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ABSTRACT 

The paper is a clear attempt to showcase the relevance and significance of adopting RAM frameworks as one of 
the standard specifications in the maintenance of industrial systems. The study will begin with an explicit concept 
and scope of the RAM matrix in regard to industrial systems. Then, a computational model is presented to estimate 
the failure of machines and systems to detect the need for RAM analysis to scrutinize the inherent mechanisms 
pertaining to the industrial systems in a more realistic and consistent manner through the Markovian approach. 
Subsequently, the application method to estimate the RAM model will be discussed validated with an example. 
The paper will round off with the advantages and demerits of the system. 
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NEED FOR STUDY 
It has undoubtedly become a corporate yardstick that based on the RAM analysis, possible maintenance 

strategies can be investigated which has potential to aid plant personnel to enhance upon the system effectiveness. 
Without putting in a quantum of effort in evolving complicated system frameworks, the suggested methodology to 
analyze the intricacies of a system is liable to provide utilitarian insights related to the analysts to perceive the 
system in a more systematic manner. It will also help them to estimate the worth of the RAM matrix in the domain 
of their industrial operations.. The study will also aid in a systematic and chronological application of RAM matrix 
to bring out system inefficiencies and rectify them with precision. The key is to endure with operational efficiency 
of industrial systems to unleash unhindered output capabilities. 

 
 

REVIEW OF LITERATURE 
 
TerjeAven (1990) put forward a few uncomplicated theorems to make available stand-by uselessness in systems 
which possessed the same mechanisms.. The formulae were established using standard Markov theory. 

 
Stochov(2006) presented the unison between the industrial compatibility to the RAM matrix and the perceived 
modifications according to the prevalent best standards 

 
Stankovski(2012) enumerated the generation of power with the help of the Markov bond and classified the findings 
according to their order of merit. 

 
Michelsen (1998) illustrated an estimation of risk in order to propose the secure doctrines of safety in the industrial 
systems. In this regard, he had presented quantified technology to estimate reliability in the systems with the aid of 
observed data. 

 
Elegbede (2003) suggested an analysis based on GA to put forward a host of objectives that would ultimately 
optimize the performance parameters within a system. The aim of the study was to amalgamate complex and 
parallel systems in the assessment of failure. 

 
OBJECTIVES 

The aim of the paper is to efficiently deduce the entire range of system-failure within the industrial plant. As 
regards this, the concurrent espousal of Markov approach (quantitative) and the RCA (qualitative) to scrutinize and 
acquire RAM index to estimate the system performance should aid in the enhancement of RAM aspects leading to 
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rectification and resurrecting the output ability. The objective of this study is also to entrench the fact that a range 
of management innovations such as Just in Time (JIT), Supply Chain Management (SCM), Material requisite 
planning (MRP), Business process reengineering (BPR), TQM and Total productive maintenance (TPM), etc’ 
fundamentally do hinge on the efficacy of the industrial systems. Consequently, the significance of the RAM 
matrix has to have top priority in the business management narrative. 

 
METHODOLOGY 
 

A blend of primary and cautiously segregated secondary data will be utilized to validate the findings of this 
study. Access to primary data will be through the stratified random sampling method in a ball-bearing plant in 
Ramnagar near Bangalore, India. This sampling will be presented as intensive data emanating from the application 
of the RAM matrix in the systems of the ball-bearing plant. The secondary data will be sourced from peer reviewed 
work, journals and internet resources. 

 
OVERVIEW 

 
RAM alludes to Reliability, Availability, and Maintainability. RAM investigation is a notable technique to 

scrutinize the output accessibility of a framework by surveying flaw modes, frequencies and outcomes with 
simultaneous orientation towards creational impact. The primary destinations of RAM examination are to build 
framework efficiency (Guthrie, et. al, 1990), increment the general benefit, lessen the all out life cycle cost — 
which incorporates lost output cost, upkeep cost, operating expenses, and so forth. 

 
The scope of the RAM matrix, as illustrated below, is to see whether the assessed creation accessibility meets 

the necessities, and to distinguish the most cost-effective boundaries to help make ready for an ideal arrangement 
regarding benefits. RAM models are utilized to evaluate the prime unwavering quality of the procedures, 'Period  
on period' investigation of the frameworks, gear dependability feature, anticipated expenses and misfortunes. 
Through procedure demonstration, the plan stage can recognize potential bottlenecks therefore maintaining a 
strategic distance from system limitations thus, advancing high up-time levels (Peng, et. al, 2018). Genuine 
outcomes from this degree of checking are accomplished when the correct equalization is struck between 
scheduling of targets and utilization of systems-capacity. Through this simulation approach, a progressively 
proactive position can be embraced to limit or dispense with avoidable expenses. 
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RAM Computation for failure detection 
 

At this juncture, a RAM measurement for the detection of system failure may be handle. The variables used in 
the computation are: 

 
– Rate of failure: λ 

– Mean-Time in the midst of Failure:            MTBF 

– Availability: A 

– Unavailability: UA 

– Mean Down-Time: MDT 
 

When failure happens in a system framework, it ceases functioning (Smith, 1991) so, a new availability is 
connoted. The accessibility at a time t is symbolized by A(t) and its estimate is more realistic shaping its 
complement: the unavailability U (t). It is the equipment failure possibility with no repair being done, i.e.: 

 

  𝑢(𝑡) = ∫ (𝑡) [1 − (𝑡)] = ∫ 𝜆(𝑡). [1 − 𝑀(𝑡)] 
Thus: 

A (t) =1−U (t) 
 

If the repair &failure rates are constant, the result is: 

𝐴(𝑡) =
𝜇

𝜆 + 𝜇
+

𝜆

𝜆 + 𝜇
𝑒 ( )   

At the starting time (t = 0), the accessibility is maximal (A = 1) and lessens with increasing time t; for adequately 
bulky values of t (t = ∞), the accessibility reaches an asymptotic value: 

 
 

A (∞) = (MTBF / λ𝜇 MTBF + MTTR) 
 

In industrial applications, it is a standard to substitute MTBF and MTTR by measuring the availability: 
 

(∞) = MTBF _ tFt / n + tFt / tf + tP = tt – tp 



 

 

Where: 𝑡𝐹 denotes uptime, 𝑡𝑃 denotes downtime and 

Within complex systems, accessibility will rely on equipment

A system in series will be ready when components are operational, thus:

 

Here, system accessibility is lower than the component with the least accessibility.
 
A parallel system should be defunct when all mechanisms together are not available,
 

𝑈𝑠  = 
 
Thus:    𝐴𝑠 = 1 

 

Therefore, 𝐴𝑠 will forever be greater than the components availability within the system.
The idea of parallel system can be applied not only to figure 
relying upon the accessibility of every one of its parts (McFadden, 1990), but also the fact that one 
or, more than one frameworks can likewise be applied to guarantee the accessibility of a capacity 
when capacity is executed freely, which is exceptionally helpful to decide the number of 
segregations that ought to be introduced.

 
Application method of RAM estimation in systems

Usually a “bottom-up” model for RAM analysis is incorporated. way to deal with RAM displaying i

initiates with the framework segments and looks at the plan to decide the impacts of individual part failures, regularly 

utilizing a Reliability Block Diagram (RBD). The segments making up the RBD are connected utilizing dependability 

rationale as opposed to their physical relationship
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will be ready when components are operational, thus: 

 
𝐴𝑠  = ∏𝑖𝐴𝑖 

Here, system accessibility is lower than the component with the least accessibility. 

should be defunct when all mechanisms together are not available, ie: 
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the accessibility of complex systems 
relying upon the accessibility of every one of its parts (McFadden, 1990), but also the fact that one 
or, more than one frameworks can likewise be applied to guarantee the accessibility of a capacity 

ecuted freely, which is exceptionally helpful to decide the number of 

up” model for RAM analysis is incorporated. way to deal with RAM displaying is taken. This 

initiates with the framework segments and looks at the plan to decide the impacts of individual part failures, regularly 

utilizing a Reliability Block Diagram (RBD). The segments making up the RBD are connected utilizing dependability 



JOURNAL OF CRITICAL REVIEWS 

ISSN- 2394-5125 VOL 7, ISSUE 15, 2020 

 

5870 

 

Systems failure information is applied to every segment in the framework (Cano, et. al. 2010). This 
information can be acquired from a few sources, for example, producing information, plan details or 
operational experience. Exact investigation will hinge on the nature of the failure information. In 
situations where failure information explicit to the genuine segment is not accessible, conventional, 
industry standard sources are ordinarily utilized. 

 
Utilizing particular RAM programming, operational accessibility can be anticipated and dissected 

(Tsarouhas, 2018). The product might be industry standard bundles, for example, MAROS or 
Reliability/Availability Workbench, or in-house buffers. The primary favorable position of the product is 
that it empowers the quick assessment of plan choices and the affectability of the outcomes to changes in 
the fundamental information. Quantitative outcomes give feature RAM figures, yet in addition permit the 
distinguishing proof of basic segments. The current ways to deal with incorporating RAM in process 
configuration are sorted into the consecutive and the synchronous approaches. The successive 
methodology isolates the procedure structure movement from the unwavering quality investigation to 
discover enhancements in plant accessibility as enumerated below: 

 

 
 

Fig.1: Reliability Availability Analysis Methods/Techniques 
 

Estimation based techniques require building a genuine framework or its model and taking 
estimations and afterward examining the information measurably. At the operational stage, it can end up 
being over the top expensive to infuse deficiencies into a genuine framework to quantify information 
(Kumar, et. al, 2015). Model based strategies are especially valuable at the plan stage to screen heaps of 
structure options without building the genuine framework. Model-based strategies can be additionally 
ordered into reenactment techniques and expository techniques, both require a framework model to be 
built regarding arbitrary factors for the condition of the hidden units. 

 
A flaw tree is a pictorial portrayal of coherent connections among occasions and it tends to be utilized 

to speak to a mix of occasions that will prompt framework disappointment, called as top-occasion. 
 

An Reliability Block Diagram (RBD)is a graphical portrayal of how the parts of a framework are 
associated dependability savvy. The least complex and most rudimentary arrangements of a RBD are the 
arrangement and equal designs(Velásquez and Lara, 2018). In an unwavering quality square graph, every 
segment of the framework is spoken to as a square that is associated in arrangement, as well as equal, in 
view of the operational reliance between the parts. 

 
The Markov model gives an incredible displaying and investigation method with solid applications in 

time-sensitive unwavering quality and accessibility examination. The significant detriment of Markov 
displaying is a blast of the quantity of states in any event, when managing moderately little frameworks. 
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A Petri netis a coordinated diagram (digraph) comprising of spots, changes, curves and tokens. 

Tokens are put away in spots and moves starting with one spot then onto the next along bends through 
changes. A checking is a task of tokens to the spots and these may change during the execution of a Petri 
net (Aly, et. al, 2018).In the event that the progress terminating times are stochastically coordinated, the 
Petri net is known as a stochastic Petri net (SPN). 

 
Follow-up parameters 
 
Following the RAM estimation, the following questions need pragmatic explanations: 

 Have the specifications meted out by RAM fulfilled the requirements? 
 Is there any scope of further modification in the systems? 
 Is there any scope to revise the maintenance strategy to decrease the downtime if failure occurs? 
 Are there specifications in place to monitor changes in performance or divergence from usual operational 

parameters? 
 
A RAM analysis example 
 
An example is provided of a ball bearing plant in Ramnagar near Bangalore with a capacity of 10000 ball  
bearings per day. Figure 1 shows system configuration with various units. 
 

 
Figure 1: System units. 
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Figure 2: Curve depicting Bath Tub 
 
 
 

System analysis  
Furnace Lapping Belt 

 
 
 
 
 
 
 
 
 
 
 
 
 

Rotator Remover 

 
 
 

Figure 3: Root cause analysis for conveying sub-system 
 
 

A qualitative analysis is important prior to the quantification to assess the indices of RAM. This is done 
utilizing the analysis of Root Cause. The figure above displays RCA illustration for the corresponding 
sub-systems of the plant and the figure following the text depicts the corresponding quantification. 

 

 

 
Figure 4: RBD for Conveying System 

Burn-in period Wear out period 

Useful life period 
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Sub Systems Failure Rate(λ) Repair Rate(µ) 

 
Rotating Disc 

 
0.0001472 
0.0006107 

1 
0.27 

 
 

Flash Disc 

 
0.0002370 
0.0000502 
0.0000470 
0.0000260 

 
0.27 
0.51 

1 
0.34 

 
 
 
 

Furnace 
Drain Valve 

Steam Handling System 

 
0.0004390 
0.0001700 
0.0001859 
0.0002104 
0.0000876 
0.0000545 

 
 

0.0000383 
0.0000294 
0.0000820 
0.0000294 

 
0.18 
0.34 

1 
0.50 
0.50 
0.34 

 
 

0.25 
0.12 
0.11 

0.014 
 

Lapping System 
Bearing Drive Shaft 

Rubber Ring 

 
0.0000887 
0.0003687 
0.0000582 
0.0000404 

 
1 

0.27 
0.27 

1 
 

Table I: Failure and Repair data 
Quantitative analysis 

The previous data and the maintenance logs of the company has been taken into account to quantify the 
repair and failure data. 
Reliability for Conveying System: 
RCS= RD*RR*RC*RC 
Reliability of Drive, RD= e-λt 
Reliability of Rollers, 

RR= e-λt 

Reliability of Control Unit, RCU= e-λt Reliability of Conveyer, RC = e-λt 
Table II enumerates dependability value for all components of conveying subsystem. 

Time (hrs.) Rotator Remover Furnace 
Lapping 
System 

R conveying system 

0 1 1 1 1 1 
100 0.97657 0.99499 0.99531 0.99744 0.96688 
200 0.95370 0.99001 0.99064 0.99489 0.93485 
300 0.93136 0.98505 0.98599 0.99222 0.90389 
400 0.90955 0.98012 0.98137 0.98986 0.87396 
500 0.88825 0.97521 0.97687 0.99870 0.84501 
600 0.86744 0.97032 0.97219 0.99844 0.81702 
700 0.84713 0.96547 0.96763 0.99818 0.78997 
800 0.82728 0.96063 0.96309 0.99792 0.76380 
900 0.80791 0.95582 0.95858 0.9976 0.73851 
1000 0.78899 0.95103 0.95408 0.99740 0.70405 
1100 0.77051 0.94627 0.94961 0.99714 0.69040 
1200 0.75246 0.94153 0.94516 0.99688 0.66753 

Table II: Computed Reliability Values of units 
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Availability 
From Figure 5 the following equations need consideration: 

Pp*µp = P0*λp 
Pq*µq= P0*λq Pr*µr = P0* λc Ps*µs = P0*λs 

Since the sum of the probabilities will be unity, 
then Pp + Pq + Pr + Ps + P0 

=1 Solving for P0; P0 = 1/(1+∑λi/µi) 
Substituting the values of λi and µi, the steady state availability is P0 =0.999932 

Reliability R = e-(∑λ*t 
 

 
Figure 5: Transition figure 

 
Failure pace (λ) = ∑λi MTBF = 1/ λ 

= 2969.12hr. 
It is known that availability of this Convey System = MTBF/(MTBF+MTTR) 

System = 0.47hrs. 
Hence repair rate (µ) = 1/MTTR = 2.11 / hr. 

Therefore, the maintainability of the Conveying System = 1 – e-µt 

 

Time (hrs.) Drive Rollers Remote conveyers 
conveying 

system 
0 0 0 0 0 0 

1 0.23662 0.39950 0.63212 0.28228 0.40992 

2 0.41725 0.63940 0.86462 
 0.49338 0.6518 

3 0.55514 0.78346 
0.95021 

 0.63940 0.79453 

4 0.66040 0.86997 0.98168 0.74333 0.87876 

5 0.74075 0.92198 0.99326 
 0.81731 0.92846 

6 0.80210 0.95311 0.99752 0.86997 0.95778 

7 0.84892 0.97184 0.99908 0.90744 0.97509 

8 0.88467 0.98309 0.99966 0.93412 0.9853 

9 0.91191 0.98984 0.99987 
 

0.95311 0.99132 

10 0.93272 0.99390 0.99996 
 0.96662 0.99488 

11 0.94869 0.99633 0.99982 
 0.97624 0.99698 

12 0.96081 0.99780 0.99991 
 0.98309 0.99821 

 
Table III: Maintainability Estimation of Conveying System 
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RESULTS 

The results for all the sub-systems are calculated at divergent mission periods (. t =0, 100, 200… 1200 
hours.). Two tables below present systems reliability and maintainability values. The graphical results are 
shown in Figure 6 (a) and (b) respectively. 

 
 

Time RSub 
system1 

RSub 
system2 

RSub 
system3 

RSub 
system4 

RSub 
system5 

RSub 
system6 

Rsystem 

0 1 1 1 1 1 1 1 

100 0.92701 0.96688 0.89647 0.97691 0.94591 0.93314 0.69287 

200 0.85934 0.93485 0.80365 0.95435 0.89475 0.87076 0.48007 

300 0.79662 0.90389 0.72045 0.93231 0.84636 0.81255 0.33262 

400 0.73843 0.87396 0.64586 0.91079 0.80059 0.75823 0.23046 

500 0.68457 0.84501 0.59069 0.88976 0.75729 0.70754 0.15968 

600 0.63461 0.81702 0.51905 0.86921 0.71634 0.66024 0.11064 

700 0.58829 0.78997 0.46531 0.84914 0.67759 0.6161 0.07666 

800 0.54535 0.7638 0.41714 0.82954 0.64095 0.57492 0.05311 

900 0.50554 0.73851 0.37395 0.81038 0.60628 0.53648 0.03681 

1000 0.46684 0.71405 0.33524 0.79167 0.57349 0062 0.02549 

1100 0.43444 0.6904 0.30053 0.77339 0.54248 0.46715 0.01766 

1200 0.40273 0.66753 0.26942 0.75554 0.51314 0.43592 0.01224 

 
Table IV: (a) Computed reliability values 

Availability 
Availability = Apc1*Ac*Adm*Asd*Arfd*Apc2 
= 0.999*0.999833*0.992859*0.9998872*0.99796*0.999 = 0.988576 
Failure rate of System (λS) = ∑λi 
Mean-time in the midst of failures (MTBF) = 1/λS = 272.241 hrs. 
It is known that availability = MTBF/(MTBF+MTTR) So, MTTR of system 
= 2.772hrs 

System repair pace = 0.3673 / hr 
 

Maintainability 
System-maintainability = 1- e-µt 

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6: Reliability 
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Time (hrs.) 
 

Sub 

system1 

Sub 

system2 

Sub 

system3 

Sub 

system4 

Sub 

system5 

Sub 

system6 
M System 

0 0 0 0 0 0 0 0 
100 0.47006 0.40992 0.11617 0.3791 0.47006 0.33886 0.36237 
200 0.71916 0.6518 0.45773 0.21885 0.71916 0.5629 0.59343 
300 0.85117 0.79453 0.47769 0.30961 0.85117 0.71102 0.74075 
400 0.92113 0.87876 0.49936 0.38981 0.92113 0.80894 0.8347 
500 0.9582 0.92846 0.58963 0.8607 0.9582 0.87368 0.8946 
600 0.97785 0.95778 0.7427 0.52336 0.97785 0.91649 0.93279 
700 0.98826 0.97509 0.8628 0.57873 0.98826 0.94478 0.95147 
800 0.99378 0.9853 0.90725 0.62767 0.99378 0.96349 0.97267 
900 0.9967 0.99132 0.96442 0.67093 0.9967 0.97586 0.98157 

1000 0.99825 0.99488 0.99148 0.70916 0.99825 0.98404 0.98887 
1100 0.99907 0.99698 0.99471 0.74295 0.99907 0.98945 0.99291 

1200 0.9995 0.99821 0.99671 0.77281 0.9995 0.99302 0.99548 
 

Table IV (b) Measured data of maintainability 
 
 

 

Figure 7: Maintainability curves 
 

From Figure7 it is observed that probability of system non-failure for 500hrs is 0.159 and for 
subsystems the corresponding values of reliability at mission time t = 500 hrs are, Rss1 =0.68,  

       Rss2 =0.84, Rss3 =0.59, Rss4 =0.88, Rss5 =0.75 and Rss6 =0.71 and for corresponding subsystems 
The maintainability values are Mss1 =0.95, Mss2 =0.92, Mss3=0.58; Mss4=0.86Mss5=0.95 Mss6 =0.87    
respectively. As the data of reliability is minimum, SS3requires impetus. 
Hence, the suggestion according to the estimation of the RAM matrix pertains to a proper implementation 
of value aided efficiency mechanisms within the ambit of the systems. But this needs to be undertaken 
quite judiciously keeping in mind the prevention and the rectification actions that will have to be put into 
effect at a later stage. This will call for the application of the FEMA estimation model which takes into 
account the aggregate failure data in relation to the system parts. 



JOURNAL OF CRITICAL REVIEWS 

ISSN- 2394-5125 VOL 7, ISSUE 15, 2020 

5877 

 

  

 

BENEFITS 
 

The advantages of exposing industrial systems to RAM modeling are: 
 

  Identification of vulnerability areas 
  Quantification of systems failure 
  Optimization of design 
  Up-gradation of up-times 
  Elimination of system redundancies 
  Component selection 
  Maintenance support strategy 
  Meeting operational targets 
  Supports output diversification 
  Facilitates decision making 

 
BARRIERS 

 
The hindrances to the RAM estimation are: 
 Establishing specious RAM expectations 
 Cumbersome in data collection 
 Lack of training 
 Unsuitable condition to enforce dependability analyses 
 Connecting methodologies are based on physical interfaces instead of dependability logic 
 Negligible top management obligation 
 Incapability to modify organization culture 
 Helplessness to build an organizational cultured 
 High cost 

 
 

CONCLUSION 
 

The consequences of RAM investigation lend powerful data that is especially valuable in improving 
the industrial systems (Herder, et. al, 2008). The feeble areas can be recognized quantitatively, giving a 
premise to improve output of the systems. RAM investigation gives viable data particularly to improving 
new industry plans, and fills in as one of the pointers when settling on venture choices. RAM model 
effectively determines the system availability values, MTTR and MTBF. Thus, this model has been the 
cornerstone of estimating the systems of an industrial network as regards its safety, maintenance and 
output. 
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