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Abstract— maintenance is undoubtedly the most important shop floor support function for production. It is necessary to ensure that available
machines are utilized to maximum capacity and breakdowns kept to a minimum. Preventive maintenance believes in the principle “a stitch in
time saves nine”. It seeks to eliminate possible breakdowns through planned maintenance checks, production schedules were continually upset
due to frequent breakdowns of machines keeping the above problem in mind; we have tried to formulate a feasible preventive maintenance
schedule for 14 splicing machines to eliminate breakdowns. We have attempted to predict future breakdowns and devised a preventive
maintenance programme to avoid these breakdowns. The prediction of future breakdowns has been done on the basis of statistical of past
available breakdown data the actual preventive maintenance schedule has been formulated with mean time between failures and maintenance
personnel availability as constraints.
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L. INTRODUCTION

Maintenance is the actions associated with equipment repair
after it is broken. The dictionary defines maintenance as
follows: “the work of keeping something in proper condition;
upkeep.” This would imply that maintenance should be actions
taken to prevent a device or component from failing or to
repair normal equipment degradation experienced with the
operation of the device to keep it in proper working order.
Unfortunately, data obtained in many studies over the past
decade indicates that most private and government facilities do
not expend the necessary resources to maintain equipment in
proper working order.

For example, equipment may be designed to operate at full
design load for 5,000 hours and may be designed to go
through 15,000 starts and stop cycles.

The need for maintenance is predicated on actual or impending
failure — ideally, maintenance is performed to keep equipment
and systems running efficiently for at least design life of the
component

As such, the practical operation of a component is time-based
function. If one were to graph the failure rate a component
population versus time, it is likely the graph would take the
“bathtub” shape shown in figure. In the figure the y axis
represents the failure rate and the x axis is time. From its
shape, the curve can be divided into three distinct: infant
mortality, useful life, and wear-out periods.
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Component failure rate over time for component
population

The initial infant mortality period of bathtub curve is
characterized by high failure rate followed by a period of
decreasing failure. Many of the failures associated with this
region are linked to poor design, poor installation, or
misapplication. The infant mortality period is followed by a
nearly constant failure rate period known as useful life. There
are many theories on why components fail in this region, most
acknowledge that poor O&M often plays significant role. It is
also generally agreed that exceptional maintenance practices
encompassing preventive and predictive elements can extend
this period. The wear-out period is characterized by a rapid
increasing failure rate with time. In most cases this period
encompasses the normal distribution of design life failures.

A. Reactive Maintenance

Reactive maintenance is basically the “run it till it breaks”
maintenance mode. No actions or efforts are taken to maintain
the equipment as the designer originally intended to ensure
design life is reached Advantages to reactive maintenance can
be viewed as a double-edged sword. If we are dealing with
new equipment, we can expect minimal incidents of failure. If
our maintenance program is purely reactive, we will not
expend manpower dollars or incur capital cost until something
breaks.

B. Preventive Maintenance

Preventive maintenance can be defined as follows: Actions
performed on a time- or machine-run-based schedule that
detect, preclude, or mitigate degradation of a component or
system with the aim of sustaining or extending its useful life
through controlling degradation to an acceptable level.

By simply expending the necessary resources to conduct
maintenance activities intended by the equipment designer,
equipment life is extended and its reliability is increased by
performing the preventive maintenance as the equipment
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designer envisioned, we will extend the life of the equipment
closer to design.

C. Predictive Maintenance

Predictive maintenance can be defined as follows:
Measurements that detect the onset of system degradation
(lower functional state), thereby allowing causal stressors to be
eliminated or controlled prior to any significant deterioration
in the component physical state. Results indicate current and
future functional capability. The advantages of predictive
maintenance are many. A well-orchestrated predictive
maintenance program will all but eliminate catastrophic
equipment failures. We will be able to schedule maintenance
activities to minimize or delete overtime cost. We will be able
to minimize inventory and order parts, as required, well ahead
of time to support the downstream maintenance needs. We can
optimize the operation of the equipment, saving energy cost
and increasing plant reliability

II.  WORKING OF SPLICING MACHINE

TUEBE LOADING

|

CLOSING THE
CLAWMPING ARMS

L

TRIMMMING

|

BUTTING

|

OPENING THE
CLAMPING ARM

L

TUBE UNLOADING

l

VISUAL INSPECTION

Tube loading: this is the first step in splicing operation in
which the tube is loaded manually by the operator between the
two jaws, leaving some portion of the tube (usually 5 to 10
mm) to project from the two ends of the jaws, which is
trimmed leaving a small length of the tube from the jaw ends
(0.5 to Imm) called overhang for facilitating butting operation.

B. Closing of clamping arms: in this stage, the tube being
loaded in the previous stage is held firmly by means of
clamping arms. The firmness is obtained by locking the handle
of the clamping arms to the table halves so that trimming
operation becomes easier and smoother.

C. Trimming:

Immediately, after closing the clamping the clamping arms,
the machine are switched on by the operator. The blade
carriage unit carrying a pair of blades swings down to the

IJRMEE | June 2015, Available @ http://www.ijrmee.org

horizontal position from its initial vertical position, and the
blades start moving linearly on the side surfaces of the blade
carriage unit. At the point where the blade starts trimming the
tube, the blade is heated initially to a higher temperature and
then maintained constant and finally the temperature is
decreased at the end of cut when the blades is switched off by
means of limit switch or proximity switch. And in the next
instant the blade carriage unit swings up to its initial vertical
position.

D. Butting:

Immediately after trimming the tube ends, they are joined or
spliced to obtain an endless tube. Initially the right half of the
jaw holder slides at a constant velocity towards the left half of
the jaw holder and butting action takes place for 3.5 to 13 sec
depending upon the size of the tube.

For butting action to take place perfectly, the tube ends
being trimmed must be free from dust, dirt and it must be
smooth enough for joining them.

E. Opening of the clamping arms:

Once the butting phase is completed the clamping arms are
first unlocked from the table and opened by lifting them up to
the vertical position about the hinge provided at the base of the
clamping arms, manually.

F. Tube unloading:

Immediately, after opening the clamping arms, the spliced
tube is unloaded from the machine manually by the operator.
G. Visual inspection:

After unloading the spliced tube from the machine, it is
inspected visually for any problems such as side step, width
step, overhang and the tube is kept a side and problem is
rectified if exists. Otherwise the operation cycle is repeated as
explained above for next tube and so on.

III. DESCRIPTION OF THE PROBLEMS ANALYZED ON
SPLICING MACHINE

Major problems analyzed are:-
e  Step problem

Jaw problem

Overhang problem

Entry open problem

Blade carriage problem

Electrical problem

A. Step problem:-

Is the major problem encountered on splicing machine, which
occurs quite frequently, it is caused due to misalignment of
jaws When jaw is vertically misaligned it is called as vertical
step problem, and when jaw is horizontally misaligned it is
called as side or width step problem. These problems can be
easily identified when the tube is visually inspected. This
problem can be avoided by providing shims at the base of the
jaws (shims are nothing but thin metal plates or paper
strips).these shims must be uniformly distributed on both jaws
to avoid bending of the clamping arms.

B. Jaw problem:-

Jaw is the vital component of the splicing machine because it
is used to guide the tube during splicing operation. The width
of the jaw depends upon the width of the tube spliced. The
male part of the jaw is bolted in y shaped clamping arms and
the female part is bolted in respective jaw holders. Each part

58



http://www.ijrmee.org/

International Journal on Recent Technologies in Mechanical and Electrical Engineering (IJRMEE)

Volume: 2 Issue: 6

ISSN: 2349-7947
057 - 063

(i.e., female and male part) is provided with rubberized faces
for guiding the tube during butting operation. These rubber
faces are sometimes smeared with green tube, due to improper
chalking. This smeared jaw affects the spliced tube during
butting and this in turn leads to bad joint. This problem can be
avoided by cleaning the rubberized faces if the jaw, at regular
intervals. Sometimes jaw itself (i.e., rubberized faces of jaw)
gets cut by the blades during trimming operation. This
problem is due to loosening of the blades, when the bush
holding them melts away. Hence this can be avoided by
replacing the jaws so that the blades travel the desired path
during trimming operation.

C. Overhang problem:-

Overhang is an extra amount (or length) of the tube projected
from the ends of the rubberized faces of jaw after trimming
operation is completed. This is provided for facilitating the
butting operation and to obtain a good or optimum joint. The
length of the overhang varies from 0.5 to Imm. When
overhang is insufficient, the join becomes weak and depressed
joint is formed. When overhang is sufficient or optimum then
a good joint is formed. When overhang is excess, then the tube
around the joint gets thinned and this results in a weak joint.
This increase or decrease of overhang is due to improper
cutting by slackened blades. The slackening of blades is due to
vibrations exerted by the blade carriage unit during its
swinging operations. This problem can be avoided by
tightening the blades, so that they are held firmly during
trimming operation and required amount of tube is left as
overhang. This problem is indentified by visually inspecting,
after unloading the tube from the machine. The bushes and
nuts used to hold the blades are checked and replaced if
required.

D. Entry open problem:-

This is another major problem identified at the entry point of
the blade during trimming operation. The tube gets opened at
the point where the blade starts the trimming operation due to
excessive heat generated in the blades at that point. And
because of this excess heat, the tube gets cured and does not
join thereafter. This problem can be avoided by regulating the
current flowing through the blades by adjusting the resistance
of the variable rheostat.

E. Blade carriage problem:-

Blade carriage unit consists of straight metal bar with guiding
wheels for facilitating the smooth movement of the blades
during trimming operation. Since the blades are also fastened
on the blade carriage itself they get slackened along with the
whole straight bar. This slackened movement of blade carriage
unit reflects as jerky movement of blades during trimming
operation and this in turn results in saw cut tube. Because of
this saw cut, a bad joint is generated. This problem can be
prevented by regularly checking the tension of the chain drive
and by appropriately tightening its links.

F. Electrical problems:-

The main reason for this problem is due to frequent
changeover from genset to keb (Karnataka electricity board)
and vice-versa. Since for every width of the joint the current
varies and hence it should be adjusted to require value
frequently as and when required. And also due to loose contact
of cables and due to more number of joints in the cable,
leakage of current is more. This problem can be avoided by
replacing the jointed wire by new joint less wire.

IJRMEE | June 2015, Available @ http://www.ijrmee.org

IV. METHODOLOGY OF BREAKDOWN DATA ANALYSIS

COLLECTION AND
RECORDING DATA

ANALYSIS OF
BEEAKDOWN DATA

|

FREDICTION OF FROEABLE
BREAKDDWNS

L

SCHEDULING
PREYENTIVE CHECES

QZ-RwroTa

DATA COLLECTION
AND EVALUATION

A. Collection and recording breakdown data:
The break down data was collected from previous available
maintenance log books. then the problems were categorized
into six major heads namely step problem, jaw problem, blade
carriage problem and electrical problem.
B. Analysis of breakdown data:
The breakdown data was grouped into weekly statistics. The
problems were occurring very randomly and there was no
definite pattern. Since breakdowns were occurring randomly
Poisson distribution is best suited for making predictions.
C. Prediction of probable breakdowns:
Mean number of breakdowns per week is calculated. The
standard deviation is then calculated. The mean and standard
deviation are added to get the upper limit of the break down
range.
It is assumed that one preventive check will avoid the
probability of occurrence of one problem. For e.g.: if the
probability of occurrence of five or less than five problems per
week is 97%.by having five preventive checks, the probability
of eliminating the problem occurrence is 97%
D. Scheduling preventive checks:
Scheduling is defined as the assignment of work to a facility
and specification of the time and the sequence in which the
work is to be done. after deducing the number of preventive
checks for all problems and for all machines. Two alternatives
schedules are devised considering the following constraints.

e The time interval between the preventive checks

should not exceed the mean time between failures.

e Total time of preventive checks (on splicing
machines) per shift should not exceed 2.5 man hours.

e Each machine should have a comprehensive check
per week.

Or

e Each machine should have a comprehensive electrical
check and a comprehensive mechanical check per
week.

E. Data collection and evaluation:
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This system must be updated as we proceed for making better
predictions. E.g.: the previous available data is used for
making the nth week predictions. For making the (n+1) week
predictions the breakdowns data of nth week must be collected
and must be used.

V. STATISTICAL INPUTS AND BREAK DOWN ANALYSIS

Statistics is the science of the collection and classification of
facts as a basis for induction. Probability is the science of
quantitatively determining the chance that a certain result will
occur from a specified process.
“Statistics is the process of getting the facts and probability is
the process of predicting results based on those facts”.
A. Mean:
An average of a series of quantities or values specifically their
sum divided by number of items in series called mean. Mean
is given by
Observations will be denoted by n.

Ziy xi _ X1+X2+X3 4+

1 i

M=

> represents the summation

X, represents observed values

N represents number of observed values.

B. Standard deviation:

A measure of average dispersion of numbers, computed as the
square of the average of the difference between the number

and their arithmetic mean. L
[ ]

I'.l-"n. o
s (xi—m)

Where
S.D=standard deviation
Xi =observed value
m=average
n=number of observed values
C. Variance:
The variance is the square of the standard deviation it is equal
to the mean squared deviation of the variable from its mean. g
I (xi—m
v=(8.D)?2 =L}

Where

V= variance

S.D= standard deviation
Variance is the second moment about the mean. Moment is an®
important characteristic of a set of test scores. A moment can®
be referenced to any point on the measurement axis. Thee
origin and the mean are the two most common reference
points. Probability distribution is a mathematical formula that
relates the valves of the characteristics with their probability of
occurrence in the population.

The mean (m) and the standard deviation of the sample are
calculated for making predictions about the unknown universe.
A sample is a limited number of items taken from a large
source. A population is a large source of items from which
sample is taken.
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D. Probability distributions are of two types:

1. Continuous distributions

2. Discrete distribution
a. Continuous distributions
When the characteristic being measured is not a whole
number, that is, it can take any value, and then its probability
distribution is called as continuous probability distribution.
Example: the diameter of the shaft being produced, weight of
eggs, heights of adult males.
The most commonly used continuous probability distributions
are-

e  Normal distribution

e  Exponential distribution

e Weibull distribution
b. Discrete distribution:
When the characteristic being measured can take on only
whole numbers like 0,1,2,3, etc its probability distribution is
called discrete probability distribution Example: number of
breakdowns/weeks, no. Of faulty tube in a samples of 1000,
etc.
The commonly used discrete probability distributions are

e Hyper geometric distribution

¢ Binomial distribution

e Poisson distribution

VI. CALCULATIONS

Specimen calculation for splicing machine 2

Total number of step problems over 43 weeks = 136

Mean number of breakdowns per week =m= 136/43=3.16

According to Poisson distribution

Standard deviation = S.D =V 3.16 = 1.78

Breakdown range = m + S.D

=3.16+1.78
=5or 2
According to Poisson distribution, probability of problem
occurring exactly 'x' times, given by
Px)=(e™m")/x!

Probability of getting exactly zero problem = (e™'® 3.16"%) / 0!
=0.0424
=424 %

Similarly

P(1)=13.38 %

P(2)=21.16%

P(3)=2231%

P(4)=17.64 %

P(5)=11.16 %

.”. Probability of getting exactly five or less than five problems

pGSor<5)=pO)+p(1)+p@)+pB)+p@ +p (5

P(Sor <5)=4.24+13.38+21.16+22.31+17.64+11.16 =89.89%

.. By having five preventive checks probability of eliminating

the step problem is 89.89%
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NUMBER OF 136 22 18 12 42 38

BREAKDOWN

)

MEAN 318 0.81 0.41 0278 0.578 031
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VII. PREVENTIVE MAINTENANCE SCHEDULING

Preventive maintenance scheduling after deducting the number
of preventive checks the next step is to schedule these
preventive checks. In devising the schedule following
constraints are considered.

1) The time interval between the preventive checks
should not exceed the mean time between failure
(MTBF).for e.g.: consider a problem with MTBF of
24hrs.a preventive check now will avoid the problem
from occurring for the next 24hrs.Therefore it is
necessary to have another preventive check latest at
the 24" hour or before that.

Total working time per week =6 days
=6 * 3 = 18 shifts
=18 * 8 = 144 hours

MTBEF = (total number of operating time/week) / (total no of

Breakdowns/week)
For, six problems/week; MTBF = 144/6=24hrs
Similarly
For five problems per week, MTBF 28.8 hrs,
For four problems per week, MTBF = 36 hrs
For three problems per week, MTBF = 48 hrs
For two problems per week, MTBF = 72 hrs
For one problems per week, MTBF = 144 hrs

2)  Total time of 2.5 man-hours per shift is available for
preventive checks on splicing machines.

The time required for preventive checks are

o  Step problem - 15 min
o Jaw problem -10 min
e Overhang problem - 10 min
«  Entry open problem -2 min

o  Blade carriage problem -10 min
« Electrical problem -10 min

3) a. Each machine should have a comprehensive preventive
check per week. Some of the minor problems which occur
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every rarely (once on 6 weeks, once in 8§ weeks etc) are
considered here. Also maintenance functions like machine
cleaning, machine lubrication etc are carried out during
comprehensive checks (schedule 1).

(Or)
b. Each machine should have at least one comprehensive
electrical and one comprehensive mechanical maintenance
personnel could do their work separately (schedule 2). Here
the step problem, open problem, overhang problem and
electrical problem are electrical problems. Preventive checks
for these problems are carried out by electrical maintenance
personnel.
Considering splicing machine, the comprehensive check for
machine 2 has been incorporated in the third shift of Tuesday.
For the step problem, occurring five times a week the MTBF
is 28.8 hrs. The first check is in the first shift on Friday. So to
ensure that the MTBF constraint is not violated, the second
check is incorporated in the first shift of the next day i.e.,
Saturday.
This is followed for all problems on machine 2.
The entire procedure is repeated for each machine.
Thursdays which is the maintenance day at PRP ltd, has been
left free to cater to the maintenance needs of the remaining
machines in the plant

Schedule 1
DAY | FRIDAY SATURDAY SUMNDAY MOMNDAY TUESDAY WEDNESDAY
SHIFT| 1 213 1 2 3 1 2 3 1 2 3 1 213 |1 2 3
A2 [ A3 Al [AZ [B1 [Al [AZ |A5 | A3 | A&l |AZ | a3 | a4 [Aal A5
A4 | B3|A5 (A4 [(EL (B2 (A4 |BE |45 | &4 | B3 | B4 | A7 [BI A8
B4 |C3|BS (A3 (A3 [EXZ (B4 |C5 |ES |C4 |C3 | D4 |B3 [C1 e}
C4 |D2|Cs (B3 (A5 (FZ D4 | D5 |48 |E4 |EZ | &5 |C3 |DI F8
D4 |E3 (D& [C2 [AlZ(F4 [AZ |ES |BE |F4 |F3 |BS |E3 El a3
E4 S|Es | D% |BIZ| A5 |AL1|FS |CE | A&7 [A5 |CE [ALD|FL 410
F4 |AS|F& [E® (C1Z|AF7 [B11|B7 |DBE |F3 |43 |F8 |BLIO|[AS a13
FL1|BS A7 [F2 [Dizfas 11 EE | BLZ[ALZ|[AE [Cl1]BES 13
as | a10 [ E12 | A13 Fg |ciz|Fiz|al11|D10|B8 3
BS | B1D | Fi1Z A10 | E1Z FL1| ELD [ A2 D13
a11 | F10 F13 413 | F10 E13
F13
MUMEBER 1 TO 8 SEMPRIT M/C'S A =ztep B=jaw c=over hang,

MUMBER 9 1011 LET M/C'S D=entryopen,  E= blade carriage

NUMBER 1213 & 14 MIDLAND M/C'S F= electrical
Schedulz 2
| DAY | FRIDAY SATURDAY | SUNDAY MONDAY TUESDAY WEDNESDAY
|SHIFTIL |2 |3 |t |2 |3 |1 |2 (3|12 |2 |3 2 |2 |3 |1 (2|3
el 1B2 52 |83 |3 |22
= | =2 22 |2 |8 |=
= == = |7 |28
g8 |=i2 =5 ai2
S |5l
3=z c=overhanz
D=eriryoper Z=biade carriags
NUMBIR 1213 & 14 MEDLANDM/CS  F=electrics
61



http://www.ijrmee.org/

International Journal on Recent Technologies in Mechanical and Electrical Engineering (IJRMEE)

Volume: 2 Issue: 6

ISSN: 2349-7947
057 - 063

VIII. COST BENEFIT ANALYSIS

For semprit splicing machines total downtime Over 43 weeks
due to different problems = 7887900sec
For semprit splicing machines total downtime per week
=7887900/43 sec
=183439
=183440
Total time required for preventive checks
On semprit splicing machine per week = 81600 sec
Production time saved per week on semprit splicing
machines = 183440-81600
=101840 sec
At present the curing presses are been utilized at 80-82%
capacity. 6-8% loss in utilization occurs due to breakdowns in
the curing presses and unto 10% due to unavailability of the
curing presses, it is necessary to increase the output of splicing
machine by at least 10%.
Time saved per week (if preventive maintenance is effective
by 30%) = (101839%*30)/100 = 30552 sec
Time saved per week (if preventive maintenance is effective
by20%) = (101839*%20)/100
=20368 sec
Time saved per week (if preventive maintenance is effective
by10%) = (101839*100)/100
=10184 sec
Average time that a tube spends on semprit splicing machines
=56.25 sec
Extra tubes that can be manufactured if
Preventive maintenance is effective by 30% = 30552/56.25
=543 tubes / week
Preventive maintenance is effective by 20% = 20368/56.25
=362tubes / week
Preventive maintenance is effective by 10% = 10184/56.25
=181tubes / week
Average cost of tube manufactured on semprit splicing
machine = Rs 74/-
Additional income per week
if Preventive maintenance is effective by 30% = 543/56.25
=40182/-
Preventive maintenance is effective by 20% = 362/56.25
=26788/-
Preventive maintenance is effective by 10% = 181/56.25
=13394/-Even if the preventive maintenance is effective by 10
% it results an additional income of
Rs.(13,394+2,8282+254+3062.5+1025.1) = Rs 20536.6/week
or Rs 82,256/ - per month
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The scheduling model proposed is theoretical model. The
formulation is based on statistics obtained from previous
breakdowns. Practical shop floor conditions may vary. This
may affect the efficiency of the preventive maintenance
schedule. The times considered for preventive checks are
taken on an average. Actual times for preventive checks may
vary depending on maintenance personnel capability and
complexity of problems. Break down data can be created and
the data analysis can be computerized, which eliminates lot of
clerical work. This procedure can be generalized and can be
extended to any number of machines to get the preventive
maintenance schedule for the entire plant.
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