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Abstract: The paper is oriented to the field of engineefngduction. Specifically, it focuses on the fieltlsurface

finishing on parts made of different grades of IstEbese are surface treatments, using thermo-da¢maactions. In
particular, alkaline blackening, or else burningl @hosphating of zinc, also called bonderizatidme Ppaper deals with
increasing efficiency and production possibilites the line, which provides just these two metafamie treatments.
With the help of simulation, a digital model of4Hine was created, where possible improvementts giroduction

possibilities were tested. The task was to incréasdlexibility and elasticity of production andsure the fulfiiment of
orders in the greatest possible satisfaction dioooers and in the shortest possible time.

1 Introduction melt, for example a mixture of sodium hydroxide and
It is often not enough to produce product$odium nitrite. This production process is alsdechhoble
manufactured in the machine industry accordingh t rust. In contrast to conventional ¢&g), which peels from
present drawing documentation by means of chi{fe parent metal, the oxides formed on the metahie
machining. In many cases there is also a requirefoen alkaline by blackening and prevent further oxidatiohe
the visual and surface treatment of these parts.ciating treated surface is treated with a layer of preseevail or
is often required, either for aesthetic reasorts anprove varnish. This refined surface is achieved by aeseaf
the surface properties of the parts. Alkaline bémikg and basic steps: Degreasing products, pickling, premgaind
phosphate of zinc coatings are also suitable feseh the blackening process itself. In the productioocpss, it
conditions. These coatings are characterized by tHenecessary to maintain the necessary fluid teatpess,

following properties [1]. which range from 55 to about 142°C, depending @n th
Alkaline blackening of steel materials is a prove®peration.

process between steel surface treatments. It isyaol Advantages of alkaline blackening (Figure 1):

colouring steel products to ensure the appearabcasion + improves the appearance of components,

resistance and corrosion resistance of the patteaied in * increases abrasion resistance and improves

combination with adequate preservatives that suppisr corrosion resistance in combination with suitable

treatment and extend its service life. Technicaby, impregnating oils,

conversion iron oxide layer is achieved by meanbatf « the dimensions of the parts to be treated remain

alkaline blackening. The process consists in déipgghin unchanged, the coating being applied has a

oxide layers consisting of mixed oxides (FeO glgeby thickness of 0.5 to 2.5 um,

immersion in a solution of acids, hydroxides ordl&gline
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* long-term durability of the treated surface with ¢ serves as an insulator,

suitable treatment. « ability to bind another layer of adhesives,
e suitable for subsequent mechanical treatment
Practical application of alkaline blackening: (pressing, cutting, pulling, etc.),
* manufacture of weapons, * a protective layer of approx. 2 pm thickness.
» manufacture of measuring instruments,
e production of binoculars, Practical application of phosphating:
* Engineering industry, » surface protection layer of brake components,
* etc. « protection of the gear surface when running in gear
systems,

* more durable alternative of primer for further
dyeing process.

' Figurel Corrioonents after alkaline blackening and o
conservation

Zinc phosphating is a chemical treatment of meta
surfaces that creates corrosion-resistant coating
minimizes surface friction and improves abrasior
resistance (Figure 2). These coatings are eleltyrica
nonconductive, resulting in a reduction in the osion
current. In this chemical process, an insolublestediine . ..
layer of phosphates and zinc is formed, which aither 2  Original condition of surface treatment
soluble in water nor in organic solvents, thus hgwery line and its properties
good adhesion to the parent metal and thus prayidin The production line on which both surface treatrment
better adhesion of different kinds of paints. Italso are carried out consists of:

Figure 2 Brake disc with surface treatment phosphate of zinc

possible to preserve the phosphate layer itseffibgns of * 13 tubs of 180 | volume with chemical solutions

a preservative oil, but this surface gives the ipditg of and water rinses (Figure 3),

good bonding of paints, waxes, lubricants, whiatumes « gantry crane for material handling,

friction, varnish and the like. « an exhaust system to eliminate chemical vapours,
Advantages of zinc phosphate layer: « material preparation workplaces,
*  corrosion protection of metals, « the final material inspection workplaces and
« improvement of sliding properties, packing workplaces.

Figure 3 Schematic representation of tubs on the surface treatment line
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Comparison of the surface treatmentsin question technological process of one surface treatmenndutie

The technological process and its sequence in theole production change. In this process, one rperson
alkaline blackening process can be seen in Tablethe is required to prepare the material before the gze@s
whole process it is necessary to observe the fipescr well as to complete it after the process and alqmtkage
temperature and time ranges for individual openati@]. it for distribution [4].

A process similar to alkaline blackening is a

phosphating of zinc process. The technological gutace Table 2 Technological process of phosphating for Zinc
of this surface treatment is shown in Table 2slaiso | Order | Temoperature | Time | Production description :
necessary to observe the prescribed temperatunes| 10 min. m?tgtriaa‘md PR Gif [P
. . . T Cl
sequence of operations and the time frame of iddali 75 16 _
operations in order to achieve the necessary = no.1 | 55-99C min. | Degreasing of parts
qua“ty' :;gbz ambienttemp | 30 sec. | Rinse after degreasing
. . . Tubs q 5-15 Bating of the solution 15% HCI
Table 1 Technolol |ch process of al kalme bl a_ck_enl ng no. 3 | 15-30°C min. removal of corrosion residues
Odred | Temperature | Time Production description
| d i f i T ambienttemp | 30 sec. | Rinse after bating no.1
10 min. | NPut and preparation of inpy g 4 . .
materia Tubs
Tubs 1-6 ] ambienttemp | 30 sec. | Rinse after bating no.2
55-99C ) Degreasing of parts no.5
no. 1 min.
Tubs 0 3-5 - .
Tubs . ) ] 15-30°C ; Activating solution
5 ambient temp | 30 sec. | Rinse after degreasing no. 10 min.
ek _ _ Tubs ) 35 . .
Tubs | 1 c 2000 5-15 Bating of the solution 15% HCIf ;11 | 65-70°C - Phosphating of zinc
no. 3 ) min. removal of corrosion residu
Tubs - . .
Tubs ] ] . ambienttemp | 30 sec. | Rinse after phosphating no. 1
no.4 | @mbienttemp ( 30 sec. | Rinse after bating no.1 no. 12
- Tubs - . .
Tubs . . . ambienttemp | 30 sec. | Rinse after phosphating no. 2
no.5 | ambienttemp | 30 sec. | Rinse after bating no.2 no. 13
- Drying and subsequent packaging
Tubs | o0 200C 3-5 Preheat of finished products T
no. 6 min.
Blackening, time and temperatufe
Tubs | 135 1420¢ Ty depends on the materigl
no. 7 min "
composition of the pai
:;gbz ambienttemp | 30 sec. | Rinse after blackening no. 1
Tubs - . .
no. 9 ambienttemp | 30 sec. | Rinse after blackening no. 2
Drying and subsequent applyirlg
of parts with preservative oil
subsequent packaging of finished
product:

Both production processes of surface treatment ai
placed on one frame and form one common workplace f
both technological processes. This is becausertioegses
are very similar and, in many parts, identicaltbis way,
the space and personnel that both processes age sav
(Figure 4) [3]. The disadvantage of the curremeli ~ As can be seen in Tables 1 and 2, which show the
structure is its low flexibility. It is not possilto perform technological processes, and from Figure 3, whiziws
both processes without restrictions at the samee.timhe schematic arrangement of the line in both ¢abes
Depending on the needs and orders for individuédties, processes are very similar. The main differenteddinal
the production currently operates in alternatinglend’his  process, which has the largest share in the typeaality
means that one process is always performed dumeg oof surface treatment. From the technological preeed is
working day and not simultaneously. However, thigvell visible that the process of alkaline blackeniaquires
solution means for the customer that it takes astl@ more time. The main operation takes 20 minuteghén
business days to fulfil both the phosphating ottzamd phosphating of zinc process, the main operatioestak
alkaline blackening process. As there is curremifyeater minutes. Figures 5 and 6 show simulations of tligain
demand for alkaline blackening, it often happerat the state of both production processes in one working dr
line is doing this process for several consecudays, and
orders for the second phosphating of zinc procase to
wait several working days. The production ratiasut
70:30, (alkaline blackening: phosphating of zinc).

Therefore, the worker working on the line perforome

"m - )
Figure 4 Production line of surface treatment
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two working shifts, as the workplace operatestin@shift
operation.
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Simulation time: 16:00:00.0000

Cumulated Statistics of the Parts which the Drain Deleted

Object Name Mean Life Time b TPH port Storage Value added Portion
Drain Enhl’y 9:49:20.2543 15 1 10.83% 21.90% 10.94% | E— -

67.27%|

Figure 5 Smulation mode of alkaline blackeninginits original
state

the shortest possible time. As already mentiortesline

is not able to do two processes in one workingidaie
current production mode. This implies that procegof
such an order takes at least 2 working days. Homvénie
optimal for the customer to wait for his order. Téfere, it

is necessary to increase production flexibility.r Fois
reason, the problem of how to increase production
flexibility and ensure that both surface treatnmocesses
can be done simultaneously within a single worliagy
has been addressed. A simulation model was dewiope
the Tecnomatix Plant Simulation software modul€/]5-
The design consists of an extension of the gaményecand
an additional track and hoist. Thus, it will be gib% to
perform two operations at the same time as the mewne
of the material along the line is conditioned bye th
movement of the hoist. The proposal will ensure ¢zeh
surface treatment will have its own chain hoist #mas

both alkaline blackening and phosphating of zinc be
performed simultaneously. However, it is necesdary
employ second operator who will operate the nevsthoi
because one person would not be able to operatedists
at the same time [8-15].

As can be seen in the simulation model in the edkal
blackening process, the line is able to procedsai¢hes in
the current mode. One batch is considered to batarral
that hangs on a special fixture to which partsifieent
shape and size can be hung. In the cumulativestitati
generated by the program, we can see additionaepso 2 28
data generated automatically by the Tecnomatix tPla
Simulation software. -} 12 12 A2 18 18
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Cumulated Statistics of the Parts which the Drain Deleted
Object Hame Mean Life Time TPH Storage Value added Portion
Drain  Entity 7:54:39.6429 28 2 23.12% 31.76% 11.76% EE—

45.12%

Simulation time: 16:00:00.0000

‘Cumulated Statistics of the Parts which the Drain Deleted
Object Name Mean Life Time Throughput TPH Production Transport Storage Value added Portion
Drain |Entity 9:05:33.7343 23 1 55.60% 9.05% 35.35% 8.95% IN——

Figure 6 Smulation model phosphating of zinc in the original
state

Figure 7 Smulation model for the proposal of surface treatment
unification into a parallel process

The created simulation model of the design (Figiye.
of the unification of production processes intmaaurrent

process shows that during two changes in one wgdiay

Also, from the simulation model phosphating of zindhe line will simultaneously produce a total of 28
(Figure 6) is evident, its less time consuming.iByithe Production hangers. The total added value of tiralleh
working day the line is able to process 23 proaucti OPeration of the line is 11.76%.
batches. The company has determined as a unitasure )
the weight of components it processes. The smalledt Conclusions
production batch must be 30 kilograms and the ime Nowadays, when thinking about improving the
capable of carrying 500 kg of material. Howeverjghie efficiency or functionality of production lines and
does not play a role in software statistics; cuminvgéa equipment, or making changes to entire productaltsh
statistics are based only on the number of batchesmpanies do not have to make complicated andHgngt
processed. calculations about productivity and return on pti&n
investment in technology improvement. The desigas ¢
be analysed in a relatively simple way with thephef
concurrent  production process and simulation soft_ware, yvhich, after setting .severab.\kn

luating its properties parameters, will provide us with a lot of infornaation
evalualing prop what production can look like after the change.islt

One customer often orders both types of surfagg,ssiple to record various counters of individuavides,
treatment in one order and requests to processrtiee in

3 Linking both surface treatments into one
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view graphical and statistical data and other remgs
information that help management of the companmya&e
the right decisions in the field of innovation andestment
in interventions in production processes. In thig/ywtime

and money are currently saved in modernizing ari@] DUPLAKOVA, D.,

improving production.
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