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Abstract. In this paper, is to permit the system reliabiliiyalysts/managers/engineers/
practitioners to conduct RAM analysis of the systefrich may help them to model,
analyze and predict the behavior of industrial eyst in a more realistic and consistent
manner. Markovian approach is used to model théesydehavior. For carrying out
study, Root Cause Analysis (RCA) of the subsystésnsarried out and transition
diagrams for various subsystems are drawn andreliffal equations associated with
them are formulated. After obtaining the steadyessalution the corresponding values of
reliability and maintainability are estimated afffelient mission times. With RAM
analysis of the system key performance metrics ficiMean Time between Failure
(MTBF), Mean time to Repair Time (MTTR) and Systemmailability values are
ascertained.
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1. Introduction

Based on the RAM analysis, possible maintenanegegfies can be investigated which
might help the plant personnel to improve the sysédfectiveness. Without exercising
much effort in developing complex system models, pihoposed method for analyzing
system performance may prove helpful to the rdltgtanalysts/ engineers/practitioners
to model analyze and predict the behavior of systeone efficiently and resolve the
RAM requirements of the system in unison.The siemdbus adoption of both qualitative
(RCA) and quantitative (Markov approach) approachnalyze and obtain RAM indices
for measuring the system performance helps thetera@nce engineers to improve RAM
aspects after understanding the failure behaviocomhponent(s) in thesystemVarious
innovative techniques and management practices agidfotal productive maintenance
(TPM), Total quality management (TQM), Business process reengineering (BPR),
Material requisite planning (MRP), Supply Chain Management (SCM) and Just in Time
(JIT) etc. are being used as drivers by the businessehdagpromote their products and
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processes [1-3]. But there is no doubt that theesg of these innovative programs
mainly depends upon the reliable operation of petido systems.

A company cannot achieve success if its systemsiaagailable and unreliable.
Increasingly, companies are viewing reliability amdintainability issues as part of the
corporate quest to improve quality by imbibing leaanufacturing, just in time, six-
sigma mantras to achieve customer satisfaction rangain competitive [2,4]. The
management is highly concerned with reliable opamadf production systems. To this
effect the knowledge of behavior of system, theimponent(s) is customary in order to
plan and adapt suitable maintenance strategieshEdast 04 decades reliability analysis
has been established as a useful tool for riskyaisalproduction availability studies and
design of systems [6-9]. Reliability techniques éndpeen applied in three main areas in
process industry(i) production availability studiesconceptual design (RAM analysis)
(ii) safety (risk analysis) (iii) maintenance (aility analysis, lifecyclecost) [10]. Much
effort has been made to compile and analyze rétialdata for generic use. For instance,
Cochranet al. [7] presented a practical case study of reaetgemerator system in Fluid
Catalytic Cracking Unit of a petroleum refinerynggigeneric Markov models to estimate
system availability. Libero Poulos and Tsarouhdspj@sented a statistical analysis of
failure data of an automated pizza production line.

The analysis includes identification of failuregmputation of statistics of the
failure data, and parameters of the theoreticakibigions that best fit the data, and
investigation of the existence of autocorrelatiand cross correlations in the failure data.
The analysis is meant to guide food product mackhimeanufacturers to improve the
design and operation of the production lines. Dl dia [11] collected failure data of
vertical machining center, analyzed it and basedtr@ analysis provided ways to
improve the reliability of machining centre. Schigeet al., [12] presented an aggregation
method using markov graphs for the reliability gsa of hybrid systems. The method
allows the designers to have an exact represemtatid better overview of the system
states. Gupta et al., [13] analyzed reliability andilability of serial processes of plastic-
pipe manufacturing plant. In the study they comgutiability, availability, and mean
time before failure of the process of a plasticepipanufacturing plant consisting of a (K,
N) system for various choices of failure and repates of sub-systems by setting up
Chapman-Kolmogorov differential equations. Pair att, [14] conducted reliability
improvement study of electronics standby displasteay of modern aircraft. Through
this analysis they made an attempt to improve #hiahility of an electronic stand by
display system (ESDS) used in the cockpit.

Saraswat and Yadava [15] in their paper emphasiredeliability, availability,
maintainability and supportability (RAMS) aspectsr fimproving performance of
engineering systems.The paper presents an illiv&raase from an industry engaged in
garment manufacturing. In the first phase, qualigatinalysis of dyeing unit is carried
out by using RCA. In the second phase, RAM analisisarried out to obtain RAM
indices for assessing system performance. The gyeiit is considered as a system
consisting of six subsystems connected in serigh RAM analysis of the system key
performance metrics such as Mean Time betweenrEgiMTBF), Mean time to Repair
(MTTR) and System Availability (49 are ascertained. The information obtained from
the analysis helps the management in assessingneofrdliability, availability and
maintainability needs of system. Based upon Mankmdeling, all the system units are
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modeled to obtain RAM indices for measuring theteys performance so that a
companywide maintenance planning system could lerfa effective maintenance and
operation of system.

2. System description and assumptions

Study is undertaken for garment manufacturing campaith a present annual turnover
of500 crores. The company considered in the studlgently manufactures readymade
garments for kids, women and men, in addition tonyBr other manufacturers. Its
product range includes thermal wear, T-shirts, deos, track suits, pullovers, shorts,
casuals andjackets. These products are manufadtoradaw material like cotton, fiber.

First the thread is manufactured in the spinninllj &then dyeing is done in the Dyeing

unit and after that garments are manufactured ennéext unit. At present the company
has a capacity of 90000 spindles, dyeing capadiydaones and yarn making capacity
of 92 tons per day. Company is embarking upon am&fpansion plan enhancing its
spindle & dyeing capacities and setting up a 15 lddWer generation plant. Figure 1
shows system configuration with variousunits.

Raw meterial PRESS CONVEYING | CYEING
—_— e — —
CORMER - MACHINE

Finished preduct

PRESS RF DRYER 4_ DRYER
- CORNER -l

Figure 1: System units.
The raw material for this system is thread whicksga through the following six stages:

Stage 1. Rolling of thread on spring

The raw product for the plant is thread, which isumted on the paper cones. These
threads from the cones are mounted on the staistest springs also called ‘soft
packages’ with the help of press corner machinés iBldone so that when dyeing is done
then these springs would be able to withstand tegiperature andpressure.

Stage 2. Loading of spring on carrier

Springs (Soft packages) are then loaded on theithdil spindle of the carrier of Dyeing
machine and these packages are pressed to makenugidlumn to get even dyeing
Then, this carrier is carried to the Dyeing congaithrough a conveying system which is
remote operated.

Stage 3. Dyeing of threads

After placing the carrier inside the dyeing machiihés closed and dye is inserted in the
machine by the injector pump. A suitable tempemfurd pressure ranges are maintained
and main pump is started. Then the dyeing proed&splace. First the dye is diffused in
the thread from inside the soft packages and aftere time it is diffused from outside to
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inside for uniform dyeing.

Stage 4. Drying of spring

The dyed yarn soft packages are put in Hydro Etdrashich removes moisture by the
centrifugal process, but still some moisture is iefthe threads. So, these threads are
dried in the Radio FrequencyDryer.

Stage 5. Radio frequency drying

Moisture content of the yarn after passing throdghro Extractor is about 54 — 58% and
such packages are then passed through RF Dryentove the balance moisture of the
package. The resultant moisture after passing gfwr&F Dryer is about 6-7%. Drying is

done with the help of microwaves.

Stage 6. Rolling of threads on paper cones

As the thread is dry now so springs are put agaithe press corner machine and then
thread is mounted again on the paper cones. Fjredlgh individual cone is checked for
any quality defects by visual inspection under tligind then it is packed for final
shipment.

Assumptions

For the purpose of modeling to obtain RAM indiciedlowing assumptions were taken

into account

1. Failure rates & repair rates for all the units lofed dyeing plant sub-systems are
constant overtime.

2. Mean Time Between Failure (MTBF) & Mean Time To Rep(MTTR) data are
exponentially distributed. So, there are no siimdtaus failures of units in sub-
system or among the sub systems & probability afentban one failure or repair in a
time interval iszero.

3. The repaired units are as good as new one. Repagptacement carried out in
case of failureonly.

4. There are separate repair facilities for each stbgy.

5. Any sub system of the thread dyeing plant remaing im only two of the states:
operating andnon-operating.

The study described in the paper is for the stestdie period i.e. during
which the failure rate of the system can be comeii@s constant (as shown in
Figure 2 by the Bath-tub curve).

Burn-in period Wear out period

O

C Useful life period

— > Time
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Figure 2: Bath-tub curve.

3. System analysis

Before conducting quantitative analysis to deteemthe RAM indices, qualitative
analysis of the system is carried out using Roais€aAnalysis. Figure 3 shows RCA
diagram for conveying sub-system. Similarly, RCAc@ried out for other subsystems
i.e. Dyeing Machine, Spin Dryer, Radio Frequencyddrand Press Corner-Il.

-\-'/ Control unit Coovayor

-— Powse e Drive —Hydr. Pump
Capacitor » interruption Noise level r Failure
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Wibration Corrosion

Operator

error o » Surface
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Figure 3: Root cause analysis for conveying sub-system

Conveying subsystem is considered for quantitaivalysis. Figure 4 shows reliability
block diagram for Conveying Sub system

[ Rollers [
Drive Control Unit _,, Conveyers

Figure 4: RBD for Conveying System.

Tablel: Failure and Repair Rates of different Components.

Sub Systems FailureRate(h) | Repair Rate(p)
Press corner
Spindle bearin 1
Bhive J 8188?61f0772 0.27
Conveying System
Drive 0.0002370 0.27
Rollers 0.0000502 0.51
Control Unit 0.0000470 1
Conveyor 0.0000:6C 0.4
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Dyeing
Dri\')’('aaCh'”e 0.0004390 0.18
Pum 0.0001700 0.34
ORinp 0.0001859 |1
PUm 90” 0.0002104 0.50
CSegI 0.0000876 0.50
Mech.Seal 0.0000545 0.34
Bush
Dyeing Container
glt% gnglaﬂlirrllge Ring 0.0000383 0.25
: 0.0000294 0.12
Drain Valve 0.0000820 0.11
Steam Handling System 0.0000'94 0.01¢
Spin Dryer
Bearing 0.0000887 11
Drive 0.0003687 0.27
Shaft 0.0000582 0.27
RubberRing 0.0000404 1
RF Dryer
Conveyor Belt 0.0000394 0.093
Bearing 0.0000528 1
Shaft 0.0000893 0.27
Fan 0.0001901 0.34
Electronic components 0.0000584 0.51
Drive 0.000433¢ 0.27

3.1. Quantitative analysis

For carrying out quantitative analysis to determéystem RAM indices failure and
repair data of different system components is ctdlg by taking into account
company’s historical records and maintenance ldgbl¢ I)

Reliability for Conveying System: Rcs=
Rp*Rr*Rc*Rc Reliability of Drive, RD = &

Reliability of Rollers,
Rg = gt

Reliability of Control
Unit, Rey= €
Reliability of
Conveyer ,R = e

Table Il presents values of reliability for all tbemponents of conveying subsystem.
Table Il: Computed Reliability Values of units.

Time(hrs) | Drive Rollers Control Unit Conveyors R
conveying
system
0 1 1 1 1 1

10C 0.97657 | 0.9¢49¢ 0.95531 0.9<744 0.9€68¢
20C 0.9537C | 0.99(01 0.990¢4 0.9948¢ 0.9348¢t
30C 0.9213€ | 0.98t0E 0.9¢59¢ 0.99222 0.9(38¢
40C 0.€095F | 0.9¢01Z 0.98137 0.989¢(6 0.6739¢
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50C 0.6882tF [ 0.9721 0.9768 0.€987( 0.84501
60C 0.6674< | 0.97@32 0.9721¢ 0.€984< 0.8170z
70C 0.6471% | 0.96547 0.9€76% 0.€981¢ 0.7€997
80C 0.€272¢ | 0.9€06< 0.9€30¢ 0.€979: 0.7638(
90C 0.€0797 | 0.9558Z 0.9E85¢ 0.997¢ 0.72851
100 0.7889¢ | 0.9t10¢< 0.9508 0.2974( 0.7(40¢%
110(C 0.7705. | 0.9462° 0.9496: 0.9971: 0.6904(
120C¢ 0.7524¢ | 0.9415: 0.9451¢ 0.9968t 0.6675:

Availability

From the transition diagram (Figure 5) the equatidarived are as follow&p*up =

PO*Ap

Pg*pg=PO*Aq Prpr = PO* Ac Ps*us =P0O*As

Since the sum of the probabilities will be unityen

PotPy+R+R+R=1

Solving for R;

Po = 1/(1+3 Al w)

Substituting the values df and p;, the steady state availability of the Conveying
System = 0.999932

Reliability of the Conveying System R 2&!

PQRs P
1 A
= ! P
PQRS «—2—/ pn +—l— pQrs
" 'y A
[
A 1

PgRS

Figure5: Transition diagram of Conveying System.

Failure rate of the Conveying

System X) =Y\ Conveying

System MTBF = 1%
= 2969.12hr.
It is known that availability of the Conveying Sgst =
MTBF/(MTBF+MTTR) Where, MTTR is the mean time to
repair
MTTR of the Conveying
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System = 0.47hrs. Hence repair

rate () = /MTTR = 2.11/ hr.

Therefore, the maintainability of the Conveying ®ys = 1 — &'
Table Ill: Maintainability Estimation of Conveyirfgystem.

Time(hrs.) | Drive Rollers Remot Conveye Conveying
e rs system

0 0 0 0 0 0
1 0.2366: |0.3995( 0.632: 0.2822¢ 0.4099;
2 0.4172¢ |0.6394( 0.8264( 0.4933¢ 0.651¢
3 0.5551« | 0.7834t 0.97502 0.€394( 0.7945:
4 0.6604( |0.8699° 0.91531( 0.7433: 0.8787¢
5 0.7407¢  ]0.9219¢ 0.98932 0.€1731 0.9284t
6 0.8021( |0.9531: 0.92975 0.8€997 0.9577¢
7 0.8489. |0.9718: 0.999( 0.9(744 0.9750¢
0.8846° | 0.9830¢ 0.9899( 0.€341- 0.985:
9 0.9119. |0.9898:- 0.96992 0.65311 0.9913:
1C 0.9327: 10.9939( 0.97QQS 0.9¢662 0.9948¢
11 0.9486¢ |0.9963: 0.96992 0.9762: 0.9969¢
12 0.9608: [0.9978( O.9i99$ 0.9830¢ 0.9982:

3. Results

The reliability and maintainability results for athe sub-systems are calculated at
different mission times (i.e. t =0, 100, 200,...,12086.). Table IV (a) and (b) presents
systems reliability and maintainability values. Tgeaphical results are shown in

Figure 6 (a) and (b) respectively.

Table IV: (a) Computed reliability values.

Time |RSubsys [RSubsyst [RSubs | RSubs [RSubsyste | RSubs [Rgsem
teml em2 ystem3 |ystem4 m5 |ystem6
0 1 1 1 1 1 1 1

10C | 0.9270: | 0.9668¢ | 0.8964 | 0.9769: | 0.9459. | 0.9331:|0.6928
20C | 0.8593¢ | 0.9348! | 0.8036! | 0.9543! | 0.8947! | 0.8707¢|0.4800°
30C | 0.7966: | 0.9038¢ | 0.7204f| 0.9323: | 0.8463¢ | 0.8125!0.3326:
40C | 0.7384: | 0.8739¢ | 0.6458(¢ | 0.9107¢ | 0.8005¢ | 0.7582:|0.2304t
50C | 0.6845 | 0.8450: | 0.590¢9 | 0.8897t¢ | 0.7572¢ | 0.7075¢|0.1596¢

138



Reliability Availability and Maintainability Analyis of the Systems

60C | 0.6346: | 0.8170: | 0.5190! | 0.8692: | 0.7163: | 0.6602:|0.1106-
70C | 0.5882¢ | 0.7899" | 0.4653: | 0.8491: | 0.6775¢ | 0.616: |0.0766(
80C | 0.5453! 0.763¢ | 0.4171-| 0.8295: | 0.6409! | 0.5749:|0.0531:
90C | 0.5055- | 0.7385. | 0.3739' | 0.8103¢ | 0.6062¢ | 0.5364¢|0.036¢
100C| 0.4668: | 0.7140' | 0.3352: | 0.7916" | 0.5734! 006z |0.0254¢
110C| 0.4344. 0.690¢ | 0.3005: | 0.7733¢ | 0.5424( | 0.4671!|0.0176¢
120C| 0.4027: | 0.6675! | 0.2694. | 0.7555: | 0.5131: | 0.4359.|0.0122:
Availability
Avallab|l|ty = Apcl* C*A dm*A sd*A rfd*A pc2
= 0.999*0.999833*0.992859*0.9998872*0.99796*0.990.888576
Failure rate of System.) =>A;
Mean time between failures (MTBF) =A\3E 272.241 hrs.
It is known that availability = MTBF/(MTBF+MTTR) SAMTTR of system
= 2.772hrs
Repair rate of system = 0.3673 / hr.
Maintainability
Maintainability of system = 1-%
Reliability vs Time
1.2
E ozlg | —@— Seriesl
5 06
L 04 ®— Series2
2 0.5
Series3
8888888888 8 8
- N N < 1N O I~ 0 O S :: g Series4d
Time —@— Series5
Figure 6: Reliability curves
Table IV (b) Computed maintainability values.
Tim
e MSubsy [MSubsy [MSubsyst |MSubsy |MSubsyst [MSubsy |M sysem
(hrs. | steml | stem2 em3 stem4 em5 stem6
0 0 0 0 0 0 0 0
10C | 0.4700¢ | 0.4099: | 0.1161° 0.379. | 0.4700¢ | 0.3388t |0.3623
20C | 0.7191¢| 0.651¢ | 0.4577: | 0.2188! | 0.7191¢ | 0.562¢ |0.5934.
30C | 0.8511° | 0.7945:| 0.4776¢ | 0.3096: | 0.8511" | 0.7110: |0.7407!
40C | 0.9211:| 0.8787¢| 0.4993¢ | 0.3898. | 0.9211. | 0.8089: | 0.834"
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50C | 0.958: | 0.9284¢| 0.5896: 0.860" 0.958: | 0.8736¢ | 0.894¢
60C | 0.9778!| 0.9577¢| 0.742% 0.5233¢ | 0.9778! | 0.9164¢ |0.9327!
70C | 0.9882¢| 0.9750¢ | 0.862¢ 0.57870 | 0.9882¢ | 0.9447¢ |0.9514"

80C | 0.9937¢| 0.985: | 0.9072¢ | 0.6276° | 0.9937¢ | 0.9634¢ |0.9726
90C | 0.996° | 0.9913:| 0.9644. | 0.6709: | 0.9967 | 0.9758¢ |0.9815

100C | 0.9982! | 0.9948¢| 0.9914¢ | 0.7091¢ | 0.9982! | 0.9840: |0.9888
110C | 0.9990 | 0.9969¢ | 0.9947. | 0.7429! | 0.9990" | 0.9894! |0.9929:
120C | 0.999¢ | 0.9982:| 0.9967: | 0.7728. | 0.999¢ | 0.9930: | 0.9954!

Maintainability vs Time

=
o

Maintainability

e
= L -

0 200 400 €00 800 1000 1200 1400

Time (hours)

—@— Series]l —@— Series2 Series3 Seriesd

@®— Seriess —8— Seriesb —@—Series/

Figure7: Maintainability curves

4. Discussion
From Figure 7 it is observed that probability o§teyn no-failure for 30 hrs is0.159
and for subsystems the corresponding values afhiéity at mission time t -500 hrs
are, Rs1=0.68, Rs»=0.€4, Rs3=0.59, Rs;=0.88, Rss =0.75 and R¢=0.71 and for
correspondingubsystems the maintainability values arss; =0.95, Mg, =0.92, Mss3
=0.58; Mis4=0.86M,s5=0.95 Mss6=0.87respectively. As the reliability values for uni
are found to be lowtherefore the performance of ; needs special attention a
careful observation. Hence, it is concluded th@reventive maintenance and ref
action for the above subsystem should be strengthemimprove the overall syste
reliability. Reliability and Maintainability curveindicetes that the performance
Dyeing Machine & Radio Frequency Dryis to observed carefully & need spec
attention for higher performance of Dyeing Unitasvhole. The maintainability ¢
Press Corner & Press Corne-ll is found better as compared to;3hd S¢, which
calls for adopting new maintenance strategies. avValability indices for differen
subsystems are 0.999(), 0.999833(Sg, 0.992859(S§, 0.998872(S9),
0.99796(S§ and0.999(SY).

Based on the above analysis, maintenance schcan be prepared which mic
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help the maintenance managers to improve the sysfifeativeness by adopting
suitable preventive maintenance actions. FMEA aislgf the system can be carried
out by listing all possible failure modes with nefiace to different sub-systems.
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