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This thesis aims to improvement of key performance indicators (KPIs) in internal
process of nitrocellulose manufacturer. In order to stay competitive advantage, the company
needs to focus on long term performance measurement. The problem is losing of raw
material, low quality of product and also delivery product to customer, non effective of
resource management including man, machine material because of lack of indicators and
control in internal process. It suggests that the effective KPIs will help the company solve the
problems.

This research starts to plan the step to improve the appropriate KPIs. In the
beginning of process, SWOT analysis is determined the internal and external factors to set the
strategic objectives. After that, the critical success factors are identified corresponding to the
strategic objectives. Collect related KPIs with function and select the KPIs corresponding to
function and critical success factors are done. Then the KPIs working team is created to
evaluate the appropriate KPIs by criteria testing matrix. Target of KPIs are set by history data
and brainstorming, Finally the top management will evaluate and approve them again. For
example of new KPIs are Mean time between failures (MTBF), Breakdown rate, Controlling of
temperature/pressure in digestion, % of product of out specification in viscosity and % on
time delivery.

After top management show that the new KPIs system is more relate to company
profile, easier to measurable and cooperate with all level of employee, They were
implemented for 3 months. The results showed increasing of amount of produced products,
improvement of product quality and efficiency of delivery time is also improved. So the KPIs

improvement in internal process is effective way to solve the problems.
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CHAPTER

INTRODUCTION

This chapter introduces a Nitrocellulose manufacturer as a case study
concerning in internal process. Firstly, background of the study is explained. After
that statement of problem is considered and then objective, scope of the study and
expected results from this study will be proposed. Finally, the methodology of

research is introduced and described.

1.1 Background of research

Rapid environmental change, globalization, competition to provide
innovative products and services, changing customer and investor demands have
become the standard backdrop for organizations. To compete effectively, firms must
continuous improvement their costs, product quality, and delivery. In this current
competitive climate, the performance measurement is interested because it provide
an early warning detection system indicating what has happened, diagnose reason for
the current situation and indicate what remedial action should be taken. Due to
highly competitive environment, the improvement of performance measurement has
been one of the central tenets of management and remains fundamental to
organizational success. There are many performance measurement technique, tool
and method such as benchmarking, balance scorecard and key performance
indicators (KPIs) which is one of useful technique and relate to cost of operation,
maintaining and running a facility, revenue generated space usage and management,

environmental, and health and safety issues.

This case study is a manufacturer of nitrocellulose which uses as raw material

for wood coating, lacquer, printing ink, aircraft lacquer, protective lacquer,



aluminum foil coating and etc. It was established since 1982. Its capacity is 10,000

ton/year and contains 100 workers totally.

1.2 Statement of problem

According to the competition business environment today, the company
needs to focus on long term performance measurement to stay competitive
advantage. The main problem of this case study is non effective management of
production utilization such as man, machine and material because lack of indicators
to control and monitor its production performance. This situation effects to effective
production planning. This leads to lost sales opportunity and customer reliability. On
the other hand, the non-effective measurement system makes non efficiency
management for company’s continuous improvement due to anything can’t measure,

it also can’t manage.

1.3 Objectives

1. Development of key performance indicators in internal process (3
departments) of nitrocellulose manufacturer.

2. Setup guideline for the use of KPIs in continuous improvement.

1.4 Scope of research

This research will be covered the improvement of KPIs in internal process (3
departments) in nitrocellulose manufacturer as following: Production, Technical, and

Maintenance



1.5 Expected outcome

U

Assign the target of each KPL

Guideline the top management level to create the target of each KPIL.

The company can work more systematically.

The company can improve continuously to gain more competitive advantage.
The new KPI system can help identify performance indicators that can be
influenced directly by staff and managers, thereby encouraging changes in
behavior and activities to achieve corporate goals.

To be Guideline for developing of balance scorecard.

1.6 Methodology

Study and research related literature
Collect and analyze existing KPIs and data to know the internal problem and
determine the objectives of case study factory.
Develop each existing KPIs in internal process according to critical success
factors
Create new KPIs system in internal process
a. Name and Detail of each KPI
b. Formulation of each KPI
c. Creating the KPIs target
Evaluate the results of new KPIs system.
Summarize the thesis

Thesis write up and submission



CHAPTER 11

THEORITICAL AND LITERATURE REVIEW

2.1 Theory

2.1.1 Evaluation

The measurement of the company’s success using the evaluate tools is not the
new concept, but it is one of the critical function of the management which include

of the planning, organizing, staffing, leading, and controlling.
a. Step of evaluation
1. Set the targets according to the evaluate objectives
2. Set the Performance indicators or indicator tools

3. Set the benchmark for each indicator according to the vision and objective
of the company, which normally will be set before the evaluation process. The
objective is for the company to achieve this benchmark compare to the same

industrial and also the other industrial.

4. Evaluate the performance indicator for each individual using the
observation by the management level, but to evaluate the whole organization, the
information from many aspects should be taking to account such as the production

process, marketing, finance, or human resources.

5. There are 2 ways after comparing of the result and against the key

performance index and the outcome is not satisfy.
- Improve the performance for each department or each individual

- Change the goal of each KPI since its target is too high or too low



b. The benefit of the evaluation

- The proper evaluation will help the executive level to clearly set the strategic
and direction for the company and also help the manager to rank the priority
of the objectives.

- The evaluation will reflect the vision and strategy of the company to all
employees to acknowledge.

- The effective evaluation would help the company to foresee the problems and
the opportunities.

- Rapidly increase the employee performance and attention to the work

Nowadays, there are several tools to evaluate the organization performance such
as balanced scorecard, benchmarking, and key performance indicators. Those

techniques help the organization to make the effective evaluation.

2.1.2 Key Performance Indicators : KPIs

KPIs (Key Performance Indicators) is one of the evaluating tools to analyze
the organization performance and help the organization to understand its statuesque

which help to adapt and boost the competitive advantage for the organization.

All the from for each department and internal process will be able to measure

and analyze using KPIL.

KPIs will guide the organization to be able to benchmark specific target for

each department down to the operation levels.

2.1.2.1 Development and Usage of KPIs

The Conclusion processes of the development and usage of Key performance
indicators are

1. Set the Key performance indicators and strategies to improve the organization.

2. Acknowledge the objective and process of KPIs to the employees.



3. Build the acceptance for develop and use of KPIs
4. Set the Critical Success Factors of the organization
5. Choose the KPIs for the individual level

6. Set the presentation system, report, and improvement strategies for KPIs in each
level of operation.

7. Apply the use of KPIs to improve the competency and success.

8. Improvise and improve the Key Performance Indicators

There are 4 steps to develop the KPIs for the success of the organization,
however there are several things to do before develop the KPIs to understand the
processes of the organization.

2.1.2.2 Appropriate KPIs

Prasu Dacharin (2544) set the standard for evaluating the appropriate KPI as

following:

- The good KPI must suit the vision, mission, and strategy of the organization

- The good KPI should reflect 2 important issues which are Performance
Indicators, and Danger Indicators.

- It can compose with both Financial indicators and non-financial indicators

- It can compose with the Lead Indicators and the Lag Indicators

- There must be the specific department to response for each Indicators

- The good indictors must be able to measure and control at least 80
percentage, because if it can not control, it can not effectively reflect the
organization performance.

- It must be collectable data.

- The good indicators must not create the internal conflict because :

1. Some indicators cause the internal conflict due to the fight for the

organization’s resources to achieve their own target.



2. Each department can be discorporate because the fear that their department

will not achieve the target or KPIs.

2.2 Literature Reviews

Recently research show that the good indicators are not only the financial
indicators but also concern the non-financial issues and external issues which affect

the performance of the organization such as the customer itself, human resources.

The heart of the successful KPIs are the balance of the indicators and must be
both financial and non-financial indicators according to the study of Medori and
Steeple (2000) mentioned that the major factor that the organization must implement
in the global competitive are the Key Performance Indicators in the financial factors,
and must increase the important of the non-financial factors more than the past, same
as the study of Hacker and Lang (2000) which study and develop the KPIs focus on
the teamwork relate to the company objective and team mission and relate to 4 side
of the Balanced Scorecard which are finance, customer, internal process, and R&D.
The indicators can consider from the crucial activities that affect the operation and

work.

The design and development of the evaluation tools and indicators of the
organization, Bititci, Carrie and McDevitt (1997) explained that those KPIs should
come from the policies and strategic of the organization. They explained that there
are 2 factors that affected the KPIs which are the perfection of the policy and the
decentralization of the policy. In additional, the IT system also affects the effective

and efficiency of the evaluation system.

The study of Bourne and partners (2000) shows that there are 3 steps of the
development of KPIs

- design stage
- implement stage

- improvement stage



However the study of Hudson, Smart and Bourne (2001), which study the
performance of KPIs for many of the medium and SMEs business, show that the
Balanced Scorecard, Performance Pyramid, or results and determinants matrix are
not suitable and have conflict between the theory and the need of the implementer

due to the limited resources and adaptation of the strategy of the organization.

For Thailand, there are many studies about KPIs development which mostly
will design and develop according to their internal processes. Piboon
Khongsuphabsiri (2544) developed the KPIs for production department and those
departments that support the production process for Pyroth technique factory by
develop the report sstem and 11 KPIs, and set the target for KPIs for evaluation.
Thararin Aramcharuen (2543) suggested the design of KPIs for the maintenance
department by study the concept, and process of the fixation and maintenance within
the factory, then develop the maintenance structure, setup the KPIs for each
activities, and setup the evaluation system using the Delphi Technique. Then it was
applied to petrochemical industry, it was found that the KPIs system useful for
maintenance department because it can guide the maintenance efficiency for the top

management.

Vladimir Jovan, Sebastjan Zorzut studied about use of key performance
indicators in production management. It was found that improving production
performance requires the definition of global production objectives with a proper
implementation strategy and suitable closed-loop control for their achievement.
Closed-loop control structures for simple systems like temperature or velocity
control are well defined, but a synthesis of plant-wide control structures is still
recognized as the most crucial production management design problem in process
industries. One vital issue to be resolved is how to translate implicit operating
objectives, such as the minimization of production costs into a set of measurable
variables that can be then used in a feedback-control. A promising solution is the use
of the key performance indicator (KPI) approach. To verify the idea of production
feedback control using production KPIs as referenced controlled variables, a

procedural model of a production process for a polymerization plant has been



developed. The model has been used during a number of simulation runs performed

with the aim of developing and verifying the idea of KPI-based production control.

Stephane Mondoloni studied about development of key performance
indicators for trajectory accuracy. It was found that Key Performance Indicators
(KPI) for trajectory prediction accuracy were developed by applying factor analysis
to a wider set of accuracy metrics obtained from a literature search. A Monte- Carlo
simulation was conducted under operationally-representative conditions to provide a
data set for the analysis. It is shown that the derived KPI can be linearly combined to
estimate the larger
set of metrics. These estimates provide good rank correlation with the actual metrics
computed. KPIs can describe both the accuracy of trajectory prediction in addition to
the quality of the input data supplied to a trajectory predictor. Various applications of
these KPI are discussed including the specification of requirements on prediction
performance. While certain KPI are described in this study, various values could

have been selected.

Mari Abe, Jun-Jang Jeng and Yinggang Li studied about a tool framework
for KPI application development. It presented a KPI modeling environment, coined
Mozart, where modelers can use formal models to explicitly define the services of
KPI and their relationships which are depicted by KPI net. Mozart provides us with
methods for mining and modeling KPIs and supports smooth model transformation
for generating monitoring applications based on a model driven approach. It also
provides us with methods of service composition for KPI applications. We showed
how it works with an example scenario of automobile data and found that “mpg” is
most strongly influenced by four KPIs. The result showed which KPIs should be
focused for human monitoring, and it can be an initial model for monitoring

applications.

Bernard Marr, Gianni Schiuma and Andy Neely studied about intellectual
capital — defining key performance indicators for organizational knowledge assets. It

presented that measuring intellectual capital is on the agenda of most 21st century
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organizations. This paper takes a knowledge-based view of the firm and discusses the
importance of measuring organizational knowledge assets. Knowledge assets
underpin capabilities and core competencies of any organization. Therefore, they
play a key strategic role and need to be measured. This reviews the existing
approaches for measuring knowledge based assets and then introduces the
knowledge asset map which integrates existing approaches in order to achieve
comprehensiveness. The paper then introduces the knowledge asset dashboard to
clarify the important actor/infrastructure relationship, which elucidates the dynamic
nature of these assets. Finally, the paper suggests to visualize the value pathways of
knowledge assets before designing strategic key performance indicators which can
then be used to test the assumed causal relationships. This will enable organizations

to manage and report these key value drivers in today’s economy.

Tariq S Durrani, Sheila M Forbes and Allan S Carrie studied extending
the Balanced Scorecard for Technology Strategy Development. It presents that The
Balanced Scorecard represents a vehicle for turning strategy into a set of actions or
operational requirements. This paper offers a framework that exploits and enhances
the concepts of the Balanced Scorecard for the development of an organization’s
technology strategy. By providing a step-by-step process, this paper illustrates an
approach to technology strategy development that retains the benefits of the Balance
Scorecard in terms of performance measurement systems, and extends it by ensuring

a close alignment between financial, marketplace and technology activities.

W. Austin Spivey, J. Michael Munson, Alberto King studied about
implementing the Balanced Scorecard to Achieve Strategic Management Objectives.
It is case of the small engineering consultancy. The objective of this research is to
explore the relationship between the balanced scorecard framework and revenue
growth among technology-driven, consulting enterprises. Consulting engineers alone
are an important part of the US economy, generating about $250 billion annually in
GDP, nearly 1% of the total. Moreover, they represent about 17% of the total
workforce. They fight for survival in a dynamic and turbulent environment where the

critical strategic resource is an individual's ability to manage the convergence of
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rapidly evolving technologies. Operations are dominated by exceptions, rather than
routine replications of standardized procedures. To study the application of the
framework, a telephone survey of a random sample of enterprises ranked by

the Zweig Letter Hot Firm List, emphasizing growth among US architecture,
engineering, and environmental consulting firms, was conducted. The focus was on
enterprises that changed classification, based on gross revenue between 2001 and
2004, from disadvantaged to small, and from small to medium. Statistical analyses
highlight not only the advantages of pursuing a balanced approach to growth, but
also the importance of client intimacy as a key to generating wealth in knowledge-

driven, innovative societies.
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CHAPTER III

THE STUDY OF CURRENT SITUATION

This chapter introduces about company background and detail of product
application. After that the overall production process will be presented and described.

Finally the main problem of performance measurement system will be analyzed.

3.1 Company Background

This case study is nitrocellulose manufacturer which was established since
1982. Its capacity is 10,000 ton/year and contains 100 workers totally. The company
produces chemical product as raw material (Figure 1) for using in the lacquers for
wood, paper, coating, printing ink, aircraft lacquer, protective lacquer, aluminum foil
coating and etc. Because of its rapid drying properties and high tensile strength, So it

is generally employed for coating industry.

The company’s product are divided into “SS and RS” grade with a various

viscosity upon its application as following

SS 1/8, Y4 Gravure ink, Flexible ink

RS 1/16, 1/8 Lacquers for wood and paper where the highest solids content
is desired.

RS Y4 Lacquers where high solids content is called for e.g. brushing

lacquers wood finishes and paper coating.
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RS 5

RS 20

RS 40

RS 120
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Automobile and wood-finish lacquers brushing lacquers, paper
coating etc.

Aircraft lacquers, finishes for split and grained leather and for
more purposes where RS 20 finds application.

Aircraft dopes, finishes for grained leather, pharmaceutical
collodions, protective finishes for metal, fabric and leather.

Bronzing solution, dipping lacquers where an extremely thin
finish is desired also finishing lacquer for grained leather.

Fluorescent light coating high-viscosity lacquer.

Figure 3.1 The chemical product of company
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The product under the company all manufactured “Continuous Process”
(Figure3.3) by most advanced high-tech machinery and equipments, all computerized
control. Every production batch has been strictly controlled and inspected by
experience engineers and well-trained operators to ensure the international standard
quality, combined with a careful selection of supplies complying with priority
standard of quality to maintain the quality. The management team of the company is
concentrating on the product quality in developing new technologies. In 2000, the
company was not only certified ISO 9001:2000 by SGS which is quality
management system but also in UKAS (United Kingdom Accreditation Service).
And the company always gets certificates of the best of supplier from international
customer including Phillip Electronic, Toshiba lighting company and also TOA

Paint.

3.2 organization structure

The case company consists of 2 main units including office and factory unit

as show in Figure 3.2

Marketing Financial Human Purchasing 1T Production Maintenance Technical
Department Department Resource Department Department Department Department Department
Department

Office Unit Factory Unit

Figure 3.2 Organization structure of company
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3.2.1 Function of each department

1. Production

This department is responsible for production planning, preparation of raw
material, processing, packing and delivery to customer. The process of NCI company
is continuous process producing 2 main types of nitrocellulose which is RS and SS
type. After production planning receives forecasting data from marketing

department.

2. Quality
This department is responsible for control product specification and quality.

In addition, to solve the customer problem in quality of product.

3. Maintenance
This department is responsible for maintain all of machine and instrument

effectively working.



3.3 Production process
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According to Figure 3.3, cotton linter and nitric acid are raw material of
nitrocellulose. After two of raw materials are input to nitration stage which is
replacement of nitrogen group from nitric acid to OH group in cottons linter as
shown in figure 3.4. Then, nitrocellulose will go to deacidation stage by using
centrifuge for throwing off the nitric acid which is distillated to give high
concentration of nitric acid for reusing as raw material again. And nitrocellulose will
go to stabilization and digestion stage for making the product more stable and
grouping the product by controlling time to digest. The stage is purification which
product is purified by washing acid off with controlling of 0.3 % acid content in
product. Lastly, IPA will be replaced water in product in dehydration stage. Finally,

nitrocellulose will be packed in fiber drum and transferred to warehouse.

e ™ ~. o
S LA
0

N\ «to--m T -

B CHLONO, ] + XH2O

_OH

Figure 3.4 Nitrocellulose reaction
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In the competition environment today, the modern company needs to focus

on long term performance measurement to stay competitive advantage. In this case

study, the company doesn’t have enough KPIs, lack of existing KPIs and improper

KPIs to control and measures their performance in internal of process. Then, these

problems leads to have loss in the process, low quality of product and wasting time

to delivery. So the company need to establish the working team to analyze and solve

these problems.

3.4.1 Establishing of KPIs team working

In this case study, the factory unit is focused and working team has

established from 9 employees in each department for analyzing the problem as show

in Figure 3.5.

Plant Manager

Maintenance Manager

Production Manager Technical Manager

Asst. Maintenance Manager

Asst. Production and technical Manager

Senior Maintenance Staff

Senior Production Staff

Senior Technical Staff

Figure 3.5 KPIs working team in internal process




After the KPIs team was set to improve KPIs in internal process, each

members are trained about key performance indicators improvement by external

consultation. The time table of training shows in Figure 3.6

08.00-08.30

08.30-09.00

09.00-10.00

10.00-10.15

10.15-12.00

12.00-13.00

13.00-15.00

15.00-15.15

15.15-16.15

16.15-16.45

16.45-17.00

Schedule of KPI program training

Opening of training by moderator
Opening of training by plant manager

Introduction of program training by plant
manager

Coffee break

Explaining of general KPIs improvement by
consulting

Lunch

Explaining of KPIs in internal process

improvement by consulting

Coffee break

Group working in case study
Summary of training by KPIs team

Closing of training by plant manager

Figure 3.6 Schedule of KPIs improvement program training
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3.4.2 Existing KPIs

The existing KPIs in internal process of company including 3 departments

and results of each existing KPIs in year 2008-2009 show in Table 3.1.

20



Table 3.1 Existing KPIs in internal process of NCI company

Results
Jan-Mar, | Apr-Jun, | July-Sep, Oct-Dec,
Department KPIs Unit Target 2008 2009 2009 2009 2009
Set up time hours 2 - - - - -
Maintenance Machine downtime hours/year 0 - - 3.19 2.53 3.1
Be able to control the limited capacity at least 9,000 ton /year % >95 90 85 85 85 85
Be able to control % acid before digestion at 0.2-0.3% for
medium and low viscosity grades % >80 - 90 90 95 94
Be able to control % acid before digestion at 0.10-0.15% for

high viscosity grades % >80 - 92 91 95 94
Be able to control quantity of Cotton linter at 466kgs/ton % >95 99 98 98 98 98
Production Be able to control quantity of IPA at 375 kg/ton % >95 97 98 98 98 98
Technical Quality of product in specification % >92 95 90 96 91 96




3.4.2.1 Ineffective of existing KPlIs

From Table 3.2, the result of KPIs in production department can control and

reach the target while there are a lot of loss generate in the process as show below:

Table 3.2 KPIs in production department

Department

KPIs

Unit

Target

Results

2004

2005

2006

2007

2008

2009

Production

Be able to control quantity of Cotton linter at
466kgs/ton

%

>95

98

97

98

99

98

Be able to control quantity of IPA at 375 kg/ton

%

>95

95

97

96

97

98

Be able to control the limited capacity at least
9,000 ton /year

%

>95

100

100

100

90

90

85

From the table above, results of both existing KPIs in production department

shows the controllable result and achieve their targets while the KPIs of be able to

control the capacity at least 9000 Tons/year trend to decrease. And the amount of end

products is slightly decrease from 2006 until 2009 as show in Figure 3.7

Figure 3.7 Amount of products between 2004-2009
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According to the Nitrocellulose formulation, It contains of Cotton Linter 50%, IPA

30% and Nitric Acid 20%. Cotton linter and IPA are main of raw materials in process. So

two of KPIs of controlling of raw material were set while Nitric Acid has not set any KPI to

control. So the production generates a lot of loss by Nitric acid.

KPI of using CL

KPI of using IPA

l

Quantity of
- 5 || NC Process

—»  NC decreasing

Cotton Linter = 50%

IPA =30%

Nitric Acid =20% l
Nitric Acid Loss

3.4.2.2 KPIs are not clear

From Table 3, The KPIs in quality department is not useful to measure the

performance

Table 3.3 KPI in Technical department

Results

Jan-Mar, | Apr-Jun, |July-Sep, |Oct-Dec,
2008 2009 2009 2009 2009
96 91 96

KPIs Unit | Target
% >92 95 90

Department
Technical Quality of product in specification

Quality of product out of specification: The KPIs of product quality need to

priority the type of problem before setting the target.
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From the Table 3.3 in technical department, the KPIs measure quality of
product is not clear because the specification of Nitrocellulose consist of 7 type as

show below and appendix A
1. Viscosity
2. % Nitrogen Content
3. % IPA

4. Ignition point
5. Stability
6. % H20

7. % free acid

Table 3.4 Amount of product out of specification in 2009

Month
% Nitrogen Ignition

Specification | Viscosity | % IPA | % water |  Content % Free Acid| Stability | point
January 32 2 2 0 1 1 0
February 37 3 4 0 1 0 0
March 31 2 2 1 1 1 0
April 32 2 1 2 | 1 0
May 29 2 2 1 0 2 0
June 32 2 3 2 1 1 1
July 33 3 2 1 1 0 0
August 35 4 2 1 1 1 0
September 34 2 3 0 1 0 1
October 31 3 2 2 | 1 0
November 31 2 1 2 1 0
December 32 2 2 1 | 1 0
Total 389 30 27 12 12 10 2
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Since the study on quality of product, the problems have been detected and
listed to check sheet as show in Table 3.4. The check sheet has been scored in the
period of 1 year. The number of occurrence has been sum up and using Pareto
diagram for further analysis. The Pareto diagram will priority the problem and also

determine which problem is the most effect to the case company.

Table 3.5 Frequency of product out of specification

Product inspectation Frequency % Cumulative
Viscosity 389 81%
%IPA 30 87%
%water content 27 93%
%Nitrogen Content 12 95%
% Free acid 12 98%
Stability 10 100%
Ignition pomnt 2 100%

From the result in Table 5, the highest problem is viscosity. The viscosity of
out spec is mostly found in quality of product because of ineffective of controlling in

production.
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Figure 3.8 Pareto graph of quality of product

From graph above show that viscosity of Nitrocellulose is the main problem
in quality of product. This show that if this problem is solved, the overall problem
will reduce up to 81%. So KPIs in quality control should be focused on viscosity
out of specification. The problems will further analyze to find the actual root cause in

the next tool of fish bone diagram or cause & effect diagram.

3.4.2.3 Need to add necessary KPIs

From existing KPIs, there are no KPIs in time. So some of KPIs need to add

to measure and control to improve on time delivery such as
- Percent of on time delivery
- Customer complaint in delivery

- Percent of output reliability
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3.4.3 Problem analysis

After the problem in existing KPIs are identified, these problems will be
analyzed by cause and effect diagram and priority the cause by using relation matrix
diagram and finally why-how analysis is effective tool for create each objective to

solve the problems. In this case study, there are 3 main problems to analyze as

following:
1. Quantity
a. Nitric acid loss: Nitric acid is one of main raw material for producing
Nitrocellulose. According to amount of Nitrocellulose in 2007-2009
were slightly decrease with only controlling of amount of other two of
raw material which is cotton linter and IPA. From this reason the loss
of nitric acid is the problem to generate less amount of product
because of no KPI controlling in amount of nitric acid
2. Quality
a. Viscosity of product out of spec: There are 7 type of nitrocellulose
specification to control. From the existing of data, viscosity is the
main problem in quality to satisfy.
3. Delivery

a. Improvement of on time delivery: There are no controlling of time to
delivery to customer. So the KPIs in time should be added for

improvement of customer satisfaction in time.
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3.4.3.1 Nitric Acid loss

o Cause and effect diagram

Once the problem has been identified, the cause & effect diagram analysis
will be using to show those problems are cause from man, machine, method, or
material. The casue and effect diagram, the detail of the casuse and effect of nitric

acid loss are catorised as following:

Pipe is blocked

Machine
No preventive Less % conc of NA
Broken seal 4 No trainning
Corrosion of NA \ LE:I';‘QQ i
Heat leak No skill
Less cycle of centrifuge
Less effectiveness of absorber \ Broken seal
Less efficiency blower \ :Mitric Acid loss
Less % conc of NA /
Not related of fume
Not matching of acid composition in

and water spay rate Low quality

Distillation unit

System error
Low speed rate

of
Material

Less flow rate of NC
Method

Figure 3.9 Cause and effect diagram of nitric acid loss problem

Machine:

Broken seal; Pumps consist of seal to decrease friction between shaft and
pump.

Leaking of heat exchanger: heat exchanger at acid glass tube leak because
of corrosion of Nitric acid.

Absorber is less effectiveness: blower in absorber is less efficiency

Leaking pipe: the pipe is getting old in process.
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- Less cycle of centrifuge: broken seal make decreasing of centrifugal force.

Method:

- Less % of nitric acid concentration: The composition rate of RA, NA 68%
and absorber acid are match with distillation design. It makes less % of
nitric acid concentration which need to add more amount of nitric acid to

fulfill the % concentration for NC production.

RA = 1,300 liters/ hour NO Acid Less % of Nitric

distillation Acid concentration

Absorber acid = 250 liters/ hour

Process

NA 68% = 650 liters/ hour

- Not related of fume and water rate: water spay system error make less
efficiency of acid absorber.

- Low speed rate of centrifuge: function of centrifuge is throw off acid from
NC. So high speed rate of centrifuge is less acid in NC

Need to wash
out acid many
times by water

Speed rate of centrifuge ﬂ get ﬁ acid in NC l

Nitric acid loss
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Man
- Lack of skill: No training enough
Material

- Low quality of raw material: According to limited of raw material source,
there is difficult to control.

e Relationship matrix

After cause and effect of the problems are identified by cause and effect
diagram as shown in the previous section. The relationship matrix is created to
priority the causes that should be emphasised. This case has set up the session by
gather related worker to score the causes. There are criteria for worker to score,
which are time consumed, effect to production fail, and possible to reduce. The score
that use to evaluating in this session rates from 1 is lowest score to 5 is highest score,

which can be describing as following.

e “5”refer to the highest correlation between cause and criteria
e “4” refer to the high correlation between cause and criteria

e “3” refer to the fair correlation between cause and criteria

o “2” refer to the low correlation between cause and criteria

e “1” refer to the none correlation between cause and criteria
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Table 3.6 Relation matrix of nitric acid loss problem

Criteria
Times | production | Possible
Causes consumed | efficiency |toreduce| Total | Category |Summary
Less % of NA concentration 4 5 4 13
Broken seal of pump 3 4 5 12
Heat exchanger leak 5 5 3 13
Less effectiveness of absorber 4 4 4 12
Leaking pipe 4 4 5 13
Less cycle of centrifiige 4 4 5 13 Machine 76
Less % of NA concentration 4 5 5 14
Less effectiveness of absorber 5 4 4 13
Low speed rate of centrifuge 4 4 5 13 Method 40
No skill 2 3 1 6 Man 6
Low quality of raw material 3 3 2 8 Material 8

In conclusion, there are obviously that the problem in machine and method
category will be focused according to the score 76 and 40. The other two causes are
the less impact to nitric acid loss. So, in this case study will cover the 9 route causes

to reduce the nitric acid loss in the nitrocellulose process.

o  Why —how analysis

Why-how analysis is effective tool to find out the root cause and the last stage
will come up with the method to solve the problem. The Figure 3.12 is the why-how
analysis of nitric acid loss.

The causes of nitric acid loss problem are following:
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- The percent of concentration of nitric acid is less because at the stage of
output of deacidation, when pipe is blocked, the low concentration of nitric acid
(RA) across to high concentration of acid (WA) zone. This makes the WA zone less

concentration. So the preventive maintenance is applied to solve this problem.

Blocked pipe

Figure 3.10 Blocked pipe of Nitric Acid line

- Broken seals: All of seals in every parts of machine need to be effectively use
by prevent maintenance
- Heat exchanger of distillation unit leak because of corrosion of nitric acid.

So the preventive maintenance is applied to this problem.

- Less efficiency of blower make absorber is less effectiveness of absorber to
absorb the nitric acid as show in Figure 3.11. So the blower need to preventive to

keep the absorber work effectively.
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Less effective of blower

) (/) ) 1402
Acid Fume
— 1T wate
v v v v
i = \—]
D D
P-1403 P-1404

Acid Tank

Figure 3.11 Absorber acid system

- All pipes of process are necessary to have preventive maintenance to

prevent the leaking of acid.

- Seals of centrifuge are necessary to have preventive maintenance because if
seals of centrifuge are broken, cycle of centrifuge is less. It makes a lot of the acid

contain in product. So the acid will loss by washing them again.

- The composition rate of RA, acid from absorber and feed 68% nitric is not
suitable with distillation design. This makes the concentration of nitric acid decrease.

So the productivity needs to improve.

- The water and fume rate of absorber system don’t relate. It makes the
absorber system is less effectiveness. So the improvement of productivity is applied

to reduce this problem.

- Feed rate of feed NC in deacidation stage is less than determination. It makes
the speed rate of centrifuge is low. There is a lot of nitric acid still contain in

product. So the nitric acid will loss by water washing again.
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Nitric Acid Loss

0,
Less % of NA —why—  Pipe block
concentration
—why—
Broken seal of
—why—y why
pump
—why— Heat exchanger —why— Corrosion of NA f------------- )
leak 3
why |
Less effectiveness Less efficiency of . Preventive
——why— —why— —why— No preventive |—How—| )
of absorber blower maintenance
—why—  Leaking pipe why.
why
——why— Less c_ycle of —why—  Broken seal
centrifuge
Not suitable of
| omo | Less%ofNA | | acid composition Improvement of
why concentration | " with distillation How productivity
design
Less effectiveness Not related of
—why—  of absorber ~ —why— fume and water How
spay rate
Flow rate of feed
—why— Low spegd rate of —why— NC is less than How
centrifuge -
determination

Figure 3.12 Why-how analysis of nitric acid loss problem
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3.4.3.2 Viscosity out of specification

o Cause and effect diagram

After the viscosity out of specification problem was identify, cause and effect

diagram is create to analyze the cause in machine, method, man and material.

Out of order
Selecting wrong program

Measured Instrument
error

No skill

=} Viscosity out of spec

Not homogeneous of
Low quality viscosity

Density of NC in digestion
N\

Figure 3.13 Cause and effect diagram of viscosity out of specification

Machine:

- Measured instrument are not accurate: there have no calibration of
measurement.

- Measured instrument are error because of out of order.
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- Uncontrollable of time and presrure/temperature: there are uncontrollable of

time and pressure/temperature to digest .

Man

- Selecting wrong program to digest: workers don’t have enough skill to

control time amd pressure/temperature to digest because they have no training in

digestion skill.

Material

- Low quality of raw material: according to limited of raw material source,

there is difficult to control.

e Relationship matrix

Table 3.7 Relation matrix of viscosity out of specification

Criteria
Effect to
Times | production | Possible
Causes consumed | efficiency |toreduce| Total | Category

Non homogeneous of viscosity 2 3 2 7 Method
Measurement error 4 5 4 13 Machine
Select wrong program to digest 5 5 4 14 Man
Low quality 2 2 1 5 Material

From table above, there are obviously that the problem in machine and man

category will be focused according to the score 13 and 14. The other two causes are

the less impact to viscosity out of specification of product. So, in this case study will

cover the 2 route causes to improve the viscosity of product.
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This step will present the root cause of the viscosity out of specification and

the method to solve the will come up at the end. The detail of root causes of this

problem are following:

- The measurement of data is error because measured instruments are out of

order and no calibration. The preventive maintenance is applied to improve this

problem.

- The worker select wrong program to digest the product because they are not

enough skill. So training in digestion skill is necessary to them.

Measurement

—why—|
4 error

Viscosity out of
spec

Select wrong
L why—| Program to digest

Measurement out

of order

No calibration

How:

Preventive

Training in

No enough skill

How

digester method

Figure 3.14 Why-how analysis of viscosity out of spec problem
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3.4.3.3 Improvement of on time delivery

From analysis of quantity and quality problems, it was found that preventive
of maintenance and digestion skill training to eliminate reprocessing are objectives to
improve delivery time. Additional, another one necessary of objective need to be

added to improve the delivery time is transfer product on time.

Preventive
maintenance
On time delivery Digestion skill
improvement traming
Transfer product on

time

3.5 Summary

In conclusion, the current measurement system of the company is not effective
because most of the existing KPIs are not only unclear and incomplete but also don’t
integrate to each other. On the other hand, the non-effective measurement system makes non
efficiency management for company’s continuous improvement due to anything can’t

measure, it also can’t manage.
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CHAPTER 1V

IMPROVEMENT OF KEY PERFORMANCE
INDICATORS IN INTERNAL PROCESS

This chapter is presented about the process for improvement of KPIs in
internal process. In the beginning, the planning of KPIs improvement is created.
Then the internal problem including Nitric acid loss and viscosity out of spec are
analyzed to create objectives which use for identify critical success factors of each
function in internal process. After CSFs are created, the KPIs in internal process
including production, maintenance and technical are selected corresponding to its
CSFs and function. Finally, the KPI team is created for evaluating the appropriated
KPIs in each department.

4.1 Planning of KPIs Improvement

The process for improvement of KPIs has been created and planned as
following:

4.1.1 Creating objectives

After the problem in internal process are analyzed, the objectives are created

by why-how analysis.

4.1.2 Identifying Critical Success Factors
After the objective are indentified from why-how analysis, the SCFs will be

created in corresponding to them.
4.1.3 Creating the function

The functions in each department are created
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4.1.4 Collect the Performance Indicators in internal process

The Pls that relate to internal process will be collected from literature review

and theoretical.

4.1.5 Selecting the appropriate PIs in corresponding to SCFs and functions of each
department

The PIs will be selected in corresponding to SCFs and function of internal

process.

4.1.7 Comparison of PIs
The Existing KPIs and developing PIs will be compared by using ECRS

technique.

4.1.8 Evaluation of appropriate PIs

The appropriate Pls are evaluated by manager of each department by criteria

testing matrix.



4.1.1 Flow chart of KPIs improvement

Why-How analysis

(Chapter 3)

J

Creating objectives

U

Identify critical success
factors

U

Create the function of each
department

U

Collect the PIs in internal
process

U

Selecting PIs that correspond with CSFs
and function

J

Comparison Pls

U

Evaluation of appropriate Pls

Figure 4.1 Flow chart of improvement of KPIs process
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From the chapter 3 which the problems are analyzed, the objectives can be

divided into three groups as below:

4.2 Creating of objectives

1. Quantity
e To improve productivity
e To be effective of preventive maintenance
2. Quality
e To be effective of preventive maintenance
e To improve the digestion method
3. Delivery
e To transfer product on time
e To eliminate re-processing of NC

e To be effective of preventive maintenance

4.3 Identify the critical success factor

In this step, the critical success factors are identified from objectives as show below.



Table 4.1 Critical Success factor creation
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Type Objectives Critical Successful Factors
Quantity To improve productivity 1. Composition rate of
acid distillation control
2. Fume and water spay
rate control
3. Flow rate of feed NC
control
To be effective of preventive 1. Machine down time
maintenance )
2. Machine break down
3. Machine utilization
Quality To train the digestion method 1. Temperature and
pressure in digestion
control
2. Time in digestion
control
To be effective of preventive 1. Calibration of
maintenance measurement
Delivery To transfer product on time 1. Transfer delay
To eliminate re-processing of 3. Temperature and
NC pressure in digestion
control
1. Time in digestion
control
To be effective of preventive 1. Machine down time
maintenance .
2. Machine break down
3. Machine utilization




From Table 4.1, it was found that there are 9 corresponding critical success
factors from objective as following:

1. Composition rate of acid distillation control

2. Fume and water spay rate control

3. Flow rate of feed NC control

4. Machine utilization

5. Machine down time

6. Machine break down

7. Temperature and pressure in digestion control
8. Time in digestion control

9. Calibration of measurement

10. Transfer delay

4.4 Creating the function of each department

Internal Process ‘

Production Maintenance Technical

Figure 4.2 Department of internal process of NCI company



Production

1.

Production planning
Raw material preparation
Processing

Packing

. Delivery

Maintenance

1.

Technical

1.

To maintain machine effectively

Control product quality

1. Production Maintenance
planning

2. Raw material 3
preparation

-5 Production

3. Processing

4. Packing 3

Figure 4.3

Technical

|

1. Control product
quality

Relationship between each department

1. To maintain
machine
effectively
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4.5 Collecting PlIs
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The principles of Pls are collected from the literature review for evaluating in

internal process of company.

According to the literature review such as Morrisey (1996), Jones and

Schilling (2000), Schroeder (1993) and www.ftpi.or.th. The collecting of PIs are

following

10.

1.

12.

13.

14.

. Performance ratio
. Average working time of labors

. Labor cost to product cost ratio

Labor cost per units production
Cost of goods sold per employee
In-line operation idle time ratio

Net profit per employee

. Personal expense to amount of processing ratio

Quantity of product per man hour
Labor cost to production value ratio
Direct labor productivity

Indirect labor productivity
Percentage of absenteeism

Cost of production lost due to labor problem per average number of

employee


http://www.ftpi.or.th/

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Number of accident
Ratio of supervisor or manager to workforce

Man hours paid per unit

Productivity ratio( man hours paid per unit per production worker

Value-added per employee

Percent of product defects by product

Percent of defect product sent to customer

Number of customer complaint per number of goods sold
Accuracy of inventory status

Value of expired product

Value of product lost

Value of product damaged

Percentage of on-time delivery

Incorrect product delivery

Lead time delivery

Percentage reduction of cost of inventory from previous year
Percentage of product processed on time

percentage of orders shipped on time

percentage of order shipped requiring adjustments
percentage of returned and claimed product

Average of day late
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36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

percentage of yield of raw material
Raw material cost per unit production

Defect ratio that occur when using out of specification of raw

material

Raw material cost to product cost ratio
Inventory turnover

Raw material cost to production value ratio
Accuracy of inventory status

Value of expired raw material

Value of raw material damaged

Percentage of raw material specification changes per specifications

issued

Percentage of obsolete raw materials

Percentage of accurate inventory count per total cycle count
Raw material inventory cost

Percentage of downtime due to raw materials shortage

Percentage reduction of cost of raw material inventory from

previous year

Percentage yield

Unit production per month

Non-conform raw material per total raw material used

Defect rate found from in-line production
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56.

57.

58.

59.

60.

61.

62.

63

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

49

. Quantity of defect per quantity of production
Internal failure cost

Percentage of quality cost to product cost
Product cost per unit

Incorrect packing per production cycle time
Percentage of on-time completions

Number of miss-plan production

Number of delayed lot

. Actual production time to planed production time
Accumulate idle time per month

Value of product uncompleted on time
Production cycle time reduction

Unit production per machine

Labor reduction per production cycle time
Power reduction per production cycle time
Work in process turnover

Average lead time on support request
Average delay in deliveries

Lead time delivery

Power cost to product cost ratio

Depreciation to product cost ratio



76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

&9.

90.

91.

92.

93.

94.

95.

50

Cost of R&D to product cost ratio

Outsourcing cost to product cost ratio

Percentage of operations with current detailed process
Percentage of unscheduled overtime to total time
Percentage of on-time orders shipped to the next department
Percentage of lots accepted versus total lots

Percentage or value of scrapped or reworked output versus total

output

Percentage of operators checking their work to recognized plans
Percentage of unscheduled overtime to straight time

Value of rework or scrap per setup

Percentage of rework or rehandles

Percentage of rework or rehandles

Percentage of quality assurance defects

Value or percentage of scrap by type or cause

Number of shipping errors by type or cause

Percentage of defects or off-quality by type or cause

Number or percentage of errors or processing mistakes passed on to

other department
Number of short lots
Percentage of lots or orders completed or shipped on time

Frequency of production scheduled adjustment



96. Unit or value of production behind schedule

97. Average production time by type of product

98. Percentage of actual to standard production

99. Number or percent of hours lots due to scheduling problems

100

101

102.

103.

104.

105.

106.

107.

108.

109.

110.

I11.

112.

113.

114.

115.

116.

.Percentage of lots, orders or jobs late due to plant errors

. Units, hours or days of production backlog

Power cost per unit of production

Value o inventory shortage

Percentage of late deliveries

Work in process and finished goods inventory turns
Percentage of deviation between actual and planed scheduling
Hours of time lost waiting on materials

Number of delayed orders

Percentage of conformance to daily production schedule
Percentage of back orders

Average lot size per day

Percentage of job finished on schedule

Percentage of job ready to start on time

Production schedule change

Value added to incoming material

Machine idle time ratio
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117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

52

Total machine down time

Time consuming for machine overhaul on schedule
Frequency of machine down time

Mean time failure

Mean time to repair

Waiting time for repairing machine
Machine run time since last overhaul
Maintenance cost to product cost ratio
Value of machine per employees
Efficiency of machinery investment ratio
Net profit per machine value

Percentage of machine capable of performing within established

specifications

Number of quality defects due to machine error
Percentage of machines on preventive maintenance
Percentage or number of machine breakdown
Percentage of machine downtime due to maintenance
Ratio of actual to planed machine utilization
Percentage of scheduled downtime

Percentage of unscheduled downtime

Percentage or hours of maintenance downtime



137.
138.
139.
140.

141.

142.
143.

144.

There are many of PIs in internal process. Next step, appropriate PIs will

Number, hours or percentage of machine stops due to operate errors
Number of machine fully complemented with capable tools

Ratio of set up time to available time

Percentage of machine downtime due to part shortage

Percentage of utilization of manufacturing facilities at maximum

utilization
Average time of setup machine
Percentage of multipurpose machine

Performance efficiency

be select with corresponding to each function.

4.6 Indentify PIs corresponding with function

After the norm PIs are listed from literature review, the Pls are selected

corresponding to each function as show below.
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Table 4.2 Appropriate Pls corresponding with function

Production

Functions

PIs

Production planning

7.

9.

10.

11.

12.

13.

14.

15.

16.

17.
ratio

18.

19.

20.

. Performance ratio
. Average working time of labors

. Labor cost to product cost ratio

Labor cost per units production
Cost of goods sold per employee
In-line operation idle time ratio

Net profit per employee

8. Personal expense to amount of
processing ratio

Quantity of product per man hour
Labor cost to production value ratio
Direct labor productivity
Indirect labor productivity
Percentage of absenteeism
Raw material cost per unit production
Raw material cost to product cost ratio
Inventory turnover

Raw material cost to production value

Accuracy of inventory status
Value of expired raw material

Value of raw material damaged
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Production

Functions

PIs

Production planning

21.
22.
23.
24.
25.

26.
ratio

27.

Value of product uncompleted on time
Unit production per month
Outsourcing cost to product cost ratio
Machine idle time ratio

Value of machine per employees

Efficiency of machinery investment

Net profit per machine value

28. Be able to control quantity of raw
material

Raw Material Preparation

1. Defect ratio that occur when using out of
specification of raw material

2. Non-conform raw material per total raw
material used

3.percentage of yield of raw material

4.Percentage yield

Processing

1.Quantity of defect per quantity of
production

2.Average production time by type of
product

3.Be able to control % of product
specification

4 Be able to control % of raw material
usage
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Production

Function

PIs

Processing

5.% of controlable the limited capacity at
least 9000 ton/year

6.% of mis-plan production

7. Be able to control composition rate of
acid

8 . Be able to control fume and water spay
rate

9. Be able to control feed NC rate

Delivery

1. Percentage of on-time delivery
2. Incorrect product delivery

3. Lead time delivery

4. Number of delayed lot

5. Accumulate idle time per month

6.Average delay in deliveries

Maintenance

Functions

PIs

To maintain machine effectively

1. Total machine down time

2.Time consuming for machine overhaul
on schedule

3.Frequency of machine down time
4.Mean time between failure

5.Mean time to repair
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Technical

Functions Pis

Control the product quality 1.Number of customer complaint per
number of goods sold

2.Percentage of returned and claimed
product

3.Defect rate found from in-line production
4.Quantity of defect per quantity of
production

5.Internal failure cost

6.Worker appraisal in technical knowledge

7. % of viscosity of out specification

4.7 Identify the critical success factors corresponding to each
function

In this step, the KPIs team will show the critical success factors can be

categorized to each function as show below

Table 4.3 Identify critical success factor corresponding with function

Department Function Critical Success
Factors
Production Production planning 1. Machine down
time

2. Machine break
down

3. Machine
utilization




Department

Function

Critical Success

Factors

Production

Raw material preparation

Composition
rate of acid
distillation
control

Processing

Temperature and
pressure in
digestion
control

Time in
digestion
control

Composition
rate of acid
distillation
control

Fume and water

spay rate control

Flow rate of feed
NC control

Delivery

Temperature and
pressure in
digestion control

Time in
digestion control

Machine down
time

Machine break
down

Machine
utilization
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Department Function Critical Success
Factors
Production Delivery 6. Transfer delay
1. Machine down
‘ o ] time
Maintenance To maintain machine
effectively 2. Machine break
down
3. Machine
utilization
4. Accuracy of
measurement
Technical Control product quality 1. Temperature and

pressure in
digestion control

2. Time in
digestion control
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PI:

% of quality of distillated
acid

60

PI:

% of acid in waste
water

Composition rate of acid
distillation control

Fume and water spay

rate control

Flow rate of feed
NC control

Controlling of
production method

Improvement of
productivity

Preventive
maintenance

Machine break

down

|

Machine down time

!

Machine utilization

}

PI:

Breakdown rate

Pls:

Total machine down
time (hour/quarter)

Mean time between
failure (MTBF)

Mean time to repair
(MTTR)

PI:

Machine idle time
ratio

Figure 4.4 Relation chart of KPIs in Nitric Acid loss (Quantity)




PI:

% of product quality in viscosity

A

Temperature and Pressure Time control

| |

Training Controlling of
digestion temperature/
pressure and

measurement

Accuracy of
measurement

Number of
calibration of

Figure 4.5 Relation chart of KPIs in viscosity out of spec (Quality)



PI:

% of product quality in viscosity

A

Temperature and pressure control

Time control

)

Elimination of NC
reprocesses

Controlling of
temperature/

pressure and time
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Transfer product on time

KPIL:
Transfer delay ™

% of on time

delivery
To Preventive .
. . Preventive
maintenance effectively )
maintenance
>
Machine break Machine down time Machine utilization

down

v

v

v

Pls:

PI:

Breakdown rate

Total machine
down time

(hour/quarter)

failures (MTBF)

Mean time between

PI:

Machine idle time
ratio

Figure 4.6 Relation chart of KPIs in on time delivery (Time)
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Figure 4.7 Relation chart of PIs in nitric acid loss, viscosity out off spec and on time



4.8 Selecting the appropriate PIs corresponding with each function
and critical success factors

Next step, the appropriate Pls corresponding with each function and critical

success factors will show below
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Table 4.4 Identify of KPIs corresponding with function and critical success factor

Department CSF Name of Pls Unit
Total machine down time Hour/month
Machine Mean time between failures Hour/ th
) r/mon
downtime (MTBF) ourmo
Mean time to repair (MTTR) | Hour/month
Maintenance | Machine break
Breakdown rate %
down
Machine L. . )
e Machine idle time ratio
utilization Y
(1]
Accuracy of Number of calibration of )
Time/year
measurement measurement
Temperature/
pressure in
digestion control % of product quality in o
— viscosity
Time in
digestion control
. Composition
Production P )
rate of acid
control % of quality of distillated A
acid
Fume and water
spay rate control
Flow rate of o
feed NC control % of acid in waste water °
Product in % of product quality in %
Technical . . ) )
specification VISCOSItY
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Delivery

Transfer delay

% of on time delivery

%




4.9 Comparison KPIs

This step, the working team will compare about existing KPIs and developing KPIs as show below

Table 4.5 Comparison of KPIs

Before improvement of KPIs

After improvement of KPIs

e Be able to control the limited capacity at least 9,000 ton /year

e Be able to control % acid before digestion at 0.2-0.3% for
medium and low viscosity grades

e Be able to control % acid before digestion at 0.10-0.15% for
high viscosity grades

e Be able to control quantity of Cotton linter at 466kgs/ton

e Be able to control quantity of IPA at 375 kg/ton

e Setup time
e Machine downtime

e Quality of product in specification

Total machine down time
Mean time between failures (MTBF)
Mean time to repair (MTTR)

Breakdown rate

Machine idle time ratio

Number of calibration of measurement
% of product quality in viscosity

% of quality of distillated acid

% of acid in waste water

% of on time delivery
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From comparison table (Table 4.5), the working team found that six of
improper existing KPIs. They should be eliminated and adapted. They can’t measure

and control the performance.

Two of existing KPIs are not useful at all, they should be eliminated. And
four of existing KPIs are not real KPIs. They are kind of function. On the other
hand, they are still necessary and useful to control the performance if they will be

adapted as show below;

Table 4.6 Adapting of existing KPIs

Before improvement of existing KPIs

After improvement of existing KPIs

Be able to control % acid before
digestion at 0.2-0.3% for medium and

low viscosity grades

% of product out of specification in acid

control for medium and low viscosity

grades

Be able to control % acid before

o ] % of product out of specification in acid
digestion at 0.10-0.15% for high

_ _ control for high viscosity grades
viscosity grades

Be able to control quantity of Cotton

linter at 466kgs/ton Yield of Cotton linter

Be able to control quantity of IPA at 375
Yield of IPA
kg/ton

Next step, the working team use ECRS technique to eliminate the improper
PIs. Then, the before and after improvement of PIs are combined and rearranged to

complete the new PIs system in internal process.




4.9.1 E-C-R-Stechnique

E-C-R-S

Before improvement of KPIs

After improvement of KPIs

e Be able to control the limited capacity at least 9,000 ton /year

e Setup time

e % of product out of specification in acid control for medium and

low viscosity grades

e % of product out of specification in acid control for high

viscosity grades
¢ Yield of Cotton linter
e Yield of [IPA
e Machine downtime

e Quality of product in specification

Total machine down time

Mean time between failures (MTBF)
Mean time to repair (MTTR)
Breakdown rate

Machine idle time ratio

Number of calibration of measurement
% of product quality in viscosity

% of quality of distillated acid

% of acid in waste water

% of on time delivery




E-C -R-S

Before improvement of KPIs

After improvement of KPIs

% of product out of specification in acid control for medium

and low viscosity grades

% of product out of specification in acid control for high

viscosity grades r

Yield of Cotton linter COMBINE

Yield of IPA I/

Machine downtime

Quality of product in specification

Total machine down time

Mean time between failures (MTBF)
Mean time to repair (MTTR)
Breakdown rate

Machine idle time ratio

Number of calibration of measurement
% of product quality in viscosity

% of quality of distillated acid

% of acid in waste water

% of on time delivery

% of on time delivery




E-C -R-S

Total machine down time

Mean time between failures (MTBF)
Mean time to repair (MTTR)
Breakdown rate

Machine idle time ratio

Number of calibration of measurement
% of product quality in viscosity

% of quality of distillated acid

% of acid in waste water

% of on time delivery

% of product of out spec in viscosity

% of product out of specification in acid control for medium and low

viscosity grades
% of product out of specification in acid control for high viscosity grades
Yield of Cotton linter

Yield of IPA

Quality of product in specification
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4.10 Creating team for evaluate KPIs

According to Kaplan and Norton have commented that KPIs have been
successfully designed by an individual, without large consultations. A small well-
trained team of six people is recommended to this company. A group of employee
have cross functional membership, which are consisted of manager in each

department including plant manager as show below.

s

Production Maintenance Technical
Manger Manager Manager

Asst. Asst.
Production Maintenance
Manger Manager

Figure 4.8 Evaluating team of appropriate Pls

They created to design appropriate PIs corresponding with the standard

criteria as following:

1. Related to objective
2. Necessary to use
3. Expected benefits

4. Budget for implementation
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From different five of scales are show in Table 4.7

Table 4.7 Criteria testing matrix

Score
Criteria

Related to objectives | Very poor | Poor | Good | Very good | Excellent

Necessary to use Very poor | Poor | Good | Very good | Excellent

Expected benefits Very poor | Poor | Good | Very good | Excellent

Budget for
) . Very poor | Poor | Good | Very good | Excellent
implementation

Table 4.8 show example of criteria testing metrix score of production
department and each members of team are meeting and summarize the total score in

table.. for creating appropriate PIs corresponding to criteria standard.



Table 4.8 Criteria testing matrix for evaluation of PIs of production department
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Standard of criteria

=
e S B
28e |8 g€ Els
8% % 23 5|8 5|9
58| g8 3 & g/ 2 g =
© o 9 < 818 8| 8
& ol 2 - al| °
Pls Z /M g‘ =
Total machine down time 21 16 21 14 72
Mean time between failures
18 18 20 17
(MTBF) 73
Mean time to repair (MTTR) 22 18 17 16 73
Breakdown rate 20 15 18 16 69
Machine idle time ratio 19 20 19 11 69
Number of calibration of
21 17 21 15 74
measurement
% of product quality in viscosity 23 20 19 19 81
% of quality of distillated acid 23 18 23 22 86
% of acid in waste water 21 17 22 23 ]3
% of on time delivery 23 18 23 18 82
% of product out of specification in
acid control for medium and low 20 18 23 18 79
viscosity grades
% of product out of specification in
acid control for high viscosity 24 24 20 21 89

grades
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¢ Yield of Cotton linter 20 21 21 20 ]2
e Yield of [IPA 23 25 23 22 93
e Quality of product in specification 18 22 21 12 73
Evaluated by

.......................................... Production manager

.................................... Asst. Production manager

....................................... Maintenance Manager

................................. Asst. Maintenance manager

.......................................... Technical Manager



Table 4.9 Criteria testing matrix for evaluating score of all departments
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Department
Production | Maintenance | Technical
PIs

Total machine down time 72 7 69
M - -

ean time between failures 7 28 68
(MTBF)
Mean time to repair (MTTR) 73 86 72
Breakdown rate 69 86 67
Machine idle time ratio 69 69 68
Number of calibration of

74 85 73

measurement
% of product quality in viscosity 81 66 91
% of quality of distillated acid 26 70 67
% of acid in waste water 83 68 72
% of on time delivery 82 70 74
% of product out of specification
in acid control for medium and 79 69 94
low viscosity grades
% of product out of specification
in acid control for high viscosity 89 68 92

grades
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¢ Yield of Cotton linter 82 70 73
e Yield of IPA 93 73 68
e Quality of product in specification 73 69 94

According to the Criteria Testing Matrix shown in table 14 and 15, KPIs with
the score of 75 or more will be selected to measure the performance in each
department. For mutual agreement, the collaboration between the researcher and the

representative of each department will be done in chapter 5.



CHAPTER YV

CREATING DETAIL OF PIs AND TARGET

This chapter is presented about detail of selected KPIs from working team.

After that, the target will be design in further.

5.1 Creating of details of each appropriate Pls

According to 15 appropriate PIs in chapter 4, details of each PIs consist of

1. Name of Pls

2. Formula of PIs

3. Unit of PIs

4. Frequency of measurement

5. Responsible person

Details of each PIs will show in table 17 to 22
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Table 5.1 Details of each approoriate Pls
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Responsible
Frequen
Department Name of Pls PI’s formula qu Unit
¢y person
Maintenance
Total machine down time Number of hour that machine not working Monthly | Hour
Manager
Mean time between failures . . . Maintenance
Last breakdown time —Previous Breakdown time | Monthly | Hour
(MTBF) Manager
Maintenance
Mean time to repair (MTTR) Reproduction time-Failure time Monthly | Hour
Maintenance Manager
1 %
Break downtime * 100 Maintenance
Breakdown rate 0 . Monthly %
peration time Manager
Maintenance
Controlli libration of o . .
ONTTOTHNE calibration 0 Number of calibration of measured instrument Yearly | Time Manager

measured instrument
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Responsible
F
Department Name of PIs KPT’s formula requen Unit
¢y person
L ) Production
Number of product out of spec in viscosity *100 | Monthly
% of product quality in viscosity % Manager
Total product
. L . . oy . Production
% of quality of distillated acid % of concentration of distillated acid Monthly %
Manager
EE o . Producti
% of acid in waste water % of nitric acid concentration in waste water Monthly % ;/(I) vetion
anager
Production
. . On-time deli *100 P i
% of on time delivery A Cevety Monthly % roduction
) Manager
Total number of delivery
% of product out of specification | Number of out of specification in acid control for
in acid control for medium and | medium and low viscosity grade *100 Monthly o i;oductlon
anager

low viscosity grades

Total number of sampling
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Responsible
F
Department Name of PIs PI’s formula requen Unit
¢y person
% of product out of specification
in acid control for high viscosity Number of 01.1‘[ of speci.ﬁcation in acid control for Monthly o Production
high viscosity grade *100 Manager
grades
Total number of sampling
. Quantity of used Cotton linter *100 Production
Production % Yield of Cotton linter Monthly A
Quantity of product Manager
0/ ) ) Technical
70 Yield of IPA Quantity of used Cotton linter *100 Monthly %
manager
Quantity of product
Number of product out of spec *100 .
Quality of product in specification Monthly % Technical
Total number of product manager
Technical
Number of product out of spec in viscosity * 100 Technical
Monthly
% of product quality in viscosity Total product % Mmanager




5.2 Identify KPIs from each PIs
This step will identify KPIs of each department from appropriate PIs which

need to support their KPIs.

Table 5.2 Identify KPIs from each Pls

82

Department KPIs PIs Unit | Frequency
Mean time between
Total machine down failures (MTBF) Hour | Monthly
time . -
Mean(;dn}ezrtl({))repalr Hour | Monthly
Maintenance
Breakdown rate - Ratio | Monthly
Controlling calibration
of measured - Time Yearly
instrument
% of product quality in
P Viscosi%y Y & Monthly
% of on time delivery -
Total machine down o
time %0 Monthly
% Yield of Cotton
linter % Monthly
Production 7 oA
o Yield of IP )
% of total quantity of % of ool of % Monthly
used raw material o of quality o 0
distillated acid 7 | Monthly
% of acid in waste
water % Monthly
% of product quality in
P Viscosi%y Y % Monthly
% of product out of
specification in acid
control for medium %
% of Quality of and low viscosity Monthly
Technical product in
specification grades
% of product out of
specification in acid
0
control for high % Monthly
viscosity grades




83

5.3Creating of PIs target

All of PIs target will be created by KPIs by history data and brainstorming to
set the most appropriate target of each Pls

The KPIs team will set appropriate target by mainly 2 steps of:
1. Target will be created from baseline that use the history data.

2. Each target will be brainstorming of each employee of each department

and confirmed by management level of company

5.3.1 Scheduling of setting PIs target in maintenance department

Scheduling of KPIs team meeting to set target of maintenance
department

09.00-09.30 Opening the meeting
09.30-10.30 Definition of each Pls
10.30-10.45 Coffee break

10.45-12.00 Analyzing of history data

12.00-13.00 Lunch

13.00-15.00 Setting Pls target by history data

15.00-15.15 Coffee break

15.15-16.00 Brainstorming to set the most appropriate
target of each Pls

16.00-17.00 Evaluation of each PIs

17.00-17.30 Summary of meeting

Figure 5.1 Example of schedule of KPIs team meeting in maintenance department
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5.3.2 Meeting report and explaining target of each PIs

» Total machine down time

Figure 5.2 Number of machine downtime in 2009

According to Figure 5.2, it was show that the average hour of machine
downtime is 7.96 hour. So the KPIs team agree to set the target of total of machine

downtime is set as 5 hours/month.

> Mean time between failures (MTBF) and Mean time to repair (MTTR)

MTBEF is performance indicator for measurement the time between previous
machine break down and last machine break down for extending time of machine

working.

MTTR is performance indicator for measurement the time to repair machines

when they broke down.
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Both of PlIs is the indicator to support the total machine break down. From
table 18, the average Mean Time Between Failure in year 2009 is 324.44 hours/
month and Mean Time to Repair is 3.75 hour/month. The KPIs team was
brainstorming that the target of total machine break down is 5 hour/month, it is
decrease at 37.1%. So the target of MTBF and MTTR should be 445 and 2.3
hour/month corresponding to their key performance indicator (Total machine brake

down)



Table 5.3 Lists of MTBF and MTTR of machine in 2009
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Month Name of machine | Failure date | MTBF (day)| MTBF (hour) | Break down time (MTTR)
MA -201 2/1/2009 16
MPP-204 15/1/2009 13 312 6.5
JAN P-508 22/1/2009 7 168 !
Feb - - 0
P-2002 10/3/2009 - L2 6.5
Mar P-2002 29/3/2009 i 456 5.5
MPP-204 A 13/4/2009 s 160 4
P-2101 19/4/2009 ] " 25
Apr B-2301 A 30/4/2009 . 264 2
P-508 19/5/2009 " 456 6
May P-211 29/5/2009 0 " 5
C-203 17/6/2009 " 456 5
HR-C 25/6/2009 ) 192 35
hn HR-C 30/6/2009 S 120 1
P-204 21/7/2009 o S04 3
C-203 25/7/2009 A o6 25
" C-204 31/7/2009 ] a4 1.5
P-508 12/8/2009 i 258 1
Ave P-2102 29/8/2009 - 408 1
P-204 4/9/2009 y a4 1.5
C-203 17/9/2009 i ., 5
Sep C-204 23/9/2009 ; a4 6
P-212 10/10/2009 i " 25
MA-201 27/10/2009 - 408 2
ot P-204 31/10/2009 A 0 1.5
Nov P-204 13/11/2009 13 s 35
Dec - - - 0
12010 C-203 7/1/2010 o 1206 2
AVG 146 304.44 3.75




> Break down rate

Table 5.4 Number of machine downtime and operation time in 2009

Machine Operation Operation

Month Downtime(Hours) time(Day) time (Hours)
Jan 23.5 19 456
Feb 0 20 480
Mar 12 31 744
Apr 8.5 24 576
May 11 24 576
Jun 9.5 30 720
Jul 7 31 744
Aug 2 27 648
Sep 12.5 30 720
Oct 6 30 720
Nov 3.5 30 720
Dec 0 25 600

Total 95.5 321 7,704
AVG 7.96 26.75 642

From table 19, It was show that the average of machine downtime is 7.96

hours/ month and average of operation time is 642 hours/month. So average of
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machine downtime rate is 1.2 % . The KPIs team was brainstorming to set the target

should be set as 1%.

> Number of calibration of measurement

The main measurement instruments are 2 types including pressure gauge and

thermometer which are calibrated once a year as show in Table 5.5.



Table 5.5 Date of calibration of instrument in 2009
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Name of measure instrument

Date of calibration

Pressure gauge

Thermometer

2/2/2009

3/5/2009

The KPIs team was meeting and brainstorming that the measured instruments

should be calibrated at least twice a year in order to have more accuracy. So target of

this KPI should be 2 times/year.

» % of product quality in viscosity

From random of various of batch no as show in Table 5.6, it was found that

the average of number of drum in viscosity out off specification is 4.6 drums in year

2009.. It is approximately 10% of product out off specification because one of batch

number consists of 44 drums. So the KPIs team was set target of product quality in

viscosity is 95 %.
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Table 5.6 Number of drum in viscosity out off specification in year 2009

viscosity out of
specification
Batch no (drums)

0902124 5
0903127
0903326
0903227
0903128
0904229
0904130
0904231
0904243
0905133
0905134
0906335
0906036
0906123
0907138
0907099
0907140
0908091
0908142
0909243
0909044
0910145
0911046
0911147
0912243
AVG

Wi kWAl MW N[N IRLILLIOYONONON | BN W |W [

.
)

> % of quality of distillated acid

This performance indicator measure the % concentration of distillated
acid which are feed from 3 sources. There are retention acid, 68% feed nitric acid
and nitric acid from absorber which are controlled by composition rate as

following:
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Retention acid = 1,300 liters/hour
68% feed nitric = 250 liters/hour

Absorber acid = 650 liters/hour

If the composition rate of 3 sources can’t control or error, the %
concentration of distillated nitric acid will decrease. From this reason, the nitric acid
need to add more to fulfill the % concentration as requirement (98% concentration)

for recycling to nitrocellulose process again.

From table 5.7, the average of % concentration of distillated acid is 91.67.
There are some of acid loss in process. So the KPIs team was brainstorm and set

target is 98%.

> % of acid in waste water

This performance indicator measure the acid in waste water which come from
washing water. If the flow rate of feed NC is related with speed of centrifuge,

amount of nitric acid in NC will be small.

From the Table 5.7, the average of % acid in waste water is 0.33 in year
2009. So the KPIs team was designed to set target as at least 0.1 % in order to reduce

the acid loss.
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Table 5.7 The average of %concentration of distillated acid and % acid in waste

water
Average of
concentration of Average of
distillated acid acid in waste
Month (%) water (%)
Jan 91 0.58
Feb 85 0.42
Mar 91 0.32
Apr 93 0.24
May 08 0.26
Jun 89 0.25
Jul 85 0.26
Aug 38 0.28
Sep 95 0.32
Oct 08 0.29
Nov 08 0.34
Dec 89 0.37
AVG 91.67 0.33
> % of on time delivery

This indicator is the one of key performance indicator which have % of

product quality in viscosity and total machine brake down support in order meet the

target. From the target of % of product quality in viscosity is 95% and total machine

brake down is 5 hour/month. And the results of average delay time to delivery

product to customer is 4.8 time/month (Table 5.8). It is approximately 10% of delay

time delivery. So the KPIs team was set a meeting and brainstorming to find the

most appropriate of target which is 95%.



Table 5.8 Delay time delivery of year 2009

Total
Delay time
Month time delivery

Jan 4 40
Feb 5 40
Mar 6 40
Apr 5 40
May 6 40
Jun 4 40
Jul 3 40
Aug 4 40
Sep 5 40
Oct 6 40
Nov 4 40
Dec 5 40
AVG 4.8 40

% of product out of specification in acid control for medium and low

viscosity grades

% of product out of specification in acid control for high viscosity

grades

vV VYV V V¥V

% Yield of Cotton linter

% Yield of IPA

%Quality of product in specification

92

Five of these existing Pls are set target by average of old PIs result as show in

Table 5.9.
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Table 5.9 The target of existing KPIs

Results
Jan-Mar, | Apr-Jun, |July-Sep, |Oct-Dec,
Department KPIs Unit Target 2008 2009 2009 2009 2009 | Average
Be able to control % acid before digestion at
0.2-0.3% for medium and low viscosity grades % >80 - 90 90 95 94 92.25
Be able to control % acid before digestion at
0.10-0.15% for high viscosity grades % >80 - 92 91 95 94 93
Be able to control quantity of Cotton linter at
466kgs/ton % >95 99 98 98 98 98 98
Production Be able to control quantity of IPA at 375 kg/ton % >95 97 98 98 98 98 98
Technical Quality of product in specification % >92 95 90 96 91 96 93.6

From Table 5.9 , the KPIs team was analyzed the old results of each PIs and
set the target by using the average and brainstorming at the same time to find the

most appropriate target as show in Table 5.10.

Table 5.10 Target of each Pls

Name of PIs Unit Baseline | Target | Frequency
Total machine down time Hour 7.96 5 Monthly
Mean timc(el\t)[%\;v;)en failures Hour 304 44 445 Monthly
Mean time to repair (MTTR) Hour 3.75 2.3 Monthly
Breakdown rate Ratio 1.2 1 Monthly
e tme | 1| 2 v
% of product quality in viscosity % 90 95 Monthly
% of quality of distillated acid % 91.67 98 Monthly
% of acid in waste water % 0.33 0.1 Monthly
% of on time delivery % 90 95 Monthly
% of product out of specification
in acid control for medium and % 93 97 Monthly

low viscosity grades
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Name of PIs Unit Baseline | Target | Frequency
% of product out of specification Yo Monthly
in acid control for high viscosity 93 97
grades
% Yield of Cotton linter % 08 100 Monthly
% Yield of IPA % 08 100 Monthly
Quality of product in specification % 93.6 99 Monthly

5.4Action plan of each PIs

After the targets are set, the action plan of each PIs will present in order to

achieve its target and guideline for the use of KPIs improvement by following

activities as show in Table 5.11-5.14.




Table 5.11: Action plan of MTBF and MTTR
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ACTION PLAN

DEPARTMENT: PERFORMANCE INDICATOR:
Maintenance | | MTBF and MTTR
TEAM LEADER: TARGET:
Maintenance manager | | 445 and 2.3 Hours/Month
No ACTIVITY Responsible Remark
Person

Preventive machines in nitration process by
1 |following the table of preventive maintenace in K. Somchai Action in the first week of every month
Appendix...

Preventive machines in nitration process by
2 [following the table of preventive maintenace in K. Chaiyut Action in the second week of every month
Appendix...

Preventive machines in nitration process by
3 | following the table of preventive maintenace in | K. Ekkapong Action in the third week of every month
Appendix. ..

Preventive machines in nitration process by
4 [following the table of preventive maintenace in | K. Mongkong Action in the forth week of every month
Appendix...
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Table 5.12 Action plan of % of acid in waste water, % of product out of

specification in acid control for medium and low viscosity grades and % of product

out of specification in acid control for high viscosity grades

ACTION PLAN

DEPARTMENT:

Production

TEAM LEADER:

Production manager

PERFORMANCE INDICATOR:

1. % of acid in waste water

2. % of product out of specification in acid control for medium
and low viscosity grades

3. % of product out of specification in acid control for high
viscosity grades

TARGET:

0.1, 97 and 97%

Finally, NC was check % acid in product. If
the % acid content in product more than
0.03% , the step 1-5 are repeated.

R ibl
No ACTIVITY esponsivie Remark
Person
Leaving the salary of NC for 45 minutes for
1 [sediment after it was drain to dehydration
process
) Open water valve to drain water out until NC
dry
3 Fill the water into tank at 30 cm. below the
edge for washing the acid off again. K. Somboon,
K. Prayut, ACTION ON EVERY SHIFT OF EACH DAY
K. Chang,
K. Somchai
4 Open mixer for 30 mintues
5 Reapeating of step 1-4 for 2 times
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Table 5.13 Action plan of % quality of distillated acid

ACTION PLAN

DEPARTMENT:

Production

PERFORMANCE INDICATOR:
| |

% quality of distillated acid

TEAM LEADER:

TARGET:

Production manager

98%

No

ACTIVITY

Responsible
Person

Remark

Star up the absorber system

Open TO window of Thermo PAC of DCS for
temperature checking at 200-220 C

When the absober is stared up, open SAC for
heating acid distillation

3.1

Open valve TV 2301 and TV 2417 to slightly
increase temperature

3.2

4.

4.2

43

44

4.5

Open valve FV-2208 to increase temperature to
150 C at the bottom of aic distillation

When the temperature at bottom of acid
distillation reach 150 C, acid starts to feed by
following the step.

Star up pump of retention acid (nitric+sulfuric acid)

Start up pump of nitric acid 68%

Open valve (FV-2204) to let sulfuric acid come
up to the top of acid distillation with 1300
liters/hour

Open valve (FV-2206) to let nitric acid come up
to the top ofacid distillation with controlling
temperature at 150 C with 250 liters/hour

Open valve FV-2351 to feed 68% niric acid to
acid distillation with 650 liter/hour

Controlling temperature and composition feed rate
ofacid n4.3-3.5

When nitric acid reach 98% concentration, close
valve XV-2101 for draining nitric acid to storage
tank

K. Sutape,
K. Chanchai,
K. Chanchai,
K. Mitri

ACTION ON EVERY SHIFTS OF EACH DAY




Table 5.14 Action plan of % quality of product in viscosity

98

ACTION PLAN

DEPARTMENT: PERFORMANCE INDICATOR:
Production | % quality of product in viscosity
TEAM LEADER: TARGET:
Production manager | 95%
R ibl
No ACTIVITY esponsible Remark
Person
1 Open R 4,5,6 window to select the program to 1. Action on every shift of each day 2.
digest the product Viscosity of product will be controlled by DCS 3.
Select botton PRTN No. to choose appropriate :
2 |program with each product grade. It shows in #M3197 1 PRIN No.
Remark nunber 3 PTRN Tisunsnsamsées
3 Check the temperature/presure corresponding 2 RS 1/2,SS 1/2, RS 3/8
with each grade and controlling by time 4 RS 1/4 ,SS1/4,RS 1/8,.SS 1/8,,RS 1/16
K. Sutape,
Moving mouth cursor to OPERATION pe. s RS5
; CONTROL and click RUN K. Chanchai,
and che K. Chanchai, 7 RS20
K. Mitri 8 RS 40
NC will be digested automatically with time 9 RS 80 ,RS 120 ,RS 1000
5 controlling by DCS
When the digestion is complete, select
CONTROL CR and LOCAL LP to switch mode
6 from DCS to external control.
The diffenrent grade of product will be pass to
7 next process

Next step, appropriate PI and KPIs will be evaluate by management level and

the results of each implement PI and KPIs in the first quarter of 2010 will be shown.
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CHAPTER VI

EVALUTION OF APPROPRIATE KPIs AND RESULTS

In this chapter will present about evaluating of appropriate PIs from chapter 4

and 5

6.1 Evaluating of appropriate PIs

After the appropriate KPIs are created for evaluating the internal process
performance of NCI company. The company should evaluate those KPIs to ensure
that they are appropriate KPIs of NCI company. So the KPIs working team design

to evaluate the developed KPIs from management level of the company.

6.1.1 Step of KPIs evaluation

The developed KPIs will be evaluated by management level of NCI company
by comparison between before and after developed KPIs. In this case, management
level of NCI company including general manager and plant manager who have

qualification as following
- General Manager:
o Top management level and also be owner of company.
o Responsible for factory part
o Responsible for QMR of company

o Bachelor degree in Industrial Engineering



o Working experience in Engineering Management field for 30

years
Plant Manager
o Middle management level of company
o Bachelor degree in Chemical Science
o Working experience in chemical company for 15 years

o Consulting experience in quality management standard (ISO
9000)

6.1.2 Standard of evaluation of appropriate KPIs.

Achara Chanchaey (2545:92) present about standard for evaluating the

selected KPIs as following

1.

(e

Ability to concretely implement strategy.

Ability to encourage all department to share the same goal

. Ability to make the organization change

Ability to be intangible value

. Ability to make the competitive advantage

Ability to make continuous improvement
Ability to create appropriate base line for evaluation

Ability to balance the measurement

. Ability to get completely data and measurement

100
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Next step, KPIs working team brainstorm to select the standard of evaluation

of appropriate KPIs as following:
1. Related with company policy
2. Cover the critical success factor of each function
3. Allows top management to track the change
4. Can be measurement in each department
5. Cooperation of all level of employee
6. Ability to make the competitive advantage
7. Ability to make continuous improvement
8. Ability to balance the measurement
9. Ability to create appropriate base line for evaluation
10. Clarity of KPIs

From the scale of 1 to 5 for each KPIs where
5 being exellece appropriate KPIs
4 being very good appropriate KPIs
3 being good appropriate KPIs
2 being poor appropriate KPIs
1 being very poor appropriate KPIs

6.2 Result of evaluation of appropriate KPIs

In Table 6.1 and 6.2 will show result of evaluation of appropriate KPIs by

scoring of plant and general manager.



Table 6.1 Evaluation results of appropriate KPIs by general manager

Evaluator: General Manager
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Score

Standard of evaluation

Related with company policy

Cover the critical success factor of each

function

Allows top management to track the change

Cooperation of all level of employee

016

Can be measurement in each department

Ability to make the competitive advantage

©
d

Ability to make continuous improvement

Ability to balance the measurement

Ability to create appropriate base line for

evaluation

Clarity of KPIs

=

is after developed KPIs

@ is before developed KPI



Table 6.2 Evaluation results of appropriate KPIs by plant manager

Evaluator: Plant Manager
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Score

Standard of evaluation

Related with company policy

—0

Cover the critical success factor of each

function

Allows top management to track the change

Cooperation of all level of employee

Can be measurable in each department

RN

Ability to make the competitive advantage

Ability to make continuous improvement

P

Ability to balance the measurement

Ability to create appropriate base line for

evaluation

Clarity of KPIs

=

is after developed KPIs

@ is before developed KPIs
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From the evaluation results of KPIs can be concluded in Table 6.3

Table 6.3 Score of evaluation appropriate KPIs

Score
Evaluator Before developing of
After developing of KPIs
KPIs
General Manager 22 44
Plant Manager 21 43
Total Score 43 87
Average score 21.5 43.5

From Table 6.3, the results of appropriate KPIs evaluation in developing of
KPIs show much higher than the old one (average score from 21.5 to 43.5). And the
after developing of KPIs also have higher score than before developing of KPIs in
every standard of evaluation. Moreover, the developing of KPIs is more appropriate
in relation of company policy, more cover of critical success factor, Actually
measured and also have ability to make competitive advantage and continuous

improvement.

From this reason, General and Plant Manager conclude that the after
developing of KPIs have more appropriate KPIs than before developing of KPIs in
internal process. And both of manager not only comment that the developed KPIs
will be motivate employee to be more enthusiastic but also can improve the internal
process performance including production cost reducing, customer satisfaction, and

product quality.
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6.3 Results of improvement of KPIs

After the top level evaluate the appropriate KPIs which are implement to
solve the problem as show in figure 6.1. And the result of improved KPIs were

show Table 6.4.



Before After

KPIs improvement

Increasing
Existing KPIs l amount of NC
NC process —» Amount of NC decrease Quality of
RM Quality out of spec NC process “ —  product is in
E— specification

Delivery time decrease

Delivery time
increase

NA loss Decreasing of loss

Viscosity out of spec Viscosity is more stable

Time waste Less of used time

Z

Figure 6.1 Comparison of before and after improvement of KPIs



Table 6.4 Results of improvement of KPIs in 6 months in 2010

Results
Department Name of KPIs Unit Target AN LIRE ML AL
Maintenance Total machine down time Hour 5 5 45 39 49
Mean time between failures (MTBF) Hour 145 450 449 490 463.0
Mean time to repair (MTTR) Hour )3 15 2 29 1.90
Breakdown rate % | 1 1 1 1.00
Controlling calibration of measured Time
instrument 2 1 1
Production %
% of product quality in viscosity 95 77 o8 95 96.67
%
% of quality of distillated acid 98 99 97.95 97.85 | 9827
%
% of acid in waste water 0.1 0.07 0.09 0.1 0.09
% 97 98 96 97
% of on time delivery 95
% of product out of specification in acid %
control for medium and low viscosity 98 96 97 97
grades 97
e %
% of product out of specification in acid 97 98 96 97
control for high viscosity grades 97
%
% Yield of Cotton linter ° 100 100 100 99 100
%
% Yield of IPA 100 100 100 100 100
Technical Quality of product in specification % 99 992 991 99 5 99
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From Table 6.4, It show the result of each KPIs after improvement. This present the
most of improvement KPIs can achieve its target. So all of these improvement KPIs can help

the company to solve the problem and the result will show below:

6.2 Improvement results

6.2.1 Nitric acid loss problem

Figure 6.2 Amount of product between 2004-2010 (Jan-Mar) Q

From Figure 6.2, It was show that the amount of product were slightly decrease from
year 2004 until 2009 . After the improvement of KPIs is implemented, the amount of
product in first quarter of year is 5,421 ton/ quarter. So the amount of product trend to
increase very much in this year. So the improvement of KPIs is effective to reduce the nitric

acid loss in process.

6.2.2 Product quality improvement
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97

Figure 6.3 The quality of product in specification

From Figure 6.3, it show that the quality in specification start to increase in year

2010 because the viscosity problem is controlled by improvement of KPlIs.

6.2.3 On time delivery improvement

Table 6.5 Delay time to deliver of Jan-Mar, 2010

Month Delay time

Jan 4
Feb 3
Mar 2
AVG 3
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From Table 6.5, the average result of delay time in 2010 is decrease from 4.8 to 3
time/ month in first quarter of year 2010. So the improvement of KPIs in delivery can

effectively control and measure the on time delivery.
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CHAPTER VII

CONCLUSIONS AND RECOMMENDATION

This chapter will present the summaries of the improvement of key
performance indicators in internal process of Nitrocellulose Manufacturing.

Moreover, there some problem and recommendation are

7.1 Conclusions

This thesis aims to improve the key performance indicators in internal
process including production, maintenance and technical of nitrocellulose
manufacturer. Due to the current measurement of performance system is not
effective, it lead to the main problem as raw material loss, low quality of product and

delay time to delivery product to customer

In the beginning, the KPIs working team was set by each member of each
department. It consists of 6 people including plant manager, maintenance manager,
Asst. maintenance manager, production manager, Asst. production manager and
technical manger. They was analyzed quantity, quality and delivery problem by
using cause effect diagram, relationship matrix and why-how analysis tool which
using for identifying the objective. When objectives are set, the critical success
factors are created corresponding to them. Next, related Pls in internal process will
be selected from literature review. Finally, the selected PIs will be selected

corresponding to function and critical success factors.

For successful and appropriate KPIs systems, employees of each department

are selected to evaluate the selected PIs by using criteria testing matrix for
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generating appropriate KPIs system of each department. And the score above 75 is

the appropriate Pls in each department.

After the criteria testing matrix, the appropriate KPIs will be detailed

including:

1. Name of KPIs

2. Formula of KPIs

3. Unit of KPIs

4. Frequency of measurement

5. Responsible person

Then, target of each PIs are set by KPIs working team. They created the
target from 2 mainly way. Targets of existing KPIs are created from baseline of
history data. And targets of new KPIs are created from brainstorming of each
member in each department. In the both of appropriate KPIs target will be

approved by management level again.

After that, the before and after improvement of KPIs will be compared by
management level. From average scores of new Pls system is higher from 21.5 to
43.5, it can conclude that the new PlIs system more related to company policy,
easier for management to track the change, more measurable and cooperation of

all level of employee.

Finally, amount of product increase to 5,421 ton in first quarter of year 2010
and result of quality of product in specification is increase to 97% and number of
transfer delay to customer also decrease to 2.8 time/ month after developed KPIs
are implement. From these reason, the new KPIs system effectively help

company to increase production efficiency including loss reducing, customer
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satisfaction and also enhancing of the product quality which drive the company

to continuous improvement.

7.2 Recommendation

1. The new KPIs system can guideline for balance scorecard in the future

2. The company should review the KPIs target every year in order to set them

suitable.

3. The company also should review the KPIs of each department every year

in order to set them better under the situation fluctuated in the future.

4. The company should set KPIs as an importance policy to make the

employees concentrate and understand how importance of KPIs in the company.
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Appendix A

Specification of Nitrocellulose
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USEN 1%Tﬁ$LﬂﬁQ@lﬁ’lﬁﬂ‘§iN

1NA

RNILLATLANATT : S-TNO1-002-01 | &1L :
MASTER
Code e e as wilvasof : | wiaii : 118/
whdnaioavly : 12-10-00
01 202

AWMANBMIANE | Sag [NDUSTAIL NITROCELLULOSE SPECIFICATION (IPA

(sPecIFICATION) | Damping)

ITEM

SPECIFICATION

TEST METHOD

W-TN01-004-06-01 or

RS Type : 11.5-122 %
NITROGEN CONTENT W-TN01-004-06-02
SSType : 10.7 -11.4 % Ref. ASTM (D4795), ASTM
(D301), JIS(K6703)
ACID CONTENT (H,SO,)
W-TN01-004-05
0,
For Medium ,High 0.03 % max.
Ref. JIS (K 6703)
Viscosity
ACID CONTENT (H,SO,)
W-TN01-004-05
0.04 % max.
For Low Viscosity Ref. JIS (K 6703)
W-TN01-004-08
ASH CONTENT 0.3 % max.
Ref. (K 6703)
o W-TNO01-004-09
IGNITION POINT 180 C min.

Ref. JIS (K 6703)
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DEGREE OF THERMAL

W-TN01-004-07

7 minutes min.
RESISTANCE Ref. JIS (K 6703)
IPA CONTENT 30+2 % W-TN01-004-03
WATER CONTENT

4 % max. W-TNO01-004-04

(Internal Control )




120

ANYLAVLANETT : S-TNO1-002-04 | &1L : MASTER
Nitro Chemical Industry
e i e e as uiluasofi: | wiii: 120/
Tunfuatisauly : 01-08-00
00 202

Title: INDUSTRIAL NITROCELLULOSE VISCOSITY
SPECIFICATION

SPECIFICATION

Viscosity specification of Nitrocellulose solution is measured by ball drop

technique at 25+ 0.1 °C for 24 hours (Second)

VISCOSITY TYPE NC. GRADE VISCOSITY (Sec)
LOW VISCOSITY RS 1/16 1.0-1.5
RS; SS 1/8 20-29
RS; SS 1/4 3.0-59
MEDIUM VISCOSITY RS; SS 3/8 16-29
RS; SS1/2 3.0-49
RS; SS 3/4 9.0-11.0
RS 1 6.0 -8.0
HIGH VISCOSITY SS 2 1.5-25
RS 5 40-59
RS;SS 20 16 - 24
RS 40 35 -45
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RS 60

RS 80

RS 120

RS 500

RS 1000

RS 2000

46 — 59

60 — 90

100 - 140

500 - 890

900 - 1490

1500 — 2000
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Machine downtime
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Report of Failure Machinery Month January Year 2009
Name of machine Hours
1 MA -201 16
2 MPP-204 6.5
JUNEU N O
4
______ 5
N I B
7
...... 8
9 .................................................
_____ 10
Number of machine break down 3 Items
Machine dowm time 23.5 Hours
Number of all machine 200 Items
Operation time 24 Hours
Number of operation day 19 days
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Report of Failure Machinery Month

February Year 2009

Name of machine

Number of machine break down 0 Items
Machine dowm time 0 Hours
Number of all machine 200 Items
Operation time 24 Hours
Number of operation day 20 days
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Report of Failure Machinery Month March Year 2009
Name of machine Hours
1 P-2002 6.5
2 P-2002 55
BT
4
_,_,A_AS AAAAAAAAAAAAAAAAAAAAAAAAAAA
NN I
7
______ 8 S e
-.9 ..............................................
_____ i;)"““““"“““““"“"“ s
Number of machine break down 2 Items
Machine dowm time 12 Hours
Number of all machine 200 Items
Operation time 24 Hours
Number of operation day 31 days
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Report of Failure Machinery Month April Year 2009
Name of machine Hours
1 MPP-204 A 4
2 P-2101 25
""" s | B2ota || 2 |
4
.,.,A.AS AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
NN I
7
______ 8 S It B S
-.9 .................................................
_____ i;)“““““"“-""""""""“ s
Number of machine break down 3 Items
Machine dowm time 85 Hours
Number of all machine 200 Items
Operation time 24 Hours
Number of operation day 24 days
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Report of Failure Machinery Month May Year 2009
Name of machine Hours
UL S P08 ] e -
2 P-211 5
NN O
4
_,_,A_AS AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
N I i
7
______ 8 S e
-.9 .............................................
_____ i;)"“““"-""""""""" s
Number of machine break down 2 Items
Machine dowm time 11 Hours
Number of all machine 200 Items
Operation time 24 Hours
Number of operation day 24 days
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Report of Failure Machinery Month June Year 2009
Name of machine Hours
LI 205 5o
2 HR-C 35
""" s | mrc || 1]
4
_,,_A_AS AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
N I i
7
______ 8
9 .................................................
..... 10
Number of machine break down 3 Items
Machine dowm time 9.5 Hours
Number of all machine 200 Items
Operation time 24 Hours
Number of operation day 30 days
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Report of Failure Machinery Month June Year 2009
Name of machine Hours
1 P-204 3
2 C-203 2.5
B S I S
4
_,_,A_AS ______________________________________________
N I i
7
______ 8 S It B S
..9 .................................................
_____ i;)““““"-""""""""""“ s
Number of machine break down 3 Items
Machine dowm time 7 Hours
Number of all machine 200 Items
Operation time 24 Hours
Number of operation day 30 days
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Report of Failure Machinery Month August  Year 2009
Name of machine Hours
UL R B0 ] L]
2 P-2102 1
SN O
4
_,_,A_AS ______________________________________________
N I i
7
______ 8 S It B S
..9 .................................................
_____ i;)““““""“-""""""""“ s
Number of machine break down 2 Items
Machine dowm time 2 Hours
Number of all machine 200 Items
Operation time 24 Hours
Number of operation day 27 days
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Report of Failure Machinery Month Septembe; Year 2009
Name of machine Hours
1 P-204 1.5
2 C-203 5
""" O = T T
..... 4
_,UA_AS ______________________________________________
N I i
7
______ 8
9 .................................................
_____ 10

Number of machine break down 3 Items
Machine dowm time 12,5 Hours
Number of all machine 200 Items
Operation time 24 Hours
Number of operation day 30 days
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Report of Failure Machinery Month October Year 2009
Name of machine Hours
1 P-212 2.5
2 MA-201 2
B = I S
4
_,,_A_AS ______________________________________________
N I i
7
______ 8 S It B S
..9 .................................................
_____ i;)“““““-""""""""""“ s
Number of machine break down 3 Items
Machine dowm time 6 Hours
Number of all machine 200 Items
Operation time 24 Hours
Number of operation day 30 days
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Report of Failure Machinery = Month

November Year 2009

Name of machine Hours

Number of machine break down 1 Items
Machine dowm time 35 Hours
Number of all machine 200 Items
Operation time 24 Hours
Number of operation day 30 days
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Report of Failure Machinery Month

December Year 2009

Name of machine

Number of machine break down 0 Items
Machine dowm time 0 Hours
Number of all machine 200 Items
Operation time 24 Hours
Number of operation day 25 days
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Score of in criteria matrix



Criteria testing matrix score of production manager in maintenance department
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Standard of criteria 2 c.‘:“:; g o
28 2 5 & 8 S
9 B > © = g =
QNS 5 = % g
= g 2] L o O Tg
& e g g 2 e s
8 & A g =
Pls Z o -~
Total machine down time
5 5 5 4 19
Mean time between failures (MTBF)
4 5 5 2 16
Mean time to repair (MTTR)
5 4 5 3 17
Breakdown rate
4 5 4 5 18
Machine idle time ratio
3 4 4 2 13
Number of calibration of measurement
5 3 4 4 16
% of product quality in viscosity
4 2 5 2 13
% of quality of distillated acid
5 2 4 4 15
% of acid in waste water
5 2 5 2 14
% of on time delivery
3 4 4 2 13
% of product out of specification in acid
control for medium and low viscosity
grades 4 2 5 2 13
% of product out of specification in acid
control for high viscosity grades
5 4 3 2 14
Yield of Cotton linter
3 2 5 5 15
Yield of IPA
5 3 4 2 14
Quality of product in specification
5 3 4 4 16




Criteria testing matrix score of Asst production manager in maintenance department

137

Standard of criteria 2 % § ©
28 2 5 & 8 s
9 B > O = g e
8 3 5 ) % “E’
$E | & s | 22| £
g 5 | fE | F
Pls Z 3]
Total machine down time
5 4 5 4 18
Mean time between failures (MTBF)
5 3 4 5 17
Mean time to repair (MTTR)
4 3 5 5 17
Breakdown rate
5 4 4 4 17
Machine idle time ratio
3 4 4 2 13
Number of calibration of measurement
5 3 4 5 17
% of product quality in viscosity
3 3 5 3 14
% of quality of distillated acid
4 2 5 2 13
% ofacid in waste water
4 4 5 1 14
% of on time delivery
4 2 4 3 13
% of product out of specification in acid
control for medium and low viscosity
grades 4 3 4 2 13
% of product out of specification in acid
control for high viscosity grades
3 5 4 3 15
Yield of Cotton linter
3 5 3 2 13
Yield of IPA
5 4 3 1 13
Quality of product in specification
4 5 4 1 14




Criteria testing matrix score of maintenance manager in maintenance department
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Standard of criteria 2 % § ©
28 I 5 & 8 S
o= > O = g e
8 3 5 ) % “E’
$E | & s | 22| £
g 5 | fE | F
Pls Z 3]
Total machine down time
5 3 5 5 18
Mean time between failures (MTBF)
5 4 5 4 18
Mean time to repair (MTTR)
4 5 4 3 16
Breakdown rate
4 4 4 5 17
Machine idle time ratio
4 5 4 1 14
Number of calibration of measurement
4 4 5 4 17
% of product quality in viscosity
4 2 4 3 13
% of quality of distillated acid
4 4 3 4 15
% ofacid in waste water
3 5 3 2 13
% of on time delivery
3 5 3 5 16
% of product out of specification in acid
control for medium and low viscosity
grades 3 5 3 5 16
% of product out of specification in acid
control for high viscosity grades
3 3 5 2 13
Yield of Cotton linter
4 5 4 1 14
Yield of IPA
5 5 4 2 16
Quality of product in specification
3 5 3 2 13




Criteria testing matrix score of Asst. maintenance manager in maintenance department
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Standard of criteria 2 % § ©
28 2 5 & 8 s
9 B > O = g e
8 3 5 ) % “E’
= g 2] 2 = O Tq
& e g g 3 & 2
g 5 | fE | F
Pls Z 3]
Total machine down time
4 4 4 5 17
Mean time between failures (MTBF)
5 4 5 5 19
Mean time to repair (MTTR)
5 3 5 4 17
Breakdown rate
5 5 5 2 17
Machine idle time ratio
4 5 4 2 15
Number of calibration of measurement
4 5 4 5 18
% of product quality in viscosity
3 3 3 4 13
% of quality of distillated acid
4 3 3 4 14
% ofacid in waste water
3 5 3 2 13
% of on time delivery
3 2 5 5 15
% of product out of specification in acid
control for medium and low viscosity
grades 3 4 5 2 14
% of product out of specification in acid
control for high viscosity grades
3 3 3 4 13
Yield of Cotton linter
3 2 5 5 15
Yield of IPA
4 4 3 4 15
Quality of product in specification
3 5 3 2 13




Criteria testing matrix score of technical manager in maintenance department
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Standard of criteria 2 % § ©
28 2 5 & 8 s
o= > o = g e
8 3 5 ) % “E’
& 2 » L 5 =
228 | 8 s | 22| 2
g & - =
Pls Z &5 o
Total machine down time
3 3 5 4 15
Mean time between failures (MTBF)
5 5 5 3 18
Mean time to repair (MTTR)
5 5 5 4 19
Breakdown rate
5 5 5 2 17
Machine idle time ratio
4 3 5 2 14
Number of calibration of measurement
4 4 5 4 17
% of product quality in viscosity
3 3 3 4 13
% of quality of distillated acid
3 5 3 2 13
% ofacid in waste water
3 4 5 2 14
% of on time delivery
3 3 3 4 13
% of product out of specification in acid
control for medium and low viscosity
grades 3 5 3 2 13
% of product out of specification in acid
control for high viscosity grades
4 2 4 3 13
Yield of Cotton linter
3 3 3 4 13
Yield of IPA
3 5 3 4 15
Quality of product in specification
3 3 4 3 13




Criteria testing matrix score of production manager in production department
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Standard of criteria 2 % § ©
28 I 5 & 8 S
9 B > O = g e
8 3 5 ) % “E’
= g 2] 2 = O Tq
& e g g 3 & 2
g 5 | fE | F
Pls Z 3]
Total machine down time
5 2 5 3 15
Mean time between failures (MTBF)
5 4 4 5 18
Mean time to repair (MTTR)
5 3 3 3 14
Breakdown rate
5 3 3 3 14
Machine idle time ratio
3 4 4 3 14
Number of calibration of measurement
3 4 4 3 14
% of product quality in viscosity
4 3 5 5 17
% of quality of distillated acid
4 4 5 4 17
% ofacid in waste water
5 2 5 3 15
% of on time delivery
5 3 5 5 18
% of product out of specification in acid
control for medium and low viscosity
grades 4 5 5 4 18
% of product out of specification in acid
control for high viscosity grades
5 5 4 3 17
Yield of Cotton linter
3 4 4 3 14
Yield of IPA
4 5 5 4 18
Quality of product in specification
3 4 4 3 14




Criteria testing matrix score of Asst. production manager in production department
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Standard of criteria 2 % § ©
28 2 5 & 8 s
o= > o = g e
8 3 5 ) % “E’
$E | & s | 22| £
3 & A E =
Pls Z &5 =
Total machine down time
3 4 4 2 13
Mean time between failures (MTBF)
3 5 3 2 13
Mean time to repair (MTTR)
5 5 4 5 19
Breakdown rate
3 4 4 2 13
Machine idle time ratio
5 3 4 2 14
Number of calibration of measurement
5 5 5 5 20
% of product quality in viscosity
5 5 4 5 19
% of quality of distillated acid
5 3 5 5 18
% ofacid in waste water
5 3 5 5 18
% of on time delivery
4 3 5 2 14
% of product out of specification in acid
control for medium and low viscosity
grades 3 2 5 4 14
% of product out of specification in acid
control for high viscosity grades
5 5 4 5 19
Yield of Cotton linter
5 5 5 5 20
Yield of IPA
5 5 5 4 19
Quality of product in specification
3 5 3 2 13




Criteria testing matrix score of maintenance manager in production department
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Standard of criteria 2 % § ©
2 8 IS g & 8 g
o= > O = g e
8 3 5 ) % “E’
= L2 A 2 = © =
& e g g 3 & 2
g 5 | fE | F
Pls Z 3]
Total machine down time
4 4 5 3 16
Mean time between failures (MTBF)
4 2 4 5 15
Mean time to repair (MTTR)
5 2 3 3 13
Breakdown rate
3 2 5 4 14
Machine idle time ratio
3 5 3 2 13
Number of calibration of measurement
5 4 3 1 13
% of product quality in viscosity
5 4 3 3 15
% of quality of distillated acid
5 5 5 5 20
% ofacid in waste water
3 2 4 5 14
% of on time delivery
5 3 5 4 17
% of product out of specification in acid
control for medium and low viscosity
grades 5 5 4 3 17
% of product out of specification in acid
control for high viscosity grades
5 4 4 4 17
Yield of Cotton linter
4 5 4 3 16
Yield of IPA
5 5 5 5 20
Quality of product in specification
5 5 5 2 17




Criteria testing matrix score of Asst. maintenance manager in production department
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Standard of criteria 2 % § ©
28 2 5 & 8 s
9 B > O = g e
8 3 5 ) % “E’
= L2 A 2 = © =
& e g g 3 & 2
g 5 | fE | F
Pls Z 3]
Total machine down time
5 2 3 3 13
Mean time between failures (MTBF)
3 4 4 2 13
Mean time to repair (MTTR)
4 4 4 3 15
Breakdown rate
4 3 3 5 15
Machine idle time ratio
4 4 4 2 14
Number of calibration of measurement
3 2 4 5 14
% of product quality in viscosity
5 4 3 4 16
% of quality of distillated acid
4 4 5 4 17
% ofacid in waste water
5 5 5 5 20
% of on time delivery
4 5 4 4 17
% of product out of specification in acid
control for medium and low viscosity
grades 4 4 5 3 16
% of product out of specification in acid
control for high viscosity grades
5 5 4 5 19
Yield of Cotton linter
4 2 5 5 16
Yield of IPA
4 5 4 4 17
Quality of product in specification
3 3 5 3 14




Criteria testing matrix score of technical manager in production department
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Standard of criteria 2 % § ©
28 2 5 & 8 s
o= > o = g e
8 3 5 ) % “E’
$E | & 5 | 22 | £
g & £ =
Pls Z 3]
Total machine down time
4 4 4 3 15
Mean time between failures (MTBF)
3 3 5 3 14
Mean time to repair (MTTR)
3 4 3 2 12
Breakdown rate
5 3 3 2 13
Machine idle time ratio
4 4 4 2 14
Number of calibration of measurement
5 2 5 1 13
% of product quality in viscosity
4 4 4 2 14
% of quality of distillated acid
5 2 3 4 14
% ofacid in waste water
3 5 3 5 16
% of on time delivery
5 4 4 3 16
% of product out of specification in acid
control for medium and low viscosity
grades 4 2 4 4 14
% of product out of specification in acid
control for high viscosity grades
4 5 4 4 17
Yield of Cotton linter
4 5 3 4 16
Yield of IPA
5 5 4 5 19
Quality of product in specification
4 5 4 2 15




Criteria testing matrix score of production manager in technical department
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Standard of criteria 2 % g o
e @ ) g g g 3
; > + —g = = S
8 5 2 = S 9O xR
b= 2 g 2 § e
o O K Q 5 = -
© © 3 2 M § :
Pls z & ‘
Total machine down time
5 5 4 1 15
Mean time between failures (MTBF)
5 4 3 2 14
Mean time to repair (MTTR)
3 3 3 4 13
Breakdown rate
5 4 3 1 13
Machine idle time ratio
5 3 4 3 15
Number of calibration of measurement
4 4 5 4 17
% of product quality in viscosity
4 5 5 5 19
% of quality of distillated acid
5 3 4 3 15
% of acid in waste water
4 5 4 1 14
% of on time delivery
5 5 5 1 16
% of product out of specification in acid
control for medium and low viscosity
grades 5 4 4 4 17
% of product out of specification in acid
control for high viscosity grades
5 5 5 4 19
Yield of Cotton linter
4 3 5 5 17
Yield of IPA
3 5 3 2 13
Quality of product in specification
5 4 5 5 19




Criteria testing matrix score of Asst. production manager in technical department
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Standard of criteria 2 % g o
e 8 Qe S 5§ 5
- E IS 2 hain= 9
L o ? o 57 “é @
= 2 Z 2 o= O =
o O K Q 5 = -
M © 3 2, M § :
Pls z & ‘
Total machine down time
4 2 3 5 14
Mean time between failures (MTBF)
5 4 3 3 15
Mean time to repair (MTTR)
5 2 3 5 15
Breakdown rate
3 5 4 1 13
Machine idle time ratio
3 5 3 2 13
Number of calibration of measurement
4 4 4 4 16
% of product quality in viscosity
5 4 5 3 17
% of quality of distillated acid
3 5 3 2 13
% of acid in waste water
4 4 5 4 17
% of on time delivery
4 3 3 4 14
% of product out of specification in acid
control for medium and low viscosity
grades 5 5 4 5 19
% of product out of specification in acid
control for high viscosity grades
5 5 5 4 19
Yield of Cotton linter
4 4 4 3 15
Yield of IPA
4 3 3 4 14
Quality of product in specification
5 5 5 4 19




Criteria testing matrix score of maintenance manager in technical department
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Standard of criteria 2 % g o
e 3 o = 5 & =
+ > + —g = g S
B £ B = S 8 )
5 © & 2 = =) —
T o ] o 5 2 S
M © 3 2 M § =
Pls z & ‘
Total machine down time
5 4 3 1 13
Mean time between failures (MTBF)
5 2 4 2 13
Mean time to repair (MTTR)
3 2 3 5 13
Breakdown rate
3 4 4 2 13
Machine idle time ratio
5 4 3 2 14
Number of calibration of measurement
4 4 3 3 14
% of product quality in viscosity
4 4 5 5 18
% of quality of distillated acid
5 2 4 2 13
% of acid in waste water
4 3 4 2 13
% of on time delivery
4 5 4 2 15
% of product out of specification in acid
control for medium and low viscosity
grades 5 5 5 5 20
% of product out of specification in acid
control for high viscosity grades
4 4 4 5 17
Yield of Cotton linter
3 2 3 5 13
Yield of IPA
4 4 3 3 14
Quality of product in specification
5 5 5 2 17




Criteria testing matrix score of technical manager in technical department
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Standard of criteria 2 % g o
e 8 Qe S 5§ 5
- E IS 2 hain= 9
L o ? o 57 “é @
o O K Q 5 = -
M © 3 2, M § :
Pls z & ‘
Total machine down time
3 4 3 3 13
Mean time between failures (MTBF)
3 3 4 3 13
Mean time to repair (MTTR)
5 3 4 4 16
Breakdown rate
4 3 4 4 15
Machine idle time ratio
3 4 4 2 13
Number of calibration of measurement
3 4 4 2 13
% of product quality in viscosity
5 4 4 5 18
% of quality of distillated acid
3 4 5 1 13
% of acid in waste water
5 2 4 2 13
% of on time delivery
5 3 4 4 16
% of product out of specification in acid
control for medium and low viscosity
grades 5 5 4 5 19
% of product out of specification in acid
control for high viscosity grades
5 4 5 5 19
Yield of Cotton linter
5 5 3 2 15
Yield of IPA
3 4 3 4 14
Quality of product in specification
5 4 5 5 19




Appendix D

Preventive maintenance of maintenance department
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