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APPLICATION OF QUALITY TOOLS FOR 

THE PURPOSE OF PROCESS IMPROVEMENT 

IN THE PHARMACEUTICAL INDUSTRY 

 
Abstract: Paper presents research of the practical application 

quality tools in order to make rationalization and 

optimization of production process in the pharmaceutical 

industry. Results of one of the four Six Sigma projects are 

presented in details, and implemented in the company for 

rubber stoppers manufacturing for the pharmaceutical 

industry. The project was launched in order to reduce scrap 

rate in one of the items of the production program. The 

quality tools were applied in order to find and remove the 

causes of scrap. During the research, the Six Sigma 

methodology was used, as quality tools and software package 

Minitab for analysis. Results shows that the main cause of 

increase scarp rate was pressure force on of mechanical 

thickness gauge, and furthered ccorrective measures are 

defined. Survey investigation was conduct for checking the 

employee’s knowledge level about the quality tools, and the 

results of this survey are used by management for creation of 

training plan. As the business climate in our country has 

considerably changed by the arrival of a great number of 

foreign companies, the certification is not carried out any 

more only for obtaining the certificate, but the owners and 

managers seek concrete solutions and concrete and visible 

results based on the usage of the quality tools. 

Keywords: Quality tools, the pharmaceutical industry, six 

sigma. 
 

1. INTRODUCTION  
 

The tools for quality improvement are 

concepts, techniques, methods, studies, means, 

i.e. all efforts directed to quality improvement. 

For quality improvement, in addition to the 

tools and methods of quality, it is also 

necessary to use the knowledge of people in the 

company. There are over 100 known quality 

tools classified in different ways, however, it is 

also known that the use of about 20 is enough 

to solve 80% of the problems of one company. 

According to [1], relevant quality tools 

are: Check sheet, Histogram, Control charts, 

Pareto chart, Cause - and - effect diagram 

(Ishikawa diagram), Scatter diagram, 

Brainstorming, Flowchart, Affinity diagram, 

Relations diagram, Tree diagram, Matrix 

diagram, Arrow diagram, Decision-making 

plan, Internal audit, Benchmarking, Electronic 

document management, FMEA analysis, QFD 

method, Design of experiment, Methods of 

sampling and acceptance, Analysis and data 

processing (technical, inconsistencies, 

complaints), Value analysis, Study of accuracy 

and process stability, Analysis of reliability, 

Method of cumulative values, Regression 

analysis, Stratification, Team work, Inspection 

(input, process, output), Analysis of quality 

costs, Training of staff. 

This list of 32 tools of quality is composed 

by analysis of over 60 professional papers of 5 

different authors, and according to [4], these are 

quality tools whose application may be 

expected in domestic companies. 

 

 

2. DESCRIPTION OF QUALITY 

TOOLS 

 
The company where the research has been 

made, engages in the production of rubber 
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stoppers intended for the pharmaceutical 

industry. On the basis of the data about quality 

standards that it possesses and by which it is 

guided in its business, it may be concluded that 

the level of awareness of quality is high, as well 

as of satisfaction of the buyer.  

In this paper, some tools and their 

application will be presented through 

presenting one of four six sigma projects that 

have been done in this company. The projects 

were carried out in the framework of training 

performed in the company in 2009 with the aim 

to train engineers in eight green -belt level for 

the application of this methodology. 

As it is known, six sigma (6σ) 

methodology originated in 1981 in Motorola 

and it has strived to improve the quality of 

output of some process by identifying and 

removing of causes (errors) and minimizing 

variability in the production processes [6].  

Selected six sigma project, which will be 

presented in the detail, consists of 5 phases [7-

9]: defining, measuring, analysis, improving 

and control. Within these 5 phases, many of 

above mentioned quality tools are used, as well 

as some that are not stated, and which will be 

mentioned as well. 

Quality tools that will be analyzed through 

the description of this project are [10-12]: Team 

work, Histogram, Flowchart, Pareto chart, 

Control charts, Brainstorming, Cause-and-

effect diagram (Ishikawa diagram), FMEA 

analysis, ANOVA gauge R & R (Repeatability 

& Reproducibility), Training of staff, DOE – 

Design Of Experiments, Check sheet, Process 

capability, Regression analysis. 

In addition to these tools that have been 

used in the project, we will mention and show 

the practical application of some others such as: 

Internal audit, External audit, Analysis and data 

processing (technical, inconsistencies, 

complaints), Methods of sampling and 

acceptance, Inspection (input, process, output). 

 

 

3. INDUSTRY APPLICATION - 

PRACTICAL APPLICATION OF 

QUALITY TOOLS IN THE 

PHARMACEUTICAL INDUSTRY  
 

The project through which we will try to 

show the application of quality tools has been 

done with the aim of reducing the waste on one 

of the products from the production program of 

the company.  

As it has already been mentioned, the first 

step in the application of six sigma 

methodology is the analysis. In this first step, at 

the beginning of the project, the aim has been, 

based on historical data, to reach the main 

causes of waste emergence on the examined 

product.  

With the help of control charts and 

diagrams of normal distributions which were 

generated from SAP for a certain period of 

time, which gives us a historical account of 

production of the test item, it could be 

suggested that the thickness of the wheel 

outside the specifications of one of the main 

causes of increased scrap. 

 Control chart as the tool for quality 

management, enables the presenting of quality 

flow of the parameter that is followed with 

defined limits and with the purpose of timely 

identifying and adjustment of deviation from 

planned flow of process. The goal of any 

enterprise is an economic production that meets 

the requirements for product quality. For this 

reason, production processes must be so 

designed, monitored and controlled in the way 

that all production units meet the requirements 

set out in the specifications. Control charts are a 

tool that is very effective for monitoring and 

management processes. It is a form of graphical 

presentation values, which are obtained by 

testing a continuous range of samples and 

which, after entering the data, compared with 

the control limits and if necessary, with 

warning limits, with the aim of quality 

management. 

It is well known models of control charts 

that are applied depending on the nature of the 

process that is being followed. In the research 

analyzed one parameter - the thickness of the 

wheels, so that the most appropriate X - chart 

or map measures - as they are called, Figure 1. 

Analysing control chart that is done, it can be 

clearly noticed that the wheel thickness has 

been moved towards the upper limit of 

specification. The project task results from the 

initial analysis, with the aim of returning the 

value of the wheel thickness to the centre of 

specification with what the possibility of 

’’jumping out’’ of the values out of limits is 

reduced, and thus the creation of waste on the 

examined product as well. 
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Figure 1 - Control chart, SAP [2] 

 

Histogram is a classic graphic of relative 

frequencies of the values of characteristics 

(measured values) of some process, with the 

purpose of explanation of the width of 

scattering and the focus of distribution 

(position, shape). The histogram for the 

example that is the subject of this paper is 

shown in Figure 2. (diagram of process 

stability). Yet at first sight, it can be concluded 

that histogram does not have the proper shape – 

Gaus curve, which indicates certain unstability 

of the process. In addition, great scattering i.e. 

great variation of the value of the wheel 

thickness can be noticed, as well as its grouping 

towards the upper limit of specification.  

The control map and the stability diagram 

of the process (process capability) are not 

shown the thickness of the wheels above or 

below the specifications, and the reason for this 

is that the sampling in this part of the 

production carried out after removing 

(disposing) of defective parts from the 

vulcanized belts, ie parts with tape formed 

stoppers with tichness does not match the 

prescribed specification is discarded. 

 

Figure 2 - Histogram - diagram of process 

stability, SAP [2] 

 

Pareto analysis is a picturesque 

representation of information due to finding 

from a large number of influenital factors, 

which are from a particular viewpoint, for 

instance, from the viewpoint of costs, of a 

paramount importance. These experiences can 

be used for determining of priorities of 

corrective and preventive measures. All 

observed phenomena (e.g. types of errors) of 

researched problem are firstly collected for 

developing of Pareto chart. 

It can be clearly seen (Figure 1.) from the 

analysis that the wheel thickness and 

malformed stoppers are the main causes of the 

emergence of waste. Also, it can be concluded 

that by solving the problem of the wheel 

thickness, 50% of the problems can be 

eliminated, and when the first two causes 

would be eliminated, 88,3% of the problems on 

this product would be solved. Pareto analysis, 

as after all, the whole project as well, is done 

through software package Minitab (program for 

statistic data processing), which is the product 

of the company of the same name [3]. 

 

Figure 3 - Pareto chart – review of reasons for 

returning to re-mixing [2] 

 

Cause-and-effect diagram (Ishikawa 

diagram or diagram "fishbone") is a graphic 

that shows the causes in a compact form, 

logically and stepwise. This method is ascribed 

to Kaoro Ishikawa, who introduced it in the 

Japanese steel industry in the early 50’s. 

According to his experience, a certain effect is 

rarely based on a single cause, especially not on 

the one that seems to lie in the palm. On the 

contrary, possible causes should usually be 

sought in following six fields [13]: man, 

machine, method, material, measuring, and 

market. In the practical application of methods 

freely define their own fields, which correspond 

to the test performance. In order to determine 

the causes of the analysis for a particular result, 

it is useful to examine all possible causes for 

the problem identified, according to the 

diagram of cause and effect, to examine their 

presence and impact, and by the exclusion 
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principle out the causes which do not come into 

consideration.  

In forming diagram of causes and 

consequences should be entered first 

investigated the effect of (in the present case 

"scrap " ) right at the end of the horizontal line. 

Then branch out of the main causes (human, 

machine, method, etc.) in the form of a fish 

bone. In so doing creative techniques are 

applied, such as "branstorming", with the 

participation of as many experts as the person 

who created the problem close. Thus defines 

possible individual causes within the main 

cause (eg, motivation, expertise, illness and 

fatigue in the cause of man) and entered on a 

horizontal arrow, Figure 4. 

 

 
Figure 4 - Cause – and – effect diagram 

(Ishikawa diagram, fishbone diagram) [2] 

 

The priorities in the diagram are marked, 

in relation to elimination of errors, e.g. with 

other colour as in the example of Ishikawa 

diagram that is done within six sigma project, 

Figure 4.  

Cause and effect diagram is a universally 

applicable for: 

 Improvement of the processes where is the 

goal to prefome optimiziation and 

rationalization, increasing productivity, 

reducing costs, etc. 

 analysis of mistakes, complaints and other 

defects. 

Graphic presentation documents the 

complexity of the studied problem. Based on 

this diagram may be tested, to confirm or reject 

various possible causes, with the aim of 

concentrating measures focus on the causes. 

Analyzing diagram of cause and effect to 

eliminate wastes in the production process, it is 

primarily addressed the following issues: 

 respect SOI (Standard Operation 

Instruction) by workers, 

 dimensions of the raw tape (weight, width, 

length) which is fed presses, 

 wear of tools for vulcanization, 

 pressure on the press for vulcanization. 

Potential influential factors for our 

problem has been defined with the help of 

Brainstorming and Ishikawa diagram, there has 

been the access to their assessment by 

application of the other quality tool – FMEA 

analysis.  

FMEA analysis (Failure Mode and 

Analysis) refers to the analysis of impacts, 

causes and consequences of mistakes. The 

material and utility products often have certain 

so-called "hidden" defects, which carry market 

risk and negative consequences. Shortagss in 

principle can be discovered before the product 

or service reaches the user, or by the user, while 

using the product. As the second case has much 

more serious consequences, it is necessary at all 

costs to prevent deficiency reaches the user. As 

for the lack of pre detected, it costs allayed 

lower, ie. "expensive" is the lack of the longest 

stay hidden. 

FMEA method can also be very 

successfully used for the early detection and 

elimination of defects of products and services 

in their very projecting [1].The method is 

suitable for: 

 detect failures (defects, cancellation) on 

physical products, services and processes; 

 predict, avoid or mitigate risks; 

 reducing costs and losses due to poor 

quality and, 

 successful operation on the market 

position of the company. 

The main objectives of FMEA methods 

are: improving the performance of products, 

services and processes, and reduction in 

consumed and loss due to the low level of 

quality. The method is based on defining and 

determining the functions, defects, causes, 

consequences and other relevant parameters. 

The motto of the forecasting and risk analysis 

with the aim of identifying, quantifying and 

eliminating errors. 

Total risk factor (in our case marked with 

RPN) implies more variables:  

 possibility of emergence (Sev),  

 significance of the effects (Occ), 

 possibility of detection (Det),  

which can be presented by the expression:  

 

RPN = Sev • Occ • Det 

 

To assess the likelihood of errors, the 

importance of consequences and likelihood of 

detection methods used grading scale. FMEA 

analysis is carried out in several steps and 

includes: 
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 definition of objectives, 

 forming a team, 

 preparation of summary list of errors with 

an overview of consequences, 

 identification of risk factors Sev, Occ, Det, 

RPN, 

 analysis of the causes of error, 

 defining and implementing preventive 

measures and 

 re- determination of risk factors. 

To successfully perform an analysis 

requires a multidisciplinary team composed of 

professional and experienced members. 

Forming a team is the last step in the first phase 

of the Six Sigma methodology - phase relating 

to problem analysis. 

The next phase is to measurement, and 

before the start of this stage, it was necessary to 

do ANOVA Gauge R & R. 

ANOVA Gauge R&R (ANOVA - Analysis 

of variance, R&R–Repeatability & 

Reproducibility) represents the technique that 

uses the analysis of variance for assessment of 

some measurement system. With the help of 

this technique, the variability of the examined 

measurement system is determined i.e. its 

repeatibility and reproducibility are determined. 

In this way, the assessment is obtained whether 

some measurement system or the technique of 

measuring is acceptable i.e. whether the 

examined system (technique) is stable. 

There are several factors that can influence 

on the measurement system. Some of them are: 

 measuring instrument: construction, ease 

of handling, the accuracy of the 

components of the very measuring device, 

which is checked by MSA method 

(Measurement System analisys),  

 operator: the ability of a operator to 

follow the written and oral instructions, 

 test method: how the devices are set up, 

how the data is recorded, 

  the parts that are measured: some parts 

are easier to be measured than others. 

Within this project, ANOVA Gauge R&R 

has been conducted so as to show whether the 

measurement system and the technique of 

measurement are correct, namely in order to 

show that the results of measuring do not 

depend on any of the above mentioned factors. 

The control of the measure system has 

been done in such a way that three operators 

have measured the wheel thickness on three 

vulcanized tapes, by the same thickness gauge 

(elimination of tools as the cause of the error), 

and the whole procedure has been repeated 

three times (so as to establish repeatibility). The 

results of this analysis are shown in Figure 5. 

from which it can be concluded that this 

method is not stable (Gauge R&R should be < 

30% in order for the method of measuring to be 

acceptable), and could not be used in further 

experiment. A man is marked as the main 

influential factor on this bad result, namely 

different, arbitrary force of pressure on the 

lever of mechanical measurer of thickness. 

 

 
Figure 5 - The results of ANOVA Gauge R&R 

analysis [2] 

 

Training (re-training) of employees has 

been conducted as a corrective action related 

to the way of measuring of thickness and 

proper use of measuring tools.  

The data of repeated Gauge can be seen in 

Figure 6, and based on them, it is concluded 

that after the re-training of an operator, the 

measuring system is acceptable (Gauge R&R < 

15%). 

 

 
Figure 6 - The Results of repeated ANOVA 

Gauge R&R analysis [2] 

 

DOE – Design of experiment is one of 

the main and the most important phases of one 

project. The success of the project depends 

largely on the quality of performing of this part 

of the work. This phase of the project occurred 

after the adoption of adequate measurement 

system. Design of experiment has been done 

through software minitab, which has, based on 

entered specified values for three parameters 

that are followed, as well as the specification 

limits for all three parameters, automatically 

generated the plan of the experiment. The 

program has made a combination based on 

factorial analysis (2n, n=3, number of 

parameters), every parameter with every 
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parameter on the lower and upper limit and in 

the centre of specification. Spreadsheet of DOE 

is presented in Figure 7. 

 

 
Figure 7 - Spreadsheet of DOE [2] 

 

Based on the plan, the experiment has 

been performed in the following way: all three 

factors (weight, length and width) are combined 

with each other, on their limits, and the 

measuring of output parameter (the wheel 

thickness) has been done after every 

combination. 

After performing of the experiment, one 

could access to the next step, to the processing 

of the existing data. Within the data processing, 

and with the aim of obtaining the ideal values 

for weight, width and length so as to get the 

wheel thickness, another one of the quality 

tools is also used in the centre of specification – 

the regression analysis.  

Regression analysis is used to explain the 

effect of the change of independent variable in 

dependent variable, as well as to predict the 

value of dependent variable based on at least 

one independent variable. For the purposes of 

data analysis in this paper, we will need to 

know the multiple regression model, therefore, 

we will consider only this type of regression 

analysis. Multiple regression model is algebraic 

model by which the statistical connection of 

one characteristic value (response) with two or 

more independent variables (predictors) is 

analytically determined. Regression model is in 

fact, the equation that contains variables and 

parameters. 

 

𝑌 = 𝑓(𝑋1, 𝑋2, 𝑋3, … , 𝑋𝑘) + 𝑒   

            

In the previous equation, Y represents 

dependent variable (response) whose changes 

are reflected through independent variables 

(predictors) 𝑋1, 𝑋2, 𝑋3, … , 𝑋𝑘. Variable e is a 

random variable that gives to the model the 

character of stochasticity, and represents 

unknown deviations from the functional 

relationship.  

Multiple linear regression model can be 

presented in the following way:  

 

 𝑦 = 𝛼 + 𝛽1𝑥1 + 𝛽2𝑥2 + ⋯ + 𝛽𝑘𝑥𝑘 +
⋯ +𝛽𝑛𝑥𝑛 + 𝑒 

 

𝛼, 𝛽1 , 𝛽2 , … , 𝛽𝑘  are unknown parameters. 

Regression formula should enable us the 

determining of ideal parameters (weight and 

length of raw tape) in order to obtain ideal 

blank (with the wheel thickness in the centre of 

specification). 

 

 
Figure 8 - Regression analysis report [3] 

 

As it can be seen from the report generated 

from Minitab, Figure 8, the regression formula 

reads:  

Thickness=2,00–0,00250 width – 0,00500 

length+ 0,00437 weight     

 

from which the ideal values for our input, 

independent variables have been calculated. 

After the calculation of ideal values for our 

parameters, the experiment has been repeated 

with the tapes that have been made according to 

new specification (new calculated parameters), 

and the following result has been obtained, 

figure 9. 

 

 
Figure 9 - Diagram of process stability 

(Minitab) [3] 
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In the diagram of process stability, it can 

be noticed that the values of the wheel 

thicknesses of vulcanized tapes have been 

shifted towards the centre of specification, 

which was our goal. This has been the last step 

in the phase of improvement, which is the 

fourth phase of this sigma six project.  

 

 

4. CONCLUSION 
 

Based on the considerations in this paper, 

the quality tools are used in daily work in the 

West company. The showen tools are used for 

the analysis and solving of complex issues in 

daily manufacturing activities. Also, through 

the analysis of the quality tools in this paper, 

we have concluded that of the tools that are 

least known and used are the tools 

characteristic of six sigma methodology, and 

the reason for this is a small number of trained 

staff for the application of this methodology 

whose application in this company is in the 

early stage. This attitude will change by 

training of new staff for application of this 

methodology that is in progress. 

The introduction of SAP in the department of 

technical maintenance, will create the 

conditions for the application of the total 

preventive maintenance. This type of 

maintenance will minimise the risk of failures. 
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