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CONCEPT


This module will introduce you to an experiment involving cost economy and system designing.


OBJECTIVE


At the end of this module, you will be able to do the following:


Understand  how the principles of cost economy are applied to solve problems concerning equipment or system planning.


SCIENCE PROCESS SKILLS


�
Observing


Understand Information


Problem Solving


Computation


Collecting Data


Forming Conclusions


�
AAAS SCIENCE BENCHMARK


�
2A:  Patterns and Relationships


1B:  Scientific Inquiry


12B:  Computation and Estimation


12C:  Manipulation and Observation


11D:  Scale


11B:  Models


�
SCIENCE EDUCATION CONTENT STANDARDS (NRC)


�
Grades 5-8:


Use appropriate tools and techniques to gather, analyze, and interpret data


Construct explanations and models using evidence


Grades 9-12:


Use technologies to improve investigations and communication


Recognize and analyze alternative explanations and models�
STATE SCIENCE CURRICULUM FRAMEWORKS


Grades 5-8:	1.1.10, 1.1.11, 1.1.12, 1.1.13, 1.1.14, 2.1.7, 2.1.9, 2.1.10


Grades 9-12:	1.1.20, 1.1.21, 1.1.24, 1.1.26, 2.1.11, 2.1.14, 2.1.15


Experiment


You are the chief industrial engineer at Cirrus Inc., a widget manufacturer. Your company is building a new factory and you are in charge of its design.


Two acres of land have already been purchased and all that is needed are your floor layouts for the machinery.


Three different machines are used in the production of widgets. You must design a system using one or more of each type of machine. This system must meet minimum performance criteria in order for the new manufacturing plant to be an economic success. If your design is not correct or does not meet the specified minimum criteria your company will probably suffer a massive financial setback, hundreds of workers will be laid off, and you will be out of a job...


Part A


Machine A produces widget components at a rate of up to 16 per minute, though this rate can be slowed down. Each Machine A costs $270,000.


Machine B produces up to 4 widget components per minute. Each Machine B is purchased for $75,000.


Machine C combines A and B components into finished widgets at a rate of up to 8 per minute. A machine of type C can be bought for $750,000.


At current market prices your company makes $10 on each widget that is produced. 


A minimum of $200,000 in widgets must be manufactured per day for the factory to be a success. Assume the machines run 24 hours a day.


You now have enough information to begin designing your system. You must design a system that meets your employers needs and, upon completion, cost no more than $2,500,000.


You get a bonus if you bring the project in under cost.


This part of the experiment would probably be easiest with some sort of visualization, either by drawing on paper, or with something physical representing the machines and the flow of widget components.


Solution


It is given that for the factory to be a success, a minimum of $200,000 in widgets must be manufactured per day. At the rate of $10 per widget, the number of widgets to be manufactured per day would be $200,000/$10 = 20,000 widgets.


Number of minutes in a day = 24 x 60 = 1440.   Since the machines run 24 hours a day, number of widget to be manufactured per minute would be 20,000/1440 = 13.89, say 14 units.


Machine A produces up to 16 widget components per minute, which is sufficient to meet our  target of producing 14 widgets per minute. Therefore we purchase 1 machine of type A.  Cost of  1 machine of type A = $270,000.


Machine B produces up to 4 widget components per minute. In order to keep up with machine  A, we would need 4 machine of type B so that we can produce up to 16 widget components per minute.


Cost of purchasing  4 machines of type B = $75,000 x 4 = $300,000.


Machine C combines components of Machine A and Machine B into finished widgets at a  rate of up to 8 per minute. Therefore in order to manufacture up to 16 widgets per minute, we would need 2 machines of type C.


Cost of 2 machines of type C = $750,000 x 2 = $1,500,000.


Total cost of the system = Cost of 1 machine of type A + Cost of 4 machines of type B + Cost  of 2 machines of type C.


= $270,000 + $300,000 + $1,500,000


= $2,070,000 < $2,500,000.





The design of the system can best be summarized in the following drawing: 
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Figure � SEQ Figure \* ARABIC �1�


Now that we have designed the system well under the stipulated cost (thereby earning a bonus), we move on to part B of this experiment. 


Part B


Your company was pleased with your design on the machine system and now wants you to design the size and shape of the factory building. Using your completed design of the machine system, estimate the size of the building needed to house the factory. Using either a drawing program or graph paper, do a complete layout.


Components are moved from place to place on moving belts. Machine C stacks the finished widgets on 4’x4’ pallets. These pallets are loaded onto trucks by fork lifts, so room must be made for the fork lifts to maneuver. Also remember to leave room for people to do maintenance on the machines and belts.


Machine A is 10’x20’


Machine B is 10’x5’


Machine C is 20’x5’


Points to be remembered :


The material handling cost is the greatest single cost directly affected by plant layout. To  minimize this, the layout plan should provide for a smooth and regular flow of material handling equipment.  Bottlenecks and points of congestion should be eliminated so that there is  a fast flow of materials. 


The layout plan should provide for any future expansion or revision that can be contemplated in the future. 


There should be maximum utilization of floor space as well as cubic space.


Sufficient room should be left for people to do plant maintenance. Passages should be left between machines to simplify movement made by workers.
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Explanation:


Machine B produces 4 widget components per minute. Hence four of these machines produce 16 components per minute and these are passed on to machine C using moving belts.


Machine A produces 16 components per minute which are passed on to machine C using belt conveyors.


Two machines of type C receive a total  of 16 widget components per minute from four machines of type B and 16 components per minute from machine A. These two type of components are combined into finished widgets at a combined rate of 16 per minute.


The finished widgets produced by machine C are finally stacked on pallets and then carried away by fork lifts.
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