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ABSTRACT

The worW around us is always changing with respect to the demand urIbe em. The demand of

this era is nothing but the improvement; improvement ;n every aspect. Nowaday we don't

satisfY ourselves by a particular improvement; rather we want our whole system improve,l

Indll.'ltry is one of the major futon; of our system improvement. By ensuring the quality,

improving new techniques and increasing profitability we can achieve a dream industry.

Presently the engmeenng and the managers of the industria! concerns arc under constant

pressure of time, cost and quality of produels and services. The research and development of a

product, it's manufacturing and marketing have 10be achieved within a short period.

TIe main objectives of this research work are to have a comprehensive idea of a t}pical

Jllllllufacturingsystem and to establish a mathematical linear programming model to solve any

typical problems oflhe manufacturing indllStrics. We hope that a case study in Otobi have t<l

experience and realize how the 'Scientificand technical knowledge is applied to real situation.

Basically, most of the furniture industries in Bangladesh arc-followed the traditional methods of

manufacturing processes. We are trying to proof mathematically that there is a big scope to

improve furniture industrie.~llSinga mathematical model which will help 10analysis the pmlC'l'lt

situation of the industry and forecast for the future and to makc production schedule properly. If

roodcrn technology is applied to the existing furniture industries and proper attention is taken in

both the manufacturing of furniture and its products and making positive exporting policy to

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

Analysis of furniture manufacturing processes and product-mix in lerms of profitability is a

subject to know how, we can maximize the profit per month than the traditional method. The

content is constructed and editl:d mainly for the purpose of maximizing the profit of furniture

industries regarding the Global Market achievement

."
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Chapter-l
Introduction

1.1 Introduction
Furniture is one of the basic needs of human being. It is useful in home, Office, Institution. All

class of human being use furniture to furnished their home, office, hospital, institution etc.

Nonnally furniture is manufactured for various classes of human being according to their taste

and propensity. Among them following are the main types of furniture such as ,",ood furniture,

steel furniture and plastic furniture. For all classes of customers wood furniture Is more popular

than any other furniture. But we need a lot of tree or plant to make wood furniture. As a result,

forests are destroyed all over the world. Globl 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 furniture. Otobi make all kinds of metal, laminated board and plastic

furniture for office, household and hospital purpose. Gtobi guarantee international standard

because of/heir products are design by a team of professional product designers who take special

care to combine functional utility and durability with elegance, taking into account modem

requirement of efficient use of floor space. Currently Gtobi management is planning to introduce

numerous new products and has brought about qualitative improvement in existing product line

with importe.~high quality raw materials. We have now introduced a wide range of products of
..".,

economic ser"lts to satisfYthe demand of various segments of the society. We have divcrsified

product rangc into workstation and kitchen cabinet. In addition to furniture, we arc now doing

interior dccoration on turnkey basis.



Otobi is a furniture manulacturer, creutor of products that are outstanding in styl<!,quality and

servicc. We strive to provide the highcst levels of customer satisfaction through designs,

functionality, materials and the added value that our products explicitly convcy when becoming

part of their home or office.

In our pursuit to maintain and further our reputation as a manufacturer that is dedicated to

recognize customer needs, we are committed to using superior materials, cxperienced

craftsmanship, innovative designs and be obsessive about the high quality of our products and

servicc. Our objective is to continue to be a lcader in the industry we represcnt.

We work as a team. Cot15lantly nourishing open and honest communication, cqual and fair

treatment in an atmosphere that encourages professionalism, creativity, oVlfllership,participation

and pride in our work. Our excellence comes from people, our most valuable asset. Wc 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 arc mindful 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 cnvironmental nccds, 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 markctplace which will

provide Otobl Furniture \\lith the fmancial integrity and profit to our shareholders in return fur

their investment.

The use of higher quality materials, a wldc range of color selections and plus a variety of fine

acecssory products, which include Iaminatcd board furniture and mixed furniture are excellent

selling points to our valued customers. Our sales force olTerssupport to our dealers by educating

their floor sales people about our products to better serve our customers. OTOBt provides

Quality, Excellencc, Service, and an Atmosphere of Creative Innovation with People, through

Pcople, for People.

,
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Olobi's melamine coated laminated board filfniture has brougbt revolutionary changes in the

modern concept of furniture. Scratchproof boards multiple color optiol15 and elegant designs

have made the laminated board filrniture the choice of the modern corporate world. Moreover the

unique knockdovm system allows customer to handle the filrniture conveniently, specially where

frequent shifting is required.

Laminated Board Section is one of the biggest units in Dlobi. Ma.ximum turnover comes from

tbis section. But it is newly established in Dlobi, which has been started since 1999. This is more

attractive product in Gtobi 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

the demand have laminated board firrniture instead of wood furniture in Bangladesh.

There is a lot of scope to improve traditional methods of production process of laminated board

furniture in Gtobi using suitable metbods. In view to improve the traditional methods, we are

trying to establish suitable methods, which partially will be helpful for laminated board furniture

manufacturing scction in atobi. So, we are formulated a model solution in linear programming.

We can determine the proper lot size of products, which is produces monthly basis according to

the demand of market. It ",ill help to plan properly of raw materials requirement and inventory

control. In present, OTOBI ISO 9001: 2000 certified company.

1,2 Objectives of tbe research

The specific objectives ofthe project would be

o To study the type and nature of Laminated Board Furniture Manufacturing Processes.

o To study and investigate the appropriate Product-mix.

a To identify and quantify the processing needs of these furniture.

o To study the common processing facilities and optimize in terms ofidenlified Product-mix.

a Assess the benefits of the Furniture Company.

J
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1.3 Methodology:

A survey and study of the furniture manufacturing company will be carried out and statbtical

analysis will be done to determine the nature of the manufacturing 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 I quantitative analysis will be done to asses the

benefits of the furniture company.

1.4 Scope of the research

Otobi's melamine coated laminated board furniture has brought revolutionary changes in the

modern concept of furniture. Seratehproof boards multiple color options and elegant desIgns

have made the laminated board furniture the choice ofthe modem corporate world. Moreover the

unique knockdo'Ml system allows customer to handle the furniture conveniently, specially where

frequent shifting is required.

Laminated Board Section is one of the biggest units in Gtobi. About 600/0-70% of total turnover
,

comes from this se<:tion. But it is newly established in Gtob!. which has been started since 1999.

This is more attractive product in Gtobi 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 the demand have laminated board furniture instead of wood furniture in

Bangladesh.

Although Gtobi get maximum turnover from it, but it is not enough organized. There is a lot of

scope to improve traditional methods of production process of laminated board furniture in Otobi

using suitable methods. 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 Otobi. So, we arc formulated a model in linear programming. We can detcnnine the

proper lot size of products, which is produces monthly basis according to the demand of market.

It will help to plan properly of raw materials requirement and inventory control.

,
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Wc are considering OTOBI Limited as a model to study ofresenreh works and we have collected

few data from OTOBl to establish and formulate the mathematical model.

1.5 Importance of Furniture Industry in Bangladesh

Furniture Industry can participate in Major economic activities in Dangladesh. Because furniture

is one of the basic needs of human being. There is a big scope to eam foreign currency to export

furniture all ovcr the world likc other sectors such as Garments, Texti1cs, Leather, Tea, Jute ctc.

We can enter into the global market to fulfil our national demands of furniture. There is a big

market in U.S.A., Canada, Australia, Europe and Middle East. We need to promote worldwidc.

Actually furniture-manufacturing company is worker-based company. But workcrs are available

in cheap rate in Bangladesh comparcd to other developing and developed countries. Our main

competitors are Malaysia, Taiwan and china. They arc importing manpower from Bangladesh for

their furniture company in high rate compare to Bangladesh and they are exporting worldwide

their furniture in cheap price and earning a handsome amount from this furniture sector and

contribute to their national income. Because they have come out from they're traditional methods

of furniture manufacturing processes. They are applying modern technology in Furniture

Company to reduce their production cost. So, they arc capable to enter thc world furniture

market. We think that wc have all resources avaiiable 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 modem

methods and trained up our local human rcsources. So, we can also earn 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 thc challcnge without optimize

production as well as quaiity and reduce the production cosL Competitive prcssures in the

Bangladesh flUlliture industry are pressing manufacturers to look outside of the Bangladesh for

scarching new markcts. Scveral trends within the industry point toward an increasingly

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

;
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number of large firms are dominating shipments and produd brands within the induslry, Inw

profitability is low as evidenced by low aner tax returns on sales, and advances in production

technologies are increasingly important hut costly for smaller firms. So, we have great

opportunity to earn money from furniture sector, but we need professionalism, modernization,

realization and mentality to improve this sector.

1.6 Background or History of Otobi Ltd:

Born in 1935 at Uinajpur, Painter and Sculptor Mr. Nitun Kundu gmduuled from Institute of Fine

Arts, Dhaka in 1959, and securing I" class I" position. The same year he started his career a~ a

Designer in the United States Information Services (USIS) Dhaka. He left USIS as Chief

Designer in 1971 and participated in the liberation war. After the war he turned into a free-lance

painter. In 1974 he conceived the idea of embarking into commercial venture and started

manufacturing decorative items at his residence and later at Shukrabad, in addition to normal

activities of painting and sculpture. The name of this mini workshop was "The Designers",

employing only 3 / 4 persons.
A recipient of National Award for painting in 1965 and Bangabandhu Award in 1992. Me. Nitun

Kundu set up a small workshop in a tin-shed at Topkhana Road in February 1977 and named it

"Art in Craft". Here, in addition to coat pin, cup, crest, trophy etc. he started manufacturing

decorative itcms, table lamp and various types of metal furniture.

Bangladesh is traditionally used to in wooden fwniture, but forest resources being extremely

limited, Me. Nitun Kundu anticipated the need for mdal furniture and in 1978 hc opened a show

room at 230 New Elephant Road, Dhaka and gradually started marketing all kinds of metal

furniture in a proper manner.
Having widely traveled all over the East and West, Mr. Nitun Kundu gained sufficient

confidence and e);perieneeby 1984, when he started commercial production under the name and

title "OTOBl". A greal deal of emphasis was given to meet the need of customers and Otobi

products 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 manl.lfneluredPresident's Nalional

6
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Film Award, National Export Fair Trophy, Industrial Exhibition Trophy, President's Gold Cup

for Football Federation, President's Gold Cup for Bangladesh TV, Monogram for President's

House, Crests and Medals for Bangladesh Army. Mr. NilUn Kundu also designed and created

Hemisphere Founda(\on at the crossing of Top khan a Road and Park Road, a fountain to beautify

the Tarqa Mossque, a Fountain in Sang sad Lake and a Submersible Fountain in the lake of Ansar

Training Centre at Shafipnr and a few fountains in the houses of some dignitaries. The

culmination of suuess of Mr. Nitun Kundu as an artist was through designing and construction

of war memorial "SaaOOsh Bangladesh" at Rajshahi University in 1991 and SAARC FO\llltain at

Dhaka in 1992.

In 1984 a commercial land was acquired al Mirpur and the factory building was constructed in

1985. It was a four sloried building with a total floor space of 50,000 sq. ft. Mr. Nitun Kundu

gradually engaged Industrial Designers and Engineers. Special efforts were made to build up a

core team of highly skilled craft men. All kinds of metal furniture WCTCbeing manufactured at

Mirpur Factory and marked through the Show room al Elephant Road by 1988. Because of its

superior quality, Otobi products continued gaining popularity. Mr. Nitun Kundu developed a

wide rage of furnitnre for office, hospitals, and residence and slowly created a much wider

demand for Qtobi products.

Following a visit to Japan by Mr. Nitun Kundu, the quality of at obi products as well as sales and

marketing methods were so suuessful thaI by 1992 Mr. Nitun kundu conslructed a four storied

building at 14 Dllkusha CIA and opened a dispiay cenlre there on October 10, 1993.

The market demand for Otobi product continued to rise and the company cxperienced difficulty

in 1994 to meet the market demand with its cxisting production resources. Therefore, Mr. Nitun

Kundu set up another factory at Shyampur, Dhaka covering land space of 64,000 sq. ft. which

went into experimental production in November 1994. The factory is now full operational with

latest machines to manufactnrc a wide rangc of most sophisticated furniture so that Otobi can

compctc in the international market.

The Sp<X:ialfcatuTCof Qtobi products is that it takes special care te eombinc functional utility

with elegancc, kccping in vicw thc efficient use of floor space. Otobl is now equipped with thc

,



Ialest machines and technology 10 manufacturc all kinds of sophisticaled metal furniture

including hospital furniturc lind such other ilems,

Mr. Nitun Kundu fell the need for inlroducing professionalism in his company and accordingiy

cngaged highly qualified managemcnl talent to meet the functional need of the present day

chalienges.

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

temporarily suspended due to presenl production constraints.

Otobi is fully conscious of its obligation to the society as a corporate citi7-enand is currently

making an possible efforts to play its role elTective1y.

1.7 OTOBI MISSION:

At Otob~ 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

ofthe Otobi product

It is the dedication and pride in ",orkman~hip that our company is based on that enables us to

create superior products and provide reliable scrviccs that form solid and lasting allianccs with

our cuslomers.

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

con~tanlhigh qualily and thal all bl1sine~sanairs are harnlled in an ethical and honorable fashion.

Devotion to quality, reEabiiily, and ethics are the qualities that ensure Otobi'~ place as a.world

class organizat ion and inslires success for itself as well as its cllstomers.



1.8 OTOHl VISION:

Under the vision, direction and leadership orOtobi's owners, Olobi has become a "World CI,lSS

Furnilure Manutacturer" in Bangladesh. Olobi has grown to become the fil"1>tlargest rurnilurc

manufacturing company in Bangladesh. Otobi h"8 a rich history of success stories that illustrate

its dramatic transition from a 'virtoal unknown' to a significant force in the industry. ror over

thirty years, the company has remained committed to its Vision Statement, "We Want To Be

lhe 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 Olobi the stream of

satisfied customers continues to grow as Otobi continues to be creative and diversifies to expand

business, and improve quality into the next millelUlium.

Olobi furniture is designed for the way you live. It's about real life.

1.9 OTOBJ Product Range:

Q Office furniture

o Household furniture

o Plastic furniture

o Hospital furniture

o Computer furniture

o Kitchen cabinet

o Work station

Q Storage rack

o DUlUlage

o Decorative

o Interior decoration
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1.10 Quality Policy ofOtobi Limited:

Quality Policy

Of

OTOBI Limited

OTOBI Limited is committed to satisfY customers with

• Quality of Products.

• Timely delivery.

• Competitive Pricc and

• Service

OTOBI Limited

• Reviews

• Evaluates and

• Measures

Performance of the processes for continual improvement of the Quality

management.

Nitun Kundu

Managing Director
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l.lt Organization oftilc research

This rcsearch work consists or~cvcn chaplers' allogcthcr. The llrSl chaplcr gives a gcneral idea

of furniturc industry, importance of furniture industry in Bangladesh, backb'TOundof Otobi and

Olobi quality policy. tn chaptcr two furniture manllfacluring concept, prodllet and production

concept, modeling and decision making, optimization of mathematical model by linear

programming. In chapter three indlldcs laminated board furniturc proccssing, dctails of rnw

materials used, machine and cutter used, conception about laminated board furniture. In the

chapter four d~scription about demand of laminated board furniture in Bangladesh and abroad.

Export opportunity of laminated board furniture, In the chapter five data collection and model

formulation. In chapter six solution of the model and rcsult analysis comparison betwccn prcsent

and expected production sensitivity analysis. In chapter seven conclusion and recommendations

oflhi.>rcseareh work and scope for further research work.

"



Chapter-2
Background Study & Literature

Survey
2.1 Furniture Manufacturing Concept

The furniture-manufacturing concept holds that organizations are to determine the needs and

,,,ants of customers with desired satisfaction. Furniture will be attracti,-e in design with

competitive prices.

2.2 Product and Production concept

The Product concept holUs that cOllswncrs will favor those products (hat offer the most

quality, performance or innovative features. Organizations focus on making superior products

and improving them over time. Buyers admire well-made products and can appraise quality

and perfurmance. Product oriented companies often design their products ,vith little or no

customer input. They trust l1,allhcir engineers can design exceptional products, Vcry often

they will not evell examine competitors' products.

The Production concepl holds thai consumcrs will prcfer products that are widely available

and inexpensive. The production concept is one ofthe oldest concepts in business. Production

orientcd business concentrate on achieving high production cfficiency, low costs and mass

distribution. They assume that consumers are primarily interested in product availability and

low priccs. This orientation makes sense in dcveloping countries, ",herc consumers arc more

interested in obtaining 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 components of an operations research (OR) model- namely, alternatives,

restrictions and an objective criterion. Generally, the alternatives of the decision problem may

take tlle form of unknown variables. These variables arc thcn used to construct the

restrictions and the objcctive eritcrion in appropriate mathematical functions. The end result
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is a mathematical model relating the variables, constraints and objective function. The

whdion of the model then yields the values of the dceision variables that optimue(ma;;imize

or minimize) the value of the objective function while satisfying aUconstraints. The resulting

solution 15rderred to as (he optimum feasible solution,

A typical OR mathematical model is usually organized as tbllows:

Maximize or minimize (Objective function)

Subject to (Constraints)

Though mathematical models are tbe cornerstone of most OR studies, there is more to the

solution of the decision making problem tban the construcliull and solution of thc

mathematical model. Specially decision problems usually include important intangible factors

that may not be readily qLlaJltifiable.Foremost among these factors is the presence of human

element in most decision environments. Indeed, decision situations havc been reported where

the effect of human behavior has so influenced the decision problem that the solution

obtained from the mathematical modcl is deemed impractical. The mathematical aspect of

OR should be viewed in thc widcr context orthe decision making process.

2.4 Operations Research Techniques

In Operations Research (OR) models, the de<;isionvariables may be integer or continuous,

and the objective and constnlint functions may linear or nonlinear. The optimization

problems posed by these modcls give rise to a variety of solution methods, each designed to

account for the special mathematical properties of the model. The most prominent and

successful of these tcehniques are linear programming, where all the objective and

constraint functions are linear and all the variables are continnous. Otber teclmiques that deal

with other types of mathematical models are d)namie programming, integer

programming, 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

societies. Different human activities ami the prosp..:rity of whole nations arc highly

dependent on the performance ofprodlletion and busincss systems. Companies and industrial
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firms, through which production and busine~soperations arc usually performed, represent the

major scctor of today's global economy. Therefore, in thc last decade, cOinpanicshave made

the continuous improvemellt of production and business systems a milestonc in their strategic

planning for the new millennium. To remain competitive, eOlllpanie~have to nmintain a high-

level of performance by maintaining high quality, low cost, low manufacturing lead times,

and high customer satisfaction. It is usually asserted that production and busincss operations

have the potential to strengthen or weaken a company's competitivc ability. Therefore, and as

a resnlt of fierce competition llI1ddccreasing business sufety margins, efficicnt and robust

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

Be<:auseof this, improving the performance of production and business systems has been the

primary interest of decision-makers and engineers. Indeed, Industrial Engineering (IE), as a

profession and a science, plays a central role in the efforts towllIds"improvement in these

systems. Many industrial engineering subjects such as Operations Research, Quality Control,

and Systems Modeling offer robust und efficient design and problem-solving tools with the

ultimate aim of performance enhaneement. Examples ef this pcrformance can be the

throughput of a factory, the quality and reliability of II product, or the profit of an

organization.

Designing flexibility into production and business systcms is, therefore, a key matter for

suceess and survival in joday's market. Businesses have inevitable obligation to deal with

suppiy and demand fluctuations, ehanges in work seopc, and trend dynamics of the markct.

Therefore, lean production and business systems demand continual improvement of delivery

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

Dynamic changes in demand, supply, and manufacturing stratcgics forcc companics to mal:c

continuous changes to the product-mix. Making such changes gracefully and effectively can

be only accomplished when systems design is based on flexible production and business

operations. Thc isslle becomcs even more challenging when the frcquency of product-mix

change increascs. Thercfore, under such conditions, dctcnnining the optimum product-mix

and analY7,ingits implications as an integral part of the dcsign process bceonle essential for

aehieving robust and flexible production and bllsiness systems.
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2.6 Modeling and Decision Making

An 0reration~ Research mllst be rooted in 'teamwork, where both the OR analysts and the

client work side by side. The OR analysts with their expertise in modeling will need the

experience and eooperation of the client for whom the study is being earried out.

As a decision making tool, OR must be viewed lISboth a scienec and an art. It is a science by

virtue of the embodying mathemntical techniqlles it prescnts and it is an art because the

success of all the phllSCs the procced and succeed the solution of the mathematical model

depends largely on the ereativity and experience of the operations research team,

1be principal phases for implementing OR in practice include:

• Definition of the problem

• Construction of the model

• Solution of the model

• Validation of the model

• Implementation ofthe solution

Of all five plrnses, only phase three dealing with model solution is the best defllled and the

easiest to implement in an OR study because it deals with moslly precise mathematical

theory. The implementation of the remaining phases is more an art than it is a theory.

Problem definition involves defming the scope of the problem under investigation. This is a

function that should be carried out by the entire OR team. The end result of the investigation

is to identify three principal elements of the decision problem- namely,

•••• The description offhe decision alternatives

••• The detennination ofthe objective ofthe study, and

••• The specification of the limitations under which the modeled system operates.

Model construction entails translating the problem definition into mathematical relations. If

the resulting model fits into one of thc standard mathematical models, such as linear

programming, a solution is usually attainable by using available algorithms. Alternatively, if

the mathematical relationships are too comple~ to allow the determination of an analytic

solution. the OR team may opt to simplify the model and use a hcuristic approach, or the

team may consider the usc os simulation, if appropriale. In somc cases a combination of
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mathematical, simulation and heuristic models may be appropriate for solving the decision

problem.

Model solulion, by far, is the simplest efall OR phases because it entails the usc of well-

ddlned optimization algerithms. An important aspect of the model solution phase is

sensitivity analysis. It deals with obtaining additional information about the behavior of the

"optimum" wlution when the model undergoes some parameter variations, Sensitivity

analysis is particularly needed when the parameters of the model cannot be estimated

accurately. In these cases, it is important to study the behavior ofthe optimum solution in the

neighborhood ofthe initial estimates ofthe model's parameters.

Model vlllidily checks whether or not the proposed model docs what it is supposed to 00-
that is, does the model provide a reasonable prediction of the behavior of the system under

study? Initially, the OR team should be convinced that the output of the model does not

contain "surprises," In other words, does thc solution make sense? Are the results intuitively

acceptable? On the formal side, a common method for checking the validity of a model is to

compare its output with histoncal output data. The model is valid if, under similar input

conditions, it reproduces past performancc. Generally, however, there is no assurance that

tiJture performance will continue to duplicate past behavior.

Implementation of the solution of a validated model involves the translation of the model's

results into operating instructions ;ssuox! in understandable form to the individuals who will

administer the recommended system. The burden ofthis task lies primarily with the OR team.

2.7 Product Mix Decision

An organization's product-mix is the percentage of total output 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 activitics. Sinco different

products have different production rates, the capacity requirements for each mix of products

may, in some cases, draslically change. For examplc, increasing the proportion of a certain

product in a production schedule may require duplicating a certain machine 100ltu cope with
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the rate or produ~tion, which may eventually lead to adding a parallel processing line and a

new line of products to mAkeuse of the added capacity. Therefore, product-mix analysi~ aims

at answering the qllcslion. How does product-mix changes affect system capacity? System

capacity can be defined in terms of buffer sizes and m,mllfacturing resources types, set-up,

utilization, and availability.

Product-mix decisions are usually influenced by the product selection decision. When a fIrm

has a current market for two or more products, a decision is usually taken to introduce more

than one product to thc market in an effort to increase market share and profitability.

Deciding to produec 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 whicb production

processes to use ill vIew of oost, capacity, and thc theory of constraints. Product-mix

decisions are typical1y dependent on market rescarch and marketing strategies. Therefore, tile

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 (LP)

LP is II quantitative method of product-mix analysis with extensive in the applications in the

production and business Arenas. Many fIrms have found that LillCar Progranuning (LP)

methods are useful techniques for assisting in tll<:product-mix decisions. LP is an analytical

approach that is utilized to determine the optimum product-mix so that a certain criterion is,

met. Using LP an objcctivc function is maximized or minimized subject to a ccrtain set (If

constraints. In most cases, the least costly mix of products is obtaincd from the solution of the

LP problem. Other LP applications beside product-mix determination include capital

budgeting, financial planning, work scheduling, and line balancing. Therefore, product-mix

deteffilination can be considered as one application of LP for short-term scheduling. LP

problcms can be solved using graphical method or using simplex method. Most large-scale

problems nowaday are solved using software tools by the computer. However, it is always

cssential to gain at least a basic understanding of thc solution methodology along with the

knowledge of how to formulate and sct up thc prohlem, ioterpret the results, ,md draw t1><>
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right infercnccs. Johnson and Montgomery. Presented a Mathematical formulation for the

product-mix problem as a constrained LP model. Thcy also illustrated t",o approaches for

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

informntion:

• Revenue obtained from selling one unit of each product type.

• Unit variable cnst orprodoeing a unit of each product type.

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

• Maximum potential sales oreach product type in the planning period.

• Number of units of each resource that are required to produce one unit of each

product type.

• Amount oreach resource available during the planning period.

Here in this problem between the three categories of product depends on market demand

which products in the same series or machines should be produced in which quantity to

ensure maximwn income as well as maximwn profit, a linear programming analysis is done.

With several constraints (demand, supply ratio, capacity and non-negative), the objective is to

maximize total income.

2.9 Linear Programming
Linear progranuning is a mathematical modeling technique designed to optimize the lL~ageof

limited reSOl.U"Ces.Otherwise, Linear programming is one of the simplest tool which typically

deals with the problem of allocating limited resources among competing activities in the best

possible (ic., optimai) way. The method is applicable for the solution of problems in which

the objective function and the constraints appear as linear functions of the decision variables.

The constraint equations in II linear programming may be in the form of equalities or

inequalities. Thi~ is the most widely used in the areas of military, industry, agriculture,

transportation, economics. health s)'stems and even behavioral and social scicnces. These

models are attractive to system planners because the>' have standard solution procedures.

Practically ail operations research teclmiques result in computational algorithms that arc

ilenltive in nature. This means thaI the problem is solved by itcrations, whcrc cach new

iteration bringing the solution closer to the optimum. The iterative nature or the algorithms
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typically give8 ri~e to voluminous and tC(\iOllS~Oll1r"tations, \( is thus imperative that thc

computer eXfflltcs thcse algorithlll~.

Thc usefulness of the technique is enhanced by the avuilability of highly cffieient computer

codes. Indeed, Ll', because of its high computational efficiency. is the basis lor the

development of solution algorithms of othcl' (more complex) types of Operation Rcsearch

models, incillding integer, nonlinear, and stochastic programming. Although different and

morc gcneraltypes ofconstmincd decision-making model~ exist, it is nevertheless truc that in

many application~ linear programming is most usefuL It has been succcssfully applied to

Iiterul1y thOlls.andSof different types of managerial decision-making problems.

These problems ofalloeation can arise whenever one mu~t select the level of certain activities

that complete for scares resources necessary to perfonn those aetivities. The variety of

situations to which this description applies is diverse indeed ranging from the allocation of

production rncilities to products to the allocation of national resources to domestic needs,

from portfolio selection of shipping patterns, from agricultllral planning to the design of

rndiation thenlpy and so on. However, one of the eommon ingredients in each of these

situations is the nceessary for allocating resources to activities.

The Linear progr3llllIling, liS in any operation re!leareh model, includes threc basic elements

like,

• Decision variables that we seek to determine

• Objective (goal) that we aim to optimize lind

• Constraints thut \H: need to satisfy.

The proper definition of the decision variables is an essentiut first step toward the

development of the model Once the variables are defmed, the tllSk of constrneting the

objective function and constraints should not be too difficult.

If any of the functions among thc objectivc and constraint functions is nonlinear, the problem

is callcd a nonlinear problem. This is the most general programming problcm and all other

problems can be considered as special ea~es of the nonlinear problcm. A kcy assumption of

linear progr3llllIling is that all its functions ( objective function lind cOllstraint fUllctions) are
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lincar, This "S$umption csscnti"lly holds for numcrous practical pwb1cms, It i~ sometimo

possiblc to reformulate non-linearity inlo a lincar programming format.

Thc computations in linear programming, as in most opcration research models, are typically

voluminous and tedious, and, hcnce, require the usc of computer. The u~er-fricndly EXCEL-

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 developmcnt of the

model. Oncc the variables are defined, the task of constnlcting the objective function and the

constraints should not be too difficult.

2.10 _Linear programming related Definition

• Feasible solution: any solution that satisfies all the constraints oflhe model.

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

• Nonnegativity rcstriclions: an implieit ( or" underslood"to-be") restriction on the model

is tbat the variables must not be negative.

• Sla~k variable: a slack variable thus represents the amount by which the available

amOlUltof the resource exceeds its usage by the activities. For constraints of the type(:::; ), the

right-hand side normally represeots the limit on the availability of a resource, und the left-

hand side represents the usage of this resource by thc different activities (variables) of the

model.

• Surplus variable: a surplus variable represcnts the excess of the left-hand side over the

minimwn requirement. Constraints of the type ( 2: ) nonnally set minimum specification

requirements.

• Unrestricted variable: the rultllIe of the variables requires assuming nonnegative values.

There arc situations, where a variable can assume any real value. The specific seledion

between the tv.."Oconstraints dcpends 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 logical way to

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 model

parameters (objective and eonsLIaint eoefficienl) assume statk values. It appears natural that

we study the effect of making changes in the model parameters on a given optimum LP•
solution. lbis type ofinvcstigation is called sensitivity arullysis,

•
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• Dual priec~: the dual price actually repl'esents the unit worth of a resource. It give~ the

contribution to the objective function I'cslllting from il unit increase or d••",re,lse in the

availability of a resource, Other less common names for the dual price include Shadow

prices and Simplex multipliers.

2.11 Overview of Solver

Solver i~ an add-in package to Exeelthat numerically optimizes constrained models, such l1S

an LP model. In doing this, Solver u~es a tcdmique called a mathematical prob'nlmming

algorithm to efficiently find the optimal decisions lor a given spreadsheet model. An

algorithm is simply a computer code that follows an iterative recipe for finding the optimal

decisions. ror LPs Solver uses a very efficient optimization algorithm that works only on LP

models called the simplex method. Not slll'j1risingly,to benefit from this powerful capability

there is some prices to pay. Wemust set up the spreadsheet model in the appropriate form so

that solver can optimi7.eit; we must adhere to certain technical restrictions imposed on our

spreadsheet model by solver, and most importantly, we nrust understand the limitations of

optimization models to properly interpret Solvers results.

Solver can optimize both linear and nonlinear models. For now, we will focus only upon

linear models because they are far less prone to technic"l difficulties. For LP optimization

cvery 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 must

be linear. The restriction (linearity) is imposed by Solver's Simplex linear programming

method that works correctly only for spreadsheet formulas involving linear relationships.

The soiver add-in package consists essentially of two programs. The first is an Excel Visual

Basic program that translates your spreadsheet model to an internal representation used by

the second program. The second program, residing in memory outside of Excel as a separate

software module, carries out the actual optimization and returns the solution to the fir:;t

program for updating of the spreadsheet. The hH' communicate by means of Microsoft's

application programming interface, the details of which nccd not concern us. Upon choosing

the "Solver" item from Excel's Tool menu, you evoke the first Solver program that prepares
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your spreadsheet I()r optimization and calls the second optimi7er progmrn. The following

steps should be considered during using the s'olver.

• Start Excel and perfbrm spreadsheet-modeling operations normally. You can develop

your Excel models perform "What if'? And debugging analyses and prints re~ulb in the

usual way.

• Onee the model is developed and debugged (and saved to 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 optimization

process.

• After specifying certain housekeeping details, such as which cell contains the objective

function formula to be optimized and which cells contain decision variables, you click the

dialog's "Solve" bolton.

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

models this takes several seconds, or for big models, 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-dute your

original model with the optimal decision cell values. Solver creates each requested report 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 iP' projections to, for

example, perform sensitivity analyses in the neighborhood of the optimum
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• Decisions. Fig.2.1 shows the diagramutie view oflho slops in using solver.

Start Excel

I Build or retrieve optimization model I
Save your workbook

•Choose "Solver" in the Tools Menu

Specify in Solver Dialog Box
1. Call to be optimized

')
2, Changing cells

( Modify 3. Constraints

,------Mode •In opening dialog click "Assume Linear Model" &
click the "OK" button

•Click on "Solve" Button to begin optimization

J.
Review solver completion message

J. ,

EJ ( Sower found
Optimum solution

Click "Keep Solver solution & click "OK"
Bulton

J.

6( Want to change Model & )Reoptimize

Save final model & exit Excel

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

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 to clarify the terminology Solver uses to view our LP

modeLThis change in terminology is necessary because solver views the world only through

the cells of a spreadsheet and not as the symbolic representation that usc in LP models.

Otherwise, the differences are nominal. Table 3.3 summarizes the differences in

nomenclature between that u~d for our LP models and Solver.

One additional cOll5iderationis important to remember for LP models. Typically, negative

decisions have no meaning and so, often there should be a,noanegativity constraint on the

LP's decision variables. Because they arc so obvious, these nonnegativity constraints are

rarely liste<!explicity on the excel spreadsheet version of the LP model. Overlooking this

noruregativity specification on thc decision variables is by far the most common oversight

when using solver fur optimizing LP models.

If negative decisions have no meaning, remember to specify the nonnegativity constraints on

our LP model's decision variables before optimizing it with Solver.

Table 3.3: Solver Terminology

LP Modeling Terminology Solver Terminology

Objective Function Target Cell

Decision Variables Changing Cell

Constraints Constraints

Constraints FlII1Ction(LHS) Constraints Cell Reference

RHS Constraint

LP Model Assume Linear Model
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Chapter-3
Technology of Laminated Board

Furniture Processing

3.1 Laminated Board (LB) Department:

W~ are considering the process of Laminated Board Furniture 10 develop our research work

in view to the importance of laminated board furniture in !he furniture world. So, we are

trying to describe briefly the process oflhe laminated board furniture to easily understand the

research work. Laminated board department divided into ilie following se<:tion:

a Laminated Board Section( floor-l & floor-2)

a Lamination Plant

Q Structural Table Section

Q Special Section

• Special cabinet section

• Workstation

• Kitchen cabinet

Laminated Board Section:

There are two floors (F1oor-l & F1oor-2) in Laminated Board Section. Mainly batch product

produces in this section and give support 10 the others Sections. This is the knockdovm

product. Knockdo,vTl means the furniture, which is fitting end of the customer with fixing

kits.

Otobi's melamine coated laminated board furniture has brought revolutionary changes in the

modem concept of furniture. Sera!chproofboards multiple color options and elegant designs

have made the laminated board furniture the choice of the modem corporate world. Moreover

the unIque knockdown system allows customer to handle the furniture conveniently, specially

where frequent shifting is required.

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

come from this section. But it is newly established in Otobi, which have been started since
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1999. This is more attractive product in atobi and already build-up a great demrmd in

Bangladesh. No doubt, it has bright future to capture the whole market of the furnitufC world.

Because day by day increase the demand of laminated board fill"niture instead of wood

furniture

3.2 LB Furnitnre Processing Operations:

Laminated Board (LB) furniture processing operations arc classified as follows:

3.2.1 Cutting Operation:

This is the first stage of LB furniture rnanufactnring processes. 1bere are five stages of

operations.

3.2.I.J Panel Saw:

Raw laminated board cutting operations is started from the panel saw. We always follow the

operation plan and cutting plan for each product. Detail information of any products, is

explained in the operation plan such as cutting size of product components, color of board,

fiber direction for beech color board ctc. but ill the cutting plan indicates the board-cutting

plan of the product components in view to save the wastage of board:;,

Normally large components cutting operations is performed in the panel saw. Panel saw bed

length is very large about 5500mm, During culling operation, cutler moves, bul jobs (board)

fixed. There is three steps cutter speed, which is seated according to the job size. We keep the

components size 5mm larger than the rmalsize of the components. We get the rmal size from

the DET machine. There are two sizes carbide tips Saw Blades. Larger one is called sizing

saw and smaller one is scoring saw blade. Sizing saw blade rotates clockwise and scoring saw

rotates anti"cloek wise. During cutting opcrations to fix the jobs air pressure is rcquired about

7 bar. Air pressure applied on the jobs with the push bar. Clamping device clamps the job to,
move along the cutter as per cutting size that is input v.riththe PLC control. Maximum cutting

thickness of the job is 80mm.cutter return sped is double then the culling speed which is done

by the inverter.

3.2.1.2 Table Saw:

Normally small product components culling operations are performed in the Table Saw.

Because small components cutting in the panel is time consuming. Table Saw is small in si7-O

just likc a lable. There are two types of operations are possible in the table Saw that is cutting
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operation and groove culling. For both opemtions arc follo\vt:d the operation plan and cutting

plan of the prodllet. In Ihis operation culler fixed but jobs mOveS with the help of the feeder

roller. Not required any air pressure, pressure applied mechanically on the jobs. There are

two types of saw blades, sizing and scoring saw blades. Sizing saw blade rotation is clock-

wise and scoring saw blade is anti-clock wise. This is better for small components culling

operations. Few small componcnts cutting is performed in final size, whicb is not possible in

the DET, machine. Othcl"\vise components size will be 5mm larger than the final size.

3.2.1.3 Double End Tenoning Operation:

This operation is done to keep the product components perfectly reclanguhrr size that is

strictly maintaining the same diagonal length due to Knockdown products. It is difficult to

assemble any product properly without perfect rectangular size. This operation is done two

sides of the component at a time. First tenoning operation must be in lengthwise and second

tenoning operation will be widthwise. Due to some technical advantages and facilities this

operation system is followed. Otherwise it is not possible to get perfect rectangular size. Two

sets of siring and scoring saw blades are worked in the both sides at a time. Both sizing and

scoring saw blades rotate clockwise. Cutler is f!Xed but jobs move with help of the conveyer

chain drives. Jobs pressed with rubber conveyer belt on the upper faced of the components.

Another two operations are possible with DET machine, Groove cutling and rounding

operation. Maximum and minimum width of components is 2300mm and 260mm

respectively.

3.2.1.4 Band Saw:

Normally rough and irregular cutting operations are perfonned with the band saw. It is done

only 10 reduce the extra cutting load and to make easy for the next operation. Band strip blade

rotates with the help of the molor pulley and jobs feeding are done manually.

3.2.1.5 Rouling 0pcl'lItion:

It is used to make various lypes of profiles as per design of the product. Rotaling speed of the

cutter of the copy routcr machinc is very high compare to other furniture manllfacturing

machines. There arc two Iypes of routcr machines available in Otobi. One::" jobs fixed but

cutter or router bit movcs manually as per profile of the product comronents. Here, air

pressure is requlrcd to clamp thc job with the help of clamping dcvices. Two- cuttcr fixed but

jobs movcs manually as per profilc ofthc product components. But no necd any air pressure
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is required. Router bils shape and design as per I\lllctional activities. Tips of the rouler bil

made wilh the tungsten carbide.

3.2.2 Edge Banding Operation; Two types of cdgc banding machines:

3.2.2.1 Profile edge-banding machine;

Profile edge banding operation is done by Profile Edgc Banding Machine. Straight edge

banding operation also possible with this machine. PVC edge handing material is used to

band edge of the product components. Hot melt glue-120 is used as additive and heat is

applied from 1200C to 1400 C to melt the glue. The main function ofthis operation is to make

water resist the component edge. PVC materials are available in various colors, which is

decorative item. Edge banding material feeding is done with the help of pressure roner and

glue has taken from glue roller. Then product component presses manually against edge

banding materials to paste on edge of the components. After this operation, trimming

operation is done to remove the excess edge banding materials from the cdge. Air Pressure is

required for pressure roller.

3.2.2.2 Straight Edge banding machine:

Only straight 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 convcycr belt. There are several operations to finish the component such as

pressing, milling, trimming, comer rounding, scraping and buffing operations. In this

machine hot melt gluc 180 is used. Required temperature is applied l80QC to 200°C. Air

pressure is required. All operations are performed as per edging plan of the product

3.2.3 Boring Operatinn: there are two types of boring 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 bit for blind hole and through bit for through hole in various diameters

arc used to perform the boring operation. This is called the carbide bi\. Boring operation is

possible both in horizontally and vertically. Job is fixed during boring operation with the help

of pressure bar. Air pressure is required for this purposc. Normally it is preferable for large

components.
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3.2.3.2 Multi Boring (3mllll):

Small multi boring usc for same purposes but it is better for small components. Horizontal

and verticlll operatioll5 are perfonned here. Anothcr operation is possible in angle. Air

pressure is required.

3.3 Planning of LB Products Processing:

The sales forecast arc explained in details in the Sales & Marketing Department. from this

Sales }'orccasting, the Upper Management derives a production plan for the entire Year.

Depending on the Yearly production plan, Planning Department of Laminated Board section

makes a Monthly production plan and monitor the production. Currently the production

planning for regular products is done on the following basis:

• Make- to - Order

• Make -To - Slock

There arc many activities including fur laminated Board fWllitureprocessing works. Without

proper planning it is very difficuh to perform any activities properly. We classified OUI

planning works as follows:

0 Raw Materials planning

0 Modelwise product planning

0 Bill of materials

0 Costing Sheet

0 Operation Plan

0 Cutting Plan

0 Boring Plan

0 Check List

0 Kit pack list
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3.4 Process flowchart of LB Furniture

Production Process Flow Chart

Raw Materials

Cutting (Large component)

Cutting (Small component)

DET

Band Saw

Copy Router

Profile Edging

Groove Cutting

Trimming

Normal Boring

Straight Edging

Multi Boring

Assembly

Cleaning

Packing
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3.5 Laminated Board Prodncts

There are various types of Laminated Board Furniture are available io OTOBI. OTOBI

makes furniture for different categories for different classes of customers such product lines

are Home Furniture, Office Furniture, Furniture for Institution, Hospital Furniture etc. in this

regards, we stated name ofLaminatcd 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 Table

• Shoe Rack

• Book Shelves and Book Case

• Computer Table

• Ex<x:utiveTable and Sr. Executive Table

• Conference Table

3.6 Raw-materials of LB Products

There are various types of raw matcrials are used 10manufacture Laminated board furniture.

Key raw materials of laminated board furniture are Laminated chips board, MDF, Plywood,

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. Melarnine coated

chip boards are thc best quality and reliability among thesc board. Melamine coaled boards

are widely used in furniture manufacturing purposes. Melamine faced chip boards are

produced in completely most modern state-of-the art technology. Melamine faces (sheets) are

mechanically pasted on both sides of~he board. In view to these reasons, we are described the

unique features in below:

3.6.1.1 Unique featllres of melamine faced chipboard:

• Smooth, Neat and compact.

• Scratch, Chemical and Stain proof in nonnal use.

• Maintenance free board, no need to color and polish.
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• Panition

• Shop Decoration

• Hospital furniture

• Kitchen Cabinet

• All Sorts of School,

• Melamine board surface is water-resistant.

• Long lasting, no seasonal effect.

• Higher bending, screw holding capacity.

• Multiple color"options in beech, Grey, Graphite, Black, Cherry, Green & Bluc .

• Availabie Sizes: 8'X6', 8'X4' in different thickness 6mm, 9rrnn, 12rrnn, l5rrnn, 16rrnn,-

l8rrnn, and 25mm

3.6.1.2 Utility & area of use of Melamine faced chipboard:

College, University, Home and Office furniture: like Ahnirah,

bookshelves, Side Rack, Showcase, TV Trolley, Shoc Rack, Computer Table etc.

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 water and loss it's strength and has become unusable. So it is

used to save from water. It is found in different colors, sius and thickness. Normally it is

PVC materials.

3.6.3 Fbdng Accessories:

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:

[;J Heavy and rigid constructure to ensure high cutting accuracy and productivity.

Cl Standard equipped with scoring saw unit to obtain the best finishing cuI on any kind of

panel.

o Top pressure beam is designed of the pneumatic Jilting system with visible linkages and

combined with suction unit.

IJ Lifiing and lowering of saw carriage is pneumatiC<lIly controlled, the moving stroke if

saw carriage by limit switch.

o Automatic machine is equipped ,,,,ilh electronically controlled system with front loading

device for stacks of panel and positioning pusher with grippers.

o The saw carriage rail is surface supported instead of weld-supported traditioillllly the

stable support 10ensure the longitudinal high cutting accuracy.

[:J The top pressure beam is drived by two pneumatic cylinders and it moves with the link

bar connected to two racks and pinions. The movtrrIlent will be simultaneously and the

pressure will be even.

[;J Main saw blade and scoring saw blade is drived by One lOhp motor and Olle 3hp motor

separately. This design makes the perfect cutting efficiently.

[;J In ordcr to move the panel easy, the machine is cqnippcd with phcnolic surfuce on the

working table.

[;J According 10 the pancllength, the saw C<UTi.ageruns the cutting slroke automatically. A!;

long as cutting finish, the saw carriage return back soon. This design is to shorten time cost

and raise the productivity.

IJ The dust extraction system is formed by the dust extraction groove being covered by two

rubber strips to ensure perfect dust proof.

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

safety wise.

CI The feeding system is controlled by servomotor to assure the high procession positioning_

CI The error code and message will "f'p"ar on the control cabinet display, the alarm light

will be put oiT after eliminating the machine error.

[;J The maehine equipped with jump scoring saw system for cutting postfonning panels.
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3.7.1.2 Technical Data:

SW Description Unit Size & SpecifiClluons

1. Max. Cutting Length ~ 3200

2. Max. Cutting Thickness ~ 80

3. Main Motor Saw HP 10

4. Main Saw Blade Diameter mm 355

5. Main Saw Arbor Diameter mm 40,

6. Main Saw Rotation RPM 4800

7. Scoring Saw Motor HP

8, Scoring Saw Blade Diameter ~ 180

9. Scoring Saw Blade Arbor Diameter ~ 30

10. Scoring Saw Rotation RPM 7200

11. Feeding Motor HP 2
12, Feeding Speed (Forward) m/min. 17

13. Feeding Speed (BllCkward) mlmill. 34

14, Auto Feed Motor HP

15. Auto Feed Speed mlmill. ,
16. Working Air Pressure B~ '-6
17. Table Height from Floor ~ 850

18. Net Weight Kg 2400

19. Gross Weight Kg 2900
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20. Machine Size

3.7.2 Table Saw:

559Ox689Ox1850

3.7.2.1 FEATURES
CJ It is very small in size like a working Table.

CJ Feeder rolla is designed to fc:cding the jobs in the machine.

o The feeder roller is drived by one feeder motor

CJ Main saw blade and scoring saw blade is drived by one 3hp molor and one 1.5hp IOOtor

separately. This design makes the perfect cutting efficiently.

CJ The du.st eJdTllction system is formed by the du.st extraction groove being covered by two

rubber strips to ensure perfuct dust prooE

Fig.3.2: Tllb1e S.W

3.7.2.2 Teehnieal Data:

SI# Dacription Ullit Size & SpecifiCllioDI

1. Max. Cutting Length ~ infinity

2. Max. Cutting Thickness ~ 50

3. Main Motor Saw HP 3

4. Main Saw Blade Diameter ~ 300

5. Main Saw Arbor Diameter ~ 30

6. Main Saw Rotation RPM '"00
7. Scoring Saw Motor HP 1.5
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8. Scoring Saw Blade Diameter nn 180
9. Scoring Saw Blade Arbor Diameter nn 30
10. Scoring Saw Rotation RPM 7200
11. Feeding Motor HP 2

12. Feeding Speed (Forward) mimin. 9& 13

13. Table Heighl from Floor nn 750

14. Machine Size nn 1300x1120xl640

3.7.3 Double End Teuoner

3.7.3.1FEATURFS:

TIle DEI series Double End TenQuef is designed for those rectories that manufacturing panel

and I or solid wood furniture. The DEI series feature of sequence range for mass production

and possibility fur sizing, cutting, hogging, trimmiug, squaring, tenoning, moulding,

rounding, sanding, chamfering and grooving. The working stock of the DEI series is no limit

for longitudinalwise. 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

productivity. The bed carrying with high precision linear guide way to get perfect parallel at

x-axis. Feed chain track system is enriched with precision track linkage, which mounted

withdust-proof and free lubricated needle bearing to cnsurc perfect parallel at y-axis. The

high precision linear guide way + feed chain track to form the double crisscross movement to

guarantee squaring. High accuratc needle bearing mounted in precision ehain track linkage

for dust-proofand free lubrication lor 5 years.

•
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Figure 3.3: Double End Tenoner

3.7.3.2 TECHNICAL DATA:

8m Description Unit Specification~

1 Max. Working Width ~ 2300

2 Min. Working Width ~ 260 (on both side)

3 Min. Working Width mm l20( on one side)

4 Max. Working Thiekness mm 60

5 Scoring Saw Unit HP,RPM 2 HPx2 at 3450 RPM

6 Main Saw Unit HP,RPM 5 HP x 2 at 3450 RPM

7 MouldingUnit HP,RPM 5 HP x 2 at 6000 RPM

8 Feed Motor HP,RPM 2 HP at 6-24 m1min(Variable)

3.7.4 Band Saw:

3.7.4.1 FEATURES

The model of the Band Saw is Centauw. Band strips are rotate with the help of whee I. which

is equipped with motor pulley. In this machine, smooth cutting edge is not possible.
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3.7.4.2 TECHNICAL DATA:

8m Description Unit Specifications

I Table Area ~ 1200)\1200

2 Pane! Length ~ 60 to infinity

3 Panel Width mm Any size

4 Panel Thickness ~ 10 to 100

5 Band Saw Width ~ 10 to 40

6 Band Saw Length mill 4870 to 4970

7 Band Saw Thickness ~ 06

8 Rotating Speed of Wheel R.P.M. 765

9 Power Required K.W. 5.5

10 Net WI. Kg' 300

3.7.5 Copy Router:

3.7.5.1 FEATIJRES

This is the ~ery high speed machine among the others wood working machines. It is specially

designed to bear the working load. Model i~Bermaq. This is used to make profile according

10 design reatures of the produet component~. Router bit is guided by the strip, which

cOllllected with motor.

3.7.5.2 TECHNICAL DATA:

8m Description Unit Specifications

I Table Area ~ 250Ox1200

2 Panel Length mm 1500

3 Panel Width mm 1120

4 Panel Thickness mill 10 to 50

5 Air Pressure B~ 6

6 Rotating Speed R.P.M. 18000 to 22000

7 Power Required K.W. 3.75

8 Colbte Diameter ~ 10

9 Rouler Bit diameter "= 31060
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3.1.6 ProfIle Edge Banding Machine:

3.7.6.1 FEATVRF.S

Mode] of profile edge banding 1Il!IclJjneis Mamuka. It is di:signcd for gluing cdges ofPYC,

melamine or veneer on straight, round. 0.- shaped panels with bot melt glue 120°. However, it

is emiched for edging ABS or solid lipping up to 3mm thickness which to be cut to size by a

reinforced pneumatic knife.

-

Figure 3.4: Profile Edge Banding Machine

3.7.6.2 TECHNICAL DATA:

8m Dtscripthm Uuit Specifications

1 Table Area = 1I00x800

2 Panel Length = Min. 160 to infmity

3 Panel .width = Min. 65 to infinity

4 Panel Thickness = 10 to 50

5 Edging Thickness = 0.4 to 3

6 Glue Pot Capacity "'" J

7 Heating Element K.W.(H.P.) 1.8 (2.4)

8 Feed Speed M.P.M. 10/15120

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

10 WeightN.W. (G.W.) K" 350(450)

II Machine Size . = 152Ox800x1000

12 Packing Size = 1720x910x1l90
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3.7.7 Table Trimmer:

3.7.7.1 FEATURES:

The table trimmer is used to remove excess edge bonding materials from finished

components, whiclJ edge banding is completed in the proflle edge~banding machine. This is

very small aDd simple .inal.:him:.Two trimming cutta is equipped in the machine.

3.7.7.2 Technical Dam:

SW Description Unit Sp~ifieatioDli

1 Table Area mm llOOx.800

2 Panell.ength ~ Min. 160 to infinity

3 Panel Widlh ~ Min. 65 10 infmily

4 Panel Thickness ~ 101050

5 Edging Thickness mm 0.4 to 3

8 Cutter Speed RP.M. 11200

9 Power Required K.W.(H.P.) 0.75(1)

3.7.8 StraightEdge Bander:

17.8.1 FEAllJRES

Model oftbe Straight edging machine is Oplmat KD~67 .This linear series are designed for

edging straight panel with hoI melt glue: 180° by through ff:ed sy&lem, which consists of top

pressure .rollers, and bottom feed chain. The edging mater.ial can be of PVC, melamine or '

veneer in strip or coil. Solid lippings with a maximum thickness of20mm. are also applicable.

40

,



Figure 3,6: Straight Edge Banding Machi,ne

3.7.8.2 TECHN!CAL DATA:

S~ De!ll:nptIDn Unit Specifications.

I Table Area mm 515fu1525x2135

2 Panel Length mm Min.I401oinfmity

3 Panel Width mm Min..55 to infinity

4 Panel Thickness mm 10 to 60

5 Edging Thickness mm 0.4 to 3

6 Glne Pot Capacity "'" 4

7 -- K.W.(H.P.) 1.&(2.4)

8 Feed Speed M.P.M. 101I5flO, Power Required K.W.(H.P.) 1.5 (2)

10 WeightN.W. (G.W.) K" 1300 (1510)

3.7.9 Multi Borer (Big) :

.3.7.9.J FEATURES

J:!,,!iQrmJ !k5igrwd slf\KiIlW, <'\dVi'lm";;-<!t~hoology llo:\(lP!~,1<:>~ ('l~'_!<!(oMand adjustr-A

convenienlly and working steadily and reliably. And correct making predsion and high

cfficieIlCy.
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Lhis madline tool is able to finish drilling horizontally and vertically at a times. There are

~ g;;n~~ <iriiHng ,'crt1cally lower face of the wp.k piece and two gangs drilling on uppe<'

face of the work piece. Hori:rontal drilling is done .from both sides of the work piece. This

mIlChine tool is opcrated. auk.matically by P1/2 during the 00l.lnIe (If v,l.h-k, k>;;d'''g d'lmps

and supplying blades are cmrtroIJed fuJly pncwnaticalJy. Need air pressure about 7 bar.

Which is fairly suitabk fur dense process <lfthe wood ~ with muJti..mngeJ; and holes on

a large scale and batch, CllpeCiailythose required with top technology .

Figure 3.7 :Multi Boring machine (Big)

3.7.9.2 Technical Data

1. Maximum diameter of drifled hoies; 35mm

2. Maximum depth of drilled boles: 60mm

3_ Mnx.. Center Distance bctWCC1lfirst and last spindk; 3500x 1500mm

4. Min. Centcr Distance between first and last spindle; 180x 32mm

5. Total Gangs: Type A: Fh.-e,Type B: Two., Type C; Two

6. Tolll1collet: Type A: 24x5bits, Type B: 50x2 bits, Type A: 30x2bits

7. Fitting Diameter of d.-illjoints : lOmm

8. Pressure of compressed air: 7 bar.

9. Fitting motorpowa: Type A.:P=L5KWx 5, TypeB:P=1.5 KW x2 Type C:P=l.5 KWx 2

10_Conveyer Belt Motor: 1.5 Kw X I

42

/



3.7.10Multi Borer (Small):

3.1.Ul1- FF.ATURF.s

Raliol.lll1.designed .sIruclun; adv:mced leclmology adopted. to .be operalefl and .adjusled

co:m."niently .Illld ,,:orking steadily and relinbly. And wm:d; m:tl;.ing prrci~i<,n and high

efficieucy.

This machine tool is able to finish d:ilJing tfT.s of holes in three rnngcs through only on.--c

adjustmenl and the single head also can be revolved from 0- 90 degree. Finishing drilling

hole,; in any direction as required.

This machine tool is opera/cd scmi-aUlomaticalJy during the course of work, loading clamps

and supplying blnde:::;:;re controlled. fully pnc ..-~tk:ill}._Which is fairly suitable for dense

process of the wood pieces with multi-ranges and holes on a large scale and balch, especially

those required wah top technology.

Figure 3.8: Multi Boring Machine (Small)

3.7.10.2 Techni4.'al Specifications:

1. Mmrimum diameter of drilled boles: 35mm

2. Maximum depth of drilled holes: 60mm

3. \~llx. t::::n!crDist~r= between first and lasl spindle: 1600x 640mm

4. Min. Cenler Dist.ance between firS! and 1nstspindle: l80x 32nun

5. Total H~ds; Type A: ~ Tn:~ B: Fi¥£
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6. Total spindles: Type A: 2lx3bits, Type B: Ilx4+22xl bits

7. Fitting Diameter of drill joints : lOmm

.8. Pressure of L"{lmjJI'es,,.edair: O.5-0.6MpascaL

9. Fitting motor power: Type A: P=1.5KW x 3, Type B: P=1.5 KW x 5

3.7.10.3 Safety operation Rules:
I. Those '\-"hoare appointed 10of,,le the machine should be adults trained in this line.

2. Before starting the machine operators are read the instruction carefully and remember the

main points ofoperilion.
3. Operators should '\-",earworking uniforms., shoes and caps trimly. And long hair wrapped

in the cap. In case of influencing operation and emergence of accident because they are

shaved or taken by the motive components of the machine.

4. This machine is only fit for processing wood. Never do any other things, such as metal

cto.
5. Avoid processing over-long, over-large and over-small pieces, and those with big

curvature ones as well.

6. Keep working spots bright, make sure that there are no obstacles and Oother useless

things on the machine.

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

8. While the machine is working, operators must concentrate their minds, stick to their

pOsilions and operate carefully and exactly.

9. Non-operators are forbidden to slay about the V;urk plaC<'s.

3.7.11 CNC Machine:

3.7.11.1 FEATURES:

CNC means Computer Numerically Controlled machine. Actual name oithis CNC machine

in Wood processing industries is CNC point to point wood processing machine. There are

five oper.rtions are possible in this machine such as Cutting Operation, DET Operation,

Grooving Operation, Routing Operation and Boring Operation. There has a software

'WoodW<)p' which is used to design and input all activities of these operations through

Computer. So, it is most useful to design any complicated and sophisticated drawing easily

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

3.7.11.2 TECHNICAL DATA:

S~Typ< Dncriplion Vnlts Sp«lneatlon5

I 'po« l<""h ~ 5250
Requuement w••~ ~ 3310

Height ~ 1970

2 Supporting l<""h ~ 2750.
TlIble W••~ mm 1050 .

PMeI Thickress mm 50

3 Positioning X-Axis mm 3105

RMg, Y-Axis mm 1370
. Z-Axis mm I"

4 'p«d X-Axis mimi!\. 60

Y.Axb m/min. 50

Z-Axb mfmm. 20

5 Pneumatic Stl11ldnro Co""""'" Ah Quality elllSs
Qu;1lity lIccording to 150"8573-1 3

Connection loch R 1/2

Pressure in the fceding pipe line 8m Min. 1

Air Consumption NUC)"c1eJSide CAIONL
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6 Dust Collection Suction Connection - DialOO

Total Dust Extrdction Capacity

Air Velocity M/= Min. 28

Loss of Pressure Pascal Min 2000

7 Electrical Operating Voltage Volt 400
Frequency lli 50/60

Nominal current approx. Amp. 21

Recommended Fuse Amp. 25
Total Connected load Approx. KW II.S

8 Loading 1.<",", mm 5400

Measure Width mm 2300
Height - 2250

9 Foundation Weight of the machine Approx. Kg, 3150

Surface pressure in the point of NI_ 1.20

support

Min. Concrete Thickness - 200
The foundation has to be Ground

level

3.7.12 Post Forming Machine:

3.7.12.1 FEATIJRF$

Forming of the surface material and pressing onto the workpiece is cillTird by means of a flat

electrically heated and pressurized moveable tw. lbis forming bar brings the surface

llliIterial up to the llecessary forming temperature by means of contact heat. The bar

automatically follows the shape oflhe 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 fmish foils. All formable laminates

possibilities for universal applicalion cconomical production of individual or serics

workpieces. A wide varicty of profiles and radii without the need for jigs quick reselling

times setting in minutes wlthoul special tools. It i~reliable gluing with PVC or Urea glues.

The pressme bar adapts to every positive profile, b'llaranteeing reliable gluing cven in the

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

S~ Description Unit Specifications

1 Table Area mm 4800x1000x2270

2 Panel Length mm 2400

3 Panel Width mm 100

4 Panel Thickness ~ 16t0200

5 Forming Panel Radious ~ 10to more

6 Heating Time S~. 30 to 120

7 Heating Element Amp 15

8 Pressure Required B~ 6

3.8 Cutter used in Machine:

There are different types and brands cutters & tools arc used in furniture processing industries

especially in wood and .laminated chips board furniture processing industries. Mainly

Tungsten Carbide Toots are used. Worldwide available branded are Lcuco, freud, ABC,

Virutcx etc. Precision's Cutters and Tools are most important to obtain higher productivity

and quality products.

3.8.1 Tips for a correct usc of a Saw blade:

To obtain the best performance from a saw blade to follow these simple instructions'

,. The machine must be in good conditions, frcc ofvibratiollS.

" The flanges used to secure the blade must be of the same diameter, at least 1/3 of the

blade's diameter.

);> The flanges must be parallel to each other. Also, cheek tolerances on diameters, sides and

concentricity. by using a clock gauge.

)- The spacers must be perfectly parallel.

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

);> After continuous use, remove the blade and clean it, making sure to get rid of resin build

up with the appropriate solvents. For the T\"flon coated blades it's sufficient to worm water.

In any ease, avoid using solvents containing caustic soda.

);> The blades must be sharpened as soon as they become dull. maintaining the original tooth

angles.

}> For sharpening, always use the correct grinding wheels and plenty of cooling liquid.
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}> Maximum rebormg of the blade is 20rnrn of (he original bore size. Abovc this value, the

blade wi11100se its original tuning and ovcrall performance will be affected.

}> Ahvays keep spaeers and i1anges clean.

}> When sharpening, the shoulder of the teeth must not be lowered more than needed. This

operation rnu.stbe done with appropriate precision machinery and never by hand. There is thc

risk of breaking the tip or upsetting the blade balance.

}> On ripping machines, the feeding track must be lcveled with fIxed table.

}> Before starting the cut oflhe maleria~ make sure tho bladc is correctly looked according

to the machinc's specifications.

Router Bits are designed and manufactured to the highest quality and with the finest

materials. The tips are madc of special micro-grain carbide for long life and a better finish.

Anti-kickback design is an added feature to make these bits exceptionally safe to use.

Cutterheads, Brazed cutten, Knives, Spnrs Blank Tips are new quiek and effective

locking system which prevents the risk of accidental breakage or expulsion of the knivcs:

Resharpenable knives 3-mm thickness knives can be resharpened up to 6-8 times. Hook and

shear angles are expressly studied to achieve the best fInish.

3.8.2 Cutting Speed:

Cutting Speed means surfuce speed of the cutter. Cutter, Tools or Blades are designed with

different cutting speed depending on the different types of hardness of the materials. So it is

very important to follow the following chart during cutting operation to increase the tool life

and proper operation of the machines.

3.8.3 Feed rate per tooth:

Feed Rate per tooth means aJn01mt of materials to be cut by per tooth. It is designed depends

on the hardness of the materia1s. Nonnally it will be high for soft materials and low for hard

materials.

3.8.4 Chip Thickness:

Chip thickness means size of the chips to be removes from the materials during cutting

operation. Chip thickness fl.lUydepends on cutting speed and Feed rate of the materials.
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Table 3.1 :Cutting Speed in Various Materials:

Materials to be Cut V, (ntis) s,(mmltoothl hmfmm)

Softwoods 60-100 0.10-0.20 0.20-0.40

Hardwoods 60-100 0.03-0.08 0.40-0.60

Exotic woods 50-85 0.03-0.08 0.60-0.80

Veneers 70-100 0.03-0.10 0.10-0.40

High-<iensity plywood 40-65 0.03-0.08 0.30-0.60

Compressed woods 40-65 0.03-0.08 0.40-0.60

Panc1s veneered on two sides 60-90 0.03-0.10 0.10-0.40

• Plywood 50-80 0.05-0.25 0.30-0,60

Raw particle board 50-80 0.05-0.25 0.35-0.80

Hardboard 50-80 0.03-0'.08 0.20-0.60

Softboard 60-100 0.10-0.20 0.20-0.40

Plastic laminated panels 60-80 0.03-0.06 0.35-0.80

Particle board 60-80 0.05-0.25 0.35-0.80

MDF 60-80 0,10-0.20 0.20-0.40

Laminated particle board 60-80 0.05-0.25 0.35-0.80

3.8.5 FonnuJa for Cutting Speed Calculation:

dxpiexn

Cutting Speed, V, = ------------------ (m1s)

1000 x 60

Where,

d = outer diameter of the cutter

n = revolution per minute of the cutter

Feed rate per tooth = s, (mm1tooth)

Chip Thickncss = h ••(mm)
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3.8.6 Tool Operation:
Up CuttiDg Work: Usualwelhod of operation. Cutting motion ofthe tool and the relative feed

motion of the worK run counter to one another: Cutting does not start as soon as the wood

makes contaet with the edge. But only a shoTt distance thereafter. The edge will scrape and

push wit1Jin this area.and eutting proper begins subsequenUy, producing a stretched-out chip

with a thickncss increasing towards the outlet. The up cut method only is permittcd for hand

feeding.

Down Cu!,ing mcthod: The cutting motion of the tool and the relutivc feed motion of the

_work are unidirectional. Cutting starts when the edge hits the work, producing a compact chip

110- with a thickness decreasing towards the outlet. Suitable for mechanical feeding only.

3.9 Instrument & Software used in Furniture Industry

No need any high precision instrumenl5 for the Laminated Board furniture manufacturing

industries. The following equipment is used for 1Urniture industries.

• Vernier calipers

• Measuring lapc

Software's arc:

• OTOBl MIS usCd in Central Distribution Center

• LB J\.1JSused in Laminated Board Section

• :Matrix under installation and testing for ERP.

3.10 Quality Control Activities in LB Furniture Industry

During production process, the products go through various stages of production. A quality

inspection after every stages of production and thus only the quality passcd items goes into

the next stage of production and the rejected it;erru; are kept separately. The quality

parameters for the inspection procedure vary from product to product and depend mostly on

the nature of the product. Eaeh quality paramcter has standard valuc, which varies from item

to itcm.

In Otob~ therc has no any separatc quali1Y control or quality assurance department to

maintain the product quality. Quality related all activities are performed by the production

department persolUlc1. As a result It is very difficult to maintain the quality of the product.

There has no any quality record for the future:
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Chapter-4
Demands of Furniture

4.1 Demand of Furniture

Furniture 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 the customers. No one can continue his life without any touch of furniture such as

home, office, hospita~ institution etc. So, demands of furniture never are decline and

moreover, it will increase day by day with the development oithe economic condition of any

country. There arc lots of opportunitie:; to earning of foreign exchange from the furniture

industries in Bangladesh to meet up our local demands. The economic potential of these

resources in terms of value addition, export earning and employment sliUremains ullutilized

for lack of appropriate processing and product diversification.

Furniture Industry can participate in Major economic activities in Bangladesh. Be<:ause

furniture is one of the basic needs of hwnan being. There is a big scope to cam foreign

currency to export furniture allover the world like Garments, Textiles, Leather, Tea, Jute etc.

We can enter into the global market to fulfil our national demands offumiture. There is a big

market in U.S.A., Canada, Australia, Europe and Middle East. We need to promote

worldwide.

Competitive pressures in Bangladesh furniture indl.lstryarc pressing manufacturers to look

outside the Bangladesh for new markets. Several trends within the industry point toward an

increasingly competitive environment. Sales have been incre<lSingday by day, COJl501idation

among a smaller number of large firms arc dominating shipmerrtsand product brands within

the industry, low profitability is low as evidenced by low after tax returns on sales, and

advances in production technologies are increasingly important but costly for smaller firms.

•
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4.2 Export

The demand of furniture of OIOBI in Bangladesh is great. This is the first established of

branded furniture manufacturer in Bangladesh. Now OTOBI has started to export furniture to

foreign country, especially in India. OTOHI has begun to campaign from Northwest portion

of India i.e. Tripura, Gohati. Recently, OTOBI has been participated in the Trade fair of

Kalkata, January 2005. The objective of OTOBI is to save our forest. The laminated board

furniture has replaced wooden furni(lU"eof I.lfhansociety. OTOBI manufactures various types

of household furniture which includes bed, dressing table, computer table, reading table,

showcase, cupboard, bed side cabinet, dining table, chair etc. not OTOm manufactl.lfcs

household furniture but also it makes officc

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

8m Month YeM Export Amount in SUS Remarks

I March 2004 India 22540

2 April 2004 India 31250

3 M" 2004 Jndia 12540

4 lnno 2004 India 16580

5 July 2004 Jndia 26590

6 August 2004 India 25120

7 September 2004 India 17225

8 October 2004 India 34260

9 November 2004 India 35620

10 December 2004 India 45050

II January 2005 India 25890

12 F,bnrnry 2005 India 39250

Data source: This report has collected from the, export report of the marketing department.

This IS report of OTOBI limited, which indicates the monthly export amount in $US dalMs

only in India. It is easy to understand there is big furniture market in India.
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Export Report of Otobl, year 2004-2005
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Figure 4.1: 0w1 ofElqlort Report ofOtobi for the Yem 2004-2005 in India.

We could !lOt collect the actual export figure for Bang.Illdesh.to colTlJlllTethe present export

conditions. But if "'e look at the e;>;portreport of Otobi, it is clem that lJIcn, ~ lots of,
opport_unitie~ 10 export. We need proper guideline from the governrnmt 10 prormtt' the

"""n_

Export l11lIrkClScan provide lin outlet for future growth for furniture m:mufactrnen. One of

the highest concentnltions offumilure companies in lhe nation is locoted in DIm1:o City. The

furniture industry in this region WII number oflldVBJltllg~it is sInItegicaIly located center

ofrrmjor wood and supplien., it has IIgood reput.lltlon Cor trIIditional styles oCCumiture, and it

is home to a domestic trade mow or fair thai IIttrllels intemlltlonal attention. There is some

evidence thai the region's furniture m:\IIufllCtllltS ate stllrting to lake mh'llJltagt' of export

Opportunilies-butlll n lower mIt' than the industty m!ionnlly.

The industry has not fully realized its potential to export. Exeeuti\'t':l in lhe furniture industry

an: optimistic that exporting iiJcreDse.Yet rlfl1lSare reluctllnt to aggressively seck out Coreign

lI1lIrkets. The main furniture l11lIOufac1urer'sassociation in the Bangladesh lIDs ",irtuaD)' no

export promotion progmms. Few companies in Bangladesh have Cull.time export 1TlMlIgt'rS

"
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who travel abroad, seck foreign distributors, or attend overseas trade shows. Export sales of

the industry's top few fIrms are, on average, three to fIve percent of total sales. Many f!fm~

export in a reactive manner by "order-taking" from the growing number of foreign buyers

who attend the Bangladesh furniture shows.

Given the scale and capacity of the industry, its strategic location near quality, wood-based

raw materials, and its utj\jzation of advanced production methods, it is surprising that exports

have not been greater. There are two critical problems impeding the growth of exports and

accompanying growth in employment: (I) lack of skilled workers to run advanced

woodworking equipment, and (2) lack of active, internal export systems within the firms. To

hclp furniture industry grow, demonstration projects should be initiated within this cluster to

assist firms with cooperating on worker training and export development.

Qualitative change in export earnings of furniture industries is found in the last few years.

Exports of wood furniture as well as metal and cane furniture including laminated board

furniture signifIcantly increased. Although it is limited within the few furniture industries like

Otobi Limited, Akhter furnishers, HatH Furnishers Profiey Furniture industries etc. Because

they always maintain quality of product and give better performance. Table-4.l shows'the

export perfonnancc ofthe furniture ofOtobi Limited in India.

We should adopt new technologies and techniques to the furniture industry so that we can use

mass production methods for our customized products. CNC machinery and other advanced

machinery's are inslaU for large and mid-sized firms. The single most important obstacle to

growth-noted by every respondent-was skilled labor shortages. They cannot use new

tcclmologies effectively without skilled employees to operate them. Some f!fms noted a

shortage of workers altogether, regwdlcss of skills. Others were concerned about high labor

turnover rates. Workers '>'Iillmove to other local manufactures in the same or related industry

within the cluster area for higher pay.

• promotional furniture has an element ofbcing "cheap" while overseas customers are

looking fur attractive style furniture that is quality oriented and higher priced and

• Upholstered furniture is difficult to export because its bulk makes transportation costs

high. But it is easy to t:I'arniportlaminated board furniture due to knock down products.
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We should offer value to our customers by selling quality furniture at low prices. The ,survey

also revealed an interesting industry practice with respect to quality versus price. The same

'products sold through promotional channels can also be sold to higher-end markets. But firms

making promotional items arc unable to enter these markets alone beeause 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 growth, upwardly mobile consumers

with rising income are able to purchase reasonably priced furniture.

Majority investors agreed that exports are "important" or "very important" to the industry's

future. Most firms had not -received export assistance, did not seek out information about

exporting or export service providers, and were generally unfamiliar with the availability of

export services.

• thc top two competitive advantages of the industry are product design and price;

• the main barriers to exporting are (I) lack of market information, (2) product

specifications, transportation costs, and (3) export procedures; and

• to increase exports, owners must be committed, have dedicated' export staff and

budgets, travel to foreign trade shows, and improve product quality and price.

There are three obstacles 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 cite a strong need for skilled

workers trained to run the machinery. This is essential to stay competitive on the

domestic market and the export market.

• More skilled and more committed workers arc ncoded. More youth have to be

encouraged to plITSue tedmical employment opportunities in the industry and more

oompanies have to frod ways to reward and involve workers in ways that build

loyalty.

• Firms need to tnmsition from the passive (order-taking) export sales approach,

which is commonplace to a more aggressive slance. Companies must hire export

specific staffand provide them with a budget to seek out foreign markets, attend trade

shows abroad, and identifY and establish 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 export development and worker training would be wcll received by the industry. The

survey highlighted several facts that support this statement.

• The firms were not proactive exporters now, bnt see it as 1Ifuture opportunity. The

firms that had full-timc export managers werc doing better than those that did not

haveoIlC.

• The finns were not cooperative now evidenced by the low level of trust, but they

would be willing to do so in the areas of technical support and export development

among non-competing firms.

• The industry has several "export" advantages including close access to wood based

r<l.wmaterials and other components, a growing reputation overseas for quality

craftsmanship in furniture, an abundance of product design and prod~ction

capabilities, and a large number of fions that are flexible enough to introducc new

product lines twice per year at the domestic trade shows.

• Lack of skilled workers and the need for training on advanced manufacturing

equipment and accompanying production systems was a barrier to 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 promotion service

at the industry level.
• Conduct new market research which profiles overseas furniturc markets distributor

profiles, product specifications, and retailing trends.

• Target and promote the use of existing export finaucing programs specifically to .

fUrniturecompanies that have export potentiaL
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Chapter-~
Data collection &Model formulation

5.1 Mathematical Model:
The mathematical model 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 mode~ 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 sectioDS.

5.2 Assumptions
We have considered few assumptions in order to simplifY the formulation of mathematical

models.

5.2.1 Classification of the Product

We have considered the laminated Board furniture as fast moving products, medium-moving

products and slow moving products depending on sales report of the marketing department.

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 presents stock and production of the slow moving products may half of

the present stock. According io sales trend of those classified products, we have considered

the profit as follows:

• For fust moving products profit is 25%

• For medium moving products proll! is 20%

• For slow moving products profit is 15%

This assumptions has taken depends on the production cost of thc 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 time decreases and also production cost also decreases.
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To make a comparison bct\.veenpresent production planning system and proposed production

pJanning (model production) system, we have con:;idcred the production data from June,

2004 to December, 2004 of Laminated board =otion-2 ofOtobi Limited.

5.2.2 Expected processing time

Previously Expected-processing time in all machincs for all products of laminated Board

furniture section has been calculated by industrial engineer to proper planning of the

production. We have collected those data of the cxpected processing from the planning

department to implement in the proposed production (model production) planning of the

research work. For lffi "xample and clear explanation, we have discussed in Ii short about the
technique of the calculation of the expected processing time in the following section.

5.3 Motion & Time Study of Laminated Board Section
Time is very Important to an Industry. It is very often said, "Time is Money". Hence proper

utilization of time is the key to have success in a factory. To make best use of time and to

increase efficiency of workers we have to know how much time they take in operations and

how should be needed. The second one can be known from MTM standard but we have to

fmd out the first one. Here we are assigned to find out the first one and to compare with the

=oond.

5.3.l Key CQntent

• MTM

• Some assumptions

• Cutting time & comparing variable time with standard time.

• Remarks

• Detail Calcnlatlon

5.3.2 MTM
MTM refers to motion time measurements. In industries it is known as THERBLlGs.

Machine processing time is constant for an oPeration and varies depending on machine

quality. Hence for a given machine there is a little scope to improve. Here we can shorten

total processing time increasingworkers' efficiency i.e. decreasing time for each movement.

58

••



According to B.M.T. (Basic Motion Study) the basic motion identified are of major two kinds

with subdivision:

• Arm, hand, and finger motion

• Reach

• ,\Jove

• Turn

• Body motions

1. Fool motion 7. Leg motion

2. Sidestep 8. Bm"
3. Sloop 9. Kneel

4. Arise lO,SiI

5. Siand 1l.Turn body

6. Walk 12.Eye motion

5.3.3 Some assumptions
The various types of motions are pcrfonned within so short time that we can't measure them
'with out motion picture camera. Henee we make some assumptions like:

• Grab: Reach to the job and touch it.

• Lift: Lift the job and carrying it to the working place.

• Unloading: After operation keeping the job into work in proccs:; inventory.

Uft

Place for the Jobs,
w~ffingfor
open.tlon

Grab

Operation -Unlo<ldlng
Place for the JClbI,

waiting lifter
QPlIl1ltlon

Figure 5.1: Technique of Loading and Unloading oeihc 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 largc product
variation and time consuming to mea'Sure each product. We Imve grouped number of products
of close length and number of pieces to be cut. We have taken data of some standard
operation and calculated standard time of various products. Now by this procedure the
standard time is calculated b) us and it is compared with practical observations.

Wc 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 calculate the time for,

• Initial material handling
• Intermediate materia! handling
• Final material handling
• Culling

Formula for time measurement:

.:. Standard timc = material handling time + material cutting time

.:. Material handling time = (initi'll + intermediate + final) materia! handling time
-:. Material cutting time = push & pull + push bar down + cutting tinle + push bar up)

Time calculation for mirror back ofDDZ14G, Size: 1802x562mm, cutting from laminated
board, size: 2440x1830xI8mm. (Two piece~ board per cut). Step by step observations and
calculations shown in the following;

Tab1c.5.2; Calculation of material handlin"- time
No. of Material handlin time in see. Total

observations initial intermediate final Time in see.
1 40 20 18
2 35 22 19

3 35 23 29
4 JO 18 22

5 35 17 24
A~. time in sec, 35 20 24 75

Cutting time: to cut a required length there arc some operations. The) are
• Push & Pull
• Push bar Up
• Push bar Down

Tllble-5 3. Calculation of Push bar movement time. .
No. of Push bar movement time in sec. Total

observations Push & Pull Push bar DOVvll Push barD Time in sec.
1 10 6 6
2 8 6 6

3 6 6 6

I 4 7 6 6
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I Avg. ti~e in sec. f
9
8

6
6

6
6 20

Table-S.4: cuffill time
observati(m~ Cutting length in mID Required time in sec. Cutling time

In".::.':;seCi"''''l
1 1830 10
2 1830 9.58

3 1830 10.02

4 1830 10
5 1830 9.98

Avg. cutting 10 .00546

time

Material handling of laminated particleboard is a heavy work. So, we have considered the
fatigue is 20%.

Standard time for material handling = 7Sxl.2 = 90 sec.

Cutting time = (20-.;-1830xO.00545) x 2 + (20+1802,,0.00545) x 4 = 180sec.

Standard time = 180+ 90 = 270sec.tbr three piece~ mirror back

Standard time for single piece = 90 sec.

Table-5.S: Standllrd processing time in seconds for one piece DDZ14 ID different
machine:

Components Qly. Machinewisc time in sec.
PS TS DET BS CR PE IT SE ME NB CNC

Mirror Back , " " 90 n ""
Side M!R , n " " "To =oJ1 , " n "' " " " "
To ( 9

, " n " 112 '" " "
Side L , " " 9 "

I Shelf. I , ,. " I , n
Shelf 2 , ,. 10 9 n
Bottom I , 19 " '" , "
Bottom Bit 2 '" , , "
Dr. Front , " , , "'Dr. Side , Ie , , 62

Dr. Back , 10 W I , "
000< , 12 •
Back 1 . , ,
[);. bottom , •,I,i Total Time in ,0< M '" '" '" '" "" " '" 237 m
we
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1. During our work-study we fmd that workers are nOIhabituated 'with the frequent and

uncertain visit of thc top management in the floor. Then they fccl a sort of

psychological pressure and lheir overall ellkiency falls down. To avoid thiS sort of

problem they should be madc habituateJ with this.

2. During time study and with the help of our obtained data we find that night shift

prodnctivilYis lower tllim the day shift. We believe that this happens because oftlte

absence ofmanagcmcnt personnel in the night shift. So the company should take care

of this matter for bettcr performance.

3. We find that the bottlenecks of both the floors are DET and Normal Bo~r_ So most

"fthe tinJe queue is found before these two machincs. Again sufficient space is nOI

allocated for this queue. So this also lowers the productivity. So 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 E:<pected processing time per unit product

". MODEL co; eo es 0'" BS eR " IT SE MB NB eNe
1 Fast BDD16Z 120 5'8 1.65 4,20 3,52 2.30 3,28 3,12 n5 2,15 3.50 2.23

21Moving SDDP06 'SO 6.SO 2,53 '65 4,25 35" 3.47 2.5" 2,16 265 '.50 5.05

3 Products KWDP05 "0 7.10 5.50 7,25 0.00 000 0.00 000 5.75 6,52 7.24 5.03

'i DDZ12G 'SO 2.21 1.91 2M 1.10 '" 2.60 2,90 25" 295 4.79 ''''
5 DSmZ '" 1,80 0.5" 205 3.57 0,00 1.75 1.45 2.11 000 2.65 6.42

6 KR015H 'SO 2,21 0.75 2.25 0.00 0,00 '.02 1.95 1.95 3.95 2,23 3,48, KROP04 120 2.58 0.82 25' 0.00 0,00 0.00 000 2" '" 4.72 25, KS015H '" 320 0.29 4.45 0.00 0,00 0,00 0.00 '.50 '.65 2.14 0

5 KS016 'SO 4.15 0.45 6.5" 0.00 0.00 0,00 000 6.65 5.75 "8 0

" TCC13H 050 ,6<\ 1.25 2.75 0.00 0.00 000 0.00 3.75 4.12 2,42 1.75

" TCC19H 200 "5 1,50 3.41 2.20 1.60 0,91 2.80 4.95 4.75 4.58 2.28

12 TEZ23H 'SO 26<\ '00 U8 0.00 1.50 2,30 2.21 1.20 0.75 2.83 2."

" KRD12H 050 1.20 3,25 1.25 0.00 0.00 000 0.00 1.03 0.00 1.25 0

" TRZ12H 'SO 4.11 3,00 3.24 2.6<\ 2.40 2,10 1.68 '.65 2.80 3.41 3.51

" TMZP04 '" 2.75 '" 206 0,00 0.85 n6 '.65 1,21 1.89 3.22 2"

" TVT11Z '50 2.65 1,12 2" ,6<\ 0.00 2,43 250 1,25 222 2.00 '.50

H n"'22 2SO 1.75 0.50 1.14 0,95 0.00 L22 ,6<\ 0,75 0.52 1.45 2."
18;Medium BDD17Z 50 2.95 1,43 2,14 4,68 3.87 2.93 2,57 2,45 202 0.00 2.n

191Movil19 KPD15Z 50 6.75 3,25 292 0.00 0,00 0.00 000 325 3,75 1021 565
20lProducls IDDZ14Z 50 0.<0 1.07 265 2,45 3,12 3.05 2.50 1,21 250 365 5.57

" DDZ15G " 2.73 2.17 1.25 2.75 2.70 2.65 2,97 1.71 0'" 4.25 2.M

22 DSZ12.Z 50 5.25 5.50 6,47 0,00 000 0.00 0,00 3.75 m '.SO 13.17

23 KSD14Z 50 2.70 2.18 '" 0,00 0,00 1.52 000 2,80 5.16 5.25 0

" TCC2.2H 60 2.6<\ 0'" 3,81 2,40 3,10 000 2.6<\ L.98 50' 3.6<\ 0

05 TOZ18H " 1.73 0.57 1,75 0.00 0,00 0.00 0.00 0.63 3,25 1.02 2.37

26' TOZ19H " 2.13 0.'" 1.85 0.00 0,00 0.00 0.00 000 1.52 '.02 3,07

" TOnOH " 2,25 '''' 1.85 0.00 0,00 0.00 000 0.68 0,95 '.02 3.,

05 TOZ21H " 1,50 0.00 1.25 0.00 0.67 0.93 0." 0.55 0.00 000 4.12

'" TRZ13H SO 2,75 2.16 500 2.65 3.15 2.67 3." 2.65 5'0 6.65 7.18
00 =122 00 2.95 '''' ,.., 2'0 2.75 1.14 1.67 1.18 3.SO 3.96 3.65

3LI nrc", " 4.10 065 2.74 2.00 2.41 LOO 2.10 2.76 502 ,OS 2.5

021 BCZ13Z SO 1.49 0,37 1.79 1.10 '''' 1.98 1.21 0.79 2.89 1.95 0

",,= BCZ15Z '" 1.81 OM 2.06 0.'" 0.65 0,00 0.88 '50 1.42 2.25 0

'" Movil19 . BDD15Z 30 3.95 0.98 "4 3.87 2.76 2.25 2.21 oeo on 0.00 6.23

351Products BSD12W " 3.95 1,92 '5" 267 2,85 1.95 225 1,40 5,76 0.00 '.56
65 KPD122 25 5.98 6.68 7,82 0.00 000 000 0.00 6.5" '50 12.25 sn

" KWD15H 00 11.76 4.16 11.25 000 0,00 0.00 0.00 5.65 17,38 12.54 0

" DWD18Z " 8.75 9.60 9,50 4,50 2,75 2.52 3.12 ,.'" 7.88 12.53 "" TCC1SH " '" 1.35 2.75 0.00 000 0.00 0,00 '.95 "6 4.19 3S;

" TEZ24H 50 3,52 0.68 1.25 000 1,25 2.06 1.20 1.52 0.71 200 1,18

" TEZ28H 50 '.65 000 2.65 LS<l L20 1.75 1.75 3.65 2M 0.00 3,26

42, TVC11Z 20 15.00 13.85 1355 ,.•. 7,61 7.56 8.89 14,65 1505 14.85 14.15

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

expected 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 demand~, Unit Price & Unit Profit oftbe product~

S,' MODEL Demands Unit Price [TK.) Unit Profit (TK.) Remarks

1 Fast BDD16Z ''0 16000 4000
2 Moving BDDP06 150, 16600 4150
3 Products KWDP05 '00 12800 3200, DDZ12G '" 6500 1625

5 DSZ13Z 150 4150 1037.5

6 KR015H 150 4200 1050, KROP04 ''0 4400 1100
C-o KS015H ''0 6100 1525
C-, KS016 150 8100 2025
1-,-0 TCC13H ,,, 4500 1125

c" TCC19H '00 4800 1200
1-,-, TEZ23H 150 4700 1175
-T3 KRD12H ,,, 2750 687.5
-T, TRZ12H 150 5300 1325
C,5 TMZP04 ''0 7400 1850
-T6 1VT11Z 150 5300 1325
-T, NT'''' 250 3300 825'

15Medium BDD17Z 50 15000 3000
1-,-9Movmg KPD16Z " 19500 3900

'0 Producls DDZ14Z 00 6200 1240

" DDZ15G 15 5200 1040

" DSZ12Z " 15300 3060

~
KSD14Z " . 5000 1000

" TCC22H 60 4500 900
25 TOZ18H 15 3100 620
25 TOZ19H 15 4500 900

" TonOH 15 5000 1000

" TOZ21H 15 3200 640
" TRZ13H 50 8200 1640
30 NT'3Z 00 5400 1080
31 1VT14Z 15 6000 1200

" IBCZ13Z " 2100 420
31Sl~ BCZ15Z " 2300 1230

"Moving BOD15Z 30 14500 810
25Products BSD12W " 11200 900
30 KPD12Z 25 19700 315-i', KWD15H " 14600 345-i', DWD16Z 30 16500 2175
39 TCC15H " 4800 1680

" TEZ24H " 5350 2955

" TEZ28H " 6500 2190

" TVC11Z '0 21000 2475
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5.4.3 Calculation of available processing time

We have considered our LP model for maximize profit on month 'ba~i.,. Because the

production of the Laminated board scction-2(LB-2) ofOTOBJ is planned on month basis.

Actual Available processing time =Total Working Houn;- Machine Idle Time

Total working Hours per month = 8 hours X 2 shift/day X 25 days = 400 hours = 24000

minutes.

Where,
Working hours per shift = 8 hours
Shift per day = 2 shill
Working days per month ~ 25 days (we assume 25 days per month)

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

Table-5.8; Machine Stoppage report of November 2004 & Actual available time

SL Machine Maintenanc Material Power Total Stoppage Actual
# , Shortage Failure Time in minute avail.

Time ill

mm.
1 Panel Saw 2050 900 950 3900 20100
2 Table Saw 250 750 950 1920 22080
3 Double End Tenoner 2710 1860 950 5520 18480
4 Band Sa'" 200 250 950 1500 22500
5 Co v Router 1810 2400 950 5160 18840
6 Profile Ed in 100 150 950 1200 22800
7 Table Trimmer 1100 1250 950 3300 20700
8 Strai. ,ht Ed in 3850 3000 950 7800 19500
9 Mnlti Boring(Big) 2020 1050 950 4020 19980
10 Multi Borin Small 2410 1800 950 5160 18840
11 CNC machine 1000 750 950 2700 21300

We hay('; coI1e<:led above this data from the production log register for the month of

November 2004. This above data may be vary for diiTercnt month due to the situation of

that month.
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544 Variables. .
Fast Plovin Products Medium movin Products Slow movin Products
Model Solver Solver Model Solver Solver Model Solver Solver
No. Variable Result No. Variable Result No Variable Result

BDDl6Z XI BDDl7Z X18 BCZl5Z X33
BDDP06 X2 KPDI6Z X19 BDDl5Z Xl4
KWDP05 X3 DDZI4Z X20 BSD12W X35
DDZ12G X4 DDZI5G X21 KPD12Z X36
DSZI3Z X5 DSZ12Z X22 K\VD15H X37
KR015H X6 KSD14Z X23 DWD16Z X38
KROP04 X7 TCC22H X24 TCCI5H X39
KSOl5H X8 , TOZ18H X25 TEZ24H X40•
KSOl6 X9 TOZ19H X26 TEZ28H X41
TCCI3H XIO TOZ20H X27 TVCIIZ X42
TCCl9H XII TOZ2lH I X28
TEZ23H X12 TRZ13H X29
KRD12H X13 TVTl3Z X30
TRZ12H X14 TVTl4Z X31
TMZP04 XIS BCZl3Z X32
TVTlIZ X16
TVTJ12 X17

•

To maximizt; profit, we have taken some products as variables in Solver LP model. By

ehanging these variables, we will get the optimum results.
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5.5 Formulation of Linear Programming

5.5.1 Objective Function

Maximize Profit, Z= L CjXj =c]x1+ C,X2+ cJxJ+ ... ........................... + cnx,

Xj refers 10 lhe number of lIl()dcl wise random production per month, where j =1, 2,

3, n:

CJ refers to the profit per unit products, where j= 1,2,3, n

Ai) refers 10 the expected processing rime in each machine for each product of

j=I,2,3 . .......................... n and i= 1,2,3 _ m

B, = monthly actLUllmachine hoi.lf available in each machine in minute, where, i=1,2,3, .
..................... ...m

5.5.2 Constraints:

• 0<,
.................... - . __ (i)

x >==0,
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_5.6 Data input in Formula
As per fonnulation of the aoove section, we have input data in objective ful1ction and in the

constraints to calculate the optimum results ofthe objective function using Solver LP model.

5.6.1 Objective Function
We have input the profit of the per IlIlit product to find the optimum value and ofthe
variables which will be profuable for any furniture mRnl.lfacturing company.

Z=J.:CjXj=

Maximize Profit, Z = 4000X1 + 41500X2 + 3200X1 +1625~ + 1037X, + lO50x,; + IlOOX, +
1525:>41+ 2025X9 + 1125XlO +1200 XII + 1175X12 -;- 687X1) +1325X'4 + 1850X'5 +
1325X16 + 825XI1 + 3000Xa + 3900X'9 + 1240X2o + 1040X21 + 3060Xn + 1000Xn
+900Xu + 620X2l + 900~, + IOOOX27+ 640X28 + 1640X:!9+ I080XJO+ 1200XJ1 + 420X)2
+ 345X'J +2175Xl4 + 1680XJS + 2955X:J6+ 2190X37 + 2475XJ! + 720Xl9 + 802~o+ 975)41
+ 3150~2

5.6.2 Constraints
We have constructed the fonnula of the constraints in view to the expected 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 section which is done
manually.

J.: Aij. Xj =< Bi

For Panel Saw:
5.46XI + 6.50X2 + 7.l0X, +2.2]):4 + 1.80X, + 2.21X6 + 2.58X7 + 3.20X! + 4.15X9 +
2.64Xlo + 3.15X11 + 2.64XJ2 + 1.20Xll +4.11X14 + 2.75X]5 + 2.85X16 + J.75X17 + 2.95X18
+ 6.75X19 + 3.40X10 + 2.73X11 + 5.25X21 + 2.70X:!1 + 2.54X14 + 1.73X25 + 2.13X26 +
2.25X17 + L50X28+ 2.75X19 + 2.95XJj]+ 4.10Xj1 + 1.49XJ:! + 1.6JXl1 + 3.95XJ4 + 3.95XJ5 +
5.98Xl6 + 11.75XJ7 + 8.75XJI + 3.82X19 + 3.52X<o+ 4.56)41 +
15.00::-42=<20100 (1)

For Table Saw:
1.65XI + 2.53XI + 5.50XJ + L91~ + O.54Xs + 0.75Xo + 0.82X7 + 0.29X3 + 0.45X9 +
1.25XIO + 1.60Xll + 1.00X)1 + 3.25XjJ + 3.00X14 + O.79Xj5+ L12X16 + 0.50X17 + 1.43X18
+ 3.25X19 + 1.07X2G + 2.17~1 + 5.50XZ' + 2.16X23 + O.94~ + 0.57X,5 + 0.94X'6 +
1.04X27+ 2.16X19 + 1.34XJD+ 0.56X:J1+ O.37X12+ 0.44XJJ + O.98XJ4 + l.92XJl + 6.68X16
+ 4.J6X" + 9.50Xl8 + J.35X19 + 0.68X\O+ 13.65X<2=<
22080 , , : : (2)

For Double End Tenoner:
4.20Xr + 4.65~ + 7.25X) + 2.64~ + 2.25)(.; + 2.25Xo + 2.54X7 + 4.45Xa + 6.54X9 +
2.75X1O + 3.41Xll + 1.36Xl2 + 1.25XlJ + 3.24X14 + 2.06X15 + 2.42X16 + 1.14XI1 + 2.14Xrg
+ 7.02X'9 + 2.35X20 + 1.25X2I + 6.47X21 + 4.62X11 + 3.61X24 + 1.75X:!l + L85X26 +
1.85X17+ 1.25X28+ 5.68&9 + 2.64)(w + 2.74X'1 + 1.79X)2 + 2.06XJJ +l.44X-", + 1.54XlS +
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7.82XJ6 + I L25X)7 + 9.50X1& + 2.75XJ9 + 1.25)40+ 2.65X41 + 13.55X12=<
18480 (3)

For Band Saw:
3.52X1 + 4.25X2 + l.10~ + 3.57X, + 2.20XlI + 2.64X'4 + 1.94X'6 + 0.95X17 + 4.68X'3 +
2.45X20 + 2.75X21 + 2.40X24 + 0.86X]g + 2.65X29 + 2.40X]o + 2.30X]1 + 1.I0X]2 +
O.94X.ll + 3.87XJ4 + 2.67XJ5 + 4.50Xl8 + 1.50)4, + 8.44)42=<
22500 , , : ,.,., ,., (4)

For Copy ROLlter:

2.30Xj + 3.54X2 + 3.20)4 + 1.60X1l + 1.50X'2 + 2.40X" + 0.85X1, + 3.87X1! + 3.12Xw +
2.70XlI + 3.10X!.! + O,67X28+ 3.1SX29+ 2.75X]~+ 2.41Xl' + 1.40Xl1 + 0.86XlJ + 2.75X]4
+ 2.85X]5 + 2.75XJ~ + 1.25X,o+ L20X" . + 7.51X,2=<
18840.•.•.•.•.•.•.•...•......................................................•.•....•.•.•••.••••••.•.•• (S)

• For Profile Edging machine:

3.28Xj + 3.47X2 + 2.60X4 + 1.75X, + 2.02};{;+ O.91Xll + 2.30X12 + 2.10X14 + 1.76Xl5 +
2.43X'6 + 1.22X'7 + 2.93X18 + 3.05X20 + 2.35Xl1 + 1.52X,J + O.93X23+ 2.67X19 + 1.14X10
+ 1.06Xl1 + 1.98X)2 + 2.25X34 + 1.95X]5 + 2.52XJ8 + 2.6K.w+ 1.75X" + 7.5SX,2=<
22800 (6)

For Table Trimmer:

3:J2X1 + 2.54X2 + 2,90)4 + 1.45X; + \.95X6 + 2.80XIl + 2.21X'2 + L68X,. + 1.56X1.1+
2.50X16 + 1.64X17+ 2.67X18 + 2.50XlO + 2.97Xi.1 + 2.64X,4 + 0.84Xl! + 3.45X:19+ L67Xl~
+ 2.10XJ1 + 1.21XJ2 + 0.88XJ3 + 2.21XJ4 + 2.25XJ5 + 3.J2X18 + 1.20)40+ 1.75)41 +

~ 6.89)42=< 20700 (7)

For Straight Edging machine:

1.75X1 + 2.16X2 ,+ S.75X) + 2.64X, + 2.11Xs +' 1.95)(,; + 2.44X, + 4.58Xa + 6.85X9 +
3.75X1o + 4.95X" + 1.20X" + \.03X" + 1.56X14 + 1.21X" + 1.25X'6 + 0.75X17 +
'2.45Xu + 5.25X'9 + 1.21X2~ + t.11X21 + 3.75Xn + 2.80X21 + 1.96X24+ 0.63X!5 + 0.66X26
+ 0.68Xi.7 + O.55X2R+ 2.36Xl9 + 1,18XJo+ 2.76X)1 + 0.79X)2 + 1.26Xn + 0.85XJ4 + 1.40XJ5
+ 6.54Xy; + 5.56XJ1 + 4.36XJ8 + l.95Xl9 + 1.52Xw+ 3.58X,1 + 14.55)42=<
19500 , , , (8)

For Mutli Boring machine(Big):

2.15Xj + 2.55X2 + 6.52X) + 2.95)4 + 3.95};{; + 4.33X7 + 4.56~ + 5.75X9 + 4.12XIO +
4.75X'1 + 0.75X11 + 2.80X14 + 1.89X,> + 2.22X'6 + 0.52X" + 2.02X,! + 3.75X'9 + 2.50X,0
+ O.94Xll + 7.77Xu. + 5.16X2J + 5.QIX,. + 3.25X2.l + 1.5iXu; + 0.95Xi.7 + 5.40X19 +
3.50X10+ 5.22X.ll + 2.89XJl + 1.42XJl + O.72X14+ 5.76X15 + 4.26X16 + 17.38X'7 + 7.68X13
+ 2.l6X'1 + O.71:x..o+ 2.44X." + 15.05X,2=<
19980............ .. (9)

For Mutli Boring machine(small):
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3.50X] + 4.88X2 + 7.24X1 + 4.79N + 2.56X:; + 2.23Xo + 4.72X7 + 2.14X, + 1.46)4 +
2.42X1O + 4.58X11 +2.83Xu + 1.25XI.1+ 3.41X14 ~.3.22XI, + 2.98X16 + 1.45X17 + 10.21
X]9 + 3.95X2~ + 4.25~1 + 7.50X22 + 5.25X2) + 3.64X~.4+ 1.02Xz:; + 1.02X26 + 1.02X27 +
6.85X29 + 3.95Xl~ + 2.95XJI + 1.95X11 + 2,25Xn + 12.25XJ6 + 12.54X11 + 12.53X1S +
4.19XJ9 + 2JOx.,~ + 14.85x.,2~ 18840.,. ,.,. (10)

For CNC machine:

213X1 + 5.05X2 + 5.03X) + 4.94)4 + 6.42)(, + 3.48X6 + 2.50X7 + 1.75 XIO + 2.28XIl +
2.54X12 + 3.51X14 + 2.34X1s + 4.68X'6 + 2.52X17 + 2.77XI8 + 9.38X19 + 5.57X;w + 2.44X21
+ 13.1'7X.2.+ 2J7X2S + 3.07X26 + 3.IOX17 + 4.12X2I. + 7.18Xz9 + 3.38X10+ 2.50X11 +
6.23Xl4 + L56Xll + 9.7T1CJ6+ 8.70Xl~ + 3.57X19 + 1.18Xw+ 3.26Nt + 14.15X.2=<
21300 ,.,. (11)

For Fast moving products, we have considered that the production shouW be between the
present market demands and double ofthe present nmrket demands of the products:

ForBDD16Z
For BDDP05
ForKWDP05
For DDZ120
For DSZ13Z
For KROISH
For KROP04
ForKSOl5H
ForKS016H
ForTCCI3H
ForTCC19H
ForTEZ23H
For KRD12H
ForTRZ12H
ForTMOP04
For TVT1 IZ
ForTVTI2Z

240>= XI>=120 _ (12)
300> = X;!> = 150 (13)
200> = Xl> = 100 (14)
300> = N> = 150.. ~ (15)
300> = X,> = 150 ," ,.(16)
300> =X6> = 150 , ,..(17)
240> = X7> = 120 (18)
240> = Xs> = 120 (19)
300> = X9> = 120 (20)
500> = Xw> = 250 ' (21)
400> = Xli > = 200 (22)
300> = XI:!>= 150 (23)
'500> = Xu> = 250 (24)
300> = XI<> = 150 (25)
240> = XIS> = 120 ,_..(26)
300> ~ X16> ~ 150 (27)
500> = X]7> = 250 (28)

For Medju~ moving products, we have considered the production should be between the
present IlliU"ketdemands and one & half ofthc present market demands ofthe products:

ForBDD17
For KPD16Z
'ForDDZI4G
For DDZ15G
ForDSZl2Z
ForKSDl4Z
'For TCC22H
ForTOZ18H
ForTOZI9H
For T0Z20H
For TOZ2IH

75> = Xl~> = 50 (29)
75> = Xl~> =50 (30)
135> =X20> = 90 ,. (31)
110> = X:!I> = 75 , , (32)
75> = Xn> = 50 (33)
75> = X:!.J>= 50 (34)
120> =)6> = 60 (35)
110> = job> = 75 (36)
110> = X26>= 75 (37)
110> = X27> = 75 (38)
110> = X2~> = 75 (39)
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ForTRZ13H
For TVT13Z
ForTVT14Z
For BCZ13z

75> = X1g> = 50 (40)
90> = XJQ> = 60 (4 J)
110> = Xli> = 75 (42)
75> = Xl1> =75 (43)

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

ForBCZ15Z
ForBDD15Z
For BSD12W
ForKPD12Z
ForKWD15H
ForDWDI6Z
ForTCC15F
ForTEZ24H
ForTEZ28H
ForTVCl1Z

40> =XJ» = 20 : (44)
30> = X14> = 15 (45)
40> = XJ5> = 20 (46)
25> = XJ6> = 12 (47)
50> =XJ7> = 25 (48)
30> = XJs> = 15 (49)
40> = Xl9> = 20 (50)
50> =XUQ> =25 (51)
50> =X.1 > = 25 (52)
20> = X12> = 10 (53)

We have input this above data into the-501",,1'LP modd amllu:vt:' four;,J ll", f(;.>uli'o[>!OJ Ilt'r

variables which is shown in following Table 5.8.

Table-5.S: Resulb of IDlithemlitical model:

FllSt mavin Products Medium movin Products Slow movin Products
Model Solver Solver Model Solver Solver Model Solver Solver
No. Variable "'illl No. Variable Result No. Variable R=ili
BDD16Z XI 240 BDDl7Z XI8 75 BCZ15Z J03 30
BDDP06 X2 300 KPD16Z XI9 75 BDD15Z X34 30
KWDP05 JO 200 DDZ14Z X20 90 BSD12W J05 40
DDZ12G X4 300 DDZ15G X21 75 KPD12Z X36 15
DSZ13Z X5 251 DSZ12Z X22 75 KWD15H J07 25
KR015H X6 300 KSD14Z X23 50 DWD16Z Xl' 20
KROP04 X7 120 TCC22H X2' 60 TCC15H Xl9 30
KSOl5H X8 240 TOZ18H X25 88 TE7.24H X40 50
KS016 X9 300 TOZ19H X26 120 TEl28H X41 50
TCC13H XIO 250 TOZ20H X27 120 TVCllZ X42 10
TCC19H X11 200 TOZ21H X28 120
TEZ23H XI2 300 TRZ13H X29 50
KRDI2H X13 500 TVT13Z JOO 60 I
TRZl2H X14 150 TVT14Z Xli 75
TMZP04 X15 240 BCZ13Z X32 50
TVTI1Z X16 300
TVTl2Z X17 500 .
.
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Chapter-6
Solution of the Model and Result

Analysis

6.1 Solution of the model

AI! linear programming models have two important features in willmOIJ. The first feature is the

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

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

In our model, the objective function is to maximize profit of the Furniture Company, which is

measure in the previous chapter-5, equal to TK.9775531. Optimal solver variable results are

given in the following table,

Table-6.1: Solver Result ofthe mathematical model:

Fast movin Products Medium mavin Products Slow movin Product~
Model Solver Solver Model Solver Solver Model Solver Solver

No. Variabl Rcsuh No. Variable Result No. Variable Result,
BDD16Z XI 240 BDD17Z XI8 75 BCZ15Z X33 30
BDDP06 X2 300 KPD16Z XI9 75 BDDl5Z X34 30
KWDPOS X3 200 DDZ14Z X20 90 BSD12W Xl5 40
DDZl2G X4 300 DDZl5G X21 75 KPDI2Z Xl6 IS
DSZ13Z X5 251 DSZ12Z X22 75 KWD15H X37 25
KR0l5H X6 300 KSD14Z X23 50 DWD16Z X38 20
KROP04 X7 120 TCC22H X24 60 TCCl5H X39 lO
KS0l5H X8 240 TOZISH X25 88 TEZ24H X40 50
KS0l6 X9 300 TOZl9H X26 ]20 TEZ2SH X41 50
TCCJ3H XIO 250 TOZ20H X27 120 TVCIIZ X42 10
TCC19H Xli 200 TOZ2lH X28 120
TEZ231-1 XI2 300 TRZ13H X29 50
KRD12H X13 500 TVT13Z X30 60
TRZ12H XI4 ISO TVT14Z X31 75
TMZP04 XI5 240 BCZ13Z X32 50
TVTlIZ XI6 300
TVTl2Z X17 500
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The values obtained by using Solver linear prognun has been rounded off. There are some
alternative solutions but total production remains same.

6.2 Analysis of the Solver Result:

This following Table 6.1 shows that the adual Quantity of any specified model is to be

producing for the month ofNovembcr 2004, which will maximize our profit, and also the net

total production of the company using the same existence fucilities of the company. Our original

solver spreadsheet in which solver has rccorded the optimal decision values is shown in tl.Je

following table 6.1. The spreadsheet calculates to produce the 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 '0', violating one or more

constraints. Constraints having nonzero slack are not binding at optimality. Nonbinding

constraints cannot hamper solver ability to produce additional production or profit. This is true

regardless of whether we optimizc a maximize model. As a result, it is the binding constraints

that arc of interest for lIS in any LP model. The occurrences of zero slack in the departments of

DET & NB machines available processing time constraints means that these are the two

binding constraints; that is, "bottlenecks" that prevent further improvement in the production.

Alternatively, wc can see the immediate effect on adding additional hours of capacity in DET

and NB machines by changing thc proper right-hand side edl and then nmning 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 third shift's operation or adding higher capacity

machines. We need to recalculate the profit margin for the new adding capacity using Solver LP

models finding the optimal values.
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Table-6.2: Calculation ofTolal Production usin" solver results:
SU MODEL Re.ul15 Unit Price (TK.) Total ProollCtion (TK.) Remuks

1 Fast BDDl6Z ,"0 ,- 3840000
2 Moving BDDP06 ;00 ,,>600 4980000

3 Products KWDPOS '"' 12800 2560000, OOZ120 300 6>00 1950000, DSZI3Z m 4150 ](l41650

6 KROlSH 300 4200 1260000, KROP04 no MOO 528000

• KS015H ,"0 6100 1464000

9 KS0l6 ;00 8100 2430000
W TCC13H ';0 4500 1125000

" TCCl9H '"" '000 960000
n TEZ23H ;00 4700 1410000

n KRD12H '"' 2750 IJ7500D

" TRZ12H no ;'00 795000

n T,,",M 2<W 7400 1776000

" TVT11Z 300 5300 1590000

" TVTm ;00 3300 1650000

"Mcdiwn BOD17Z 75 nooo 1125000

"Moving KPDl6Z 75 19500 1462500

'" Products DDZl4Z 90 6200 558000

--i! ODZ150 75 5200 390000

ri' DSZ12Z 75 15300 1147500

ri' KSDl4Z '" '"00 250000

'" TCC22H •• 4500 270000'-i, TOZISH "" 3100 272800

=46 TOZ19H no 9>00 "0000

ri' TOZ20H no 5000 <>00000

~
TOZ21H no 3200 3&4000

~
lRZl3H '" 8200 410000

ri" TVrl3Z •• "00 3,"000

" TVTl4Z 75 6000 450000

" BCZl3Z '" "00 105000
33 Slow BCZ15Z ;0 2300 '"000
J< Moving BDDl5Z '" 145011 435000

"h"""', BSD12W ., 11200 448000

" KPD12Z n 19700 2955011

33 KWDI511 " 14600 3650011

" DWDI6Z '" 16500 331111110

39 TCC15H '" '"00 ,MOO)., ''''"" '" 5350 267500

" ""SH '" 6500 325000

" TVCllZ W "000 "0000
To/al monthly production PorNovombcr ,04 41912450
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6.3 Comparison between present & expected production
•The result of the LP model shows that, maximum profit of the Lamillilled Board Section-2 for

the month of November 2004 is TK.9775531 and optimal production for the month of

November 2004 TK. 41912450, which is calculated in the Table 6.2. But by the traditional

Inethod the production during the month ofNovembcr 2004 was Tko 38243000 and the net profit

was 111.7494662. So, there had been a scope to make profit about'an additional amount ofTK.

3669450 by utilizing the same f<iCilities.We have considered all data & calculation fur month of

November 2004. Because that was the maximum production for any month for any floor like

LB-l & LB-2 which is shown in the following table 6.3. We are trying to proof that optimal

product-mix by using LP Excel Solver is greater than that of the maximum production of the

traditional methods.

Table-(i.3: Tl'llditional Production Record~ ofLB-l & LB-2 from June 10December 2004

3m Month LB-l LB-2

1 3~ 22267080 29837550

2 3my 22009950 23478700
) "" 30391400 31341150
4 Se tember 20390150 25111530

October ]5355900 15690800
5 November 33079800 38243000
7 December 27339550 31877850

Avera c 24404832 27940082

It is evident from Table 6.3 & Table 6.4 the maximization of product-mix with LP model by

Excel solver is greater than the production rate LB-I & LB-2 by the traditional method. The

main cause of this reduced production is due to non-optimal production planning and machine

capacity utilization.

The reliability of the data in any mathematical model is important to obtain a useful solution for

practical problems. Some of this data arc influenced owing to the im.1ability and uDCOutrollahility

of certain uspects such as urgent order, machines problem, operator's lagging, unavailability of

raw materials and poor quality of the supplied raW materials. On basis of those limitation:;

op:imum production may vary.

G ••
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TablHi.4: Model Prodllctlon & Traditional Production of LB-2 for Novembrr 2004 •.
p", Medium 'low To""

Moving Moving Moving Production

""""'" Prod"", Prod"'" Products

Model Produelion 30734650 8288800 2889000 41912450,
l8ditioTlllI 21749500 8883000 7610500 38243000

uction

Comparison between Model Production and-
Traditional Production

Movinl
Fa'

Movine
'0.

P'rod\EI COR gory

Production
Tl'l111

.Modell'l'odn. I
o Trndilionll!l'l'odn.

We Imve compared the model production nnd the tnHIitionnl production of the I.R.2 for the

IOOnlhof November 2004. which is the highest truditionnl production of the previoJ., record$.

.'rom the Table 6.4 & awrt. it is esstI)' and clears to Wlderstllnd tbnt the fast moving ~ucts of

the m:>del production suggest producing ImTe than the trnditionnl production- But Cor slow

Imvlltg products, model production suggests producing less than the truditioll:ll produetioll.

Because fast Imvlltg products III"l:lOOn:profrtoble than the slow moving products. So•••••-e am

emily identified from the LP Solver results that v.itich type ofproduc:ts to be prodllCll lor higher

brnefrts. ,- !

"
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6.4 Solver Sensitivity Analysis
We stated that the process of analyzing an optimiwtion mooel for different parameter values is

tenned sensitivity analysis. Sensitivity analysis deals ~th making single ehanges in the

coefficients ofllie objective function and the right-hand sides of the constraints. Wc observe in

the sensitivity report that the reduced cost is zero. So the activity of the associated variables is

economically attractive in the optimum solution, signifying an equilibrium point has been

reached at which the output (1lIlitprofit) equals the input (unit cost ofthe resources).
,

1'lte shadow price on the solver sensitivity report is the rate of change in objective value (OV) as

the RHS is increased. The shadow price oflhe sensitivity report corresponding to the constraints

reflects valid range 242 minutes for DET machine and 192 minutes for 'NB machine. TheSe

constraints show the amount in thc optimal objectivc value as the RHS of those constraints. is

increased a unit, with all other data held fixed. It means that the additional profit obtained, if

additional processing time is availablc in DET and NB machines. Allowable increase for DET &

NB machines are 26 & 13 and allowable decrease for DET &'NB machines are i1 & 30 in

profitability without changing any variables.

In the solution, wc see that capacity utilization ofDET & NB machines are 100"10. 1bis reflects

in the solution list where these two slack variables are zero. But another machines are under

utilization and the constraints of those machines show the positive slack. 1bat situation is not

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 modc~ we fonnulated-Oirt this model in thc particu1ar terms and conditions. 'The solution is

quilc sensitive to changes in the coefficients ofresouroe constraints. This is so, because all these

constraints arc binding. So, it will be important to accurately input the associated coefficient

""lues.

In this mode~ we can identify that which variable's coefficient increase is profitable and bow

much profitable. So if we havc the available resources in fulur'e. we will in~rcasc ofiIy those

\'fIriable's coefficient, which will givc us the maximum output.



From this sensitivity analysis JllilJJlIgementcan come to a decision that which machines capacity

increase is more profitable and which machine will be used fur what type of product. But is also

important to consider the profit margin of different type nfproduct Defmitcly the profit margin

of different product will be different. But we have to keep in mind that a customer will not place

only that type of product, which will be more profiUlble. Marketing department can use this

infonnation to set the strategy ofbusincss and target more value added cuStomer for future. We

didn't consider those fuctor:s in our LP model Our main target was to utilize the maximum

machine capacity and time to increase the total production. Another LP model can be done basis

on profit margin.

•



Chapter-7
Conclusions and Recommendations

7.1 Conclusions:
In this research work, we are trying 10 cstablish a pnlctical analysis oflaminatcd board furniture

manufacturing processes and a Linear Programming mathematical model is constructed to

determine an optimum product-tnh:: oflbe laminated board furniture in lenns of profitability. We

have studied manufacluring process o{the laminated board furniture and have showed it in the

research work. We feel that Taday's Furniture industries are not in the wtional boundaries; now

enter into the global market. Only individual companies and their supply chain call be win, not

countries, depends on their proper strategic plan. Bangladesh entrepreneurs 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 situation will be dangerous due free

market ecollOmy from January 2005. So, this is the time to optimize the production as well as

quality and reduce the production cost with lead-time to mee the challenge from 2005. Because a

huge amount of furniture is imported from Malaysia, Taiwan and China in cheap rate.

lbis research work can be applied in any furniture industries to optimize the production. It will

help to prepare an early production plan to get optimum production or set a standard production

target fOf laminated board furniture industries. Using this linear lIlilthematicaI model of any

furniture industries, it will be ellSYto evaluate actual product mix to Optimize the production.

That is, it will indic:ate the optimum number of products whieh will be profitable fOf any

industries 10 manufacture. Matbenmtical model is a superior method in planning of production

schedule.

LP model is more tight schedule calculated program than the traditional method and shows the

maximum utilization of tlre resources. Finally, the LP model is used to adapt the system design to ..



most possible combinations of the product-mix. This approach can be implcmcnted al the

production system at alllevcls.

LP model by Excel Solver is u superior method in planning ofprodnction schedule. Sensitivity

analysis can bc perfonned to take into account of the "dfiation of resource level. Limit report

analysis can be performed to take into account the lower limit and upper limn.

From this study, it was concluded that the overall monthly production of the laminated bottrd

section-2 of the traditional method fur thc month of November is about TK. 38 million. On the

other hand, optimizing by LP model for 16 hours per day (2 shift per day) monthly production

for the month ofNovemlx:r is about TK.42 million, which is about 10% higher than the amount

as produced by the traditional method.

Filially we can conclude iliat LP mathematical model is a strong and important tools for

management to take dccisions forthe future.

7.2 Limitations:
There are some limitations in this research work which influence the result of the mathematical

models:

• The reliability of the data collection is important in obtaining a useful solution of

practical problems.

• The instabilily and unconlrollabilily of ccrtain aspects ~"Uchas urgcnt order, machines

problem etc.

• Inefficient worker those who operate the machines and shortage ofworkcr.

• Shortage of raw materials and poor quality of supplied raw materials.

• Work load distribution in each machine for monthly production is not clearly dermed

or identified in which way is best for optimize the production.

On the basis of those limitalions optimwn production may VMY.

"0



7,3 Recommendations:

On the basis of the study of tile furniture manufacturing processes, our recorrunendations would

be as follows:

• To prepare monthly production plan where allocate the all machine for different

product and monitor daily perfunnance.

• To make proper forecasting ofthe product

• To ~tudy processing time of the products fur any machine

• To motivate the workers to increase their own interest on the work.

• To reduce machine idle time need proper maintcnance schedule.

• To arrange training.program for the worker 10 increase the skillness and awareness

• To add DET and Mutli Boring (Small) to reduce the bottleneck.

• Otobi should establish R&D and QC department

• Expansion of the fumilure industry should be horizontally, should not be vertically.but

Otobi is expanded in vertically which is not adviceable.

In addition of the above facilities, we can able to get more productivity in furniture

manufacturing processes. From our research work un fllIlliturc industries,. it is clear that there has

a big opportunity and scope to study marc for further improvement of the furniture industries, .

which will be more beneficial fur all industries in Bangladesh.
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01'081 PRODUCTS:

We.UlIIn' "OrkiD~ lowuds. common .im: SATISF'IEP CUSTOMER

8ro Room Furniture:

------

•

.--••

OTOBloffers .
• Muhiple CoJoI"ll
• Knock Down System
• Elegant Design
• Compeliti\'{: Price
• Alla Saks Service

- - •

.•

I---

WllIl!rore Cupboard
Where dream comes into being .
In II room whert' the nrmber.; of the family spend their \'lIJuable time. w~ easy
m:lVcment. convenient ~ornge fm:ility, hygienic enviromncnt lIIld lIl:lXimum utilization of
Sp:lCC Ill'e your prime oonsidcrntion, Otobi goes beyond the oonventional syS1cm and
responds 10 the lllOCdorlbe lime.

l...aminDlro bourd cabinds are O\'CIVoTIclmingly the most popular choice in todny's home:
due 10 their classic bcall1y and natural wnrmth. Qtmlily Wgrkm:lI~llip cnsum; th:It they
will Ix: long lasting. easy to clean and mflintairL

84
,



Office Furniture:

Modular Conference Table

01'081 •.•_
Creating a healthy work environment
Choice of modem executives
Tc:eboological changes coupkd with a
long legacy of traditional know-how
have been employed to produce a
rohust, reliable and responsible range of
elegant office furniture.

In today's modern concept of office furniture,
Elegantly designed to generate an energetic
and productive working environment-undoubtedly
reflects a dynamic and modern work place of
today's demanding business world. And in a world
Of unpredictable changes, it helps to reduce
Maintenance cost.

~,r,-..r, _,r:~.-.'._.".
'Ji

CoI!IJputer Table

_. r~-

.-
i

Opemtional efficiency IS enhanced

dramatically when opportunities fur

improved performance

Senior Executive Table

'.

.""" .• ,"' •••• I, •

Enjoy the Unlimited Forms of
Functionality

85

Executive Table
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Drawing Room Furnitun:

Otobi 1I0lJll:Fumitun:'s cmlle your ideal home environment. Sho~

Otobi'~ mebmine cmI~ bmirl:D~ bo=I fumilllre Im"'I bmugbI reroluliomry cimlgeol in

the modern COTlCC'ptoffurniture. Scmtch proofbOlmls. mulliplc color options and clcgom

desigm lull'e nnde 1M bmin:Jted board fllnliturc the choice of the JJDdcrn corpo1'lllc

world. Moreover the unique knock-do ••••Tl sysIcm allows our customer 10 Iumdlc the

fumitun: conveniently, spcci.llJlywhere frequent shifting ismjuimi.

Shoe Rttck Book Shel\l:S

Otab! products arc t=Ji:al bywwlIllay fitcility along with nilcr ~b~ Ttlml'I of

dedicuted sales pcn:ollIlel ~ always rcldy to meet your ocal.

Otobi doe5 oot romprombe qunlity. Otob! pro •••id~ comfort and colM"llience..

Otobi sllmds for CIcgIlIlCCund design. Olobi bclic:1.'CSin customer satisfaction.

86



MODEL: TCC P02 (TCC-13F/H)
Size: 1000(L)x550(D)x748H
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Model: TCC14H

OTOBI LIMITED
Shyampur, Dhaka
OPERATION PLAN

Lot Size: Date:

"
,.

-
TanonlngMaterials Cuttlng Edging Full SIUI Total

.CO Component N~. .,•• Size Nos•

- Color Thleknoss DImansion Dimension L W Thick. Hel ht Color Dimension

--'- 00 1 Beech 16 633x501 628)(498 2 2 1 19 BOO<h630)(500
2- Side 2 Beech 16 6 1x403 676)(398 2 1 1 19 B~' 677x400
2.- Bottom 1 Beech 16 5 3x353 518)(348 2 1 " B~' 518)(350
~ Ke board Ira 1 Beech 16 ~325 494)(325 1 05 19 B~' 494)(326
i. Mouse Ira 1 Beech 9 295)(197 2 2 0.5 19 B~' 296x196

6 KB Ira front bit 1 Beech 1e 516)(55 511)(55 2 2 1 22 -, 513)(57
2 KB Ira bottom bll 1 An color 16 462)(40 462)(40
8 KB Ira bottom I 1 An color 5 462)(50 462,,50
9 Shejl 1 Beech 16 304x245 299x240 1 2 0.5 19 B~' 300X240
10 Partition 1 Beech 16 298x244 293x239 2 05 19 B~' 294x239
11 Front su rt 1 B~h 16 523)(125 518)(125 1 05 " B~h 518x125
12 Bottom sup rt 1 B~h 1e 523x59 618x59 1 0.5 19 B~h 518x59

Componen!s marked with single'" would be grooved on one side.
Components marked with double"" would be grooved on both side.
Underline in dimension means beech color board fibre followlhe underline.

00
00

Prepared by

,

Checked by

<

Approved by

,



OTOBI LIMITED
Shyampur, Dhaka
Bill of Material

Product Name: Computer Tablo
MOdel: TCC-13H
Size: 906(llX450(W)X760(H)

Date: 2110612003
Material/Compone Color Size mm Nos. Unit of Total •••• Total Cost

~

Name , W Material Material in TK. in TK.
Beecl116mm 1001 551 1 Sf1 5.94 44.5 264,33
Beech 16mm

"" '" , Sf1 7.37 44.5 327.97
Partition Beech 16mm 50' '" 1 Sf1 2.49 44.5 110.81
Bo"'m Beech 16mm 897 '" 1 Sf1 4.75 44.5 211.38

mi Beecll16mm "7 " 1 Sf1 0.57 44.5 25.15
Front Su rt Beech 16mm "7 no 1 Sft 1.2.1 44.5 53,85
K board Tra Beech 18mm 607 "'0 1 Sft 2.18 44.5 96.12
KB Tra Front Bit Beech 18mm '" 55 1 Sft 0.37 '" 17.59• KB Tra Bottom Bit Beech 18mm 570 " 1 Sft 0.25 44.5 11,13
KBTra Bottom PI Beech 3mm 5<0 " 1 Sft 0.31 " 5,58
MouseTra Beech 9mm 'OS '" 1 Sft 0.63 3713 23,39
Dr. Fronl Beech 18mm '" 12' 1 Sft 0.33 '" 15,70
Dr, Side Beech 18mm '"0 75 , Sft 0.57 44.5 25,37
Dr. Front ~rt Beech 16mm 19' 94 O.S Sf1 0.10 44.5 4.45
Dr, Back Su rt Beech 16mm '" 75 1 Sft 0.16 44.5 7.12
Dr. Bottom PI Beech3mm "5 '" 1 Sft 0.83 " 14.94, '" Beech-2x19 m 5.07 21,58 109.41
Ed in Beech-1x22 m 2.085 13.05 27.21, '" Beech .5x19 m 4.05 '" 19.48
Ed,iin Beech-1x19 m 4.85 14,75 71.54
Glue Total~6.2"'1,4 .•..75"18.35 m 17 , "'.00
Kit Pack Fixln Com O~llS, JRN nut, Nickel Star T M6X10X13 12 N~. 1,57 18.84
JCBC Ailen head screw, Black M6X50 12 Noo '" 14.88
Housin 13mm 8 N~. 2,96 23,68
HouS~in 41,5mm 8 N~ '" 25.52
HOilsin ca ,Black 8 N~. 0,59 4,72
0_1 8 N~ 1.11 "8
Wood in~6x29 , N~. 0,15 0.'
M.S.L-Clam 314"x314" , N~. , ,
Tin screw. star head round No6x112" , N~. 0.' 1.'
Caster Wheel 16mm clam v.ith break , N~ 85 17
Caster ~eel 18mm clam v.ithout break , N~ 7 "Ailen Ke 4mm ~ 1 Nos, 1.78 1,78,
Dr. Channel 350mm , Nos, 44 88
.•. CSK Wood Screw No 5x314" 19 N~ 0.14 ,..
Tin screw, star head flat No3.5x12mm " N~ 0' 7.'
Lock138 1 Nos, " "~ ram Sticker 1 N~ 1 1
Mon ram 1 N~ 1 1
Carton 1 Nos, 55 55

1854 89
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Product Name: Computer Table
Model: TCC_13H

OTOBI LIMITED
Shyampur, Dhaka
Costing

•

1

Size: 906fUX450IW\X750'H\

".• Particulars •.., Hour.! Amount in TK. Remarks

A Materials 1855

" Wanes " , eo
c Pnme Cost ""3
0 Manufacturin'" Overhead " , '", Wasta•.•e and Safet~ Factor m. 15%On A >5% m
F Manufacturinn Cost fC+D+EI 2325

G Adminislrative Facl0!.!a.:!5% On F 15% >I'
H Sellin'" Overhead m. 20% On F 20% "'35, Cost of Goods Sold IF+G+Hl 3139

J Prof!!.@.25% On I 75% 7"'
K Sellin Plice Without VAT I+J\ 392', VAT"" 6% 0" K 6% 7'"
M Selli"" Price I"dudi,,'" VAT IK+L) 4159

N Cost Based on 2.5 Times of Materials cost
"'"

0 Pro sed Price "50
P A"rro~ed Price '500

90



1I0DEL NO: TCC-13
••ORKER ID:
~TCHNO:
I. Com onemts
Ho
2 Side
3 Partition
4 Bottom
15 Bottom su rt
6 Fronlsu
7 Ke board Ira
8 K8 Ira fronl blt
-9 KB Ira bottom bit
"51KB Ira bottom I
1 Mouse
2 Dr. Front
3 Dr. Side
4 Dr. Back
5 Dr. Bottom pj
i6 Dr. Channel, Set
7 Kit Pack
6 Fixin Manual

,"''''''-0 Hoi ram
1Moo ram

Size No. OK
1000x550x16 1
67i'x5OOx16 1
601x38Ox16 1
892x494x16 1
892x60x16 1
892x126x16 1
602x33Ox16 1
622x57x16 1
570x4Ox16 1
570x50x16 1
296x198x9 1
246x126x16 1
350x78x16 2
192x78x16 1
336x201x3 1
350mm 2,,,,,

Q Remarks

"""""6,,,,
5,
5
32,
1
1

"l case of any defect, please fiil out the sJXlcein the 'RemarKs' column of this JXlperinside Ihe packet staling
IIIedefect and send il back to D.G.M.

Packing in Charge

91 -
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Cutting Plan

Prod. N.me Computer Ta~lo Board Si.e 2440Xle30 Shoet No, ,
Mod.1 TCC P02 LB B02 Beard Thiokno.s, Clr 16 mm Beech Imported CUI PI.co.l 18,O<4JO

Compo '" Flb.r Longtl1\,;,e Cut Pl.c •••• 2010.165

LotStze Culling Size 1001X551 Re-q, Tim.

No ofComp. Componon1JBoord 0 Start Time

Total Qly Roqul",d Board End Time

la30

00' 0;' ",

1830x430

""15103105; 2'S5:04AM

Prep.rOO hy

M.lsl.m

Cheokod I>y

J



S_NO .

\liP_I

III P,oee-2

R•••• nm.,--
Er>CIll ••••

Cultlng Plan
2Utl>\S30e"... Silo

_ Thlck_. err

,,-
ullI"'II Siz....-"
RfClI,IhdB_

,-
CCP02lBB02,~

_.N_.-~"
l.Ol S"'.
No oIC<>m1L

~""
-

"". '

,

_.
151OW5; 2:55:<W AM

1830x385I '_-__~_., L •••••__ ~_., _

" I



Cutting Plan

Prod. Name Computer Ta~le Board Si •• 244(Jx1830 Shoet No, ,
Model TCC POZ LB B02 Board Thickno •• , Clr 1S mm Beech Imported Cui PJece_l 2440<282

Compo Ponition Fib••. LenglllWlse Cui P,ece-2 154a,0

Lot SIZe Cutting Si •• 006x3a3 Roq. Tlmo

No ofComp. Component/Boord " StartT,me

T~tol Qty Requ;red B""ro End Tlmo

1630

'"' '" '"' '"

11

1548xO

Dat.
151i1J105; 2:55:1)4 AM

Propared by

M l.lam

Ched,ed by

94 ••



"'lid. Homo

"-_.
~,~
HOolComp.

~""

,.""",,-
CCP02LBB02

"-

Cutting Plan
_ Sino 2"0.11130

_ Tttkknn., C,"-~"~-_."---
SheelN1O.

ulP_1

"'~
Rfll.T_,~-
End limo

•

'.'

,

1830x638

~"
1~5; 2:S5:04Nol



P",d, Name Computer Table

Cutting Plan
BoardSlUt 2440,1830 Sh •• t No.

Bo.rd Thickness, CI, 16 mm Boech Imponod

•

,

Modol TCC P02 LB B02
Comp, KB Tray

LolSize

/lOO/COmp. 1

Total Qty

II

Fiber

Cutting Size

ComponenUBoard

Requlrod B""rd

'8JO
no

Length,.,;,e

607.3:)0

"

Cut P;ece.1

Cut Pieee-2

Ileq, Time

S1art Time

End Time

2440>160
1665.0

O~
1sro:1l05; 2,55:114 AM

Prepare<J by

M,lsl.m

1665xO

Ch.cked by App",.ed by

Q



SheelNo. 6

Gulpiece-1 1830,48
CuI Pi.co.2 2.392,21

Roq, Ttme

Start Tim"
End Tlmo

09 mm Beech Impoflod

Lengtllwi'.
Z95,197

"

Cutting Plan
244Q'183D60ard Size

Board Thlcknos., Glr

Floor

Cutting Size

CompononllBo,rd

Required Boord

Pro~ Nomo COlnpulorT,olo

Model TCC P02 L6 602
Comp, Mou•• Troy

Lol SI,.

No 01 Compo

T010.1 aty

'"

1630

m '" '" '" '"' m '" m m

295

W;

'"'

'"

,~,

'"'

"'

'"
~ ~ ~~Liii ~

Ii

•

•

1830x48

0.10
151DJlD5, 2,55,O~AM

Prepa'od by
M,I.I,m

ChoCkod by Appro'od by
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Cuttln{l Plan

Prod. Nam. CampurerTatlo Boord Sim 2440,1220 Shoot No, ,
Modol Tce P02 LB 1302 Board Thl<~ne •• , Clr OJ Beech PI)' Cut Ploce-1 2440,195

Comp, Dr. aonom Ply Flb.r '" Cut PI.ea.Z 1025,46

Lot 51.0 Cutllng 51z. 3311<201 Raq Time

No 01 Compo ComponenUBMrd ;; 510rt Time

Tot.1 Qty Required Board ~nd Tlmo
.._-_.

, 2~O

'"' '" '" '"'

•

\

1025x46

D.le

1SI~JI05; 2'55:04AM

Prepared by

M,l.lam

Approved by

r I



•

Cutpleoe SI.e
CP.1

CP.2

Comp SI.e
No 01 eomp

Model

Sh<*'No
Sub Sheet No

'"

'"

2010,1&,

165x50

1900"
192",&

'"
Tee P02 L8 80Z

,

'"
~
ill," m
0

"~
~

0

'"

~
165x50

P",p.r.d By

M,lsI.m

r [
(
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•

Cutpiece Cutting Plan
Moths, Comp "' Bouom Ply Child Comp KB Troy Boll. Ply

CUlplocn Sizo 2440x195 Siz. 570,50

Model TCC P02lB B02 NoolComp "Shoel No CP.1 195,144

Sub Sho.! No m cp.2 2296.<33

195x144

100



Cutp;aca Cutting Plan
MOlhorGomp Botlom Ghlld Gomp Fronl sup •.

Gutpl",," SI"" 1802xJ27 SI,o 897x125

MOdol TGG P02 I.A B02 No of Comp ,
; Shoot No GP.1 1002.6g

Sub Sheel No " GP.2 ,~o

""

258xO

101

•
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Culpleco Cultlng Plan
Moth., Comp Sid. Child CQmp KB T"'Y 80"_ 811
Cutpleo.SI,. 18JO,385 SI,. 570,40
Modol TCC PO. LBeo? No of Comp "Sh •• t No CP-1 385x108

Sub ShOO' No m '"~ 1122:<33

385

•

385x108

10? I
I



Culplece Cutting Plan
MotharComp '" Child Comp Bottom Supt

Cu!pieo. Si<o laJO,4JO Sl,o S97,59
Model TCC P02 LB B02 Noo/Comp ", Shoe! No CP-l 1830x52

Sub Shee! No '" CP.2 378,28

'"

'"

378x28

101 • I
f
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Cutplece Cutting Plan
Molhm Gomp KB Troy child comp " Sid.Gu!ploce SI•• 1833,160 SI.o 350x75

Model Tce 1'02 "8 802 No ofCo,,"p '"Shoo! No GP.1 160.63

Sub Sheel No 5/1 C"' 1770,2

'"

350

160x63

'Od •
I



Culplace Cutting Plan
Mother Comp Sid. Ghlld Gomp KB Tc.y FrO"l Bil

GUlpl",,_ SI,o 2055x309 SI,o 624,114

Mod.1 Tee P02 La B02 No 01 eomp "Shoet No CP.1 309x171

Sub Sh.ot No '" CP.2 18S4x7J

,e,

••

'"

'"

••

'"

309x171
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Culpiece Cutting Plan
Moth.r Comp Bollom Child Comp 0' FrO'li

Gulpl.o. Sl,o 1~10,G38 Si,. 249x\23

Modol TCC P02 LB 802 No 01 Comp "She.1 No Cf'-1 1830x132

Sub Shoot No '" CP.2 506x52
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Cutpiece Cutting Plan

Mo'hor Gomp Partition Child Gomp Front Supt,

Gutploco Size 2440,282 51•• 897<125

Modol Tee P02lB tJ02 No ot Comp ,
Shoot No CP-1 2821<638

Sub Sheet No " CP.2 1802,24

282x638

IPreparQd By:

M.lslam

Chockd By;
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MODEL: TCC P02 (TCC-13F/H)
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MODEL: TCC P02 (TCC-13F/H)
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\ OTOBI LIMITED
Shyampur. Dhaka
Cutter Status and Requirement

Laminated Board Section
SLO MACHINE CUrrER SPECIFICATIONS

0 B b d Z

1 Panel Saw Sizin Saw Blade '" " " 30 7Z
Technik, PSW 32011 Scorin Saw Blade 1Z0 3.' '.8 ZO "

2 Panel Saw Sizin Saw Blade 3" " 3 ZO 7Z
M~ Scorinll Saw Blade 300 4.4 3.' " 48

3 Sliding Saw SizlnQ Saw Blade 300 3.' ,., 30 60
Lazzari lEMA-3000 IS Scorina Saw Blade '" 3.' ZZ 30 30

4 Table Saw (4 nos.) Sizina Saw Blade 300 3.' ,., 30 7Z
Olobl Scorino Saw Blade 1Z0 " Z8 '0 "

5 Double End Tennoner S,Z;"" Saw Blade 300 3.' ,., 30 7Z
Soda, JWM 51.135 Scorinn Saw Blade \60 3.' ZZ 30 38

6 Double End Tennoner Siz!n Saw Blade 300 3.' ,., 30 7Z
Soda, JWM 51.135 Srorin Saw Blade \60 32 ZZ 30 "Grooving Cutler l-lead \60 " \., 32 1Z

\" 3.' ,., 3Z 1Z
m 3 , 30 1Z
\" , , 30 1Z
\60 8 , 32 1Z
\60 " , 32 "'" \9 " " 6

Legend:
0- Cutter Outer Diameter

S- ClItter Carbide Thickness

b- Culter Plate Thickness

d- Culter Inner Diameter

Z- Number of Teeth

115



• OTOBI LIMITED
Shyampur, Dhaka
Cutter Status and Requirement

Laminated Board Section
S,' MACHINE CUTTER SPECIFICATIONS

0 , " L2 " Z
1 Copy Rouler ROlJler Bit " 12.7 " " 35 7
'"'-, Router Bll " 12.7 85 " 35 7
Shada RO.116 Router Bit " 12.7 we OJ 35 7

Router B,I " 12,7 80 " 35 7
Router Bil W 12.7 " 75 35 7

7 Mulb Borer( Big) mle Throu h Hole Bit 5 10 " " 75
Morbidellil Throu h Hole Bil 6 10 " " 75
BIESSE-TS-74 TO~ h Hole Bit 7 10 70 " 75

Throu h Hole Bit 6 10 70 " Z5
Multi Borer( small) mlc Throu h Hole Bit 65 10 " " Z5
Vitapl Borin Bit Blind Hole 5 10 " " ""'"~" 800 a,l BJlnd Hole 6 10 70 4343 ZO

Borin Bit Blind Hole 10 10 70 43 "C linder Borin Bit 15 10 70 "C linder Bori Bit " 10 " "C linder Borin Bit " 10 70 76
C linder Borin Bil 35 10 70 Z6

3 Pneumatic Drill C linder Borin B;! 58.5 12.5 140 50
C linder Borin Bit 35 12.5 140 50

Legend:
D. Cutter Shank Diameter
d- CullerCulti~gDiameter
L1- CuUerToial Lenglh
l2_ Cutler Shank Length
L3- Cutter Cutting Length
Z- Number 01Teelh
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OTOBI LIMITED
Shyampur, Dhaka
Cutter Status and Requirement

laminated Board Section
SL# Machine Name Cutter Description SPECIFICATIONS

R 0 "' B , , Z
1 Edge Bander Clipping Saw Blade - 100 2.6 16 32 "Optimal KO-67 for Trim~i~~ ..

Edge Rounding , 00 00 16 11 16 ,
Cutter Head
Edge Rounding , n 61 16 11 16 ,
Culter Head

2 Edge Bander M/c Clipping Saw Blade 160 '.2 2.2 22 "for Trimm;~~-
-

'MA
Edge Rounding 3 60 69.4 20 12 20 ,

r-3
Cutler Head

ComerTrimmerMlc Comer Rounding 3 " 19 1C - , ,
JMA, KFMI Bits

4 Table Trimmer Mlc Edge
Fravol Banding/Jointing 00 12 1C 16 6

Cutter Head

R 0 01 B H S , Z
5 Edge Bander Mlc Scraper Tumover , 12 20 2 ,

Qolimal KIUl7 Knife
6 Edge Bander Mlc &:raper Turnover 3 12 20 2 ,

'MA Knife
7 Copy Router Rounding Cutter 12,7 '" " 12.7 2
Berman

8 Hand Trimmer Rounding Cutter , 20 12 6.35 2
Makita 3700B 3 16 12 6.35 2

5 22.2 12.7 5.35 2

Legend:
R-Culler cutting surface Radious
0- Cutter Outer Diameter
01-
B- Culter Carbide Thickness
b- Culler Plate Thickness
d- Culler inner Diameter
Z- Number of Teeth
H-
S
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Microsoft Excel 8.0 AnsWtlr Report
Workshllet: [KAMAL,xls]OATA11
ReportCreated: 2126/05 10:47:29 PM

Target Cell (Max)
Cell Name Origi"~1 Vallie Final Value

$AR$4 UNIT PRICEZ 9658126.912 9775531.925

Adjustable Cells
Cell Name Original Value Final Value

$8$3 REO. OTY. BOD16Z 240.00 240.00
$C$3 REO, OTY. BDDPOO 300,00 300.00
$0$3 REO. OlY. KWDP05 20000 200.00
$E$3 REO. OTY. DDZ12G 150.00 300.00
$F$3 REO, OTY. DSZ13Z 150.00 251.55
$G$3 REO. OTY. KR015H 300.00 300.00- $H$3 REO. OTY. KROP04 120.00 120.00
$1$3 REO. OTY. KS015H 240.00 240.00
$J$3 REO. OTY. KS016H 300.00 300.00
$K$3 REO. OTY. lCC13H 423.78 250.00
$L$3 REO. OTY. TCC19H 200.00 200,00
$M$3 REO, OTY, TEZ23H 300 00 300,00
$N$3 REO OTY, KRD12H 500,00 500 00
$0$3 REO, OTY. TRZ12H 150,00 150,00
$P$3 REO, OTY. TMZP04 240 00 240,00
$0$3 REO OTY. TVT11Z 300,00 30000
$R$3 REO, OTY. TVT12Z 50000 500,00
$S$3 REO OTY. BDD17Z 75.00 75.00
$T$3 REO OTY. KPD16Z 75.00 75.00
$U$3 REO, OTY. DDZ14Z 179.30 90.00

0; $V$3 REO, OlY. DDZ15G 75,00 75.00
$W$3 REO. OTY. DSZ12Z 75.00 75.00
$X$3 REO. OlY. KSD14Z 50.00 50.00
$Y$3 REO. OTY. TCC22H 87.77 60.00
$Z$3 REO. OTY. TOZ18H 75.00 88.95
$AA$3 REO, OTY. TOZ19H 75.73 120.00
$AB$3 REO. OTY. TOZ20H 76.02 120.00
$AC$3 REO. OTY. T0Z21 H 76.08 120,00
$AD$3 REO. OTY. TRZ13H 50.00 5000
$AE$3 REO, OTY, TVT13Z 8666 50 00
$AF$3 REO. OTY. TVT14Z 75,00 75,00
$AG$3 REO. OTY. BCZ13Z 7371 50,00
$AH$3 REO. OTY. BCZ15Z 38 11 30.00
$AI$3 REO. OTY, BDD15Z 30 00 30.00
$AJ$3 REO, OTY, BSD12W 40,00 40,00
$AK$3 REO OTY. KPD12Z 15,00 15.00
$AU3 REO OTY. KWD15H 25.00 25.00
$AM$3 REO, OlY. DW015Z 20.00 20.00
$AN$3 REO. OTY. TCC15H 37.38 30.00
$AO$3 REO. OTY. TEZ24H 49.89 50.00 .
$AP$3 REO. OTY. TEZ28H 21.36 86.00
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$AQ$3 REQ, QTY. TVC11Z 1000 10.00

Constrninls
Cell Name Cell Vallie Fonnula Status Slack

$AR$6 PS LHS 19497.52246 $AR$5<-SAT$6 Not Binding 502.4775195

$AR$7 CS LHS 9723,688037 $AR$7<"'$AT$7 Not Binding 1235631195

$AR$8 OET LHS 18480 $AR$8<"'$AT$8 Binding 0
$AR$9 SS LHS 7270.292078 $AR$9<-$AT$9 Not Binding 15229,70792

$AR$10 GR LHS 59961 $AR$10<"'$AT$10 Not Binding 12843.9

$AR$11 PE LHS 8303,216705 $AR$11<"'$AT$11 No! Binding 14496,7833

$AR$12 TT LHS 8609850984 $AR$12<='$AT$12 Not Binding 12090.14902

$AR$13 SE LHS 14623,51212 $AR$13<"'$AT$13 Nol Binding 4876.487875

$AR$14 MB LHS 16789,07746 $AR$14<"'$AT$14 Not Binding 3190,92264

$AR$15 NB LHS 18840 $AR$15<"'$AT$15 BindIng 0
$AR$16 GNG LHS 187234206 $AR$16<"'$AT$16 Not Binding 2576.579396

$AR$17 B0016Z LHS 240 $AR$17>-$AT$17 No! Binding ''"$AR$18 BDDP06 LHS 300 $AR$18>"'$AT$18 Not Binding '50
SAR$19 KWDP05 LHS 200 $AR$19>"'$AT$19 Not Binding ,eo
$AR$20 DDZ12G LHS 300 $AR$20>"'$AT$20 Not Binding '50
$AR$21 DSZ13Z LHS 251,5524027 $AR$21>"'$AT$21 Not Binding 101.5524027

$AR$22 KR015H LHS 300 $AR$22>"'$AT$22 Not Binding '50
$AR$23 KROP04 LHS 120 $AR$23>"'$AT$23 Binding 0
$AR$24 KS015H LHS 240 $AR$24>-$AT$24 Not Binding ''"$AR$25 KS016H LHS 300 $AR$25>"'$AT$25 Not Binding '50
$AR$26 TCC13H LHS 250 $AR$26>"'$A T$26 Binding 0
$AR$27 TCC19H LHS 200 $AR$27>=$AT$27 Binding 0
$AR$28 TEZ23H LHS 300 $AR$28>"'$AT$28 Not Binding '50
$AR$29 KRD12H LHS 500 $AR$29>"'$AT$29 Not Binding 250
$AR$30 TRZ12H LHS 150 $AR$30>='$AT$30 Binding 0
$AR$31 TMZP04 LHS 240 $AR$31>"'$AT$31 Not Binding "0

• $AR$32 TVT11Z LHS 300 $AR$32>"'$AT$32 Not Binding '50
$AR$33 TVT12Z LHS 500 $AR$33>='$AT$33 Not Binding '50
$AR$34 B0017Z LHS 75 $AR$34>"'$AT$34 Not Binding 25
$AR$35 KPD16Z LHS 75 $AR$35>"'$AT$35 Not Binding 25
$AR$36 DDZ14Z LHS 90 $AR$36>-$AT$36 Binding 0
$AR$37 DDZ15G LHS 75 $AR$37>"'$AT$37 Bind,ng 0
$AR$38 DSZ12Z LHS 75 $AR$38>-$AT$38 Not Binding 25
$AR$39 KSD14Z LHS 50 $AR$39>=$AT$39 Binding 0
$AR$40 TGG22H LHS 60 $AR$40>"'$AT$40 Binding 0
$AR$41 TOZ18H LHS 8894691076 $AR$41>"'$AT$41 Not Binding 13.94691076

$AR$42 TOZ19H LHS 120 $AR$42>-$AT$42 Not BindIng "$AR$43 T0Z20H LHS 120 $AR$43>"'$AT$43 Not Binding "
$AR$44 T0Z21H LHS 120 SAR$44>"'$A T$44 Not Binding 45
$AR$45 TRZ13H LHS 50 $AR$45>-$AT$45 Binding 0
$AR$46 TVT13Z LHS 60 $AR$46>"'$AT$46 Binding 0
$AR$47 TVT14Z LHS 75 $AR$47>"$AT$47 Binding 0
$AR$48 BCZl3Z LHS 50 $AR$48>"'$AT$48 Bmding 0
$AR$49 BCZ15Z LHS 30 $AR$49>_$AT$49 Binding 0
$AR$50 BDD15Z LHS 3D $AR$50>"'$AT$50 No! Binding '"$AR$51 BSD12W LHS 40 $AR$51>"'$AT$51 Not Binding "$AR$52 KPDl2Z LHS 15 $AR$52>-=-$AT$52 BindIng 0
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SAfd53 KWD15HLHS
SAR$54 DWOl6Z LHS
$ARSS5 TCC15HlHS
$AflS56 TEZ24H LHS
SARIS] TEZ28HLHS
$ARIse TVCl1Z LHS
$ARISe BOO16ZLHS
$AR$6O BDDP06 LHS
SAR$lll KWDP05 LHS
$ARS62 ODZl2G LHS
$AR$63 DSZ13Z LHS
SAR$64 KROl5H LHS
$AR$65 KROP04 LHS
$AR$66 KSOl5H LHS
SAR$61 KS016H LHS
$ARS68 TCC13H LHS
SARS69 TCC19H LHS
$ARi7D TEZ23HLHS
MRS]1 KR012H LHS
SAR$72 TRZ12H LHS
$AR$73 TMZP04 LHs
SARI]" TVTllZ LHS
$AR$15 TVTl2Z LHS
SARns BOOHZUiS
SARin KPD1SZLHS
$AR$78 002142 LHS
$AR$79 OOZl5G LHS
$ARSSO OSZI2Z LHS
$AR$ll1 KS014Z LHS
$AR$82 TCC22H LHS
SAR$63 loZ1SH LHS
SARS84 rOl1SH LHS
SAR$85 TOZ20H LHS
$AR$86 T0Z21H LHS
$AR$87 TRZ13H LH$
$AR$66 TVT13Z LHS
SARSS9 lVT1.fZ LHS
SARS90 BCZ13Z LHS
$ARIel BCZ15Z LHS
$J\R$1/2 BODl5Z lHS
SARIS) BSDI2WLHs
SAR$94 KPDI2Z LHS
SAR$95 KWelSH LHS
SARS96 DWOl6Z LHS
$ARiB] TCC15H LHS
SARISS TE224H lH$
SARS99 TEn8H LHS
iAlUioo TVCllZLAs

•
25 $AR$S3>=$AT$53 BIndIng
20 $ARS:>4>=$AT$54 Billding
30 SARS55>=$AT$55 Binding
50 SARS56>=$ATS56 Not Binding
so $AR$57>=$AT$57 Not Birodmg
10 $AR$56Jo=SATSS8 Binding

240 SARS59<=$AT$59 BindIng
300 $AR$6O<=$AT$80 Bind"'!!
200 $AR$61~=1AT$81 Blndln!!
300 $AR$82~:SATS62 Bindlflg

251.5524021 $AR$83~"SAT$83 Not Binding
300 SAR$64""$A'i'$64 Binding
120 $AR$85<:SAT$85 Not Bindtng
240 $AR$66<=1AT$86 Bindl"!!
300 $AR$61""SAT$67 Blndlflg
250 $AR$68~:SAT$68 Not Blnd,ng
200 $Ak$69<=1'At$89 Nllt Binding
300 SARS70<"$AT$10 Binding
500 $ARS71<:SAT$11 Binding
150 $AR$12<"SAT$12 Nllt Binding
240 $ARS73<"SAT$13 Blnd,ng
300 $ARS74<:$ATs74 Blnd,ng
500 $AR$15<=$AT$15 Bind,ng
75 $AR$7B<"SAT$7B Binding
15 $AR$17<"$ATs17 Binding
90 $ARi18<=$ATs78 No! Bindlrlg
15 SARS7&<:SAT$79 Not Binding
15 $AA$8O<=$AT$8O Binding
50 $AR$81<=$A'f$81 NOt Bindirlg
GO SAR$82<:$Al$82 Not Binding

88.94691016 $AR$83~:$AT$83 Not Binding
120 $AR$84~=$AT$84 Bindirlg
120 SAR$85<:SAT$85 Blndirlg
120 $AR$86~:$An86 Binding
50 $AA$li1~"1AT$87 NOt Binding
80 SAR$88<"SA1$68 Not Btndlng
'i'5 $Ak$89<"$Al$89 Not Binding
50 $AR$9O<=1A1$90 Not Binding
30 SARS91<=SAl$91 Not B,ndlng
30 SARS92<=SATS92 B,nding
40 $AR$93<"$AT$93 BJnding
lS $AR$94<'"$Al$94 No! Binding
25 $AR$e5<"SAT$95 Not Binding
20 SARS96<=$ATS96 No! Bu'!dlng
30 $ARS97<"SAT$91 No! Bindlr>$!
50 $A~9!I<=$A T$9B Binding
50 $AR$99<=SATS99 Blndi~
10 SARS100<4Afsl00 Not BindUlll
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Microsoft Excel 8.0 Sensitivity Report
Wor1lstleet: (KAMAL.xlsIDA TA11
Report Created: 2/2610510:41:31 PM

Adjustable Cells
Final Reduced Objective Allowable Allowable

Cell Name Value Cost Coefficient Increase Decrease

$B$3 REO aTY. BDD16Z 240,00 000 4000 1E+30 2309,905283

$C$3 REO, aTY. BDDP0'3 30000 0,00 4150 1E+30 2085,757895

'0$' REO. aTY, KWDP05 200.00 0.00 3200 1E+30 52.3684213

$E$3 REO. aTY. DDZ12G 300.00 0.00 1625 lE+30 65,10210561

$F$3 REO, aTY. DSZ13Z 261.55 0,00 1037 17.21968875 9.569929941

$G$3 REO, aTY. KR015H 300,00 0.00 1050 9.45357E+17 76.39473693

$H$3 REO. aTY, KROP04 120.00 0.00 1100 422,218947 lE+30

$1$3 REO. aTY. KS015H 240.00 0,00 1525 lE+30 35.58947365

$J$3 REO, aTY. KS016H 300,00 0,00 2025 2,20377E+17 159,7810523

$K$3 REO. aTY, TCC13H 250.00 0.00 1126 6.263157811 1.87385E+17

$L$3 REO. aTY. TCC19H 200.00 0.00 1200 506.1389471 lE+30

$M$3 REO, aTY. TEZ23H 300,00 000 1175 1E+30 301.7926318

$N$3 REO. aTY. KRD12H 50000 0.00 '" 1E+30 143.9736843

$0$3 REO, aTY. TRZ12H 150.00 0.00 1325 115.1821051 lE+30

$P$3 REO, aTY. TMZP04 240,00 000 1650 lE+30 732,2505266

$0$3 REO. aTY TVTl1Z 30000 0.00 "25 1E+30 166.1221054

$R$3 REO. aTY, TVT12Z 500.00 0.00 '" 1E+30 270.2073686

$S$3 REO, aTY. BDD17Z 75,00 000 3000 lE+30 2481.44421

$T$3 REO. aTY. KPD16Z 7500 0,00 3900 1E+30 237.5484217

$U$3 REO. aTY, DDZ14Z 90.00 0.00 1240 88.25789439 lE+30

,V>' REO. aTY. DDZ15G 75.00 000 "10 79.34210483 lE+30

$W$3 REO aTY. DSZ12Z 7500 0,00 3060 lE+30 51.42736883

"'1' REO. aTY. KSD14Z 50,00 0.00 1000 1128051579 1E+30

$Y$3 REO. aTY. TCC22H 60.00 0.00 900.0000001 674.0231578 lE+30

$Z$3 REO, OTY. TOZ18H 88.95 0.00 '" 11.82347574 8.579937192

1MI' REO. aTY, TOZ19H 12000 0,00 899,9999999 lE+30 255.7684206

$AB$3 REO. aTY, TOZ20H 120,00 0.00 "00 1E+30 355.7684209

$AC$3 REO aTY. TOZ21H 120.00 0.00 840.0000002 4.44043E+16 337,1052632

$AD$3 REO. OTY, TRZ13H 50,00 000 Hl40 1052.274737 1E+30

$AE$3 REO. aTY, TVT13Z 60.00 0.00 1080 318.5294733 lE+30

$AF$3 REO, aTY. TVT14Z 75.00 0.00 1200 30.65578937 lE+30

$AG$3 REO. OTY. BCZ13Z 6000 0,00 420.0000001 366,3505261 1E+30

$AH$3 REO. aTY, BCZ15Z 30,00 000 344 9999997 586.4073685 1E+30

$AI$3 REa.-OTY, BOD15Z 30.00 0.00 2175 lE+30 1826.065263

$AJ$3 REO, aTY. BSD12W 40,00 0.00 1680 lE+3() 1306 833684

$AK$3 REO. aTY, KPD12Z 15,00 0,00 2954.999999 1293198947 1E+30

$AL$3 REO. aTY, KWD16H 25.00 0.00 2190 2945052631 1E+30

$AM$3 REO aTY. OWD16Z 20,00 000 2475 2234.078947 1E+30

$AN$3 REO. aTY, TCC15H 30,00 0,00 719,9999999 751,2894732 1E+30

MO$3 REO, aTY. TEZ24H 50.00 0.00 '801.9999999 lE+30 57,26315618

$AP$3 REO QTY. TEZ28H 50,00 000 974.9999999 1E+30 332,8631576

$AQ$3 REO OTY, TVC11Z 10.00 000 3160 2986,142104 1E+30
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Constrainls
Final Shadow Constraint Allowable Allowabl",

C",l1 Name Value Price RH. Side Increase Decrease

SAR$6 PS LHS 19497.522 a 20100 1E+30 602.4775195

$AR$7 CS LHS 9723,688 a 22080 1E+30 12356,31196

$AR$8 OET LHS 18480 242.3157896 18480 2650429688 11 90390626

$AR$9 as LHS 7270.2921 a 22500 1E+30 15229.70792

$AR$10 CR LHS 5996.1 a 18840 1E+30 12843.9

$AR$11 PE LHS 8303.2167 a 22800 lE+30 14496 7833

$AR$12 TILHS 8609.851 a 20700 lE+30 12090.14902

$AR$13 SE LHS 14623.512 a 19500 1E+30 4876.487876

$AR$14 M6 LHS 16789.077 a 19980 1E+30 3190.92254

$AR$16 NB LHS 18840 192,105263 18840 1354400001 30.156

$AR$16 CNC LHS 18723.421 a 21300 1E+30 2516,519396

$AR$17 BDD16Z LHS ''" a "0 "0 1E+30

$AR$18 BDDP06 LHS '"0 a lOa lOa 1E+30

~ $AR$19 KWDP05 LHS '00 a '"0 '"0 1E+30

$AR$20 DDZ12G LHS '"0 a lOa 150 1E+30

$AR$21 DSZ13Z LHS 251,5524 a 150 101.5524027 1E+30

$AR$22 KR015H LHS 300 a 100 lOa 1E+30

$AR$23 KROP04 LHS "0 --422 218941 "0 1647828833 7.400913161

$AR$24 KS015H LHS "0 a '" "0 1E+30

$AR$25 KS016H LHS 300 a 150 150 1E+30

$AR$26 TCC13H LHS '00 -6.263157611 '00 19.10595613 42.53981191

$AR$21 TCC19H LHS '00 -606,1389471 '00 43.06906185 19,34385818

$AR$28 TEZ23H LHS '"0 a 150 150 1E+30

$AR$29 KRD12H LHS 000 a '00 250 1E+30

$AR$30 TRZ12H LHS 100 -115.1821051 100 49,00144716 39.15588691

$AR$31 TMZP04 LHS "0 a "0 "0 1E+30

$AR$32 TVT11Z LHS '"0 a 150 150 1E+30

$AR$33 TVT12Z LHS 500 a '00 '00 1E+30

$AR$34 6DD17Z LHS " a 50 25 1E+30

$AR$35 KPD16Z LHS " a 50 25 1E+30

$AR$36 DDZ14Z LHS 90 --88.25189439 90 2362911371 1061257184

$AR$37 DDZ15G LHS " _79.34210483 " 1068420432 4.789626724

$AR$38 DSZ12Z LHS " a 50 25 1E+30

$AR$39 KSD14Z LHS 50 -1128051519 50 25 2365489041

$AR$40 TCC22H LHS 60 _674.0231578 60 28.91869915 3938462685

$AR$41 TOZ18H LHS 88.946911 a " 13.94691076 1E+30

$AR$42 TOZ19H LHS "0 a " " 1E+30

$AR$43 T0Z20H LHS 125 a " " 1E+30

$AR$44 TOZ21H LHS "0 a " 45 1E+30

SARS45 TRZ13H LHS 50 .1052274731 50 25 17.09068601

$AR$46 TVT13Z LHS eo -318.5294733 eo 30 14,31309005

$AR$47 TVT14Z LHS 75 -30 65578931 75 45 4410921151

SARS48 BCZ13Z LHS 50 .388,3505261 50 '5 00
$AR$49 8CZ15Z LHS 30 -586,4013685 30 10 30
$AR$50 BDD15Z LHS '" a '0 10 1E+30

$AR$51 BSD12W LHS '" a " '0 1E+3D

$ARS52 KPD12Z LHS 15 -1293198947 15 8,994869626 4039818454

SARS53 KWD15H LHS 25 -2945,052631 25 21.19312321 10,11060173
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$AR$54 DWD16Z LHS " _2234.078947 " " 7.869335067

$AR$55 TCC15H LHS 00 -751.2894732 00 '0 12.76397907

$AR$56 TEZ24H LHS 50 0 00 " 1E+30

$AR$57 TEZ28H LHS 50 0 " 00 1E+30

$AR$58 TVC11Z LHS '0 -2986,142104 " '0 870077673

$AR$59 BDD16Z LHS '" 2309,905263 "0 1059228364 23.5839416

$AR$60 SDDP06 LHS 300 2085757895 300 32,98051948 27,87937848

$AR$61 KWDP05 LHS '00 52.3684213 '00 13.42486961 2006786731

$AR$62 DDZ12G LHS 300 65,10210561 000 168821378 7.582294552

$AR$63 DSZl3Z LHS 251.5524 0 300 1E+30 48.44759728

$AR$84 KR015H LHS 300 76.39473693 000 41.04242425 65.85258615

$AR$65 KROP04 LHS '" 0 '" 1E+30 '"$AR$66 KS015H LHS '" 35,58947365 '" 4 633419496 10,31640566

$AR$67 KS016H LHS 300 159.7810523 300 2,264479025 5.041910027

"
$AR$68 TCC13H LHS '50 0 500 1E+30 '50
$AR$69 TCC19H LHS '00 0 "0 1E+30 '00

- $AR$70 TEZ23H LHS 300 3017926318 300 23,51120968 10.55961746

$AR$71 KRD12H LHS 500 1439738843 500 78.64258069 118.0087672

$AR$72 TRZ12H LHS 150 0 000 1E+30 150
$AR$73 TMZP04 LHS '" 732.2505266 '" 34.41767273 15.45805013

$AR$74 TVT11Z LHS 300 166.1221054 300 80,78788319 3854146948

$AR$75 1VT12Z LHS 500 270.2073685 500 161.411217 77.00443739

$AR$76 BDD17Z LHS 75 2481 44421 75 5.562573019 12.38518545

$AR$77 KPD16Z LHS 75 237,5484217 75 13.56667267 6.093215772

$AR$78 DDZ14Z LHS 90 0 ,eo 1E+30 90
$AR$79 DDZl5G LHS 75 0 '50 1E+30 75
$AR$80 DSZ12Z LHS 75 51.42736883 75 34.00331004 16.22195661

$AR$81 KSD14Z LHS 50 0 75 1E+30 "
$AR$82 TCC22H LHS 60 0 90 1E+30 30
$AR$83 TOZ18H LHS 88.946911 0 '" 1E+30 31.05308924

•• $AR$84 TOZ19H LHS '" 255,7684208 '" 12.48422779 27.79639493

$AR$85 T0Z20H LHS "0 3557684209 '" 12.46422779 27.79639493

$AR$86 T0Z21H LHS '" 3371052632 "0 9.523125007 21.20343749

$AR$87 TRZ13H LHS 50 0 75 1E+30 "
$AR$88 TVT13Z LHS 60 0 9C 1E+30 30
$AR$89 TVT14Z LHS 75 0 '" 1E+30 "$AR$90 BCZ13Z LHS 50 0 75 1E+30 "$AR$91 BCZ15Z LHS 00 0 " 1E+30 '0
$AR$92 BDD15Z LHS 00 1826.065263 eo 8.266601571 "$AR$93 BSD12W LHS " 1306.833684 " 7.72980926 17.21058238

$AR$94 KPD12Z LHS '5 0 " 1E+30 10
$AR$95 KWD15H LHS 25 0 50 1E+30 "$AR$96 DWD16Z LHS " 0 30 1E+30 10
$AR$97 TCC15H LHS 30 0 " 1E+30 "
$AR$98 TEZ24H LHS 50 57.28315818 50 34.35493671 15.42987343

$AR$99 TEZ28H LHS 50 332 8631576 50 4492040099 1000182146

SAR$100 TVC11ZLHS " 0 " 1E+30 10
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