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Every organization wants to achieve the highest efficiency of their processes. Improving process efficiency can be achieved by 
speeding up processes, increasing production, or improving production flexibility. The paper deals with the evaluation of the 
characteristics of the steel surface treatment line. We have processed simulation models of the production line in its original state. 
We compared the individual processes and drew up a proposal for their concurrent operation. To assess the design we used a 
simulation module Tecnomatix Plant Simulation. We proposed extending the handling crane at the next track and the hoist. Each 
chain hoist ensures the running of the individual processes. By doing so, the processes will be parallel and their fluenced will be 
maintained. In addition, daily production of processed parts on the production line would increase.
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INTRODUCTION 
In the mechanical engineering sector, in addition to direct 
manufacturing processes such as turning, milling, drilling and the 
like, existing also finishing processes. These processes often 
involve customer requirements for the visual and surface 
properties of the machined parts. One such requirement is often 
the finish surface  of metal components. This service provides 
several companies offering different types of finishes surface. 
These finished surface also depend on the type and character of 
the material. In this paper we describe the production line  to finish 
surface  steel parts. These are surface treatments using thermo-
chemical processes. With the help of these processes is applied to 
the surface of parts desired protective treatment. This is alkaline 
blackening and  phosphating of zinc. Among the basic properties 
of alkaline blackening, which are known in particular to 
manufacture weapons and gauges, are:
Ÿ increase of wear resistance,
Ÿ improving corrosion resistance in combination with 

appropriate impregnation,
Ÿ the dimensional stability of the treated parts, the coating being 

from 0.5 to 2.5 µm,
Ÿ long-term life cycle.

The phosphate of zinc, creates anticorrosive coatings, minimizes 
surface friction, improves abrasion resistance. The benefits are:
Ÿ coating acts as an insulator,
Ÿ excellent ability to bond additional layers of adhesive,
Ÿ dimensional stability of components, coating has a thickness 

of about 2 µm.

DESCRIPTION OF THE CURRENT STATE AND POSSIBILITIES 
ON THE SURFACE TREATMENT LINE
The production line consists of:
Ÿ 13 tubs with volume of 180 liters  of chemical solutions and 

waters solutions (Figure. 1,2),
Ÿ portal crane for material handling,
Ÿ air suction system for chemical vapors elimination,
Ÿ preparatory workplace,
Ÿ workplaces for finishing and packing

Figure 1 Schematic representation of tubs on the surface 
treatment line 

Figure 2 Production line of surface treatment

SEPARATION OF INDIVIDUAL PRODUCTION PROCESSES
1. Alkaline blackening: This production process consists of 9 tubs 

with chemical solutions and water rinses (Table 1). Some tubs 
with chemical solutions are heated to temperatures that are 
necessary for their proper efficiency. It's a tubs number. 1 
degreasing, no. 6 with preheating and no. 7 with a blackening 
chemical solution.

Table 1 Technological Process Of Alkaline Blackening
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Odred Temperature Time Production description

10 min. Input and preparation of 
input material

Tubs no. 1 55-99⁰C 1-6 min. Degreasing of parts

Tubs no. 2 ambient temp 30 sek. Rinse after degreasing

Tubs no. 3 15-30 ⁰C 5-15 min. Bating of the solution 
15% HCl, removal of 
corrosion residues

Tubs no. 4 ambient temp 30 sek. Rinse after bating no.1

Tubs no. 5 ambient temp 30 sek. Rinse after bating no.2

Tubs no. 6 60-70 ⁰C 3-5 min. Preheat 

Tubs no. 7 135-142 ⁰C 12-20 min Blackening, time and 
temperature depends on 
the material composition 
of the parts

Tubs no. 8 ambient temp 30 sek. Rinse after blackening 
no. 1

Tubs no. 9 ambient temp 30 sek. Rinse after blackening 
no. 2

Drying and subsequent 
applying of parts with 
preservative oil, 
subsequent packaging 
of finished products
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2. Phosphating of zinc: this production process also consists of 9 
tubs with chemical solutions and water rinses (Table 2). As 
with the previous process, it is necessary to heat some tubs 
with chemical solutions to the required temperatures. In 
addition to degreasing, a tube with a solution for phosphate 
of zinc is also heated in this process. 

 
Table 2 Technological Process Of  Phosphating For Zinc

Tubs, constituting both production processes are part of one 
common production line (Figure. 2). In the construction of the 
production line, such a solution was made because of the similarity 
of both processes and in order to save space in the production hall. 
On this line, it is currently possible to perform only one of the 
above-mentioned production processes, without the process 
being blocked and operating smoothly. According to the volume 
of orders, production is in alternating mode. This means that one 
working day is carried out on the alkaline blackening process and 
the next day is the process of  phosphating. Alternatively, the same  
process is repeated days for several consecutive days, according to 
customer needs. To a greater extent, the required surface finish is 
alkaline blackening, which is about 70% of the total production. 
One worker serving the portal crane is able to operate only one 
production process. In this manufacturing process, in both cases, 
one more worker is working to prepare the material. The same 
worker is also in charge of drying the parts and their subsequent 
final inspection and packaging of finished products. All production 
at this line is currently provided by two workers in both production 
processes. 

As can be seen from both the technological procedures (Table 1, 2) 
and the schematic representation of the production line (Figure.1), 
both surface treatments are more or less the same. They differ in 
the main part process that performs the finished effect on the 
surface of the component. As is evident, process of alkaline 
blacking  is time consuming. The main operation takes 20 minutes. 
In contrast, the main process of zinc phosphating lasts for 5 
minutes. We have created the simulation models of the both  
manufacturing processes in their original state. Each individually 
for the duration of one whole working day, that is, two working 
changes. 

Figure 3 Simulation model of alkaline blackening in its 
original state 

As can be seen from the simulation model and the cumulative 
statistic (Figure 3), the line produces 15 production batches in at 
alkaline blackening process. On the counter, which is set to the 
main part of the manufacturing process, for the blackening 
operation, during the production day, 18 production processes are 
carried out at this workplace. Value added calculated with help 
simulation software Tecnomatix Plant Simulation is on the level 
10.94%. 

Figure 4 Simulation model phosphating of zinc in the 
original state 

 
In the Figure. 4 is a simulation model of phosphating zinc process. 
As this process is less time consuming, it is able to perform about 8 
production batches more during one working day, than in the 
process alkaline blackening. It will produce overall 23  production 
batches. The main operation in this manufacturing process is 
phosphating. During the whole production day, 26 production 
batches will pass through this operation. The value of the value 
added is in the manufacturing process according to statistics 
Tecnomatix Plant Simulation at level 8.98%. 

PROPOSAL UNIFICATION OF THE TWO PRODUCTION 
PROCESSES INTO ONE CONCURRENT PRODUCTION 
PROCESS AND EVALUATE ITS PERFORMANCE.
A problem in the production process is often meeting customer 
requirements.´ Customers often require time flexibility of the 
production process and a short time to meet the requirement for 
the necessary surface treatment. With the current alternate 
manufacturing mode, it is problematic to meet the frequent 
customer demand for express surface treatment. This type of 
surface treatment means that the customer will agree on a specific 
finish term for the finish, or in the shortest possible time horizon. It 
is often a requirement to perform both surface treatments as soon 
as possible. At present, this means that if both alkaline blackening 
and phosphating of zinc are required at the same time, it takes at 
least 2 working days to meet this requirement depending on the 
size of the batch. Using a simulation model in the Tecnomatix Plant 
Simulation software module, a proposal for the unified both 
surface treatments into a parallel production process was created. 
In this proposal, it was necessary the portal crane to extension 
about of the next track and hoist. In this proposal, has each surface 
treatment own hoist that manipulates the material during 
production. For the operation of the second hoist, it was necessary 
to add another employee to the production process. This will also 
ensure fluency in the production process. In the simulation of the 
proposal it was necessary to take into account the fact that the 
order quantity was 70% alkaline blacking and 30% phosphate of 
zinc. 

The simulation design model (Figure 5) shows that, during two 
changes per working day, the line produces a total of 28 
production batches parallel. Looking at partial results that are 
indicated to the main manufacturing processes in both process, it 
is clear that the line processes 19 production batches of alkaline 
blackening and 23 production batches phosphating of zinc . Total 
added value of parallel activity in manufacturing process, is 
according to the simulation at level 11.76%.

PARIPEX - INDIAN JOURNAL OF RESEARCH Volume-8 | Issue-4 | April-2019 | PRINT ISSN No 2250-1991

Order Temoperature Time Production 
description

10 min. Input and preparation 
of input material

Tubs no. 1 55-99⁰C 1-6 min. Degreasing of parts

Tubs no. 2 ambient temp 30 sek. Rinse after degreasing

Tubs no. 3 15-30 ⁰C 5-15 min. Bating of the solution 
15% HCl, removal of 
corrosion residues

Tubs no. 4 ambient temp 30 sek. Rinse after bating no.1

Tubs no. 5 ambient temp 30 sek. Rinse after bating no.2

Tubs no. 10 15-30 ⁰C 3-5 min. Activating solution

Tubs no. 11 65-70 ⁰C 3-5 min Phosphating of zinc

Tubs no. 12 ambient temp 30 sek. Rinse after phosphating 
no. 1

Tubs no. 13 ambient temp 30 sek. Rinse after phosphating 
no. 2

Drying and subsequent 
packaging of finished 
products
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Figure 5 Simulation model for the proposal of surface 
treatment unification into a parallel process 

CONCLUSIONS
From the point of view of the functionality and improvement of the 
production process flexibility on the line, the idea of streamlining 
the production process appears to be efficient and acceptable. 
With the parallel functioning of both surface treatments, alkaline 
blackening and phosphating of zinc , when looking at the 
cumulative output statistics, it is clear that when comparing the 
two previous processes, there was an improvement in efficiency 
compared to both processes individually. Consideration should 
also be given to the fact that, when applying the proposal, one 
workday will provide a service for both available surface 
treatments and will improve the ability to meet customer.
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