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ABSTRACT

This paper presents a model for the stochastic determination of the elements of production cycle time is proposed and experimentally
verified in this survey. The originality of the model is reflected in the idea of using a work sampling model to monitor the production cycle,
as one of the most significant indicators of production effectiveness and efficiency, instead of applying classical methods. Based on
experimental investigations in this paper has been proved that in the practice of small and medium-sized enterprises with serial production it
is possible to design and apply a very simple but accurate enough stochastic model to determine the elements of working cycle time and in
this way optimize the duration of production cycle time. Proposed stochastic model uses mean value calculations to establish control limits
on 3 standard deviations for the individual elements of working time and thus to master the process. It is proposed that further investigations
should focus on the application and testing of the model in other types of production, for example, assembly and the like and also at the
problem of reducing the elements of transport time. The model was applied and involved a larger number of Serbian enterprises. The results
obtained for two characteristic textile enterprises will be presented in this paper.
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1. INTRODUCTION

The most important organizational-technical indicators of
production successfulness are the level of capacity
utilization and the production cycle. These indicators are
actually influenced by a series of organizational-technical,
mutually interconnected, factors which impact on the
elements of working time related to the machine capacity

utilization and production cycle of a certain product. The
goal is, in general, to reduce the total production cycle time,
especially that associated with different types of stoppage
and the optimization of lead time and machine time within
the sphere of machine capacity utilization. Additionally, the
optimization of time for transport, control, and packing is
also of importance for the production cycle. Reduced cycle
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time can be translated into increased customer satisfaction.
Quick response companies are able to launch new products
earlier, penetrate new markets faster, meet changing
demand, and make rapid and timely deliveries. They can
also offer their customers lower costs because quick
response companies have streamlined processes with low
inventory and less obsolete stock.

Consequently, the aim of this paper is to set up and prove a
model for the stochastic determination of the elements of
production cycle time, that consequently will be able to be
optimized to increase customer satisfaction. Using a
modified work sampling method, it has been experimentally
proved in this paper that for a corresponding representative
set the elements of working time range according to normal
distribution law. Also, dynamically viewed, it is possible,
using mean value calculations, to establish control limits on
3 standard deviations for some individual elements of
working time and thus to master the process.

2. LITERATURE REVIEW

In the past, in both theory and practice (1),(4),(5) ,(6) and (7)
increased attention was focused on the level of machine
capacity utilization because machines were more costly and
thereby had a greater impact on production effectiveness. A
special contribution here was made by L. H. C. Tippet (1)
who first applied his method of work sampling in the textile
industry . Nevertheless, the classical work sampling method
established by Tippet is not appropriate for contemporary
production systems, because in his research the main
stoppage was due to poor material quality. Despite its
shortcomings, this method is still used in production practice
and is found in all industrial engineering text-books. The
indispensable modification of the method presented in aims
to explain and justify both the necessity and importance of
using the shift level of the utilization of capacity as the
stochastic variable in determining the total level of capacity
utilization in the production process by using the method of
work sampling on a sample comprising 74 Serbian
companies. The conclusion drawn is that the shift level of
capacity utilization as the stochastic variable in work sampling
is the model which solves the problem of determining the total
level of capacity utilization in a convenient way with accurate
results. On the other hand, on the basis of, Elenkave & Gilad
propose a digital video-based approach to enhance work
measurement and analysis by facilitating the generation of
rapid time standards, which serves as a computerized tool for
remote work measurement with the ability to derive the rapid
generation of time standards. The application of the
modified work sampling method in the processing industry
indicates that the methods of monitoring capacity utilization
applied in the processing industry such as cement
production may also be used in the metalworking industry
which has a high level of capacity utilization. Hence, the
results of the analysis indicate that when the level of
capacity utilization is high, this variable may be observed
per day as stochastic, while, per machine, it may be a
random variable (6). It is evident that today the more
significant problem of monitoring and influencing the
production cycle (the period from the item’s entry into the
production process to the receipt of a finished product and
its packing) is by far less present in the literature.

In (7) an experimental example illustrates the determination
of the elements of production cycle time, showing that
production cycle C is divided into only three elements of
cycletime, C=T1+ T2 + T3

Ts= running time to produce one unit of output,

T2 = normal time to service a stopped machine,

Tz= time lost by normal operator working because of
machine interference.

Screening performance requires the precise definition not
only of technological and mathematical problems, but also
of the practical screening process and the establishment of
working time elements. Thereafter, the elements of
production cycle working time should be defined and, in
particular, the difference against the elements of working time
related to machinery, i.e. for the purpose of establishing the
machine capacity only or within the production cycle, because
these two are not the same. The elements of working time are
determined according to the references (2),(3) and (13).
Theoretically speaking, the sequence of operations may be
serial, parallel or combined. Therefore, depending on the
type of sequence of operations, we know in advance that
this portion of cycle time lasts much longer in a serial type,
where before moving on to the next operation the whole
series waits to be completed by a single machine operation,
while in a parallel type, after one machine part is completed
on one machine, it immediately moves on to the next. In
companies, the most common type of sequence of operations
is combined. Not infrequently, one part of the production cycle
is parallel, another serial, and a third combined. Technological
machine time ttm, viewing production against machinery, is
exclusively linked to machine performance and the quality of
technological calculations, and is mainly a deterministic
category. However, if the production cycle is viewed from the
aspect of a serial sequence of operations, the elements of
working time differ, depending on the automation level. If
production is automated, then ttm for a series will be simply
a sum of individual n equal operations. However, if each
part has to be manually or mechanically conveyed for
processing from a joint crate or some other room where a
certain series of parts is stored, manual placement on the
machine is ancillary manual time — tpr (in theory, this refers
to individual pieces). Such time is not frequently encountered
in literature pear examples are papers (5) and (7) dealing
with the division of working time elements. In our
investigations, ancillary manual time will be treated as
technological machine time — ttm. It is also logical to add
ancillary machine time (for example, support moving a lathe)
to ttm. Manufacturing lead time includes receipt of work
order with documentation and study of tasks, receipt of
equipment, preparation of other components necessary for
work, transport of finished pieces for quality control and
cleaning up of work place, after a certain number of pieces
(n) are manufactured, one at a time, non-stop (number of
pieces in a series).

In paper (14) an approach to improve MRP-based
production planning by means of targeting minimal product
cycle times is presented. A number of works (8) and (9)
consider the impact of machine breakdown on production
cycle time, while Barbiroli & Raggi (10) studied technical
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and economic performances related to innovations in the
production cycle environment. An inventory model is linked
with production cycle optimization in (11), whereas paper
(12) gives an optimal algorithm for minimizing production
cycle time for assembly lines, using linear mathematical
programming which requires extensive calculations.

3. MATERIAL AND METHOD

The production cycle is the period from the entry of a
product part or a series of products into manufacturing to
their receipt in the warehouse of finished products (or parts).
The production cycle is indirectly dependent on the factors
of the total supply-sales cycle as its part, but some elements
of cycle time are also mutually influential. For example, any
increase in the supply time for parts from cooperating
companies leads to a stoppage in the production cycle.

For the purpose of analysis, the production cycle is
essentially divided into production time — t, and non-
production time tnp. More details can be found in literature
(13) Non-production time involves diverse stoppage factors
related directly or indirectly to man’s positive or negative
attitude towards production. These stoppages, characteristic
of small and medium-sized enterprises in the metalworking
industry, are, as a rule, longer than the necessary production
times and are more difficult to shorten. The optimal
production cycle is that which is the shortest for the same
product quality and price. The most common division of

production cycle time in literature is presented in Fig. 1
based on (13) and (17).

Models based on stochastic functions, or instantaneous
observation methods (work sampling). Our research is
directed at designing a new original method for monitoring
the production cycle and its time elements by using a
stochastic work sampling method, whose basis was set up
by Tippett. However, this method we innovate and adapt to
research the production cycle.

A modified work sampling method enable the determination
of the participation percentages of working time elements
against the total duration of the production cycle and
production. As this method is statistic and is based on a
certain number of instantaneous observations of a certain
activity, it is simpler to use and more efficient than the
continual streaming method. Monitoring within the production
cycle involve technological time with lead time and
manufacturing time, non-technological time with times for
transport, control and packing, while non-production time
includes stoppage due to poor production organization, lack
of materials, lack of tools, including the failure or breakdown
of machinery and other types of stoppage, their
interdependence, as well as impact factors such as series
size, organizational level and product characteristics
pertaining to the factors mentioned. A data sheet for the
application of the method to determine the elements of
production cycle time is shown in Table1.

Production cycle time (#,)

Production time (¢,)

Non-production time (¢,,)

Technological time Non-technological
(#) time (Z,)

—— T

Preparation-finish time-(¢ )
Manufacturing time (¢,,)
Control time ()
Transport time (%)
Packing time (tpk)

Deficit of raw materials (£
Machine breakdown (7,)
Other divers stoppages (Z,,)

Breakdown and deficit of tools (7,)
Stoppage due to organization (t,)

Figure 1. Production cycles elements
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Table 1. Data sheet for the application of the method to determine the elements of production cycle

Time Production time

Non-production time

Hour Minutes tot tin te

tyr tok tr ty to to

Representative screening time is related to the length of the
production cycle time. It is clear that it must not be shorter
than the production cycle time and that under identical
production conditions it must be repeated a certain number
of times in order to make the sample representative.
Production and productivity are also related to the
production dynamics which are planned at the operational
level on a daily, weekly or monthly basis. Hence, the
production cycle for the above mentioned periods is also
provided for the purposes of monitoring and comparing. The
third criterion for determining screening time duration is the
adopted margin of error in the stochastic model applied in
these investigations, i.e. the number of instantaneous
observations and their distribution per working time element.

4. RESULTS AND DISCUSSION

The model was applied and involved a larger number of
Serbian enterprises. The results obtained for characteristic
textile enterprises are presented.

The experiment is related to a plant that produces military
and firemen clothing. The results of cycle monitoring are
represented by diagrams only in Figs 2. Screenings were
carried out from September 27, 2011 to November 13,
2011. Monitoring comprised 26 production cycles of different
types of clothing and different series sizes, from 9 — 117
pieces, with time durations from 355 min for the shortest to
3700 min for the longest, while instantaneous observations
ranged from 21 — 90.

It is noticeable from the diagrams in Figs 3 that the rates of
time element level in the production cycle are very similar.
Despite the significantly lower number of production cycles
monitored for this enterprise, the stochastic variable of
production time level is more stable. Minimal deviation from
the control limits is found in two points only (two samples):
No 5 which exceeds the upper control limit AC by 0.57 per
cent; (0.8064-0.8007), while the lower point, No 9, exceeds
the lower control limit BC by 1.84 per cent (0.5926 — 0.611).
The production time level mean is pyp = 0.7092, the upper
control limit AC = 0.807, and the lower control limit BC =
0.611. The average levels for working time elements
amount to pipt = 0.1167; Ym = 0.2334; Y = 0.1454; g
0.0871 and p« = 0.1266; for production time and the sum of
times respectively, pyp = 0.7092 and pimr = 0.0664; py =
0.0135; pio = 0.0637; Y = 0.009 and pio = 0.1382 for non-
production time, or the sum of times pp= 0.2908.

Considering the results given above, the analysis should be
directed towards the problem of the elements of transport
time which can be reduced. Also, the distribution of time
elements in other types of stoppage should be considered
from a mathematical standpoint in such a way that the most
significant stoppage will be segregated within it.

The data obtained for textile enterprise shown in Tables 1
and 2. The data given in the Tables represent the mean
values and SDp for groups of screenings for PCs per series
size. It is noticeable that there are 11 groups containing at
least 9 units in a series, while the largest group has 115
units in a series.
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Figure 2. The levels of cycle time elements for enterprise in 2011
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Table 1. PC time per unit in a series and production time in %

Table 1 shows the size of each group with the number of

units in a series for the PC time per unit (tpcu) and the
Number of items (n) | £, (minkkom) | £, o5y | SDuw(%) production time (tp) as well as the mean values by groups
9 53.33 67.2 and SDp in % for (tp). Table 1 displays the mean values
; :222 gg;? 0.99 (fp) and (tpcu), SDp and the number of PCs screened by
10 52 59.26 groups and number of units in a series in those cycles.
10 46 62.49 Table 2 also shows the log taken for the number of units in a
10 87.6 7256 | 964 : -
series — log (unit/ser).
X 61.87 64.77
1; 6%28 %‘21‘11 The mean value for all the groups is ¢, = 70.53 (%) and
12 63.33 72.5 2.07 ranges from the bottom control limit BC = 63.92(%) to the
X 64.8 70.05 upper control limit AC=77.14(%). The stratification of groups
13 2;;? (733;2 3.32 was again unsuccessful, because SDp=4.5(%) and ©'=
X 37.86 72.88 4.584(%), which is approximately equal.
1; gj ;igz In 2012, after model initial application, experiment is again
17 54 63.16 conducted to check if there are some improvements in
17 37.65 73.6 5.22 production cycle elements.
17 37.65 80.64
17 35.88 74.08 In textile enterprise screening were also made in 2012 to
X 45.53 73.59 check if there are some improvements in production cycle
18 34.44 66.67 elements. Fig. 4 shows that almost all data SD + 2 control
X 34.44 66.67 0 limits, and show higher precision then before. Time tm is the
63 15.87 75 0 largest part of production time, with very low oscillations.
X 15.87 75 The mean value for all groups with the same number of
67 15.82 70.4 0 units in a series obtained is = 85,22 %, much larger then in
X 15.82 70.4 2011.
106 13.4 71.95
106 13.4 69.69 This indicates that experiment design and repeated
106 13.21 69.13 122 screenings should focus on a possible size and frequency
X 13.27 70.26 and whether the designed (anticipated) stoppages per type
112 8.64 [ 0 will emerge at all. The technical level of machine time
X Sl [ elements pumi deviates very little from the control limits
s I J (Fig.3) which for pum = 0.2334 amount to: AC = 0.2570 and
115 6.96 7097 | 04 BC =0.2097.
X 7.04 71.55
Table 2. Number of cycles and number of units in a series
No No of cycle () unit/ser ? peu (unit/ser) t pi (%) SDip log (unit/ser)
1 2 9 53.33 66.21 0.99 0.954
2 3 10 61.87 64.77 5.64 1
3 3 12 64.80 70.05 2.07 1.079
4 2 14 37.86 72.88 3.32 1.146
5 6 17 45.53 73.59 5.22 1.23
6 1 18 34.44 66.67 0.00 1.255
7 1 63 15.87 75.00 0.00 1.799
8 1 67 15.82 70.40 0.00 1.826
9 3 106 13.27 70.26 1.22 2.021
10 1 112 8.64 72.33 0.00 2.049
11 3 115 7.04 71.55 0.41 2.061
N=26 tp =70.53 (%)
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Figure 3. Data for all cycles elements monitored in textile enterprise in 2012

5. CONCLUSIONS

Multidimensional model for production scheduling and
monitoring that we propose enables connection of operation
time elements per different machines, products and
operators, which cannot be identified from conventional
Gantt's charts, being in one plane. That is the reason why
we think so that multidimensional model is tool for effective
production planning useful to manufacturing industry today.

The specifity of proposed method refers to machine
utilization observations that are not performed by shifts and
days using current observations of machines, but through
PC time components monitoring the items of work. The PC
trends can be thus observed as a process, while the
efficiency of the process is possible to observe through
control charts. The application of the method in production
practice indicates that in organized production conditions
with a higher PC time level (0.5-1), for sufficient number of
PCs they range according to normal distribution (whereas in
capacity utilization observations they range by binomial
distribution) and within control limits determined by 3 SDs.

Based on our experimental investigations it has been
proved that in the practice of small and medium-sized
enterprises with serial production it is possible to design and
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