant, no value- added movements. Grab
from the dimensions selected for the workstatiogtite Containers and parts containers that are in dnesth of -
width, and depth. Height-adjustable levelling feetke it e employee are ideal. In addition, a comprehensiv
possible to compensate for floor irregularities @adters Program of accessories consisting of workstatighting,
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power supply, and information provision and positl 5 Conclusions

of tools, components and swivel work chairs, isilatate. The flexibility of modular building blocks profile
To maintain performance and promote productivitsystem in assembly workstations provides a longols

all work equipment near the workstation must beisely  penefits: start-up costs are lower, there is atsholebug

adjusted to the employee and their activity. Cdrregme, reuse reduces later capital investments, taeybe

adjustment of the table, chair, footrest, and gra@configured when production requirements change,

containers, as well as the pOSitiOﬂ of tools andenal Simp]e fast assemb]y' short p|anning time, Simp|e

ShUtt'eS, minimizes movements, thus reducing pHYSinisassemuy' easy Construction, retrospective
exertion and employee absences. modifications, reassembling of all elements becaifges
) ) ) a comprehensive, harmonised profile system.
A few important considerations : The modular, standardized design of all building

* When adjusting the chair and footrest, make suggmponents means they can be shipped quickly for
that the thighs and calves form a right angle.  replacement, resulting in minimum downtime.

* Information boards should be hung at eye level to Al profiles can be combined in any way imaginable;
avoid unnecessary head movements. the accessories provide functional and aesthelitisos

* The angle of the shelves for material supplior a wide range of applications: machine bases,
should be adjusted to create short, direct reagfclosures, guarding, work- assembly and inspection
distances. stations, transfer and supply trolleys, partitioasd

* Use lifting aids to supply heavy parts. protective walls and cabins, special shelves etc.
= Monitor brackets and tool shelves can be

adjusted to any height via the profile groove.
* With  height-adjustable ~ workstations,  theacknowledgments

optimum working height can be adjustedrhis article was created by implementation of thang

according to the size of the person or product. project KEGA 004TUKE-4/2013“Intensification of
* Information modelling in teaching Il. and Ill. degree in theldl of
= on information boards. study 5.2.52 Industrial Engineering”

It is just small things that often count: handy
accessories are necessary addition to perfectrdesign
optimal workplace. Everything must be on its propece  R€ferences _ o
and instructions or information should be attachdd] Lean Manufacturing: Principles, Tools and Metho
properly and clearly visible. Auxiliary equipmenglping How to improve productivity and increase profits
avoid loads and taking care of workplace overview through lean manufacturing. Robert Bosch GmbH,
noticeably support efficiency at reduced employses'ss. Pub. No. 8981 500 246 10/99; [Online],

Open system dimensions and numerous componentshttp://www13.boschrexroth- . _
enable individual designs for sit-down and stand-up Us.com/Catalogs/Lean_Manufactuting_Guidebook.pdf
workstations. It makes an almost unlimited numbgr o [29 Nov 2015] o
designs possible with just a few components. Tlieihg ~ [2] Prospects, catalogues, PR publications from MK
kit system can be used to design a whole range of Maschinenbau Kitz, Innotech, RK Rose + Krieger,
workbenches - from simple standard benches to apeci Palettisystems, MiniTec, Isotec, Paletti Profilsyse,
ergonomic solutions to meet specific requirements. ltem, MayTec.

Modular assembly workstations have been tried il SESTAK, J.:  The development of modular
practice and constantly developed further. The reconfigurable manufacturing systems. Essay to
workstation can be constructed from individual _dissertation examination. TU Kosice, 2012.
Components or purchased as a Comp|ete and fu%] RUDY, V.: Design Customer innovative production
assembled system. Profile system contains a brodd a ARTEP 2012. Workshop experts from universities.
highly performed accessory program, which guarantee 2012.
an optimal adjustment to individual requirementsy A
adequate modification allows the working table ® b
integrated easily into existing assembly lines.utufe- Review process _ _
oriented concept of flexible assembly system compfic Single-blind peer reviewed process by two reviewers
workstations is based on standardized structusahdr
designs, as well as process modules with compact
dimensions.
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