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Abstract

Process enhancement can be achieved only through proper monitoring of a specific process and by taking necessary steps of actions
toward the eliminations of variations or defects associated with it. Once a deviation from the prescribed val ues of a process are said
to occur, it is mandatory to take action to eliminate the causes, which are responsible for the process abnormality, for the continuous
improvement throughout the organization. This paper reviews the history of Satistical tools such as Control charts, Histogram,
Cause and Effect diagram combined with both Satistical Process Control and Process capability Indices and how these are helpful in
enhancing the process by continuous monitoring through inspection of the samples. Satistical tools for process enhancement are
carried out using the Satistical approach, which is nowadays a widely used technique for implementing the Total Quality
Management in a firm. But till, some managements of small and medium sized company arescared of implementing these techniques
due to the cost and time constraints involved in it. This paper gives a pureidea of the usage of statistical tools according to the
situations exhibiting in a firm, collected from various research works on different types of processes. If these valuable tools are used
with apt knowledge, attaining through proper training and motivation, then one firm can establish its market by enhancing its quality
and productivity of the process, in this competitive world.

I ndex terms: Process enhancement, Quality improvement, Satistical Tools, Process Capability Indices.
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1. INTRODUCTION 2. METHODS AND MATERIALS

Statistical Quality Control (SQC) tools are the anayaluable 2.1. Concept of Statistical Quality Control
tools for performing the task of finding out thevidgions and
defects of finished components of each process statstical
way. This kind of approach washed out the trad#ion
approach, where the components are examined hftewhole
process accompanied with a single product, is ceta@l The
traditional method pays a way of wasting huge arhanfn
money invested in a product, when a defect is foanda
product, because it doesn’t support to observeléfiects at the
initial stage. Hence, a statistical method is idtroed for the
simple usage and rapid results regarding the dewiatithin

the process. Statistical Quality Control methods\aptatistical
principles and techniques at every stage of design,
manufacturing and servicing, AbdulkadirGullu[1].

SQC tools uses the process values to determinethamhthe
process is in control or out of control. If the gess is found
out to be in control as specified by the custonoerengineers,
the process need not to be disturbed. But, by thewr

conditions and same parameters are identical. Hmations
are inevitable. If the deviations are too high,, iiethe process
is out of control, then some measures are to beéedaout to

improvement of the process, monitoring every precés
essential in case of mass production. This can deneasy by
using the Statistical tools such as Control chad Histogram
principles
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P.R Drake [2] studied the tools of SQC which garealarm
when any values falls out of control and to makeerdion
towards the process for rectification purpose. itagor reason
for the falling of values out of control is due &ssignable
cause. The assignable causes are time bound orfeeand can
be easily traced and detected. But the impact sigaable
cause on the process variation is more than thecehzause.

2.2 Control Chart

Control charts are the one of the most importat effiective
statistical tools for determining the process ditgbiand
variability [2]. These charts contain the uppertooinlimit and
lower control limit (Statistical condition of thergress) with
control limits imposed on the center of it, for effive
measuring of the quality characteristics.

2.3.Histogram

Based on the frequency of distributed values, @mecome to a
conclusion whether the values falls within the et values
and gives a normal distribution curve out of it.isflcan be
achieved through Histogram, where the values aottenl
against the sample size, to see where the produicitions are
more, either near the lower specification limitnear the upper
specification limit(functional requirement). If thviariations are
due to chance causes alone, the observations elitwf a
normal curve. This represents the under contrgliextess. If
the process is out of the control, then there rbasa presence
of assignable causes and it will not follow themal curve.

2.4 Cause and Effect diagram

To examine the assignable causes, Cause and Higegam is
made to bring into picture. This diagram analysésfour major
elements (4 M’s) for the variations to occur, tleg namely;
Men, Machine, Method, Material [2]. This diagrankda an
end effect and analyses the causes related tchéseT tools,
Control chart, Histogram and Cause and Effect diagiare
used to enhance the process by combination of sGtai
Process Control and Process Capability Indicesliaoeissed.

2.5 Concept of Statistical Process Control

The Statistical Process Control (SPC) techniqumigtegral to
implement the Statistical Quality Control, WincoWwyang
[3]. SPC is not only associated with the plottifgvalues on
the graph, but it also deals with the checking ttfitute and
variable quantities. This graphical approach alslpfito show
a real time data to the operator and helps for icoous
monitoring of the data. SPC is one of thetool tadl indicate
whether engineering assistance is required to salveut of
control condition [3].

2.6 Concept of Process Capability Studies

The Process Capability Studies (PCS) are used tutonmg

the capability of the process, Mats Deleryd [4]isltbased on
some sort of values which are collected to exartlieeprocess
using Control chart or some other tools. This stigdynainly

done by statistical method by using form@lp:= USL — LSL /

606, whereUSL is the Upper specification Limit and L&t
lower specification limit.

The Process Capability index is Cpk is used to idewan
indication of the variability associated with theogess has
conformed to its specifications, BharathwajRamdkrés et al.,
[5]. This can be calculated by:

Cp = Min (USL -y, p- LSL) / 36

where it measure the distance between the expeecteé of
the studied characteristics 1, and the nearestfigagion limit
and related this distance to the half of the nhtpracess
spread, 3 [4].

Capability analysis helps to determine the abilifgr
manufacturing the products within the toleranceitsmand
engineering values [1]. Hence, this approach isduge
companies nowadays.

When properly applied, these statistical tools glevith the
SPC and PCS are the effective ways for improvirgpiocess
quality, Laura M.M. Ribeiro et al., [6]. Due to $hia high
quality products can be manufactured which provideme
advantages such as reduces scrap, or reprocessirigcacased
market share [1].

The success is not achieved only by the implemientanf
these Statistical tools along with SPC and PCS, thet
management’ scooperation is also needed for itectie

implementation

3. LITERATURE REVIEW

The Statistical tools are recommended for all thecgsses, it
may be of mechanical, electrical, computer andyiglication,
and it doesn’'t stop with this. The scope of usitgse
Statistical tools is more than the above specifel the
followings are described detailed below. Here vwasipractical
applications are demonstrated and the how theds tong
with SPC and PCS are used in a right way to getired
results.

3.1 Application to machine tools
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The Statistical tools can be applied to a machio@ for
measuring its performance and to eliminate the ityual
problems. AbdulkadirGullu [1], stated in his resgmthat, by
using statistical tools such as Control chart oRXand by
using machine capability Cp,along with process baipaCpk,
problems such as undesirable tolerance and thétyodairing
machining process can be eliminated by examiniegiachine
tools.

In the research, attempts are made for experinientat a

medium sized company on a machining process oincgsand
found out some deviations from the design and ragthi
tolerance of the workpiece [1]. Due to this insktghin process,
investigations are made in the causes responsimethfe

deviations to occur in many perspectives. He remtal the
whole process because of some problems occurrethen
assembly area of the company. Hence, the workpieas
decided to analysis thoroughly, right from thetfipsocess to
the last process, up to which it has undergondiallyi the

study concentrates on the Turning operation ofctisting and
observed that some values went wrong from the fipédci
values of tolerance and the ovality. So, it wasdkstto move
to the initial process, where the cast was madefiaundry.

The actual sizes of the casting, after turning afen are
62.500-62.250, 56.410-56.490 and 63.512-63.550, Bune
defects were found and some castings tolerances mewed
out of control. So, by using a lot acceptance sargplan, the
casting products are examined by using the Conotrait of X-

R and those results were plotted on histogram Herprocess
capability analysis. On analyzing, the size vapiatdf one part
affects the product in all the five production linElence,
statistical work, normal distribution diagram aridtbgram are
carried out in the study for the investigation.

In the production line 1, all the processes arehiwitthe
tolerance level which can be inferred from the dgsam (Fig
1). But the Cpk value for the two sizes (56.4106-490 and
63.512 — 63.550) was less than 2, while Cp is gretiian 2.
Hence, the process is reevaluated and noticed fhenwhole
production line, Cp and Cpk value of the two sin#ser than
62.500 — 62.250 were accomplished.

The histogram for the whole process reveals thagh hi
frequency size of 62.500-62.250 being manufacturear the
lower tolerance level (Fig 2). This shows the pdis
experiencing some problem in any one of the pradadine,
while the other two processes are normal.

When X-R chart was plotted, some production linesren
moved out of control for all the three sizes (F)gi3ence these
out of control process were to be controlled.

So, the process parameters were made to changehw@ving
the process within the control limits. Some pararsetwere
changed as follows:

» First, the structure of the workpiece material was
examined. It was noticed that, the castings wekernta
out of the furnace before the predetermined time.

» To prevent the ovality, the center line of the dhand
tail stock of the CNC machine was readjusted.

 The speed, feed rates and the cutting depth of the

machining parameters were examined and adjusted.

As a result of these changes, made onto the madhiegarts
were manufactured within the tolerance limits andliby and
surface roughness problems were eliminated.

3.2 Application to Modern manufacturing

SQC tools can be applied to today's modern manuifiagt
process for the effective process monitoring. la tesearch
paper of Laura M.M Ribeior [6], he made a case stowl the
casting process and described a situation wher¢radéional
SPC tools are not recommended.

In his paper, he observed the ferrous casting psocé both
small and large sized, have some variations dtieetamproper
pouring and melting temperature of the metal, ddjmgnon the
weight of the casting. For small sized castingsghér

temperature is desired and for large sized castifmser

temperature is desired. He considered the bothdeahpes as
dominant variables because the temperature is etidunof

weight of the cast in the casting process.

Previously the variables were plotted in the cdnttwart and
viewed the results. Due to change in the weightefcasting,
the dominant variable also varies, which resultshim shifting
of values to upper and lower control limits (Fig &p, control
charts are not meant for controlling and improvihg process
variation in this case [6].

For this purpose, he proposed an approach for ssiedid
casting, by making the casting weight as a detexchfactor for
the production planning. It is not possible to bksa a
temperature specification for each casting. Thegitetlass of
the casting to be poured should be adjusted bwtrker. This
is possible by the adoption of Delta chart (Figdgscribed in
Sower et al [7] for minimizing the internal scraued to
excessive variation in the pouring temperature.sTbhart
should be used as a descriptive statistical toohe{p the
operator for adjusting the pouring temperature ating to the
change in the weight of the casting [6] (Fig 6).

IJESAT | Jul-Aug 2012

Available online @ http://www.ijesat.org

1010



S RAGHURAMAN* et al.

[JESAT] INTERNATIONAL JOURNAL OF ENGINEERING SCIENCE & ADVANCED TECHNOLOGY

ISSN: 2250-3676

Volume-2, Issue-4, 1008 — 1017

In the same way an approach was proposed for the kized
castings, where the temperature of the holding eiting

furnace is continuously varying to the mouldingelif-or this a
Cumulative SUM chart was introduced (CUSUM) (Fig The

statistics used in this chart was the cumulativen «uf the

absolute deviations of the temperature from theresfce value,
k. This reference value is the target temperatwe the

respective weight class [6]. The cumulative sunu&ashould
be reset once the change in weight requires.

3.3 Application to Production process

SQC tools can also be applied to the existing prbdo
process for continuous improvement. In the reseaager of
M. Dukey-Burlikowski [8], he presented the modemality
monitoring and quality control of a metallurgicaldustry, by
using Control chart of type X-R and Quality capipilof
process Cp, Cpk were considered.

The research was carried out in a metallurgicalsty and
created the control chart to visualize whether étnits the
decrease of production cost accompanying by elitiinaof

existing problems. Samples were collected in tirpansover
the month on a random temporary distance. The samglies
were plotted in the control chart of X-R type fdewing the
average and range over the time span (Fig 8). st bheen
described that after receiving 20 samples andiptsan of this

to a suitable form, then counting of limits contfol average
value and range value, then the process is stéfjleThe

quality index capability value Cp is calculated rfrothe
obtained value. The result from this research edethat the
SPC techniques are used for the prediction of wilhbccur in

the future. Control chart along with process caltgbi
determines the quality level and gives an alarmadig

3.4 Applicability of techniques

In the research work of Werner A.J. Schippers {#scribes
how the statistical tools are used according tosthetions and
how the success or failure attained by the waysirfiguit. The
various situations were mentioned with correspogdin
techniques are described below.

Failure of SPC tool is due to wrong usage of SRBrigues
according to specific techniques and also due tk laf

management commitment. Beside the applicationghft t5PC
techniques, the worker should have some basic leunel of
how to use it.Some techniques are failed to impterbecause
it may not fit for the condition to be controlled.

The Q1 companies apply the control chart to some
characteristics of produced part [9], because thrgrol charts
application make the level of scrap to get redu@ad. at the

same time, application of control chart to largeiety of
products involves too costly and it is best recomdeel to the
small variety of products. This research papelediffitiated the
applicability of SPC techniques based on the cairgs vs
stimuli. Both relate the possible and desirable snafyapplying
the Process Control techniques (PCT) into a procéssyy
factors determine the usage of right tool such rasgss and
product on one hand and people, procedures andgearest
on other hand. The paper clearly says that all 8RC
techniques are statistical. Hence, mostly the obitiart were
used for the Process control, which was introdudsd
Shewhart in 1920. This makes a conclusion on tlenta
samples, by separating the good batches from teobes..It
gives quick response to the worker, once the dewiaiccurs.
This was the first improvement in SQC and the sdcon
improvement was the origin of Pareto analysis itsthbone
diagram (Cause and Effect diagram) [9].

The paper also includes the aim of SPC, which lgleaention

that prime reason for using the SPC is to contnel process
and not the products [9] and it is purely outpuented which
doesn’t integrate with the technical details. Swther way for
preventing failure during production is introdudey dividing

the production into three phases: trial productignocess
definition, product definition.

In first phase, i.e., trial phase, the checkingmitess is done to
verify the capability of a specific process to prod the

product. This is often done by Capability studied &y Design

of Experiments. The next phase, i.e, process diefini deals

with the clarification of the fits on process bying Quality

Function Deployment (QFD). The final phase dessritthe

robustness of the process using Taguchi process.

The paper also presents a framework which givesvamnview
of the situations and phases in which activitiest ttontribute
to the process control is performed. In this frarme major
elements of the process control is defined suclkexasution
phase, where the process is controlled on the aedpasis by
using product definition, process definition, pregeontrol and
product assurance.

When a new product has been introduced, then tiefiqphase
has to describe the process control methodologyttis phase
doesn't give full details of process control beeao$ lack in
technical details. Hence, a new phase has beeadited
called, improvement and correction phase. Thessgshases
the technical details, on three layers like Improeat activities
on execution phase, Improvement activities on whfthition,
and Improvement activation definition activitieshebe phases
and layers are defined for the better utilizatidrttee Process
Control Techniques (PCT).
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These SPC techniques are suitable according taithations
and the need of best practice approach.

3.5 Application to Electronic Circuits

A research paper proposed by Winco K.C Yung [3]denthe
simple techniques on SPC and the seven qualityavepnent
tools to improve both the product and process tuand
productivity of printed circuit board. The researdiso
integrates KAIZEN and TQM with the SQC tools by
integrating the management commitment also.

The paper takes the problem of declamation / resid on the
printed circuit boards. The reason for the declémat resin

void is found out by using Cause and Effect diag &g 9).

Next the Pareto analysis is used to prioritizertia cause for
the declamation/ resin voids problem (Fig 10). Télated area
for the improvement is once again falls into th&egary of 4
M’s and the actions were carried out in these di@as

Some main actions are:

Men: Proper training to the personnel and recordingaaicum
reading for every press cycle.

Method: Improving the cooling efficiency of the caul plate
Machine: Maintenance of the vaccum pump seal on regular
basis.

Material: Assuring the incoming quality of the products and
improving the storage area of the incoming products

By implementing these actions onto the processgrifcant
improvement on the process is observed on the loddisst
pass yield. After the implementation, process caipalwas
calculated and some observations on the valueateeted (Fig
11).

Due to these actions, more of tangible and intdadienefits
are noticed, such ascontinuous improvement on tqualéetter
customer satisfaction, lower inventory level arkiaced.

4. SCOPE OF THE WORK

SPC cannot be implemented to production in suchaaner
that in which one begins exploitation by measurnew devices

[8].

The scope of this review paper is for the bettatemstanding of
the Statistical tools along with the Total Qualltlanagement
tools such as Statistical Process Control and BsoCapability
Studies and the integration of all these toolsadyetter result
(Fig 12). This better understanding pays a waysifdn usage
of the tools as per the required situation to seetime and
cost, which the management isspending towards dt fam

continuous improvement.

5. RESULTS & DISCUSSION

It was noted that the productions process was matormal
condition before these techniques are implementéd the
process. After the techniques were built into thecpss, the
management and the employee had understood thevastige
due to the rejection of the work piece and motomatamong
them were developed.

As seen from these studies, statistical procesgsraioand

statistical quality control were effective in impiong a process,
irrespective of its application. It need not tothe production
or manufacturing oriented process, it can also ddated to
environmental issues or medical issues or congbrubased.

CONCLUSION

The implementation of the Statistical Tools alorithwhe SPC
and Process Capability Studies, decline the procagability,
unless it is used in a right way. It gains the veoskenthusiasm
in participating in this program, without making ahu
resistance to the employee or the management. Bedaauits
ultimate goal of improving the quality and the puotvity of
the process, the management of small and mediurd siz
company gains more profit. Hence, they can comedat to
put forth these techniques, irrespective of the suaurred for
the implementation.
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Fig 9: Cause and Effect diagram to find the defect in RR& 3).
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Fig 10: Pareto analysis for prioritizing the defect (Ref 3)
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Fig 11: Improvement in the resin void defects (Ref 3).
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Fig 12: Integration of quality tools for the improvementarprocess (Ref 3).
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