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ABSTRACT

In the agricultural experiments, many experiment®lve the large number of factors or blocks whichy be
studied simultaneously. In such situation fractlofactorial designs are useful because it allowsdétermining the
“vital few” significant factors with aim to abatamdom error effect. In the present investigatiba,way to overcome from
the problem of damage block is studied with thejuwaction of advance methodology of fractional fa@bdesigns with
minimum aberration.
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INTRODUCTION

The essence of economic growth of a country isdtscultural and industrial development. To matdthwhe
modernism gives birth to new technologies which omdtically boost up the performance, suitabilitydan
cost-effectiveness of agricultural as well as indakproducts. The rapid growth and developmenthiese sectors made
the consumer more rational. Now need of the timaagimum satisfaction at minimum cost. That's whgde sectors are
bound to provide a sense in all perspective to woes’s that there be the best in all perspectiMesvever, no agricultural
product can be full proof in the presence of vagygmvironmental conditions such as change in teatpes, occurrence of
random effect and natural disasters. But this doets mean that an agricultural system cannot be nratiable.
Better understanding of failures, improved manufdany techniques, provisions of redundancy, cargdldnning
maintenance and repair at proper stage of operaiensome of the approaches which can be used goove the
agricultural productivity as well as its reliabylit

To achieve reliability, the detection of failure deoand prevention by prediction in the early stagksew
product development using failure modes and efieelysis, fault tree analysis, design review, aregdd life testing etc.
are important. But the ultimate quality is how witliperforms in the field, that is the collectiof the necessary field
performance data and their feedback to quality rasse activities should be done. For improvingatglity of the
agricultural experiments, there are two importasdlg firstly, identify the important factors thdteat the reliability of the
product, and secondly levels of the factors thadl o improved reliability. Like other product gitlcharacteristics, the
relation between various factors and reliabilityncalso be studied in the light of advance experialedesigns.
Fractional factorial design took the epochal spadée list of such advance designs because ipeaplthe effects of the

individual factor and perhaps their inter-relatibipsas well [Box and Hunter (1960)].

Almost all probabilistic methods for improving radiility are based on the assumption of constahiréirate.
This failure rate can be studied by using expoaéuiistribution because of its random nature. k& ¢ther words, if the

failure rate is constant, its probability of faudoes not change with time. The failure rate ésithportant variable in the

www.iaset.us anti@iaset.us



66 Mithlesh, Chetan & Ratna Raj Laxmi

exponential distribution which can be describe ¢iteation wherein the constant hazard rate andheolite testing.
In the present study, methodology of calculatingdnd rate (or life testing) of the agricultural guet,which may be
damage block any time because of the random efféletthe conjunction of advance fractional factbidesigns with
minimum aberration [Box and Hunter (1960), Fried &tunter (1980), Laxmi at al. (2016)] is studiedislalso shows that

the damage block may be replaced by the nearlyagitpliock so that the experimenter cam achieveckffigient response.
METHODOLOGY

Whenever the life testing is the matter of conogithin the space of design of experiments, theansp is the
life or failure time of the product. However, besawof the time, cost or other constraints, it maty/le observed for some
test units. In fact, it may be functioning at timd when the test ends. The end time of the tesalled the suspension
time for the units that are not failed which isatexd as the life time in order to analyses the[Hétzelberger (1967),
Lawlus and Kalbfleisch (1992), Taguchi (1986a,B)jd if the data contains the large number of fagtand experimenter
may need to study in a relative small number ofruhen highly fractionated*~? designs are needed which may be
consider as the common phenomenon in agricultx@dr@mentation. The common complexity is with resg® which is
affected by a small number of main effects and toareler interaction. In such type of phenomenowtiomal factorial
designs are very useful because they study onlybtowek and consider near about the similar condtiound in other
block in the experimental area which may be used standby block if first block is damage becausgrandom effect.

For such type of investigation, it is importanstady the failure rate of the block under consitera

For instant, consider the system in whicls the failure rate of the under process block Auisl the failure rate of
the warm standby block. For such system thereveogobssible possibilities (Figure 1), firstly wherperiment begin both
the block are in working condition. After a stageeaperimentation under block under consideratoffiail with A rate
(this block may or may not be damage permanentig)ia other stage standby block is failwithrate and at last stage
both the block are damaged. In second possibitity the blocks are working in the last time of thgpection. For such
type of situation exponential distribution is apmiate with density fictionf(t) which represented the probability of
failure prior to some time andF (t), the probability in the random trial with the cdéiwh that the random variable is not

greater tham, andR (t) is reliability function, than the hazard rat&) is defined as

t
At) = %

withf(t) = 2 andg(t) = 1.

| o Stand by o Under process block fails
o Omne block is in underprocess o Standby block is now working

‘With failure rate of the
under process block

With failure rate of the
warm standby block

of the system

Two possible possibilities

> Stand by g> Both the blocks fail

o Both blocks are in underprocess

Figure 1: Two Possible Possibilities of the System
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When the objective is to study said system undeistface of fractional factorial designs, the nunabeest units
and run size rapidly increases as increase inuhgar of factors which are the part of general phegnon of fractional
factorial design. So it is also important to stdhpve said system with concept of minimum abematiéor simplify the
complexity of the experimentation, consider thesffactors(4, B, C, D, E)experiment which nee82 units and all these

factors are related to joint effect of the treattseand also parallel in series which shows in Fegur
et
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Figure 2: Factors are in Parallel Series
In 2572 fractional factorial design there are possibiitie have four blocks with® basic design.
I =ACD = BCE
I =—ACD = BCE
I = ACD = —BCE
I = —ACD = —BCE

The design2°~2 with factor generatord = AC and E = BC is used and investigated in the experiments.

The basic and their treatment combinations arengiveéhe Table 1.

Table 1: Table for Basic & Treatment Combinations
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The objective is to identify the significant effetiat affects the reliability. Two replications arsed for each
treatment and it ends after one month in whichéatpn are conducted after two days. If a blockarnmbnsideration is
failed, it means experimenter known the time ramggme interval in which failure occurs, but naetexact failure time.
It is also seems that this data is totally censdrechuse both the blocks working in same inspegigniod. Here two
different situations (in Table 2 A & B) are studjdiist in which two failure rates are closer tackeather @ = 0.05&1 =

0.06), and in second situation they are far to eachrdth = 0.01&1" = 0.12).

Table 2A: When Two Failure Rates are Closer to Eacldther

Inspection Days Ehei ] Elsbie
f(t) F(t) R(t) AL f(t) F(t) R(t) D)

2 0.0452| 0.0952| 0.9048 0.0510 0.0582 0.1131 0.88&PR0600

4 0.0409| 0.1813 0.8187 0.0500 0.04F2 0.2134 0.78660600

6 0.0370| 0.2592 0.7408 0.0500 0.0419 0.3023 0.697/0600

8 0.0335| 0.3297| 0.6703 0.0500 0.03f1 0.3812 0.6[1880600

- 10 0.0303| 0.3935 0.6065 0.0500 0.03P9 0.4512 0.54880600
= 12 0.0274| 0.4512 0.5488 0.0500 0.02P2 0.5132 0.486B80600
= 14 0.0248| 0.5034 0.4966 0.0500 0.02p9 0.5683 0.43D/0600
2 16 0.0225| 0.5507 0.4498 0.05Q00 0.02830 0.6171 0.38200600
& 18 0.0203| 0.5934 0.4066 0.0500 0.02p4 0.6604 0.33960600
20 0.0184| 0.6321] 0.3679 0.0500 0.0181 0.6988 0.30120600

22 0.0166| 0.6671 0.3329 0.0500 0.01p0 0.7329 0.26110600

24 0.0151| 0.6988 0.3012 0.0500 0.0142 0.7631 0.23620600

26 0.0136| 0.7275 0.272%5 0.0500 0.01p6 0.7899 0.21@10600

28 0.0123| 0.7534 0.2466 0.0500 0.0112 0.8136 0.18640600

30 0.0112| 0.7769 0.2231 0.0500 0.00p9 0.8347 0.1/6830600

Table 2B: When Two Failure Rates are Far to Each Gter
Inspection Days Bl Elsie
f(t) F(t) R(t) AL f(t) F(t) R(t) D)

2 0.0532| 0.1131] 0.8869 0.06Q0 0.0819 0.1813 0.81&71000

4 0.0472| 0.2134 0.7866 0.06Q0 0.06f0 0.3297 0.67@B1000

6 0.0419| 0.3023 0.697Y 0.0600 0.0549 0.4%12 0.54881000

8 0.0371| 0.3812 0.6188 0.0600 0.0449 0.5%507 0.44981000

~ 10 0.0329| 0.45121 0.5488 0.0600 0.0368 0.6321 0.36191000
= 12 0.0292| 0.5132 0.4868 0.0600 0.0301 0.6988 0.30D21000
= 14 0.0259| 0.5683 0.431y 0.0600 0.0247 0.7%34 0.24661000
2 16 0.0230| 0.6171 0.3829% 0.0600 0.0202 0.7981 0.20D91000
& 18 0.0204| 0.6604 0.3396 0.0600 0.015 0.8347 0.16931000
20 0.0181| 0.6988 0.3012 0.0600 0.0135 0.8647 0.13831000

22 0.0160| 0.7329 0.2671 0.0600 0.0111 0.8892 0.11@81000

24 0.0142| 0.7631] 0.2369 0.0600 0.0091 0.9093 0.09071000

26 0.0126| 0.7899 0.2101 0.0600 0.0074 0.9257 0.07431000

28 0.0112| 0.8136 0.1864 0.0600 0.0061 0.9392 0.06@81000

30 0.0099| 0.8347 0.1658 0.0600 0.0060 0.9%02 0.04981000
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Situation 1

(Where 4 =0.05 & 4, = 0.06)
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Figure 3: Graphs for Different Probabilities in Different Situations

DISCUSSIONS AND CONCLUSIONS

Fractional factorial are widely known in experimenin fields as diverse as agricultural and industry
The designs concerns with them are among the saldeinfiportant statistical contribution to the eiiiot exploration of
the effects of several dependent factors on a rsgpd he basal feature of there is that the dtatigtroperties are known
in advance with the result that an experimenterigaestigate uncertainty. That enables the objeatifithe experiment to
be met with shortest time and most effective useesburces. As in agricultural experimentationgdanumbers of factors
or blocks are involved at a single time. Consedyeahe of two more available possibilities is iease under the random
effects which is the common phenomenon in fieldegxpents. Due to these random effects some of tiits or blocks
under consideration fail to give the adequate nespoln such situation, the failure rate of theck$ounder consideration is
the matter of concern. The objective of this stiglyo identify the significant effect that affedtse reliability of these
blocks and replace them with nearly similar blocks.achieve this motive two different situations atudied and found
that different probabilities i.e. density fictiofi(t) which represented the probability of failure primr some timet
andF(t), the probability in the random trial with the cdétiwh that the random variable is not greater thaandR (t) is
reliability function are having slight variationetause of the experimental error condition whichy ha considered
negligible, and hence the hazard t&tg). The graphical representation of these probadslith two different situations

also shows that both the blocks are ready to sigbagach other in spite of the fact that therelighs variation in the

probabilities.
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