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Abstract: This paper is focused on developing of simulation model of acid pickling line. This type of production system contains discrete 
events so it leads to discrete simulation model. The pickling line issue is characterized by complicated mechanism of controlling, because for 
example the exposition times in acid has to be meet. The paper discussed using simulation approach for designing of acid pickling lines. The 
various experiments with simulation model was performed. In this paper are described 2 experiments dealing with different approach for 
loading and unloading of coils witch are pickled. Later in this article are evaluated and compared simulation results of alternatives with 
regard to production rate of production system, transport units utilization during shifts, optimal count of hooks and so on.  
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1. Introduction 

In today´s turbulent competitive environment it is important for 
each enterprise to succeed at the market and increase profitability 
and customer requires a quick reaction to his specific and particular 
demands on the part of producers. However, to build the production 
system is not a question of days, weeks, or months. It is run on a 
long route, which takes usually several years. It has to be 
recognized that the perfection of the system never ends. One thing 
is common to all businesses. Aside from the economic crisis that 
really touches more or less of each, there is one, very evident in 
recent years and it should be said an irreversible trend, and that is 
the individualization of the product and its short life cycle. This of 
course brings an increase in variability and small batch production. 
With difficult forecast requirements of the customer, high demands 
on the quality and speed of delivery, we get the real picture of the 
market.(1) 

    Modeling and simulation of complex systems is current, 
relevant, and interesting topic. Modeling the people engaged in a 
long time, but only the last 20 years allow the powerful computers 
to simulate real complex systems-that is, those systems which have 
many subsections and relations, in which operate the complex 
interactions and whose study is cross traditional scientific 
disciplines.(2) In addition to methods known as modern methods 
(such as "KANBAN SYSTEM", "POKA-YOKE", "KAIZEN", 
"total maintenance", etc.) are still more emphasis put on the use of 
computer simulation of discrete events (computer simulation). This 
is due not only to its properties, which allow you to rapidly test and 
consider different alternatives and thereby minimize the risk of 
erroneous decisions; important role plays the fact that analytical 
methods for solving today's complex, dynamic task too static and 
often refer to their possibilities. Also the development of modern 
simulation systems, facilitates and speeds up the processing of 
simulation of the project so much that allows their use almost 
"daily".(3) 

The simulation modeling offers competitive advantages to 
design and production organizations.  Mainly it brings the 
possibility to model not yet existing productions or to seek fault 
sources at some existing production. In this manner there can be 
obtained the survey on production process bottlenecks, the usage of 
transport units, the utilization of machines and equipment, the 
utilization of staff, and likewise. The simulation software can be 
helpful at the staff training. The visualization of the simulation can 
help to persons with a smaller technical imagination, but with 
relevant decision competences to be orientated in problems and to 
prevent risks. (4) 

There are various simulation software in the market, 
nevertheless between effective tools using for modeling and 
simulation of production systems belongs tools such as APS 

(Advanced Planning and Scheduling). APS systems have evolved 
from the MRP systems (MRP I Material Requirements Planning, 
MRP II-Manufacture Resource Planning) systems for capacity 
planning of the CDE (Capacity Requirement Planning) and of 
systems for allocating production. APS are a mix of features of ERP 
(Enterprise Resource Planning) systems and knowledge for 
planning and allocating production. APS systems are replaced by 
MRP systems and the use of ERP systems for connection to the real 
production system. 

APS takes into account both material and capacity requirements 
for generating material plan. During the apportionment of each 
order fixes the APS for each operation at the same time, materials 
and capacity. It is first tested to schedule order backwards from the 
date, when to be ready. This would be the optimal solution. 
However, if this is not possible, then the contract is scheduled 
forward (that is, from the date of entry into production) and then 
redo the apportionment backwards to remove the spaces. 
Everything takes place in one of the synchronization process. 

2. Description of production system  

 Pickling lines are simulation objects. The topology of those 
lines can vary. According to the axis orientation of hook, which 
serves for manipulation with coils, can be distinguished the 
crosswise oriented system (the hook axis is perpendicular with 
regard to the production system axis), and the lengthwise oriented 
system. Manipulation manners with the hook can also bring some 
limitations: The crane on a lower position is not structurally limited 
in its horizontal movement or the crane on a lower position is 
structurally limited in its horizontal movement. The empty hook 
return can be accomplished out of the line or by means of the line 
crane. In the second case - if the line includes more cranes - then the 
return is carried out through a re-hanging point. 

Semifinished product has to be load to the line, it means that 
crane with hook takes intermediate product from the loading 
position and the pickling process can start. The unloading process is 
performed analogously. In this article are discussed two alternatives 
of loading and unloading of intermediate products. First approach is 
one that has been described. Second approach is following: The 
hook will be taken with the overhead crane and pickled product will 
be putted on the hook. Then loaded hook will be putted on the 
transport unit on rail. The information about what material is 
actually on the hook will be given to the system. Then the system 
transports the hook into the line. When the product is finished the 
hook will be placed at the transport unit on rail. If it is already in 
use the hook will be placed in the buffer stand. Finally the finished 
product and hook will be handled by the operator and a new product 
will be loaded. The same hook will be used during the whole 
pickling operation. Figure 1 and figure 2 below shows layouts of 
both approaches. 
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Fig. 1 Layout of pickling line using classic approach (approach 1) for 
loading and unloading 

Fig. 2 Layout of pickling line using classic approach (approach 2) for 
loading and unloading 

3. Simulation model  

    To increase the efficiency of work during the preparation of 
simulation models, the more common methodology is preparing, 
which guides to preparation of more universal simulation models of 
pickling lines. It deals with a parametric model, which enables with 
smaller changes to create the simulation model for a concrete line. 
The general structure of  model is shown in the following example. 

     Vats are modelled as resources with capacity 1 (Figure 3). That 
means that they can handle in one moment only one coil. Resource 
is the entity (machine, operator, and likewise) allocated during 
operation and has the capacity of one load – 1 (one) coil. Loads 
allocate and release resources as per the technological procedure. 
For each resource (vat) we can define the initial setting (the state of 
the simulation experiment beginning), and the fault and servicing of 
resource. In case that faults are defined through the use of 
corresponding random functions then the stochastic simulation 

model would be created.  

Fig. 3 Definition of vat as a component of resource type 

To define hooks two approaches can be used.  Either hooks are 
defined as single resources and combined to the group or hooks can 

be modelled by means of so called the multi-capacitive resource. In 
this presented simulation model the first possibility is used (Figure 
4). 

Fig. 4 Hooks defined as resource group  

The crane track creates a transport system; one or more cranes 
are modeled by means of the use of modeling component AGV 
(Automated Guided Vehicle). The usage of sophisticated 
component for transport system of AGV type is evincible if the 
pickling line will be retaining two or more cranes. If during design 
proposals unambiguously only one crane was allocated then can be 
used the simpler transport component. But due to the fact that 
during simulating experiments the change of crane number is also 
required, so in this universal simulation model the AGV component 
is used. 

The AGV system consists of transport segments and control 
points. Control points allocate each segment. At each segment the 
length, capacity, and velocity factor are defined. Control points 
define positions of individual vats, inputs/outputs to/from pickling 
line, transfer place, and likewise. In control points the decisions 
according to control algorithms of the transport system are 
performed. Hereinafter those following algorithms are defined: 

Sequence algorithms for load queue control – if the production 
load (coil) needs a resource (in that case a crane), which has been 
already allocated, then this load is placed into the queue according 
to the chosen algorithm 

Algorithms for load (coil) selection from the queue of waiting 
loads – this algorithm will be activated after the resource has been 
freed and also can cause new creation of the load queue.  

Algorithms for crane selection – in case that pickling line 
retains more cranes the track of which are shared, then those 
algorithms are applied.  

Algorithms to control the crane behavior during blockage, fault, 
or idleness 

From above we can see that control algorithms can influenced 
the behavior of pickling line and its characteristics. The help of 
simulating experiments can find out suitable algorithms. 

Other defined characteristics of transport system are the speed 
of crane with a load (it transports a coil), the speed of empty crane, 
and acceleration and likewise. Transport times are calculated by two 
methods: i. According to the length of segment, speed and 
acceleration; ii. Or according to the set of distances, speeds and 
accelerations. The choice of calculating method depends on what 
the simulation model will be used for. If the simulation model 
would be used for the design of pickling line when marketing 
purposes are expected, then the first method is more suitable. 
Besides others it enables better animation. The second method is 
quicker for data entry and calculation. 

The technological procedure is modelled under the use of 
process plan. The process plan consists from individual process 
steps.  
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Fig. 5 Generalised process plan 

The technological procedure and the process plan are not 
identical, because the technological procedure is a subset of the 
process plan. Due to that it contains besides the technology also 
control algorithms, bills of materials, and likewise. The example of 
generalised process plan is shown at the Figure 5. 

In the process plan two basic process job steps (beside others) 
are used: Manufacture and Move-Between. By means of the 
“Manufacture” process job step the manufacturing operations can 
be  modelled – in case of pickling lines the coil submersing to vats. 
The process step ”Move-Between“ is used to model transport 
operations. Algorithms for allocation and releasing of resources are 
applied in both process steps. 

The simulation model of technological process is processed 
within the development environment of licensed APS software 
FACTOR/AIM. 

4. Simulation model  

      Several experiments with the simulation model were performed 
to verify the production system design. In the following description 
will be mentioned only simulation experiments which balance two 
alternatives; alternative with loading and unloading specified in first 
approach, and alternative with loading and unloading specified in 
second approach. The key factor to be followed was the production 
rate (number of produced coils per hour) of pickling line in a steady 
state. In the first case the maximal throughput is 3.741 pcs of coils 
per hour (Figure 6); In the second case the maximal throughput is 
11.359 pcs of coils per hour (Figure 7). Figure 9 and figure 10 
shows development of total production rate of both alternatives 
during time. Total production rate of first approach is 399 pcs total 
production rate in second approach has increased to 408 pcs. It 
means that inovative aproach to loading and unloading coils to the 

line increased total production. 

Fig. 6 Value of actual production rate during time in approach 1 

Fig. 7 Value of actual production rate during time in approach 2 

 

Fig. 8 Value of total production rate during time in approach 1 

Fig. 9 Value of total production rate during time in approach 2 

The important factor the pickling line designs deals with is the 
resource utilization, for instance cranes or working stations as 
shows figure 10a,b and 11a,b. 

Fig. 10a Crane utilization in approach 1 (line 1) 

Fig. 10b Crane utilization in approach 1 (line 2) 

Fig. 11a Crane utilization in approach 2 (line 1) 

Fig. 11b Crane utilization in approach 2 (line 2) 
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To verify functions of the simulation model for analysis of 
pickling line operations, and to schedule the production, the Gantt’s 
diagrams were generated (Figure 12).(4) 

Fig. 12 Resource Gantt chart 

First approach  

    The average production rate during week is 2,966 coils/hour 
derived from delay between production of two coils. The capacity 
of the line is 399 coils/week. This production rate is achieved for 
steady pickling process of simulated pickling sequence. For another 
pickling sequence (recipe) the production rate will be different. It´s 
of most importance that the total pickling time for reference 
material, is kept inside the limit. Required exposition times in tanks 
are complied and with little deviation. The simulation is realized 
with returning of hook. 

   When the line is started, it takes 1,84 hours to produce first 
coil. When the production is finished and the last shift is started 
(without loading of the new coils) on Saturday at 14:00, the line is 
empty at 15:24 (137,4 hour of simulation). It is 2,4 hours after the 
loading of the new coils is stopped. 

   This applies to the case when income period of the new coil is 
intentionally delayed by 13,5 minutes. Production rate will increase 
if this period will be shorter, but in this case it is not able to observe 
exposition times. 

 

Second approach  

The capacity of the line is 408 coils/week. Production rate 
derived from total production and total production time in a week is 
2,969 coils/hour. The average production rate during week is 3,961 
coils/hour derived from delay between production of two coils. This 
production rate is achieved for steady pickling process of simulated 
pickling sequence. For another pickling sequence (recipe) the 
production rate will be different. It´s of most importance that the 
total pickling time for reference material, is kept inside the limit. 
Required exposition times in tanks are complied. The simulation is 
realized without returning of hook. The same C-hook is used during 
the whole pickling operation. 

When the line is started, it takes 1,77 hours to produce first coil. 
When the production is finished and the last shift is started (without 
loading of the new coils) on Saturday at 14:00, the line is empty at 
15:06 (137,1 hour of simulation). It is 2,1 hours after the loading of 
the new coils is stopped. 

This applies to the case when income period of the new coil is 
intentionally delayed by 20 minutes on the inlet buffer. Production 
rate will increase if this period will be shorter, but in this case it is 
not able to observe exposition times. The bottleneck is the first part 
of the line 1. TU 1 is most utilized transport unit. 

5. Conclusion 

The project benefits can be summoned to those following items: 

New layout with common flor transport unit for loading and 
unloading was applied for simulation. 

New layout - Advantage(s) 

 The coil is loaded onto the c-hook only once (the same c-
hook during the whole pickling operation). 

 The supervision of the loading (unloading manipulation) 
is necessary at one location only (not in the middle of the 
process line, stage 12 Transfer Conveyor). 

 The number of JOBs is reduced since empty c-hooks are 
not manipulated by process transport units TU1..4. 

 The (initial) coil orientation does not require to be rotated 
by means of transport units TU1..4. 

 Coils are buffered outside  the process line(s) resp. 
transport units TU1..4. 

New layout - Disadvatnage(s) 

 The loading is not separated from the unloading, 
bottleneck of the process. 

 Transport units TU1..4 are occupied by input and output 
buffer manipulation. 

 Input and output buffers must be used every time, it is 
almost impossible to load or unload directly onto the 
common transport car (loading and unloading area) since 
process keeps higher priority than (un)loading. 

New layout – Recommendation(s) from the: transport, 
production rate, possible failures during the process, point of 
view: 

 One loading and one unloading floor transport unit will be 
designed. 

 The loading process will not depend on the unloading 
process, they will be separated. 

 

The simulation model has further use. It is possible to simulate 
for example: 

 Simulate a combination of 2 recipes and find out and 
compare value of Production Rate. 

 Specify different input parameters (for example change of 
exposure time, another recipe, and so on) and simulate 
this setup. 

 Simulation model can be used for manufacturing planning 
and scheduling . 

 Simulation model can be used for workers training - 
engineers, operators, … 

 And so on. 
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