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Abstract: The aim of the article is to propose ways to iaseethe functioning efficiency of the newly createstkplace
with regard to the course of the processes themsehs well as of the working conditions of theetiéd employees in
the selected company, dealing with the productibmefrigeration and air conditioning units for amtobiles. The
automotive market is primarily customer-orientedwhich companies strive to meet and deliver highlity products
that are different from their competition. To eresthis goal, it is necessary to acquire theorekinalvledge in the field
of organization and structure of the productioncpss. It is also necessary to analyse problemaiitspof the newly
created working zone on the basis of observationkiaterviews with employees. The essence of siieemg the
workplace and improving the working conditions ofidoyees lies in the identification, analysis atichimation of
shortcomings, that have arisen mainly due to dyoathanges and rapid implementation of the workiogezin the
corner of the production hall. Based on the idedifdeficiencies, the authors of the paper haveqsed corrective
actions and have analysed the results of the ingrowndition.

1 Introduction component and subsequently soldered in an eldbrica
Adapting work and working conditions to a persoa is heated furnace at a high temperature of 615 °CceSin
necessity for the effective management and impreviem Soldering technology is very prone to pores, coidts,
of production processes. The company should pr(nudh UnderCUtS, erosions, and leaks between the indilvidu
working environment for the employees that ensurek ~ components, it is necessary to apply flux in exact
without endangering their health, without distugpin cOncentrations per Inwhich could only be achieved by
elements and unnecessary movements [1]. The efigie Purchasing the Paintflux machine, equipped witlozzfe
of production from an economic point of view demm on the robotic arm. At the Workplace, there are als
appropriately selected production processes anithajpt Measuring workplace, waste management, cabinets_for
equipment, on the correct layout of the productipstem, Personal belongings of employees, work aids, cfeani
on the quality of work performed, on prices, safetproducts,and collectlon_taqksfordanggrousvﬂasmgd.
regulations, and technological procedures [2]. Maxh EMmpty crates, crates with input material, and cratéh
efficiency can be achieved only by reducing reseurcutput material also take up a large area of thekpiace.
consumption while increasing production volume [3].  Crates with input and output material are placed
chaotically, without a precise system of inventoontrol
2 Description of the newly created and dmate”%' ﬂoc‘j"" Like el‘l’erY new prgducg‘)” prax;eis !
: : needs to be dynamically improved and systemica
workplace and its shortcomlngs . managed, precis)elzly becau)ge ofﬁts initial shortggm'and g
The newly created working zone of fluxing (applioat

: the growing demands in the automotive industry.
of th_e_chem|ca_1l _s_ubstance flux on perfectly degrdas The leanness of production lies in production witho
glummlumdse_ml-ﬂntljs_‘.hed P.rOduths) with an 3reah23rh\; unnecessary components, with decreasing time, space
IS situated In a dispositionally separated areat mistakes, and costs in production [4]. Lean phipbso
production hall. There is a machine inside it, dgiowhich o .06 "5 very widespread approach to gaining high
three types of semi-finished aluminium productspal a

£ ai ditioni q i ) ; d efficiency in production and logistics processesie T
part of air-conditioning and cooling units of ca88d  ,qqyction of lean manufacturing has eliminateaste
electric cars. The Paintflux device is used to wppl

) P toctly d d _fidh from non-products, excess processes, time losses,
mixture of flux to periectly degreased semi-iniShe ,oticient movement of materials and workers, fusp
aluminium products, which are assembled into aagert
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stocks and overproduction. It covers the entireevghain  barrier separating it from the flux aerosol. Theptyee
of business [5]. responsibly used a gas mask and the prescribegictineat

Due to the quick location of this zone in the coroe for the given task. However, from a long-term pecijve,
the production hall, without taking into accounteth a process such as this is ergonomically and safely
working conditions of each season, material flovaste unacceptable for workplace workers, as the flugenthe
management, and the impact of dangerous substlamxce fenvironment in the form of fine particles, whichnazause
into the environment, it is necessary to optimizel a health problems in long-term exposure.
systematically harmonize all these points to soithe
requirements of the standards of the automotivestry
(OHSAS, ISO 14001, IATF 16 949, VDAG6.3, 5STAR).
The main impulse for solving the issue was non-
compliance with daily production plans. The five
employees of this workplace often had to work dxrest
or employees from other departments helped thethegr
had to also work on Saturdays. Therefore, it wasssary
to shorten the daily time needed to flux all semished
products.

The need to effectively deal with the location bé t
workplace was necessary, as employees chaoticallyna
a disorganized manner managed the flow of mattral
did not meet the requirements. At the workplacesida
principles were missing for creating and maintagnan
organized, clean, and high-powered 5S workplace. tbu
the disorganized location of the workplace, semisfied
products were exchanged, which resulted in a l6$keo

form of unf_quiIIedd dz;ilyd?roductionhplans. . it upper limbs predominates among the employees of the
Layout is undoubtedly one of the mostimportarksas \orpiace. The subsequent consequence of strathing

because it has a direct impact not only on the amyp .n‘luusculoskeletal system of employees is back pain.
economy, but also affects safety at work and socia

environment of the company. Wrong allocation orolaty
of the productional and non- productional subjestisage
areas or distribution centres of the corporation lzger
cause huge problems. There are plenty of ways loow
solve different problems with disposition and evsingle
case usually has its own variables which are unaqnak
different from other cases [6].

The creation of the layout itself - the spatiafan
arrangement of the workplace - has a great impa¢che
overall efficiency of production. A properly desegh
layout reduces overall production time, eliminate
unnecessary movements and transport of materatests
unnecessary waiting, improves material flour, &the
purpose is to arrange workstations, machines, ewnf
and other necessary equipment so that employedsasor
efficiently as possible without much effort and anessary
movements, which has an impact on production al
transport costs [7].

One of the other serious shortcomings of the waidg!
was the direct contact of operators (Figure 1) it
chemical substance flux, which is harmful in direahtact.
During the spread of flux to the ends of semi-fieid
products — manifolds, there was direct contact hef t
employee with the flux, because the nozzle of thehime
could not apply the flux to semi-finished produata 90°
angle. The employee spread the flux by hand with
pressure vessel to the inner ends of the manifalitls,no

Figufe 1 Direct contact of operators with flux

The last significant negative aspect is standingknans
standing work in one place with the involvemenboth

3 Methodology

After considering the theoretical knowledge, all
§hortcomings related to the Paintflux zone wereatd
and analysed on the basis of observations andiieves
with  employees. Interviews with employees and
observations were also the basis for streamlirtiegzbne
d for improving employees' working conditions.

It was also necessary to shorten the time needéukto

all required types of semi-finished products acoado

ghe daily needs of the customers — 716 minutethi€fthe

net production time needed to flux all models wa@s 4
minutes. Non-production time was 240 minutes. Tikerg
times were calculated based on measurements gfdoei
Cycle times, where the volume of individual semighed
products loaded in one minute was measured with a
rﬁiopwatch.

Cycle time is the time starting when operation bsgi
to the point of time when the operation ends. Cyicle
should be considered as a viable option, when an
organization is trying to improve efficiency, cdistse and
customer responsive [8].

Cycle time reduction is of paramount importancein
manufacturing industry as the customer not only
emphasizes the quality of the products, but alkestinto
cé)nsideration its timely delivery [9].

The times of the individual activities are shown in
Table 1.
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Table 1 Calculations of equipment utilization dgrione work shift

Daily Lesg® of Gap Namber of Paint flux Time
Paintflux - list of semi - finished products requiremen ::::.« between | products on f Caps conveyor | needed "“"’:"‘ n::::d
t (raze) frames | the frame/bel | (FAME L (mm/min) | (min) " e
J ASSY MANIFOLD-BC DI6X 1 § 70 400 100 30 500 1720 2,1 33 | 6,36
J1 ASSY MANIFOLD-BC & DI6X 1 A 70 400 100 30 500 1720 2,1 33 | 6,36
J1 ASSY MANIFOLD-BCDI6X 1 € 70 400 100 30 500 1720 2,1 33 | 6,36
J1 ASSY MANIFOLD-BCDIOX ! B 140 400 100 30 500 1720 4.2 33 112,73
J1 MANIFOLD-BC DI6X 1 E 70 400 100 30 500 1720 2.1 33 | 6,36
J1 ASSY MANIFOLD-BCDI6EX 1 D 70 400 100 30 500 1720 2,1 33 | 6,36
J ASSY MANIFOLD-BC & DIOX 1 A 70 400 100 30 s00 1720 21 33 | 6,36
BC | BEV2013 D A L A 408 400 100 15 500 1720 14,6 | 28 |43,71
BEV 2013 MANIFOLD ASSY INLET OUTLET 408 400 100 15 500 1720 14,6 28 [43,71
— MANIFOLD - INLETOUTLET 1M C 840 400 100 30 500 1720 20,0 42 60,00
MANIFOLD - RETURN 1M C 840 400 100 30 500 1720 20,0 42 (60,00
——_— MANIFOLD - INLETOUTLET 2M B 165 400 100 15 500 1720 59 28 (17,68
MANIFOLD - RETURN 2M B 165 400 100 15 500 1720 59 28 (17,68
: ) MANIFOLD - INLETOUTLET 3M D 165 400 100 s s00 1720 59 28 (17,68
SPOS Upper
MANIFOLD - RETURN 3M D 165 400 100 15 500 1720 59 28 |17,68
CAC992 HEADER - INTERCOOLER 560 290 50 10 340 1720 93 60 93
Panther CAC HEADER - INTERCOOLER 2600 170 50 10 220 1720 <irf | 70 | 37,1
cAC HDT6 CAC HEADER - INTERCOOLER 240 210 50 7 260 1720 4,1 S8 4,1
Macan F/L HEADER - INTERCOOLER 800 300 S50 10 350 1720 133 60 133
HEDER-RAD CORE INLET 14mm 1520 510 50 10 560 1720 38,0 40 | 38,0
/':;I; C519 (Hlava 3) HEDER-RAD CORE INLET 18 Smm 1120 510 50 10 560 1720 28,0 40 | 28,0
HEDER-RAD CORE INLET €2 LTR 25 25mm 660 510 50 10 560 1720 16,5 40 16,5
change 2 simewl work shift 20
starting time 60
shift cleaning 60
end day cleaning 50
break time 50
l Time required to cover the required volumes 7154

Other necessary data for the calculation werecthgth Based on the stated information and in accordantarins
of the frames which the semi-finished productsstoeed of the time horizon of one work shift, it was naisgible to
on, the gap between the frames, the number of ptedum cover the given volume.
the frame, conveyor belt speed, the time requicestart
the machine into operation, the time required éaclthe 4 Results of the improved Working
machine during operation, the time required to rcldee o
machine work change, time required to change thdeino conditions

and break time. The only constant statement fotypts ~ Each production company must determine its goals
of semi-finished products was the speed of the ilich  individually, so that they correspond to the organonal
moved at a speed of 1720 mm/min. structure of the company. In order to ensure thie gaals

The time required to start the machinstarting time ~ of the company, it is also necessary to determanéigh
— includes switching on, starting up, and stabitizthe goals, which include, for example, minimizing costs
machine. This time includes heating the machine to maximizing the use of corporate capacity. The gtiz$
working temperature of approx. 300 ° C, preparihg t Fhe company sets itself are achieved by eliminatiagte
semi-finished products according to the productim on  in production processes [10].

a given day, preparing and marking the cratesingriaily The issue of the working zone layout was resolved b
verification forms, mixing and filling the flux iotthe @ new workplace layout, which was necessary totetea
machine, and verifying production before starting. eliminate unnecessary movements that operatorsadd

The time required to clean the machine during shifhile picking input material, placing manifolds frames,
work —shift cleaning time— includes cleaning the nozzlesPre-production, removing final products from thecimiae
and flux circuits of the machine. conveyor belt, etc. The layout (Figure 2) was desijto

The time required to clean the machine after thekwo€nsure simplest possible work for employees, aritheat
shift —end day cleaning- includes the complete cleaningsame time, making the workplace safe.
of the flux chamber, circuits, and ducts for thesigavater
outlet from residual flux and other impurities.
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gty oty -ty input input input input input input put
=L L production | production | production | production production | production | production e
| material material material material material material material automatic mixing and
[ input input input input input input input filling the flux
=~ e s production production production production production production production
bones benes o H material material material material material material material
oy || || e
|| || o
shelf for pre -
production
goods receipt, | |
. input
material @ & =
removal el -]
Belt - unloading H : Belt - loading
e machine Paintflux i 3
input o
@ production 9‘
I material
material mix packaging
shelf for small for waste
: . fluxed fluxed fluxed
fateriab finshed mmm mm frames
pieces frame cleaning
fluxed fluxed fluxed fluxed fluxed b
material material material ‘material material 0X

Figure 2 New workplace layout

Figure 3 shows the material flow from the intakéhe
workplace to the removal of finished pieces by lihe
feeder for further processing.

empty place for storage of raw place for storage of raw material
packaging material before fluxing before fluxing
place for
material Production
received s
from the o " . :
|"";L“.’."‘”‘ machine Paintflux i
material
Salshad i finished
finished pieces Inished pleces pieces
—

Figure 3 Material flow in the workplace

To ensure daily production plans, it was also nesgs
to focus on all operations that were not relatedhi
creation of added value. With simple improvemeisas
possible to reduce the utilization of the deviceirdyone
work shift to 411 minutes (Table 2). Net productiome

through the machine three times for perfect fluxofg
circular semi-finished products, but by simply ftec
manifolds on the frames, employees will now achieve
perfect fluxing in less time. This leaning saved
approximately 110 minutes. Reduced activities, Wwhic

was 365.7 minutes from the original 476 minutest Neriginally took 240 minutes, were eliminated byrizey

production time was eliminated because the marsfpits
through the machine two times. Originally, they bado

individual activities to 45 minutes.
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Table 2 Calculations of equipment utilization dgrione work shift after streamlining the productfmocess

Daily Lesg® of Gap Namber of Paint flux | ..
Paintflux - list of semi - finished products requiremen| ST | between | products on mi:'z;m) conveyor | needea || RO
t () frames | the frame/belt (mm/min) | (min) time
J1 ASSY MANIFOLD-BC D16 X 1 F 70 400 100 30 500 1720 2,1 33 1424
J ASSY MANIFOLD.BC & DI6X 1 A 70 400 100 30 500 1720 2,1 33 | 4,24
J1 ASSY MANIFOLD-BCDI6X 1 € 70 400 100 30 500 1720 21 33 | 4,24
J1 ASSY MANIFOLD-BCDIOX 1 B 140 400 100 30 500 1720 42 33 | 848
J1 MANIFOLD-BCDI6X 1 E 70 400 100 30 500 1720 21 33 |1 4,24
J ASSY MANIFOLD-BCDI6X 1 D 70 400 100 30 500 1720 2,1 33 14,24
J1 ASSY MANIFOLD-BC & DIOX 1 A 70 400 100 30 500 1720 74 | 33 |1 4,24
BC | BEV2013 D A CHANE 408 400 100 15 500 1720 14,6 | 28 (29,14
BEV 2013 MANIFOLD ASSY INLET OUTLET 408 400 100 15 500 1720 14,6 28 (29,14
—~7 MANIFOLD - INLETOUTLET 1M C 840 400 100 30 500 1720 20,0 | 42 |40,00
MANIFOLD - RETURN 1M C 840 400 100 30 500 1720 20,0 42 140,00
P05 Lower MANIFOLD - INLETOUTLET 2M B 165 400 100 15 500 1720 59 28 |11,79
MANIFOLD - RETURN 2M B 165 400 100 15 500 1720 59 28 |11,79
‘ ) MANIFOLD - INLETOUTLET 3M D 165 400 100 15 500 1720 59 28 (11,79
SPOS Upper
MANIFOLD - RETURN 3M D 165 400 100 15 500 1720 59 28 |11,79
CAC992 HEADER - INTERCOOLER 560 290 50 10 340 1720 93 60 93
Panther CAC HEADER - INTERCOOLER 2600 170 50 10 220 1720 37,1 70 | 37,1
Cas HDT6 CAC HEADER - INTERCOOLER 240 210 50 T 260 1720 4,1 58 4,1
Macan F/L HEADER - INTERCOOLER 800 300 50 10 350 1720 133 60 133
HEDER-RAD CORE INLET 14mm 1520 510 S0 10 560 1720 38,0 40 38,0
/l::;z €519 (Ilava 3) HEDER-RAD CORE INLET 18 Smem 1120 s510 50 10 560 1720 28,0 | 40 | 28,0
HEDER-RAD CORE INLET C2 LTR 25.25mm 660 510 50 10 560 1720 16,5 40 | 16,5
change 2 times/) work shift 10
starting time 15
shift cleaning 0
end day cleaning 20
break time 0
| Time required to cover the required volumes 410,7

The time required to start the machine was reducedachine conveyor belt when the model is changiefoi®
from 60 minutes to 15 minutes by completely remgihee  improving this operation, the belt was allowed topéy
warmup of the machine. The waiting was eliminatgd bdue to the separation of defective parts (poor flux
having retrained the masters of the other depatsiieput concentration), and therefore this change took ath6u
the Paintflux machine into operation. Every dayijmtyuthe minutes. From experience of the operators, it Weer ¢hat
night shift, the production master now switchestba poor flux concentrations are very rare, and theesfher
Paintflux machine about an hour and a half befbee t pieces can be loaded immediately after the caldrat
morning shift, which is then ready and heated wheplates, where you do not have to wait for the belbe
employees arrive at the workplace. emptied; this replacement only takes 5 minutethdfflux

The time required to clean the machine during shiftoncentration on the semi-finished product is irectr
work was reduced from 60 minutes to 0 minutes liynge  (nozzle clogging), operators are trained to suspied
aside an adjuster, that ensures that the Paintflachine suspicious dose by separating it from the goodesiend
runs continuously. The adjuster manually cleansitrzle adjusting the flux concentration (the flux concation can
of solid and settled residue (exchange for anotti@rng be up to three times higher but cannot be lower).
the work of the operators, so there is no needterriupt The break time was reduced from 50 minutes to 0
production. The flux circuits are cleaned as thalehds minutes by alternating between five workplace erypts
changing when the gap on the belt between thequewi for breaks, which allows the machine to produce
ending model and the next model is sufficient etioigt  continuously.
to affect the adjustment time. After quantifying the recoverability of the equipnte

The time required to clean the machine after thekwoand leaning the production process, it is cleatr titere is
shift was reduced from 50 minutes to 20 minutes bgpproximately 69 minutes of networking time lefhigh
removing the excess cleaning of certain parts @ ths used by the employees for pre-supply of thesfied
machine from the automatic cleaning cycle. products. The pre-supply is produced operativelyiciv

means that the company maintains approximatelydays

The model change time was reduced from 2x16f pre-supplying the parts needed for the next two
minutes to 2x5 minutes so that employees do notyethp weekends. These supplies must be available, fonple,
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in the event of a failure of the machine or theivithlial
equipment required for fluxing.

machine at the workplace, it fulfilled its purpo$de flux
is now poured by the operators into a pressureeless

Employees try to prevent possible failures byocated next to the machine, from which the fluxhen

preventive daily maintenance,
predictive replacement of sensitive parts with raves.
Sensitive parts are replaced twice a year, befomener
and winter shutdowns. Sensitive parts are, for giam

regular cleaning, armbtomatically delivered to the spray gun, by whibk

application of the flux is applied to the produigiqes. This
machine also ensures the extraction of the gerkstgams
which accumulate inside the machine into a chimney.

membranes on compressors, hoses, V-belts, and so on Before putting the machine into operation, the edited

To eliminate the already mentioned direct conthtii®
flux with employees, a spray box was purchasedHer
workplace. It is a closed space of 2x2 meters, aiiee
flux is applied with a pressure gun to the innedsof
semi-finished products. The method of applying filoa
spray box consists of manually applying a flux kayg a
spray nozzle identical to the nozzle in the fluariber of
the machine, except for those product areas whiemaet
available for flux in the machine chamber. The apar
takes the required number of products, puts theiderthe
box on a turntable, then applies the flux to eadh and
lets them dry for about two hours. Operators actepted
this way from the flux aerosol, which used to bepdised
into the space around them by manually applying ftu
the inner ends of the manifolds. The spray box i&md
method of spraying are shown in the following Fagid
and Figure 5.

Figure 5 Method of spraying in the box

health services checked its emissions releasedhistair
outside the company. These emissions were valus th
were within the allowable limit of 0,3 times (98 Ing-3 in
160 minutes) the allowable limit, so they do nosga risk

to human activity.

As standing work in one place predominates at this
workplace, it was necessary to solve the impaciuch
work on the musculoskeletal system of employeesinDu
an interview with the employees of the given woakg, it
was found out that the pain in their spine andjbipts
persisted.

Standing work, together with sitting work, is th@sh
common working position, in which various probleofs
the motional system arise. It is not only becaussown
posture, but mainly to the way a person standshemd
long they stand in that given position. The basisitpon of
the production line operator is just working intangling
position, where a larger range of motion expandiigier
muscle strength is required. When standing, moshef
weight is transferred to the lower limbs. If therwallows
it, it is ideal to alternate standing work withtigiy work
and change stereotypical positions that have atiwega
impact on human health [11].

This health risk has been reduced by the provisiah
use of ergonomic anti-fatigue mats (Figure 6) ie th
standardized size of 6001200 mm, which is avalabl
every worker in the workplace performing long-tesmork
while standing. Anti-fatigue mats eliminate the gen
associated with working in one place.

Figure 6 Application of anti-fatigue mats to t‘ﬁerhpﬂace

After the implementation of all proposed and apprbv
changes, significant time savings were achieved;wdre
shown in yellow in Figure 7 below. The red colour
represents the duration of the activity in minupesore
improvement, and the green colour after improvement

When designing the machine for manual flut\umbers from 1 to 8 on the vertical axis represent
application, it was necessary to ensure impermealigiividual work activities: 1 — the time requireal influx

isolation of the interior spaces from the extemmatking

the daily demand of the manifolds (TA), 2 — thedim

environment of the employees. After installing theequired to influx the daily demand of CAC head@ia),
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3 — the time required to influx the daily demand_R#D
headers (TA), 4 — model exchange (TB), 5 — statiing

(TB), 6 — shift cleaning time (TB), 7 — end dayaieng
time (TB), 8 — breaks (TC).

8 I 50 min > 50 min.
7 —5') min > 30 min.
N ¢ min. > 60 min.
15 mir
5 hm min. > 45 min.
10 mi
‘ .
4 -ZU min > 10 min.
: dm i > Omin.

> 109,68 min.

329,05 min
0,00 50,00 100,00 150,00 200,00 250,00 300,00 350,00
(| AFTER O BEFORE a TIME SAVINGS
IMPROVEMENT IMPROVEMENT

Figure 7 Time savings

From Figure 7, it is possible to read the individirae
savings, which together after rounding represdime of
305 minutes. This time saving ensured that allarost

Streamlining - lean production and its principlasmot
be understood as an exactly defined and closeémyst
Lean production implementation is most often atieato

requirements were met while working on one worktshi a certain type of problem at a given company. Maay
Also, the new layout gave the workplace a moremimgal  production ideas originally came from the autormmtiv
look that suits the 5S standards. The new arrangiemest  industry. Lean production makes it possible to eahithe
be look after by employees, especially for thefesaat required level of the production system and in@eas
work. The layout also meets the necessary standards production efficiency accordingly. In countries threave
material placement and flow (FIFO inventory manageim achieved an advanced level of development, theegtraf
system). lean manufacturing is recognized as an industrial

After procuring a closed spray box, the problem oflevelopment strategy that enables market leadetstop
direct contact of employees with the chemical flwkjch  achieved. However, as these principles have been
was dispersed in the form of fine particles in®working gradually developing and expanding to other indaistr
environment during manual spraying, was also dffelst areas, other methods and instruments have beed adde
solved. used for improving processes [13-17].

The need to improve the production process in the

5 Conclusions newly created working zone was based mainly oméesl

At present, it is a very common phenomenon if? meet specific customer requirements, and to gsoc
organizations to use new tendencies in productigigmi-finished products in the highest possible igualt
processes and their management. It is mainly abdigasonable costs. Due to the unreasonable and quick
increasing customer requirements for qua”ty' mm allocation of the Workplace in the corner of theq]fctlon
delivery times, enforcing market conditions, andduct ~ hall, various negative facts came to light overetiwhich
variability. To meet all these aspects, organiratimust Needed to be improved or eliminated.
reduce their downtime, apply new production The WOfkplace modification fulfils the volume

technologies, and reduce inventory by shorteniray le fequirements of customers after all. After the
times [12]. implementation of all ideas and improvements, cénpke

with all internal requirements was achieved, inglgdhe
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