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Abstract. Workstations are organizational units defined in a system, which deter-
mine where and when production operations must be performed. Thus, they have de-
fined loads, and operations performed thereon are evaluated based on the information
to which places, where costs are formed, and to which types of activities they are as-
cribed. Workstations may include machines, people, production lines etc. The aim of
the paper was to define effectiveness of operation of particular working stations which
constitute a line for production of bread. The scope of the research covered the pro-
duction line in a production establishment, namely a bakery. Based on the work
schedule developed for particular workstations and documentation provided by the
production site, a production capacity of the said line and its use and loading of par-
ticular workstations was defined. Analysis showed that the load of workstations was
from 80 to 88%. A low level of variability of the load proves high mutual relations be-
tween particular workstations which are characteristic for continuous lines.
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1 Introduction

The present market requirements force enterprises to constantly minimize the production
time at maintaining a high quality of a product, namely, to achieve the highest possible
production capacity [1]. This concept should be understood as the biggest number of prod-
ucts manufactured within the determined time. It results mainly from the efficiency of par-
ticular workstations. It also depends on many factors related to the work environment and
on the machine infrastructure, i.e. technical capacities of machines and devices, manner of
their use, technology and organization of production and changes of product features [2-5].
It may be considered in the context of the entire enterprise or a single machine. Therefore,
the use of particular machines and devices has a significant impact on the production results
[6,7]. A workstation is the smallest link of the production line. It includes all production
factors, necessary for realization of particular tasks [8]. A specialization level of work-
stations and their loading is known as the production type. This, on the other hand, depends
on the production organization type and results from frequency of their shift [9]. A continu-
us production is the most often used in bakeries since the amount of the needed product,
which must be produced may be determined in advance. It enables more effective use of the
worktime, machines, and devices. Appropriate use of workstations decides on the course of

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons
Attribution License 4.0 (http://creativecommons.org/licenses/by/4.0/).



E3S Web of Conferences 154, 07014 (2020) https://doi.org/10.1051/e3sconf/202015407014
ICoRES 2019

the entire production. Therefore, they must be properly adjusted to operations, which they
are to perform, they need to have a precise aim of operation and the manner of performing
the work [10]. However, finally the work results of particular workstations depend on the
man, who carries out a humber of indispensable actions and functions [11-13]. Correct
performance of work results from proper organization of workstations. It means a correct
equipment of stations, depending on the performed works and distribution of their elements
according to the principle of ergonomics and ensuring proper service [14-17].

2 Aim, research area and methods

Production capacity is one of the basic measures of the results obtained by the enterprise.
It means the largest amount of the product, which may be manufactured at a specified time,
at the optimal use of the production factors and maintaining the quality that corresponds to
standards.
The objective of the paper was to analyse the effectiveness of operation of particular
workstations which constitute a production line of wheat bread. The effectiveness of
operation was expressed though assessment of the production capacity and loading of
workstations.
Tests were carried out in the production site located on the area of Malopolskie
Voivodeship. Tests consisted in observation of treatments which are carried out on
particular workstations and on reporting the time for operation of a specific station.
Moreover, in order to complete the information, a guided survey with employees that
operate particular stations was carried out. Based on the determined schedule, the size of
the production and time structure i.e. available time, production time, stoppages time,
duration of faults and set ups, and referential changes were used.
The production capacity was calculated as a product of the machines and devices capacity
in production units and effective time of operation in a year, while its use as a ratio of the
production size and production capacity.

3 Research results and discussion

Properly classified and prepared raw material, in the amount defined by a given provi-
sion guarantees high quality of bakery products.

Flour is the most important raw material, which is sieved to remove contamination. In
the next step, the prepared and processed raw materials are mixed to form a dough. Dough
is formed on a special bakery table after it is weighed up and portioned with a dough
chunker. The next step in bread production is dough proofing which takes place in special
proofers known also as proofing boxes. It consists in water vapour activity and maintenance
of relevant temperature and humidity. During proofing, dough rises and changes its proper-
ties - it becomes more delicate and lighter. After the proofing process, it is decorated and
refined. Before dough is placed in the oven, portions are taken out from the baskets and
placed in special pots in which they are placed in the oven. In the first stage of baking,
browning to produce a crust, fixes its shape and dehydration of the crust takes place (fig. 1)
[18].
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Figure 1. Process of production of bread in the investigated establishment

The production time on particular workstations was from 20 to 22 days (fig. 2). Losses
related to retooling of devices were 1 day, except for a dough chunker, which needed 2
days for retooling. While, the biggest number of stoppages as a result of faults, concerned a
sifter which did not work for 5 days. Stoppage of the remaining devices lasted from 1 to 3
days.
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Figure 2. Range and losses of working time on particular workstations (days-month™)

0

The range of the nominal working time for all workstations was in total 2035 h which
constituted 83.2% of the total working time. Stoppages had the highest impact on the losses
of working time which in total were 193 h i.e. 9.5% of the range of the nominal time. They
resulted mainly from the time of waiting for the product, changes of production materials,
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regulation of machines and devices, no free proofers, or raw materials. The time differed on
particular workstations. The biggest number of stoppages was reported for a sifter (62 h)
and the least for a dough chunker (10 h) which was respectively 15.3 and 2.6% of the scope
of the nominal time. The remaining sources of time losses were considerably lower. The
total time of retooling was only 68 h i.e. 3.4% of the nominal time (fig. 3).

450 m Sifter

400 -

350 m Mixer
300
% 250 - a%ungkt]er
E 200 ® Pproofer
= 150 -

100 - = Oven

50 F ! J

0 .

Free Nominal Fault  Stoppages Retooling

Figure 3. Range and time losses on particular stations

On the other hand, because of a fault, these losses were in total 63 h. i.e. 3.1% of the
nominal time. From among the listed sources of work time losses, these losses which affect
the range of the effective time should be analysed in detail. Time losses because of retool-
ing are included therein since the process has a negative impact on the performance of the
production line and thus, it increases the production costs. It happens because retooling
extends the process and thus takes time. Shortening of the retooling time enables reduction
of losses because of the time of waiting for retooling and preparation of tools. The essence
of retooling is making the biggest possible number of operations outside the machine, dur-
ing its operation.

Retooling of a dough chunker was the longest (31 h), and the mixer - the shortest (11 h).
Retooling of these two devices was respectively 8 and 3% of the range of the nominal time.
While retooling on the proofing chamber and oven were comparable and were within 12-
14 h, thus it constituted over 3% of the range of the nominal time.

The highest technical performance over two times higher than the remaining devices was
in case of a sifter (table 1). It was 2 t-h™* and constituted 80% of the catalogue performance.
The oven was used the most i.e. 85% of the catalogue performance, and a dough chunker
the least i.e. 59%. Such a low use of this device could have resulted from significant chang-
es of operation parameters or low performance of auxiliary processes which had a negative
impact on the performance of the basic process. The range of the effective time of operation
includes only the planned and justified losses of time which result from the changes of the
course of production technology. While, the range of the production time is formed after
the effective time fund is reduced by the non-scheduled losses resulting most often from
incorrect work organization or random factors. On the analysed stations the effective time
range was 371 h in case of a dough chunker to 404 h in case of a sifter. On the other hand,
the production time was 334 h for an oven and 358 h for a dough chunker. Thus, in case of
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the oven, the time of production was 83.0% of the effective time range, while in case of the
dough chunker as much as 96.2% (fig. 4). The highest rhythm of the production flow con-
cerned the oven (2.4 h-t?), and the lowest - the sifter (0.6 h-t%). On the other hand, the
analysis of the hourly task proved the highest value for the sifter and the lowest for the oven
- respectively 1.67 and 0.42 h-t* (tab. 1). The reason of a high result for the rhythm of the
production flow and low value of the hourly task for the oven is a lengthy duration of the
final baking of bread. While, the fastest process is sifting. Thus, in one hour the biggest
amount of material get through the device in comparison to the remaining workstations.

Table 1. Production capacity and production reserves

Workstations

Specification . - Dough
Sifter Mixer chunker Proofer Oven
Technical perfor-
mance (h-month™) 2.00 1.04 0.67 0.54 0.51
Effective time (h) 404 389 371 400 402
Production time (h) 337 340 358 543 33
Manufacturing
capacity (h) 808 403 250 216 205
Production (t) 675 351 240 185 170
(Pt;oductlon reserves 134 52 9 31 35
Rhythm of produc-
tion flow 0.60 1.11 1.55 2.16 2.36
(h-month-1)
Hourly task
(h-month'?) 1.67 0.90 0.65 0.46 0.42
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Figure 4. Use of production capacity of devices

The production capacity which is a product of the effective time and technical perfor-
mance for the dough chunker, proofer and oven was at a similar level and was respectively:
250, 216 and 205 h. While, it decisively diverged from the production capacity of the oven
which was 808 h. Therefore, it was several times higher than the remaining devices which
constitute the production line.
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Figure 5. Loading of workstations

Loading of workstations as a ratio of the production time to the nominal time was within
80.2% and 88.8% (fig. 5). The highest load concerned the station with a dough chunker and
the lowest was in case of the oven. Loading of the remaining stations was comparable,
which indicates a high relation of particular workstations. Such stiff relations are character-
istic for continuous lines for which any stoppages and periodical shut offs must be loosely
synchronised with each other.

4 Summary

Analysis of the assessed production line indicates the use of the continuous work system
and a high level of production balancing. 170 t of bread was produced in the investigated
period.

On particular stages of production, the production capacity was from 808 h for a sifter to
205 h for the oven. In the entire production process, the most synchronised and balanced
are the proofing stages and the final baking.

The biggest use of the production capacity was reported in the implementation stage and
dough division where it was 96.2%. On the other hand, the lowest use of the production
capacity was in case of the oven -83%. To obtain the production capacity of particular stag-
es, it is necessary to increase the technical performance of machines and devices, including
particularly the oven and proofer.

A low level of differentiation of loading of particular workstations which is from 80.2%
to 88.8% proves high mutual relations between particular stations, characteristic for contin-
uous lines and a high effectiveness of operation. For such lines, any stoppages and shut offs
must be strictly synchronised which reduces threats of not performing the production
schedule.
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