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ABSTRACT

The world around us is always changing with respect to the demand of the era. The demand of
this era is nothing but the improvement; improvement in every aspect. Now a day we dor’t
satisfy ourselves by a parlicular improvement; rather we want our whole system improved.
Industry is one of the major faclors of our system improvement. By epsuring the quality,

inproving new lechniques and increasing profilability we can achieve a dream industry.

Presently the engineerimg and the managers of the industrial comcerns are under constant
pressure of time, cost and guality of products and services. The research and development of a

product, it"s manufacturing and marketing have to be achieved within 2 shori period.

Ti® main nbjectivés of this rescarch work are b have a comprehensive iea of 2 typical
manufacturing system and to ¢stablish a malhematical lincar programming model to solve any
typical problems of the manufacturing industrics. We hope that a case study in Otobi have 1o
experience and realize how the scientific and technical knowledge is applied to real situation.

Basically, most of the furniture industries in Bangladesh arc followed the treditional methods of
manufacturing processes. We are trying to proof mathematically that there is a big scope to
improve furniture industries nsing a mathematical model which will help 1o analysis the presett
situation of the industry and forecast for the future and 0 make production schedule properiy. If
medern technology is applied to the existing fumniture industries and proper atiention ts taken m
both the manufacturing of Rurniture and its products and making positive exporiing policy to

other countries, huge amount of foreign currency may possible be carned from this sector.

Amlysis of furniture manufacturing processes and product-mix in lerms of profitability 5 a
subject to know how , we can maximize the profit per month than the traditionsl methed. The
content is construcied and edited mainly for the purpose of maximizing the profit of furniture

industries regarding the Global Market achievement
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Chapter-1

Introduction

1.1 Introduction

Furniture is one of the basic nceds of human being. It is useful in home, Cifice, Institetion. All
class of human being use furniture to furnished their home, office, hospital, institution etc.
Normally fumniture is manufactured for various classes of human being according to their tasie
and propensity. Among them following are the main types of furniture such as wood furniture,
stce! furniture and plastic furniture. For all classes of custemers wood furniture is more popular
than any other furniture. But we nced a lot of tree or plant to make wood furniture. As a result,
forests are destroyed all over the world. Otobi gives us world class products without harming the

nature, specially the forest.

Over the two and half decades of tireless endeavor Otobi has earned the image of unique
manufacturer of world class furmiture. Otobi make all kinds of metal, laminated board and plastic
furniture for office, household and hospital purpose. Otobi guarantce infermational standard
because of their products are design by a tcam of professional product designers who take special
carc to combine functional utilily and durability with elegance, taking into account modem
requirement of efTicient use of floor space. Currently Otobi management is planning to inlroduce
numcrous new products and has brought about qualitative improvement in existing preduct line
with imported high quality raw materials. We have now introduced a wide range of products of
ECONOIMIC SE‘I:'F:S to satisfy the demand of various segments of the society. We have diversified
product range into workstation and kitchen cabinet. In addition to furniture, we are now doing

interior decoration on turnkey basis.



Otobi s a furniture manufacturer, creator of producls that are outstanding in style, quality and
service. We strive to provide the highest levels of customer satisfaction (hrough designs,
functionality, materials and the added value that our products explicitly convey when becoming

part of their home or office.

In our pursnit to maintain and further our reputation as a manufacturer that is dedicated to
recognize customer needs, we are committed to using superior materials, experienced
craflsmanship, innovative designs and be obsessive about the high quality of our products and

service. Qur objective is to continue to be a leader in the industry we represcnt.

We work as a team. Conslantly nourishing open and honest communication, cqual and fair
treatment in an aimosphere that encourages professionalism, creativity, ownership, pariicipation
and pride in our work. Our excellence comes from people, our most valnable asset. We foster
ambition, honesty, growth and independent thought through a caring, honorable, ethical and

straightforward leadership that rewards people's efforts with praise and promotion.

We are mindFal of how our operations may have an impact on our community and environment.
We make every effort to be good citizens by being sensitive to environmental nceds, a respected
employer in the community and giving back through programs involving charitable
organizations or special events.

Our goal is to manufacture the best-valued product in the marketplace, in a good, safe, caring
and rewarding workplace. To maintain and grow our segment in the marketplace which will
provide Otobi Furniture wilh the financial integrity and profit to our shareholders in return for

theit investment.

The use of higher quality materials, a wide range of color selections and plus a variety of fine
accessory products, which include laminated board furniture and mixed furniture are excelient
selling points to our valued customers. Qur sales force offers support to our dealers by educating
their Moor sales people about owr praducls to better serve our customers. OTOBI provides
Quality, Excellence, Service, and an Atmosphere of Creative Innovation with People, through

People, for People.



Otobi’s melamine coated laminaled board furniture has brought revolutionary changes in the
modern concept of furniture. Scratchproof boards multiple color options and elegant designs
have made the laminated board furniture the choice of the modern corporate world. Moreover the
unique knockdown system allows customer (o handle the furniture conveniently, specially whaere

frequent shifiing is required.

Laminated Board Seclion is one of the biggest units in Oobi. Maximum turnever comes from
this section. Dut it is newly established in Otobi, which has boen siarted since 1999. This is more
attractive product in Otebi and already build-up a great demand in Bangladesh. No doubt, it has
bright fature to capture the whole market of the fumjture world. Because day-by-day increases
the demand have laminated board firrniture instead of wood furniture in Bangladesh,

There is a lot of scope to impreve tradilional methods of production: process of laminated board
furniture in Otobi using suitable methods. In vicw to improve the traditional methods, we are
Lrying to establish suitable methods, which partially will bo helpful for laminated board furniture
manufacturing section in Otobi. So, we are formulated & model solution in linear programming.
We can determine the proper lot size of products, which is produces monthly hasis according Lo
the demand of market. It will help 1o plan properly of raw malerials requircment and inventory
control, In presant, OTOBI ISO 9001: 2000 certified company.

1.2 Objectives of the research

The specific objectives of the projeet would be

O  To study the type and nature of Laminated Board Fumiture Manufacturing Processes.
To study and investigate the appropriate Product-mix.

To identify and quantify the processing needs of these furniture.

To study the common processing facilities and optimize in terms of identilied Product-mix.

OO0OQBC0

Assess the benefits of the Fumniture Company.



1.3 Methodology:
A survey and study of the furniture manufacturing company will be carricd out and statistical
analysis will be done (o determine the nature of the manufaciuring process and operations and

their demands.

Linear programming exercises will be carried out to optimize the profitability of the .furniture
manufacturing company. Finally a qualitative / quantitative analysis will be done to asses the

benefits of the furniture eompany.

L.4 Scope of the research

(Mobi’s melamine coated laminaled board Furniture has brought revolutionary changes in the
modern concept of furniture, Scratehproof boards multiple color options and elegant designs
have made the laminaied board furaiture the choice of the modern corporate world. Moreover the
unique knockdown system allows customer to handle the furniture conveniently, specially where

frequernt shifling is required.

Laminated Board Section is one of the bipgest units in Otobi. About 60%-70% of total turnover
comes froin this section. But it is newly established in Otobi, which has been started since 1999,
This is more atractive product in Otobi and already build-up a great demand in Bangladesh. No
doubt, it has bright future to capture the whole market of the furniture world. Because day-by-
day increases lhe demand have laminated board furniture instead of wood fumiture in
Bangladesh.

Although Otobi get maximum tumover from it, but It is not enough organized. There is a lot of
scope o improve traditional inethods of production process of laminated board furniture i Otobi
using suitable metheds. In view to improve the traditional methods, we are trying to establish
suitable methods, which partially will be helpful for laminated board furniture manufacturing
section in Olobl, So, we are formulated a model in linear programming. We can determine the
proper lot size of products, which is produces monthly basis according to the demand of market.

1t will help to plan properly of raw materials requirement and inverlory control.



We are considering OTOBI Limited as a model to study of research works and we have collected

few data from OTOBI 1o establish and formulate the mathematical model.

1.5 Importance of Furniture Industry in Bangladesh

Fumniture Industry can participate in Major cconomic activities in Bangladesh, Becausc furniture
is one of the basic needs of human being. There is a big scope (o eam foreign currency to export
furniture all over the world like other sectors such as Garments, Textiles, Leather, Tea, Jute ctc.
We can enter into the global market to fulfil our national demands of firniture. There is a big
market in U.S.A., Canada, Anstralia, Europe and Middle East. We need to promote worldwide.

Actually furniture-manufaciuring company is worker-based company. Bul workers are available
in cheap rate in Bangladesh compared to other developing and developed countries. Our main
campetitors are Malaysia, Taiwan and china. They are importing manpower fom Bangladesh for
their farniture company in high rate compare to Bangladesh and they are exporting worldwide
their farniture in cheap price and earning a handsome amount from this fumiture sector and
contribute (i their national income. Because they have come out from theyre traditional methods
of fumiture manufacturing processes. They are applying modern techmology in Furniture
Company to reduce theit production cosl. So, they are capable to enter the world furniture
market. We think that we have all resources available in Bangladesh excepts established modern
methods, trained workers etc. in this moments, we are importing furniture’s to meet up our
national needs. If we can able to come out from our traditional methods and established modemn
methods and trained up our local human resources. So, we can also eam foreign currency
exporting furniture worldwide after meet up our local demands, which will contribute in our

national income.

Due to free market economy from 2005, it will be difficult to face the challenge without optimize
production as well as guality and reduce the production cost. Competitive pressures in the
Bangladesh fumniture industry are pressing manufacturers to ook outside of the Dangladesh for
scarching new markets. Scveral trends within the industry point loward an increasingly

competitive enviconment. Sales have been increasing day by day, consolidation among a smaller



number of large fitms are dominating shipments and product brands within the induslry, low
profitability is low as evidenced by low afler tax returns on sales, and advances in production
technologies are increasingly important but costly for smaller firms. So, we have great
opporiunity to earn money from fumiture sector, but we need professionalism, modernizatien,

realization and mentality to improve this sector.

1.6 Background or History of Otobi Ltd.

Bom in 1935 at Dinajpur, Painter and Sculptor Mr. Nitun Kundu gradualed from Institute of Fine
Arts, Dhaka in 1959, and securing 1% class 1* position. The same year he started his career as a
Designer in the United States Information Services (USIS) Dhaka. He left USIS as Chicf
Designer in 197] and participated in the liberation war. Aller the war he turned into a free-lance
painter. In 1974 hc conceived the idea of embarking into commercial venture and started
manufacturing decoralive items at his residence and later at Shukrabad, in addition to normal
activities of painting and seulpture. The name of this mini workshop was “The Designers”,
employing only 3 / 4 persons.

A recipient of National Award [or painting in 1965 and Bangabandhu Award in 1992. Mr, Nitun
Kundu set up a small workshop in a tin-shed at Topkhana Road in February 1977 and named it
“Art in Crafl”. Here, in addition to coal pin, cup, crest, trophy ete. he started manufacturing

decorative itcms, table lamp and various types of inetal fumniture.

Bangladesh is traditionally nsed to in wooden [umniture, hut forest resources being exiremely
limited, Mr. Nitun Kundu anticipated the need for metal [urniture and in 1978 hc opened a show
room at 230 New Elephant Road, Dhaka and gradually started marketing all kinds of metal
furniture im a proper manncr.

Having widely traveled all over the East and West, Mr. Nitun Kundu gained sufficient
conlidence and experience by 1984, when he starled commercial production under the name and
title “OTOBI”. A great deal of emphasis was given to meet the need of customers and Otobi
prodncts started gaining popularity.

While pursuing his commercial venture, Mr. Nitun Kundu continued his artistic activities, for

which at times he worked 18 hours a day, He designed and manufaciured President’s Nalional

G,



Film Award, National Cxport Fair Trophy, [ndustriai Exhibilion Trophy, President’s Geld Cup
for Foolbal! Federation, President’s Geld Cup for Bangladesh TV, Monogram for President’s
House, Crests and Medals for Bangladesh Army. Mr, Nitun Kundu also designed and created
Hemisphere Foundation at the crossing of Topkhana Road and Park Road, a fountain to beautity
the Targa Mossque, a Fountain in $angsad Lake and a Submersible Fountain in the lake of Ansar
Training Centre at Shaflipur and a few fountains in the houses of some dignitarics. The
culmination of success of Mr. Nitun Kundu as an artist was through designing and construction
of war memorial “Saabash Bangladesh” at Rajshahi Universily in 1991 and SAARC Fountain at
Dhaka in 1992,

In 1984 a commercial land was acquired at Mirpur and the factory building was construcied in
1985. It was a four storied building with a total Nloor space of 50,000 sq. f. Mr. Nitun Kundu
pradually engaged Industrial Designers and Engincers. Special efforls were made to build up a
core team of highly skilled crafl men. All kinds of metal furniture were being manufactured at
Mirpur Factery and marked through the Show room at Elephant Road by 1988. Because of its
superior quality, Otobi products continued gaining popularity. Mr. Nitun Kundu developed a
wide rage of furniture for office, hospitals, and residence and slowly created a nmch wider

demand for Otobi products.

Following a visit to Japan by Mr. Nitun Kundu, the quality of Otobi products as well as sales and
marketing methods were so successful that by 1992 Mr. Nitun kundu constructed a four stoned
building st 14 Dilkusha C/A and opened a display centre there on October 10, 1993,

The market demand for Otobi product coutinued to rise and the company experienced difficulty
in 1994 to meet the market demand with its existing production resources, Therefore, Mr. Nitun
Kundu set up another factory at Shyampur, Dhaka covering land space of 64,000 sq. ft. which
went inte experimental production in November 1994, The factory is now full operational with
latest machines to manufacture a wide range of most sophisticated fumiture so that Otobi can

compete in the international market.

The special feature of Otobi products is thet it 1akes special care to combine functional utility

with elegance, keeping in view the efficient use of floor space, Otobi is now equipped with the



latest nmuchines and technology o manufacture all kinds of sophisticated metal furniture

including hospital furniture and such other items,

Mr. Nitun Kundu fell the need for introducing professionalism in his company and accordingly
enpaged highly qualificd management taleat to meet the fupctional need ol the present day

challenges.

Otobi entered into the international market by exporting chairs to Russia in 1994. Export in now

temporarily suspended due to present production consirainls,

Otobi is fully conscious ef its obligation to the society as a corporale citizen and 13 currently

making all possible efforts to play its role elfectively,

1.7 OTOBI MISSION:

At Otobi, we have always had, and will continue to promote, an atmosphere that encourages our
employees to apply their Old World skills and the freedom to participate in improving the quality
of the Otobi product,

Ii 1s the dedication and pride in workmanship thal our company is based on that enables us to
creale supcrior products and provide reliable scrvices that form solid and lasting alliances with

our cusloners.

Otobi is synonymous with excellence in that we are committed to delivering a product that is of a

constanl high qualily and that all business aflairs are handled in an ¢thical and hoporable fashion,

Devotion to quality, reliability, and ethics are the qualities that ensure Otobi’s place as a world

class organization and insurcs success for itsclf as well as its customers.



1.8 OTOBI VISION:

Under the visien, direction and leadership of Otobi's owners, Otobi has become a "World Class
Furniture Manufacturer” in Bangladesh. Otobi has grown to becoine the first largest lurniture
manufacturing company in Bangladesh. Otobi has a rich history of success slories that illustrate
its dramatic transition from a ‘virlval unknown’ to a significant force in the industry. For over
thirty years, the company has remained committed to its Vision Staternent, "We Want To Be

the Best Fumiture Company."

Innovative marketing concepts, quality products and state-of-the-art manufacturing methods
have always been driven by the demand for customer satisfaction. At Otobi the strcam of
satisfied customers continues to grow as Olobi continues to be creative and diversifies to expand

business, and improve quality inte the next millennium.

Otobi fumiture Is designed for the way you live, It's about real life.

1.9 OTOBI Product Range:
Q Officc furniture

Househeld fumiture
Plastic furniture
Hospital furniture
Computer farniture
Kitchen cabinet
Work station
Storage rack
Dunnagze

Decorative

OO0 00000 DD

Interior decoration



1.10  Quality Policy of Otobi Limited:

Quality Policy
Of
OTOBI Limited

OTOBI Limited is committed to satisfy customers with
e Quality of Products.
e Timely delivery.
e Competitive Price and

*» Service

OTOBI Limited
¢ Reviews
s FEvaluates and

» Measures

Performance of the processes for continual improvement of the Quality

management.

Nitun Kundu

Managing Director




1.11 Orpanization of the research

This rescarch work consists ol seven chaplers’ allogether, The lirst chapler gives a general jdea
of fumiture industry, importance of furniture indusiry in Bangladesh, background of Otobi and
Olobi quality policy. In chapter (wo fumiture manulfacturing concepl, product and production
concept, modeling and decision making, optimization of mathematical model by lincar
programming. 1n chapter three in¢ludes laminated board furniture processing, details of raw
materials used, mau:h1ine and cutter used, conception about laminated board fumiture. Tn the
chapter four description about demand of laminated board furniture in Bangladesh and abroad.
Export opporiunity of laminated board furniture, In the chapter five data collection and model
formulation, In chapter six solution of the model and result analysis comparison between present
and expected production sensitivity analysis. [n chapter seven conclusion and recommendations

of this rescarch work and scope for further research work



Chapter-2

Background Study & Literature
Survey

2.1  Furniture Manufacturing Concepl

The furnitore-manufacturing concept Liolds that organizations are to determine the needs and
wanls of customers with desired satisfaction. Furniture will be attractive in dcsign with

competitive prices.

2.2  Product and Production concept

The Product concept holds that consumers will favor those products that offer the most
quality, performance or innovative features. Organizations focus on making superior products
anil improving them over time. Buyers admire well-made products and can appraise quality
and performance. Product oriented companies often design their products with little or no
custorner input, They trust that their enginecrs can design exceplional productls, Very ollen
they will not even examine compcetitors” products.

The Productien concept holds that consumers will profer products that are widely available
and inexpensive. The production concept is one of the oldest concepts in business. Production
oriented business concentrale on achieving high production cfficiency, low cosls and mass
distribution, They assume that consumers are primarily interested in product availability and
low prices. This oricatation makes sense in developing countrics , where Consumers are more
interested in oblaining the product than in its features. It is also used when a company wants
to expand the market.

2.3 Overview of Operations research

The principal componcnts of an operations research (OR) model- namely , alternalives,
restrictions and an objective criterion. Generally, the alternatives of the decision problem may
(ake the form of unknown variables. ‘I'hese variables are then used to comstruct the

restrictions and the objeetive criterion in appropriate mathematical functions, The end result

12



is a malhematical model relating (e variables, constraints and objective function. The
solution of the mode! then yields the valucs of the decision variables that optimise(maximize
ot minimize) the value of the objective function while satisfying all constraints. The resulting
solution is referred to as the oplinuum feasible solution,

A typical OR nuathernatical model is usually orpanized as lollows:

Maximize or minimize {Objeclive function)

Subject to (Constraints)

Though mathematical models are the cornerstone of most OR studies, here is more to the
solution of the decision making problem (han the construction and solution of Lhe
mathematica! model. Specially decision problems usually include important intangible factors
thal may not be readily guantifiable. Foremost among these lactors is the presence of human
element in most decision environments. Indeed, decision situations have been reporied where
the cifect of human behavior has so influcnced the decision problem thal the selution
obtained Fom the mathemalicat model is deemed impractical. The mathematical aspect of

ORI should be viewed in the wider context ol the decision making proccss.

2.4 Operations Research Techniques

In Operations Ressarch (OR} models, the decision variables may be nleger or confinuous,
and the objective and constrainl functions may linear or nonlinear. The optimization
problemns posed by these models pive rise 1o a varicty of solution methods, cach designed (o
account for the special mathematical properties of the model. The mest prominent and
sneccssful of these techniques are linear propramming, where all ihe objective and
constraint functions are linear and all the variables are continuous. Other techniques that deal
with other types of mathcmatical models are dynamic programming, integer

pregramming, nonlinear programming, goal programming and network programming.

2.5 Product Mix Analysis

Production and business systems arc key building blocks in the structure of modern industrial
sociclics. Dilferent human aclivities and (he prosperily of whole nations ere highly

dependent on the performanee of production and business systems, Companies and indusirial
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firms, through which production and business operalions arc usually performed, represent the
major sector of today’s plobal economy. Therefore, in the last decade, companics have made
the continuous improvement of production and business systems a miilestone in their slrategic
planning for the new mitlennium. To remain competitive, companies have to nuinlain a high-
level of performance by maintaining high quality, low cost, low manufaciuring lead times,
and high customer salisfaction, It is usually asserled that production and business operations
have the potential to strengthen or weaken a company’s competitive ability. Therefore, and as
a result of fierce competition and decreasing business safely margins, efficient and robust

production and business operations become a necessity for survival in the marketplace,

Because of this, improving the performance of production and business systermns has been the
primary interest of decision-inakers and engineers. Indeed, Industrial Engineering (IE), as a
profession and a science, plays & central role in the efforts towards improvement in these
systems, Many industrial engineering subjects such as Operations Research, (uality Control,
and Systems Modeling offer robust and efficient design and problem-solving tools with the
ulimate aim of performance enhancememt. Examples of this pcrlfmmanc:e can be the
throughput of u factery, the quality and reliability of a product, or the profit of an

organization.

Designing Aexibility into production and business systems is, herefore, a key matter for
success and survival in today's market. Businesses have inevitable obligation lo deal with
supply and demand fluctualions, changes in work scope, and trend dynamics of the market,
Therefore, lean production and business systems demand continual improvement of delivery

times, operating cests, capacities, material utilization, and information flow.

Dynamic changes in demand, supply, and manufacturing strategics forec companies to makc
continuous changes to fhe product-mix. Making such changes gracefully and effectively can
be only accomplished when systems design is based on flexible production and business
operations, The issue becomes even more challenging when the frequency of product-mix
change increases. Therefore, under such conditions, determining the optimum product-mix
and analyzing ils implications as an integra! part of the design process become essential for

achieving robust and flexible production and business systems.
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2.6 Modeling and Decision Making

An Operations Rescarch must be rooled in teamwork, where both the OR analysts and the
client work side by side. The OR analysts with their experlise in modeling will need the
experience and cocperation of the client for whom the study is being carried out.

As a decision making tool, OR must be viewed as both a science and an art. It is a science by
vifdue of the embodying mathenwtical {echnigues it presents and it is an art because the
success of all the phases the proceed and succeed the solution of the mathematical model

depends largely on the creativity and experience of the operations rescarch team.

The principal phases for implementing OR in practice include:
« Definition of the problem

» Construction of the model

¢ Solutien of the model

¢ Validation of the model

¢ Implementation of the solution

QF all five phases, only phasc three dealing with model solution is the best defined and the
easiest to implement in an OR study because it deals with mostly precise malhematical
theory. The implementalion of the remaining phases is more an art than it is a theory.
Problem definition involves defining the acope of the problem under investipation, This is a
function that should be carried out by the entire OR tearn. The end result of the investigation
is to identify three principal elements of the decision problem- namely,

< The description of the decision alternatives

%* The determination of the objective of the siudy, and

¥+ The specilication of the limitations vnder which the medeled system operates.

Model construction entails translating the problem definition into mathematical relations. If
the resulting model fits into one of the standard mathematical models, such as linear
programming, & solution is usually attainable by using available algorithms. Alternatively, if
the mathematical relationships are oo complex to allow the determination of an analytic
solution. the OR team may opt to simplify the mode! and vse a heuristic approach, or the

team may consider the use os simulation, if appropriate. In some cases a combination of
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mathematical, simuletion and heuristic modcls may be approprate for solving the decision

problem.

Model selution, by far, is the simplest of all OR phases because it entails the usc of well-
defined optimization algorithms. An imporant aspect of the medel solution phase is
sensitivity analysis, 1t deals with obtaining additional information about the behavior of the
“aptimum” solution when the model undergoes some parameter variations. Sensitivity
analysis is particularly needed when the parameters of the model cannot bf.- estimated
accuralely, In these cases, it is important to study the behavior of the optimum solution in the

acighborhood of the initial estimatcs of the model’s parameters,

Model validity checks whether or not the proposed model does what it is supposed to do-
that is, does the model provide a reasonable prediction of the behavior of the systein under
study? Initially, the OR team should be convinced that the oulput of the model does not
eantain “surprises.” In olher words, does the solution make sense? Are the results intuitively
ncceplable? On the formal side, a common method for checking the validity of a model is to
compare its output with historical output data, The model is valid if, under similar mput
conditions, it reproduces past performance. Generally, however, Lhere is no assurance that

future performance will continue Lo duplicate past behavior.

Implementation of the solution of a validated mede! involves the translation of the model’s
results into operating instructions issued in understandable form to the individuals who will

administer the recommended system, The burden of this task lies primarily with the OR team.

2.7 Produoct Mix Decision

An organization’s product-mix is the percentage of total cutput devoted to each product. In
production, for example, in furniture manufacturing might have a product-mix of fast
moving, medium moving and slow moving products, Product mix analysis focuses on
determining the optimum product-mix and highlights the implications of varying the
percentage of each product on different production and business activities. Since dilferent
products have different production rates, the capacity requirements for each mix of products
may, in some cascs, drasiically chanpe. For cxample, increasing the proportion of a certain

product in a production schedule may require duplicating a certain machine 1ool to cope with
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the rate of production, which may eventually lead to adding a parallel processing line and a
new line of products to make use of the added capacity. Therefore, product-mix analysis aims
at answering the question. How does product-mix changes allect system capacity? System
capacity can be defined in terms of buffer sizes and manufacturing resovurces types, set-up,

utilization, and availability.

Product-mix decisions are usually influenced by the produci selection decision. When a firm
has a current market for two or more products, a decision is usually taken te introduce more
than one product to thc market in an effort to increase market share and profitability.
Deciding to produce more than one product type or to provide more than one-service leads to
the issue of product-mix selection. Product sclection decision is usually based on the
organization goals, environment, and the organization’s production, marketing, and financing
strategies. Once product types are selected, decisions must again be made within each
product line with respect to which mix of products to produce and which production
processes Lo use in view of cost, capacity, and thc theory of consiraints. Product-mix
decisions are typically dependent on market research and marketing stralegies. Thercfore, the
product-mix in a production plan is not usually fixed. The mix may change dynamically at

different time periods.

2.8 Product Mix Decision using Linear programming {LF)

LP is a quantitative methad of product-mix analysis with exiensive in the applications in the
production and business Arenas. Many firms have found that Linear Hnmg (LP)
methods are useful technigues for assisting in the product-mix decisions. LP is an analylical
approach that is utilized 1o determine (he optimum product-mix sc that a certain critenon is
met, Using LP an ohjective function iz maximized or minimized subject to a cerlain set of
constraints. In most cases, the least costly mix of products is obtained from the solution of the
[P problem. Oiher LP applications beside product-mix determination include capital
budgeting, financial planning, work scheduling, and line halancing. Therefore, product-mix
determination can be considered as ong application of LP for shor-term scheduling, LD
problems can be solved using graphical method or using simplex method. Most large-scale
problems now a day are solved using soflware 1ools by the computer, However, it is always
essential to gain at least a basic understanding of the solution methodolopgy along with the

knowledge of how to formulate and set up the prohlem, interpret the resulis, and draw the
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right infercnces. Johnson and Montgomery. Presenied a Mathematical formulation for the
product-mix problem as a constrained I.P model. They also illustrated two approaches for

dealing with unceniainty in demand. Applying the LP model requires the following

information:

- Revenue obtained frem selling one unit of each product type.

. Unit variable cost of producing & unil of each product fype.

. Required minimum production level of each product type in the Planning period.

. Maximurn potential sales of each product type in the planning period.

. Number of units of each resource that are requircd to produce one unit of each
produc type.

. Amount of each resource available during the planning period.

Here in this problem between the three categorics of product depends on market demand
which products in the same series of machines should be produced in which quantity fo
ensure maximum income as well as maximum profit, a linear programming analysis is done.
With several constraints (demand, supply ratio, capacity and non-negative), the objective is to

maximize tetal income.

2.9 Linear Programming

Linear programming is a mathematical modeling technique designed to optimize the usage of
limited resources, Otherwise, Linear programming is onc of the stmplest tool which typically
deals with the problem of aliocating limited resources among competing activities in Lhe best
possible (ic., optimal) way. The method is applicable for the solution of problems in which
the objective function and Lhe constraints appear as linear functions of the decision variables.
The constraint equations in a linear programming may be in the form of equalities or
inequalities. This is the most widely used in the areas of military, industry, agriculture,
transporiation, economics, health systems and even behavioral and social sciences. These

models are attractive to system planners because they have standard solution procedures,
Practically all operations research techniques result in cownputational algorithms that are

erative in nature, This means Lhat the prohlem is solved by iterations, where cach new

iteration bringing the solution closer to the optimum. The iterative nature of the algorithmg

18



lypically pives rise to voluminous and tedious computations. 1t is thus imperative thal the

compuier execules these algorithms.

The uscfulhess of the lechnique is enhanced by the availability of highly cfficient computer
codes, Indeed, LP, because of ils high compuiational elficiency. is the basis lor (he
development of selution algorithms of other {morc complex) types of Operalion Rescarch
models, including integer, nonlinear, and stochastic programming. Although dilferent and
more general types of constrained decision-making models exist, it is nevertheless true that in
many applications linear propramming is most uselul. It has been sucecssfully applied to

Bteraily thousands of different types of muanagerial decision-making problems.

These problems of allocation can arise whenever one must select the level of cerrain activities
that complete for scarcs resources necessary to perform Lhose activities. The variety of
situations to which this descriptien applics is diverse indeed ranging from the allocation of
production facilities to products 1o the allocation of pational resources to domestic needs,
from porifolio selection of shipping patterns, from agricultural planning to the design of
radiation therapy and so on. However, one of the common ingredienis in each of these

situalions is the neccssary for allocating resources (o aciivities.

The Linear programming, g5 in any operation research modcl, includes three basic elements
like,

# Deccision variables that we seek to determine

&+ Objective (goal} that we aiin to optimize and

+ Constraints that we nesd 1o satisly,

The proper definition of the decision wvariables is an essential first step toward the
development of the model Once the variables are defined, the task of constructing the

objective [Uunction and consirainls should not be loo difficult.

If any of the functions among the objective and constraint functions is nonlinear, the problem
is called a nonlinear problem. This is the most gencral programming problem and all other
problems can be considered as special cases of the nonlinear problem. A key assumption of

linear propramming is that all its functions ( objeclive function and constraint funclions) arc

4l
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tincar, This assumption cssentially holds for numerous practical problems. 1t is sometime

possible to reformulate non-linearily inlo a hincar programming format.

The computations in linear programming, as in most opcration research models, are tymcally
voluminous and tedious, and, hence, require the use of cormputer. The user-[riendly EXCLEL-
SOLVER add-in program package is designed to solve this computational burden. The proper
decision of the decision variables is an essential first step toward the development of ihe
model. Once the variables are defined, the task of constructing the objective function and the

consiraints should not be too difficuld.

2.10 Linear programming relatcd Definition

+ Feasible solution: any soluijon that saiisfies all the constraints of the model.

« Optimum feasible solution: the solution that yields the maximum total profit.

» Nonnegativity restrictions: an implicit { or ** understood-to-be™) resiriction on the mode!l
is (hat the variables musl not be negative.

» Slack variable: a slack variable thus represents the amount by which the available
amount of the resource exceeds its usage by the activities. For constraints of the type( < ), the
right-hand side pormally represents the Jimit on the availability of a resource, and the lefi-
hand side represents the usage of this resource by the different activities (variables) of the
model.

» Surplus variable: a surplus variable represents the excess of the lefi-hand side over the
minimum requirement. Consiraints of the type ( > ) nonmally set minimum specification
requirements.

» Unrestricted variable: the nature of the variables requires assumning nonnegative values.
There are situations, where a variable can assume any real value. The specilic selection
between the two conslraints depends on which one yields a better optimum. In fact we do not
know whether the constraint should operate with a slack or with a surplus. A Jogical way 10
account for the situation is to replace the two constraints.

« Sensitivity analysis: an LP model is a snapshot of a real situation in which the modcl
parameters (objective and constraint coefficient) assume stalic values. It appears natural that
we study the effect of making changes in the model parameters on a given optin:um L

solution. This type of investigation is called scnsitivity analysis.
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e Dual prices: the dual price actually represents the unil worlh of a resource. It gives the
coniribution to the objective lunction resulting from a unit increase or decrease in the
availability of a resource, Other lcss conunon names for the dual price include Shadow

prices and Simplex multipliers.

2.11 Overvicw of Solver

Solver is an add-in package to Excel that numerically optimizes constramed models, such as
an LP model. In doing this, Selver uses a technique called a mathematical programming
algorithm to efficiently find the optimal decisions lor a given spreadsheel model. An
algorithm is simply a computer code that follows an iterative recipe for finding the optimal
decisions. For LPs Solver uscs a very efficien! opilimization algerithm ihal works only on LP
models called the simplex method. Not surprisingly, to benefit from this powerful capability
there is some prices to pay. We must sct up the spreadsheet model in the appropriate form so
that solver can optimize it; we must adhere to cerlain technical restrictions imposed on our
spreadsheet model by solver, and most importantly, we must understand the limitations of

optimization models to properly interprel Solvers results.

Sofver can optimize both linear and nonlinear models. For now, we will focus only upon
linear models because they are far less prone to technical difficultics. For LP optimization
every formula in our model that includes the decision variables directly (or indirectly via a
chain of cell reference) and that directly or indirectly affects the objective function cell musl
be lincar. The resiriction {lincarity) is imposed by Solver’s Simplex linear programming

meethed that works correctly only for spreadshest formuias involving linear relastionships.

The solver add-in package consists essentially of two programs. The first is an Excel Visual
Basic program that translates your spreadsheet model to an internal represenlation used by
the sceond prograin. The second program, residing in inemory outside of Excel as a separate
sofiware module, camries out the actual optimization and retums the sclution to the [irst
program for updating of the spreadsheet. The two communicate by means of Microsofi's
app]icalinr; programming interface, the delails of which need not concern us. Upon choosing

the “Solver” item from Excel’s Tool menu, you eveke the lirst Solver program that prepares
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your spreadsheel for optimization and calis the sccond optimizer program. The following

sicps should be considered during using the solver.

. Starl Excel and perform spreadsheet-modeling operations nermally. You can develop
your Excel models perform “What if*? And debugging analyses and prints tesulls in the

usual way.

. Once the model is developed and debugged (and saved 1o disk!), you optimize it by

choosing the Solver item from Excel’s Tools menu.

. The Solver add-in and its optimization module will be loaded into memory. When the
loading is finished, Solver brings up a dialog box to collect information for the oplimization

Process.

e After specifying certain housckeeping delails, such as which ecll contains the objective
function formmia to be optimized and which cells contain decision variables, you click the

dialog’s “Solve” button.

- Solver will then translate your model and begin the optimization process. For small LP

models this takes several seconds, or for big moedels, several minutes or longer.

. Assuming there are no errors in your spreadsheet LP model, Solver will bring up a
Solver Results dialog box in which you can request reports and have Solver up-date your
criginal model with the optimal decision eell values. Solver creates each requested rcport on

a separate worksheet in your workbook that you can save or print.

. At this point, you are now in a position to continue “What if” projections to, for

example, perform sensitivity analyscs in the neighborhood of the optimum
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Decisions. Fig.2.1 shows the diagramatic view ol (he sleps inusing solver.

[ Start Excel ]

Build or retrieve optimization model

¥
Save your workbook

y

Choose "Solver” in the Tools Menu

v

Specily in Solver Dialog Box
1. Call to be optimized
2. Changing cells

Modify 3. Constraints
Mode ¢
4 In opening dialog click *Assume Linear Mode!” &

click the "OK” bulton

v

Click on "Solve” Bulton to begin optimization

v

Review solver comnpletion message

Solver found

No Optimum solution

Click “Keep Solver solution & click "OK”
Button

Want to change Model &

Yeasg Feoptimize

Save final model & exit Excel

Fig. 4.1 Solution process of MS Excel solver Flowchart
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2.12 Solver Terminolopy

We have the “big picture™ of how solver works, we turn to details of how to instruct solver to
optimize our LP model. First we need te clarify the terminology Solver uses to view our LP
model. This change in terminology is nccessary because solver views the world only through
the cells of a spreadsheet and not as the symbolic representation that use in LP models.
Otherwise, the differences are nominal, Table 3.3 summarizes Lhe differences in
nomenciature between that used for our LP models and Solver.

One additional consideration is important o remember for LP models. Typically, negative
decisions have no meaning and so, oflen there should be a nonncpativity constraint on the
LP's decision variables. Because they arc so obvious, these nonnegativity constraints are
rarely listed explicity on the excel spreadshcet version of the LP model. Overlooking this
nonnegativity specification on the decision variables is by far the most common oversight
when using solver for optimizing LP medels.

If ncgative decisions have no meanmg, remember to specify Lthe nonnegativity constraints on

our LP model’s decision variables beforg optimizing il wilh Solver.

Table 3.3: Solver Terminology

LP Modeling Terminology Solver Terminology
Objective Function ‘Target Cell

Decision Variables Changing Cell

Constraints Constraints

Constraints Function{LHS) Constraints Cell Reference
RHS Constraint

LP Model Assume Linear Model
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Chapter-3

Technology of L.aminated Board
Furniture Processing

1.1 Laminated Board {L.B) Department:
We are considering the process of Laminated Board Furniture to develop our research work
in view to the importance of laminated board furniture in the furniturc world. So, we are
trying 1o describe briefly the process of the laminaled board furniture to easily understand the
research work. Laminated board depariment divided inte the fellowing section:
O Laminated Roard Section( {loor-T & floor-2)
O Tamination Plant
Q  Structural Table Scction
Q Special Section
s Special cabinet scetion
s  Workslation
» Kilchen cabinet
Laminated Board Section:
There are two Noors (Floor-1 & Floor-2) in Laminated Board Section. Mainly hatch product
produces in this section and give support to the others Sections. This is the knockdown
product. Knockdown means the furniture, which is Otting end of the customer with fixing
kits.
Otobi’s melamine coated lammated board furniture has brought revolutionary changes in the
modern concept of furniture. Scraichprool boards multiple color options and elegant designs
have made the laminated board fumiture the choice of the modern corporate world. Moreover
the unique knockdown system allows customcr to handle the furniture conveniently, specially

where frequent shilting is required.

Laminated Board Section is one of the biggest units in Olobi, About 60% of total turnover

come from this section. Dut il 1s newly established in Otobi, which have been started since
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1999, This is more attractive product in Otobi and already build-up a great demand in
Bangladesh. No doubt, it has bright future {o caplure the whole market of the furniture world.
Because day by day increase ihe demand of laminated board furniture instead of wood

furniture

A.2 LB Furniture Processing Operations:

Laminated Board (L.B) furniture processing operations arc classified as follows:

3.2.1 Cutting Operation:
This is the first stage of LB furniture manufacluring processes. There are five stages of

Opcralions.

3.2.1.1 Pancl Saw:

Raw laminated board cutling operations is starled from Lhe panel saw. We always follow the
operation plan and cutling plan for ¢ach product. Detail information of any products.is
explained in lhe operation plan such as cutting size of product components, color of board,
fiber direction for beech color board ete. but in the cutting plan indicates the board-cutting
plan of the product components in view to save the wastage of boards,

Normally large components cutling operations is performed in the panel saw. Panel saw bed
length is very large about 5500mm, During cuiling operation, r.:ultr:?:r moves, but jobs {board)
fixed. There is three steps cutier speed, which is seated according to the job size. We keep the
components size Smm larger (han the final size of the components. We get the (inal size from
the DET machine. There are two sizes carbide tips Saw Blades. Larger onc is called sizing
saw and smaller one is scoring saw blade. Sizing saw blade rotates clockwise and scoring saw
rotates anti-clock wise. During cutling operations to fix the jobs airjpressm is required about
7 bar. Air pressure applied on the jobs with the push bar. Clamping device clamps the job to
move along the cuiter as per cu?ﬁng size that is input with the PLC control. Maximum cutting
thickness of the job is 80mm.cutter return sped is double then the culiing speed which is done
by the inverter.

3.2.1.2 Table Saw:
Normally small product componenis cutling operations are performed in the Table Saw.
Because small components cutting in the panel is time consuming. Table Saw is small in size

Just like a table, There are two types of operations are possible in the 1able Saw thal is cutting

gl
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operation and groove cuiting. lor both operations are followed the operation plan and cutting
plan of the product. in this operation culler fixed bul jobs moves with the help of Lhe feeder
roller. Not required any air pressure, pressure applied mechanically on the jobs. There are
two Lypes of saw blades, sizing and sconmy saw blades. Sizing saw blade rotation is clock-
wise and scoring saw blade is anti-clock wise. This is better for sinall components culling
operations. Few small components cutting is performed in [inal size, which is pol possible in

the DET, machine. Othcrwise components size will be Smm Jarger than the [inal size.

3.2.1.3 Double End Tecaoning Operation:

This operation is done to keep the product components perfectly reclangular size (hat is
strictly maintaining the same diagonal length due to Knockdown products. It is difficult 1o
assemble any product properly wilhoul perlect rectangular size. This operation is done two
sides of the component at a time. First tenoning operation must be in lengthwise and second
tenoning operalion will be widthwise. Due to some technical advantages and facilities (his
operation system is foliowed. Otherwise it is not possible to get perfect rectangular size. Two
sets of sizing and scoring saw blades are worked in the both sides at a time. Both sizing and
scoring saw blades rotate clockwise. Cutter is fixed but jobs move with help of the conveyer
chain drives. Jobs pressed with rubber conveyer belt on the upper faced of the components.
Amnother two operations are poasible with DE1T machine, Groove cutting and rounding
operalion. Maximum and minimum widih of components is 2300mm and 260mm

respectively.

3.2.1.4 Band Saw:

Normally rough and irregular cutting operations are performed with the band saw. It is done
only to rednce the extra cutting load and to make easy for the next operation. Band strip blade
rotates wilth the help of the molor pulley and jobs feeding are done manually,

3.2.1.5 Rouling Operation:

It is used to make various lypes of profiles as per design of the product. Rotating speed of the
cutter of the copy router machine is very high compare to other furniture manufacturing
machines. There are two types of router machines available in Gtobi. One - jobs fixed but
cutler or router bit moves manually as per prolile of the producl components. Here, air
pressure 15 required to clamp the job with the help of clamping devices. Two- cutter fixed bt

jobs moves manually as per prolile of the product components. But ne need any air pressure

27



is required. Router bils shape and design as per functional activities. Tips of the router bil

made with the tungsten carbide.
3.2.2 Edge Danding Operation: Two types of cdpe banding machines:

3.2.2.1 Profile edge-banding machine:

Profile edge banding operation is done by Profile Edge Banding Machine. Struight edge
banding operation also possible with this machine. PYC edge banding material is used 1o
band edpe of the product components. Hot melt glue-120 is used as additive and heat is
applied from 120° C 1o 140° C to melt the glue. The main function of this operation is to make
water resist the component edge. PVC materials are avnilable in various colors, which is
decorative ilem. Edpe banding material feeding is done with the help of pressure roller and
glie has taken from glue roller. Then product component presses manually apainst cdge
banding materials to paste on edge of the components. Afler this operation, trimming
operation is done to remove Lhe exccss edpe banding materials from Lhe edge. Air Pressure is

required for pressure rolier.

A.2.2.2 Straight Edge banding machine:

Only straipht edge banding operation is possible in straight banding machine. Fully
automatically operate to paste the edge banding materials. Product components move with
the help of conveyer belt. There are several operations to finish the component such as
pressing, milling, trimming, corner rounding, scraping and buffing operations. In Lhis
machine hot melt glue 180 is used. Required temperature is applied 180°C to 200°C. Air
pressure is required. All operations are performed as per edping plan of the product.

3.1.3 Boring Operation: Lhere are Lwo types of bormg machine:

3.2.3.1 Multi Boring (Big):

It is performed to drill the component as per boring plan of the product. There are two types
of boring bits, blind kit for blind hole and through bit for through hole in various diameters
are used to perform the boring operation. This is called the carbide bii. Boring operation is
pnssiEla both in horizontally and vertically. Job is fixed during boring operation with the help
of pressure bar.  Air pressure is required for this purpose. Normally it is preferable for large

components,
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3.2.3.2 Multi Boring {(small}:
Smail mulii boring usc for same purposes but it is better for small components. Horizontal
and vertical operations are performed here. Another operation is possible in angle. Alr

pressure is required.

3.3 Planning of LB Products Processing:

The sales forecast arc explained in deiails in the Sales & Marketing Department. From this
Sales Forecasting, the Upper Management derives a production plan for the entire Year.
Depending on the Yearly production plan, Planning Depariment of Laminated Board section
makes a Monthly production plan and monitor the production. Currently the prodoction
planning for regular producis is done on the following basis:

» Make- to — Order

« Make -To — Stock

There arc many activities including for laminated Board furniture processing works. Without
proper planning it is very difficuk te perform any activities properly. We classified our
planning works as foliows:

Raw Materials planning

Modelwise product planning

Bill of materials

Costing Sheet

Operation Plan

Cutting Plan

Boring Plan

Check List

Kit pack list

0 0O o o OO O O 0O
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3.4 Process Mowchart of LB Furnifure

Produclion Process Flow Chart

Raw Maierials

v

Cutling (Large component)

:

Cutting {(Smazll component)

!

sl DET
v v
Band Saw Groove Cutling
h 4
Copy Router
¥
Profile Edging
I '
Trimming | Straight Edging ~ [*
Normal Boring Multi Boring
» Asserably
* Cleaning -
Packing >
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3.5 Laminated Board Products

There are various types of Laminated Board Furniturc are available in OTOBL OTOBI
makes furniture for different categories for different classes of customers such product lines
are Home Furniture, Qflice Furniture, Fumniture for Institution, Hospital Furniture ete. in this

regards, we stated name of Laminated board furniture which are available in different colors,

sizes and designs,
» Double Bed , Single Bed and Bed Side Cabinet
» Cupboard

. Wardrobe

. Dressing Table and Dressing Table Stools
. Reading Tabie

. Shoe Rack

. Book Shelves and Book Case

. Computer Tablz

» ' Execulive Tabie and Sr. Executive Table

. Conference Table

3.6 Raw-materials of LB Producis

There are various types of raw materials are used to manufacture Laminated board furnilure,
Key raw materials of laminated board furniture are Laminated chips board, MDF, Plyweod,
Block wood. \

3.6.1 Laminated chips board

There are four types of laminated chipboard, these are melamine coated chips board, PVC
coated chipboard, Resin coated chipboard and paper laminated chipboard. Melamine coated
chip boards are the best quality and reliability among Lhese board. Melamine coated boards
are widely used in furniturc manufacturing purposes. Melamine faced chip boards are
produced in complelely most modern stale-of-the arl technology. Melamine faces {sheets) are
inechanically pasted on both sides of the board. In view to these reasons, we are described Lhe
unique features o below;

3.6.1.1 Unique features of melamine faced chipboeard:

s Smooth, Neal and compact,

» Scratch, Chemical and Stain proof in normal use.

¢ Maintenance free board, no need to color and polish.
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» Melamine board surface is water-registant.

» Long lasling, no seasonal eflect.

« Higher bonding, screw holding capacity.

e Multiple color options in beech, Grey, Graphite, Black, Cherry, Green & Biue.

o Available Sizes: 8X6’, 8'X4’ in different thickness‘t 6émm, 9mm, 12mm, 15mm, 16mm, -

18mm, and 25mm

3.6.1.2 Utility & area of use of Mclamine faced chipboard:

+ Partition

¢ Shop Decoralion

o Hospital furniture

» Kitchen Cabinet

» All Soris of School College, University, Home and Office furniture: like Almirah,
bookshelves, Side Rack, Showrase, TV Trolley, Shoc Rack, Computer Table ete.

MDF (medium density fibre), Plywood, Blockwood are used Except melamine coated board.

3.6.2 Edge Banding Materials:

This raw material is used as decorative items and to make water resistance. Because in touch
of water, chips board sucks wafer and loss ii’s sirength and has become unusable. So it is
uwsed 1o save from water. It is foumd in different colors, sizes and thickness. Normally 1t 15
PVC materials,

3.63 Fixing Accessorics:

As knockdown products, it is important to assemble at the end of customer, Various types of
screw, Hinges, Channels, Stoppers are used as fixing accessories.
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3.7 Machine used for LB Products Processing
3.7.1 Panel Saw:

3.7.1.1 Panel Saw Features:

o Heavy and rigid constructure to ensure high cutling accuracy and productivity.

o Standard equipped with scoring saw unit to obtain the besl finishing cut on any kind of
panel.

a Top pressure beam is designed of the pneumatic litting system with visibie linkages and
combined with suction umt,

o Lifiing and lowering of saw carringe is pneumatically controlled, the moving stroke if
saw carriage by limit switch

¢ Automatic machine 15 equipped with clectronicaily conlrolled system with front loading
device for stacks of pancl and positioning pusher with grippers.

O The saw carriage rail is surface supported instcad of weld-supported traditionaily the
stable supporl 1o ensure the longitudinal high cntting accuracy.

0 The top pressure beam is drived by two pneumatic cylinders and it moves with the link
bar connceted to two racks and pinions, The movement will be simultaneously and Lhe
pressure will be even

o Main saw bladc and scoring saw blade 15 drived by one 10hp molor and one 3hp motor
separately, This design makes the perfect cutting efficiently.

o In order to move the panel easy, the machine 1s equipped with phenolic surface on the
working table.

o According lo the panel lenglh, the saw camiage runs the cutling siroke aulomatically. As
long as cutting finish, the saw carriage rcturn back soon This design is to shorten time cost
and raise the produciivity.

o The dust extraction system Is [ormed by the dust extraction groove being covered by two
rubber strips to ensure perfect dust proof.

1 The sectional safety cover actually prevents not only for wood dust/chips, but also for
safcty wise,

o The feeding system is centrolled by servemotor to assure the high procession positioning.

o The emor code and message will appear on the control cabmet display, the alarm lipht
will be put ofl'alier eliminating the machine error.

a The machine equipped with jurmp scoring saw syslem for cutting pestlorming paneis,
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3.7.1.2 Technical Data:

I N
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Sl  Description Unit Sizre & Specifications
Max. Cutting Length mm 3200
Max. Citting Thickness mm 80
Main Moilor Saw HP 10
Main Saw Blade Diameter mm 355
Main Saw Arbor Diameier mm 40

. Main Sgw Rotation RPM 4800
Scoring Saw Motor HP 1
Scoring Saw Blade Diameter mm 180
Scoring Saw Blade Arbor Diameter mmn 30
Scoring Saw Rotation RPM T260
Feeding Molor HP 2
Feeding Speed (Forward) m/min. 17
Feeding Speed (Beckward) m/min. 34
Aulo Feed Motor HP i
Aurto Feed Speed m/min 8
Working Air Pressure Bar 5-6
Table Height from Floer mm 850
Neit Weight Kg 2400
Gross Weight Kg 2600



20. Machine Size mm 559(n6490x 1850

3.7.2 Table Saw:

3721 FEATURES

o It is very small in size kike a working Table.

o Feeder roller is designed to feeding the jobs in the machine,

o The feeder roller is drived by one feeder motor

D Main saw blade and scoring saw biade is drived by one 3hp moior and one .5hp molor
separately. This design makes Lhe perfect cutting efBiciently.

0 The dusi extrection system is formed by the dust extraction groove being covered by two
rubber strips 1o ensure perfect dusi proof

Fig-3,2; Table Saw

3.7.2.2 Technical Data:

S Description Unit Size & Specifications
| Max. Cuntling FLengih mm infinity

2. Max Cutting Thickpess mm 50

3 Main Motor Saw HP 3

4. Main Saw Blade Diameter mm 300

5.  Main Saw Arbor Diameter mm 30

6.  Main Saw Rodation RPM 4800

7.  Scoring Saw Motor HP 1.5
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2. Scoring Saw Blade Diameter

mm 180
9,  Scoring Saw Blade Arbor Diameter mm 30
10. Scoring Saw Rotation RPM 7200
11. Feeding Motor HP 2
12. Feeding Speed (Forward) m/min. 9& 13
13, Table Height frem Floor mm 750
14. Machine Size mm 1300x1120x 1640

3.7.3 Double End Tenoner

3.7.3.1 FEATURES:

The DET series Donble End Tenoner is designed for those factories that manufacturing panel
and / or solid wood fumniture. The DET series feature of sequence range for mass production
and possibility for sizing, cutting, hogging, trimming, squanng, fenconing, moulding,
rounding, sanding, cham{ering and grooving. The working stock of the DET series is no limit
for longitndinalwise. The working width can be of min. for 260mm-upto max. For 2300mm.
The working thickness concerned is standard with 60mm.

Heavy and rigid constructure to ensure sizing, squiring and tenoning with high precision and
productiviiy, The bed carrying wilh high precision Iinear guide way to get perfect paraliel at
x-axis. Feed chain track system is enriched with precision Lrack linkege, which mounted
withdust-proof and free lubricated needle bearing to cpsure perfect parallel at y-axis. The
high precision linear guide way + feed chain irack fo form the double crisscross movement to
guaranee squaring. High accurate needle bearing mounted in precision chain track linkage
for dust-proof and fres lubrication for 5 years.
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Figure 3.3: Double End Tenoner

3.7.3.2 TECHNICAL DATA:
Sk Description Unit Specifications
1 Max. Working Width mum 2300
2 Min. Working Width mm 260 {on both side)
3 Min. Working Width mm 120{cn one side)}
4 Max. Working Thickness mm 60
5 Scoring Saw Unit HP,RPM 2HP x 2 at 3450 RPM
G Main Saw Unit HP,RPM S HP x 2 a 345G RPM
7 MouldingUnit HP . RPM 5 HP x 2 a 6000 RPM
8 Feed Motor HP.RPM 2 HP at 6-24 m/min(Variabie)
3.7.4 Band Saw:

1.7.4.1 FEATURES

The model of the Band Saw is Cemoure. Bard strips are rolale with the help of wheel, which

is equipped with motor pulley. In this machine, smoeoth cofting edge is not possible.
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' 37.42 TECHNICAL DATA:

| Sl Description Unit - Specifications
1 Table Area mim 1200x1200
2 Panel Length mrm ) 60 to infinity
3 Pane] Width i Any sizg
4 Panel Thickness mm 10 to 100
5 Band Saw Width i 10 to 4}
6 Band Saw Length mimn 4870 to 4970
7 Band Saw Thickness mm 0.6
8 Rotating Speed of Wheel R.PM. 765
g . Power Required KW, 5.5
| 10 Ned Wt Kgs 300 _l

3.7.5 Copy Router:

3.7.5.1 FEATTIRES ‘

This is the very high speed machine among the others woed working machines. It is specially
designed to bear the working load. Model is Bermag. This is used to make profilc according
to design featores of the product components. Router bit iz guided by the sirip, which

connected with motor.

3.7.5.2 TECHNICAL DATA:
BL# Description Unit Specifications
1 Table Arca nm 2500x1200
2 Panel Length mm 1500
3 Panc! Width i 1120
4 Pane! Thickness mum 1010 50
3 Ajr Pressure Bar 6
6 Rotating Speed R.P.M. 18000 to 22000
7 Power Required K.W. .75
8 Collate Diameter mm 10
9 Router Bit diameter num Jto 60
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3.7.6 Profile Edge Banding Machine:
1.7.6.1 FEATURES

Model of profile edge banding machine is Marmika. It is designed for gluing edges of PVC,
melamine or veneer on straight, round or shaped panels with hot melt ghue 120°. However, it
is enriched for edging ABS or solid lipping up to 3mm thickness which to be cut to size by a

teinforeed preumatic knife.
Figure 3.4: Profile Edge Banding Machine

3.7.6.2 TECHNICAL DATA:

Sk Description Unit Specifications

1 Table Area mm F100x800

2 Panel Length mm Mm. 160 to infinity

3 Panel Width mm Min. 65 to infinity

4 Panel Thickness mm 1) to 50

5 Edging Thickness mm 04103

6 (lue Pot Capacity Kgs 3

7 Heating Element KW.(HP) 1.8(2.4)

8 Feed Speed M.P.M 10/15/20

9 Power Required K.W.(H.P) 0.75 (D)

10 Weight NNW. (G.W.) Kgs 350 (450)

11 Machine Size - mm 1520xB00x 1000

12 Packing Size mnm 1720x910x1190
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3.7.7 Table Trimmer:

A.7.7.1 FEATURES:

The lable immer is used t0 remove excess edge banding malenials from [mished
components, which edge banding is completed in the profile edge-banding machine. This is
very small and simple machine. Two trimming cutier s equipped in the machine,

Figure 3.5, : Table Trimmer

3.7.7.2 Technicai Pata:
Sk Description Unit Specifications
1 Table Area mm 11003800
2 Panel Length mm Min, 160 to infnity
3 Panel Width mm Min. 65 to infinity
4 Panel Thickness mm 10 to 50
5 Edging Thickness am 04103
8 Cutter Speed RP.M. 11200
9 Pawer Required K.W.{H.P.) 0.75 (1)

3.7.8 Straight Edge Bander:

3.7.8.1 FEATURES

Model of the Straighl edging machine is Optmat KIDD-67 .This Jincar series are designed for
edging straight panel with hot mell glue 180” by through feed syslem, which consisis of top
pressure rollers, and boHom feed chain. The edging material can be of PVC, melamine or
venger in sirip or coil. Soiid lippings with a maximum thickness of 20mm are also applicable.
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Figure 3.6: Sitaight Edge Banding Machine

3.78.2 TECHNECAL GATA:
Si# Description Unit Specifications
1 Table Area {130)] 3150x1525x2135
2 Panel Length Min. 140 1o infinity
3 Panel Width min Min 55 to infinity
4 Panel Thickness mm 10 to 60
5 Edging Thickness mm 04103
6 Glue Pot Capacity Kgs 4
7 | Heating Flement KWLHP) |18(24%)
3 Feed Speed M.P.M. 16/15/20 o
9 Power Required K W.([HP) L3(2)

10 Weight N.W, {G.W.} Kgs 1300 (1510) |

3.7.8 Multi Borer (Big) :

A.7.9.1 FEATURES

Ratinnal designed stnectime, advanced technology adopted, to he operated and  adjursded
conveniently and working steadily and reliably. And comect meking precision and high
cliiciency.
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This machine tool is able to finish drilling horizontally and vertically at a times. There are
£xzp gangz drilling verticatly lower face of the work piece aml two gangs drittmg on upper
face of the work piece. Horizantal drilling is done from both sides of the work piece. This
machine ool is operaled mdommbically by PLL during the course of work, lasding clamps
and supplying blades are controlled fuily procumalically. Need air pressure sbont 7 bar.
Which is fairly suitable for dense process of the wood picces with mulli-ranges and holes on
8 large scale and mich, especially those required with top tmhgy.

Figure 3.7 : Multi Boring machine ( Big)
3.7.9.2 Technical Data

Maxirnum diameler of drifled hoies ; 353mm

il

Maximum depth of drilled holes : 60mm

Maox Center Dhistance between frst and lasi spindle; 3500 1 500mm

Min. Cenicr Distance between first ard lagt spmndle; 180x 32mm

Total Gangs: Type A: Frve, Type B: Twn, Type C: Two

Total collet: Type A: 24x5bits, Type B: 50x2 bits, Type A: 30x2bits

Fating Duanreter of drill joints - 10mm

Pressure of compressed air: 7 bar.

Fitting motor power: Type A'P=1 SKWx 5, Type B:P=1.5 KW x 2 Type C:P=1 5 KW x 2
i0. Conveyer Bek Modor: 15 Kw X |

b T U
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3.7.10 MuMi Borer (Smal) :

3.7.16t FEATURES

Ratipnal designed structure, sdvenced technolngy adopted, 10 be operaled and adsted
conveniently and working scadily and reliably. And comect moking prccision and high
efficiency.
This machine tool is able to imish drillmg t=ns of holes in three mmnges throgh only oRoe
sdjusiment and the single head also can be revolved from 0- 90 degres. Finishing drilling
holes in any direction as requarad
This machine tool is operaled semi-automatically during the course of work, loading clamps
and supplying bladss are comrolled fully pneumatically. Which is fairly suiable for dense
process of the wood pieces with multi-ranges and holes on & large scale and barch, especially
those required with top technology.

Figure 3.8: Multi Boring Machine {Small)

3.7.10.2 Technical Specifications:

i. Waximum diameter of dritled holes: 35mm
2, Maximum depth of drilled holes : 60mm

Max, Contor Distance between first and lasl spindle: 1600x 640mm
Min Center Distance between firsi and last spindle: 180x 32run
Total Hends: Tvpe A: Three, Type B: Five

Led

L
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Total spindles: Type A: 21x3bits, Type B: 11x4+22x1 bits

Fitting Diameler of drill joinis ; 10mun

Pressure of compressed air: 0.5-0.6Mpascal

Fitting motor power: Type A: P=1.5KW x 3, Type B P=15KWx5

oo N>

3.7.10.3 Safety operation Rules:

1. Those who are appointed to operate the machine should be adults irained n this Jine.

2. Before starting the machine operarors are read the instruction carcfully and remember the
main points of operaiion. ‘

3. Operators should wear working uniforms, shoes and caps trimly. And leng hair wrapped
in the cap. In case of inflnencing oporation and emergence of accident because they arc
shaved or iaken by the motive components of the machine.

4. This machine is only fit for processing woad. Never do any other Lhings, such as metal
etc.

5. Avoid processing over-long, over-large and over-sinall pieces, and those with big
curvature ones as well,

6. Keep working spots bright, meke surc that therc are no obstacles and Cother useless
things on the machine.

7. Strictly forbid those who are sick, drunk, absent-minded cte. to operate the machine.

£  While the machine is wortking, operators mnst concenirate their minds, stick to their
positions and opcrate carefully and exactly.

9, Non-operators are forbidden to stay about the work places.

3.7.11 CNC Machine:

3.7.11.1 FEATURES:

CNC means Computer Numerically Controlled machine. Actual name of this CNC machine
in Wood processing industries is CNC point 1o point wood processing machine, There are
five operalions are possible in this machine such as Cutting Operation, DET Operation,
Grooving Operation, Routing Operation and Boring Operation, There has a sofiware
“Woodwop® which is nsed to design and input all activities of these operations through
Computer, So, it is most nseful to design any complicated and sophisticated drawing easily

and accurately. There is a control units to contro! the machine with PLC-CPU.
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Figure 3.9: CNC Machine

3.7.11.2 TECHNICAL DATA:

Sl | Type Description Units Specifications
1 Space Length mm 5250
Requirernem Width mm 3310
Height mm 1970
2 Supporting Length mm_ 2750
Table Width mm 1050
Pane] Thickness mm 50
3 Positioning X-Axis mm 3105
Ronge Y-Axis mm 1370
L-Axis mm 135
4 Speed X-Axis m/min &0
Y-Axis m/min, 50
Z-Axis m/min 20
5 Pncumatic Stardard  Compressed  Air Quality Class
Qualily aceording to 1ISO' 8573-1 3
Connection Inch R 1/2
Pressure in the feeding pipe line | Bar Min. 7
Air Consumption NL/Cycle/Side CA 1D NL
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6 Dust Collection | Suction Connection irie) Dia.200
Total Dust Extraction Capacity
Air Velocity M/sec Min. 28
Loss of Pressure Pascal Min 2000

7 Electrical Operating Voltage Volt 400
Frequency Hz 50/60
Nominal current approx. Amp. 21
Recommendecd Fuse Amp. 25
Total Connected Load Approx. KW 11.5

8 Loading Length mm 5400

Measure Width mm 2300

Height mm 2250

¢ Foundation Weight of the machine Approx. | Kgs. 3150
Surface pressurc in the pomnt of N/mm' .20
support
Min. Concrele Thickness mm 200

The foundation has to be Ground

level

3.7.12 Post Forming Machine:

3.7.12.1 FEATURES

Forming of the surface material and pressing onto the workpiece 15 carried by means of a llat
electrically ﬂcated and pressurized moveable bar, This forming bar brings the surlace
material vwp to the necessary forming temperature by means of contact heat. The bar
automatically follows the shape of the relevant profile, applying a constant even pressure and
glues the surface material to the workpiece. Processing a wide varicty of surface materials
decorative laminates real wood veneers, PVC paper and finish foils. All formable laminates
possibilities for universal applicalion cconomical production of individual or serics
workpieces. A wide variety of profiles and radii without the need for jigs quick reserting
times sefling in minutes withoul special tools. It is rcliable gluing with PVC or Urea glues.
The pressure bar adapts to every positive profile, guarantecing reliable gluing even in the

difficult places. Simple to use bending process carried out automatically.
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3.7.12.2 TECHNICAL DATA

SH Descripiion * | Unit Specifications

1 Table Area ™R 4800x1000x2270
2 Panel Lengih mm 24400

3 Panel Width mm 100

4 Panel Thickness mm 16 ta 200

5 Ferming Panel Radious mm 10 to more

6 Heating Time Sec. 3010 120

7 Heating Element - Amp 15

3 Pressurc Required Bar 6

3.8 Cutfer used in Machine:

There are different types and brands cutters & tools are used in furniture processing industries
especially in wood and laminated chips board fumniture processing industries. Mainly
Tungsten Carbide Toots are used. Worldwide available branded are Leuco, freud, ABC,
Yirutex cte. Precision’s Cutters and Tools are moest important to oblain higher productivity
and quelity producis.

3.8.1 Tips for a correct usc of a Saw blade:

To oblain the best performance from a saw blade to follow these simple instructions:

> The machine must be in good condilions, [ree of vibralions.

» The Manges used Lo secure the blade must be of the same diameter, at least 1/3 of the
blade’s diameter.

» The fanges must be parallel to each other. Also, check tolerances on diameters, sides and
concentricity, by using a clock gange.

¥ The spacers must be perfectly parallel.

» The spindle must be perfecily straight and with an tolerance.

#  After conlinnous use,lremnvr: the blade and clean it, making sure to get rid of resin buld
up with the appropriate solvents. For the Tellon coated blades it’s sufficient to wonm water.
In any case, avoid using solvenls containing caustic soda.

¥ The blades must be sharpened as soon as they become dull, maintaming the original tooth
angles.

% For sharpening, always use the correct grinding wheels and plenty of cooling liquid.
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¥ Maximum reboring of the blade is 20mm of (he uﬁgina] bore size. Above this value, the
blade will loose its eriginal tuning and overall performance will be affected.

#  Always keep spacers and flanges clean.

¥ When sharpening, the shoulder of the teeth must not be lowered more than needed. This
operaiion must be done with appropriate precision machinery and never by hand. There is the
risk of breaking the tip or upsetting the blade balunce.

# On ripping machines, the feeding track must be leveled with fixed table.

» Before slarting the cut of the malerial, make sure ihe blade is correctly locked according

to the machinc’s specifications.

Router Bits are designed and manofactured to the highest quality and with the finest
materials, The tips are made of special micro-grain carbide for long life and a betier finish.
Anti-kickback design is an added feature to make these bits exccptionally sale to use.

Cutterbeads, Brazed cutters, Knives, Spurs Blank Tips are new gquick and effective
locking system which prevents the risk of accidenlal breakage or expulsion of the knives.
Resharpenable knives 3-mm thickness knives can be resharpened np to 6-8 times. Hook and
shear angles are expressly studied to achieve the best [mish.

3.8.2 Cutting Speed:

Cutting Speed means surface speed of the cutter. Cuner, Tools or Blades are designed with
different cutting speed depending on the different types of hardness of the materials. So it is
very imporrant to follow the following char during cutting operation to increase the wol hie

and proper operation of the machines.

31.8.3 Feed rate per tooth:
Feed Rate per tooth means amount of malcrials to be cnt by per tooth. It is designed depends
on the hardness of the materials. Normally it will be high for sofl materials and low for hard

malerials.

3.8.4 Chip Thickness:

Chip thickness means size of the chips 1o be removes ffom the materials during cutting

operation. Chip thickness {ully depends on cutling speed and Feed rate of the materials.

48



Table 3.1:Cutting Specd in Various Materials:

Materials to be Cut V. (mfs) s (mm/tooth)
Softwoods 60-100  0.10-0.20
Hardwoods 60-100  0.03-0.08
Exoclic woods 50-85 {.03-0.08
Veneers 70-100 0.03-0.10
High-density plywood 40-65 0.03-0.08
Compressed woods 40-05 0.03-0.08
Panels vencered on two sides 60-90 0.03-0.10
Plywood 50-80 0.05-0.25
Raw particle board 50-80 0.05-0.25
Hardboard 50-80  0.03-0.08
Softboard 60-100  0.10-0.20
Plastic laminated pancls 60-80 0.03-0.06
Paricle board . 60-80 0.05-0.25
MDF 60-80 0.10-0.20
Laminated particle board 60-80 0.05-0.25

3.8.5 Formula for Cutting Speed Calculation:
dxpiexn
Cutting Speed, ¥, = ————=mmmevere——- (m/s}
1000 x 60

Where,

d = ouler diameter of the cutter

n = revolution per minute of the cutter
Feed rale per tooth = s; (mm/tooth)
Chip Thickncss = by {mm}
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0.20-0.40
(.40-(1Lo0
0.60-0.80
(. 10-0.40
{(.30-0.60
0.40-0.60
(0. 10-0,40
(.30-0.60
0.35-0.80
(.20-0.60
0.20-0.40
0.35-0.80
0.35-0.80
0.20-0.40
{(.35-0.80



3.8.6 Tool Operation:

Up Cuting Work: Usual meihnd of operation. Culﬁng nmotion of the tool and the relative feed
motion of the work run counler fo one another” Cuning does not start as soon as the wood
makes comtact with Lhe edge. But only a short distance thereafler, The edge will scrape and
push within this area and cutting proper begins subsequently, producing & stretched-out chip
with a thickness Increasing towards Lhe outlet. The up cul method only is permitted for hand
feeding.

Down Culting method: The cutting motion of the tool and the relative feed motion of Lhe
- work are unidirectional. Cutting starts when the edge hits the work, producing a compact chip
with a thickness decreasing towards the outiet. Suitable for mechanical feeding only.
3.9 Instrument & Software used in Furniture Induostry
No need any high precision instruments for the Laminated Board furniture manufacturing
industries. The following equipment is used for {umiture industries.
. Vemier calipers
» Measuring Lape
Software’s are: j
» OTOBI MIS used in Central Distribution Center
. LB MIS used in Laminated Board Seclion
. Malrix under installation and testing for ERP.
3.10 Quality Contro} Activities in LB Furniture Industry
During preduction process, the products go through various stages of production. A quality
inspection after every slages of production and thus only the quality passed items goes into
the next stage of production and Lhe rc:joctcci ilems are kept separalely. The quality
parameters for the inspection procedure vary from pmdﬁct to product and depend mosily on
the nature of the product. Each quality parameter has standard value, which varies from item
to item
In Olobi, there has no any separatc quality control or quality assurance depariment Lo
maintain the product quality. Quality related all activities are performed by Lhe production
department persornel. As a result it is very difficult to maintain the quality of Lhe product.
There has no any quality record for the future:
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Chapter-4

Demands of Furniture

4.1 Demand of Furniture

Fumniture is the most important part of life of human being. Demands of furniture in
worldwide are always constant. It may be varies in different countries depends on style and
taste of lhe cuslomers. No one can continue his life without any touch of fumiture such as
home, office, hospilal, institution etc. So, demands of furniture never are decline and
moreover, it will increase day by day with the development of the economic condition of any
country. There are lots of opportunities {o earning of foreign cxchange from the furniture
industries in Bangladesh to meel up our local demands. The economic potential of these
resources in terms of value addition, export carning and employment still remains unutilized

for lack of appropriate processing and product diversification.

Furniture Industry can paricipate in Major economic activities in Bangladesh. Because
furniture is one of the basic needs of human being. There is a big scope to cam foreign
currency to export furniture all over the world like Garments, Textiles, Leather, Tea, Jute elc.
We can enter into the global market to falfil our nationa! demands of farniture. There is a big
market in U.S.A., Canada, Australia, Furope and Middlc East. We need to promote

worldwide.

Competitive pressures in Bangladesh furniture indusiry are pressing manufacturers to look
outside the Bangladesh for ncw markets. ‘Several trends within the industry point loward an
increasingly compctitive envirenment. Sales have been increasing day by day, consolidation
among a smaller number of large firms are dominating shipments and product brands within
the industry, low profitability is low as evidenced by low afler tax retums on sales, and

advances in produclion technologies are increasingly important but costly for smaller firms.
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4.2 Export

The demand of furniture of OTOBI in Bangladesh 13 great. This 15 the first established of
branded furniture manufacturer in Bangiadesh. Now OTOBI has started to export furniture to
foreign country, especially in India. QTCB! has begun to campaign from Northwest portion
of India i.c. Tripnra, Gohati, Recently, OTOBI has been participated in the Trade fair of
Kalkala, January 2005. The objective of OTOBI is to save our forest. The larmnated board
fumiture has replaced wooden furniture of urban society. OTOBI manufactures various types
of houschold furniture which includes bed, dressing table, computer table, reading (able,
showtase, cupboard, bed side cabinet, dining table, chair etc. not OTOBRI manufactures
household fumiture but also it makes office

Table-4.1 : Export Report of OTOBI for the Year 2004 & Year 2005

SE | Month Year | Exporl Amount in $US Remarks
1 March 2004 | India 22540
2 April 2004 | India 31250
3 May 2004 | India : 12540
4 Junc 2004 | India 16580
5 July 2004 | India 26590
6 August 2004 | India . 25120
7 September | 2004 | India 17225
8 October | 2004 | India 34260
g November | 2004 | India 35620
10 December | 2004 | India 45050
11 January 2005 | India : 25890
12 |Februay 2005 | India 39250

Data source: This tepert has collected from the export report of the marketing department.
This is repert of OTOBI Limted, which indicates the monthly export ammount in $US dalars
only mn India. It is easy to understand there is big furniture market in India.
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Export Report of Otobl, year 2004-2005

amount in $US

[
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|
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Figurc 4.1: Chart of Export Report of Otobi for the Year 2004-2005 in India.

We coukd not collect Lhe actunl export ligure for Bangindesh to eompare the present export
conditions. But if we ook at the export repont of Olobi, 11 i3 clenr that thee ore lots of
opporumities (o cxport We need proper guideline from the governmem (o promote Lhe

expor.

Export markets can provide an outlel for future growth for furniture manufacturers. One of
the highesl concemrations of furniture companics i the nation is located in Dhakn Chy. The
furniture industry in this regon hns & number of advanlages—it is strategically located center
of major wood and suppliers, it has a good reputation for tradiliom] styles of fumiture, and &t
is home to o domestic trade show or fair that mitmcts inlernational attention. There is some
cvidence that the region's fumilure manufoctures are slarting to toke odvantage of export
opponunities—but at a lower mte than the industry natioanlly.

The industry has not fully realized its potentinl to exporl. Executives in the fumiture industiry
arc optimistic Lhat exporting increase. Yet firms are refuctand to aggressively seek oul foreign
markets. The main fumniture manufacturer’s association in the Bangiadesh hos virtually no
exporl promotion prugum Few companies in Bangladesh have full-time export managers -
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who trave] abroad, seck foreign distributors, or attend overseas trude shows. Export sales of
the industry’s top few firms are, on average, three to five percent of total salcs. Many firms
export in a reactive manner by “order-iaking” from the growing number of foreign buyers
who attend the Bangladesh furpiture shows.

" Given the scale and capacity of the industry, its strategic location near quelity, wood-based
raw mmaterials, and its utilization of advanced production methods, it is surprising that exporis
have not been greater. There are two critical problems impeding the growth of exports and
accompanying growth in employment: {1} lack of skilled workers to run advanced
woodworking equipment, and (2) lack of active, internal export systems within the firms. Te
help furniture industry grow, demonstration projecls should be initiated within this cluster to

assist firms with cooperating on worker training and export development

Qualitative change in exporl earnings of furpiture industries is found in the last few years.
Exports of wood furniture a3 well as metal and canc furniture including faminated board
furniture slgmﬁca.ntl}r increased. Although it is limited within the few furniture industries Jike
(Hobi Limited, Akhter furnishers, Hatil Furnishers Proficy Furniturc industrics etc. Because
they always maintain quality of product and give better performance. Table-4.1 shows the
expont performance of the furniture of Otobi Limited in India

We should adopt new Lechnologies and techniques to the furniture industry so that we can use
mass production methods for our ¢ustomized products. {NC machinery and other advanced
machinery's are install for large and mid-sized firms. The single most important obstacle to
growth—noted by every respondent—was skifled labor shortages, They cannot use nml;r
technologies effectively without skilled employees to operate them. Some firms noted a
shortage of workers altogether, regardless of skills. Others were concerned about high labor
turmaver rates. Workers will move to other local manufaciures in the same or related industry
within the cluster area for higher pay.
e promotional furniture has an element of being "cheap” while overseas customers are
‘ looking for attractive style furniture that is quality orignted and higher priced and
¢ Upholstered furniture is difficult to export because its bulk makes transporiation costs
high. But it is easy to transport laminated board furniture due to knock down products.
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We should offer value to cur customers by selling quality furniture at low prices. The survey
also revealed an interesting industry practice with respect te quality versus price. The same
- products sold through promotional channels can also be sold o higher-end markets. But [irms
making promotional items are unable to enter (hese markels alone because of high costs of
marketing, advertising, and sales promotion needed to establish their own product image and
brand. As in the domestic market, export markets offer opportunity for all types of products
sold at different price levels. Because of rapid economic growih, upwardly mobile consumers
with rising income are able to purchase reasonably priced furniture. T
Majority investors agreed that exports are “important” or “very imporiant” to the industry’s
future. Most firms had not received export dssistance, did not seek out information about
exporting or export service providers, and were generally unfamiliar with (he availability of
EXPOTL SETVICES,
» the top two competitive advanlages of the industry are product design and price;
s the main barricrs to exporiing are (1) lack of market information, {2) product
specifications, transportation cosls, and (3) export procedures; and
e to increase exporis, owners must be commitled, have dedicated exporl staff and
budgets, travel Lo foreign trade shows, und improve product quality and price.

There are three obsiacles to overcome before a real shift in export development can occur.

» The skill levels of the existing work force must be raised. Companies arc using
more advanced machinery and production methods, but ¢ite a strong need for skiiled
workers wained to run the machinery, This is essential to stay competitive on the
domestic market and (he expornl market,

¢+ More skilled and more committed workers arc necded, More youth have to be
encouraged to pursue tectmical empinyment opportunilies in the industry and more
comnpanies have 1o lind ways to reward and involve workers in ways that build
lovalty.

« Firms need to trunsition from the passive (order-taking) export sales approach,
which is commonplace i6 2 more agpressive stance. Companies must hire export
specific staff and provide them with 2 budget to seek out foreign markets, attend trade
shows abroad, and identify and estabhsh distribution networks,
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4.3 Suggestions:

The industry is ripe for cooperation and networking. We can take initiatives in the two areas
of exporl development and worker Lraining would be well received by the industry. The
survey highlighied several facts that support this statement.

» The firms were not proaclive exporters now, but see it as a [uture opportunity. The
{irms that had full-time export managers were doing better than those that did not
have one.

s The Firms were not cooperative now cvidenced by the Jow level of trust, but they

would be willing to do so in the areas of technical support and exporl development
among non-competing [irms.

¢+ The indusiry has several “exporl” ndvantages including close access to wood based
raw materials and other components, 8 growing reputation overseas for quality
crafismanship in fumiture, an abundance of product design and produetion
capabilities, and a large number of firms that are flexible enough to introduce new
product lines twice per vear at the domestic trade shows.

» Lack of skilled workers and the need for training on advanced manufacturing
equipment and accormpanying production systems was a barrier Lo growth.’

Export promotion, which provides more market information, foreign product specifications,
and access to foreign trade shows, was a primary need.

» Evaluate the need, feasibility, and cost for a major, regional cxport promotiou service
at the industry level.

« Conduct n;:w market research which profiles nwrsc;.ls furniture markets distributor
profiles, product specificalions, and retailing trends. .

+ Target and promote the use of existing cxpert financing programs specifically to
fumiture companics that have exporl potential.
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Chapter->

Data collection & Model formulation

5.1 Mathematical Model:
The mathematical mode! For this research work consists of some variables such as monthly

production of any products, objective function is to maximize profit of that products which
will provide as variables in a mathematical model. To fulfil mathematical model, we will
collect few data like expected processing time in each machine for each product and actual
machine hours available processing those products. Compete mathematical model is

explained step by step in the following sections.

5.2 Assumptions
We have considered few assumptions in order o simplify the formulation of mathematical

models.
5.2.1 Classification of the Product

We have considered the laminated Board Furniture as fast moving products, mehium—maving
products and slow moving products depending on sales report of the markeling depariment.
in the proposed production planning, we have considered that production of the fast moving
products may be double of the present stock, production of the medium moving products may
be one and half of the presenis stock and production of the slow moving products may half of
the present stock. According to sales trend of those classilied products, we have considered
the profit as follows:

« TFor fast moving products profit is 25%

¢ For medium moving products profit is 20%

¢ For slow moving products profit is 13%
This assumptions has taken depends on the production cost of the products. The number of
fast moving product is produced more than one hundred pieces. But for medium and slow
moving products, it is below hundreds and below fifty respectively. If we increase the

product lot size, production ime decreases and also production cost also decreases.
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To make a comparison between present production planning system and proposed production
planning (model production) syslem, we have considered the production data from June,
2004 to December, 2004 of Laminated board section-2 of Ctobi Limited.

5.2.2 Expected processing time

Previously Expected-processing time in all machines for all products of laminated Board
Furniture scction has been caleulated by industrial engineer to proper planning of the
production. We have collected those data of the expected processing from the planning
departroent to implement in the proposed production (model production} planning of he
research work. For an example and ¢lear explanation, we have discussed in a short about the

lechnique of the calculation of the cxpn;:cted processing time in the following section

5.3 Motion & Time Study of Laminated Board Section
Tire is very imporant to an Industry. It is very ofien said, “Time is Money”. Hence proper

utilization of time is the key to have success in a factory. To make besi use of time and to
increase efficiency of workers we have to know how much lime they take in operations and
how should be needed. The second one can be known from MTM standard but we have to
Find ont the first one. Here we are assigned to find ont the first one and to comparc with the

second.

5.3.1 Key Content
s MTM
e Some assumptions
« Cutting time & comparing variable time with standard time.
» Remarks

s« Detail Calcnlation

§3.2MTM

MTM refers to motion time measurements. In industries it is known as THERBLIGs.
Machine processing time is constent for an operation and varies depending on machme
quality. Hence for a given machine there is a little scope to improve. Here we can shorien

total processing lime increasing workers' efficiency i.c. decreasing time for each movement.
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Accordir;g to B.M.T. {Basic Motion Study) the basic motion identified are of major two kinds

with subdivision:

¢ Arm hand, and {inger motion

h Reach
& Move
& Turn

« Dody motions

Foot motion
Sidestep
Stoop

Arise

Stand

Walk

L A

3.3.3 Some assumptions

7. Leg mation
8. Bend

9. Kneel

10. Sit

11 Turn body

12.Eye motion

’Ihe various types of motions are performed within so short time that we can’t measure them
" wilh out motion picture camera. Hence we make some assumplions like:

H

« Grab: Reach to the job and touch it.

e Lift: Lil the job and carrying il 1o the workmj, place.

» Unloading: After operation keeping ihe job into work in process inventory.

Lift
Placs for the Jobs,
waing for
operzation
Grab

Place for ihe Jobs,
Operation Unloading waiting witer
operdtion

Figure 5.1; Technique of Loading and Unloading of fhe materials
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5.4 Time measurement for Panel Saw:

5.4.1 Panel Saw

Measuring expected processing time in Panel Saw is very difficult because of larpe product
variation and time consuming to measure each product. We have prouped number of products
of close length und number of pieces to bc cut. We have taken data of some standard
operation and calculaled standard time of various products. Now by this procedure the
standard time is calculated by us and it is compared with practical observations.

We have measured the expected processing time of Dressing Table, model-DDZ14G to
explain the method of time study measurement.
To cut a laminated board it needs material handling. The process is to caleulate the time for,

o Imitial material handling

s Ipiermediate material handling

s Final material handling

s+ Culling

Formula for time measurement:
% Standard time = material handling time + material culting time
% Material handling time = {initia] + inlermediate + Gnal) material handling time

~» Material cutting tlime = push & pull + push bar down + cutting time + push bar up)

Time caleulation for mirror back of DDZ14G, Size: 1802x562mm, cutting from laminated
hoard, size: 2440x1830x18mm. (Two pieces board per cut). Step by step obscrvations and
calculations shown in the foliowing:

Table-5.2; Catculation of material handling fime

No. of Material handling time in sec. Total
ohservations initial mtermediate final Time in gee.
1 40 20 18
2 35 22 19
3 35 23 29
4 30 18 22
5 35 17 24
Avg. time in sec. 35 20 24 75

Cutting time: to cut a required length there arc some operations. They are
s Push & Paull
« Pushbar Up
s Push bar Down

Table-5.3: Calculation of Push bar movement time

No. of Push bar movement time i see. Tatal
observations Push & Pull Push bar Bown | Push bar Up Time in sec.
i 10 6 6
2 b 6 6
3 6 6 a
4 7 6 6
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5 9 6 [
Avg. time in sec. | 8 6 ! & 20

Table-5.4: catting time

phservations | Cutting length in mm | Required fime in sec. Cutling time
In-7 Tsecrmim
! 1830 1
2 1830 058
3 1830 10.02
4 1830 10
5 1830 9.98
Avg. cutting 10 L0346
time

Materal handling of laminated particleboard is a heavy work. So, we have considered the
fatizue 15 20%.

Standard time for materfal handling = 75x1.2 = 94 sec,

Cutting time = (20+1830x0.00545) x 2 + {20+180210.00545) x 4 = 130sec.
Standard iime = 180+ 90 = 270sec.for three pieces mirror back

Standard time for single piece = 90 sce.

Table-5.5: Standard processing time in seconds for one picce DDZ14 in different
machine:

FCOn1poncnts Quly. | Machinewise time in gec.
PS | TS |DET |BS |CR |PE |TT |SE |[MB |NB | CNC

Mirror Back 1 47 26 g | 72 130
Side (M/R) 2 31 14 19| 45
Top(small) 1 | 12 13 (62 | 75 | 43 | 35 52
Top{large) 1 15 15 |85 | 1127 48 | 43 67
Side(L) 1 15 i 0 42

| Shelf-1 1 16 11 ) 31

| Shelf2 T | 18 10 a | 2
Bottom ] 19 1t 14 5 65
Bottom Bit 2 p 20| 7 5 52
Dir. Front 1 13 7 7 B
Dr. Side 2 10 7 3 65
Dr. Back 1 ¢ 10 3 35
Door t 17 3
Back ply t 7
Dr. bottom| 1 9
ply
Total Time in 204 | 64 | 141 | 147 | 187 {183 [ 150 | 67 | 150 | 237 | 334
SeC.
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5.4.2 Remarks of work study

1.

During our work-study we find that workers are not habituated wilh the frequent and
wncertain visit of the top management in the floor. Then they fecl a sort of
psychelogical pressure and their overall efficiency falls down, To aveid this sort of

problem Lhey should be made habituated with this.

During time study and with the help of our obiained data we find that night shifl
preduclivity is lower 1han the day shifi. We belicve that this happens because of the
absence of management persennel in the night shift. So the company should take care

of this matter for betler performance.

We find that the bottlenccks of both the floors are DET and Normal Borer. So most
of the time queuc is found before these two machines. Again sulficient space is not
allocated for (his queue. So this also lowers the productivity. 8o we suggest taking

care of reducing the queue by eliminating bottleneck and also take a good care about

the space problem,
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Table-5.6: Machine wise Expected processing time per unit produc

SLit MODEL |ILOT| PS | CS |DET | BS | CR | PE | TT | SE | MB | NB [ CNC
S BDD16Z 1420 | 546 | 165 | 420 | 362 | 230 | 328 | 312 [475]215] 3.60 | 223
ZiMoving |BDDPO6 | 150 | 6.50 | 2,53 | 485 | 425 [ 3.54 | 347 | 254 [ 216 { 255 | 488 | 505
3lProducts [KWDPOS | 100 | 7.10 | 5.50 | 7.25| 000 | 000 | 0.00 | 000D | 575|652 7.24 | 5.03
[ 4 \DDZ12G | 150 | 2.21 | 181 [ 264 [ 1.10 | 320 [ 260 { 290 | 264 | 295} 478 | 484
5 DSZ13Z | 150|180 064 | 225357 | 000 | 1.76 [ 1.45 | 211 [ Q00| 2.56 | 6.42
6 KRO1BH | 1501 2.21 | 0.75 | 225 | 0.00 | 0.00 | 2.02 | 1.95 [ 1.95][305| 2.23 | 3.48
7 KROPO4 |120| 258 1 062 | 254 (000 000 [ 000 | 000 [ 244 [433]| 472 ] 25
B Kso1sH | 1200220020 | 4450001 0.00 [ OO0 | 0.00 | 458 | 456 | 214 a
) KSO16 | 1B0| 415 | 045 | 6541 000 | 000 | 0.0 | 000 | 685575 1.46| O
10 TCC13H | 250] 264 | 1.25 [ 2.75 | 000 | 000 | 000 | 0.00 | 375 4.12{ 242 | 1.75
11 TCGIOH | 200 315 ] 1.60 ] 3.41 | 220 | 1.60 | 091 | 280 | 495 | 475 | 458 | 2.28
12 TEZZ3H [ 150 264 | 100 | 1.36 | 0.00 | 1.50 | 230 [ 221 [120;075] 283 | 254
13 KRDI12H | 250 1.20 ] 325 | 125|000 0.00 | 000 | 0.00 [ 1.03}00071125[ O
14 TRZ12H | 150 | 4.11 | 2.00 | 2.24 | 264 | 240 { 210 [ 168 [ 1.56 | 2.80 | 3.41 | 3.51
15 TMZP04 | 120|275 | 079 | 206 | 000 | 085 176 [ 156 | 1.21] 183 322 | 234
16 TVT11Z | 150 | 2.65 | 112 | 242 | 104 | 0.00 | 243 | 250 [ 125222 | 2.98 | 468
17] TUT12Z [250| 176 | 050 | 114 | 0G5 | 0.00 | 122 | 1.84 [ 075|052 [ 1.45 | 2.52
jﬁl‘v‘ledium BOIDTE 50 285 [ 143 (214 | 4B8 | 387 | 293 | 267 | 245202 | D00 | 2.77
15iMeving [KPD16Z | 50 | 6.75 | 3.25 | 702 | 0.00 | 0.00 [ 0.00 | 000 | 525 | 3751021 9.38
" 20|Products [DDZ14Z | 90 | 3.40 | 1.07 | 235 | 245 312 | 305 250 [ 121|250 | 3.85 | 5.57
? DoZ16G 75 (2731 247 [ 125|275 270 | 235 | 297 | 171|094 | 4235 244
22 DSZ12Z | 50 | 5.25 | 550 | 6.47 | 0.00 | D00 | 0.00 | 0.00 [ 875 {7 77 [ 7.50 {1317
23 KSD14Z | 50 | 2.70 | 216 [ 462 | 000 0.00 [ 152 [ o000 | 280516 (525 O
24 TCC22H | B0 [ 254 [ 054 | 361240 310 | 000 [ 2684 }196]501}384] O
| 25] TOZ18H | 75 | 1.73 1 0.57 | 1,75 0.00] 0.00 | 0.00 | 0.00 | 063 | 3.25] 1.02 | 2.37
78, [TOZ19H | 76 [ 213 | 084 | 185 [0.00 [ 0.00 [ 0.00 1 0.00 | 0.66 | 1.52 | 1.02 | 3.07
27 TOZ20H | 75 | 2.25| 1.04 [ 1851 000 0.00 | 00D [ 000 [0.68] 085 1.02 | 3.4
28 TGzZz1H | 75 | 150 | 000 | 125] 0861 067 | 092 | 084 | 0.55 | 0.00| 000 | 4.12
29 TRZ15H | 50 | 2.75 ] 2.16 | 568 | 265 | 3.15 | 267 | 345 {236 [ 540 | 6.85 | 7.18
a0 TWTE13Z B0 | 285 | 134 1 264 [ 240 | 275 | 114 | 167 | 118 | 3.50 ) 385 ; 3.38
31 TVT147 75 440710566 | 274|230 241 | 106 | 210 ) 276 | 522 2856 ) 25
[ 32; BCZ13Z | 60 | 1458 | 037 | 1.79 | 110 140 | 188 [ 121 [079[288{185]| ©
33[Slow  |BLZ15Z | 40 | 181 | 044 | 206 | 094 | 086 | 000 [ 088 126} 142 225] O
3IMoving - |BDDNSS 30 [ 3.95 | 068 | 144 | 387 | 2751225 221 | 0BS5S 072 Q00 | 6.23
[ 35|Products [BSDT2W | 40 | 3.95 | 1.92 | 154 | 267 [ 285 | 185225140576 | 0.00 | 1.5
36 KPDi2Z | 25 | 5908 | 666 | 782 [ 000 ) 000 | 000 | 0.00 [ 68.54 | 426 [12.25] 877
37 KWODA1BH | 50 |11.75| 4.16 |11.25f 000 | 0.00 | 0.00 | 0.00 | 556 [17.38{12.54] 0O
28 DWEHBZ | 30 [ 875 | 950 | 850 450 275 | 252 1 312 | 434 | 768 12531 87
39 TCCI5H | 40 (3821135 | 2751000, 00D | 0.00 | 000 | 185|216 418 | 3.57
40 TEZ24H | 50 | 352 ) 068 | 125|006 125 | 206 { 120 | 152 | 071 [ 230 | 1.18
a1 TEZ280 | 50 |4.56 | 000 | 265 | 150 120 | 1.75 | 1.75 | 3.58 [ 244 | 0.00 | 3.26
4z TVC11Z | 20 |15.00[ 13651355 8.44 | 7.51 | 7.65 | B.89 |14.55[1505|14.85|14.15

Note: we have considered 42 no. Of products in the above Table 5.6, Where indicates the

expeeted processing time in minutes per product per machine and actual forecast demand of

the marketing department.
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Table-5.7: Product wise marketing demands, Unit Price & Unit Profit of the products

SL# MODEL Demands Unit Price (TK.) Unit Profit (TH.} Remarks
1|Fast BDOD16Z 120 16000 4000
Z|Moving  [BDDPUG 150. 16600 4150
3| Products [KWDPOS 100 12800 3200
4 DDZ12G 150 6500 1625
5 n52132 150 4150 1037.5
8 KROM5H 150 4200 1058
7 KROPO4 120 4400 1100
8 KS015H 120 6100 16825
9 KS016 150 2100 2025

10 TCCT3H 250 4500 1125
11 TCCHEH 200 4800 1200
12 TEZ23H 150 4700 1175
13 KRD12H 250 2750 B837.5
14 TRZ12H 180 5300 1325
15 TMZP04 120 7400 1850
16 TVT11Z 150 5300 1325
17 TVT12Z 280 3300 825
18|Medium |BDD17Z 50 15000 3000
15|Maving  [KPDABZ 50 19500 3900
20{Praducts (DDZ147 40 6200 1240
21 DDZ156 75 5200 1040
2 DSZ12Z 50 15300 3060
23 KSD14Z 50 - 5000 1000
24 TCC22H &0 4500 900

25 TOZ18H 75 3100 520

26 TOZ19H 75 4300 a00

27 TOZ20H 75 5000 1000
28 TOZZ1H 75 3200 640

29} TRZ13H 50 g200 1640
30 TVT13Z 80 5400 1080
31 TVT14Z 75 6000 1200
a2 BCZ13Z 50 2100 420

33{Slow BCZ15Z 40 2300 1230
34|Moving |BDD15Z 30 14500 810

35|Products {BSD12W 40 11200 00

38 KRD127Z 25 19700 315

37 KWD15H 50 14600 345

28 DWD162 30 16500 2175
38 TCC15H 40 4800 1680
40 TEZ24H 50 5350 2955
41 TEZ28H &0 6500 2190
42 TVC11Z 20 21000 2475
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5.4.3 Calculation of available processing fime

We have considered our LP model for maximize profit on momth basis. Because the
production of the Laminated board section-2(LD-2) of OTOBI is planacd on month basis.

Actual Available processing time = Total Working Houry- Machine Idle Time
Total working Hours per month = 8 hours X 2 shifUday X 25 days = 400 hours = 240K

minutes.

Where,

0

Shift per day = 2 shill
Working days per month =25 days (we assume 25 days per month)

Working hours per shufi = 8 hours

So, Available-processing Time per machine per month is equal to 24000 mmnutes.

Tat:-lc-S.E: Machine Stoppage report of November 2004 & Actual available time

SL { Machine Maintenanc | Material | Power | Total Stoppage | Actual
# e Shonage | Failure | Time in minute | avail.
Time in
ITHIL
1 | Panel Saw 2050 Q00 950 3900 20100
2 | Table Saw 250 750 950 1920 22080
3 | Double End Tenonet 2710 1860 G590 5520 18480
4 | Band Saw 200 250 850 1560 22500
5 | Copy Router 12316¢ 2400 950 5160 18840
6 | Profile Edging 106G 150 350 1200 22800
7 | Table Trimmer 1100 1250 950 3300 20700
8 | Straight Edging 3850 3000 950 7800 19500
9 | Multi Boring{Big) 2020 1050 &50 4020 19980
10 | Mulii Boring{ Small} 2410 1800 G50 5160 18840
11  CNC machine 1000 750 G50 2700 21300

We have collected above this data from the productionm log regisier for the month of
Movember 2004, This above data may be vary for dilferent month duc to the situation of
that month.
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5.4.4 Variables

Fast moving Products Medium moving Products Slow moving Products
Model Solver Solver | Moedel Solver Solver | Model Solver Solver
No. Variable | Result | No. Variable | Result | No. Variable | Result
BDOD16Z | X1 BODI17Z | X18 BCZ15Z | X33

BDDPO6 | X2 KPD16Z | X19 BDDISZ | X34

KWDEDS | X3 DDZ147 | X20 BSD12ZW | X35

DDZ12G | X4 DDZ15G | X21 KPDi2Z | X36

Dsz13Z | X5 DSZ12Z | X22 KWDI15H | X37

KRO15H | X6 KSDx47 | X23 DwWD16Z | X38

KROPM4 | X7 TCC22H | X24 TCCI5H | X39

KSOISH | X8 ! TOZIRH | X25 TEZ24H | X40

KSOls X9 i TOZIGH | X326 TEZ28H | X4l

TCCI13H | X10 TOZ20H | X27 TVCIlZ | X42

TCCiSH | X1l TOZZ21H | X28

TEZ23H | X12 TRZISH | X29

KRDIZH | Xi3 TVTI3Z | X30

TRZ12ZH | Xi4 TVTI4Z | X31

TMZPO4 | X15 BCZi3Z | X32

TVTIIZ | X16

TVTI2Z | X17

To maximize profit, we have taken some products es variables in Solver LP model. By

changing Lhese variables, we will get the optirnum results.
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5.5 Formulation of Linear Programming

5.5.1 Objective Function

Maximize Profit, Z= ¥ CjXj = CiX + CaXot C3 X5+ e i O X
Where,

X; refers to the number of model wise mmdom production per month, where j =1, 2,

C, refers to the profit per unit products, where B LL20, cisisaarre n

A; 1efers 1o the expected processing time in each machine for each product of

FEL23 e ADD T L3I

5.5.2 Constraints:

Or,

A Xt At ApXat T NP RUTORR o TP Sy - ¥

A 3t Aot Aot s + A, X, =< B;

AqniK[+Am‘2X2+i"q1ﬂK3+ +.+.+..........,.“1.,.1..........+......“+.‘+J'!'||..-.-.nxﬂ ={Bm

X >=0
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- 5.6 Data input in Formula
As per formulation of the above section, we have input daia in objective function and in the

constraints (o calgulate the oplimum results of the objective function using Solver LP modcl.

5.60.1 Objective Function
We have input the profit of the per unit produact to find the optimum value and of the
variables which will be profilable for any furniture manufacturing company.

Z=Y CiXj=

Maximize Profit, Z = 4000X, + 41500%; + 3200X; +1625X, + 1037X; + 1050Xs + 11002 +
1525X, + 2025X, + 1125X;,  +1200 X, + 1175X;: + 687X +1325X. + 1850X,s +
1325X, + 825X + 3000X e + 3900Xs + 1240X;; + 1040Xy + 3060Xz + 1000Xy
000K 2y + 620XKas + D005 + 1000X + 640Xo5 + 164035 + 1080X;5, + 1200X;5, + 420X,
+ 345X33 +2175Xaq + 1680XKas + 2955X;6 + 21907 + 2475X 35 + 720X;55 + 802X+ 975X
+ 3150X 2

5.6.2 Caonstraints

We have construcled Lhe formula of the constraints in view to the expecled processing time
per product per machine and the available machine hour per month per machine. We have
considered only for machining work, not for the assembly and packing scction which is done
marually.

T Ay X; =<Bi

For Panel Saw:

546X, + 6503 + TA0X; +2.213, + L80Xs + 221X, + 258X, + 3.20X; + 415Xy +
2,64Xlﬂ + 315X, + 2.'54}{]2 + 1,2DX13 +4.11X14 + 2.?5}{]5 + 2,85){!5 -+ ].TSXW +2.95X13
+ 675X + 3.40Xs0 + 273Xy + 5.25XKp + 27030 4+ 254X + 1.73Xs + 21356 +
2.25%a9 + 150005 + 2,753 + 295X 0+ 4.10X;5) + 149K + 101X + 395X + 3.95XK35 +
598X;s + 1L75Xyr 4+ 875Xy + 3.82Xee  + 352Xt 456Xy +
PR L T 0 1 PO (1}

For Table Saw:

1LBSX, + 2.53X; + 5.502; + 191X, + 054X + 0.75Xs + 0.82X5 + 0.29X; + 0.45X%, +
125 + 1.60K; + 100X, +3.25X 1 4 3003 + 079X s + 112X 5 + 0.50X7 + 1.43X.3
+ 325X + LO7TXos + 2.17Xg; + 550Xy + 216Ky + 094X + 057X + 094X +
1.04%as+ 216X + 134K+ 0,563 + 0372 + 0,445 + 098X + 1.92X 35 + 6.68X

+ 416X 37 + Q.50X; + . 1.35X35 + 0,683+ 13.65X ==
b b TR e et (2)
For Double End Tenoner:

420X, + 4.65Xg + 725X + 26435 + 225K + 225X + 254X + 445X, + 654X, +
275X, +3.41X 4+ 136X+ 1.25X 5 + 3.24X . + 2.06X,; + 2416+ 114X 7 + 214X 44
+ 702X + 2352 + 12535 + 647X, + 462Xy + 36154 + 1.75X55 + 185X +
185357+ 1.2530; + 508X + 204 X500+ 2.74%5; + 1.79X5; + 2.06X5; +1.44X,, + 1.5‘_1-}{35 +
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TA2MGe + 112535 + 950Xy + 275Xy 4+ 1.25Xjpt 2.65Ky + 13.35X4=<

For Band Saw:

3523, + 425K, + 110X + 387X + 220X, + 264X, + 194X + 0.95X 1 + 4.68Xy +
2450 + A75Xy + 2A0X. + 086X + 265X + 240Xy + 2.30%5, + L10Ns: +
094X, + 387X, + 2.6TXss + 450X + 1,50, + B.44M ==

For Copy Router;

230X, + 3,540 + 3.2000 + 1.60X, + 150X, + 240X 4 + 0.85X5 + 3.8?X15‘+ 31205 +
270+ 3103y + 0673 + 315K + 275K+ 241 K5 + 140X + 086X + 2.75K 5,

+  2.85X3s + 275K + 123Xyt 120Xy -+ 751Xp=<
For Profile Edging machine;

328X, + 347350 + 2608, + L75X; + 202X + 091X, +2.30X,; + 210X 4 + 1.76X;s +
243K6+ 1.22X47 + 293X 5 + 3.05X50 + 255X + 1.52X5: + 093X +2.67X + 1.14 X450
+ 1. ﬂﬁx;gi + 1. 93){31 + 225K + 19525 + 252X+ 2.6XKyt 175X + 755X

For Table Trmmmer:

3123, + 2545, + 2,900 + 145X + 1,95, + 280X, + 221X + Lo8X,, + 1.56X;5 +
2500 5+ 164X 2 + 267K g + 2503, + 297X + 2,643, + 0.84 XK + 3,45k + 1. 6?){30
o 210X+ 121X+ 0. SEXJ._-. + 221};34 + 225}(35 + 3. 12){33 + 1. 2DX4,3+ 17535, +
6.85X,,=< 20700.,.. e, . , T)

For Smaight Edging machune:

175X + 216X, + 5.75X; + 2640, + 2.11Xs + 195X + 2.44%; + 4.58%; + 6.85X, +
375X+ 495X + 120X + LO3XGs + 136X + 1.21Xs + 125X + 075K +

245X + 525X + 121X + L71Xn) + 3.75XK5s + 280Xy + 1.96X 2 + 0.63Xzs + 0.66X 36
+ 068Xy + 0.55% 0 + 2.36X50 + 11800+ 2,762 + 0.795 0 + 1,263 + 085Ky + 14035
+ 554Xy + 556Xy + 43635 + 19535 - 132X+ 358X, 4+ 14.55¥m<

For Mutli Boring machine(Big);

205X + 2553 + 652X + 295X, + 395X, + 433X, + 450X, + 575K, + 412X, +
47505, + 075X + 280K, + 180X 5 + 222X, + 052X + 202X, + 3.75X 5 + 250X,
+ 094X, + 7.77Xy + 5.16Xa; + 5.01Xa + 3.25Xy5 + 152X + 095X + 5,402 +
330+ 52205 F 289N + 142X + D72N 0+ 576 42630 + 17.38X 5, +7.68X 4
+ 2.16X5 + 071Xt 244X 4 + 15.05X =<

For Mutli Boring machme(small}:
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.50, + 4.88X: + 7.24X; + 479X, + 2.56Xs + 223X + 472X, + 214Ky + 146X, +
240 + 458X, +2.83X + 125X + 341Xy +3.22XKs + 298X + 1.45X 7 + 10.21]
Wi + 395X, + 425X + 750X + 525K, + 364X, + 1.02%gs + 102X, + 102X +
6.85Xsg + 3.05Xa0 + 2,95y F 195X, + 22505 + 12.25X5s + 12.54X5; + 1253 K5 +
3,390+ 230+ 1485 = 18840, oo e {1

Fm: CNC machine:

223X, + 505X+ 5.03; 494N, + 6.47Xs + 348X + 2.50¥s + 175 Xy + 228Xy, +
D542 + 351 XK4 +2.34X,s + 4.68%K 5 +2.52X7 + 277X s + 938K 5 + 557X + 2.44X5,
+ 13.17XK; + 237X + 307X + 3. 10X5; + 412Xy + 718X + 358X+ 2. 50X%;, +
6235 + 15655 + 97735, + B.70Xs; + 3575 + L18Xgt+t 326X, + 14. 15X ==
DEB00.. e+ v et ter e s s es et r et st ee e an

For Fast moving products, we have considersd that the production should be between the
present market demands and double of the present market demands of the products:

Far BDID6Z 240>= Xy==120..........0o {12
For BDDPGS 300>=>==150........c.cccc..... 13
For KWDP03 200> = X35 =100 e (14)
For DDZ12G 00> =Xy = =150 iiiienriiieen {13
For DSZ13Z 300 =Xs> =150, ... oerer (16)
For KROISH 300> =Xe7=150.coviiviirinniras (17}
For KROPO4 2405 = X7> = 12000 (18)
Tor KSOH5SH A0 =K== 1200 {15}
For KSO16H 300> = Xo> = 120,....ove.eoore (20}
For TCC13H S00> =X =>=250.....ccerrerrnrnn 2]
For TCC15H 400> =X ==200...................[22)
For TEZ23H =X =150.......... 23
for KRD12H SO0 =Xy E =250 (24)
ForTRZI12H 30 =Xy ==150.... {(25)
For TMOPD)4 240> =W =120 i {26)
For TVT11Z B o N 7
ForTVTI2Z S0 =X r>=250. v eieeieens (28)

For Medium moving products, we have considered the production should be between ke
presert market demands and one & half of the present market demands of the products:

70

For BDD17 75 = X = 50 £26)
For KPD16Z 755 = X152 =50, e e {30)
For DDZ14G 1355 = Xpg> = 00 o ooevvieveeeeeae (31
For DDZ15G 10> = X015 = T51eeereercriereenenn el 32)
For DSZ122Z 755 =Ha2> =50 e oveeoreereeeereen f33)
For KSD14Z 75 = Xgy > =50, 0o (34
For TCC22H 1205 =Xas > = 60 oivovaecareaas (35)
For TOZ18H 110> = X352 = TSuurerereereerninans (36)
For TOZ19H 1105 = Xag> =5 eeeeeenrnn (3T
For TOZ20H 10> =Xa9> = 75 (38)
For TOZ21H 1105 = Xag> = 75 (39)



For TRZ13H 75> =Kpg> =50, 00n L (40)

For TVTI3Z 00> = Xap> = 60.n e, (41)
For TVT147. 110> = K91 = 75, (42) .
For BCZ13z 755 = X35> =75, (43)

For Slow moving produocts, we have considered the production should between the present
market demands and half of the present market demands of the products:

For BCZ15Z A0 = X337 =20 oo Ty
For BDD15Z 30> = Xpa > =15 verirerirererrnren{d5)
For BSD12W A0 = Xys> = 2000 (6]
For KPD12Z 255 = X363 = 12ueireeerirerunann. (47)
For KWDI5H 50 = Xar> =250 e (3B
For DWD16Z 302 = X3g> = 150 crrevrennnnn. (49)
For TCCI5F 405 = Xgg> = 20.eireeeaneen (50
For TEZ24H 50 = X0 =25 vieerieenr e (51)
For TEZ28H 505 =K > =25 £52)

For TYCIilZ 200 =X > =100 i n(33)

We have inpul this above dalt it (e Seher LP mode] and have {owsd thie fesuli-of soiver

variables which is shown in following Table 5.8.

Tahle-5.8: Resnlts of mathematical model:

Fast moving Products Medinm moving Products Slow moving Froducts
Model Solver | Soiver | Model Bolver | Solver | Model Solver Solver
No, Variable | Result § Ne. Variable | Result | No. Variable | Result
BDDI6Z | X1 240 BDDITZ | X18 75 BCZ15Z | X33 30
BDDPO6 X2 300 KPDi6Z | X19 75 BDD5Z | X34 30
KWDPO5 {33 200 DDZ14Z | X20 90 BSD12W | X33 4}
DDZ12G | X4 300 DDZ15G | XZ1 75 KPD12Z | X36 15
DSZ137Z 1 X5 251 DSZ127 | X22 75 KWDI15H | X37 25
KROI3H |X6 300 KSDI4Z | X23 30 DWDI16Z | X38 20
KROPO4 | X7 120 TCC22H | X24 50 TCCISH | X39 30
KSOI5H | X8 240 TOZ18H | X25 88 TEZ24H | X40 50
K8016 X9 300 TOZ19H | X26 120 TEZ28H | X41 50
TCCI3H 1 Xi0 250 TOZ20H | X27 120 - JTVCIIZ | X42 10
TCCI9H | Xi1 200 TOZZIH | X28 120
TEZ23H | X12 300 TRZ13H | X29 56
KRDIZH | X13 500 TVTI3Z | X30 60 !
TRZIZH |Xi14 = | 150 TVTi4Z | X531 75
TMZPO4 | X15 240 BCZ13Z | X32 50

ATVTIIZ | X16 300
TVTIZZ | X17 500 ’
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Chapter-6
| Solutmn of the Model and Result
Analysis

6.1 Solution of the model

Al linear programming models have two important features in conimon. The first feature is the

existence of constraints, which consists with some variables. The second feature is that in every

linear programming mode] there is single performance measure to be maximized or minimized.

1n our model. the objective function is to maximize profit of the Fumniture Company, which is

measure in the previous chapter-3, equal to TK.9775531. Optimal solver variable resulls are

given in the following Lable.

Table-6.1;: Solver Result of the mai:hematir,al model;

Fast moving Products

Medium meving Products

Slow moving Preducts

Model Solver | Salver | Model Solver Solver | Model Solver Solver

No. Variabl | Result | No. Variable | Result | No. Variable { Result
g

BDDI16Z | X1 240 BDD17Z | Xi8 75 BCZ15Z | X33 30

BDDPGOG | X2 300 KPD1&Z | X19 75 BDDISZ | X34 30

KWDP05 | X3 200 DDZI4Z | X20 =] BSD12W | X35 40

DDZ12G | X4 300 DDZ15G | X21 75 KpD12Z | X36 15

DSZIZZL | X5 251 DSZ1ZE 1 X22 75 KWDI15H | X37 25

KROI3H | X6 300 KSD14Z | X23 50 DWDI16Z | X358 20

KROPO4 | X7 1280 TCC22H | X24 60 TCCI15H | X3% 30

KSO15H | X8 240 TOZI18H | X25 88 TEZ24H | X40 50

K8O16 X0 300 TOZI19H | X264 120 TEZ28H | X4l 50

TCC13H | X10 250 TOZ20H | X27 120 TVCI1Z | X42 10

TCCI9H | X111 200 TOZ21H | X28 120

TEZ23H | X12 300 TRZ13H | X239 50 .

KRDI1ZH | Xi3 500 TVTI3Z | X30 60

TRZ12H | X14 150 TVTI4Z | X31 75

TMZP04 | X15 240 BCZ137 | X3z 50

TVTILZ | X16 300

TVT12Z | X17 500
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The values obtained by using Solver lincar program has been rounded ofL. There are scme .
aliernative solutions but toial produdion remains same.

6.2 Analysis of the Solver Resuit:

This following Table 6.1 shows that the actual Quantily of amy specified nodel is to be
producing for the month of November 2004, which will maximize our profit, and also the net
total production of the company using the same existence facilities of the company. Qur original
solver spreadsheet in which solver has recorded the optimal decision values is shown in Lhe
following lable 6.1. The spreadsheet calculates to produce Lhe profit-maximizing payoff of
TK.9775531.

Note that the cells in the slack column have changed to reflect the optimal production decisions.
If the slack cell for a constraint shows ‘0° slack, then that constraint is said to be “binding at
optimality.” Binding constraints prevent solver from producing more profit, Increasing profit by
additional production would drive onc or more slack cells below ‘07, violating one or more
constraints. Constraints having nonzero slack are not binding at optimality. Nonbinding
consiraints cannot hamper solver ability to produce additional production or profit. This is true
repardless of whether we optimize a maxiinize model. As a result, it is the binding constraints
that are of interest for us in any LP model. The occurrences of zero slack in the departuments of
DET & NB machines available processing time constraints means that these are the two
binding constraints; that is, “bettienecks™ (hai prevent further imp;mvement in the production

Alternatively, we can see the immediate effect on adding additional hours of capacity in DET
and NB muachines by changing the proper righi-hand side cell and then running Solver again to
re-optimize the model with new right-hand side values. In this way, we can explore how much
profit is helped or hurt by such a change. A proposal to increase DET and NB machines
capacities by adding the additional hours of the (hird shifi’s operation or adding higher capacity
machines. We nced to recalculate the profit margin for the new adding capacity using Solver LP
models fnding the oplimal values.
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Tahle-6.2: Calculation of Total Pmductinn using solver results:

SL# MODEL Results Unit Price {TK.) Total Production {TK.) Remarks
1|Fast BDOD16Z 240 TLLE 3340000
2|Moving (BDDPGS 300 16604 4030000
3|Products  |KWDPQS 200 12800 2560004
4 PDZ12G 300 B} LSSO000
5 DSZ13Z 251 4150 1041650
& KRO1SH 300 4200 1260004
i KROPD4 120 4400 528000
B KS015H 240 o109 1464000
9 KSO6 300 8100 2430000

10 TCC13H 250 4500 1125606
11 TCCI9H 200 4800 260000
12 TEZ23H 300 FT00 14 1{HHH}
13 KRDIZH 500 275} 1375000
14 TRZ1ZH 150 5300 TOSR00
15 TMZP04 240 7400 1776000
16 TVTI1Z H 5300 1590000
¥7 TVWTIi2Z s00 3300 16350000
18 Mediom {BDDITZ 75 [5000 112500
19(Maving  |[KPD16Z 73 900 1462500
20|Products  |DDZ14Z2 Qb 5200 S5R000
21 DOZI15G 75 5200 190000
22 DSZ12F 15 15300 1147500
23 ESDi4Z 50 5000 250000
24 TCC22H &l 4500 270000
25 TOZIZH a3 3100 272800
26 TOZ191I1 120 4500 540000
L 27 TOZ20H 120 5000 500000
2% TOZ21H 120 3200 384000
20 TRZ13H S0 2200 410000
M TVTI3Z 60 5404} 324000
31 TYVTI4Z 75 HOH) 450000
32 BCZ13Z S0 2100 165000
33|Slow BCZ15Z 30 2300 H9000
3|Moving |BDDi5Z 3¢ 14500 435KH)
35(Prodducts  |[BSDIZW 4 11204 48000
36 KPDH2ZE 15 197K} 295500
37 EWD15I1 25 14500 F65800
33 BWDI6Z 20 16500 330000
3o TCC15H 30 4800 144004
40 TEZ24H 50 5350 267504}
41 TEZ23H S0 6500 325000
42 TVCIIZ 10 21006 210000
Total mcnthly  production For Movember 04 41912450
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6.3 Comparison between present & expected production

The result of the LP model shows that, maximum proli of the Laminated Board Section-2 for
the month of November 2004 is TK.9775531 and oplimal production for the month of
November 2004 TK. 41912450, which is caloulated in the Table 6.2. But by the traditional
method Lhe production during the month of November 2004 was Tk 38243000 and the net profit
was Tk.7494662. So, there had been a scope to make profit about -an additional amount of TK.
3669450 by utilizing (he same facilities. We have considered all data & calculation for month of
November 2004. Because that was Lhe maximum production for any month for any ﬁour like
LB-1 & LB-2 which is shown in the following table 6.3. We are trying 10 proof (hat optimal
product-mix by using LP Excel Solver is preater than that of the maximum production of the
traditional methnds. -

Table-6.3: Traditional Production Records of EB-F & LB-2 from June to December 2004

SI# | Month . LB-1 LB-2
1 June 22267080 29837350
2 July 22009550 23478700
3 August 30391400 31341150
4 September 20390150 25111530
October 15355900 15690800
5 November 33079800 38243000
7 December 273359550 31877850
Average 24404832 27940082

It is evident froin Table 6.3 & Table 6.4 the maximization of produci-mix witb LP model by
Excel solver i grealer than (he production rate LB-1 & 1B-2 by the Uaditional method. The
main cause of this reduced production is due to non-optimal production planning and machine

capacity utilization

The reﬁabillityl-;}f the dala in any mathematical model is imporant to oblain a useful solutien for
practical problems. Some of Lhis dala are influenced owing to (he insiability and unconlrollability
of certain aspects such as urgent order, machines problem, operator’s lagging, unavailability of
raw materials and poor quality of the supplied raw materials. On basis of Lhose limatations

doatimum production may vary.
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Table-6.4: Model Production & Traditionsl Prodoction of LB-2 for November 2004,

Fast Medium Slow Tatal
Moving Moving Moving Production
Products Products Producis Products
Model Production 30734650 B2BRR0C 2889000 41912450
1
Traditional 21749500 BERIGOC 7610500 38243000
eetion
Comparison between Model Production and -
Traditional Production ' |
= A - by — — —_—] —
ok L
h 1
ﬂ 1 1
E —! it Model Proda.
s | -1 0 Treditional Proda,
al |
=
[ e
Moving Maving Moving Prodecticn |
Fest Medum Sow Total
Product Category

We have compared the mode! production and the tadiliona] production of the LB-2 for the
month of November 2004, which is the highest teditionnl production of the ;m:viﬂuls records.
From the Table 6.4 & Chart, it is essay and clears to understend that the fast moving p!‘oducu of
the mode] production suggest producing more than the trndtional production But for slow
moving products, model production suggests producing less than the traditional production.
Becouse fasi moving products e more profiinble than the slow moving products. So, we can
casily idemtified Fom the LP Solver results that which type of products to be produce for higl'u'.:r
benelns. .
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6.4 Solver Sensitivity Analysis . ‘

We stated that the process of analyzing an eptimization model for differcnt parameter valucs is
termed sensitivity analysis. Sensitivity analysis deals with making single changes in the
cocfficients of the objective function and the right-hand si;ics of the constraints, We ebserve in
the sensitivity report that the reduced cosl is zero. So the activity of the associated variables is
economically atiractive in the optimum solution, signifying an equilibrium point has been
- reached at which the output (unit profit) equals the input (unit cost of the resources).

Tire shadow price on the solver semsilivity repod is the rate of change in objective va]lize {(OV) as
the RHS is increased. The shadow price of the scnsitivity report corresponding to the constraints
reflects valid range 242 minutes for DET machine and 192 minutes for NB machine. These
constrainis show Lhe amount in the optimaj objective value as the RHS of those constraints 1§
increased a umil, with all other data held fixed. It means ihat the additional profit obtained, if
addilional processing time & available in DET and NB machines. Allowabie inercase for DET &
NB machines are 26 & 13 and aflowable decrease for DET & NB machines are 11 & 30 in
profitability without changing any variabies, '

In the solution, we see that capacity utilization of DET & NDB machines are 100%. This reflects
in the solution lisl where these two slack variables are zero. But another mchinesla.re under
ntilizalion and the constraints of those machines show the positive slack. That situation is pot
allowable for any commercial organizations. So, we should increase the shadow price, which
describe earlier to maximize the utilization of all machines. Where as, this is not typical of most
LP model, we formulated-out this model in the particular terms and conditions. The solition is
quite sensitive to changes in the coefficients of resource constraints. This Is so, because all these |
constraints arc binding. Se, it will be imporrant to accurately input the associated coefficiem
values.

In this model, we can identify that which variable’s coefficient increase is profilable and how
much profitable. So if we have the available resources in furure, we will increasc only those
variable’s cocfficient, which will give us the maximum output.



From thix sensiiim;ity analysis management can come to a decision that which machines capacity
increase is more profiable and which machine will be used for what type of product. Dut is also
important 1o consider the profil margin of differcnt type of product Definitely the profit margin
of different product will be different. Bui we have te keep iﬁ mind that a customer will not place
~ only thal type of product, which will bc more profitable. Marketing deparument can use this
information to sct the strategy of busincss and target more vahie added customer for fiture. We
didn’t consider those faciors in our LP model. Our main target was o utilize the maximum
maching capacity and time to increase the total production. Another LP model can be done basis

on profit margin.
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Chapter-7

Conclusions and Recommendations

7.1 Conclusions:
In this research work, we are trying to cstablish 2 practica} apalysis of laminated board furniture

manufacturing processes end a Linear Programming mathematical model is construcled to
determine an optimum product-mix of the laminaled board furniture in terms of profiability. We
have studied manufaciuring process of the laminated board fumniture and have shuulmd it in ihe
research work. We feel thar Today's Fumniture industries are not in the national boundaries; now
eter into the global market. Only individual companies and their supply chain can be win, not
conntries, depends on their proper sirategic plan Bangladesh entreprenenrs and policymakers
can’t operate as though the world furniture industries. The economical condition of Bangladesh
decreases day by day and create a workless situation. This situalion will be dangerous due free
market economy from January 2005. So, this is the time o oplimize the production as well as
qualily and reduce the production cost with lead-time to face the challenge from 2005. Because &
huge amount of furniture is imported from Malaysia, Taiwan and China in cheap raxe.

This research work can be applied in any fumiture industries {o optimize the pr{:;dnctian. It will
+ help to prepare an early production plan to get upq;.imurn produciion or set a standard production
target for laminated board fumiture industries. Using this linear mathematical model of any
furniture industries, it will be easy lo evaluate actual product mix to optimize (he production.
That is, it will indicate the optimum number of products which will be profitable for any
plustrics to manufacture. Mathematical model is a superior methed in planning of prodiction
schedule.

LP model is more tight schedule calculaled program than the traditionel method and shows the
maximum ufilization of the resources. Finally, the LP model 15 used Lo adapt the system design lu:

9



mosl possible combinations of the pmduct—mix.- This approach can be impicmemted al ihe
production sysiem al all levels.

LP model by Excel Sclver is o superior meihod in planﬁing of prodnction schedule. Sensitivity
analysis can be performed to lake info aceount of the variation of resource level. Limit repart

analysis can be performed 1o take inio account the lower limit and upper limit.

From this study, it was conciuded that the overall monthly production of the laminated board
section-2 of the traditionsl method for the month of November is about TK. 38 million. On the
other hand, oplimizing by LP model for 16 hours per day (2 shifl per day) monthly preduction
for (he month of November is about TK 42 million, which is aboul 10% higher (han the amount
as produced by the traditional method,

Fimally we can conclude that LP mathematical model is a strong and imporiant tools for

management 1o take decisions for the future.

7.2 Limitations:
_ There are some limAations in this research work which influence the result of the rmathematical
models:
« The relisbilily of the data collection is important in obtaining a uscful solution of
practical problems.
» The ir;slabi]ily and uncontrollabilily of certain aspects such as urgent order, machines
problem etc.
+ Inefficient worker those who operate Lhe machines and shorlage of worker.
¢ Shortage of raw materials and poor quality of supphed raw materials.
e Work load distribution in each machine for monthly produclion is not clearly defined
or identificd in which wayv is best for optimize the production

On the basis olthose linntalions optimum produclion may vary.
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T3 Rﬂcummenda-tinns:

On the basis of the study of the furniture manufacturing processes, our recommendatons would
be os follows:
» To prepare monihly production plan where allocate the all machine for different
product and moniior daity performance.
+« To make proper forecasting of the product
* Tostudy prac:_n:ssing-lime of the products for any machine
» To motivate the workers to increase their own interest on the work.
» To reduce machine idle time need pruper maintcnance schedule.
» To arrange training program for the worker fo increase (he sKillness and awareness
¢ Toadd DET and Mwli Boring (Small) to reduce Lhe bottleneck.
o Olobi should cstablish R & D and QC department
« FExpansion of the furniture industry should be horizonially, should not be vertically.but
Mobi is expanded 1o vertically which is not advicsu}:hle,

In addilion of the above facilities, we can able to get more produclivily in fumilure
marm facturing processes. From our research work on fumiture industries, it is clear (hat there has
a hig opportunity and scope 1o study marc for further jmprovement of ihe furpiture industries,
which will be more beneficial for all mdustries in Bangladesh.
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OTOB! PRODUCTS:
We all are working towards 2 common aim: SATISFIED CUSTOMER

Bed Room Furniture:

Double Bed & Bed Side Cabinet

QOTOBI offers......

* Muhipk Colors
Knock Down Sysiem
Cicganl Design
Competitive Pricc
Alfler Sales Service

Wardrobe Cuphboard
Where dream comes into being............
In # om where the members of the mily spend their valuable time, where casy
movement, conveniemt storage facility, hygienic envirunment ond maximum ulilization of
spacc arc vour pnime considermtion, lobi goes beyond the comvemional sysiem 2nd
responds to the need of the time.

l.aminnted board cabineis are overwhelmingly the most popular choice in {odoy's home

due 10 their clossic beany and notural wormth Quality worknmnship ensures Ut they
will be long lasiing, easy 10 clean and mainiain

B4



Office Furniture:

B OTOBI .....
: Crealing a healthy work environment

Choice of modern executives
Technological changes coupled wilh a
long lepacy of traditional know-how
have been employed 1o produce a
mobusl, reliable and respossible range of
S e Moduer Contereren 7ot €legant o ffice furniture.

Modular Conference Table

In loday’s modern concept of office furniture,
Elegamly desipned to generale an energetic
and productive  working  environment-undoubtediy

reflects a dynamic and modern work place of ; .
1pday’s demanding tusiness workd And in a world ! ‘F S
Of unpredictable changes, it belps to reduce ——— |

- 1 "

Maimenanee cosl. ‘F’
- A T

s

e
Computer Table
Operational efficiency is enhanced

dramatically when opportunities for
improved performance

Senior Executive Table

Enjoy the Unlimited Forms of
Functionality

Executive Table

N



Drawing Room Furniture:

(Mobi Home Furniture's create your ideal home environment.

Mobi's melamine comed minyied board forniture hos hrowghl revohrtionyry changes in
the modern coneept of fimiture, Scraich proof boards, muliiple color options and elegant
desigrs have nrxde the lxminated board firmiture the choice of the modem corporate
world. Momover the unique knock-down system allows our cusiomer to handle the
fumiure conventemnt ly, specially where frequem shifling ts required.

Shoe Rack Book Shebhes

Otobd products are backed by worremy [reility along with efler sales service. Teamm of
dedicated sales personne] gre ahwvays rendy to meet your nead

Otobi does not compromise quality. Otobd provides comfort and comenienee.

Otobi sionds for clegance and design. Otobi belicves in cuslomer satisfaction
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" MODEL: TCC P02 (TCC-13F/H)
. Size: 1000(L)x550(D)x748H
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OTOBI LIMITED
Shyampur, Dhaka

OPERATION PLAN

Model: TCC14H Lot Size: Date:
Materials Cutting Tenoning Edging Full Slre Tetal
5L # |Component Nos, Size Size MNosg,
Colgr  |Thickness |Dimension|Dimension |L Thick.[Helght|Ceolor |Gimension
i jTop 1 |Beech 15 633x501 | 62Bx488 | 2 1 19 | Beechy 630x500
2 |Side 2 |Bsech 18 BG1x403 | 676x308 | 2 1 19 | Beech] &677x400
3 |Botiom 1 |Beach 15 B23x353 | 518x348 | 2 1 19 | Beech| 518x350
4 |Xeyboard tray 1 |Beach 16 495325 | 484x325 1 05 18 | Beech| 494x326
B |Mousg tray 1 |Beech g 295x197 2 0.5 19 | Beech| 296x148
£ [KB tray front bit 1 |Beech 18 518x55 511x55 2 1 22 1Bsech| 513x57
7 |KB tray bottom bit 1 |Any color 16 45240 462x40
g |[KB tray bottom ply 1 lAny colar 3 452x50 462x50
8 [Sheif 1 |Beech 16 304x245 | 298x240 1 0.5 13 | Beech| 300x240
10 |Partition 1 |Beech 18 298x244 | 293x239 0.5 19 | Beech| 294x239
11 |Front support 1 |Beech 16 523x125 | 518x125 1 0.5 18 | Beech| 518x125
12 |Botlom support 1 |Beech 18 523x59 518x58 1 Q.5 19 | Beech| 518x59
Components marked with single ' * ' would be grooved on one side.
Components marked with double ' * * ' would be groaved on both sids.
Underling in dimension means beech color board fibre fallow the underline.
Frepared by Checked by Approved by

88



Product Name: Computer Table

Model: TCC-13H

Size: B06(L)X450(W)X750(H)

OTOBI LIMITED
Shyampuor, Dhaka
Bill of Material

Date: 21/06/2003

Materiat/Componen Color Size{mm) Mos. | Unit of Total Rate |Total Cost
Mame L w Material | Material | in TK. in TK.
Top Begch 18mm | 1001 651 1 St 594 445 264,33
Side Beech 16mm 681 503 2 5it 7.37 445 327.97
Partition Beech 16mm 604 283 1 St 248 44 5 110,81
Bottorm Beech 18mm | BSY 492 1 Sft 4.75 44.5 211.38
Botiom Suppod Beech 16mm 887 58 1 Sit 0.57 44 5 2515
Front Support Besch 16mm{  BSY 125 1 S 1.21 44.5 53.85
Keyboard Tray Begch 18mm | 807 30 1 St 2.16 44.5 0612
KB Tray Front Bit  |Beech 18mm | 624 55 1 St 037 48 17.59
KB Tray Bottorn Bit |Beech 16mm | 570 40 1 St 0.25 44.5 11.13
KB Tray Bottorm Ply {Beech 3Jmm 570 50 1 Sit 0.31 18 558
Mouse Tray Beech Smm 265 187 1 St 0.563 37 13 23.39
Dr. Front Beech 18mm ) 249 123 1 Sft 0.33 48 1570
Dr. Side Beech 18mm 350 75 2 Sit 0.57 44 5 25837
Dr. Front Support 1Beech 16mm | 192 a4 05 St 0.10 44 5 4.45
Dr. Back Support  |Beech 16mm j 192 75 1 Sft 0.18 44.5 712
Dr. Botfom Ply Beech 3mm 345 224 1 Sit 0.83 18 14 84
Edging Beech-2x13 m 5.07 21.58 105.41
{Edging Beech- 1x22 m 2.0B5 13.05 27.21
Edging Beech-5x18 m 4.05 4 81 16.48
Edging Beech-1x18 m 4.85 14.75 71.54
Glue Total Edging{16.2+1.4+.756=18.35) m 17 4 68.00
Kit Pack Fixing Components
JEN nut, Nickel Star Tyoe (MEX10X13) 12 Nos. 1.57 18.84
JCBC Allen head screw, Black {MBX50} 12 MNos 124 14.88
Housing{i3mm) 8 MNos, 2.96 2368
Housing pin(41.5mm} g Nos 319 25.22
Housing cap, Black a8 NoE, 0.59 472
Dowel 3] Nos 1.1 g BB
Wood pinfdia 8x29) 2 Nos, .15 03
M. 5. L-Clampl ¥4 "« 34™ 2 Nos, 2 4
Tin screw, star head round{No8x1/2") 4 Nos. 0.3 1.2
Caster Wheel{16mm clamp) with break 2 Nos 8.5 17
Caster Wheel{18Bmm clamp} without break 3 Mos 7 21
Allen Key{dmm) 1 Mos. 1.78 1.78
Dr. Channel{350mm} 2 MNos. 44 Bg
(+) CSK Woaod Screw (Mo §x3/4") 10 Nas 0.14 1.4
Tin serew, star head flatiNo3.5x12mm) 15 Mos .4 7.2
Lock138 1 Nos. 44 49
Hollowgram Sticker 1 MNos i 1
Maonogram 1 Mos 1 1
Carton 1 Mos. 55 55
1854 859
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OTOBI LIMITED
Shyampur, Dhaka

Costing

Product Name: Computer Table

Model: TCC-13H

Size: 906(L)X450{W)}XT50(H}

SL# Particulars Rate Hours | Amountin TK, | Remarks
A |Materials 18565
B |Wages 22 4 [k
C {Pnme Cost 1843
D (Manufacturing Overhead 26 4 104
E (Wastage and Safety Factor & 15% Gn A 15% 278
F |Manufactoring Gost (CHD+E) 2325
5 |Administrative Factor & 15% On F 16% 345
H |Selling Overhead @ 20% On F 20% 465
| |Cost of Goads Sold {F+G+H) 3135
J |Profi {@ 25% On | 25% 7H5
K | Selling Price Without WVAT(I+.0} ag24
L VAT @ 6% OnK 6% 235
M |Selling Price Including VAT {K+1) 4158
N |Cost Based on 2.5 Times of Materials cost 48338
O |Proposed Price 4650
P |Approved Price 4500
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DOCUMENT TVWTLE: CHECKLIST{ IN PRDCESS)

ISSUE:"A"

Hulugram

YTOBILTD. DATE:
DOCUMENT NO: QC-LB-15 TIME:

MODEL NO: TCC-13
~ORKER ID:
-ATCH NG

LiComponemis Size No.|OK| |Kit Pack, Qiy| Remarks
1(Teg| 1000x550x18] 1 Housing (13mm} 10
2|Sde GIFE0I6E 1 Housing pin(#1.5mm) 10
3iPartition 601x380x16 1 1 Housing Cap {Beech) 10
4|Bottom BO2x494x16 | 1 JCEC Allen Screws MBxS0{Rainbow) 12
B5Bottom support B02x60:16 1 1 JRN Nut M5x1513 12
&!Front support gaxizexlag] i Wood Pin MBx30 5

7| Keyboard tray B02x330x16; 4 M.5. Seat Clamp (3/4"x1"x1"} 2
BIKE tray front bit B22x57x16 1 Shelftapping Screw, Star pan head{No.8x1/2% | 4
“B{KB ¥ray bottom bit S70xAG1G | 1 GCaster with Brake 2
8 KB tray bottom ply 570x50x16 | 1 Caster without Brake 2
1|Mouse Iray 206x196x8 | 1 Star Pan Head Screw Mx25(Black) 5
2{0r. Front 281262161 1 JCBC Allen Screw M7x50 [Mickel-Unita) 2
31D:. Side 350x78x18 | 2 M.S. Hexagonal Nut ME 5
4|Dr. Back 182%78x16 | 1 (+)CSK Self-tapping Screw(No.3.5x1/2") 3z
5|Dr. Bottom Ply 338x209x3 | 1 (+YCSK Wood Screw{No Sxarg") 4
a5 |Or. Chanhnel, Set 350mm 2 Leck (138) 22mm 1
T|Kit Pack, i Allen Key (4mm) 1
8|Fixing Manuai 1

a|Carton 1
"0 1

1 1

Mcrnngram

A

w Gase of any defect, please fill oul the space in the 'Remarks’ eodumn of this paper inside the packe! slating

me defect and send it back to D.G.M.

Packing in Charpe
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Cutting Plan

Frod. Hame |[Computer Tabla Board Size 2440 1830 Sheet Mo 1
Modet TCC PO2 LB BOZ Board Thickness, Clr 16 mm Beech Imported Cul Pleca-1 |1830x430
Canp. Tap Flber engthwize Cut Floge-2 [2010x165
Lol Skze Cutting Size 10012561 Req. Tima
Mo of Comp. 1 Component'Eoard ] Start Time
Total Gty Required Board End Time
1830
55 55 551 E;;’
1001

.

1041

\

G91X0L0C

L

-

1830x430

Data

Frapared by

Checkad by

Appraved by

150308, 2'55:04 &M

M. I=lam
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Cutting Plan
Prod. Mame  |Computer Table Board Size 2440x1830 Sheat Mo, |4
Model TCC POZ LB BO2 Board Thickness, Clr [16 mm Beech Imported Cut Pigce-1 |2340n282
Comp. Partition Flher Lenglhwise Cut Plece-2 [1548x0
[Lot Size Cutting Size 51333 [Req. Tima
Mo of Comp. 1 Componant/Board |16 Start Time
Tatal Gty Reqguired Board |E nd Tima
1830
363 383 383 283 7
606
606
[
~
= o
= bt
fJ
[av]
Pa
BOE
. /
1548x0
[rate Fropared by Checked by Approved by
15M13/05; 2:55:04 AM M Islam
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IHHAE
Bis|slz)8

Board Thitkness, Cir {156 mm Boech mported
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|Fthulrl-d Boand k End Time
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Cutting Plan

Prod, Name  |Compuater Table IBnard Size 2440x1330 Shoat No. ]
Madal TCC P02 LB BOZ2 [Buard Thickness, CiIr |16 mm Beech Imported Cut Piece-1 |2440x160
Comp. {KB Tray Fiber Lengthwize Cut Piece-2 |16630
Lot Size Cutting Size BOTEI0 Req, Time
Ho of Comp. (1 Compenent/BEoard 20 Start Time
Total Cty Raquirad Board |En|::| Tme
1830
330 320 330 320 330
G507
607
[ ]
/ X
L+
L]
5 =
n
L |
G607
o7 /
i
1665x0
Diate Prepared by Chackad by Approved by
{50305, 2:55:04 AM M. Islam




Cutting Plan

1830x48

[Prod Mamg  JCemputor Tabla IEnard Siza Faddn 1830 ShestNo. |B
Wole! TCC PO2Z LB BO2 |6oard Thickness, Gir |09 mm Beech partad Cut Piege-1 [1930:48
Contp. Meuse Tray Fibar Lengthwise Cut Piece-2 [2392x21
Lot Size Cutting Sl2e 25147 Rog. Trme
No of Comp. |1 ComponantBoard 2 Gtart Time
Tolal Qty Roqulred Board End Tlma
1830
157 157 187 1\ 167 1497 157 167 197 ;
11
1
205 ;
ﬁ
[
7
A
[
1
1
4
i L) g
]
g
245 g
%
%
=
%
295 %
11
H ha
R -
Lo
- t R
[ -_—
295 ;
A
7
-
[]
285 [
205
295
| | |
I T T i 0 7 7 2 A v

Date

Praparod by

Chegked by

Approved by

15/03/05, 2.55.04 AM

M. Islam
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Cutting Plan

Prod. Hame  [Computer Table Board Slzo 2340x1220 Shoot Mo, 7
Modal TCC PO2 LB BO2 Board Thickngss, Clr |03 Beech Ply Cut Plege-1 |2440x195
Comp. Dr. Bollom Py Fibar o Cut Place-2 (1025x46
Lot Siza Cutllng Size 338201 Req Time
Mo of Comp. |1 ComponentBoard 35 Start Time
Totak City Requlred Board End Tima
1220
£ 2 201 281 2

338

J38

339

338
E

338

138

338

L R

Y T T T A A Z A
1025x46

SGLX0FkE

Dale Prepared by GChecked by Approved by

150305, 2'55:04 AM M. lalam
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Cutpiece Plan
Mother Camponent
Top
. Chlid Component
Dr Back
Cutpiece Slza 2010x165
CPa1 163250
cP-2 19601
Comp Slzo 19275
Wa of Comp 20
|Model TCC P02 LE BO2
Shest Ho
Sub Sheet No 172
168
Ta TH
192
192
152
192
—
w0
182 Loy
o~
S
§ -
=
192
192
192
192
182
77277
165x50
Freparad By Approved By
M. Islam
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Cutpiece Cutting Plan

2296x33
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195x144
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Cutpieca Cutting Flan
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Cutpiece Cutting Plan

1830x52

.

378x28
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Cutpiece Cutting Plan

EER)
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P

350

33

a0

/777

Mothar Comp |KB Tray Chlld Comp |Or. Side

Cutplece Size 1833=180 Slze 350xF5

M gl TCS P02 LB BO2 Mo of Coamp i0
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Sub Sheel No I CP-2 17710u2
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Cutpiece Cutting Plan

Mother Camp |Bottom Child Comp [Dv, Froet
Culplece Slzo 1830338 Size 248x123

Model TCC POZ2 LB HOZ  [Mo of Comp 23

Sheat Nor -1 130132
Sub Shest No a1 CP2 S0Gx52
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a) o {8

23
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123
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123
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707 77272772
506x52

Prapared By: Chockd By Approved By:

M. lalam
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Cutpiece Culting Plan

Mothet Comp |Partition Child Comp |Front Supt.
Cutploco 5lze 2440x282 Siza BOTK125
Modeal TCO P2 LB 302 {Ne of Comp 4
Sheat No CP-t 2022638
Sub Sheet No kYN CP-2 1802x243
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MODEL:TCC P02 (TCC-13F/H)
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MODEL:TCC P02 (TCC-13F/H)
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MODEL: TCC P02 (TCC-13F/H).

¢ £
B 0L - c
i o
|
1 I"L\_ _ i
" k..r)'— = _¢_
a
=
A L aad = 40
[wTg -
L= /fj
—ET3———- _#:"
=
ad]
r—
= 2 - £ o =
@ g =X > S| ©
; 04
= w
; 2 =
\4 !
= _+_ !
74} I
> & g '
é ga oo oo Py
- N = o 5%
.| 23 =4
(aad ot f"_._j
3 | o
g =S ;‘r—‘v
g ~ S
| -~
Le . o
(L) I-
BN =y J—\__ “‘;[r
L
AREAAET
TITLE : CAD BY: PLAMNED & CHECKED BY: SHEET NO ® =
=_OMPUTER TABLE SANTOSH SAMADDER]| M. MEZANUR RAHMAN - Olobi
DATE:- 1507/02  1]JAPPROVED BY:- 07 OF 08

BF \ANEED'FRO DATABORATCC FO2




MODEL: TCC P02 (TCC-13F/H})

f Dr. Front
i :
123
¥ i
| Lack reole Rl !
1 #20¥thraugh 0
- —r— H
. _4;_ Crowel, 2Mes. Pin. 2Mos. f el 3
- E(QICIKH_:; BEER % 11
4 o 2
J{ 245 }
Dr. Side (Left)
, 350 .
* I
—EE—p j
=) = f " F‘in. 1)
- - = =] oLsing Gt Sc:revﬁ' ™
A . -
Dr. Side (Right)
L Jol !
| |
%\J‘ Pin— =5
= Fin, 1Mo, ] -
e -¢5 PEXB Hou SFHTG)E T
-l crew E}'
N ot A
_ Dr. Back
1%
1 t
S —E=3— 5 —E=3—
™~ o= TETEST ey mJ —f====1—
- - I —
ITITLE - CAD BY: FLANNED & CHECKED BY:[ - .
COMPLUITER TABLE SANTOSH SAMADDER| MD. MIZANUR FAHMAN olo |
|FANEED\PRO DATAVBOR STGC P02 | DATE:- 15/07/02 APPROVED BY:- 08 OF D8
14



Laminated Board Section

OTOBI LIMITED

Shyampur, Dhaka
Cutter Status and Requirement

SL# MACHINE CUTTER SPECIFICATIONS
D B b d Z
1|FPanel Saw Sizing Saw Blade 355 32 2.2 30 72
Technik, PSYY 32011 Scoring Saw Blade 120 3.2 2.8 20 24
2|Fanel Saw Sizing Saw Blade 355 44 3 5 72
Mazza Scoring Saw Blade 300 4.4 3.2 &5 48
3|Sliding Saw Sizing Saw Blade 300 32 2.2 30 1]
Lazzari TEMA-2000 IS |Scoring Saw Blade 125 3.2 22 30 30
4|Table Saw {4 nos.) Sizing Saw Blade 300 a2 2.f 0 72
Otobi Scering Saw Blade 120 32 28 20 24
&/Double End Tennoner  |Sizing Saw Blade 300 32 22 30 72
Soda, JWM 51.135 Scoring Saw Blade 150 32 22 30 36
&lDouble End Tennoner  |Sizing Saw Blade 300 3.2 22 30 72
Seda, MWM 51135 Scoring Saw Blade 150 3.2 22 30 3B
Grooving Culler Head 150 2.5 1.5 32 12
150 35 25 32 12
125 2 30 12
135 & A0 12
150 5 32 12
180 11 7 32 18
225 19 11 24 o]

Legend:

0- Culter Duter Diameter

B- Culfler Carbide Thickness

b- Cutter Piate Thickness

d- Cutler Inner Diameter

Z- Number of Teeth
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OTOBI LIMITED

Shya'mpur, Dhaka
Cutter Status and Requirement

Laminated Board Section

SL# MACHINE CUTTER SPECIFICATIONS
L d L1 L2 L3 Z
1|Copy Router Router Bit 20 12,7 70 30 35 2
Bermag & Houtgr Bit 20 12.7 85 45 35 2
Shoda RO-116 Router Bit 20 127 ¢ 100 &0 35 2
Router Bit 20 12,7 50 40 35 p
Router Bil 10 12.7 65 25 35 2
2|Mult Barer{ Big) m/c  |Through Hole Bit 5 10 Fi] 43 25
Maorbidellif Through Hole Bit i 10 70 43 29
BIESSE-TS-T4 Through Hele Bit ki 10 70 43 25
Through Hole Bit ] 10 70 43 25
Multi Borer{ smally m/c [Through Hole Bit 8.5 10 70 43 25
Vitap! Boring Bit{Blind Hole) 5 10 70 43 20
Gannomat Boning Bit{Ehind Hole) ] 10 70 ] 4343 20
Baring Bit{Blind Hole) 10 10 70 43 20
Cylinder Boring Bit 15 10 70 28
Cylinder Baring Bit 20 10 70 25
Cylinder Boring Bit 30 10 70 26
- Cylinder Boring Bit 36 10 70 26
3{Prneumatic Drill Cylinder Boring Bit 585 | 125 t 140 &
Cylinder Boring Bit 56 12.5 140 50

Legend:
D- Cutler Shank Diameter
d- Cutter Cutting Diamater

£1- Cutler Total Length
L2- Cutler Shank Length

L3- Cutter Cutting Length

7- Mumber of Teeth
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OTOBI LIMITED

Shyampur, Dhaka

Cutter Status and Requirement

Laminated Board Section

SL#| Machine Name | Cutter Description SPECIFICATIONS
R D D1 B h d Z
1]Edge Bandar Clipping Saw Blade B 19,510 2.4 1.6 32 30
Optimat KD-&7 for Trimming
Edge Rounding 3 65 | BD 168 §j 1 168 4
Cutter Head
Edge Rounding 3 73 | 61 16 11 15 3
Cutter Head
2iEdge Bander M/c Clipping Saw Blade _ e | _ 32122 22 48
IMA, for Trimming
Edge Rounding 3 BO | 634 20 12 20 4
Cutter Head
3| Caorer Trimmer M/c  jComer Rounding 3 a0 | 18 10 _ 8 4
IMA, KFMI Bits
4|Table Trimmer Mic  |Edge
Fravel BandingfJointing _ 50 _ 12 | 10 18 B
Cutter Head
R D D1 B H | S d d
S1Edge Bander M/c Scraper Tumover 3 121 20 4
Optimat KD-57 Knife
&|Edge Bander Mic Scraper Tumover 3 12| 200 2 4
IMA, Knife
TiCopy Router Raunding Cutter 127 344 14 12.7
Bermaq
8|Hand Trimmer Rounding Cutter 4] 20 12 6.35
Makita 37008 3 18 12 G.35
5] 2223] 12.7 5.35
Legend:
R-Cutter cutting surface Radious
C- Cutler Outer Diameter
Di-
8- Cutter Carhide Thickness
b- Culter Plate Thicknass
d- Cutter inner Diameter
Z- Mumber of Teath
H-
5.
17 ’




Appendix-B :

1 Solver Result sheets
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Microsoft Excel 8.0 Answer Report
Workshoot: [KAMAL xIs]DAT A11
Report Created: 2/26/05 10:47:29 PM

Target Cell (Max)

Cell MNama Original Value Final Valua
SARSd UMNIT PRICE Z BE53126.912 9775531.026
Adjustable Celis
Cell Name Original Value Final Value
%633 REQ. QTY. BODI6Z 240.00 74000
$C83 REGQ. QTY. BDOPO6 300.00 300.00
$D33 REQ. QTY. KWDP05 20000 200.00
$E$3 REG. QTY. DDZ12G 150.00 300.00
$FE3 REQ. QY. OSZ137 150.00 251.65
$G33 REQ. QTY. KROT5H 300.00 300.00
$H33 REQ, QTY. KROPD4 120.00 120.00
$1%3 REQ. Q71Y. K&015H 240.00 240.00
5433 REQ. QTY. KSO16H 300.00 300.00
$K$3 REQ. GTY. TCC13H 423 78 250.00
$L$3  REQ. QY. TCC1gH 200.00 200.00
EM$3  REQ QTY. TEZ23H 300 00 300.00
$N$3 REQ QTY. KRD12H 500.00 500 00
30%3  REQ. QTY. TRZ12H 150.00 150.00
$P33 REQ. QTY. TMZP04 240 00 240.00
053  REQ QTY. TVHIZ 300.00 300 00
FRE3  REQ. QTY. TVT12Z 500 00 500,00
$5383 REQ QTY.BDD172 75.00 75.00
T2 REQ QITY. KFD1BZ 75.00 75.00
$US3 _ REQ QTY. DDZ14Z 179.30 50.00
V33 REQ. QTY. DDZ15G 75.00 75.00
$W33 REQ. QTY. DSZ127 75.00 75.00
$X53 REQ. OTY.KSDi4Z 50.00 50.00
$Y$3 REQ. QTY. TGC22H 87 77 60.00
£733 REQ. QTY. TOZ1BH —75.00 £8.95
$AAF3 REQ QTY. TOZ15H 75.73 120.00
£AB33 REGQ QTY. TOZ20H 76.02 120.00
$ACE3  REGQ QTY. TOZ21H 76.08 120.00
$ADS3 _ REQ. QTY. TRZ13H 50.00 50 00
$AES3 REQ QTY. 1VI113Z 88 66 &0 00
$AF33  REQ QTY. TVT14Z 75.00 75.60
$AGS3 REGQ QTY. BCZ13Z 7371 50.00
$AHIZ REQ. QTY.BCZ15Z 38 11 30.00
$AI53  REQ. Q7Y DDDI5Z 30 G0 3000
$AJ53 REQ. QTY. BSD12W 40.00 40.00
$AK$3 REQ QTY. KPD12Z 15.00 15.00
$ALS3 REQ QTY. KWD15H 25.00 25.00
$AM32  REQ. Q7TY. DWD16Z 20.00 20.00
$ANS3 REQ. QTY. TCC15H 37.38 30.00
$AO0S3 REQ. QTY. TEZ24H 4989 50.00 .
$AP33  REQ. QTY. TEZ28H 21.38 50.00
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$AGS3 REQ, QTY. TVCT11Z 10 Q0 10.00
Constraints

Cell Nama Cell Value Formula Status Slack _
BAREE PSS LHS 19457 52248 SARS6<=5ATE6 Not Binding 602 4775195
$ARS7 G5 LHS 0723688037 $ARGT<=BAT$7 Not Binding 12356 31196
ARS8 DET LHS 18480 $ARSE<=5ATS8 Binding 0
$AR3E B3 LHS 7270 202078 ARSG<=3AT$Y Not Binding 15228, /0792
$AR$I0 CRLHS F906 1 SAR310<=3AT$10 ot Binding 128438
$AR$11 PE LHS B30D3.216706 SARS11<=5A1511 NotBinding  14496.7833
$ARB1Z TTLHS BE00 850084 GARG12<=3AT$12  NotBinding 12080.14302
SARF13 SE LAS 13633 51212 $ARG13<=3AT313  Not Binding 4876.487876
$8R314 MBLHS 16780.07746 SARB14<=5AT$14 Not Binding  3180.92254
$AR$15  NB LHS 18840 $ARE15<=$ATS15 _ Binding 0
$ARSIE CNGC LHS 18703 4206 3ARG16<=5A1516  NotBinding 2575.579396
$ARS17 BDDI6Z LHS 740 $AR$IT==5A1817 _ Not Binding 120
$ARS18 BDDPOS LHS 300 $AR$18>=3ATS18 _ Not Binding 150
SARS1S KWDPO5 LHS 700 SARS19-=0AT3$19  Not Binding 100
$AR520 DDZ12G LHS 300 $AR$20>=3AT$20  Not Binding 150
$ARGI] DSZ13Z LHS 257 5524027 3ARS21==8AT$21  Not Binding 101.5524027
$ARS2Z KRO15H LHS 300 SARS22-=5AT$22 Mot Binding 150
$ARE23 KROPO4 LHS 120 $AR$23>=8AT$23  Binding 0
$8R%24 KSQ15HLHS 740 $ARS24>=3AT$24  Not Binding 120
§ARS25 KSO16H LHS 300 $AR$25>=3AT$26 _ Not Binding 150
SARS26 TCC13H LHS 250 $ARE26>=3AT926  Binding 0
$AR$Z7 TCC18H LHS 700 SARS27>=%AT$27  Binding 0
$AR$28 TEZ29H LHS 300 3ARS28==3A1528  Not Binding 150
$ARS28 KRDIZH LHS 500 $AR$28>=8AT320  Not Binding 250
$ARS30 TRZ12HLHS 150 $AR$30>=3AT$30 __Binding 0
$ARS31__TMZP04 LHS 240 $AR$31>=9AT$31 _ Not Binding 120
TARS3Z TVI11Z LHS 300 $ARE32>=3AT$32  Not Binding 150
$ARSIS  TVI12Z LHS 500 SARS33>=5AT$33  Not Binding 250
$ART34 BDDI17Z LHS 75 3ARGAA>=§AT534  Not Binding 25
EARS35  KPD16Z LHS 75 3AR$35>=FAT535  Not Binding 25
$AR$36 DDZi47Z LHS 50 $ARG36>=5ATS26 _ Binding 0
$AR$3/ _DDZ15G LHS 75 SARSAT>=PATSS7  Binding 0
$ARS38 DSZ122 LHS 75 $ARGAB>-5ATS358  Not Binding 25
$AR$38  KSD14Z [HS 50 SARG39>=3AT$39  Binding 0
$ARS40 TCC22H LHS 60 $AR340>=8ATE40  Binding 0
FARS41  TOZ18H LHS B8 DAGDI076 SARGA1>=3ATS41  Not Binding 13.94891076
$AR$4Z TLZ19H LHS 120 $ARGA2>=3ATS42  Noi Binding a5
$ARE43  TOZ20H LHS 120 $AR$43>=3AT$43  Not Binding 45
$ARS44 TOZZIHLHS 120 SAR$44>=3AT$44  Not Binding 45
$AR$45_ TRZ13H LHS 50 3AR345>=$AT$45  Binding 0
SAREAE TVI13Z LHS B0 SARSAE>=5ATH46  Binding 0
TARSAT TVI14Z LHS 75 SAR$47>=BATS47  Binding 0
$ARS4AB BCZ13Z LHS 50 SAR3482=3AT$48  Binding 0
$AR$AS BCZ15Z LHS 30 §ARS40>=5AT348  Binding 0
$ARS50 BDD1SZ LBS 30 3ARS50>=3A1550  Not Binding 10
SARS51 BSDIZW LHS a0 $AR$51>=3AT451  Not Binding 20
$ARS52  KPD12Z LHS 15 SARGE2>=3ATS52  Binding 0
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$ARSE] KWOISHLHS 25 SARS53>=$ATS53  Binding
$ARSS4 DWDI8GZ LHS 20 SARS4>SSATSS  Binding
$ARSSS TGLGISH LHS 30 SARS55>=8ATS55 _ Binding
$ARS$56  TEZ24H LHS 50 SARS5B>=SATS56 _ Ngi Binding
$ARSS7T TEZJBH LHS 50 $ARS57>=§ATS57 ot Binding
FARSSE TVC1IZ LHS 10 SAR$56>=SAT$58  Binding
'5‘?359 BOD16Z LHS 240 SARS50<TSAI$58  Binding
BODPOB LHS 300 SARSE0<=SATSH0  Binding
iﬁranmﬁ LHS 200 SARS61<=SAT$8}  Binding
§ARS62  ODZ12G LHS 300 SARSGI<=SATSEZ __ Binding_
SARS83 DSZ13Z LHS 2515524027 $ARSB3I<=§ATSE3  Not Binding  48.44759728
$ARSB4 KRO15H LHS 300 $ARSB4<=$ATS64  Binding 0
SARSE5 KROPO4 LHS 120 SAR$65<=5AT365  Not Binding 120
SAR$66 KSO15H LHS 240 3AR$66<=3AT$86 _ Binding 0
SARSST KSO18H LHS 300 SARSE7<=$ATH87 _ Binding 0
§ARS68_TCCTIHLHS 250 SARSGB<=SATE6H _ Not Binding 250
SARSES TCCI19HA LHS 200 SARSOD<=SAT$60 _ Not Binding 200
SARS70_ TEZ23H LH5 300 SARS70<=SATS70__ Binding 0
SARS71__KRO12H LHS 500 SARS71<=SATS71__ Binding D
$ARS72 TRZ12H LHS 150 $ARST2<=3ATS72  Not Binding 150
$AR$73 TMZPO4 LHS 240 SAR$73<=5AT$73  Binding 0
SARS74__TVI11ZLHS 00 SARST4<=SATS74 _ Binding 0
SARSTS TVT12Z LHS 506 $ARST5<=3ATS75 _ Binding 0
$AR$76_BDDI7Z LHS 75 SAR$7B<=SATSI6 Efnding 0
SARS?? KPD16Z LHS 75 SARSTT<=SATSI7 Binding 0
$ARS78DDZI4ZLHS B SARS76<=SATS78 __ Not Bmdmg 20
SAR37S DDZ15G LHS 75 SAR378<=SATS70_ Not Binding 75
SAR$80 "05Z12Z [HS 75 SARSE0<=SATSS0  Binding 0
$AR$ST KSD14Z LHS 50 $AR3B1<=3ATS81 Mot Binding 25
$AR$82 _TCCZ2H LHS 60 SARSBZ<=SATSB2 __ Not Binding 30
sARSBa TOZ18H LHS B8.94601076 SARS83<=JATSB]  Net Binding 31.05308924
TOZ19H LHS 120 $ARYB4A<=§ATS84  Binding 0
T!sab'_mzzﬂﬁ LHS 120 SARSBS<cSATSE5  Binding 0
SARS66  TOZZ1H LHS 120 SARSBB<=3ATSEE _ Binding 0

SARSHE? TRZ13H LHS

50 5ARSAT<=3ATSE7  Not Bindi

gl 25
$ARSBE<=3ATSE8  Not Hindilng a0

SARSE8H TVT13Z LHS

SARSES  TVIAZ LHS 75 SARSBO<=SATSED  Not Brndi 45
$ARSB0 BCZ19ZUHS 50 $ARSDO=SATSO0 _ Not aﬂﬂ—tng 25
SARSST BCZ15Z LHS - 30 SARSE1<=SATSET Mot Binding 10
$ARS92 BOD15Z LAS 30 SARSF2<=SATSS2 _ Birding 0
SARSG)  BSDIZW LHS 40 SAR$93<=$ATE93 _ Bind 0
SARSB4 KPDI2Z LHS 15 $AR3E4<=3ATSS4 Mot Bindi 10
SARSSS KWODISHLHS 25 SARSB5<=3ATSG5 _Not BJ—|M|m 25
SARS96_DWO1BZ LHS 20 SARSB6<=SATS06 __ Not Binding 10
SARSET_TCCISH LHS 30 $ARSH7<=3ATS57 __ Not Bind) 10
3AR$E8 TEZ24M LMS 50 SAR$9H<=3ATS58  Binding 0
SARSED TEZ2BH LHS 50 SARSGI<=JATSSY _ Bingi 0
$SARST00 TVC11Z LHS 10 $ARST00<=3ATS100 Not Binding 19
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Microsof Excel 8.0 Sensitivity Report
Workshest: [KAMAL .x1s]DATA11

Repori Created: 2/26/05 10:47:31 PM

Adjustable Cells

Final Reduced Objective Allowabkle alloyrable

Cen Name Value Cost Coefficient increase Decrease
$E53 REQ QTY. BOD16Z 240,00 0 00 4000 TE+30  2300.905283
3C$3 REQ. QTY. BODPOS 300 00 3.00 4150 “1E+30 2085757895
5083 REQ. Q1Y. KWDPD5 Z00.00 0.00 3200 1E+30 523684213
$E3 REGQ. QY. DDZ12G 300.00 0.00 1625 1E+30 B5,.10210561
$FE3 REG, QTY. D3Z132 251.55 0.00 1037 17.21U6B875 0568929941
2633 REQ G1Y. KRO1BH 300.00 0.00 1050 B.4B35/E+17 75.38473693
$H53 REQ. QTY. KROPO4 120.00 0.00 1100 422.218047 1E+30
31532 REQ. QTY. KSO15H 240.00 0.00 1525 1E+30 3558947385
5J33 REQ. QTY. KSO16H 300.00 0.00 =025 2.20377E+17 158.7810523
$K53 REQ. QTY. TCC13H 250.00 0.00 1135 6263157811 1.873B5E+17
$L$3 REG. QTY. TGG19H 200.00 0.00 1200 506.1389471 1E+30
3§53 REQ. QT1Y. TEZ23H 300.00 000 1175 1E+30 301.7926318
$N$3_ REQ. QTY. KRD12H 500 00 0.0D 6B7 1E+30  143.9736843
033 REQ. QTY. TRZ12H 150.00 0.00 1325 115.1821051 1E+30
TP$3 REQ. QTY. TMZPC4 240.00 000 1850 1E+30 732 2505266
5053 ReQ. QTY TVITIZ 300 00 000 1325 TE+30 1661221054
$R3%3 REQ. QTY. TVT12Z 500.00 0.00 825 1E+30 270.2073685
$5%3 REQ, Q1r. BOR17Z 75.00 0 00 3000 1E+30 248144421
5193 REQ. Q1Y. KPD1GZ 7500 .00 3800 TE+30 237.5484217
U323 REG. QTY. DDZ14Z 60.00 0.00 1240 58.25789439 1E+30
V33 REQ. QTY. DDZ15G 75.00 0.00 1040 79.342104B83 1E+30
$W$3 _REQ QTY.DSZ127 75 00 0.00 3080 1E+30 51.42736823
X33 REQ. Q1 Y. KSD14Z 50,00 0.00 1000 1128 051579 1E+30
$Y$3 REQ. QTY. TCC22H 60.00 0.00 G00.0000001 B74.0231578 1E+30
5733 REQ. QTY. TOZ18H £8.95 0.00 B20  11.82347574 B.6579937182
$AAG3 REQ. QTY. TOZ19H 120 00 0.00 B95.9999886 1E+30 2557884208
$ABS3 _ REQ. QTY. TOZ20H 120,00 0.00 1000 1E+30 3557684203
SACS3 REQ QTY. TOZZ21H 120.00 0.00 B20.0000002 4.44043E+16 337 1052832
$ADS3 REQ. QTY. TRZ13H 50.00 fo0 1640 1052274737 1E+30
$AES3 REQ QTY. TVI13Z B0.00 0.00 1080 318.5284733 FE+30
5AF$3  REQ. QTY. TVT14Z 75.00 0.00 1200 30.65578937 1E+30
FAGS3 REQ. Q1Y. BCZ13Z2 50 00 0.00 420.0000001 3BB 3505267 1E+30
SAHS3 REQ. QTY. BCZ15Z 30.00 000 344 0909997 5864073685 1E+30
3AI53  REGQ.QTY. BDD15Z 30.00 0.00 2175 1E+30 1828.0685263
$AJGs  REQ QIY. BSD12wW 40.00 0.060 1689 qE+30 1306 833624
SAKSS  REQ. GTY. KPD12Z 15.00 300 2054006998 1293 198947 1E+3D
$ALS3  REQ QTY. KWDISH ~ 25.00 0.00 2180 2945 052631 1E+30
FAME3 _REQ QTY. DWD16Z 20.00 0.00 TA7H 2234078947 {E+30
$ANSI REQ. QTY. TCC15H 30.00 0.00 7100900998 751.2804732 1E+30
$A0S3 REQ QTY. TEZ24H 50.00 0.00 801.0099999 1E+30 57.26315818
$APS3 REQ QTY.TEZZ2EH 50.00 0.00 474.9999999 1E+30 3328631576
$A053 REQ QTY. TVC11Z 10.00 a0 3150 2986142104 1E+30
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Caonstraints

Final Shadow Constraint Allowabla Allowable
Cell Name Value Price R.H. Side Increase Cecrease
SARGG PS5 LHS 19497.522 0 20100 TE+30 6024775195
$AR$7 CSLHS 0723 538 0 22080 TE+30 12356.21196
$AR38 DET LHS 18480 2423157896 18450 26 60420683 11 90380826
$AR3S BS LHS 72702621 0 22500 1E+30 1522970792
$AR$1D CRLHS 5556.1 0 18840 1E+3D 12843 9
$ARE11 PE LHS 8303.2167 0 22800 1E+30 14496 7833
$AR%12 TT LHS 8609.851 0 20700 1E+30  12050.14902
$AR313 SELHS 14623.512 0 19500 1E+30 4B876.4B7876
$AR314 MB LHS 16789.077 0 19980 1E+30 3180.92254
$ARF15 NBLHS 1B840  192.105263 16840 13 54400001 30.156
$AR$16 CNC LHS 18723 421 0 21300 1E+30 2576.579396
$AR$17 BDD16Z LHS Z40 0 120 120 1E+30
$AR318 BDDPW6 LHS 300 0 150 150 1E+30
$ARS19 KWDPOS LHS 200 0 100 100 1E+30
2AR$20 DDZA2G LHS 300 0 150 150 1E+30
$ARE21 USZ13Z LHS 2515524 0 150 101.5524027 1E+3D
$AR322 KRO15HLHS 300 0 150 180 1E+30
$AR323 KROP(O4 LHS 120 422 218847 120 16 47828833 7.400813161
$ARS24 KSO15H LHS 240 3] 120 120 1E+30
$ARS25 KSO16HLHS 300 0 150 150 1E+30
$AR326 TCCA3HLHS 250 -6.263157811 250 1910595613 4253981191
SAR$27 TGLI19H LHS 200 -506. 1389471 200 4306808185 19 34365878
$ARS28 TEZ23H LHS 300 0 150 150 1E+30
$AR$ZS KRD12H LHS 500 0 250 250 1E+30
TARS30 TRZ12H EHS 150 -115.1821051 150 4900144716 39.75588661
SARS$31T TMZPD4 LHS 240 0 120 120 1E+30
$AR332 TVTI1Z LHS 300 D 150 150 1E+30
SARS33 TVI1ZZ LHS 500 0 250 250 1E+30
$ART34 BDD17Z LHS 75 0 20 25 1E+30
$AR335 KPDI16Z LHS 75 0 50 25 1E+30
$AR$38 DDZ14Z LHS o0 88.25789438 80 2362011371 1061257184
$AR337 DDZ15G LHS 75 -70.34210483 75 10 68420432 4.780828724
$AR$3IE DSZ12Z LHS 75 0 50 25 AE+30
$ARS39 KSD14Z LHS 50 -1128 051579 50 28 23 B54RINAN
$ARS40 10022H LHS 60 -674.0231578 60 2807869015 30 38462885
TAR341 TOZ1BH LHS A8 946911 0 75 13.94691076 1E+30
$ART42 TOZ1BHLHS 120 0 75 45 1E+30
$ARS43 TOZ20H LHS 120 0 75 45 1E+30
SAR$4d TOZZT{H LHS 120 0 75 45 1E+30
SARSAS TRZ13H LHS 50 -1052 274737 53 25 17.09088601
TARTIGE TWI13Z LHS B0 -318.5294733 B0 30 14.31309005
$AR%4T TVT14Z LHS 75 -30 65578837 75 45 44 70921151
5ARS48 BCZ13ZLHS 50 -383 3505261 50 25 50
JAR$49 BCZ15Z LHS 30 -5B5.4073685 30 10 30
$AR$50 BDD15Z LHS 30 0 20 0 1E+30
$ARE51  BSDIZWIHS 40 0 20 70 1E+30
TARSE2 KFD12Z LHS 15 -1293198847 15 £.904BB9626 4 039875454
$ARS53 KWD15H LHS 25 -2945,052631 25 21.19312321 10.11060173
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TARG5d DWDI16Z LHS 20 -2234.078047 20 10 7.869335067
$AR355 T1CC15H LHS 30 -751.2894732 30 10 12.76397907
$ARSS6 TEZ24H LHS 50 a 30 20 1E+30
TARSS7 TEZZBH LHS 50 0 20 30 TE+30
SARSS8 JTVC11Z LHS 10 -2980,142104 10 10 B 7007673
$ARF5G BDDI6Z LHS 240 2309905263 240 10 50228364  23.5839418
$ARSED BDDPOS LHS 300 2085 757835 300 3208051948 27 87937848
FARSET KWDPD5 LHS 200 523684213 200 13.424660961 2005786731
SARSOZ DDZ126 LHS 300 65.10210561 300 16 BB21378 7.582294552
SARS6s DSZ13Z LHS 251 6624 0 300 1E+30  48.44768728
$AR3B4 KRO15H LHS 300 76.39473693 300 41.04242425 65.85256615
$ARIAS KROPO4 LHS 120 —_© 240 1E+30 120
$ARIE6 RKSO15H LHS 240 35.53047 365 740 4 633310408  10.31640566
$AR367 KSO16H LHS 300 159.7810523 300 2264479025 5.041510027
$ARIEE TCGC13H LHS 250 0 500 1E+30 250
TARSGE TCCI9H LHS 200 0 400 1E+30 200
$ARS70 TEZ23HLHS 300 301 7926318 300 23511209688 10.55061746
$ARS71 KRD1ZHLHS 500 143 0736843 500 78.64258060 116.0087672
SARS72 TRZ12HLHS 150 0 300 1E+30 150
$ARE73 TMZPO4 LHS 740 732.2505266 740 3441767273 15.45805013
$ARS74 TVI11Z LHS 300 166.1221054 300 B80.787883190 38 54146048
TARSTS TVI12Z LHS 500 270.207 3685 500 161411217  77.00443738
$ARS76 BDD17Z LHS 75 24B1 44421 75 5.562573019 12.38518545
$ARE77 KPDIGZ LHS 75 237.5484217 75 1356667267 6.093215772
$ARF78 DDZ14Z LHS 80 0 180 1E+30 80
$AR579 DDZ15G LHS 75 0 150 1E+30 75
$ARSB0 DSZ12Z LHS 75  51.427366883 75 3400331004 16.22195661
TARSE] KSD14Z LHS 50 0 75 1E+30 25
$ARTE2 TCC22H LHS 60 0 80 1E+30 30
$ARSEZ TOZ18H LHS 88.046011 0 120 1E+230 31.05308624
$AR3B4 TOZ19H LHS 120 255.76B4208 120 12.4B427779 27.79630493
PARSBS 10Z20H LHS 120 355 7684208 120 12.4B4227789 27.795359483
$AREE6 TOZZ21H LHS 120 337 1052632 120 9523125007 21.20343749
$AR387 TRZI3H LHS 50 0 75 1E+30 25
FARSBE TVI13Z LHS ) 0 B0 1E+30 30
ARS8 TVI14Z LHS 75 0 120 1E+30 45
$ARS90 BCZ13Z LHS 50 0 75 1E+30 25
$ART9T BCZ15Z LKHS 30 0 40 1E+30 10
$AR$OZBDDI5HZ LHS 30 1826.065263 30 B8.266601571 10
$AR3E3 BSD12W LHS 40 1306 833684 40  7.72080026 17.21058238
SARS$64 KPD12Z LHS 15 0 25 1E+30 10
S$ARSG5 KWD15H LHS 35 0 50 1E+30 25
SARSG5 DWDIBZ LHS 20 ¥ 30 1E+30 10
TAR3D7 T1CCI15HLHS 30 0 40 1E+30 10
$ARSEE  TEZ24H LHS 50 57.26315818 E0  54.35403671 1542987343
$ARSGD TEZZ8H LHS 50 532 8631576 50 4 492040009 10 00162148
SAR3100 TVCI1Z LHS 10 i} 20 1E+30 10
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. A

Target
1 Call Name Valus
®%4 UNIT PRICE 3n.

Adjustabls Lower  Target Upper  Target

Y Col Name Valuo Limit  Resutl Limh__ Result
$B%3__REQ. Q1Y, BOD16Z 74000 120,00 9299531.05 _240.00 977553193
$TE3__REQ. QTY. BDDPOE 30000 150.00 9153031.04 _300.00 B775531.83
S0 REQ, QTY. KWDPDS 70000 10000 DA55501.03 200.00 B775531.92
* $E$3_REQ. QTY. DDZ12 0000 15000 0531781.83 300.00 9775531.03
+ §F$§3__REC. QTY. D5Z13Z 75156 19000 pA70222.08  251.55 B775631.83
$G33_REQ. Q17. KRO5H 30000 5000 G016033.93 300.00 8775531.83
$HS3_REQ. Q1Y. KROPOA 12000 120,00 B775501.83 _120.00 6775531.93
" 383 _REQ QTY. KSO1 4000 120,00 959253183 240 00 977553183
$3__ REQ. QTY, KSO1BH 00 15000 0471761.80 30000 9775531.63
SKS3__REQ. QiY. TCC13H 25000 25000 077553193 250.00 §775531.03
$033__REQ. QTY. TCC18 00 20000 977553183 200.00 B775531.83
SMS3_REQ. QTY, TEZ23H 00 150.00 959920193 30000 8775531.83
IN$3__REQ.QTY. KRD12H 50000 25000 060376183 500.00 977553163
S033__REQ.QTY. TRZ1Z 150, 15000 9775531.93 _150.00 9775531.93
$P$3__REQ. QTY. TMZPO4 54000 120,00 D553531.83  240.00 9775531.83
3053 REQ. QY. TVI11Z 30000 150,00 D576781.83 30000 5775531.83
3R$3__REQ, QTY. IViiZZ 00 25000 u5eeBl.ey  500.00 9775531,83
553 REQ. Q1Y. BDD17Z 7500 5000 B/00531.893 _ 75.00 8775531.83
$733  REQ. Q1Y. KPDI6Z 7500 _ 50.00 D97B031.93 _ 7500 5775531.83
_  SUS3 REGQ QTY.DDZ14 00 0000 9775591.83 _ 80.00 877553183
$V33__REQ. UTY, DDZ15G 7500 7500 0775531.83 _ 7500 877553103
§W53_REQ. QTY. DSZ12Z 7500 _ 5000 9603031.83 _75.00 B775531.83
$X33__REQ. QTY. KSD14Z 5000 _ 50.00 577553183 _ 50.00 9775531.93
$Y$s3_ REQ. QTV. TCC22H 60. 60,00 977553193 _ 6000 8775531.83
§$783__REQ.QTY. 101 5385 _ 7500 07oRabA.04 _ BB.6S 9775531.03
SAAS3 REQ. Q1Y TOZ19 i 7500 B735031.63 120.00 6775531.83
$ABSS REQ. GTY. TOZ20H 1 7500 Dra0531.83 120,00 9775531.93
SACS3_REQ. QTY. 10221 120, 75.00 0748731.83 120,00 97755231.83
SADS3 REQ. QTY. TRZ13H 5000 5000 977553103 _ 50.00 977553183
SAESI REQ, QTY. TVI13Z 6000 G000 G775531.08 _ 60.00 8775531.63
TAFS3 REQ.QTY, TVI14Z 7500 7500 977553193 _ 75.00 8775531.63
$AGS3 REQ. Q1Y BCZ13Z “50.00 _ 5000 9775531.83 _ 50.00 B775531.03
$AH53 REQ. QTY. BCZI5Z 3500 3000 0775531.93 _ 3000 07765631.83
SA3_REQ, OTY. BOD15Z 3000 _ 20,00 675376108 _ 30.00 B775531.63
$3_REQ. QTY, BSD12W 4000 _ 2000 974193193 _40.00 B775531.93
SAKS3 REQ.QTY. KPDi2Z 1500 _ 1500 077550183 _ 15.00 9775531.03
$ALST REQ. OTY. KWD15H 2500 2500 Q77550183 _ 2500 8775531.83
SAMS3 REG_QTY. DWOD16Z 70.00 _ 2000 BI75531.08 _ 20.00 8775531.83
$ANSY REQ.QTY, TCCI5H 30,00 _ 3000 977553103 _ 30,00 9775531.6)
$AD$3 REQ. QTY, TEZ24H 5000 3000 9759491.93 _ 50.00 9775531.03
$AP33 REQ. QY. TEZZBH E000 _ 2000 074620183 _ 50.00 B775531,83
SAGS3 REQ. QTY. TVGIiZ TG00 1000 677559103 10,00 877553183
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