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THE MATHEMATICAL MODEL
OF THE OPERATION PROBLEM PRESENTED
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Abstract: The aim of the thesis is to design a model of closed system
M/G/1 for knitting production in the Svitex company. | strive to deter-
mine specific values of the machine idle time. The Poisson process for the
occurrence of disturbances was used. This is consistent with the proposed
pair of compatible hypotheses. The procedure described has proven to be
correct. After postulation of the hypotheses, a specific closed system was
proposed. When applying to a particular situation, a result using the equa-
tions and normative condition was elaborated.
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Introduction

As Galileo Galilei already said, the book of Nature is written in the
language of mathematics. Martin Heidegger, in turn, "characterizes the
mathematical nature as being exact, which means the link to the subject
circuit in that it is a time-domain definition of velocities in motion, meas-
urable through numbers and counting” (Ambrozy 2012, p. 264). Mathe-
matics is also a great tool for analyzing production processes, which is
reflected in the impact on the economy. At this point, | strive to create a
closed M / G / 1 system for the Svitex company involved in knitting pro-
duction and to define a non-productive period of idle time.

To fulfil the aim, the following steps should be done:

1 to develop the theoretical background to the issue,

2 to get data from the enterprise,

3 to analyze the current state according to the obtained data,

4 to address the current situation using statistical methods,

5 to evaluate the situation.

To meet the objectives of the problem, there were used empirical, sta-
tistical analytical methods of work, modelling and comparison. Empirical
methods as observation and measurement were applied to obtain business
data. When analyzing the current state, | used the y? statistical method of
good match to determine if the input flow of requirements is the Poisson
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process. Subsequently, a closed M / G / 1 model is created as the system
has met the necessary conditions. In the "Proposals and Measures™ chap-
ter there was used a comparison of the current state with the models pro-
posed.

The » test of good match is more detailed. By testing statistical hy-
potheses, verification of the accuracy of the claim is done. The hypothesis
is a certain claim that is not underpinned yet. In this case, it relates to the
probability distribution of random variables by testing the consistency of
empirical and theoretical distribution. The hypothesis that was validated
is a zero hypothesis. It is marked with Hy. Its negation is the hypothesis
H;. The conclusion of the test is the decision which hypothesis is accepted
and which is refused.

v good match test is also called the Pearson test. It tests for a certain
probability distribution the following pair of hypotheses:

Ho: empirical frequencies in each category are equal to theoretical fre-
guencies; vice versa

Hi: empirical frequencies in each category are not equal to theoretical
frequencies.

Empirical frequencies in this case represent the number of inputs of
system requirements per day, i.e. how many times the machine needs a
certain repair done by worker per day. Theoretical frequencies on the
other hand are derived from Poisson division (Kingman 1992). If the dif-
ference is not statistically significant, that is, it is small enough, I will not
refuse the zero hypothesis, | will accept it, i.e. inputs to the system are
Poisson-like.

L o, &y —np )
The test criterion (statistics) is  x“ = ZT (8)
i=1 *Mi

where

n; - are empirical frequencies,

pi - are theoretical frequencies of probabilities based on the theoretical
probability distribution - Poisson distribution,

n - is the size of the file whose elements are being examined,

k - is the number of the categories into which the elements are divided
- the number of machine inputs into the system per day.

If the zero hypothesis is valid then %* = y? (r-1-p), where r is the num-
ber of intervals and p is the number of estimated parameters of a given
division (for the Poisson distribution, the number of estimated parameters
is p = 1). This means that the zero hypothesis - the choice stems from the
Poisson division - applies if this variable has an asymptotically chi-
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squared distribution of r - 2 degrees of freedom. If ¥* > x#-z(@) | reject a
zero hypothesis at a level that is asymptotically equal to a.

"In the Pearson test, the so-called Cohran rule (Plackett 1983) should
be applied consequently. The condition for using the test is n.p, > 5 for

alli=1,2,. ..,k This condition is sometimes difficult to follow in prac-
tice. However, strict adherence to it is necessary only in the few degrees
of freedom of test statistic 2. It has been verified that for the number of
inputs r-1-p > 3, it is sufficient for n.p,> 4 and for r-1-p > 6 to suffice

n.p, > 1. If these conditions are not met, it is recommended to merge the

adjacent intervals with small number. (Ostertagova, 2011)”

The Svitex company is an enterprise active in the textile industry. The
main business is textiles, clothing and leather production. Production fo-
cuses mainly on the production of knitted ladies' stockings, socks and
hosiery.

The BUZI knitting machine will be focused on in the thesis. There are
more than 200 of these machines in the workshop. One worker - operator
serves 35 machines. Their role is to rework machines for new designs
(new products), quality control ("moulding™), continuous maintenance
(e.g. "lubrication” of machines) and repair of faults. The disorders that
may occur are e.g. electric problems, tearing in the heel, tear-off core
cane, skidding, broken needle, erased programme, broken tightening up,
need to replace the seals, run eyes, jerks, and so on.

Modelling the occurrence of failures on BUZI machines as a Poisson
process.

First, it was needed to determine how often failures occur on individ-
ual machines. By observing, measuring, and following calculations, it was
found that the average number of failures per day per machine was 0.60.
This figure expresses the number of inputs to the system, i.e. A = 0.60.
The number of requests that run in the system is the number of machines
that is handled by an operator, i.e. m = 35. Then it was needed to find out
whether the inputs of the requests represent the Poisson process. The
ngood match test has been used. The hypotheses have been formulated:

Ho: empirical frequencies in each category are equal to theoretical fre-
guencies, i.e. they are the Poisson division;

vice versa

Hi: empirical frequencies in each category are not equal to theoretical
frequencies.As | have already mentioned, | did not recognize Poisson dis-
tribution, so | approximated it with a point estimate. Due to this, the sam-

ple mean is A% k. The measured data are shown in Table 1, where k is the
number of failures that occurred on one machine in one day, and n; is how
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many times the situation occurred on thirty-five machines during eighty-
nine days. Using the table, this parameter was calculated from the rela-
tionship

&
- 1
k= — k.ﬂf
“EZ.; k=0,60, n= 1,038

Table 1. Empirical number of failures

k Nj k. Nj
0 589 0

1 320 318
2 97 194
3 25 75
4 5 28
5 0 0

6 2 12
> 1.038 627

Source: Own processing

For the calculation of the test statistics, the auxiliary Table 2 was pre-
pared. The first column contains the k values that express the number of
times the machine enters the system a day. For these needs, | have merged
intervals for k = 4, 5, 6, as they exhibited low abundance. It was also nec-
essary to meet Cochran’s rule. There has been reduced the number of
degrees of freedom from7to5(k-1-p=7-1-1=05) and then n.p(k) >
3. In the second column, according to relationship there are calculated

PL.
theoretical probabilities p(k) = k! "€ In the third column, the theoreti-
cal number of Poisson disturbances is calculated as n.p(k). In the fourth
column there are inserted empirical abnormalities of malfunctions n;. In
the fifth column, the difference in empirical and theoretical probabilities
is increased to the second, which was used in relation for the calculation

2 = Zk:(ni —n.p(k))’

= n.pk)
where the last row shows the test characteristic * = 6.883.

. The partial calculations are in the last column,
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Table 2. Calculation of test characteristic x°
k pk) n.pk) |n (m;-n.p(k))* | x?

0 0.5488116 | 569.666 | 589 373.785063 0.656
1 0.329287 | 341.8 320 475235071 1.39

2 0.0987861 | 10254 | 97 306912243 0.299
3 0.0197572 | 20.508 | 25 20.1781249 0.984
4az6 | 00033548 | 348226 |7 123745141 3.554
> 0.9999967 6.883

Source: Own processing

From the statistical tables, it was found that the critical value

X2(0,05’ 3) = 7.81 (Markechova, Tirpakové and Stehlikova, 2011, p. 361).
The condition %*< X2(0,05, 3) Is fulfilled, so the hypothesis Ho was accepted.
Thus, the distribution of malfunctions is Poisson division. Comparison of
empirical and theoretical abnormalities on BUZI machines is also illus-
trated in Figure 1.

H theoretical probabilities

H empirical probabilities

empirical probabilities
theoretical probabilities

Figure 1. Empirical and theoretical abnormalities on BUZI ma-
chines
Source: Own processing

Modelling of closed system M /G /1

With regard to the fact that in this situation, one worker is assigned to
operate 35 same BUZI machines, supervising and performing certain
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operations on them, and also requirements occurring at random times, i.e.
this corresponds to the Poisson division, so this situation corresponds to
the M / G/ 1 model - compare (Yang et al., 1994).

The next task is to determine the mean stoppage of the machine in the
queue, i.e. unproductive machine downtime and use of employee’s work-
ing time.

To solve the example, it is still needed to know the average value of
the service duration 1. It was calculated as the average time of the opera-
tor’s service, which came out 22 minutes. Since the machines work con-
tinuously, i.e. during three shifts and | count with one worker per one
shift, after the separation, the duration of service is 7.3 minutes, which is
0.12h=r.

Now | need to calculate Py using the systems of equations and norma-
tive condition. For this assignment, it is a set of thirty-five equations (due
to their extensiveness, | do not present them all) :

Po = (Po + Pl) T1,0

P1=(Po+P1) mp1+Pamop

P2 =(Po+ P1) mp+ Pampt + Pamay

P3=(Po+ P1) mi3z+Pymyp + Pamas + Pamap

P4 = (Po+ P1) mi4+ Py mp3 + P3map + Pymg,s + Ps s

Ps = (Po+ P1) 15+ Pomps + P3maz + Py man + Ps s 1 + P me

P30 = (Po+ P1) 130 + P2 mp 00+ P3 328 + Pa Ta,27 + Ps w506 + P me 05 +
P7 17,24+ Pg mg 23 + Pg m9,22 + P19 T10,21 + P11 m11.20 + P12 m12,10% P13 m1318 +
P14 m4,17 + P15 516 + P1s Mie 15 + P17 Mi7,14+ P1g mig13 + P1g mig,10+ Pao
20,11 + P21 21,10 + P22 T22,9F P23 238 + P2s m24,7 + Pos a5 6 + Pog M2 5 + P27
7,4+ Pog Mog 3 + P2g M29,2 + P3g m30,1 + P31 ma10

P31 = (Po+ P1) my31 + P2 Mo 30+ P3 329 + Ps 74,08 + Ps @507 + Ps 76 26 +
P7 m7,25+ Pg mg 24 + Pg m9,23 + P1g T10,22 + P11 m11.21 + P12 m12.20% P13 m1310 +
P14 m4,18 + P15 1517 + P1s Mis 16 + P17 mi715+ P1g mig14 + P1g mi9,13+ Pao
m20,12 + P21 mo1,11 + P22 m22,10+ P23 Moz e + Pog Mo, + Pos mos 7 + Pog Mo +
P27 7,5+ Pog Maga + Pog M29,3 + Pag 30,2 + Pay ma11 + Paomang

P32 = (Po+ P1) my32 + P2 Mo 31+ P3 m330 + Pa 74,20 + Ps w528 + P me 27 +
P7 m726+ Pg mg 25 + Pg m9,24 + P19 T10.23 + P11 m11,22 + P12 M1221+ P13 m1320 +
P14 T4,19 + P1s 518 + P1s Me17 + P17 mi716+ P1g mig1s + P1o m19,14+ Pao
20,13 + P21 mo1,12 + P22 m22,11% P23 m23,10 + P2s 24,9 + Pos mosg + Pog 267 +
P27 To7,6+ P2g Mg s + P2g 29, 4 + P3o 30,3 + P31 31, 2 + P3omaz 1+ P33 w330
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Pss = (Po+ P1) m133 + P2 mp 30+ P3 M3 31 + Pa ma,30 + Ps @529 + Pe T 28 +

P7 m7,27+ Pg mg 26 + Pg mo,25 + P19 T10,24 + P11 M11.23 + P12 M1220+ P13 Mi3 21 +
P14 T14,20 + P15 mis19 + P1g Ti6,18 + P17 mi7,17+ P1g Mg e + P1g 9,15+ P2o
To0,14 + P21 m21,13 + P22 m22, 12+ P23 m2311 + P2 M24,10 + Pas mos9 + Pog moeg +
P27 mo7,7+ Pog Mg + P2g T29, 5 + P3o T30, 4 + P31 M1, 3 + Paomap o+ Paz maz s +
P34 34,0

P3s = (Po+ P1) m134 + Py mp 33+ P3 M3 32 + Pa ma,31 + Ps 530 + Pe T6.20 +

P7 17,28+ Pg mg 27 + Pg To,26 + P10 T10,25 + P11 T11.24 + P12 M1223+ P13 i3 20 +
P14 m14,21 + P15 m1520 + P1g Mi619 + P17 m17,18+ P1g mig17 + P1g 9,16 + P2o
20,15 + P21 21,14 + P22 22,13+ P23 m23,12 + P2s T24,11 + Pos 725 10 + Pog 26 9 +
P27 mo7,8+ Pag Mg 7 + P2g m29, 6 + P3o T30, 5 + P31 ma1, 4 + P3omao 3+ Paz mazo +
P34 m34,1 + P35 M350

34
Normative condition is > P, =1.
k=0
To solve given system of equations | need to define coefficients ;.

Since | consider that the operating time is constant, the coefficients will
be calculated from the relationship

_ (mj.‘ ‘T"') (1 - e (e2r)"

nk’j -

where

m = 35 machines

A=0.6

t=0.12h

k=1,2,3,..... ,35

j=0,1,2,3,...,35

The programme Excel was used to calculate coefficients m;.
The coefficients are presented in Table 3.
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Table 3. Part 1 Coefficients my;
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0.084805
0.091188
0.098052
0.105432
0.113367
0.121901
0.131076
0.140042
0.15133
0.162957
0.175223
0.188412
0202393
0217842
0234139
023187
0270828
0291213
03153132
0336701
0362044
0389193
0418396
0450104
0.483982
0.520411
0.559582
0.601701
0.64609
0.695688
0.748052
0.804357
0.8649
0.93

0.226499
0236167
0246007
0.233991
0266084
0276246

0.28643
0296382

030664
0316332
0326173
0335477
0.344331
0352613
0360201
0366928
0.372627
0377103
0380146
0.381309
0.380023
0378087
0.372666
0364288
0352337

0.292139

0.181629
0.1302
0.07

0280389
0.80701
028027

0279042

0276963

0273987

0270039

0263133

0259174

0232141

0.244007

0234755

0224577

0212332

0200292

0.186632
0.17203
0.15652

0.140251

0.123388
0.10614

0.088767

0.071586

0.034932

0.039413

0.025428

0.013671

0.0049

02164
0212157
0207387
0202091
0.196273
0.189941

0.18311
0.175797
0.168026
0.159826
0.151233
0.142289
0.133043
0.123549

0.11387
0.104073
0.094239
0.084443
0.074776
0.065328
0.056196
0.047478

0.03927

0.03167
0.024766
0.018641
0.013363

0.00898
0.00535318
0.002967
0.001276
0.000343

0.126233
0.119766
0115171
0.106478
0.099719
0.092928
0.08614
0.079302
0072721
0.066164
0.059761
0.05333
0.047366
0.041847
0.036426
0.031534
0.0266
0.022246
0.018292
0.014752
0.011632
0.008934
0.006651
0.004767
0.003262
0.002103
0.001257
0.000676
0.000511
0000112
24E-03

0.057009
0.052283
0.047702
0.043278

0.03903
0.034973
0031122
0.027488
0.024084
0.020916
0.017993
0015316
0.012889
0.010709
0.008774
0.007073
0.005606
0.004333
0.003504
0.002443
0.001731

0.00121
0.000801
0.000502
0.000295
0.000158
7.57E-03
3.035E-05
938E-06

1.8E-06

0.02074
0.018363
0.016157
0.014116
0012241

0.01033

0.00898
0.007586
0.006343
0.005248
0.004289
0.003439
0.002749

0.00215
0.001651
0.001243
0.000014
0.000633
0.000436
0.000306
0.000198
0.000121
TO3E-03
3.78E-03

1.85E-03
TO35E-06
2.85E-06
THEE-OT
1.18E-07

0.006244
0.003332
0.004517
0.003795
0.003139
0.002604
0.002124
0.001713
0001364
0.001072

0.00083
0.000632
0.000473
0.000347
0.000249
0.000174
0.000118
1.15E-03

49E-03
297E-05

1.7E-03
9.14E-06
4 54E-06
2.03E-06
T95E-07
2.36E-07
6.13E-0%
8.24E-00
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Table 3. Part 2 Coefficients nk,j

]

k 8] 8] 10] 1] 12 13 14 13 16
0.001586 0.000345 649E-D5 107E-05 154E-06 196E-07 221E08 22E09 198E-10
0.001304 0000273 493E05 775E-06 107E06 13E07 14E08 133E09 1.13E-10
0.001062 0.000213 3.69ED5 3.36E-06 732E-07 S4SE08 S.66E09 7TSE-10 626E-11
0.000857 0000165 273E05 392E-06 492E07 S4IE08 324E09 447E10 336E-11
0.000684 0000126 199E05 272E-06 324E07 3.38E08 3.09E-09 24SE-10 1.75E-11
0.000539 94TED5 143E05 185E-06 2.09E07 206E08 177E09 133E10 S.78E-12
0.00042 7.02E05  1E03 124E06 132E07 122E08 9.85E-10 682E-11 423E-12
8| 0000322 3.12E05 694E-06 S.07E07 S1E08 7.4E09 53E-10 345E-11 193E-12
9| 0.000244 3.67E05 47E06 5.14E07 4S4E08 392E09 274E-10 1.65E-11 8.54E-13
10| 0.000182 238E-05 3.11E06 3.19E-07 28E08 211E09 136E-10 7.31E12 3.33E-13
11| 0.000133 178E05 201E06 192E07 137E08 109E09 6.44E11 323E12 137E-3
12| 952E05 1.19E05 126E06 1.12E07 S42E09 536E-10 288E-11 13E12 49E-14
13| 667E05 7S81ED6 7.65ED7 62SE-08 433E09 251E-10 121E-11 487E13  16E-14
14| 457E05 497E-06 44SE07 33SE08 2.12E09 11E10 475E12 167E13  47E13
15| 3.04E05 3.05E-06 253ED7 173E-08 ©76E-10 4.52E-11 17E12 S12E14  12E13
16| 1.96E05 18E-06 136E-D7 $36E-00 42E-10 17E-11 35.49E-13 138E-14 2.39E-16
17| 1.22E05 1.02E-06 692E-08 3.79E-00 1.66E-10 5.78E-12 1355E-13 3.12E15 44E-17
18| 729E06 5.49E-07 331E08 158E-00 S.96E-11 L72E-12 371E-14 538E-16 35.25E-18
19| 415E06 278E-07 1.46E-08 6.01E-10 1.88E-11 4.36E-13 7.04E-15 7.06E-17 332E-19
20| 223E06 131E-07 S59E09 202E-10 S.07E-12 S$8E-14 0.46E-16 4.75E-18

21| 112E06 35.62E-08 2.12E00 S79E-11 1.09E-12 126E-14 6.78E-17

22| 5.16E07 2.16E-08 6.5E-10 133E-11 1.67E-13 0.69E-16

23| 213E07 7.4E-09 161E-10 221E-12 138E-14

24| 765E08 192E-09 2.89E-11 198E-13

25| 224E08 3.75E-10 2.82E-12

26| 4.83E00 4.04E-11

27| 576E-10

R

= ]

Table 3. Part 3 Coefficients nk,j

i
k 17] 15] 19] 20] 21 22 23 24 23
1.58E-11 1.12E-12 7.12E-14 4.00E-15 2.02E-16 8.97E-18 352E-19 12JE20 3.66E-22
85E-12 5.69E-13 3.38E-14 178E15 83E-17 341E18 123E1¢ 385E21 1.0ME-22
443E12 2.78E-13 1.54E-14 7.54E-16 324E-17 1.22E-18 3.8%E-20 1.13E-21 2.72E23
223E-12 1.31E13 673E-15 3.04E-16 12E17 41E-1¢ 121E-20 3.03E-22 638E-24
1.08E-12 5.9E-14 28E-15 116E-16 4.16E-18 128E-18 335E21 7.36E23 1.33E-24
5.05E-13 2.54E-14 1L11E15 4.16E17 1.34E-18 3.67E-20 S41E22 1.38E-23 2.38E-23
225E-13 1.03E-14 4.1E-16 1.39E-17 388E-18 6353E21 1.87E-22 293E-24 3.53E26
8| 935E-14 397E15 142E-16 426E-18 1.07E-18 22E21 3.38E23 4.351E-25 4.07E-27
9| 3.78E-14 142E15 451E-17 1.18E-18 2.56E-20 437E22 572E24 35.38E-26 3.24E-28
10| 1.41E-14 471E-16 131E17 285E-19 3528E21 723E23 T.E25 4435E27 1.34E-29
11| 4.84E-15 142E-16 337E-18 634E20 S08E22 933E-24 6.11E26 1.82E28

12| 1.52E-13 3.81E-17 7.353E-1%8 1.14E20 1.22E22 8.36E-25 2.74E-27

13| 426E-16 9.91E-18 1.41E1% 138E21 1.14E23 3.91E-26

14| 1.04E-16 1.74E-18 2.07E20 1.36E22 3.39E-23

15| 2.13E-17 2.68E-18 2.12E-21 7.88E-24

16| 3.44E-18 2.88E-20 1.14E22

17| 3.89E-19 1.63E-21

18] 2.33E-20

R

= ]
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Table 3. Part 4 Coefficients 7k,j

j
k 2] 27 2] 2] 30 31 3 33 34
1| 954E24 213E25 4E27 623E29 7182E-31 739E-33 536E-35 244E-37 541E40
2| 241E24 471E26 759E28 986E-30 989E-32 721E-34 339E-36 7.73E-39
3| SSE2S 921E27 124E28 128E30 967E33 47E35  11EST
4| 111E25 155E27 166E29 129E31 65E-34 158E-36
5| 190E26 2.15E28 173E-30 8.98E-33 225E35
6| 276E27 231E29 124E-31 3.27E-34
7| 307E28 171E-30  4.6E-33
3| 23629 6.37E-32
9| 9.39E31

Source: Own processing

To simplify the probability solution, | have modified the normalization
condition:

34
> P =1
k=0
34
P
k=0 ‘ :i
PO PO

I:)0
$a L
k=0 “ Po

The substitution has to be done also in system equations:
Po=(Po+ P1) m10

Po = Po. miot P;. 1,0

B P1 P1 _
l=mo+ P_o ) where P—O— a,
1-7
Then q, = ——2.
10
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By gradual adjustments of equations and pitching, | get successive co-
efficients q, :

q1(1_ ”1,1)_ 11

q, =
0
_ qz(l_”'z,l)_qlﬂ'l,z — Ty
g; =
T30
q, = Q3(1_7T3,1)_ 0,75, — Q1703 — 735 etc.

40

Values g, calculated by using these expressions are shown in Tab. 4.

Table 4. values gk for 35 BUZI machines

k k k
1 | 10.79179035] 13 | 2030121595 25 | 30751413476
2 | 90.28225125] 14 | 51154809265 26 | 14366684717
3 | 67979509011 15 | 11517280481 | 27 | 3495044301
4 | 4667217752 16 | 23095202520| 28 | 1688608522
5 | 20206.80674) 17 | 41102421662 | 20 | 4064258300
§ | 166376.1608) 18 | 64664024256| 30 | 7400042874
7 861493.714| 19 | 89532458829 31 | 9753168.462
8 |4048461.125) 20 | 1.0B553E+11| 32 | 861269.6823
0 1723725501 21 | 1.14597E+11| 33 | 44786.76772
10 | 66372683.03( 22 | 1.0463E=+11] 34 1010.965671
11 | 230666982.6[ 23 | 82044576283
12 | 721952563.5( 24 | 54736136090

v | 1.55473E+11

Source: Own processing
34

Now I can calculate Py from the reIationshiquk = Pi from which it
k=0 0

1

34

ZQk
k=0

Therefore, Py = 1.32367E-12. | can further express the other condi-
tional probabilities of Py under condition that there enters the request into
the system, provided that there are already in the system k requirements
that are not necessary for my solution to the problem, but for complete-
ness they will be introduced. These are listed in Table 5.

follows that Pg =
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Table 5. Conditional probabilities Py for 35 BUZI machines

E Py k P k Py
0 | 132367E-12| 12 | 0.000955620| 24 | 0072452771
1 | 142848E-11| 13 | 0002687218 25 | 0040704833
2 | 1.19504E-10| 14 | 0006771237 26 | 0019016799
3 | BOOE20E-10]| 15 | 0013245119 27 | 0007274968
4 [617787E-09| 16 | 0,030570626| 28 (0002235246
3 | 3.86603E-0%| 17 | 00534406185 20 | 0000337973
6 | 22022BE07| 18 | 0083594033 30 | DBOT15E0D3
7 | 1.14034E-06| 19 011851174 31 1 291E05
& | 3.535884E-06| 20 | 01436289127 32 | 1. 14004E-06
O | 228163E-03| 21 | 0151680441 33 | 302831E08
10 | B78338E-05| 22 [ 0138521858 34 [ 1 33810E-09
11 0000305328 23 | 0108600228

¥ 1

Source: Own processing

Such probabilities can be interpreted by, for example, the probability
of entering the twentieth machine into the system, i.e. it needs repair,
while there are already 19 machines in the system (one is being repaired
and the others are waiting) as P,y =0.143689127.

The mean value of machine waiting before repairs is estimated with Py
from relationship

1— B 1— 1,32367F — 12
EW=(m-1)t- 41 =(35-1).012- 0.6
2.413333 hours/machine.

The middle cycle of each machine is comprised of a mean value of:

1.67 hour operating outside the system, i.e. the machine is working,

2.41 hour waiting for repair,

0.12 hour duration of the repair,

which is atotal of 4.2 h. This figure represents the mean duration of
the cycle.

The mean number of returns per machine is expressed from relation-

ship N [% + EW + 1] = 1, from which it follows that N = 0.238. It must be
taken into account that m = 35 and hence the repair per hour needs an
average

35 x N = 35x 0.238 = 8.33 machines. The length of one fix is T = 0.12
h. This means that one worker — performing operation works 0.12 x 8.33
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= 0.9996 h/h. The worker is utilized at 99.96%, while only 0.04% of his
time is unused.

On the other hand, there is a non-productive machine lag, which is cal-
culated as the share of its waiting for repair and the mean duration of the
cycle:

2,4
Non-productive machine lag = 4.2 =0.5738, i.e. 57.38%.

Conclusion

From the enclosed M / G / 1 system model created for the Svitex knit-
ting company, it is clear that the non-productive lag of the BUZI machine
is distinctive, while the worker is used to the maximum. In addition, it is
known that the worker performs other activities, in addition to repairing
malfunctions, such as machine reworking, quality control, and continuous
machine maintenance. This means that the waiting time of the machines
in the queue is still prolonging.
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