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A model for the stochastic determination of the elments of production cycle time is proposed and
experimentally verified in this survey. The origindity of the model is reflected in the idea of using
work sampling model to monitor the production cycle as one of the most significant indicators of
production effectiveness and efficiency, instead ofpplying classical methods. It has been
experimentally proved that for a corresponding repesentative set the elements of working time
range according to normal distribution law and that, dynamically viewed, it is possible using mean
value calculations to establish control limits on 3tandard deviations for the individual elements of
working time and thus to master the process.

Key words: production cycle, work sampling, stochastic model.

INTRODUCTION

Consequently, the aim of this paper is to set up a
The most important organizational-technicainodel for the stochastic determination of the
indicators of production successfulness are thel levelements of production cycle time. Using a modified
of capacity utilization and the production cyclework sampling method, it has been experimentally
These indicators are actually influenced by a seriproved in this paper that for a corresponding
of organizational-technical, mutually interconneiGte representative set the elements of working time
factors which impact on the elements of workingange according to normal distribution law. Also,
time related to the machine capacity utilizatiom andynamically viewed, it is possible using mean value
production cycle of a certain product. The goalris, calculations to establish control limits on 3 st
general, to reduce the total production cycle timeleviations for some individual elements of working
especially that associated with different types dfme and thus to master the process.
stoppage and the optimization of lead time and
machine time within the sphere of machine capacity TERATURE REVIEW
utilization. Additionally, the optimization of timfor
transport, control, and packing is also of impattan In the past, in both theory and practice, increased
for the production cycle. Reduced cycle time can lkatention was focused on the level of machine
translated into increased customer satisfactiooapacity utilization because machines were more
Quick response companies are able to launch neastly and thereby had a greater impact on
products earlier, penetrate new markets fasterf m@eoduction effectiveness. A special contributiomehe
changing demand, and make rapid and timelyas made by L. H. C. Tippett (1902-1985) who first
deliveries. They can also offer their customersdiow applied his method of work sampling in the textile
costs because quick response companies handustry (according to Barnes, R., 1957)
streamlined processes with low inventory and led¢evertheless, the classical work sampling method
obsolete stock. established by Tippet{according to Barnes, R.,
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1957; Maynard, 1971; Moder, 1980)s not Tzu-Hsien, 2009)consider the impact of machine
appropriate for contemporary production systembyreakdown on production cycle time, whBarbiroli
because in his research the main stoppage wa®duand Raggi (2003studied technical and economic
poor material quality. Despite its shortcomingss th performances related to innovations in the
method is still used in production practice and iproduction cycle environment. An inventory model
found in all industrial engineering text-bookss linked with production cycle optimization in
(Richardson and Eleanor, 19872)he indispensible (Kun-Jen et al., 2009)whereas papefKodek and
modification of the method presentedKiarin et al.  Krisper, 2004) gives an optimal algorithm for
(2000)aims to explain and justify both the necessityninimizing production cycle time for assembly
and importance of using the shift level of thdines, using linear mathematical programming which
utilization of capacity as the stochastic varialsle requires extensive calculations.
determining the total level of capacity utilizatiom
the production process by using the method of woModels based on stochastic functions, or
sampling on a sample comprising 74 Serbiaimstantaneous observation methods (work sampling),
companies. The conclusion drawn is that the shifiave not been encountered in literature despite the
level of capacity utilization as the stochasticiable ability to offer a simpler but accurate enough
in work sampling is the model which solves theolution to the problem.
problem of determining the total level of capacity
utilization in a convenient way with accurate résul THE BASICS OF A STOCHASTIC MODEL TO
On the other hand, on the basis Kifrin et al. DETERMINE THE ELEMENTS OF
(2000) Elnekave and Gilad (200@yopose a digital PRODUCTION CYCLE TIME
video-based approach to enhance work measurement
and analysis by facilitating the generation of dapiFor the purpose of analysis, the production cysle i
time standards, which serves as a computerized tesisentially divided into production timesand non-
for remote work measurement with the ability tgroduction time 4 (Cala et al., 2011) Non-
derive the rapid generation of time standards. Thoduction time involves diverse stoppage factors
application of the modified work sampling methodelated directly or indirectly to man’s positive or
in the processing industry indicates that the n#thonegative attitude towards production. These
of monitoring capacity utilization applied in thestoppages, characteristic of small and medium-sized
processing industry such as cement production mapterprises in the metalworking industry, are, as a
also be used in the metalworking industry which hasile, longer than the necessary production times an
a high level of capacity utilization. Hence, theare more difficult to shorten. The optimal prodanti
results of the analysis indicate that when thellefre cycle is that which is the shortest for the same
capacity utilization is high, this variable may beproduct quality and price. The most common
observed per day as stochastic, while, per machimiyision of production cycle time in literature is
it may be a random variab(&larin et al., 201Q)It  production time —tdivided into technological time
is evident that today the more significant problefm —t, with machine  and lead time ,f non-
monitoring and influencing the production cycleg(thtechnological time —.t with time of control —§
period from the item’s entry into the productiortransportation — t and packaging — Non-
process to the receipt of a finished product asd iproduction time is classified according to various
packing) is by far less present in the literature. causes of stoppages in production, and we have
made the screening of the most general and common
In  (Niebel, 1980) an experimental exampleones caused by the lack of raw materialg~tbols
illustrates the determination of the elements of {;, organization —-f machine breakdown + &nd
production cycle time, showing that productiorother troubles —{Cala et al., 2011)
cycle C is divided into only three elements of eycl
time, C = T, + T, + Tz where: T= running time to The representativeness of a screening sample per
produce one unit of output,,¥ normal time to number and time of screening was established by
service a stopped machine ang=Tiime lost by mathematical parameters, SD and control limits,
normal operator working because of machinehere the elements of PC time are observed as the
interference. elements of the process functigBarnes, 1957,
Maynard, 1971; Moder, 1980; Niebel, 1980;
In paper byAgrawal et al. (2000ran approach to Richardson and Eleanor, 1982; Klarin et al., 2010;
improve MRP-based production planning by mearSala et al., 2011)
of targeting minimal product cycle times is
presented. A number of work&iri and Yun, 2005;
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A STOCHASTIC MODEL - THE obtained for three characteristic enterprises bl
APPLICATION presented here.

The model was applied in 2011 and involved a
larger number of Serbian enterprises. The results

Table 1: Scheme with the results of screening

Date No Time Production time t Non-productive thp Number of items
Start | End |[tpt | tm | tc | ttr |[tpk |tmr [ttl fo b |tto
19.09./11.| 26 | 8:30| 13:00 3 9 1 2 2 1 2 7
26.09.'11.| 18 | 8:05| 13:30 2 5 2 4 3 1 1 10
23.09.'11.| 21 21 CANCELLED SHIFT
19.09.°11.| 31 | 8:30| 13:00 2 9 3 3 3 2 L P (1 4 7
19.09.°11.| 22 | 8:20| 13:100 2 7 4 1 3 1 P 2 8
12.10.’11.| 20 | 8:45| 12:45 2 7 1 3 2 | L 3 3
30.09.'11.| 23 | 8:20| 14:33 5 100 1 2 3 Y. 7
03.10.'11.| 19 | 0:00| 13:.00 1 7 2 3 2 4 5
03.10.'11.| 12 | 850 | 13:38 2 2 1 4 2 1 3
07.10.'11.| 21 | 7:52| 13:40 3 5 1 2 3 4 5
26.09.'11.| 17 | 8:05| 13:30 2 3 3 2 3 | 3 10
03.10.’11.| 20 | 850 | 14:100 3 4 2 5 3 3 4
03.10.11.| 23 | 7:41| 12:50 3 4 3 4 3 | 5 6
21.09.11.| 17 | 8:.00| 13:15 3 3 1 3 1 2 4 6
07.10.11.| 19 | 8:.00| 13:100 3 6 3 2 3 2 3
30.09.11.| 21 | 8:32| 13:40 3 7 3 3 2 3 5
21.09.11.| 21 | 8:.00| 13:50 3 6 3 4 2 2 4 5
10.10.11.| 19 | 7:33| 13:.00 2 4 3 4 2 | 3 5
17.10.11.| 14 | 454 | 11:.00 1 4 1 3 3 L 1 8
17.10.11.| 12 | 4:54 | 11:.00 1 2 1 2 3 D 1 8
19.10.11.| 20 | 7:42| 12:35 4 6 2 1 1 | i 4 4
19.10.11.| 17 | 7:50 | 12:35 1 4 2 4 2 1 3 4
21.09.11.| 19 | 8:.00| 14:18 2 5 2 3 2 1 4 8
14.10.11.| 22 | 7:24 | 13:15 2 2 5 2 2 2 L i 6
14.10.11.| 22 | 7:24| 13:15 3 4 2 4 1 2 L g 6
28.09.11.| 21 | 7:39| 13:15 4 7 4 4 1 1 5
14.10.11.| 18 | 7:24| 13:15 1 3 2 2 2 | 4 6
07.10.11.| 13 | 7:34| 11:40 1 2 2 1 2 5 5
28.09.11.| 21 | 7:39| 13:15 3 8 1 4 1 4 5
03.10.11.| 20 | 7:41| 13:00 2 5 1 4 2 4 5
28.09.11.| 18 | 9:23 | 14:00 1 5 2 3 1 1 5 5
12.10.11.| 16 | 8:45| 14:20 2 3 2 4 2 1 Y. 8
12.10.11.| 14 | 6:33| 12:40 1 5 2 2 2 | 1 6
12.10.11.| 22 | 6:33| 12:40 1 7 3 6 2 | Y. 6
10.10.11.| 17 | 7:33| 12:50 2 3 4 3 1 | 3 5
26.09.11.| 23 | 8:.00| 15:00 1 4 5 4 3 4 10
10.10.11.| 19 | 7:33| 13:.00 2 4 3 4 2 | 3 5
24.10.’11.| 16 | 8:15| 12:38 2 5 4 2 2 1 4
28.10.11.| 22 | 9:00 | 14:45 2 5 4 4 2 1 4 5
28.10.11.| 21 | 8:20| 14:10 1 4 3 3 3 2 L 3 5
04.11.’11.| 20 | 7:40| 13:00 2 5 2 3 2 ? 4 5
SUMA 797 86 |186| 93| 122 86 | 41 | 3 |20| 7 | 132

The first most extensive experiment concerns af 47 are given as well as the total result for4all
enterprise owned by a big German firm engaged aycles. The results are displayed per number of
manufacturing car components. Screenings weigstantaneous observations of working time
performed from September 19, 2011 to November dlements, the percentage of their participation in
2011. Monitoring included 47 cycles of differenttheir total duration and per element of workingdim
series sizes (4 — 10 pieces) and the time duratiam well as the total average values and standard
ranged from the shortest (240 min) to the longedeviations — SD.

(420 min), with 10 - 30 instantaneous observations.

The results of screening, according to the Table It,is evident from the table 2 that there were 932
are shown in Table 2, where only the first 5 cyclegbservations in total, while the total time for all
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cycles amounts to 15,293 min. The averagmaastered, but for relatively narrow limits
production cycle time -,¢ is 325 min and the (AC=0.306; BC=0.182) only five points (values of
average production cycle time per pieggit 56.2 ) have larger deviations. The cumulative value of
min. The results are also presented by diagrams i, approaches the mean value very quickly, which
Figures 1, 2 and 3. The diagram in Fig. 1 shows thalso indicates the stability of this level rateg(F3).

the mean level iy = tf(tottnttctt+ty) = 0.7435, Levels of cycle time have normal distribution, gnc
while the control limits amount to CC = x°=3.070404 ang;*=55.76, e.gy’< 1>
+3-SDpuyp=0.7435+3:0.7435-0.09735, AC=0.9606,

BC=0.5264, The mean levels of working timdt is inferred that to master the process in
elementsug, tm M M Mok have relatively stable metalworking industry conditions with a cycle
rates per individual cycle, i.e. when their sunak@d designed for one shift duration and a corresponding
higher, the individual levels are higher. The cohtr series, it is necessary to make approximately 50
time level is never higher on account of the maehirdaily ~ screenings and 1000 instantaneous
time level. If we observe, within p, we see that observations, and the production cycle time is a
wm has the highest values compared to the oth&tochastic variable that ranges along normal
elements and that its level behaved within the eéangistance. This example shows that the hypothesis
of normal distribution law, with an approximatethat it is possible to apply a work sampling method
mean ofp;,=0.244. However, the control limits forin monitoring the production cycle has been proved,
this level cut too large a number of tlag; points of which represents an original approach to solvitg th
this level in Fig. 2. From the results shown it igproblem.

evident that the process thus presented has not bee

Table 2.a: Production cycle's elements by frequafoccurrence,

Date N, of Time Production time Non-production time N, of
observations Start| End | bt | tn | t | tr [t tm | to |t ]|t | tx | PiECES
19.09.2011 26 8:30/13:000 3 | 9| 3| 1| 2| 2 2 1 2 7
26.09.2011 18 8:05|13:30| 2 5 2 4| 3| 1 1 10
23.09.2011 21 2] canceleg
19.09.2011 31 8:30| 13:00| 2 9 3 3|1 3] 2 1 22 1 4 7
19.09.2011 22 8:20| 13:10| 2 7 4 1] 3] 1 2 2 8
N
)y 932 100 229|118|142|99|47| 3 | 25|15| 154
Table 2.b: Production cycle's elements percentagetements
Time Production time Non-production time | N, of |Tye (min/
Date Toc . .
Startt End| ty | tp t t |t [ tw | tw | G| & | ty | Pieces| piece)
19.09.2011270] 8:30(13:00] 12 | 36 | 12| 4 8| 8 8 4 8 7 38.6
26.09.2011.325| 8:05[13:30/11.11)27.78/11.11{22.22/16.67|5.56 10 325
23.09.2011310 10 104 cancelel 0
19.09.2011.270| 8:30(13:00 6.7 | 30 | 18.18 10 | 10| 6.7/ 3.3 | 6.7] 3.3 | 133 7 38.6
19.09.2011.290| 8:20|13:10[ 9.09[31.82131.82 4.55|13.64/4.55 8 36.3
H 100 0.107,0.246/0.127/0.152 0.106 0.05/0.003 0.27/0.016/ 0.165
Table 2.c: Production cycle’s elements by time tioma
Date Te Time Production time Non-production tineN, of | T, (min/

Star End| ty | tn | to |t |t [t |t | & | & | t | PiECES| piece)
19.09.2011]. 270 | 8:30{13:00| 32 | 97| 32| 11| 22| 22 22| 11| 22 7 38.6
26.09.2011, 325 | 8:05(13:30| 36 | 90| 36| 72| 54/ 18 18 10 32.5
23.09.2011} 310 18 310 canceled O
B
B

19.09.2011] 270 | 8:30|{13:00 18 | 81| 26| 27| 27| 189 | 18| 9 | 36 7 38.6
19.09.2011] 290 | 8:20{13:10 26 | 92| 53| 13| 40 1 26 26 8 36.3

X 15293 163237621939 24131709 704| 40 |376|271| 2465
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Figure 1: Diagram showing the levels of cycle tieblements
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Figure 2: Machine time level

The second experiment is related to a plant thaverage production cycle time per unjiis 56.2
produces military and firemen clothing. Screeningsin.

were carried out from September 27, 2011 to

November 13, 2011. Monitoring comprised 26nvestigations related to the coefficient of rumnin
production cycles of different types there were 93@me as a function of the series size and where PC
observations in total, while the total time for allwas analytically monitored from the plant’s records
cycles amounts to 15,293 min. The averagdid not include in-depth analysis of relationships
production cycle time -,¢ is 325 min and the between the series.
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Figure 3: Cumulative production time level

Our investigations will present the analysis of P@here fnis the number of cycles in a group and n is
time observed per group determined by the size thfe total number of cycles
the series. Table 3 shows data for groups and PC

mean values per unit in a seri?apgu (min/unit) and SD, = 446%

PC time —t, for the same groups in % and SB. cc=?p + 3=tpSDp 3)
Table 4 displays the same data without groups but

with the number of screening cycles and number of CC = 76+30.0446176 = 76+10.17
units in those cycles’ series, with total mean ead@i AC = 86.17%

the PC time -t % that amounts to 76%. BC = 65.83 %

The trends of PC time mean valugs by cycles It is obvious from the diagram in Figure 4 that

(groups) with identical number of units in a sefiles mathematically viewed the process is mastered,
% and PC mean values per unit in a setigsare because all points df, are within control limits BC

given by a dla_gram in Figure 4. Mefan value for ag i <AC, (65.83 < 76 < 86.17). The trend QE-
groups is obtained using the formula: p ui

can be approximated by the function

- t O
=y At D - b
= N by =0 4)
where fis the number of PCs with identical number ) .
of units in a series where n is the number of units.

= _ 854103 797508 _ A statistical set stratification has not been sasfid
t = +...+ =76% o .
P 46 46 because SD of a stratified set is:
for a non-stratified set of data from Table 2, gsin o =52 +02 (5)

the formula 2 _
0 =4.584, and earlier (see table 2) calculated non-

z'j:l(fpi _ip)z n, stratified SD=3.126, according to the formula

) —
n SD=,/(t, - 1)) (6)

SD? =
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L Since SD <o the stratification was unsuccessful,
chnj which means that in this enterprise there is no
or==— (7) feature distinguishing PC with different number of
units in a series, but the reduction of time pet isn
L =) exclusively the result of technological time, ie
, J_Zl:(tp _tp) n; elements of working time and number of units.
of=— (8)

Table 3: Cycle time per piece in the series, aratpction time as a percentage

Number of items (n) t e (min)/kom t, (%) SD %
3 80 75
3 9% 91.77
3 1033 89.47 7.42
X 93.1 85.41
2 80 85
2 73.25 70
2 71.25 76.47 16.14
2 65.4 93.75
X 72.48 81.31
5 60 78.95
5 69.6 70
5 61.6 85.71
5 70 75
5 65.4 78.95
5 67.0 95.04
5 29.0 61.54
5 67.2 80.95
5 63.8 70
5 55.4 66.67 28.04
5 63.4 76.47
5 65.4 78.95
5 69 77.27
5 70 70
5 64 70
5 54 81.82
5 66 61.91
5 71 70
X 63.29 74.97
6 515 73.91
6 525 64.71
6 58.5 58.09
6 58.5 63.63
6 58.5 59
6 61.2 85.72 29.64
6 61.0 86.43
6 53.3 80.96
6 53.3 74.08
6 61.7 61.91
X 57.02 70.84
7 38.6 72
7 38.6 66.7
7 53.3 91.3 16.91
X 435 76.67
8 36.3 73.27
8 51 85.7
8 51 75
8 473 73.69 10.07
8 41.9 81.25
X 455 77.78
10 325 88.88
10 325 76.47
10 42 73.91 10.53
X 35.67 79.75
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Table 4: Number of cycles and number of units seres for enterprise |

No No of cycle | unit/ser| f, (unit/serie$ E[p (%) SDtp
1 3 3 93.10 85.41 7.47
2 4 4 72.48 81.31 16.14
3 18 5 63.29 74.97 28.04
4 10 6 57.02 70.84 29.64
5 3 7 43.50 76.67 16.91
6 5 8 45,50 77.78 10.0[7
7 3 10 35.67 79.75 10.53
t, (%) 76
7 No
peu Boynit
7, %
woy___________Ac=979
0\
90 \\
o\
80 1 % L, —— 1,-76
70 1
60 -
L | BC=54 L
50 A
10
k,

~
301 /\ S~
_/ 29754

Tpeu="—5"+1.998

20 1

10 A

n
T =
3 4 5 6 7 8 9 10 No Un./ser.

Figure 4: Trends of production tim_t:;) mean values and PC mean values per unit in asséggg for enterprise

CONCLUSION influencing the factors related to duration of
individual working time elements.Time elements
Based on the theoretical postulates of the stochastend can be mathematically monitored by
model for determining the elements of PC time anetablishing control limits with £+SD from mean
experimental evidence of the assumed model walue;PC mean value for groups formed according to
infer that: PC is the most significant technical the number of units in a seriézgCu moves along the
technological indicator in production and it ish
necessary to steadily monitor and reduce it. lmstea
of a demanding continuous screening and,, =c+—, and, mathematically, these groups do
monitoring of working time elements in an n _
analytical manner, monitoring is much simpler t)0t behave as strata, which means they are not
perform by the original stochastic modified workinked to deterministic factors of technology and
sampling model. PC reduction is possible bfumber of units/series.

yperbolic function that has asymptote c,
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