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Synopsis

Education should be one of the highest pfiorities of any country. The ability to pass on
knowledge and understanding effectively is a sign of a good educational system From
an engineering perspecm e, better teaching tools allow for greater understanding by the
students making them better engmeers
Educatlonal aids have been with us for a lon'o time. Inventions from the abacus to the
personal computer have aided engineering students in faster unde1stand1n0 and

' applxcauon of their work These aids are costly and sometimes become atfordable only
when outdated and redundant A low-cost device that does not date would be the

educatlonallst s ‘ideal solution.

“To this end, a concept model of a conveyor sortmg system was developed using Lego as
the design medlum The model is a conveyor belt along which coloured blocks are
sorted into bins by pneumanc cylmders. The model is controlled by a personal
computer and the Lego interface box. The software is written in Visual Basic.
Objective: To investigate the viability of Lego:

* 1.As an educational aid in the engineering curriculum.
2.As a design medium for modelling’real world problems.
3.By reviewing literature of educational philosophies and practices, particularly
current uses of Lego in educational environments in ’order to evaluate its -

potential.

Results:

1. The model was tested and found to have potential as a valuable teaching aid.
It was concluded that Lego could be used successfully asa modellm0 medium for any
mechanised system requiring controlled movement. ‘It can also be-effective on large

scale models of production lines.
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- Synopsis.

At this point, it must be noted that between the model work and submission of this
project several successful projects based on this work were completed between the end

of the model building and the submission of this document, these include:

1. Hrabar S.E, “Automation Of A Warehouse Packing And Inventory Control”,
Postgraduate Thesis, Dept. Mechanical Engineering, UCT November 1996.

2. Tollner ME, “Modellmo Of Mechanical Systems Using Computer Interactive

Devices”, Undergraduate Thesis, Dept. Mechanical Enomeermg, UCT, Nov, 1995.

Tollner M, “Designing And Modelling An Automated Packaging System”,

(V'S ]

Postoraduate Thesis, Dept. Mechanical Engineering, UCT. 1997.
4. Kotze, J. “A Concept Model For A Multi-Fingered Prosthetic Hand”, Postgraduate
Thesis, Dept. Mechamcal Engineering, UCT, 1997.

. The objectives of this project were found to be viable and at the conclusion of the
project recommendations were made. These recommendations, however, have been
incorporated into the proceeding projects and making recommendations at this time -

could be construed as hindsight.
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Chapter 1. Introduction

1.1 Models

The education of future generations of engineers is a serious undertaking, yet
educationalists in this field havé always been conservative about the introduction of new
models in the curriculum. Models of all sorts have a b‘eneﬁcial role in'the education
process. | | -
There are many types-of models used in any enomeermg course. The two basic types
are: physical and graphlc Physical models are real representations of an actual system
albeit that the model may be a scaled down or non-functioning version. This model may
or may not be constructed of the same material as the itembeing represented. Graphic
“or numerical models simulate an occurrence mathematically, visually or both. These
‘can be represented b’yk a flow chart on paper or graphicaliy on a computer screen. In the
engineering curriculum models are used to represent the real world and és such
modelling mediums, particularly in the physicél category, have to be constructed of real
- world materials in order to convey the gravity of the subject. |
The development of models has been boosted by the development of the computer.
Prior to the computer all models were elther physxcal or numerical, from concepts of
bronze statues to buildings and aircraft. The models consisted of a series of drawings or
schematics and possibly a scaled down physical representation of the finished product.
This was of coursé so that the client could have a better idea of their finished product.
With the dévelopment of numerical modelling during World War Il and later the
d‘evelopment of the computer, physical models, although still widely used, began to take
a back seat to numerical models. Buildings, motorcars and aeroplanes were designed
and tested using physxcal models, but as computm power and processor speed
' increased, this design and testing was being achieved numerically rather then phy51cally
Numerical design and testing on aeroplanes for instance, has virtually made physical
testing obsolete. All testing can now be done virtually. Where in the past many hours
were spent testing the aérodynamics of a model aeroplane in a wind tunnel, now this can

all be accomplished in a fraction of the time and cost with a computer..
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- For education a.nd industry this is a major boon and of great importance, but in order to
- take advantage of technology one has to have the financial resources to afford.
Computer speed and technology are progressing at such a rapid pace that state of the art
computers are becoming out dated in short peridds of time. Only companies that
generate large revenues can afford to keep pace with this technology. Educational
institutes, particular'ly in South Africa, do not generate sufficient revenue and rely
heavily on government subsidy and donations from tlle private sector. This income does
not allow thése institutions to maintain the same technological edge as in the private
sector. ‘ - V
Physical modelling, although in decreasing use in industry is still a valuable and much:
used tool Vi_n engineering education. It is widely used for teaching the basics of
mechénics and mechanical systems. These models do not date or need replacement. -
‘New models need only be constructed to rﬁodel new mechanical systems. The material
.from which these new models are constructed is the focuses of this project.
The objective of this project is to develop a‘concept model of a conveyor systelh. The
development of a more sophisticéted representation of an industrial 'system is a long
term goal, but beyond the Scope of this project. A concept model has to be developed in
order to evaluate the mechanisms, control and the building medium prior to attaining the
ultimatg goal. The medium for the concept model in this project is Lego. The decision
to use Lego was based on the large variety of components in the Lego range and to
validate the secr:ondary’objective of this project, to evaluate Légo as an educational tool.
Lego presents the des‘ig;ner with a large selection of components and mechanical
elements that can be assembled and dismantled with ease. Tailoring Lego components
toa specific shap_e and size is easy as they‘ are made of plastic. Two more elements-have -
been added to the Lego range, Lego Technic and Lego Dacta. Lego Technic has an
assortment of géars, shafts, pulleys and conveyor belt elements as well as pneumatic
cylinders and pumps. Lego Dacta has va‘riQusk electrical and electronic devices, such as
motors, lights and sound elementé as well as température, angle and light sensors all
controlled through an interface connected to a personal computer.
For this project a study of educational trends, the use of Lego in education and the

development of physical and numerical modelling using Lego was imdertake‘n. This
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literature survey will provide the starting point of integrating Lego into education as a
modelling medium. .

The aim of this project is not to construct a scaled production line able to manufacture a
product, but to develop the concepts needed in order to achieve such a model in the
future The aim of the concept model is to test the building material, Lego as well as the
limitations of mechanisms constructed out of i it. It would be unrealistic to expect a Lego
model to perform at the same levels as the system it is simulating. The importance here
is to determine whether Lego has the potential to be used as a modellin~g medium and an
educational tool in the future. B |
The control of the conveyor sorting system is through a personal computer and the
software wr1tten in Visual Basic. The computer receives all 1nformatlon from the
various sensors and through the software activates and controls the motors and
actuators. The actuators. are pneumatlc cylinders that are extended and retracted through

electro-pneumatic switches. ‘The software has graph1cal readouts that show the

workings of the software. ~
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Chapter 2. Literature Review

2.1 Education ,

“Now, what [ want is, facts. Teach these boys and girls nothing but chrs. Facts alone
are wanted in life. Plant nol/n:ng else, and root out everything else. You can only form
the minds of reasoning animals on facts: nothing else will be of service to them...”

The speaker and Sclwol.vnairer {Mr. Gfadgrind} and a third grown person presghr, all
backed a little, and swept thei;"eyes on the inclined plane of little vesselsﬁten and there
arranged in order, ready to have imperial gallons of facts poured into them until they
wer;e full 1o the bfim. ” [1:Dickens, 1954]. , ,

This is one view of education, although a harsh example “Synchronisation and
Standardisation” from a “Second Wave”chiety; [2:Toffler, 1980] (A first wave society
is defined as the agricultural revolution where people settled onto a fixed area of land.
‘The Second Wave is defined as the Industrial revolution where people moved off the
farms and into the cities) where children in an industrial cﬁlture were conditioned from
an early age to be good factory workers. School, just like the factory Was a nine to five
“job”, reading, writing and arithmetic constituted all the facts an industrialised child
woﬁld need in order to fit into his or her role as a factory worker. This education was
designed to produce good factory workers‘who’s sole requiréments to be good factory
workers were punctuality, obedience and rote. (It is interesting tb note that-
rpre-industrialised “First Wave™ society which is defined as an agricultural based sdciety,
where time is measured by the changing seasons. Yet in the Second Wave time is
nile'asuredvby the watch. Farmers rise with the sun and plant'and harvest depending on
the season). | ;

This philosophy of education has been significantly modified to fit the needs of a “Third
Wave Society” (Third Wave is a move frqfn an industrial base to an information age)
[2:Toffler, 1980]. In tilis modification, there is a move to equate education with fun. In
a report the US Secretary‘of Education describes elementary school science as “... a grab
bag of facts and stunts ” and concluded that “...seen only as a laundrylist of theories in

a workbook, science can be a bore.” [3:Bennet, 1986]
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One solution put forward in “Mindstorms”, [4:Pappert, 1980], is to create “Mathland”, a
-classroom, where children could learn mathematics as a “living langua}ge”.A The

example is given of learning French in France rather than in an American classroom.
Some schools have seen the need for change and adopted a “hands on approach”,
[4:Pappert, 1980], to teaching. In science for example, students would be taught
Newton’s Sécond Law : F= ma and its application. This would have been where Mr
”Grad grind’s “vessels” would have stopped. The “hands on approach™ would now allow
students to conduct an experiment to prove this law.

According to a US Department of Education report, this “hands on approach™ is.
however only an improvement, but not much else. These are merely activities of
“recreating” someone 'else;sAexperiments and do not better educate the student. The
students are told what to measure and from the theory know what the answer should be.
-“This approach to science continues through school and into universities. Students have
often written up laboratory reports by calculating Baqkwards”[3:Bennet, 1986). Thatis,
they start with the rfgh_t answer and work backwards to the question. The US
Department of Education report concluded that “‘students learn from this exercise, but
certainly not science.” [3:Bennet, 1986]. -

In “Miﬁdstorrns” [4:Pappert, 1980], the theory is put forward that children learn best
~ when they are actively involved in creating and constructing meaningful products. This ‘

approach is called constructionism:

“First, the contructionist approach creates an environment in which students act
like “real” scientists and “real” inventors. Asa result, students are in much
closer contact with the important ideas of science. Students do not simply'learh
- facts, they learn a way of thinking critically and systenlatiéally about problems
and even about the process of solving them. - |
Se'cond, the approach creates an environment in which students take pride in
their work. As long as science and mathematics are viewed as a»collécfion of
formulae and rules, students will never really know or understand mathematics

or science.” [4:Pappert, 1980].
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This approach has been used in “Introduction to Techhology” workshops run by the
South African Institution of Mechanical Engillegrittg (SAIMechE) and described as a
“valuable tool in SAIMechE’s plan to spread technology aWaréness to school children”
[5:DeSousa, 1992]. This programme also boosted interest to continue students
education in the field of science and engineering. It introduced and explained
mechanical concepts such as gear ratios and velocities, levers and pulleys. The Students
wete divided into groups of three or four and assigned a project. These projects, for
example: constructing a self propelled car, a crane or a clock’s gear mechanism using
the princip]es they had learned. ‘They were given a box of Lego, adhesive tape, string,

springs and elastic bands and the freedom to complete their project.

In this environment, each group designs and constructs their assignment based on their
. interpretation of how the their model should be built. A self-propelled car can have
many power sources and it is the group’s decision as to which will work best, based on -
their intuition and testing. Realising that there are ma‘ny solutions to a problem with no
best solution it is up to the group to decide, based on the components at their disposal,
which soluuon to use. The concluding remarks by the students are evndence of the
l-earning process they had undergone. |

Using this same ctmstrtxctionist approach, Martin and Resnick set an exercise dubbed
“The Soap Box Derby” [6:Martin,Resnick,‘ 1993]. The goal was to construct a
motorless car that would go the furthest distahce down an inclined ramp. In this
exercise school pupils had to put forward theories regardind factors which would
mﬂuence the car’s behav10ur Theories such as snze of car size of wheels and mass of
car were thought to have an influence. Cars based on these theories were built and then
tested. During testing the distance achieved by the car was noted. Students learnt about
measurements, some who had not learned to use a ruler devised othet units of measure
such as book lengths. They also realised that the same car did not go the same distance
each time, thus the idea of averaging arose naturally. Some students recognised the

advantage of using numerous trial runs to calculate the average.
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Fa

In another exercise to give studer;té an idea of how "real inventors" work, they were
shown copies of actual patents. Students were then encouraged to submit their own
‘Lego/Logo patents. Patents that were submitted included: a sewing machine by a fourth
grade girl, a rack»and-pihion steering mechanism by a fifth gfade girl and a third grade
class (with outside help) invented a way to use Lego motors as generators to turn on -
Lego lights [6:Martin Resnick, 1993].

The findings from these exercises were that projects often started out in one direction;
and then shifted to a new direction wheﬁ sorhething went "wrong". Thro{i:'gh'these
experiences,' students learned an important lesson about invention and design. The
~conclusion from these exercises was “Invention is not like followirig a recipe from a
cookbook. It is full of trial and error, educated guesses and serendipity. Studénts, like
real inventors, learned to keep their eyes open for the uneXpected." [6:Martin RcshiCk;

1993].

- The constructionist approach to education requires a teaching medium in order for the
studenfs,to achieve their goals. In the “Sbap Bon De'r"t‘iy-”‘ [6:Martin Resnick, 1993],
Lego is that teaching medium. Lego, although viewed as a child’s toy, is essentiall‘y :
bright'ly:wcoloured plastic blocké, that come in different shape and sizes. Blocks that are
usually associated vx»/it‘h‘children playing “make believe”, now ha\)e another use,

- Education. Lego has been successfuliy used at fhe University of Cape Town (UCT) as
well as at the ‘MaSSachusel‘ts Institute of Technology [7:Martin, 1992] in their

engineering curriculum.

The Academic/Support‘ Programmé for Engineering in Cape Town (ASPECT) [8:Sass,
-1988] at UCT aims tb bridge the gap 'betweevn’s.‘econdary and tertiary education of

disadvantaged students. At the “Introduction to Mechaniés’; ‘Workshop [9:Jawitz, 1992],
~one module of the ASPECT course, a claés of 60 studehts was divided into 20 groups of
3 students each. The workshop could only accommodate 10 gro‘ups so each student
attended a 1'% holir workshop every fortnight. The list of ‘projeéts appears in Appcndix
2 , _
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In the first cycle the groups were given Lego kits complete with assembly manuals and
were required to construct the model in a 1% hour session. This was done to familiarise
the students with the Lego systems both electrical ah_d pneumatic. In the second cycle
students were given the Lego picture of the model to be built without assembly manuals
and given several sessions to complete the task. The third cycle was run as a |
competition with a prize for the winning team. Students were not given any plans or
diagrams and had to design and construct working of their own choice within one hour.

Following the course a questionnaire was given to the students, whose response was

“overwhelmingly" positive [9:Jawitz, Nov. 1992].

“It helps to explain some of the qz)estions and problems we did in Applied Maths

to see how to put them into practice.”

“It teaches you how to design a model and actually build what you have

designed, also it helps to know how machines in industries work and how they

are built.”

“It gives a student an idea of what Engineering is about.”

T

There were, however those who felt that the use of Lego had undermined the

seriousness of the course.
“We should get serious stuff, not plastic models that's not real.”’

The comments from the lecturers were that the course helped students develop ways of
wdrking in groups and provided them with the opportunity to develop their English
language skills espvecialvly with respe¢t to technical vocabulary, reading and writing
skills. o

The use of Lego was introduced into the second year design course in the Department of
Mechanical Engineéring, The aim of the Lego component was to fmnkﬁixarise the

students with team work as well as engineering design and technical communication.
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The students were divided into 6 groups of 5-6 students. Each groupbwas assigned a
problem sheet (see Appendix 1). Each group was given a 3 hour session in which to
design and construct a working model to solve their particular problem. They were then
required to present their Project the following week, comprising of : a solution
specification, a technical drawing and a parts list. This Project was then handed to
another group who were required to construct the model based solely on the design

given to them.

-

Once the models were completed, each group cohstructing a model gradéfl the design
based on the ability to construct the model from the technical drawing and parts list and
whether the design solved the original problein. Finally other groups gave input into
how better to solve the problem.

The students comments showed that they learned more from the discussion that
followed , than from thekdesig‘hing process i.e. construction and drawing up of the
-Solution Specification. There were however comments from the students that the use of
Lego was inappropriate as it imposed limitations on what could bé constructed based on
the parts available. This point of view was changed later when the limitations of

materials such as steel and concrete were discussed.

[N

2.2 Models

“A three dimensional drawing on a two dimensional screen can still be interpreted in
more than one way. But an accurate scale model can settle most arguments that arise.”
[10:Rowland, 1986]. This statement although true, was made in 1986. Since then the
advancement of computer hardware and software téchnology and in particular the
Computer Aided Design/Computer Aided Manufacturing (CAD/CAM) developed by

_ the National Aeronautics and Space Administration (NASA), has allowed Gulfstream
Aerospace and Boeing Corporation to design and electronically assemble their
Gulfstream V corporate jet and Boeing 777 jet in a virtual hanger [11 :CNN, 1996]. The
Gulfstream V and Boeing 777, were never wind tunnel tested and no prototypes were
ever built and tested. The first plane to be built was the final product. All the testing,

plant layout and assembly sequence were conducted in virtual reality.
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~ . A simulator, however, does not need to be as complex as the NASA CAD/CAM

simulator. ‘A simple simulator such as “The Beer Game” [12:Senge, 1990] can teach

valuable lessons about stock ordering and sales forecastlno

Over the past two decades , the manufacturing 1ndustry world wide has undergone

- radical and extensive changes turning productlon capability into a competitive edge.

" These changes have involved a shift towards advanced technologies such as. computer
aided design and manufacturing (CAD/CAM), Materials Resource Planning (MRP),

- Just in time (JIT) and total ,quality circles phﬁosophies [13:Chase, Aquinb‘; 1989]. The
new generation ofmanufacturing systems have high'levelst‘of‘integration and flexibility.

§ These systems are capable of performing production functions that are interrelated,

;resultlng in extremely complex systems. The advanced nature of these systems relres on

 the sound 1ntegrat10n of equ1pment methods, mon1tor1ng and control, critical for

7 operatlonal and financial success. There are always a number of confi gurations that are
o ;technlcally feas1ble for each manufactunng system. In order to keep a manufactunng
~_system efﬁcrent and competmve the optlmai conﬁguratlon must be in operation and for
the system to keep up with product development, equrpment changes and chancmg
: '-"-"operatlno expenses its conﬁguratlon must be constantly reviewed [13: Chase ‘Aquino,
1989]. -Each conﬁguratlon has dlfferent operatlng parameters with respect to product
range, proce551ng sequences, machmmo systems materials handling systems, operating
- logic, expansmn opportumtles and a host of other parameters
Determmmv the optlmal system conﬁguratlon requires plannmv based on information
about the system. In most srtuatlons c0n51der1n0 the entire system as an operatlng unit is
- impossible due to the system’ s complexity or interrelationships, so planning decisions
are based ona COmbination of the system’s elements operating characteristics, with their
interacting characteristics neglected. This necessitates the application of a modelling |
technique that simulates the performance of available alternative configurations and that
forms a coherent approach for obtalnmo the most sultable strategy to follow.
Simulation predlcts the characteristic behav1our of complex manufacturmo systems by
calculating the actions of and reactions between the system elements. By following the
' process through the system’s work stations and by exarnining the conﬂicting demands

for limited resources, the planner can make intelligent decisions on capital investment
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planning, physical layouts, labour utilisation, quality control methods evaluation,
bottleneck identification and removal, inventory or buffer utilisation and other factors

concerning the system [13:Chase, Aquino, 1989].

2.3 Computer Simulation
Computer simulation is one of the most powerful tools of analysis available to design
makers regarding the design and operation of complcx processes or systems; Results
from a simuiation provides a greater depth of information on which to bagg decisions.
In an increasingly open international market where operating expenses a%r:zézrising,
, ‘systﬂems are becoming more complex and intricate, customers are more demanding and
- product and service quality more important and competition fiercer, simulation has
- I‘J.ecr:c_;mé an es‘senﬁal, indispensable decision making tool for engineers, designers and
-.:=managers.-With é simulation, one has the opportunity to evaluate the practical
alternatives available either in suppoft of strategic initiatives or in the continuous search
for better péffdﬁﬁéﬁce at the operational and\‘ta'c':ticalV’IIeVel. This can be done without
experiencing the enormous expenses and difficulties associated with implementing

changes in an operation, especially when the ultimate benefits are in doubt.

2.4 Systems , o
i - . . .
The object to be modelled must be viewed as a system; this is crucial to systems

thinking [14:Ackoff, 1984]. The systems approach considers the total system’s
performance rather than concentrating on the elements that make up the system. - The
essence of the systems a‘bproach is that in ordet to maximise the outputv or productivity
of the system, each individual element making up the system need not be functioning at

its optimum rate [14:Ack0ff,‘ 1984]. ..

2.5 Continuations
Several years have past between the completion of the work on this project and the

finalisation of this report. During this time the ideas presented in this report have been

advanced by several students who have verified the use of Lego in both the study of

modelling systems.
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Hrabar S.E, “Automation Of A Warehouse Packing And Inventory Control”, this thesis
developed a system that packs and unpacks a warehouse automatically, while keeping

record of the stock [16: Hrabar, 1996].

~ Tollner M.E, “Modelling Of Mechanical Systems Using Computer Interactive Devices”,

this thesis developed a model of a fully automated factory packaging system [17:

‘Tollner, 1995]. . 7
; Tollner M, “Designing And Modelling' An Automated Packaging System” this thesis

. _ developed an 1mproved materials handling system fora beveracre cap productlon factory
- (8 Tollner 1997]. _
,j,_Kotze J.4A Concept Model For A Multi- Fmgered Prosthetlc Hand” this thesis

B desngned a computer controlled and operated prosthetic hand [19: Kotze, 1997].
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Chapter 3 Development of thevModel

3.1 Introduction ,
A concept for a conveyor sorting system (CSS) model first was developed. The model

of the conveyor sorting system is constructed of Lego and controlled by a personal
computer. The software developed to interface with the corﬁputer is graphical and
’ provides easy control ef the medel by means of several buttons. It can be runin
‘automatic or semi-automatic mode. In automatic mode, the model aUtoﬁ’i’;tically
releases the blocks and sorts them into their respecﬁve bins (blue and white). In
"~ semi-automatic mode, the rate of release of the Blocks onto the conveyor belt can be
. ,manuelly op'erated and the blocks have to be manually sorted into their respective bins

%

_ . (blue and white).

‘The only function that is completely manual is the loading of the blue and white blocks
- into the magaz.ﬁinel.""‘é')'nce the magazine is lo;ded and the model started, the feeder
- mechanism l‘ea"ds blocks from the nﬁagazine onto the conveyor belt. .As this is being ‘,
| do‘nuew, the l;ghtsensorls activated and througﬁ the software the colour of the block is
detemj;xged. Once the block is on the conveyor belt, it is moved along until it reaches
the correct pusher arm, which is then activated and pus’hes the block off the conveyor

belt and into the bin.

The model is made up of one Lego 9V motor (Figure 1), four Lego pneumatic (Figure 2)
c¢ylinders. The sensors in the CSS are one Lego angle (Figure 3), one light(Figure 3) and
one touch (Figures 4) sensor. The body or structure of the CSS is constructed from

standard Lego components as in Appendix 3.

" Figure 1 Lego Motor. .
, Figure 2 Lego Pneumatic Cylinder.
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The software tracks the movement of each block along the conveyor belt. This tracking
is achieved by an angle sensor linked to the conveyor belt which measures the distance
travelled along the conveyor belt (Measured Angle x Cog Radius). Should the conveyor

belt stop, slow down or speed up, the tracking of the blocks is unaffected.
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Figure 9 Transformer and Relays.
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3.2 Initial Decisions V |
The initial decisions of the conveyor sorting system were to place boundaries on the

scope of the project. Thevuse of Lego as the building medium was a prerequiéite as it
was integral to the obj ecﬁves, 1.e. to determine its usefulneés and ability to constfuct
models. Additionally the Lego was being assessed for its efficiency as an educational
tAoo,l in graduate and post graduate studiés. Asa rcsuh of this work a Lego 1aboratory '

was set up. R

" Due to the initial small quantlty of Lego avallable it was decided that the model would

be small. There would be four minimum requirements in order for the model to achieve A

~ its function;

L Mampulate Ob'j\e‘Cts |

-::.-2;::~Idéntifyzobjec':ts. PR

3. Move Ob_]ECtS

. --"4 Automate and control the above act1v1t1es

These were applied to 'the: CSS iri the following way: :

1 loa_ding bl‘oc‘ks"c‘)hto a conveyor belt.

2. Ident'ifying the block colour.
3. Moving the blocks along the conveyor belt.

4. Movmg the blocks off the conveyor belt and into a bm

It was decided that only two colours would be used in the model.
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- 3. Move objects

3.3 Design Methodology

The design methodology of the Conveyor sorting system was of an empirical nature.

The process of which can be seen in Figure 10.

_ The design process began with a goal, to construct a working Lego model that would

incorporate the following functions:

1. Manipulate Objects - -

2. Identify objects.

e j4 Automate and control the above act1v1t1es

T hese decisions would be conceptualizéd, constructed, tested and evaluated. The design

“would then be modified, accepted or 'rejected.

N

Legoisa very flexible working medium.” The compo’n‘ents are off the shelf and cheap.

A Thls allowed for the de51gn process to be 1terat1ve as mlstakes would not be costly Thls

in 1tself is an advantage for the learning environment. Each idea to solve a partlcular

V Vproblem could be 1mmed1ately de51gned, tested and evaluated.

Each model element cordprised two parts, the Lego model and the control softWare

~ which dri_ves the Lego model component. After all the model elements were accepted

. they were integrated into a single system.” Each model element as well as its software

had to be modified. Foliowing each modification the "system was tested and evaluated.

The model was complete when all the elements were integrated into a single working

system.
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‘Figure 10 Computer Model.

A literature review was carried out on modern trends in education, Lego and its uses in

educat_ion-and models and applications of models in simulation.

Using Lego as a building medium is ideal for this methodology as the mechanisms can

be built quickly from concept. The mechanism can be tested and evaluat_ed.and changes
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can be made easily. The small forces produced by the actuators made structural analysis

unnecessary. Power calculations for the motors were not undertaken as the system is

not dependent on constant speed.

- 3.4 Actual Design of the Conveyor Sorting System

3.4.1 Initial Design Parameters &

From the Lego components available it was decided that the length of the conveyor belt
would be the maximum length possible withthe available conveyor belt link
components (Part No. 9852 Appendlx 3). |

The blocks to be sorted were 1n1t1ally flat 1x2x1 (length, width, height, flat top surface)

(Flgure 11 )

i ,_~,These were. later changed to 2x2x1 in the final design as the smaller blocks caused the
system to jam F lat blocks were chosen as the surface would be better suited for the
light sensor to detect the block’s colour. The flat surface made stacking of the blocks
easy w1thout the blocks “locklng” together. It also made pushing the block through a

rectangular slot easier than with rldged blocks

i3

Figure 11 Lego Tiles: 1x2x1 ('Ab.ove),
2x2x1 (Below).
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3.4.2 Actuator Sources
A design criteria was to use Lego components where possible, unless Lego components

were unsuitable due to design constraints.
Using Lego as the building medium gave two

~choices for actuators: An electric motor and

- pneumatic cylinders. Since the model to be

- constructed was not to scale, the size of the :
' ' Figure 12 Lego Manu'll Pump

components was not im‘portant.“The electrie motor
o and Swrtch (L R)

is powered either through a Lego battery 'p“ac'k or
' throu‘g.h the'L'e'gointerface box, (Figure 8). Thei
- _f' pnenm‘atic tWo way cyl‘inders have a manual piston
:.v:“::-f:::-:.v:-;m -pump and manual switch (Figure 12) The pump and
| | swrtch were found to be unsuitable as the pressure
supplred by the pump was not sufficient to extend of
" retract the p1ston to 1ts maxrmum position and the

swrtch had to be manually operated. Secondly the___m

pump and sw1tches could not be mtegrated mto an - o
automated system A non-Lego solutron was found  Figure 13 Festo MZX
cons1st1ng of an air cylmder and Festo pneumatlc Switches.

switches (Figure 13). The cylinder containing air at a pressure of 6 bar (600kPa) and
Festo micropneumatic MZX switches could be ‘controlled through the Lego interface.
The Festo switches operate at24 VDC and thus aset of relays and a transformer were

built to operate these switches (Figure 9).

3.4.3 Control of the Conveyor Sorting' System
Lego Dacta components as well as the non- Lego components can be controlled with a

personal computer. The CTRLab software package that is standard wrth the Lego
interface can provrde control for the standard Lego components The software is

deslgned for primary school chrldren to operate and run simple apphcatlons It is
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operated through the Logo language, which was unsuitable for the control of the
Conveyor sorting systenl model to be constructed.
Lego developed standard subroutines for the control of the mterface for various other
languages. The language chosen for this prolect was Visual Basic 3.0.
- The interface box (Figure 8) has 8 inputs and 8 outputs for the standard Lego
"e'c)Alrn'pblt.l'eh’téf"The'butput ports provide up to 9 V DC. The pneumatic switches,
hbweVef require 24 V DC in order to operate Correctly A transformer and 4 relays (one
for each of the 4 pneumatlc sw1tches) was bu11t to step up the 9V output fo the required

- 24 V needed for the pneumatlc sw1tches -

The use of Vlsual Basic in this project.as a programmmg language was made asitisa

‘user fnendly Wmdows object orlented language

It was dec1ded that the control of the CSS would be via a series of 1nformat10n wmdows ’

_-and buttons.. K
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3.6 Conveyor Design
The “conveyor belt links™ join to form a belt (Figure 16). The belt was mounted on five

24 tooth gears (part No. 9966 Appendix 3), spaced equally along the length of the belt to
provide support and to prevent the belt from sagging. The axles of the gears were
mounted onto the side rails that run the length of the model.

The conveyer belt is rotated by a motor acting through a gearbox
(gear ratio 3:5). Due to frictional forces in the mounting of the
gear“axes and the slip between the gears and the belt, the speed

of the conveyor belt is not constant. This means that

determining the position of the block on the conveyor belt at any
time is difficult. To compensate for this, an angle sensor, that Figure 16 Lego
measures rotation, was placed on the first driven gear after the Conveyor Belt.
driving gear. The measurement of the angle sensor is translated

| into distance travelled along the conveyor bglt. That is, when a block is fed onto the
conveyor belt the distance to the required pu'sher is known and the distance elapsed can
be measured. The pusher can then be activated when the block reaches its final
position. Another advantage of this feedback loop was that should the conveyor belt

stop and then restart the system would not be affected.
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3.7 Light Sensor Design
The Lego light sensor is an analogue sensor that measures light on a percentage scale.

The sensor range of capabilities can be seen in Appendix 4. ‘

The light sensor was originally placed over the conveyer belt looking down at the blocks
as they passed below. It sampled continuous light readings which resulted in two
problems:

First, light readings were given for the conveyer belt. This problem was compounded
by the fact that the conveyer belt links have holes in them, which meant that the light
sensor would see the black of the conveyer belt links followed by light shining through
the holes in these links. This disturbance was difficult to filter out as the conveyor belt
was not moving at a constant speed.

Second the light readings at the edge of the tile were different from that at the centre of
the tile (at the edge of the tile, the light sensor received light both from the tile as well as
'from the conveyor belt). The problem was tlzat the light signature of a tile was given as a
bell curve. As the t:i}l:e._ moved under.the éensér, the leading edge would give a light
reading, then a light_rééding would be taken at the centre of the tile followed by the
trailing edge. | .

In order.to solve both these problems it was decided to incorporate the light sensor into
the feeder mechanism. This would have the advantage of eliminating background light
sources and having the tile stationary during colour detection.

The light sensor was located in as dark a space as possible in order to eliminate outside
light, rendering the light signal more useable. However, a small amount of stray light
pro’vided enough light to render the signal unusable. This was compensated for by
taking a light reading before the tile was in place and again while the tile was under the
sensor. Subtracting the background reading from the tile reading gave an absolute value
for the tile independent of the outside light conditions. Another measure taken to ensure
the accuracy of the light reading, was to record ten light readings of both the tile and the
back ground and to calculate the mean for each of these values and work with the mean

readings rather than a single one.
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Through the relays and transformer the valves were able to be operated by the Lego

interface B. A schematic of the relay circuit diagram can be seen in appendix 3.
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Figure 23 Air cylinder, Pressure Gauge and Pressure Reducer

Pressure to the pneumatic cylinders was supplied via an air cylinder charged to 6 bar and
through a pressure reducer to 2 bar.

The design of the Feeder utilises two pneumatic cylinders and flat Lego 2x2x1blocks.
These blocks were used as the design requires that the block be moved in two directions
(both perpendicular and parallel to the conveyor belt) and a square block would pose

less problems than the rectangular, 1x2x1 block.
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The flat Lego 2x2x1 blocks were stacked in a magazine one on top of the other. The
two pneumatic cylinders are arranged at right angles to each other, the first cylinder is to
the right of the magazine (Figure 20) perpendicular to the conveyor belt and its function
is to feed the block from the magazine to a point under the light sensor (see Figure 24
for the Feeder Logic Diagram). This action activates the push sensor which is located
on the left hand side of the light sensor. Activation of the touch sensor shows that there
is a block present under the light sensor and therefore a light reading must be taken.
Should the magazine be empty and no block be fed to this position, the touch sensor will
not activate the light sensor and the cylinders will retract to their original position. The
second cylinder is situated behind the light sensor parallel to the conveyor belt. Once a
reading has been taken, the second cylinder is activated and it pushes the block out from
under the light sensor and on to the conveyor belt. The two cylinders then retract to

their start position and the pile of blocks fall into place ready to begin the process again.

.

™ Start

v

Touch

. Block from Magazine
Cylinder 1 Pushed against Touch sensor-p Sensor |
Extend X detects
and under Light sensor block?

Yes
|
- y

Cylinder 2 Light

Extend Sensor
No, Magazine
empty
Cylinder 1 Cylinder 2
Retract Retract

Figure 24 Feeder Logic Diagram.
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3.9 Pusher Design
The pushers (there are two, one blue and one white) were originally based on the same

rotary arm design as the feeder but the pusher arm in this case was a bar four wide

(Figure 25 and 26) (Catalogue No. 9824, see Appendix 3).

Motor and gear box

Rotational arm

Figure 25 Pusher Mechanism (Top View).

The problems with this design were similar to those of the feeder. The slow speed
caused tiles on the conveyer belt to move past the pusher arm before it could push the
block off the conveyer belt. Increasing the speed of the pusher arm proved equally
unsuccessful as the arm could not be stopped in the retracted position and blocked the

conveyor belt. Slowing down of the conveyer belt caused the whole system to be

extremely slow.
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4 Wide Pusher

Figure 26 Pusher Mechanism (Side View).

As with the feeder mechanism. pneumatic cylinders were used to overcome this design

problem.
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3.10 Control

In the Conveyor Sorting System, the functions are controlled by the computer through

software and the Lego interface.

3.10.1 Inputs and Outputs

The CSS has 5 outputs and 3 inputs which are controlled by the computer software.

-

3.10.1.1 Outputs

The outputs to control are the motor and the four pneumatic cylinders. The motor speed
is controlled by varying the output voltage and the cylinders are controlled by a voltage

- pulse. This is all contkolléd by the software and the Lego subroutines which control the
interface box. The interface box is connected to the serial port of the computer. The
‘motor is directly connected to the interface box. The pneumatic switches are connected

through the relays to the interface.

The connections to the interface box are as follows:

Output A Conveyor belt motor
Output B Relay 3
Output C ~ Relay 4
Output D Relay 1
Output E Relay 2
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3.10.1.2 Inputs

The inputs to the Conveyor sorting system are received from the light, touch and angle
sensors. The light and angle sensors are analogue and the touch is a digital sensor. The
interface box has eight input ports, four digital (yello‘w) and four analogue (blue).

Input 1 (Yellow)  Touch sensor

Input 5 (Blue) Light sensor

Input 7 (Bl_ue) Angle sensor

- 3.1 0.2 Control Strategy

The Conveyor sorting system was developed to be a concept model for the further
development of Lego as a modelling medium. Two strategies for the control of the

Conveyor sorting system were developed; manual and automatic.

.

3.10.2.1 Manual control o
The manual control allows the user to manually control as well as adjust the following:

e Switch the conveyor belt on and off.

e Manually operate the pushers.

e Activate the feeder mechanism comp‘letely manually or set an adjustable féed rate.
An emergency stop is provided should any part of the Conveyor sorting system

malfunction or jam.

3.10.2.2 Automatic Control
In the automatic mode, the software controls the pushers. The feed rate can be activated

manually or at a specific rate.
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Chapter 4. The Computer Programme

4.1 Introduction _
The control of the conveyor sorting system model is through software written in Visual

Basic. Visual Basic was used as it provided easy object oriented windows to be built
into the software for ease of use.

The Program contf_olling the model is CONVEYOR.EXE, a list of the éod_e appears in
Appendix 7. | B |
When the programme CONVEYOR.EXE is run, the following windows are seen:

4.1.1 Information Window
This is a standard windows information dialogue box

‘informing the user that the interface box is not correctly

connected or is not switched on. The programme can

not operate if the interface box is not properly
Figure 28 Information

Window.

connected. It is through this interface box that the
program receives and sends information to the Conveyor
Sorting System.
Once the interface box is correctly connected and switched on, the programme must be

restarted. An example of the information box is given by (Figure 28).
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4.1.2 Main Window

.Canveyor Manual Opperation -~ 7

Uwutpst A-—-Convepor Outipnd B Whate Pianklle | [ (utgast C---Blhoe Paddie

e "lmd S"""lﬁ‘v Sgnzu 1

~ Figure 29 Main Window.

The main window (Figure 28) is the first window that appears if the interface box is
correctly connected. This window allows the user to switch the conveyor belt on and
off, activate either Blue or White Pusher, activate the Light sensor or EXIT the program.
Activating the “Light Sensor” button from the first window (Figure 29), activates the
Light sensor and this sensor takes 10 background light readings. Once this is
completed, the Feeder Control button opens (Figure 30). Activating th‘is}bﬁtton opens

the Feeder Control window (Figure 30) with two options; manual and semi-automatic. .

There is a toolbar with Exit and Help option. Exit will end the programme and stop all

actions of the conveyor Sorting system. The Help option will call up either
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HelpAbou.FRM (Information about the program version)or HelpRun.FRN (Information

to help the user run the programme). A user manual appears in Appendix 8.

Conveyo Manual'Operationf

. Conveypon | ] Output B White Poddle | 1 Output - Blue Paddle

® On

‘ rr . yof T

3 Fot manuasl block feeding amd Paddie
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Figure 30 Feeder Con‘trol Window.

4.1.2.1 Manual Operation

Activating the “Manual” button from the Feeder Control window, (Figure 30) opens the
“Output DE...Feeder” Window (Figure not shown) with only the Manual Feeder button.
Activating the Manual Feeder button causes one block from the magazine to be released
onto the conveyor belt after its colour has been determined. The block will continue

along the length of the conveyor belt unless one of the Pusher buttons is manually

activated.
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 4.1.2.2 Semi- Automatic Operation
Actl\ ating the SEMI-AUTOMATIC option from the Feeder Control window, (Figure

30) opens the_Output DE...Feeder Window (Figure 31), with the Auto Activate button

- and slide bar as well as the STOP buttons. The Feeder Control “Output B White
Paddle” and ~Output C Blue Paddle™ are disabled.

Activating the Auto Activate button starts the Model working. A Block will be released
onto the conveyor belt after its colour has been determined at a rate set by the slider.
Once the block reaches the appropriate Pusher, the software will activate that Pusher.

~ This cycle will continue until the Magazine is empty.

... ... <. Conveyor Manual Opperation
file Help BSP—
, i bibpeit vf'{ Whgte §7 kbR l’ Tiutrma? U @ basy Podidis

A

§ [(neat S - Lupght Sensen ) T Uulput DI Teeduc: [ Inpat 67 - Angulaw 7
5 - Auto Activale J
Lot Heachng e ‘--':.’

l\r hv almsnrs gt smr-uu

Convepes Lounter

- Lo N ' { et [| !

Figure 31 Output DE...Feeder Window.

Activating the STOP button at any time will stop the Models actions and take the user

back to the MANUAL or SEMI AUTOMATIC choice in 4.1.2.
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4.2 Control Algorithm
The control of the Conveyor sorting system is done through feedback from the various

sensors. With the exception of the two pushers, all actuators are monitored or governed
by sensors. | |

The angle sensor monitors the movement of the conveyor belt, allowing the software to
determine when to activate either of the pushers.

The touch sensor detects the presence of a block under the light sensorvand signals the
software to begin light reading through the light sensor. | |

A flow diagram of the control programme 1s shown in (Figure 32).
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‘L ABSent : Block presentl

Cylinder 1 Retracts

Light Sensor Active

Colour Determination

Cylinders 2 Retract

, T Timer$ |< Cylinder 2 Extends
STOP = ‘
J Seconds —
Conveyor ‘ Coléur
Output A |—> Motor - Counter Starts Detected
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Figure 32 Flow Diagram of the Control Programme.
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“Chapter 5. Analysis of the model

5.1 Analysis
The conveyor sorting system was analysed in terms of the objectives, the viability of

Lego as a simulation tool and the viability of Lego as an educational tool.

The model cannot be tested in terms of its components, but in terms of its overall
function. The model achieved its objectives of sorting randomly stacked.blue and white
~ blocks into their respective colours. The process of sorting the tiles can be seen on the
attached VHS cassette tape, (Addendum A). A brief description of the various
components making up the co'nveyer sorting system and sever';il demonstrations of the

working model can‘be seen.

' The software controlling the model was designed simply to control the model. The only
parameter that can be adjusted is the feeder." The feeder can be set on automatic, that is,
it feeds tiles onto the conveyer belt at a set rate. Alternatively the tiles can be released
manually, that is, at the discretion of the operator. Other parameters, such as: Variable |
and C'o__nstant time operation, variable conveyor speed and additional coloured tiles to be

sorted were not included in the software, as they were beyohd the stated objectives of

the study.
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‘Chapter 6. Conclusions

6.1 The Model

The conveyor sorting system was tested a number of times, as can be viewed on the
VHS video cassette (Addendum A) and all trials were successful. It can be concluded
that the model achieved the objective of sorting two differently coloured, randomly

placed blocks into their respective coloured bins.

6.2 Primary Objectives

The primary two objectives; the viability of Lego as a simulation tool and the viability

of Lego as an educational tool, require a more analytical approach.

'6.2.1 Lego as a Modelling Tool

The conveyor sorting system in its present CBnﬁgurat-iQn is of no use as a simulation
tool. Possible additions to the current model would be:
e Increased number of operations (such as additional processes along the conveyor
belt).
» Increased number of colours (allow the operator to choose the number of colours to
be sorted). ‘
« Addition of variable and fixed time operations allowing the operator to program the
- time each operation requires. »
- However the objective of the model was not to achieve this function, but rather to
evaluate the potential of Lego as a simulation tool. In this respect, the model
demonstfated that basic functions required for a complex model to exisf. Therefore

Lego is viable and has the potential to be a valuable modelling tool.

6.2.2 Lego as an Educational Tool v
- Lego, through this project had demonstrated to be an effective learning tool. From the

self propelled car [6:Martin, Resnick, 1993] to the robots of MIT [7:Martin; 1992], from
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the undergraduate ASPECT prog_ramrhe [8: Sass, 1988] to this project Lego has proven
to be a viable, valuable and useful educational tool.

In school, Lego has proven to be a very useful in the running of the “Introduction to
Technology” [5:DeSousa,1994]. Although this programme is not within the formal

school curriculum, it is advantageous to the continuing education of the students.

In undeforaduate study Lego was found to be useful as én.educational tool in teachincr'
. lemples of engineering such as gears (gear boxes and dlfferentlals) levers (first,
second and third class) and pulleys.
» In design, its usefulness in improving engineering communication and Lego’s
reusability, flexibility and low cost make it an ideal tool 7
« In simulation where students could be given a Lego model such as the conveyor
sorting system and have to design the controlling software to operate the model
optimally.
In the Postgraduate study, it could be used as a simulation medium (an upgraded
Conveyor Sorting System) for both production lines or robotics, as was e.lccomplishedin
the followmg projects:
Hrabar S. E, “Automatlon Of A Warehouse Packing And Inventory Control”, this thesis
developed a system that packs and unpacks a warehouse automatically, while keepmg
- record of the stock. |
Tollner M.E, “Modelling Of Mechanical Systems Usling Cbmputer Interactive Devices”,
this thesis devéloped amodel of a .fully automatedk,factory packaging system.
Tollner M, “Designing And Modelling An Automated Packaging System”, this thesis
developed an irhprove‘d materials handling system for a beverage cap production '

factory.:

Kotze, J. “A Concept Model For A Multi-Fingered Prosthetic Hand”, this thesis
designed a computer controlled and operated prosthetic hand.
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‘Addendum 1 VHS video: Demonstration of Conveyor Sorting System.
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Appendix 1 Design I Course Problem Sheet

(Total of 15 pages)
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” FACULTY OF ENGINEERING
UNIVERSITY OF CAPE TOWN

ENGINEERING ONE
MEC104W & MAT104W

Gear Project

" Day1- Classwork and Homework Task

Read the handout entitled The Tooth about Gears and prepare yourself for a written test on
Day2 . - ,

Complete the following task to be handed in on Day 2. Be sure to include your name on the
top right hand corner of the page that contains your answers. Combine the information given
on pages 4 & 5 (Gearing Up / Gearing Down) and page 6 (Idler Gearing) to produce a
DRIVE CHAIN that can be used to drive the three pointers on the water flow meter shown
below (Can you, find the error in the schematic of the water flow meter ?). Note that the
pointers rotate in the same direction and indicate the volume flow shown above each dial. The
present readmg is 2 m’ and 735 litres. ~ '

Day 2 - Classwork Task to be completéd in groups of two

[

‘Demonstrate that you have done the above by completing a written test. ('No notes allowed

during this test)

) Bu1ld the LEGO model shown on page 1 of the handout The Tooth about Gears.

e Predict if the top will turn faster or slower than the handle.
. What sort of gearing arrangement is this ?

e Determine the gear ratio. ‘

o Modify the model to improve the situation.

e What is the gear ratio now ?

_ m’
| [ofo[ofofolof]|

an2.5 m'/h

ARAD v ~ 50°C B.H.

x190 Litre x1 Litre

3 POINTER WATER METER
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ELECTRO-MECHANICAL

The Tooth about Gears

A gear is a toothed wheel, one of the simple machines.
Several examples from the LEGO DACTA® Gear Set are
shown on the right. Gears can be used to transfer force,
increase or reduce speed, and change the direction of
rotary motion.

Gears are all around us, The photographs on the back of
this booklet show examples of devices with gears.

Familiarize wocao:._i:__ gears by working through
activitics on puges 3-7. Photocopy the drawings on pages
16-17 for easy qn..oL:no. You may wish to provide these

activities to your students as well.

24-tooth
crown gear

Direction ow_ Rotation

4 Build the base and model 1 shown an page 16.
Insert connector pegs in the gears to act as handles.
Predict what happens when you turn one of the handles,

B The gear you turn (called the . A
driver) causes the other gear
(called the follower) to turn
also. The driver and the
follower turn in opposite
directions.

Main |dea:

Two gears which are meshed
turn in epposite directions.

{ollower




: GearingUp

+ Build model 2 shown on page 16, using
one 40-tooth gear and one 8-tooth gear.
P’redict what happens when you turn the
handle on the 40-tooth gear.

R The small 8-tooth follower tums faster
than the 40-tooth driver. The driver and
the follower also turn in opposite
directions.

Main ldea:

A large driver gear makes a small
follower gear turn faster.

Additional Information; |

A large driver gear turning once can make a small follower
siall follower gear tun many times. This . (fast)
arrangement is called gearing up. Gearing up increases

the speed of rotation, but decreases the force.

To go fast on a 10-speed bike, you shift into 10th gear.

In this mode, you turn a large gear with the pedals which

drives a small gear attached to the rear wheel. One tum of

the pedals produces about four turns of the rear bicycle

wheel in 10th gear.

Tt

large driver
(slow)

IFor the LEGO® model you built, one tum of the 40-tooth
driver produces five tums of the

8-tooth follower. This ratio of 1:5
{or 1/5) is called the gearing up
ratlo. (8/40 = 1/5).

Extension:

Build a model using other gears of
different sizes for gearing up.

v (¥

“The Tooth about Gears

o

K
)

\mmw%m Down

4 Build model 3 shown on page 16. (This is model 2 with
a small handle added.) Predict what happens when you
tumn the handle on the 8-tooth gear axle.

R The large 40-tooth follower tumns slower
than the 8:tooth driver.

The driver, and the follower also turn in
opposlte djrections.

Main _%w.

A small driver gear makes a large
follower Jﬁ:. turn slower.

>&ao=_w_ Information:
A small driver gear has to turn

several times to make a large
follower gear turn once. This
arrangement is called gearing down.
Gearing down decreases the speed of rotation

" but increases the force, When you shift a car.into first
gear to climb a hill, you are gearing down., /

(fast)

[
For this model, five tums of the 8-tooth driver produce
one turn of the 40-tooth follower. This ratio of 5:1 (or 5/1)
is called the gearing down ratlo. (40/8 = 5/1).

Extension:
Build a model using other gears of different sizes for
gearing down,

y,.,v.-.

small driver &

g R
b large follower

(slow)

RS
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he Tooth about Gears ne
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100U 2DOUL \GEarsS

Compound Gearing

¢ Build model 6 shown on page 17. Predict what happens
when you tum the handle on the 8-tooth gear.

dler Gearing

_» Build model 4, as shown on page 17. Predict what
‘appens when you turn one of the gear handles.

* 4 The 40-t00th driver and the 40-100th follower both B The first 40-100th gear turns slowly. The second
urn in the same direction. The gear in the middle 40-100th gear turns even more slowly.
* the idler) rotates in the opposite direction. V

IR
R
[HIY] v

ot
.&:—:.
THIN
--~

driver X follower ! Main Idea:
. : Gears of different sizes on the same axle

Main |dea: o
_ can be connected to other gears to build

- An Idler gear makes ad]acent
senrs turn In the same direction, more extensive gearing down (and gearing
up) nqn_.:.*n:_n:.u.

Additional Information:
: Additional Information:
Two separyte 5:1 gearing down arrange-
ments are connected to each other by the axle
passing through the first 40-tooth gear and the’
J second 8-tooth gear. This connection increases
the gearing down ratio to 25:1. (5/1 times 5/1 =25/1),
. ) Extenslon: ‘
Predict what happens when you turn the handle on follower 2,
The final 8-100th gear rotates very fast, because of the :
. 1:25 gearing up ratio. (1/5 times 1/5 = 1725).\

_ L Y,

A large driver will make a
| small follower tumn faster,
iegardless of the idler size.

At An Angle

-4 Build model 5 shown on page 17, using the crown gear
“and an 8-tooth gear. Predict what happens when you turmn
the handle.

M The rotary motion goes through a 90-degree angle.
“ The 24-100th crown gear follower turns slower -
- than the 8-1001h driver.

~Main Idea:
The crown gear can n__.n.:nn the rotary
motion through a 90-degree angle.

-

\
Gear Summary

: M Two meshed gears tum in opposite directions.

M A large gear makes a small gear turn faster (gearing up);

u small gear makes a large gear turn slower (gearing down).

W An idler gear makes gears meshing with it turn in the same
direction.

R A crown gear helps change motion through 90 degrees.

M Gears of different sizes on the same axle can be used to

build more extensive gearing up or gearing down arrangements.

Additional Information:

This model has a gearing down ratio of 3:1.

(24/8 = 3/1). See also the top two photographs on foll ‘

the back of this booklet for additional examples. oliower (fast) .
(slow) _ y.




- Assessment
... Examples of Gears

\:—/

May be photocopied for student work, Sce pages 3-7.

Process and
Inquiry Skills

Critical Thinking
Skills

Cause and effect Measuring
Predicting Problem Solving
Observing Inferring
Hypothesizing Communicating

Gathering and recalling information
Understanding and interpreting data and information
Applying what is leamed to solve problems in new
situations
Analyzing a problem into its componcnt parts
Synthesizing various aspects or components into
a new whole to solve a problem ,
Evaluating onc's own work

2ot
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Project: Gears
Task:
Build the LEGO model shown on Page 1 of this handout.

Predict if the top will turn faster or slower than the handle.

What sort of gearing arrangement is this ?

Determine the. gear ratio.
Modify the model to improve the situation.

What is the gear ratio now ?

e —
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Class Quiz - A
Answer the following questions:

1) The function of a gear is to
a) transfer force
b) change direction of rotary motion
c) maintain direction of rotary motion
d) both a) and b) '

e) none of the above

2) The gear that you turn is called the
a) slave gear
b) follower gear
c) driver gear
d) primary gear
e) none of the above

3) Turning a 60 tooth gear meshed to a 12 tooth gear, the correct ratio is

a) gearing down 1/5
b) gearing up 1/5
c) gearing down 5/1
d) gearing up 5/1
e) none of the above

4) The function of an idler gear is to
a) look pretty
b) make gearing look impressive
c) make adjacent gears turn in the same direction
d) change motion through 90°
e) none of the above

5) A gear that can change rotary motion through 90%is cézlled

a) an idler gear

b) a crown gear

c) ateara gear

d) a meshed 90° gear

e) an angular transfer gear

O OO O

.........Q...Q......Q...........C..'.Q...Q....Q..Q.Ql...l......'....‘..Q..'....Q..Q."..'.......C....0.'000'00

Tear off this section. Fill in the relevant details and hand to the project leader at the completion of the prac.
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Levers Project

Day 1 - Classwork and Homework Task

Read the handout entitled Levers in Action and answer the following question to be handed
in on Day 2. Be sure to include your name on the top right hand comer of the page that

contains your answers.

Classify the type of lever shown below in the front end loader. Make sure that you
understand how the various levers interact to control the bucket.

Day 2 - Classwork Task to be completed in groups of two
Build the LEGO model shown on page 1 of the handout Levers in Action.

How does this model use levers?

Predict what will happen if you place a small object on the tray. Test your prediction with
several different objects.. ™

How can the principle used in this model be used in a practical and useful way?
Modify the model to compare the weights of heavier objects.

Design cardboard scales to determine the wéights of heavier objects.

Change the device into a press. How does the press use a lever?
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Levers in Action

A lever is a rod or arm that tilts around a
pivot to produce useful motion. One of the
simple machines, the lever can make work

casier by amplifying motion or fo
orb§ changing the direction of 8 force.

Here are some examples of levers or devices
made up of levers.

The three classes of levers are discussed on
pages 4-1.

M Seesaw (Ist class)

W Scissors (connected 1st class)

H Wheelbarrow (2nd class)

B Nutcracker (connected 2nd class)

M Fishing rod (3rd class)

B Tweezers (connected 3rd class)

M Nail clippers (2nd class and

connected 3rd class)

Photographs on the back of this booklet

show other examples of how levers make g
work easier.

I 2

The diagram at the lower right shows the
various parts of a lever in general.

The lond is moved by the effort (a push or . Effort
?_.__V making the lever tilt about the fulcrum Load
(pivot).

Familiarize yourself with levers by working
through activities on pages 4-7. Photocopy
the drawings on pages 16-17 for easy
reference. You may wish to provide these

cmiteitan ta unne chulente ng well.




evers in Action _evers in Action

\
Second Class Lever
4 Build model 2 shown on page 17.

“=irst Class Lever

- ® Build the base and model | shown on
“: »age 16. Predict what happens when you Predict what happens when you push up at
ush down at the yellow tile on the handle. the yellow tile on the handle.

" As you push down (effort), the beam As you push up (effort), the beam tilts about

- tilts about the axle (fulcrum) and lifis the the axle (fulcrum) and lifts the weighted
weighted brick (lvad). brick (load).

fulcrum

M Predict what happens when you push up
on the handle closer to the fulcrum.

You also lift the weighted brick, but you
have 1o push up with more force.

B Predict what happens when you push
down on the handle closer to the fulcrum.
You also lift the weighted brick, but you
have to push down with more force.

(

Main ldeas;

A second class lever has the load between
the fulcrum and the effort. The effort will
always be less than the load. The farther
from the fulcrum you apply the effort,
the easler It Is to l1ft the load.

Main ldeas:

A flrst class lever has the fulcrum between
the effort and the load. It Is ensier to lift

n load with a first class lever if you push
down at a point far from the lulcrum.

" Additional Information: TR,

) L “Additional Information:
First class levers are often )
used to change the direction yr“\A Second class levers are often used to Jift
of forces. A seesaw is an heavy loads or :.u %_,_z._ann forces. O
cxample of a first class lever. A wheelbarrow is a typical example of a
First class levers can also be second class lever. Second class _n<.2m can
" connected to each other, as in | also be connected to each other, as in a
T pair of scissors. . nutcracker.

Extension:

Move the weighted brick closer to the
yellow tile and repeat the above
investigation.

(1t takes mmore effort 1o raise the

load as it is moved fuirther from

the fierun, When the load is closest
to the fulcrum, it can be lifted with
the least effort.)

Extension:

Switch the places of the <n=c_4< tile and
. the weighted brick. Repeat the above
"~ investigation. Then change the location
of the brick along the beam.
(11 takes a great effort to raise the brick, hecause
vou are pushing down so close o the fulerum,
However, as the load is also moved closer 1o the
Codevinn the affort needed hecomes less. )
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evers in Action

Third Class Lever

¢ Build model 3 shown on page 17.

- Predict what happens when you push up on
_-the handle at the yellow tile.

2. As you push up (effort), the beam tilts about
2 the axle (fulcrum) and lifts the weighted

. brick (load). fulcrum

W Predict what happens when you push up
- on the handle closer to the fulcrum.

-+ You also lift the weighted brick, but yon

7 have to push up with more force.

Main ldeas:

A third class lever has the effort between
the fulcrum and the load. The farther
from the fulcrum the lond is tocated,

the more effort you will have to apply

to Mt it.

>&aoi_ Information:

Although third class levers can be used to
lift loads or apply specific forces, as in a
stapler, they are also used to amplify
motion. A fishing rod is a typical example.
The fulcrum is the hand at the end of the rod
handle. A small motion of your other hand
produces a large movement of the rod tip.

Third class levers can also be
connected to each other, as in a
pair of tweczers,

\
Lever Summary

First Class Levers

The fulcrum is between the effort and the
load. A seesaw is an example of a simple
first class lever. A pair of scissors is an
example of two connected first class levers.

Second Class Levers

The toad is between the fulcrum and the

effort. A wheelbarrow is an example of a

simple second class lever. A nutcracker is an

example of two connected second class
-levers,

Third Class Levers

The effort is between the fulcrum and the
load. A stapler or a fishing rod is an
example of a simple third class lever,

A pair of tweezers is an example of (wo
connected third class levers.

Force and Effort

To lift a load with the least elfort:

B place the load as close to the
fulcrum as possible.

B apply the cffort as far from
the fulcrum as possible.

First Class R ]
Lever

A
load fulcrum effort

Second Class

load  effort fulcrum
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Project: Levers

Task:

Build the LEGO model shown on Page 1 of this handout.
How does this model use levers ?

Predict what will happen if you place a small object on the
tray. Test your prediction with several different objects.

How can the principle used in this model be used in a
practical and useful way ?

Modify the model to compare the weights of héavier objects.

Design cardboard scales to determine the weights of heavier
objects. ' :

Change the device into a press.

How does the press use a lever ?




Class Qufz -A

1) A lever can

a) amplify motion

b) amplify a force

c¢) change the direction of an applied force
d) a)andc)

e) all of the above z
. X
. 2) Which letter descrides the situation in the sketch ? ' I I . \J/ )
2 : ' AN
- X Y Z Y

a) | effort load fulcrum
b) | fulcrum | load effort
¢) | load fulcrum | effort
d) | load - effort | fulcrum
e) | effort fulcrum | load

3) Which letter in Question 2) above represents a FIRST CLASS
lever with respect to the sketch below ?

Y

4) Which letter in Question 2) above represents a SECOND CLASS
~ lever with respect to the sketch below ?

o X . Z
'5) Which letter in Question 2) above represents a THIRD CLASS
- lever with respect to the sketch below ?
' X : Z
Tear off this section. Fill in the relevant details.and hand to the project leader at the completion of the prac.
GROUP : | cerrrerererermnessnsessssssesssissannssssssns
[KIT NUMBER :_| ceoconveiesinnensssnssssesssenes
o ,
‘ NAl\m ......'....."......................"'......
o

' ‘ : ' Mec 104 - Introduction to Engineering _ _ Levers Project 2
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|
i
f

LIST OF PROJECTS

First Semester
First cycle of projects

. Wheel Balancing

. Pulley experiments

. construct a model helicopter (electric)*

. construct a model racing car (electric)*

. construct a mechanical hoist (pneumatic)
_ construct a mechanical claw (pneumatic)

AN W AW N =

* Assembly manuals provided

Second semester
Second cycle of projects.

1. mechanical crane (electric)
2. Industrial mixer (pneumatic) -

Third cycle of projects.
Preliminary rounds in the competition.
1. The fastest car
2. A vertical winch to lift the largest mass
3. A car to push the largest mass
4. A sideways winch to pull the largest mass

The winning team from the preliminary rounds competed in the finals during which
they had to construct a mechanism to lift the largest mass as high as possible from

the table.
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Yellow Sensors __ | 9701
The yellow sensors do not require power to work and should only be
connected to the yellow input ports labelled one to four on the
LEGO DACTA Interface B.

There are two yellow sensors, the temperature sensor and the'touch
sensor. :

Temperature Sensor (6) . .
The temperature sensor is an analogue sensor. It has a range of -20 to

+50° C (Ga). :
The LEGO DACTA software allows the temperature sensor to be
calibrated to allow measurement in both Celsius and Fahrenheit.

Touch Sensor @

The touch sensor is a digital switch. The LEGO DACTA software can
detect when the button is pressed. It can count multiple (7a) or single

s - Directions
mﬁ.m@ Notes _. | ”ﬁvcﬂc :.mm

The set is designed for safe use in the classroom environment.
The output devices should only be used with a 9 volt electrical supply.
The 9V connector should not be placed in water or any other liquids.

‘Technical References 3 . - .

Output devices

Voltago Power Consumption{ Revolutions

molor without load - 9V app. 10 mA appr. 4200 RPM
motor with normal load: 9V app. 160 mA appr. 1600 RPM
lamp . 9V app. 30 mA
sound element BAY app. 0,2 mA
Input devices

Type Sensor mem:l:n Accuracy - | Range

Range Limits
touch sensor non powered digital
temperature non powered analogue | -20° Lo +50°C | $1°Cal 25°C| appr. £1°C ‘
sensor .
angle sensor powered digital 16 positions max. 500 R’M
, per revolution . w/function

Bt cnenee R ’ BT PPN AN T N IS
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Congratulations on purchasing the new LEGO. DACTA® Teclinology
Models for Computer Control.

The set consists of:

* Building elements - including sensors, motors, lamps and sound
element.

* Building instructions for seven models.

¢ This instruction manual.

The set is designed to support the LEGO DACTA Interface B (item
9751). A curriculum support pack based on these models is also
available from your normal LEGO DACTA educational supplier. The
pack includes LEGO DACTA software, pupil work cards and teachers
guides.

Models

The set includes step by step building instructions for the following
models:

¢ Greenhouse

Vending machine

Car testing station

A joystick controlled wheel chair

Scanner

¢ Conveyor belt

* Robot arm

Seven {urther models are also illustrated. These include a fan, traffic
lights, bar code reader, programmable disc, robot arm, programmable
robot arm, two motor buggy.

©

Output Devices

The 9701 set includes the mozoi_:m 9 volt o:n@:e devices: .

¢ Motors D

¢ Lamps ®

* Sound element (3

These output devices m:o:E be connected to output ports labelled > I
on the LEGO DACTA Interface B. They can also be connected to the test
port. In both cases they should be connected using the 9V connectors
provided with the 9701 kit.

The LEGO DACTA software provides the following control functions;

Motors -

* Turn on anti-clockwise/off (o)

* Turn on clockwise/off Ab) oo
. Change direction @

~« Control the power level @

Lamp
¢ Turn oio@.@ :
* Tlashing interval 2b)

* Intensity @

Sound m—oEoSa

 Turn on/off 3a)
* Make two types of sound @

Input Devices

The 9701 construction kit includes the following input devices:
* Alight sensor @
* An angle sensor ®

A temperature sensor ) -

* A touch sensor @ >
There are two types of sensors, blue and %o:ci

Blue Sensors __
There are two kinds of blue sensors, a light sensor and an angle sensor:
These sensors require power to operate correctly and should only be

connected to the blue input ports. These are numbered 5-8 on the
LEGO DACTA Interface B

Light Sensor ® _
This is a very versatile sensor which,when used in conjunction with :: X
LEGO DACTA Interface B can;

* Count, by measuring variations in light levels 6
¢ Work as a light barrier @b) _

* Read a LEGO “barcode”, grey scale sorting c)

Angle Sensor B

The angle sensor which,when used in conjunction with the :uQO
DACTA interface B can; , o
* Identify direction @ , : . Lo
* Count the number of rotations Gb) . 2

* Record and :Emm_.__.m.m:m_rv@




Appendices. - Page 60

Appendix 5 Conveyor Model: Electronic
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220V CAC)
<—>
TRANSFORMER
BRIDGE RECTIFIER
DIODES Di1-D4
24 VOLTS
< >
AR
- % TO VALVE 2 . X e TO VALVE 4 '
o vorrs I—f , | s vours T}
"RELAY : : RELAY
O T 710 vALVE 1 . O "%710 vALVE
3
° vours I} > vours g%
RELAY RELAY
NOTE: 9 VOLTS D.C. FROM LEGO INTERFACE “'B* (
HECHANICAL ENGINEERING DEPARTMENT
Title
UNIVERSITY OF CAPE TOHN
BlzePocument Rumbar E
a 220 V-AC TO 24 V-DC CONVERTOR 1
Date: Septenbar Y, 1995FKheet I of 1

i
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Appendix 6 Conveyor Model: Pneumatic
Diagram |
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Appendix 7 CONVEYOR.EXE Programme Code

(Total of 22 pages)
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. CNVEYOR.FRM - 1

VERSION 2.00
Bﬂgln Form Forml

i BackColor = &HOOFFFFFF&
"' caption =  "Conveyor Manual Opperation"
., ClientHeight = 6405
i ClientLeft = 210
{ ClientTop = 1710
ClientWidth = 8070
™% FontBold = -1 'True
| FontItalic = 0 'False
- FontName = "MS Sans Serif"
.- FontSize = 9.75
{ Fontstrikethru = 0 'False
“+* FontTransparent = 0] 'False
 FontUnderline = 0 'False
~- Height = 7095
£} Icon = (Icon) .
. Left = 150
7 LinkTopic = "Forml"
{ ScaleHeight = 6405
"~ ScaleWidth = 8070
ry TOP = 1080
L}Wldth = 8190
Begin TextBox Textl8
Height = 375
"1 Left = 7080
¥ TabIndex = 15
. Top = 2400
: Visible = 0 'False
Width = 855
End :
Begln TextBox Textl0
[l “Height = 495
i Left = 4680
TabIndex = 31
£1  Top = 5280
i Visible = 0 'False
Width = 495
¢ End
;.1 Begin Frame Frameé6 .
- ‘Caption = "Feeder Control" °
» Height = 1695
i Left = 120
J TabIndex = 27
Top = 1200
g Visible = 0 'False
'if Width = 6015
) Begin TextBox Text9
o ~BordersStyle = 0 'None
}} ForeColor =  &HOOFFO0000&
L Height = 975
Left = 1920 ,
o MultiLine = -1 I'True
L TabIndex = 30
Text =
Top = 480
_ Width = 3495
- End
Begin CommandButton Command9
R Caption = "Semi - Automatic"
e Height = 375
' Left = 120
TabIndex = 29
Top = 1080
Width = 1695

"For manual block feeding and Paddle operatlon

c

-




C NVEYOR.FRM - 2

s
.
i

T

o

End

Begin CommandButton Cofifiands

Caption

Height

Left

TabIndex

Top

Width
End

I End
Begln CommandButton Command?

R

Py N

2

T

s R e

Ttasea

Caption
Height
Left
TabIndex
Top
Visible
width
End

Begin TextBox Texts8

Height
Left
TabIndex
Text
Top
Visible
width
End

Begln TextBox Text7

Enabled
Height
Left
TabIndex
Text
Top
Visible
width
End.

, Begin Timer Timers3

Enabled
Interval
‘Left
Top
End

o nnn

I I

mwmnunun

"Manual
375

120

28

480

1695

"Feeder Control"
495

2880

21

5280

0 ‘'False

1455

375

2160

19 :
"0.00"
5280

0 'False

615

0 'False

375

1560

20

"O. OO"_..
5280

0 'False
495

0 . '"False

1000
120
5160

Begin CommandButton Command3

Caption

Height

Left

TabIndex

Top

Width
End

Begin Frame Frame5

Caption
Height
Left
TabIndex
Top
width -

Begin Timer Timerl

Interval
Left
Top

End

Begin TextBox Texte6

LI I I O

"nght Sensor™"
495

240

22

5280

1215

"Input 6 7-====-—-

2055

nnn

4680
14

3000
2175

250
840
1560




C~NVEYOR.FRM - 3
i

Height = 375
. Left = 960
- TabIndex = 18
! Text = "o.o0"
Top = 960
s width = 855
o End _
Begin Label Label8
- Caption =  "Counter"
: Height = 255
Left = 120
) TabIndex = 17
7 Top = 960
i wWidth = 735
End
¢ Begin Label Labél7
Ei Caption = "Conveyer Counter"
Height = 255 '
Left = 240
'q TabIndex = 16
L Top = 600
width = 1695
q End :
£} End
Begin Frame Frameé
r Caption =  "Qutput D E---——=- Feeder"
4 Height = 2055
- Left = 2400
TabIndex = 13
Top = 3000
: Visible = .0 'False
width = 2175
Begin CommandButton CommandilO
H BackColor = &HOQFFFFFF&
Caption = "Stop"
3 FontBold = -1 'True
L FontItalic = 0 'False
s FontName = “MS Sans Serif™"
FontsSize = 13.5
FontStrikethru = 0 'False
. FontUnderline '= 0 'False
Height = 495
i1 Left = 240
% TabIndex = 3
- Top = 1440
= Visible = 0 'False
P width = 1695
i End
Begin OptionButton Option7
£ Caption = . "Option7"
g Height = 255
Left = 1680
R TabIndex = 38
o Top = 1680
= Visible = 0 'False
| - width = 255
; s End . .
; = Begin OptionButton Optioné
; Caption = "optioné"
£ Height = 255
L Left = 1320
TabIndex = 37
i Top = 1680
O Visible = 0 'False
= _ width = 255




CONVEYOR.FRM = 5

End
Begin Frame Frame3
Caption
Height
Left
TabIndex
Top
width
Begin CommandButton
. Caption
Height
Left
TabIndex
Top
Wwidth
End
End
Begin Frame Frame2
Caption
Height
Left
TabIndex
- Top
width
Begin TextBox Text4
Enabled
Height
Left
TabIndex
Top
width
End
Begin Timer Timer2
Enabled
Interval
Left
Top
End
Begin TextBox Text2
BorderStyle
Enabled
Height
Left
TabIndex
Text
Top
width
End
Begin Label Label4
Caption
Height
Left
TabIndex
Top
Wwidth
End :
" Begin Label Label2
Caption
Height -
Left
TabIndex
Top
Width

ey

mnunnnau

| SR

iy

o

. i
(ORI

mwwnnnnn

e

[

1| I | I

"Output C---Blue Paddle"
975
4680
12
120
2175
Commands
"Activate”
255
360
24
480
1335

"Input 5----Light Sensor™
2055

120

6

3000

2175

O .
375
1080
11
960
855

'False

o
500
120
1560

. "False

0

0
255
1440

8

llo. ooll
480
495

'None
"False

"Colour"”
255

120

10

1080

975

"LLight Reading"
255

120

7

480

1335




C NVEYOR.FRM - 6

" Begin Frame Framel

"olitput B-White Paddle"

e Caption =
i Height = 975
= Left = 2400
- TabIndex = 5
7 Top = 120 {
width =. 2175
Begin CommandButton Command4
i Caption = "Activate"
s Height = 255
‘ Left = 360
. TabIndex = 23
i Top | = 480
24 Width = 1335
End -
¥] End _
tj Begin CommandButton Commandl
Caption =  MEXIT"
% FontBold = =1 'True i
E FontItalic = 0 'False
‘ FontName = "MS Sans Serif"
\ FontSize = 13.5
{} " FontStrikethru .= 0 'False
&2 FontUnderline = O 'False
Height = 495
(]  Left = 5400
5 TabIndex = 4
Top = 5280
width = 1215
E End
Begin Frame OutputB
_ Caption = "output A------ Conveyor"
E} Height = 975 :
1% Left = 120
TabIndex = 0
£ Top = 120
fy  wWidth = 2175
’ Begin OptionButton Option3 -
— BackColor = &HOOFFFFFF&
. Caption =  "on"
b FontBold- = -1 'True
‘FontItalic = 0~ 'False
B -FontName = "MS Sans Serif"
i) FontSize = 9.75
FontStrikethru = 0 'False
i FontUnderline = 0 'False
S ForeColor = &H00000000&
- Height = 495
. Left = 1200
B TabIndex = 2
e Top = 360
Value = -1 'True
i Wwidth = 735
P End
Begin OptionButton Option2
e ~Caption = "offn
i FontBold = -1 'True
= FontItalic = 0 'False
. FontName = "MS Sans Serif"
e Fontsize = 9.75
- FontsStrikethru = 0 'False
_ FontUnderline = 0 'False
L Height = 495
i Left = 360
TabIndew = 1
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' . Top = 360
o width = 735
¥ End
-4 End
Begln Label Label3
& Caption = "Timer function"
Height = 495
Left = 7200
3 TabIndex = 9
B Top ' = 1920
Visible = 0 'False
- Width = 855
-1 End
iBegin Menu mnuFile .
Caption = "gFile"
=2 Begin Menu mnuExit
LS - Caption =  WgExit"
Shortcut = “X
g}End
'* Begin Menu mnuHelp
- Captlon = "&Help"
{]  Begin Menu mnul
¥ Caption = non
- End
ry Begin Menu mnulAbout
IR Caption . = "about the Conveyor"
End ' '
Begin Menu mnuRun ~
E. ' Caption = "Running CONVEYOR.EXE"
‘ End .
End

Yt
! d

b s e
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T
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Dfm LightValue(8) As Integer 'Light reading refrence in Colour.Txt
Dim LightSensor As Integer 'Light sensor activator
T m BlockColour(8) As String 'Light colour refrence in Colour.Txt

Drm NumEntries As Integer
Dim LightRawValue(10) As Integer 'Raw data from light sensor

ol m RawConvValue (10) As Integer

T m NumBlockColour As Integer

Dim LAvg As Integer

Im BlueTable(l To 10, 1 To 2) 'Blue pusher activator

L .m WhiteTable(l1 To 10, 1 To 2) 'White pusher activator
Dim CountT As Integer

Dim AutoOn As Integer :
C m TableInsertActiv As Integer 'Activates array insertion

C.m j As Integer

¢“nst OK = 0

G.:nst WrongText = 1

Const WrongPort = 2

gcnst NoInterfaceBoxPresent = 3

Declare Function IFB_InitLegoInterface Lib "lego.dll" Alias "#31" (ByVal init
qext As Strlng, ByVal Answertext As String, ByVal portnr As Integer) As Intec

o

$:0
Declare Function IFB_Raw Lib "lego.dll" Alias "#30" (ByVal InputPort As‘Inteq
0 As Integer » ' '

Declare Function IFB_Temperature Lib "lego.dll" Alias "#29" (ByVal InputPort
3e Integer) As Integer ‘
: .

éclare Function IFB_Boolean Lib "lego.dll" Alias "#28" (ByVal InputPort As :
nteger) As Integer

Glclare Function IFB_Light Lib "lego.dll" Alias "#27" (ByVal InputPort As Int
eger) As Integer :

Qﬁclare Function IFB_Count Lib "lego.dll" Alias nF26n (ByVal InputPort As Int
eger) As Integer : ' _

[

[ :clare Function IFB_Steps Lib "lego.dll" Alias "#25" (ByVal InputPort As Int
€4yer) As Integer . g

[ clare Sub IFB_JitterfilterOn Lib "lego.dll" Alias "#24" (ByVal InputPort A
nteger) ' _

D ‘clare Sub IFB_JitterfilterOff Lib "lego.dll" Alias "#23" (ByVal InputPort ?
Integer)

Declare Sub IFB_SetCelsius Lib "lego.d1ll" Alias "#22" ()
Lclare sub IFB_SetFahrenheit Lib "lego.dll" Alias "#21" ()

[ :clare Sub IFB SetDynamchlgltal Lib "lego. dll" Alias "#20" (ByVal InputPort
(S Integer, ByVal DynamicValue As Integer) : .

C~clare Sub IFB FastsampllngOn Lib "lego.dll" Alias "#19" (ByVal ListOfTwolng
L Ports As String)

Declare Sub IFB_FastsamplingOff Lib "lego.dll" Alias "#18" ()

v
L.oclare Sub IFB_OnLeft L1b "lego.dll" Alias "#17" (ByVal OutputPortLlst As St

r1ng)

~clare Sub IFB_OnRight Lib "lego.dll" Alias "#16" (ByVal OutputPortList As ¢
trlng) =
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N

Qgclare Sub IFB_On Lib "lego.dll" Alias "#15" (ByVal OutputPortList Asvstrin

:] "
Declare Sub IFB ReverseDirection Lib "1ego dll" Alias "#14" (ByVal OutputPor-
I st As String) ' i

Declare Sub IFB_Off Lib "lego.dll" Alias "#13" (ByVal OutputPortList As Stri
;g! : : '

,Eéclare Sub IFB_OffFloat Lib "lego.dl1l" Alias "#12" (ByVal OutputPOrtList.As
String) '

ﬁ@clare Sub IFB_SetLeft Lib "lego.dll" Alias "#11" (ByVal OutputPortList As
tring) ' . ;

/'7

§~clare.Sub IFB_SetRight Lib "lego.dll" Alias "#10" (ByVal OutputPortList As
tring) ‘ .

B clare Sub IFB_FlashOn Lib "lego.dll" Alias "#9" (ByVal OutputPortList As S
1. ng, ByVal OnTime As Integer, ByVal. Ofleme As Integer)

ﬁ}clare Sub IFB;FlashOff Lib "lego.dll" Alias "#8" (Byval OutputPortList As .
t 7ing) | | - .

v:_Beclare Sub IFB_SetPower Lib "lego.d1l1l" Alias "#7" (BYVal OutputProtList As ;
}1ng, ByVal Levels As Integer)

Declare Sub IFB_OnFor Lib "lego.dll" Alias "#6" (ByVal OutputPortList As Str
, . ByVal OnforTime As Integer)

Declare Function IFB_Stoped Lib "lego.dll" Alias "#5" () As Integer

fclare Sub IFB_ResetInputPort Lib "lego. d1li” Alias "#32" (ByVal InputPort A:
nteger) :

iclare Function IFB_ Relnltlallzed Lib "1ego dll" Alias "#4" () As Integer

r
i

- Declare Sub IFB_AdjustTemperature Lib "lego.dll" Alias "#3">(ByVal,InputPort

v%ﬂ Integer, ByVal Degree As Integer)

-3

’v_Declare Sub IFB Adjustnght L1b "lego. dll" Allas "#2" (Byval ihputPort As Int
€er, ByVal Light As Integer) , v

5
a

Sub Optlonl Click () A
fl  IFB_onRight "a" 4
E..d Sub

£ b Commandl_Click ()
«} End
Sub

Commandlo Click ()

AutoOn = 0 'stops automatic functlon
Command3. VlSlble = True

Sub

n

“Sub. Command2_Click () :

- 1 If HScroll2.Value = 0 Then

"1 HScroll2.Value = 1

~ End If
., AutoOn = 1 'Set to Automatic opperation
E'd Sub
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Sub Command3_Click ()
= Timer3.Enabled = True
- Command7.Visible = True
End Sub

S > Command4_Click ()
~ :: IFB_OnFor "b", 5.
"End Sub

S* > Command5_Click ()
" IFB_OnFor %“c", 5
Epd Sub

Swo Commandé_Click ()
AutooOn = 2 'Set.to Manual opperation
. 1 Timer2.Enabled = True
Efd sub

Sr=d Command7_Click ()

;1 Frameé6.Visible = True
Command3.Visible = False
? Sub
1

%)
g
§)

Command8_Click ()
Frame4.Visible = True
Command2.Visible = False
Commandé6.Visible = True
Frame6.Visible = False

~ Command7.Visible = False

B . Commandl10.Visible = True
ad Sub ’ o

poevrey

rand

Command9 Clle @)
Command2. VlSlble = True
Commandé6 :Visible = False

;1 Framel.Enabled = False
{; Frame3.Enabled = False
" Frame4.Visible = True
-, Frame6.Visible = False
«!  Command7.Visible = False

“! Command4.Enabled = False
Command5.Enabled =

Label9.Visible = True

HScroll2.Visible = True

-y

C

Textl11l.Visible = True
1 Commandl10.Visible = True
fE i Sub

-Sub Form_Load ()
Din i As Integer :
.. i = IFB InltLegoInterface("Do you byte, when I knock’" "Just a bit off t
- he block'", T2) _
If i = WrongText Then : :
MsgBox "Wrong text", MB OK, "Error during integerface B initializatior
1

End
- -7 ElseIf i = WrongPort Then _ :
- . MsgBox "Wrong port", MB OK, "Error during integerface B initializatior
1] . . - .
End

i
t

= ElseIf i = NoInterfaceBoxPresent Then
; MsgBox "No 1nterfacebox present" MB OK, "Error during integerface B i
n-:ialization" : B :

End
End If
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AutoOn = 0
' Read data from disc file into array
open "c:\data\vb\thesis\colour.txt" For Input As #9 'c: \data\vb\the51s\
1lur. txt
NumEntries = 0
- . Do

L}

NunEntries = NumEntries + 1
Input #9, LightValue(NumEntries), BlockColour (NumEntries)
-~ Loop Until EOF(9) _
'procedure to clear pusher tables

CountT = 0
For CountT = 1 To 10 :
BlueTable(CountT, 1) = 0 'Initialises the table

WhiteTable(CountT, 1) = 0 'Tnitialises the table
Next CountT . :
EP& Sub

-

Sub HScroll2 Change ()

?} Timer2.Interval = 60 / HScroll2.Value * 1000

= '‘Opperations per second * 1000 to configure Timer4
_ Textll.Text = HScroll2.Value

E:1 Sub

i
Sub mnuAbout_ Click ()
r1 'Open helpabou.frm
' HelpAbout.Show 1
- End Sub

sﬁ} mnuExit_Click ()
4 "End :
"End Sub
s{L mnuRun_Click ()
'Open helpRun.frm
-+ HelpRun.Show 1

End Sub

8{5 Optlonz Click ()
- IFB_ Off "anm
,End Sub

'S L9 Opt10n3 Click ()
IFB onLeft "a"
rI.IFB__SetPower "a'", 4
E.i Sub
Sub Option4_Click ()
i IFB On wgn

! I

Ei:l Sub

§w» Option5 Click ()
7. IFB_ off "dgv
"End Sub

St > optioné_Click ()
~ IFB_On g

End Sub

St_>» Option7_Click ()

~ IFB_ Off "e"

"Er1 Sub

‘Sﬁb Text4_Change ()
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: I
tActivate pusher alert
= PneuB = 0
: PneuW = 0
Select Case Text4.Text
Case "White" ‘
PneuW = Val(Text6.Text) + 51

Case "Blue"
i PneuB = Val(Texté6.Text) + 19
L End Select
End Sub ‘

S' > Timerl_Timer ()
“* CountT = 1
‘Monitor for conveyor distance
Text6.Text = Format (IFB_ Steps(7), "H##FFFFM) -
Textl1l0.Text = IFB Boolean(l) 'Checks. Touch Sensor
‘checks the array to see if a block is in place to be pushed off
ri If BlueTable(l, 1) = False Then 'No blocks in Array"

N

If BlueTable(l, 2) = Val(Text6.Text) And BlueTable(l, 1) = 1 Then
IFB_OnFor "c", 5 ' . v
BlueTable(1l, 1) = 0 'Reinitialise the array
Do : 'Reorganize the Array
BlueTable (CountT, 1) = BlueTable(CountT + 1, 1)
BlueTable (CountT, 2) = BlueTable(CountT + 1, 2)

R

erv——
LY
o

If BlueTable(CountT + 2, 1) = 0 Then
BlueTable(CountT + 1, 1) =0

U Exit Sub

i} Else :

ﬁ CountT = CountT + 1

= End If f

Loop

i End If

4 If WhiteTable(l, 1) = False Then
End If ’ : '

~i If WhiteTable(1, 2)
A IFB_OnFor "b", 5

Val(Text6.Text) And WhiteTable(l, 1) = 1 Then
- WhiteTable(1, 1) = 0 3Reinitialise the array .

Do

>{! _WhiteTable(CountT, 1) = WhiteTable(CountT + 1, 1)

u WhiteTable (CountT, 2) = WhiteTable(CountT + 1, 2)
C If WhiteTable(CountT + 2, 1) = 0 Then

F} WhiteTable (CountT + 1, 1)

g Exit Sub

Else ,

o CountT = CountT + 1

2 End If '

= Loop ‘

~ End If

E:1 Sub

" Sub Timer2 Tlmer Q0
i 'Procedure to activate feeder .
"If AutoOn > 0 Then "Activates feeder mechanism

tactivate pneumatic magazine feeder
S Option4.vValue = True tactivate pusher
- For j = 1 To 500
Textl1l8.Text = j
Next Jj -
*checks for block in maga21ne '
If IFB Boolean(l) = 1 Then 'Block in magazine
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'Identifies the blocks colour
Dim K As Integer
Dim KMax As Integér
K=20 )
o KMax = 0
= For K = 1 To 10
LightRawValue(K) = Format (IFB_Light (5) / 100#, "#oo")
If LightRawValue(K) > KMax Then :
KMax = LightRawValue(K)
End If

Lild

Next K ,
. NumBlockColour = (KMax - LAvqQ)
s LightSensor = 1
TablelInsertActiv = 1 .
'Colour identified, activate pusher

2

Opt10n6 Value =-True 'Actlvate pusher
For j = 1 To 200

q Text18.Text = j
L Next j
Option4.Value = False
rl Option5.Value = True
i Optioné.Value = False
v Option7.vValue = True
F End If
§ |
If IFB_Boolean(l) = 0 Then . - 'No Block in magazine
E | Option4.vValue = False | |
Option5.Value = True
End If
i If AutoOn = 2 Then ' Resets manual opperation, only allows one operafl
ion . ' '
- AutoOn = 0
g End If
& IFB Off "e"

End If

r . :

'{’ Text4.Enabled = True ' '

~ text2.Text = Format(IFB_Light(5) / 100#, "#00")
Text8.Text = NumBlockColour

'Identifies colour

If LightSensor = 1 Then

‘1 Dim Message As String

‘1 Dim N As Integer

Message = "Links"

o For N = 1 To NumEntries o
e , If Val(Text8.Text) = LightValue(N) Then
T - Message = BlockColour (N) '

- End If

B Next N
o Text4.Text = Message

LightSensor = 0

End If

'Insert colour into lookup Table
< If TableInsertActiv = 1 Then = 'Checks whether to insert into table
S Select Case Message
' Case "Blue"
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' ind Sub

CountT = 1
‘"For CountT = 1 To 10 :
- If BlueTable(CountT, 1) = 0 Then ,
BlueTable(CountT, 1) =1 'Puts Blue block into t

BlueTable(CountT, 2) = Val(Text6.Text) + 23 'Sets Pu:

TableInsertActiv = 0

Exit For
End If
Next CountT
Case "White" 'call Insert White
CountT = 1 »

For CountT = 1 To 10 :
If wWhiteTable(CountT, 1) = 0 Then ~ :
WhiteTable(CountT, 1) = 1 - 'Puts White block into

WhiteTable(CountT, 2) = Val(Text6.Text) + 57 1Sets Pt

TableInsertActiv = 0
Exit For
End If
Next CountT

Case "Links"
End Select

End If
er2.Enabled

False

er3_Timer ()
Dim L As Integer
L=20
LAVg = 0
For L =1 To 10 ‘ :
RawConvValue(L) = Format(IFB_Light(5) / 100#, "#00")
LAvg = LAvg + RawConvValue(L) _
Next L
ILAvg = LAvg / 10
text7.Text = LAvg
Timer3.Enabled = False
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. HELPABOU.FRM - 1

V1 3SION 2.00

. Begin Form HelpAbout '
- 'Caption = "About Conveyor"
“iClientHeight = 2595
'“clientLeft = 2355

CllentTop = 1470

C11entW1dth = 5010

. i{Height = 3000

Left . = 2285
"LlnkTopic = "Form2"

i MaxButton = 0 'False
“"MinButton = 0 "False _
¢« ScaleHeight = 2595 ' L
<1 ScaleWidth = 5010 ' :
- Top = 1125

width = 5130
quegin CommandButton Commandl

Caption = "OK"
FontBold = -1 'True
7 FontItalic = 0 'False
3 FontName = "MS Sans Serif™"
FontSize = 9.75
g FontStrikethru = 0 'False
E1 FontUnderline = 0 'False
L Height = 375
Left = 3840
i TabIndex = 0
t{ Top = 1920
width = 855
End
iBegln Image Imagel
Height = 1350
Left = 120
Picture = (Bltmap)
Top ' = 480
width = 1020
‘End _
Begln Label Label3
Caption = _"For the controlllng of a LEGO model of an Industri
Height = 735
i1 Left = 1200
L TabIndex = 3
Top = 1560
ﬂ Width = 3015

7End : -

Begin Label Label2 '
‘s Caption = "This programe was developed by Ari Levin Departmen
e Height = 735
o Left = 1200

TabIndex = 2
Top = 720
Width = 3615
WordWrap = -1 'True
{"End
{ Begin Label Labell
Caption = "Conveyor Version 1.0"
- FontBold = -1 'True
P FontItalic = 0 'False
o FontName = "MS Sans Serif"
FontSize = 9.75
o FontStrikethru = 0 'False
= FontUnderline = 0 'False"
Heiaht = 375
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'"True

120
2295
-1
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Top
Wwidth
WordWrap

8

{End

End
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L1

ST ‘Commandl_Click ()
.1 Unload HelpAbout
... End Sub
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by Conveyor Version 1.0 '

This programme wazs designed to run
on an AcerMate 4335486 SX 33 PC

running this software on a slower or
faster machine could cause ’

CE problems with the synchronizing of

' the model.
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VLRSION 2.00
Begin Form HelpRun

Tcaption =  "Running CONVEYOR.EXE"
. 1ClientHeight = 2640
Clientleft = 2310
.f~C11entTop = 4575
:ClientWidth = 5010
“Height = 3045
. Left = 2250
LlnkToplc = "Form2"
LxScaleHelght = 2640
ScaleW1dth = 5010 . -
£ Top = 4230
lwidth = 5130
" Begin CommandButton Commandi
- Caption = WOR"
3 FontBold = =1 'True
bt FontItalic = 0 'False
FontName = "MS Sans Serif"
{} FontSize = 9.75
_ FontStrikethru = 0 'False
FontUnderline = 0 'False
ry  Height = 375
Ej Left = 3840
‘ TabIndex = 1
Top = 1920
E width = 855
End ’
Begin Label Labe12
5 Caption = "Conveyor Version 1.0"
E} FontBold = =1 1'True
FontItalic = 0 'False
e FontName = "MS Sans Serif™"
= FontsSize = 9.75
e FontStrikethru = 0 'False
.~ FontUnderline = 0 'False
*  Height = 375
Left = 1200
TabIndex = 2
¥+ Top: = 120
. wWidth = 2295
WordWrap = -1 'True
~ End
Begln Label Labell
[ Caption =
' Height = 1215
; Left = 1560 .
- TabIndex = 0
Top = 600
: Width = 3135
End
Begln Image Imagel
Height = 1350
i Left = 240
. Picture = (Bitmap)
Top = 360
i Width = 1020
. End :

‘End

"This programme was designed to'run on an AcerMate
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'§*H Commandl_Click ()
-1 Unload HelpRun
End Sub
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Appendix 8 CONVEYOR.EXE Manual
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CONVEYOR HELP
Version 1.0

This programme was written by Ari Levin of the Department of Mechanical
Engineering, University of Cape Town. As part of a Masters in Industrial

Administration.

The files contained for this programme are:

CONVEYOR.EXE The main programme

COLOUR.TXT Text file _with the light sensor information
HELP.WRI  ThisFile
NUKE.ICO Icon

VBRUN300.DLL.  Visual Basic DLL file
*LEGO.DLL ' Lego interface DLL file

LEGO.DLL file is copyrighted and may not be distributed without the permission of

Lego AG

This programme in conjunction with a Lego model of a conveyor belt. The programme
is written in Microsoft Visual Basic 3.0 and will operate through Windows version 3.x.
~ The conveyor sorts Lego flat 2 by 2 blocks according to their colour. This programme is

designed to sort blue and white colours only.
Installing the Program '

Copy all the files into a directory called Conveyor. The DLL files can be copied into the

Windows directory or the conveyor directory should be added into the path.

Modelling Mechanical Systems
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Running the Program

The options that can be manipulated in this programme are the
Conveyor belt speed

The frequency of feeding the blocks
Feeder Mechanism

The Button labelléd "Feeder Control" will activate a new window for Manual or

Automatic control.

Manual Control

Selecting Manual control will allow the user to control the feeding of blocks onto the

conveyor belt

Automatic Control

~ Selecting Automatic control will show a new window "Output D E---Feeder" in this

window is a button "Auto Activate" and a scroll bar

Scroll bar

The scroll bar will set the frequency at which the blocks will be fed onto the conveyor

belt.

" "Auto Activate

This will start the feeder mechanism working at the rate set by the scroll bar.

Stop

This will stop the feeding mechanism when set on automatic

Modelling Mechanical Systems
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Conveyor speed
The conveyor speed can be Changed between 0 and 8. This is done through the scroll
bat in the frame labelled Output A-----Conveyor. The speed or rate of the conveyor belt

can be seen in the window labelled "Input 6 7-----Angular” under "Conveyor Counter".

Light Sensor

In order for the light sensor to work a reference light reading must be taken. This can be
done several times as the ambient light changes. MAKE sure there are no blocks in

under the light sensor while doing this operation.

The light reading from the lighf sensor can be seen in window "Input 5---Light Sensor"
The figure opposite "Light Reading is the raw light reading from the sensor. The colour

of the blqck will be indicated in the window next to colour.

Modelling Mechanical Systems
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Connecting the Model

Connect the Lego interface B into serial port 2. A
If there is-an error “Can’t find control box” then connect interface to serial port 2

Connecting the electrical leads
From the model

Output A Conveyor motor }
Output B To relay 3 _ «
~ Output C To relay 4 -
Output D Torelay 1

Output E - To relay 2

Input. 1 (Yellow)' - To touch sensor on feeder
Input 5 (Blue) To light sensor on feeder
Input 7 (Blue) "To angle sensor on conveyor belt

From the relays

~ Relays read from left to right, with transformer behind the relays.
Valves read from left to right with pneumatic hose connector on the right

Relay 1 . To valve 2
Relay 2 To valve 1
Relay 3 To valve 4

Relay 4 To valve 3

Modelling Mechanical Systems
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Appendix 9 Courses completed for this degree

Quantitative Methods (5 Credits)

- Introduction to Business (5 Credits) -
Project Management (5 Credits)
Operations Management (5 Credits)
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