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Abstract— Energy markets are deregulating 

rapidly and the price of energy is expected to 

decrease.  Energy suppliers that traditionally 

operated as regulated monopolies must now find 

ways to improve their productivity.  Energy utilities 

are typically asset-intensive, so maintenance 

activities present a potential area for productivity 

improvement. Reliability Centered Maintenance 

(RCM) was developed in the commercial aerospace 

industry approximately 3 decades ago.  In the 

1980's, the Electric Power Research Institute 

(EPRI) initiated studies for the application of RCM 

to generating facilities.  Recently, EPRI has begun 

supporting the investigation of RCM methodology 

in the transmission and delivery of electric power. 

Index Terms— Maintenance Analysis, FMEA 

Analysis, Cost and Time consumed Analysis. 

 

I. INTRODUCTION 

The anticipated deregulation of 

the electric utility industry has prompted 

numerous utility mergers.  New Century 

Energies (NCE), was formed in 1997 

from the merger of Southwestern Public 

Service, Co. (SPS) and Public Service 

Company of Colorado (PSCO).  Just 

recently, NCE announced plans to merge 

with Northern States Power (NSP) based 

in Minneapolis, Minnesota.  If this 

merger is successful, the combined 

utility will stretch from the border of 

Canada to the border of Mexico. 

Addition of managerial approach to this 

RCM tool in order to restrict the loss of 

revenue and to generate effective 

maintenance plan in economical manner. 

This is achieved by performing cost and 

time analysis for machines/systems. And 

prime focus of analysis is on the elements 

of machines which give more effective 

result. 

Reliability Centered Maintenance 

(RCM) was developed by the 

commercial aircraft industry about 

thirty years ago.  In the process of 

obtaining Type Certification for the 

new Boeing 747 jumbo jet, it was 

determined that applying the 

maintenance strategies of that time 

made the jet impossible to operate 

profitably.  The huge size of the 747, 

compared to previous commercial 

aircraft and the numerous technological 

advances led the aircraft industry to 

develop new approaches to aircraft 

maintenance.  Maintenance engineers at 

United Airlines led the effort to 

reevaluate preventive maintenance 

strategy and helped develop the basic 

concepts and processes that has become 

known as RCM 

Collected data for analysis from glass 

bottles (beverages) manufacturing 

industry 
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Machine photos 

Machines break down report for 

one year in mins (2013) 

II. MAINTENANCE ANALYSIS 

PROCESS FOR MACHINES [10]: 

Data Extrusion: Extracting required data 

from collected data for one shift-year in 

minutes. Data is as machine wise. 

Maintenance Analysis: Analysis of the 

machines sub-element wise (components 

wise) for evaluation of failure rate and 

maintenance rate and total time rate for 

both the functions. 

Evaluated parameters: Evaluating the 

parameters and listing out of them for 

determining of the reliability terms they are 

MTBM, MTTF, MTD, etc., 

Final Calculations: Determining the 

reliability terms of machines and 

Availability, Reliability, Maintainability 

for one shift-year. 

Summary of performances of machines: 

In this summarizing the machines 

Reliability, Availability, Maintainability 

of machines that to sequential 

decremented order. 

A. Table: Maintenance Analysis of 

Machine No: 12 for One Shift- Day 

(480mins) [1-9]

Evaluations [10]:- 

Operational Availability: It is defined to 

be the probability that a system or 

Machinery shall operate satisfactorily 

when used under stated conditions and in 

an actual supply environment at any given 

time. It expressed as 

Ao: - MTBM / (MTBM+ MDT). 

Reliability: - It is the Probability of a 

device performing its purpose adequately 

for the period intended under the given 

operating conditions. It may express in 

mathematically as., 

R (t):- 1 – F (t). 

Maintainability:- It is the probability that a 

unit or system will be restored to Specified 

conditions within a given period when 

maintenance. Action is taken in 

accordance with prescribed procedures 

and Resources. It is a characteristic of the 

design and installation of the unit or 

system. It expressed as. 
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Mo: - Number of Repairs for given period 

time/ Total number of repairs For total 

time period. 

 .1 Evaluated Parameters: 

Number of failures per shift is F (t) : 

18.46 ~ 18.5 mins. 

Number of Maintenances per shift is M 

(t): 291.14mins. Number of expected 

probability:3.0 mins. Of hazard failures 

shift 

Total number of failure per shift is : 

18.5 + 3 = 21.5 mins. 

Total    number    of   Maintenances    per    

shift M   (t): 291.14+33=324.0 mins. 

Total operating time per shift : 

8x60 = 480.0 mins. 

Number of runs per shift is: 98.7 / 480 

*100 =20.56 mins. 

Total number of runs per shift is : 

20.56 + 3.0= 23.56 mins. 

Average breakdown time i.e., for month 

is : 194.0 mins. Average breakdown time 

for shift is : 

194/30 = 6.466 mins. 

Down time per shift : 

6.466 / 480*100 

= 1.347 mins. 

Uptime per shift: (1 – 0.013)*100 

= 98.7 mins. 

Percentage of break down time per month 

= 44.9 mins. 

 Calculations for M/c 12(mins/ shift-day):- 

MTD  (mean down time) : 

(1.347+23.56)/44.9= 0.55mins. 

MTBF (mean time between failures) : 

480 / 18.5= 25.94 mins. 

MTTF (mean time to failure) : 480 

/ 21.5= 22.32 mins. 

MTBM (mean time between maintenance) 

: 480 / 23.56= 

20.37 mins. 

 Calculations for M/c 12 

(mins/shift-year) MTD =

 0.55*11*30  =

 181.5 mins MTBF = 

25.94 * 11*30 = 

8560.2 mins MTTF = 

22.32*11*30  = 

7365.6 mins. MTBM = 

20.37*11*30  = 

6722.1mins. 

 Final Calculations. 

Reliability R0 = 1 – F (t) = 1- 21.5/480 = 

0.955*100 = 95.52%. 

Maintainability Mo = M (t)/Total 

operating Time = 324.0/480 

= 0.675*100 = 67.5%. 

Operational Availability 

AO = MTBM/ (MTBM+MDT) 

= 6722.1/(6722.1+181.5) 

= 0.9737*100=97.37%. 

Summary of Performance of Various Machines Studied (Mins/shift-year) [1-9] 

Sl no Machines MTBF MTTF MTBM Ao Ro Mo 

  In mins In mins In mins % % % 

1 12 8560.2 7365.6 6722.1 97.37 95.52 67.5 

2 27 17598.9 13200 6711.8 98.32 97.5 31.53 

3 14 12672 10216.8 7791.4 98.04 96.7 45.73 

4 13 6600 5864.1 6708.9 96.25 94.37 87.97 

5 15 12672 10216.8 6705.6 97.64 96.77 48.13 

III. FAILURE MODE AND 

EFFECTS ANALYSIS (FMEA) [11-12] 

Was one of the first systematic techniques 

for failure analysis. It was developed by 

reliability engineers in the 1950s to study 

problems that might arise from 

malfunctions of military systems. A 

http://en.wikipedia.org/wiki/Failure_analysis
http://en.wikipedia.org/wiki/Reliability_engineering
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FMEA is often the first step of a system 

reliability study. It involves reviewing as 

many components, assemblies, and 

subsystems as possible to identify failure 

modes, and their causes and effects. For 

each component, the failure modes and 

their resulting effects on the rest of the 

system are recorded in a specific FMEA 

worksheet. There are numerous variations 

of such worksheets. A FMEA is mainly a 

qualitative analysis.[1] 

A few different types of FMEA analysis 

exist, like Functional, Design, and Process 

FMEA. 

Sometimes the FMEA is called FMECA to 

indicate that Criticality analysis is 

performed also. 

An FMEA is an Inductive reasoning 

(forward logic) single point of failure 

analysis and is a core task in reliability 

engineering, safety engineering and 

quality engineering. Quality engineering 

is especially concerned with the "Process" 

(Manufacturing and Assembly) type of 

FMEA. 

A successful FMEA activity helps to 

identify potential failure modes based on 

experience with similar products and 

processes - or based on common physics 

of failure logic. It is widely used in 

development and manufacturing 

industries in various  phases  of  the   

product   life   cycle. Effects analysis 

refers to studying the consequences of 

those failures on different system levels. 

Functional analyses are needed as an 

input to determine correct failure 

modes, at all system levels, both for 

functional FMEA or Piece-Part 

(hardware) FMEA. A FMEA is used to 

structure Mitigation for Risk reduction 

based on either failure (mode) effect 

severity reduction or based on lowering 

the probability of failure or both. The 

FMEA is in principle a full inductive 

(forward logic) analysis; however the 

failure probability can only be 

estimated or reduced by understanding 

the failure mechanism. Ideally this 

probability shall be lowered to 

"impossible to  occur"  by eliminating 

the (root) causes. It is therefore 

important to include in the FMEA an 

appropriate depth of information on the 

causes of failure (deductive analysis) 

[11-12] 

2.1 table: FMEA worksheet for machine 12[11] 

Machine name: AIS Suppliers and plants Affected: 

Emhart Glass 

Prepared by: Myself 

Design/Manufacturing

 respons

ibility: 

Manufacturing 

Model date: don‟t know FMEA Date: 12/08/2010 

Other areas involved Engineering change level  

Proce

ss 

operat

ion 

functi

on or 

Poten

tial 

failur

e 

mode 

Potent

ial 

effects 

of 

failure 

S

 

E

 

V 

Poten

tial 

cause

s of 

failur

e 

O

 

C

 

C 

D

 

E

 

T 

R

 

P

 

N 

Area/Inadi

vidua l 

responsibl

e and 

completio

n date 

Action results 

Actions 

taken 

S

 

E

 

V 

O

 

C

 

C 

D

 

E

 

T 

R

 

P

 

N 

http://en.wikipedia.org/wiki/Failure_mode_and_effects_analysis#cite_note-1
http://en.wikipedia.org/wiki/Inductive_reasoning
http://en.wikipedia.org/wiki/Inductive_reasoning
http://en.wikipedia.org/wiki/Reliability_engineering
http://en.wikipedia.org/wiki/Reliability_engineering
http://en.wikipedia.org/wiki/Reliability_engineering
http://en.wikipedia.org/wiki/Quality_engineering
http://en.wikipedia.org/wiki/Root_cause
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purpos

e 

T/O To

ng 

he

ad 

bo

lts 

broke

n 

Dama

ge to

 To

ng 

head   

and 

product 

9 Due 

to 

fluctu

ati ng 

loads 

7 8 50

4 

09/07/2010 Replaceme

nt of tong 

head 

7 5 7 245 

To

ng 

he

ad 

Links 

pla

y 

m

or

e 

Link 

pins 

broke

n 

6 Due

 t

o 

wear 

and 

tear 

7 7 29

4 

09/07/2010 Replaceme

nt of pins 

5 5 5 125 

V.F 

mech 

Dam

per 

plate 

broke

n 

Dama

ge to 

produc

t and

 f

or 

Mold 

holder 

8 Due

 

to 

therm

al 

stress 

8 9 57

6 

09/07/2010 Replaceme

nt of 

damper 

plate 

6 6 7 252 

B/A Lock Damag

e 

8 Due

 t

o 

8 8 51

2 

09/07/2010 Replaceme

nt 

7 6 6 252 

 

 rin

g 

loo

se 

to 

produ

ct and 

for 

Blow 

head 

arm 

 rod 

bro

ken 

    with weld     

Blow 

Head 

Arm 

Lock

ing 

ring 

clogge

d 

Dama

ge to 

mold 

7 Due

 t

o 

carbo

n 

9 6 37

8 

09/07/2010 Replaceme

nt of 

locking ring 

5 8 4 160 
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Pus

her 

Uni

t 

Pus
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fing

er 

bac

k 

plat

e 

broke

n 

Dama

ge to 

produc

t and 

pusher 

unit 

6 Due

 t

o 

shear 

stress 

7 7 29

4 

09/07/2010 Repaired

 

by welding 

operation 

4 5 5 100 

Mold 

Holder 

Np Np N 

p 

Np N 

p 

N 

p 

Np 09/07/2010 Np N 

p 

N 

p 

N 

p 

Np 

N/R 

Arm 

Loc

k 

bro

ken 

Dama

ge to 

produc

t and 

N/R 

7 Due

 t

o 

vibrat

io nal 

stress 

8 7 39

2 

09/07/2010 Replaceme

nt of new 

neck ring 

arm 

5 6 5 150 

Loadin

g 

To

ng 

he

ad 

setting 

Dama

ge to 

produc

t 

5 Due

 t

o 

takeo

ut 

arm 

8 7 28

0 

09/07/2010 Setting up 

of tong 

head 

3 5 5 75 

IV. COST ANALYSIS OF 

MACHINE COMPONENTS FOR 

REPAIRS[13-14] 

Cost analysis procedure: 

In this analysis we considered the 

number of repairs, quantities, and cost 

incurred by them. Based upon them 

determination of expenditure is resolved 

for durations three months and one 

month, of components with their 

quantities in machine. 

Determination is came out by division 

of, product of components repairs cost 

with quantities for three months and one 

month. And in this additional cost is 

incurred for repair shop maintenance. 

This is for to know investment status for 

maintenance of repair strategy. 

A. Repairs Cost Data of Components 

Number of time components failed 

for:113 times. one month is (nr). 

Number of  times under gone for repairs:ni 

* nr. per one month In rupees (ntrm). 

Number of  times under gone for 

repairs:(ntrm)*3. per three months In 

rupees (ntr3m). 

Cost  consume for repairs per one: 

(ntrm)*100 rupees 

Month in mins(crm). 

Cost  consume for repairs per three: 

(ntr3m)*300 rupees. Month in mins(cr3m) 

V. REPAIRS COST ANALYSIS FOR COMPONENTS [13-14] 
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Components qt

y 

ni 

no 

of 

rep

airs 

per 

mo

nth 

repair 

stimes per 

1month in 

rupees 

(ni*repair

s) 

repairs 

time per 

3month in rupees (ni*repairs)*3 

cost 

consume for 

repairs per 1 

month in

 ru

pees 

(ni*repairs)*1

00 

cost 

consume for 

repairs per 3 

month in

 ru

pees 

(ni*repairs)*3

00 

T/o arm 2 17 34 102 3400 10200 

Tong head 1 15 15 45 1500 4500 

Vf mech 2 12 24 72 2400 7200 

Baffle arm 2 14 28 84 2800 8400 

Blow head 1 12 24 72 2400 7200 

Pusher unit 1 10 10 30 1000 3000 

Mold holder 1 8 8 24 800 2400 

N/r arm 2 10 20 60 2000 6000 

Loading 1 6 6 18 600 1800 

Moc & bh. 

Spool valve 

4 4 16 48 1600 4800 

Plg.ad loose 1 5 5 15 500 1500 

  113tim

es 

190times 570times Rupees

 1900

0/- 

Rupees

 5700

0/- 

VI. FAILURE TIME ANALYSIS OF 

COMPONENTS IN MINS[15-16] 

Cost Analysis procedure: In this 

analysis we considered the number of 

repairs, quantities, and time incurred by 

them. Based upon them determination 

of time consumed is resolved for 

durations three months and one month, 

of components with their quantities in 

machine. Determination is come out by 

division of, product of components 

repairs time with quantities for three 

months. And time consumed for one 

month without consideration of repairs 

i.e., replacement. This analysis states 

the time consumption for repairs and 

replacement strategies [15-16] 

5.1 Repairs Time of Components Data: 

Number of time componenets failed for 

:113 times. one month is (nf). 

Number of  times fails per one month ni 

* nf.  

5.1 table: failure time analysis of 

components [15-16] In mins (ntfm). 

Number of  times fails per three 

months:(ntfm)*3. 

In mins (ntf3m). 

Time consume for failure per one 

:(ntfm)*5mins. 

Month in mins(tfm). 

Time consume for failure per three:(ntf3m)*15mins. Month in mins(tf3m). 
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Component

s 

Q

ty 

N

i 

No 

of 

Fails 

per 

Mont

h 

Num 

 O

f Times

 F

ails Per 

1Month 

In mins 

(ni*fails) 

Num

 

Of Times 

Fails

 

Per 

3Month 

In mins 

(ni*fails)

*3 

Time 

Consume 

For 

Failures 

Per 1 

month 

In mins 

(ni*fails)*5min

s 

Time 

Consume 

For 

Failures 

Per 3 

month 

In mins 

(ni*fails)*15min

s 

T/o arm 2 17 34 102 170 510 

Tong head 1 15 15 45 75 225 

Vf mech 2 12 24 72 120 360 

Baffle arm 2 14 28 84 140 420 

Blow head 1 12 24 72 120 360 

Pusher unit 1 10 10 30 50 150 

Mold 

holder 

1 8 8 24 40 120 

N/r arm 2 10 20 60 100 300 

Loading 1 6 6 18 30 90 

Moc&bh. 

Spoolvalve 

4 4 16 48 80 240 

Plg.ad 

loose 

1 5 5 15 25 75 

  113time

s 

190mins 570mins 950mins 2850mins 

VII. SUMMARY OF 

ANALYSIS [1-9] 

A. Summary of Chronic Problems of 

Machines 

Chronic Problems in Machine12 

Maintainability is low of 67.5% VertFlow 

Component has High RPN of 252 Baffle 

Arm Component has High RPN of 252 

Take out Arm Component has High RPN 

of 245 Chronic Problems in Machine 27 

Maintainability is very low of 31.53% 

Take Out Arm Component has High RPN 

of 245 Chronic Problems in Machine 14 

Maintainability is low of 45.73% 

Take out Arm Component has High RPN 

of 245 Mold Holder Component has High 

RPN of 216 Chronic Problems in 

Machine 13 

Compare to other the available 

machines Reliability and Operational 

Availability is low of 94.37&96.25. 

Take out Arm Component has High RPN 

of 210 Blow Head Arm Component has 

High RPN of 210 Chronic Problems in 

Machine 15 

Maintainability is low of 48.13% 

Take out Arm Component has High RPN 

of 210 

B. SUMMARY OF COST ANALYSIS [13-14] 
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Description Replacement Of 

Components (rupees) 

Repair Of Components 

(rupees) 

Marginal 

difference 

In Amount 

One month cost 21,829.93/- 19000.00/- 2829.93/- 

Three months cost 65,490.00/- 57000.00/- 8490.00/- 

Difference in cost 53230.02/- 38000.00/- 15230.02/- 

Amount to spend 17743.34/- 12666.66/- 5076.67/- 

VIII. RESULTS 

A. Replacement Cost Analysis For 

Components Results: 

Cost  for  components  of one month is: 

Rupees 65,490.00/- 

Cost  for  components  of  three   months 

is: Rupees 21,829.93/- 

Difference in cost is (65,490 – 

12,259.98): Rupees 53230.02/-Costs  

spend  for  every month if this: Rupees 

17743.34/-Strategy applied is 

(53230.02/3)Repair  shop  maintenance 

for month : Rupees 00000.00/-Total 

costs  spend  for every month is:Rupees 

17743.34/ 

 Repairs Cost Analysis for Components 

Results:Cost consume by components

 : Rupees 19000.00/- Due to repairs for 

one month isCost consume by 

components: Rupees 57000.00/- Due to 

repairs for three months is Difference in 

cost (57000-19000) : Rupees 38000.00/- 

Cost saved for each month is (38000/3) : 

Rupees 12666.66/- Repair shop 

maintenance for month : Rupees 

10000.00/- Total costs spend for month 

is (12666.66 + 10000) : Rupees 

22666.66/- 

 Failure Time Analysis for Components 

Results: 

Time consume by components : 

950 mins. 

Due to failure is for one month 

Time consume by components : 

2850 mins. 

Due to failure is for three months 

Difference in time (2850-950):1900 

mins.Time saved for each month is 

(1900/3):633mins. 

IX. DISCUSSIONS: 

Identification of Chronic Problems are 

been achieved by Maintenance and 

FMEA Analysis. It is done by evaluating 

the Availability, Reliability, 

Maintainability, and Risk Priority 

Number of Machines. 

Optimal Cost for Machine Components 

had been achieved by Cost Analysis with 

consideration of Repairs and 

Replacements. It is came out by taking 

difference in amount spend i.e., 

22666.66 – 17743.34 = Rupees 

4923.32/-/month, if we replace the 

components instead of repairing. 

Productivity time increment has 

possibility with replacement instead of 

repairs. it is came out of failure time 

analysis 

.increment amount of time is 1900/3 = 

633 mins/month. Optimal cost saved for 

year if adopt Replacement strategy is: 

4923.32 * 11 = Rupee 54156.52/- /year. 

Productivity time increment for year if 

adopt Replacement strategy is: 633* 11 = 

6963 mins. 

Additional production generated by 

Replacement: 6963 / 2 = 2321/bottles. 

Additional Revenue generated by 

increasing production by Replacement = 

2321*30 = Rupees 69630/-/year. 
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X. RECOMMENDED 

MAINTENANCE PLAN  

Maintenance Task for M/C: 12Periodical 

changing of variables (T/O Arm, Tong 

Head, Baffle Arm, N/r Arm, Catridges, 

and BH.Arm) should be Every Month. 

And Increase of Maintainability is 

required. Maintenance Task for Machine: 

27 Periodical changing of variables (T/O 

Arm, Tong Head, Baffle Arm, N/r Arm, 

Catridges, and BH.Arm) should be Every 

Month. And Increase of Maintainability is 

required. Maintenance Task for Machine: 

14 Periodical changing of variables (T/O 

Arm, Tong Head, Baffle Arm, N/r Arm, 

Catridges, BH. Arm) should be Every 

Month. Periodical changing of Mold 

Holder Should be Every 4 Months. 

Increase Maintainability is required. 

Maintenance Task for Machine: 13 

Periodical changing of variables (T/O 

Arm, Tong Head, Baffle Arm,N/r 

Arm,Catridges,BH.Arm) Should be Every 

Month. Periodical changing of Blow Head 

Arm Should be Every 4 Months. And 

optimization of maintainability is required. 

Maintenance Task for Machine: 15 

Periodical changing of variables (T/O 

Arm, Tong Head, Baffle Arm, N/r Arm, 

Catridges, and BH.Arm) should be Every 

Month. And Increase Maintainability 

required. 

XI. CONCLUSIONS 

Present work is engaged to give 

direction to upkeep architect to produce 

"Powerful Maintenance Plan" and that 

ought to be conservative. That has been 

accomplished by support examination, 

FMEA investigation, cost investigation 

and disappointment time investigation 

which venture closes. Also, on the off 

chance that we consolidate the plan 

examination on parts in this work it 

gives more adequacy to upkeep division 

in industry which is the future degree. 
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