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ABSTRACT 
The present research work an attempt has been made to model the performance of a condenser manufacturing system of 

a HVAC plant using Markov modelling technique and also priorities the maintenance repair activities on the basis of 

analysis. The system comprises with six sub-systems namely Helium Leak Testing Machine(HLT), Tungsten Inert Gas 

(TIG) welding, Fins Assembly machine, Inner Leak Testing(ILT), Air Leak Testing Machine(ALT), core building, 

fluxing and brazing machines. The various Chapman-Kolmogorov differential equations have been derived on the basis 

of state transition diagram. A different combination of repair and failure rates of all subsystems represents the 

availability matrices. The plot of repair and failure rates of various subsystems with the availability stage accomplished 

in availability matrices evaluates the performance of all subsystems. The repair rate decides the maintenance main 

concern of different subsystems of condenser manufacturing systems.  

 

I.   INTRODUCTION 

The organizations are changed consistently by means 

of the progression in today’s spirited world. For 

production units, the vulnerable opportunities and 

different issues, political, financial and innovative 

influences dynamic conditions with various changes 

[11]. With higher coefficients in their procedures 

between the productions industries present lot of 

manufacturing threats. The work creation and the 

coordinate relationship with human life from one 

viewpoint salary of moving, further, have ambitious the 

industry to storm up one of the key industries in every 

locale [1]. Based on time span of usability, the novel 

trending innovations for additional procedures and 

traceability of materials are important one. This is 

current endeavors instances by the intention to develop 

the production system manageability [3]. The material 

production has ascended as of not on time remarkably. 

Especially, the manufacturing process, augmentation of 

agricultural production regions and utilization of 

fertilizers are increasing rapidly. The vital job in the 

achievement of any business are nature of goods 

assume, HR, cost and time parameters. The business 

failures are prompted with inefficient or failures in 

every one of these fields [12].  

 The substanceas of altering in excess of raw 

materials awaiting the point in the manufacturing 

industry that are caused with various hazard factors 

those punctual accomplishing critical items, which 

have unsalvageable monetary ramifications and power 

customers' health for the material production industry 

[5]. The management in the direction of comprehends 

the crashes of changes in the repair or failure charges  

 

of the components in a structure are caused by 

reliability of the framework and long-run accessibility 

model. By expanding the capacity of the system or 

giving adequate excess parts acquires with high 

reliability and the expansion in the unpredictability of 

the scheme [2]. In the past decades, The Flow Network, 

Fault Tree Analysis (FTA), Reliability Block Diagrams 

(RBD), Markov based chain models with cluster 

technique are used to analyze the availability. In this 

work, the similar or a combination of both the setups 

with huge multifaceted structure units arranged in 

arrangement involved in embrace developed of 

manifold congregation for condenser. The x-ray 

machine, infeed transport, heat exchanger, seasoning 

machine and fryer are the important portion of these 

units, which is arranged in sequential and the blend or 

parallel of both. The contribution of this employment is 

to generate availability representation dependent on 

failure and repair rate via employing arithmetical 

method [16,17]. The availability of automobile HVAC 

manufacturing system with its availability is analyzed 

and evaluated in this present study using Markov 

Process in which the HVAC manufacturing system of 

plant placed in Bhiwari, Haryana, India. Further, the 

Cooling Fan, Condenser and Radiator are the three 

important parameters in the cooling module. 

Particularly, the condenser part is used in this study.  

II.    RELATED WORKS 

Digital Feed Water Control System (DFWCS) was 

proposed by Pramod Kumar et al. 2020 [4] based on 

the nuclear power plant that considered the main-steam 

safety valves with repair and maintenance. On account 

of classical models fail as of multiple failure modes for 
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components, functional dependencies among 

components, uncertainty in system behavior and failure 

data with temporal system behavior. The Stochastic 

Petri Net capturing models the system. The 

comprehensive study demonstrates better state-

transition probabilities. The data center cooling system 

under waterside economization performance was 

analyzed by Andres et al. (2019) [7].  The Engineering 

Equation Solver (EES) solves the set of 

thermodynamic equations continuously via a modeled 

in steady state. Further, the Water to Energy Ratio 

(WER) with Coefficient of Performance (COP) 

evaluates the system performance. The system to store 

the cooling energy as 1MWh. The favorable climates 

includes tundra (ET), temperate rainy (Cfb) and winter 

rain (Csc) climates implements the water-side 

economizers.  

The evacuated tube solar collector’s integration into a 

novel solar polygeneration plant was presented by 

Francesco Calise et al. (2019) [9].  The economic and 

energy power plant performance evaluates the system 

performance. The biomass auxiliary heaters are 

produced by combining solar heat. The zero-

dimensional dynamic representation simulates the 

plant.  The feed-in tariffs is improved by economic 

profitability. The gas turbine in an offshore oil with 

organic Rankine cycle coupled platform was proposed 

by Max Mauro et al. (2019) [10] to optimize the power 

production and analyze the off-design performance. 

The dynamic operating conditions with organic 

Rankine cycle availability develop the off-design 

system model. The performance characteristics of the 

system and main irreversibilities are determined by 

energy analysis.  

A few specialists referenced restraints of FMEA in the 

history section in any cases. Yang, J., et al. 2011 [11] 

griped the distorted Dempster– Shafer process in the 

direction of entirety the varied appraisal information 

through bearing in mind dissimilar specialists' 

appraisal conclusions, failure modes and three hazard 

issues independently. The handy application proposes 

an improved insight outline. Under various sources of 

unverifiable assessment data, this method is operated 

to control the threat main concern evaluation of the 

failed techniques of rotor cutting edges of an aircraft 

turbine at long last. This technique yielded better 

results. Enitan, A.M. and, Adeyemo, J., 2011 [6] and 

Wari, E., and Zhu, [13] contrasted the various sort 

exhibitions with evolutionary methods. 

III.    METHODOLOGY 

In manufacturing condenser system, the performance 

modeling and availability analysis are the major 

intention of this work. This system has six sub-systems 

namely core building, fluxing and brazing machine, air 

leak testing machine, inner leak testing, and assembly 

machine, TIG welding, and helium leak testing 

machine. These subsystems are associated in series or 

parallel with one another. For these six sub-

frameworks, the utilization of mnemonicrule with the 

mathematical formulation of the model is produced 

thereby assuming the exponential dissemination of FR 

and RR of sub-frameworks. Chapman-Kolmogorov 

differential conditions are obtained from the progress 

summarizes. According to the probabilistic 

methodology utilizing Markov process that produces 

the scientific model of assembly area. By utilizing 

simulation modeling to select the most optimal 

subsystems in the plant and the execution of each sub-

system of the framework is improved. The production 

model is made with the help of an efficient production 

system in which it change a huge contributions to few 

ideal outcomes.  The novel approch of Markov 

modelling with its simulations are used in this work to 

analyze the production system availability with its 

improtance.  

3.1System structure: 

 The condenser section assembles with six subsystems. 

The entire subsystem completely failed due to both 

machines failed and the failure of anyone does not 

affect the system in subsystem 1. For fluxing and 

bracing, the the furnace divided into 3 zones in 

subsystem 2. The complete failure of the system is 

caused by failures of this processing in machine in 

subsystem 2 and 3. After Air Leak Testing (ALT) 

happens in TIG Welding (TW) based on subsystem 4. 

The capacity state reduces the complete failure of this 

failure of any one in subsystem 5. Both of machines are 

failed then the failure of the system happens. The 

complete system failure is caused due to the failure of 

the Processing in subsystem 6. The production model 

makes the production system in which it changes many 

of contributions to stable outputs.  In this work, the 

Markov model is used to determine the production 

framework availability.  

3.1Markov Process 

The Markov process based on the method is to decide 

the availability of the framework. While their fix times 

are self-assertively disseminated then the distinctive 

subcomponents system with FR is considered as 

consistent. From the Transition Diagram (TD), 

differential conditions are effectively obtained and to 

determine the Markov process that are most extreme 

execution. Figure 1 explains the relating TD of 

included states appears. 
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Figure 1: Flow diagram of an assembly of condenser manufacturing process 

Notations and Declaration of variables used in Flow Diagram 

Figure 1 represents the notions associated with the TD are as follows: 

 

 

Declaration of variables 

 Subsystem in the operating state 

 Failed state of  

 Mean FR & RR of  

 The probability of the system in working with full capacity at time  

        Derivatives with respect to z 

  Prescribes the full, reduced and failed state capacity 

of the system 
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 The Markov process denotes the transitions and its states. Here, the failed or good by the disappointment of every 

segment depicts the conceivable states of the system [14]. According to Markov birth-death process, the differential 

conditions associated to the TD are inferred. The differential conditions accompanying arrangements are created with 

various probability contemplations. The following differential equation explains the markov processing.  

IV. RESULT DISCUSSION 

The i5 processors and 4GB RAM with MATLAB 2016a platform handles the implementation process of numerical 

modeling. While related to transition diagram, the differential equations and probabilistic approach with Markov 

process prepares the modeling for the condenser manufacturing process. Each sub-system, both FR and RR influence 

the proposed system and its validating results are discussed as follows.  

1) Effect of FR and RR in subsystem 1 (CB m/c):  

Table 1 explains the system availability of subsystem based on CBM. Here, the repair and failures rates are with 

different system availability such as 0.14, 0.24, 0.34, 0.44, 0.54, 0.64 and 0.74 are considered thereby the constant 

parameters are listed in the tabulation. The subsystem 1 delivers better availability outputs.  

 

Table 1: System availability of Subsystem 1-CBM (i) 

RR 

FR 
System availability Constant parameters 

0.14 0.24 0.34 0.44 0.54 0.64 0.74 FR RR 

0.038 0.8654 0.8824 0.8906 0.8955 0.8988 0.9011 0.9029 
 

 

 

 

 

 

 

 

 

 

 

 

0.068 0.8418 0.8661 0.8781 0.8854 0.8902 0.8937 0.8963 

0.098 0.8223 0.8519 0.8669 0.8761 0.8823 0.8868 0.8902 

0.128 0.806 0.8394 0.8568 0.8676 0.875 0.8803 0.8844 

0.158 0.792 0.8284 0.8477 0.8598 0.8682 0.8743 0.8789 

0.188 0.78 0.8185 0.8394 0.8527 0.8618 0.8686 0.8738 

0.218 0.7695 0.8096 0.8319 0.846 0.8559 0.8633 0.8689 

 

2) Effect of FR and RR in subsystem 2 (FB m/c):  

Table 2 depicts the system availability of subsystem based on FB. Here, the repair and failures rates are with different 

system availability such as 0.35, 0.4, 0.55, 0.65, 0.75, 0.85 and 0.95 are taken thereby the constant parameters od both 

FR and RR are listed in the tabulation. The subsystem 2 provides excellent availability outputs. 

Table 2: System availability of Subsystem 2-FB m/c  

RR 

FR 
System availability Constant parameters 

0.35 0.45 0.55 0.65 0.75 0.85 0.95 FR RR 

0.002 0.8726 0.8736 0.8742 0.8746 0.8749 0.8752 0.8754 

 

 

 

 

 

 

 

 

 

 

 

 

0.004 0.8683 0.8702 0.8714 0.8723 0.8729 0.8734 0.8738 

0.006 0.864 0.8668 0.8687 0.8699 0.8709 0.8716 0.8721 

0.008 0.8597 0.8635 0.8659 0.8676 0.8689 0.8698 0.8705 

0.01 0.8555 0.8602 0.8632 0.8653 0.8668 0.868 0.869 

0.012 0.8514 0.8569 0.8605 0.863 0.8648 0.8663 0.8674 

0.014 0.8473 0.8537 0.8578 0.8607 0.8629 0.8645 0.8658 
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V.     CONCLUSION 

This article proposed Markov model to analyze the 

condenser manufacture system in a HVAC plant and 

its availability of manifold assembly, which was 

executed on MATLAB software. The Markov model 

executes the probability distribution and thereby 

considering both exponential distribution of 

subsystems such as FR and RR. In the manufacturing 

system, the FR and RR of MAC subsystems contain 

huge system availability effect. The subsystem 7 that 

maximum availability of 0.9923 by minimizing FR. 

The FR contains constant parameters such as are 

0.128, 0.008, 0.017, 0.021, 0.20, 0.0038, and 0.118, 

and the RR as 0.44, 0.65, 0.61, 0.16, 0.02, and 0.42 in 

condenser manufacturing. While compared to 

existing methods, the markov process demonstrates 

extreme availability. The results of the paper are very 

beneficial to the plant administration for overall 

performability enhancement by deciding the 

appropriate maintenance priorities for condenser 

manufacturing System. Furthermore, availability of 

concerned system will optimize in future with the 

help of different optimization techniques. 
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