SUSHANT UNIVERSITY ORGANIZED INTERNATIONAL CONFERENCE ON
“ADVANCES IN MULTIDISCIPLINARY RESEARCH AND INNVOATION” ICAMRI-2023
ON 28-29TH OCTOBER 2023
INTERNATIONAL ADVANCE JOURNAL OF ENGINEERING, SCIENCE AND MANAGEMENT (IAJESM)
July-December 2023, Submitted in October 2023, iajesm2014@gmail.com, ISSN -2393-8048

Multidisciplinary Indexed/Peer Reviewed Journal. SJIF Inpact Factor 2023 =753
Mathematical Modeling And Behavior Analysis Of A Refrigerating
Unit in Milk Plant

Savita Grewal, Research Scholar, Department of Mathematics, Baba Mastnath University Asthal Bohar,
Rohtak, Haryana, India. Email: savitadhaka00216@gmail.com
Pooja Bhatia, Professor, Department of Mathematics, Baba Mastnath University Asthal Bohar, Rohtak,
Haryana, India. Email: budhirajpooja92@mail.com

Abstract
In this paper we describe a Refrigerating Unit in Milk plant which comprises of four subsystems.
The Refrigerating Unit in Milk plant basically comprises of four subsystems specifically
Compressor, Condenser, Expansion Device and Evaporator. A single repairman who examines
and repairs the units as and when need emerge. Availability of Refrigerating Unit in Milk plant is
determined with the assistance of RPGT and accessibility of the arrangement of Refrigerating
Unit in Milk plant for various values of repair and failure rates of subsystems is additionally
determined. Profit optimization is also examined. System behavior is discussed with the help of
graphs and tables.
Keywords:- Availability, Base-State, MTSF, Steady State.
1. Introduction:

In this paper the importance of Markov process is shown by analyzing the reliability function
and availability of Refrigeration Plant arranged in Rohtak District. A refrigeration unit involves
of four main mechanisms namely Compressor, Condenser, Expansion Device and Evaporator.
Refrigeration plants are thought to be only viable when all four units are in good operating
condition. When each of the four units is in good operating condition, the system operates at
maximum efficiency. When three out of four units are in good operating condition, it operates at
a decreased capacity. When two or more units flop, the system is in a failed condition. There are
separate continuous failure and repair rates for all four units. A single repairman is available
24*7. The state transition diagram representing the system states is presented as it gives
availability function and the updated diagram leads to the appearance for reliability function.
While applying the normalizing condition, the expression for steady state availability is obtained
and optimized by using genetic algorithm. The purpose of this study is to obtain (1) reliability
function and availability function both from Markov diagram of Refrigeration Plant arranged in
Rohtak District an expression of steady state availability optimization model with components’
constant failure and repair rates. Kumar, A. and Garg, D.[2019] have discussed the reliability
technology theory and its applications. Kumar, A., Goel, P. and Garg, D. [2018] have studied
behaviour analysis of a bread making system. Kumar, A., et. al. [2019] analyzed sensitivity
analysis of a cold standby framework with priority for preventive maintenance consist two
identical units with server failure utilizing RPGT. Present paper consists two units one of which
is online while other is kept is cold standby mode. Online & cold standby unit are
indistinguishable in nature & have just two modes one is good and other is totally failed. Rajbala,
et al. [2019] have studied the system modeling and analysis: a case study EAEP manufacturing
plant. Kumar, A., Goel, P., Garg, D., and Sahu, A. [2017] have studied behavior analysis in the
urea fertilizer industry. Kumar, A., Garg, D., and Goel, P. [2017] have examined the
mathematical modeling & profit analysis of an edible oil refinery plant. Kumar, A., Garg, D., and
Goel, P. [2019] studied mathematical modeling & behavioral analysis of a washing unit in paper
mill. Kumar, A et. al. [2018] paper analyzed sensitivity analysis of 3:4:: good system plant. This
paper further presents the time dependent and consistent state accessibility when failure and
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repair rates are variable and steady individually. The mathematical problem along these lines
created has additionally been solved systematically and numerically for few decisions of the
failure/repair rates of subsystems. A solitary worker who inspects and repairs the units as and
when need emerge. Fuzzy concept is utilized to decide disappointment conditions of a unit.
Assuming the worker report, that unit isn't repairable; it is supplanted by another one. Taking
failure rates dramatic, repair rates general and contemplating different probabilities, a transition
diagram of system is created to decide Primary, Secondary & Tertiary circuits and Base state.
Problem is defined and solved utilized RPGT. Repair/Failure is statistically independent.
Expressions for system parameters for example MTSF, availability, number of server visits and
server of busy period are assessed to consider the behavior of the framework
3. Assumptions and Notations
1. Switching over is imperfect.

2. A single repairman is available 24*7.

A1 : Constant failure rate of the unit ‘E’ from full capacity to complete failure.

A2: Constant failure rate of the standby ‘C’; A3: Constant failure rate of the unit ‘H’.
01: Constant repair rate of main unit; 8,: Constant repair rate of standby.

03 Constant repair rate of unit ‘H’; 84: Constant repair rate of the switch.

E/e: Unit ‘A’ in good / failed state.

C/ (C)/lc: Redundant unit in operative/ standby / failed state.

H/h : Unit ‘C’ in operative / failed state

S/s: Switch in operative/ failed state.

4.Transition Diagram of the System:

S4 S
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pd1
Figure 1: Transition Diagrams
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S1 =E(C)HS; S2=¢(C)Hs; Sz =e(C)HS; Ss = E(C)hS; Ss

Se =e(C)hS; S7 = EcHs; Sg

=E(C)Hs

=ecHS; Sg = EcHS; Si10 = EchS
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Table 1

5. Transition Probabilities and Mean Sojourn Times:
Table: 2 Transition Probabilities

gi,(t) Pij=0i*(0)
q1,2= p8, e~ Po¥Poi+da)t P1,2= P81/(p6; + pd; + 63)
q13= p6, e~ Po1+Pd1+83)t P1,3=D6:1/(pb1 + P6; + 63)
qra= 5,0~ PE1+P81+55)t P14= 03/(pd; + pé; + 83)

qz1 = ﬁ513_(ﬁ61+64)t
q2 3 = 646_(ﬁ61+94)t

P2,1= P6,/(p6; + 64)
D23= 04/(P6; + 6,)

q31=pbie
q3 5= pbie
q38 = 0z€

—(p01+pH,+61)t
—(p61+pH1+81)t
—(p61+p61+382)t

p31=P0:/(p6, + PO, + 6)
P35=D01/(pb; + DOy + 53)
D38= 62/(p6, + PO; + 67)

Qs = 030"

Pas1=1

qs1= 948_(94+53+52)t
q5 6: 636—(94+63+62)t

Ps1= 04/(64 + 63 + 63)
Dse=61/(64 + 65+ 5;)

q5'7 — 626_(94+63+62)t p5’7= 62/(04 + 63 + 62)
de,5 = 93¢~ (%)t Pes=1
G70= 0,60t p7o=1
dgo = pSze~ Pt Pgo=1

do,g=DO1€

qo1= 926—(92"'1951"'53)15
—(02+p81+683)t

G910 = 533—(92+P51+53)t

Do1= 02/( 0, + pb; + 63)
Dog=061/(6; + pdy + 63)
Do 10= 83/(6; + pb; + 83)

(10,0 = Ozt P1oo=1
Table: 3 Mean Sojourn Times
R;(t) 1i=R;*(0)

R, (t) - e—(p51+ﬁ51+53)t

u=1/(pd; + pd; + 63)

R,(t) = e~ P81+64)t

p=1(pé; + 6,)

R3(t) - e—(p91+1591+52)t

us=1(p6; + pb; + 6, )
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R, (t) = e~ (st 1a=1/(65)
Ry(t) = e~ (Oatds+52)t ts=1/(04 + 63 + &)
Rg(t) = e~ (03t 1e=1/(03)
R, (t) = e~ (0a)t #7=1/(8,)
Rg(t) = e~ ®8a)t 1s=1/(pds)
Ry(t) = e~ (02+P81+85)t to=1/(6; + Sy + 63)
Ryo(t) = e~ )t p10=1/(65)

6. Transition Probability Factors: - The mean time to system failure and all the key
parameters of the system (under steady state conditions) are evaluated by using Regenerative
Point Graphical Technique (RPGT) and using ‘0’ as the base state of the system as under: -
V1 1= 1 (Verified)
Vi2=(1,2) =pi;
Vig=...... continued

7. Evaluation of Parameters: - The MTSF and all key parameters of the framework are
estimated by applying RPGT taking ‘0’ as base state.
(@) MTSF (To): The regenerative un-failed states to which the framework can transit (Initial
state ‘1”) before entering any failed state are: for ‘€’ = “1°,

sr(sr) sr(sr) L
{pr<«$—’i>}ui {pr<iéi>}ui
MTSF (To) = [Xis, S\ 1o—— (| = |1-2s,

MM, . ¢{1-Virmz} M, ¢ (1-Vimrzms)

=[(1, D+ (4, 22+ (1, 2, 3)us+ (1, s+ (1, 3, 5)us + (1, 2, 3, 5)ue)/
[1-(1,3,1)+(1,2,3,1)+(1,3,5,1)+(1,2,3,5,1)
= [M1 +p12H2 + D1 202 3H3H D13 Mat D1 3P3,5H5+ D1 202 3P3,5H6] /
[1-(P1,3P3,1) + (P1,2D2,3P3,1) + (P1,3P3,5P5,1) + (P1,2D2,3P3,5P5,1)]
(b) Availability of the System (Ao): The regenerative states at which the framework is available
are j=1, 3, 5, 9 and regenerative states are i= 1 to 10 for ‘§’="1",

5. { for( o } 5. { () }]

Hm1¢2{1'vm1,m1} Hm2=i(1-vm2'm2)

Ao = [2jVes fr-mi] + [ZiVei wi]
=[Vafips + Vaafapts + Vi sfspis + Vaofops] + [Viaps' + Vit + Vigpa! + Viapa®
+Vispst + Vigls' + Vazprt + Vigs' + Vigle! + Vi 10p10']
=[V11M1 + Visus + Visps + Viglo] = D
D= [V111+V1 22+ V13us+Viaa + Visds + Vige + V1747 + Vigls + VoMo + Vo,10M10]
(c) Busy Period of the Server (Bo): The regenerative states where the server is busy while doing

repairs are j = 2to 10
0 O A G
Zj,sr { ) = Zi,sr nm2$£(1-Vm2_m2)

Hml:{ 1'Vm1,m1
By = (V1.2n2+V1,3N3+V1.4na+V1 5N5+ V1 6N6+V1,7N7+ V1 8Ng+V1,9No+ V1,10N10)/D
D= [V 11tV opo+V13Uz+Viaps + Visps + Vigle + V177 + Vigds + VioMa + Vo 10l10]
(d) Expected number of server’s visits (Vo): The regenerative state to which server visits a
fresh are j=2, 3, 4 and the regenerative states are j=0 to 10.

Ay =

Bo=
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) )] [ (e
JSr Hknti{l_vkl,kl} . LSt szqtg(l'vkz,kz)

Vo= (V124 V13+ V14)/D

D= V111tV oo+ V1 3us+Vias + Visds + Vige + V1747 + Vigls + Vi9Me + Vo,10M10]

8. Particular Cases: -

Ford;=6;1<i<3,6;,=06.1<i<4;,p=1p=0,

9. Analytical Discussion:

Mean Time to System Failure (To):-

Vo=

Table 4: MTSF
\5\9 0.50 0.60 0.70
0.10 2.43 2.30 2.34
0.20 2.23 2.17 2.12
0.30 2.04 1.92 1.81
4
e = 0.50
5 —
= =0.60
0 ' ' ' ' =0.70
0.1 0.2 0.3
Figure 2: MTSF
Availability of the System (Ao):-
Table 5: Availability of System
5 8 0.50 0.60 0.70
0.10 0.92 0.95 0.98
0.20 0.82 0.87 0.92
0.30 0.74 0.77 0.81
1.5
1 =0.50
e —
0.5 =0.60
0 : : : , =0.70
0.1 0.2 0.3
Figure 3: Availability of System
Server of busy period (Bo):-
Table 6: Server of busy period
5—_ 8 0.50 0.60 0.70
0.10 0.22 0.20 0.17
0.20 0.35 0.34 0.31
0.30 0.53 0.49 0.48
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1
e =0.50
0.5 e
_ —— =0.60
0 - - - - =0.70
0.1 0.2 03

Figure 4: Server of the busy period
Expected Fractional No. of Inspection by Repairman (Vo) :-
Table 7: Expected Fractional No. of Inspection by Repairman

5 6 0.50 0.60 0.70
0.10 0.21 0.22 0.23
0.20 0.28 0.30 0.31
0.30 0.42 0.46 0.51
0.6
0.5
o / =030
0.3
e = 0.60
0.2
0.1 =0.70
0 T T T )
0.1 0.2 0.3

Figure 5: Expected Fractional No. of Inspection by Repairman

Conclusion: Increasing the repair rates of the unit, availability of should increase which is depicted by

graphs 3 drawn, as it should be practically. From figure 4, that expending the failure rates the

By increases. Failure rates considered as constant, for increasing the value of repair rate then the

B, decreases. It is shows that when failure rates increases V,, increase and repair rates increases thenV,,

increases. The table 4 and figure 2, it is shows that when failure rates increases the MTSF decrease and

repair rates increases then the MTSF decreases.

References:

1. Kumar, A., Garg, D., and Goel, P. (2019), “Mathematical modeling and behavioral analysis
of a washing unit in paper mill”, International Journal of System Assurance Engineering and
Management, 1(6), 1639-1645.

2. Kumar, A., Garg, D., and Goel, P. (2019), “Sensitivity analysis of a cold standby system with
priority for preventive maintenance”, Journal of Advance and Scholarly Researches in Allied
Education, 16(4), 253-258.

3. Kumar, A., Goel, P. and Garg, D. (2018), “Behaviour analysis of a bread making system”,
International Journal of Statistics and Applied Mathematics, 3(6), 56-61.

4. Kumar, A., Garg, D., Goel, P., Ozer, O. (2018), “Sensitivity analysis of 3:4:: good system”,
International Journal of Advance Research in Science and Engineering, 7(2), 851-862.

5. Kumar, A., Garg, D., and Goel, P. (2017), “Mathematical modeling and profit analysis of an
edible oil refinery industry”, Airo International Research journal, XIII, 1-14.

6. Kumar, A., and Garg, D. (2019), “Reliability technology theory and application”, Lap
Lambert Academic Publishing in Germany, ISBN 978-613-9-47665-7.

VOLUME-20, ISSUE-SE 297 | PAGE


mailto:iajesm2014@gmail.com

SUSHANT UNIVERSITY ORGANIZED INTERNATIONAL CONFERENCE ON
“ADVANCES IN MULTIDISCIPLINARY RESEARCH AND INNVOATION” ICAMRI-2023
ON 28-29TH OCTOBER 2023
INTERNATIONAL ADVANCE JOURNAL OF ENGINEERING, SCIENCE AND MANAGEMENT (IAJESM)
July-December 2023, Submitted in October 2023, iajesm2014@gmail.com, ISSN -2393-8048
Multidisciplinary Indexed/Peer Reviewed Jounal. SJIF Inpact Factor 2023 =.753

. Rajbala, Kumar, A. and Garg, D. (2019), “Systems Modeling and Analysis: A Case Study of
EAEP Manufacturing Plant”, International Journal of Advanced Science and Technology,
28(14), 250-2509.

. Kumar, A., Goel, P., Garg, D., and Sahu, A. (2017),” System behavior analysis in the urea
fertilizer industry”, Book: Data and Analysis [978-981-10-8526-0], Communications in

computer and information Science (CCIS), Springer, 3-12.

298 | PAGE

VOLUME-20, ISSUE-SE


mailto:iajesm2014@gmail.com

